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1 LOW=-SULFUR REFORMING PROCESSES
2
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4 This application is a continuation-in-pars
§ application of U.S. Applicatien No. 07/666,696, filed
6 . March 8, 1991, the contentg of whichk is hereby
7 incorporated by referenée. and is related to U.S.
8 Application No. __802,821 [Attorney’s Dc:ﬁet No.
9  005950-316], and U.S. Application No. _ 803,215
10 f{Attorney’s Docket No. 005850~333}, both filed
11 concurrently herewith and the contents of which are
ST 12 hereby incorporated by raference.
= 13
14 The present invention relates to improved
15 techniques for catalytic reforming, particularly,
16  catalytic reforming under low-sulfur, and low-sulfur
17 and low-water conditions. More specifically, the
18 invantion relates to the discovery and control of
,fﬁ 19 problems particularly acute with low-sulfur, and low-

-20 sulfur and low-water reforming processes.
21 " Catalytic reforming is well known in the
22 petroleun industry and involves the treatment of
23 naphtha fractions to improve cctane rating by the
24 production of aromatics. The more important

28 hydrocarbon reactions whieh ocour during the
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t he idBnt B$§H5ﬂ hereby i1 ncorporated by reference. - The

present invention relates to inproved techniques for catal ng;
particul ar WO 924853 ytic reforning under |owsul fur, and | ogftgﬁﬁﬁ tﬂﬁiﬂ

| ow-wat er conditions. Mre specifically, the j{nvention relates to the

di scovery and control of problens particularly acute with | ow sul fur, and
low sulfur and | owwater reformng processes. Catal ytic refornlng
is well known in the petroleumindustry and igvalves the treatnent of
naphtha fractions to inprove octane rating by thé

1 reforming opesation include the dehydregenation of
cyclohexanes to aromatics, dehydroisomerization of
alkylcyclupentanes.to aromatics, and
dehydrocyclization of acyclie hydrocarbons to .
aromatics. A number of other reactions also ccour,
including the dealkylation of alkylbenzenes,
isomerization of paraffins, and hydrocracking

reactions which producs light gaseocus hydrocarbens,
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e.9., methane, ethane, propane and butane. It is

=)
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important to minimize hydrocracking reactions. during

| ol
-

reforming as they decrease the yield of'gasoline

e
~N

boiling products and hydrogen.

14 Bacause there is a demand for high octane

15 gasoline, extensive research has been devoted to the

16 development of inproved reforming catalysts and

17 catalytic re!orniﬁq precesses. Catalysts for

18 successful reforming processes must possess good

19 selactivity. That 15; they should be effective for

20 producing high yields of liguid products in the

21 gasoline boiling range containing large

22 concentrations of high cctane number aromatic _

23 hydrocarbons. Likewise, there should be a low yield

24 of light gasecus hydrocarbons. The catalysts should

25 possess good activity to minimize excessively high
26 ‘tanmperatures for producing a esrtain guality of
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oper at i,on |nclude t he dehydrogenati on of cyclohexanes to aronmatics,

dehydr di sowgygazmigépn of al kyl cycl opentanes to aromatics, PCT/US92/01886
dehydrocyclization of acyclic hydrocarbons to aromatics. A nunber of
ot her reactions also occur, including the dealkylation of alkylbenzenes,

-3-
'L preducts. It is also necessary for the catalysts to

2 either possess good stability in order that the

[ %4

activity and selectivity characteristics can be
4 retained auring prolenged pericds of operatisn; or be
5 sufficiently regenerable to allow fraquent
6 . regeneration without loss of performance.
7
8 Catalytic reforming is also an important process
9

gor the chemical industry. There is an increasingly
10 larger -demand for aromatic hydrocarbons for use in i
11 the manufacture of various chemical products such as
12 synthatic fibers, insecticides, adhesives,
13 detargants, plastics, synthetic rubbers,
14 pharmaceutical products, high octane gasolina,
18 perfumes, drying oils, ;on-exchange resins, an&
16 various other proeducts well known to those skilled in
12 the arxt.
18
19 An important technological advance in catalytic
20 reforming has recently emerged which invelves the usé
21 of large-pore zeolite catalysts. These catalysts are
22 further charactarized by the presence of an alkali or
21  alkaline earth metal and are charged with one or more
24 Grouﬁ VIII metals. This type of catalyst has been
25 found to advantageously provide higher selectivity
26 and lenger catalytic lite thin'those previocusly used.
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| i ght 3 ng carbons, e.g., nethane, ethane, propane and butane. It
i s i npert agldapysesNi Ni ze hydrocracking reactions during r dEVUENYOMBES t hey
decrease the yield of gasoline boiling products and hydrogen.
Because there is a demand for high octane gasoline, extensive research has
been devoted to the devel opnent of inproved reform ng catal ysts and
catalytic reform ng processes. Catalysts for successful reformng
processes nust possess good selectivity. That4i-s, they should be
effective for producing high yields of liquid products in the

' Having discovered selective catalysts with

2 acceptable cycle lives, succassful commercialization
3 seemed inevitable. Unfortunataely, it vas
4 subseguently digscovared that the h;ghly selective,
5 large pore 2aclite catalysts centaining a Group VIII
6§ metal were unusually suséeptible to sulfur poisoning.
7 Sea U.S. Patent No. 4,456,527. Ultimately, it was
8 found that to effectively address this problen,
9 sulfur in the hydrocarbon feed should be at. ultra~low
10 lavels, preferably lass than 100 parts per billion
11 (ppb), more pretérably 1ess.than 50 ppb to achieve an
12 accaptable stability and activity level for the
13 catalysts.
14
15 Aftar recognizing the sulfur sensitivity
16 associated with these new catalysts and determining
17 tha necessary and acceptable levels of process
18 sulfur, successful commercialization reappeared on
19 the horizon; only to vanish with the ouergencé of
20 ancther associated problem. It was found that
21 certain large pore 2solite catalysts are alsc
22  adversaly sensiﬁive to the presenca of water under |
23  typical reaction conditions. Particularly, water was
24 féund to greatly accelerate the rate of catalyst
25 ‘deactivation. '
26
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-3- products. It is also necessary for the catalysts to either possess
good stability in order that the

-5 -
1 Water sensitivity was found to be a serious
2 drawback which was.difticult to effectively address,
3 Water is produced at the h@qinninq of each process
4 cycle when the catalyst is reduced with hydrogen.
L And, water can be produced during process upsets when
6 w&ter leaks into the reformer feed, or when the fged
7 becomes contaminated with an oxygen-centaining
8 compound. Eventually, technologies were aiso
9 developed to protect the catalysts from water.
0
11 Again commercialization seemed practical with
12 the development of various low-sulfur, low-water
13 systems for catalytic reforming using highly
14 selective large-pore zeolite catalysts with leng
15 catalytic lives. While low~sulfur/low-water systams
16 were initially ¢g£-=t1Ve, it wvas discovered that a
17 shut down ¢f the reactor systaem can be nccéssary
18 after only a matter of weeks. The reactor system of
19. one tast plant had regularly become plugged after

20 only such brief operating periedgs. The plugs were

21 found to ba those associated with coking. However,
22 although coking within catalyst particles is a commen
23 problem in hydrocarbon processing, the extent and

24 rate of coke plug fermation exterior to the catalyst
25 particles associated with this particular syatem far

26 exceeded any expectation.
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regener at 'Wut | oss of performance. Cat al yt ipCT7EE593/0188§ | S
al so énd*ﬁ} process for the chemcal industry. There is an
increasingly |larger demand for aromatic hydrocarbons for use in the
manuf acture of various chem cal products such as synthetic fibers,
i nsecticides, adhesives, detergents, plastigs.. synthetic rubbers,
phar naceuti cal products, high octane gasoline, perfunes, drying oils,

I on- exchange resigs, and SUMMARY OF THE INVENTION
2 Accordingly, 6ne object of the invention is te
3 provide a2 methed for reforming kRydrocarbons under
'4 conditions of low sulfur which avoids the
§ aforementioned problams found to ba assaciataed with
6 low-sulfur processes, such as brief aperating
7 periogds.
8
9

It is anaother object of tha invention to provide
10 a reactor system for reforming hydrocarbons under

11 conditions of low sulfur which permits longer

12 operating periocds.

13 o

14 After a detailed analysis and investigation of
15 the coke plugs of low-sulfur reactor systems, it vas
16 surprisingly found that they cgntained particles and
17 daroplets of metal; the droplets ranging in size of up
18 to a few microns. This observation led to the

19 startling realization that thars are new, prefoundly
20 serious, problems which were not of concern with

21 econventional reforming technigques where process

22 sulfur and vater levels were significantly higher.

23 Mere particularly, it was discovered that problenms

24 existed which threatened the effective and ecenomic
25 operability of the systems, and the physical

26 integrity of the equipment as well., It was also

———ee e

eet Has Been Replaced

e



var ine ?_ %@gﬁ?g?%%‘; E"’known t°8°% HOSEVETERIAE D gt 460 haser t - P, 11An

I mpor nce in catalytic reformng has recently
emer ged: mhlch i nvol ves the use of large-pore zeolite catalysts. These

cat al ysts ay@e2fiegssner characterized by the presence of an FREAUEIWE1856
al kaline earth netal and are charged with one or nore Goup VIII netals.

This type of catalyst has been found to advantageously provide higher
selectivity and longer catalytic |ife than those previously used.

-7 -
1 discovarad that these problems emerged dues to the.

2 low-sulfur conditions, and to some extent, the low

w

levels of water.

For the last forty years, catalytic reforming
reactor systems have been constructed of ordinary
mild steel (e.g., 2% Cr 1 Mo). Over time, experience

has shown that the systems can operate successfully

¢ «© ~S O v »

for about twenty years without significant loss of
10 physical strength. Howaver, tha discovery of the
11 metal particles and droplets in the coke plugs
12 eventually lead to an investigation of the physical
13 charactaristics of the reactor Systan. Quite

14 surprisingly, conditions ware discovered which ara
1S symptomatic of a potentially saveras physical
1€ degradation of the entire reactor system; including
17 the furnace tubes, piping, reactor walls and cothar
18 environments such as catalysts that contain iron and
19 metal screens in the reactors. Ultimately, it was
20 discovered that this problem is associated with the .
21 excessive carburization of the steel which causes an
22 embrittlement of the stesl due to injection of
23 process carbon into the metal. Cenceivably, a
24 catastrophice ph}sical failure of the reactor systen |
25 could result.
26
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I|ve§: Bslfe ? I'al i zation seened |neV|tabIe Unfortunately, it
was subsequently discovered that the highly selective, |large pore zeolite
catal ysts WEh¥{149658g a G oup VIII netal were unusually sus S9R/91356
sul fur poisoning. See U S. Patent No. 4,456,527. Utimtely, it was
found that to effectively address this problem sulfur in the hydrocarbon
feed should be at ultra-low levels, preferably | ess than 100 parts per
billion (ppb), nore preferably less than 50 ppb to achieve an
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With conventional raforming technigues
carburization simply was not a problem or concern;
nor was it axpected to be in contemporary low-
sulfﬁr/low-watuz systems. And, it was assumed that
conventional process equipneht could he used.
Apparently, however, the sulfur present in
conventional systems effaectively inhibits

carburization. Somehow in conventional processes the

b 08 N B A W NN

process sulfur interferes with the carburization
10 reaction. Bug with extremely iow~su1£ur systems,
11  this inherent protection no lenger exists.

12

13 Figure 1A is a photomicrograph of a portion of
14 the inside (process side) of a mild steel furnace
15 tube from a commercial reformer. The tube had beaen
16 exposed to conventional reforming conditions for

17 about 19 years. This photograph shows that the

18 surface of the tube has innained essentially

19 unalterad with the tektnre of tha tube ranain1n§

20 normal after long exﬁodure to hydrocarbons at high
21 | temperatures (the black portion of the photograph is
22 background) .

23

28 Figure 1B is a photemicrograph of a pertion of a

25 mild steel coupon samplae which was placed inside a

26 reactor of a low-sulfur/lowewater demonstration plant
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recogn|2|ng the sulfur sensitivity associated with these new catal ysts and
deternmining the necessary and acceptable |evels of process sulfur,

successfulmg;al i zation reappeared on the horizon; onPQ’I‘JtUSMSSﬁh
wi th the energence of ‘another associated problem It was found that
certai.n large pore zeolite catalysts are also adversely sensitive to the
presence of water under typical reacti'on conditions. Particularly, water
was found to greatly accelerate the rate of catalyst

- § =
1 for only 13 weeks. The photograph shows the erocded
2 surface of the sample (contrasted against a black
3 background) from which metal dusting has occurred.
The dark grey~like veins indicate the envirenmental

carburization of the stael, which was carburized and

embrittled more tharn 1 mm inh depth,

0f course, the problams associated with

O ® N v B e

carburization only bagin with carburization of the
10 physical system. The carburization of the steal

11 walls leads to "metal dusting"; a release of

12 catalytically active particles and melt drépleés of
13 petal dua teo erosion of the matal.

14

15 The active metal particulates provide additienal
16 sites for coke formation in the system. While '
17 catalyst deactivation from coking is generally a

18 problam whieh must be addressed in retoéning, this

19 new siéni!icant source of coke formation leads to a
20 new problem of coke plugs which excessively

21  aggravates the pzohlen.' In fact, it was found that
22 the mobile active metal particulates and coke

21 particles metastasize coking generally throughout the
24 system. The active metal particulates actually

25 induce cok§ formation on themselvas and anywheras that

26 the particles accumulate in the system resulting in
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Wat er Eiahis |30Tt1§ %ag“foqpﬁ%)"to be a serious dra ﬁE 4V\:% 1érb;swas di fflgu}l‘t

to effecti wipoeség8sess. Water is produced at the begi nni ngPET/US918/60Cess
cycle when the catalyst is reduced with hydrogen. And, water can be
produced during process upsets when water |eaks into the refornmer feed, or
when the feed. becones contam nated with an oxygen-contai ni ng

- 310 =~

coke plugs anu hot regions of exothermic
demethanation reactions. As a result, an
unmanageable and prerature coke-plugging of the
‘reactor system occurs which can lead to a systeﬁ
shut-down within weeks of start-up. Use of the
process and reactor system of the present invention,

howaver, overcomes thase problems.

¥ @ N ;A R AMA W e

Tneretoré, a first aspact of the invention

™
o

relates to a method for reforming hydrocarbons

»
-

comprising contacting the hydrocarbons with a

»e
(Y]

roforning catalyst, preferably a larga-pore zeolita

catalyst including an alkali or alkaline earth metal

| 4
("]

14 and cha:qed with one or more Group VIII metals, in 2
15 reactor system having a resistance to carburization
16 and metal dusting which iz an improvement over

17 conventional mild stsel reactor systems under

18 conditions of low sulfur and often low sulfur and low
19 water, and upon reforming the resistance being such
20 that embrittlement from carburization will ba less
21 than about 2.5 mm/year, praferably less than 1.5

22 nn/ycat. nore preferably less than 1 mm/ysar, and

23 must.preterably less than 0.1 mm/year. Preventing
24 enmbrittlement to such an extent will significantly
25  redice metal dusting and coking in the reactor

This Sheet Has Been Reilaced
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Agai n commerci alization seened practical with
t he devel opnent of various lowsulfur, lowwater systens for catalytic
reform ng wOA2r1sE83hly sel ective | arge-pore zeolite catal y®CI/USZINIBHNg
catalytic lives. While lowsul fur/lowwater systenms were initially
effective, it was discovered that a shut down of the reactor system can be
necessary after only a matter of weeks. The reactor system of one test
pl ant had regul arly become plugged after only such brief operating
periods. The plugs were found to be those assxxci-ated w th coking.
However, '

1 system, and permits operatien for longer periﬁds of
2 time.
3 .
4 And, another aspect of the inventien relates to
5 @a reactor system including means for providing a
§ resistance to carburization and metal dusting which
7 is an improvement over conventional mild steel
8 systems in a method for reforming hydrocarbons using
9 a reforming catalyst such as a large-pore zeoclite
10 catalyst including an alkaline earth maetal and
11 charged with one or more Group VIII metals under
iz conditiens of low sulfur, the resistance being such

13 that embrittlement will be less than ahéut 2.5

13 me/year, preferably less than 1.5 mm/year, nmore

15 preferably less than 1 ;n/ybar, and most preferably
16 less than 0.1 mm/year.

17 !

18 Thus, among other factors, the present invention
19 is based on the discovery that in low-sulfur, and
20 loyhculgur and low-~water reforming processes there
21 exist sign;ticant carburization, metal dusting and
.32 ecoking problems, which problems do not exist to any
23  significant extent in conventional reforming

24 processss where higher levels of sulfur are presant.
-25 This discovery has led to intensive work and

26 development of solutions to the problems, which

T —
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hydrgggﬁg g g%? ﬁﬁb e extent and rate of coke plug formation

exteriar to the catalyst particles associated with this pa 2ﬂ| stem
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| NVENTI ON Accordi ngly, one object of the invention |s to provide a
nmet hod for reform.ng hydrocarbons under

- 12 =

1 seclutions are novel to low-sulfur reforming and ara
2 directed to the identification and selection of

3  resistant materials for low~sulfur reforming systems,
4 ways to effectively utilize and apply the resistant
5 naterials, additives (other than sulfur) for reducing
6 carburization, matal dusting and coking, various

7 process modifications and configurations, and

8 combinations therecf, which effectively address the
$  problems.
10
1 More particularly, the discovery has led to the

12 search for, identification of, and selection of

13 resistant materials for low-sulfur reforming systems,
14 praferably the reactor walls, furnace tubes and

15 screens thereof, which were previeusly unnecessarf in
16 conventional reforming aystems such as certain alley
17 and stainless steels, aluminized and chremized

18 materials, and certain ceramic materials. Also, it
19 was discovered that other specific materials, applied
20 as a plating, cladding, paint, etc., can be

21  effectively resistant. These materials include

22 cepper, tin, arsenic, antimony, brass, lead bismuth
23 ¢hromium, internetnllic compounds thereof, and alloys
24 thereof, as well as silica and silicon based

2S coatings. 1In one preferred amdodiment of the
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be aElsdi-$p fur processes, such as brief operating periods.
It is another object of the invention to provide a reactor systemfor

ref or rii ng Wo'sgesssyons under conditions of |ow sul fur whi cRCBISIRINE60NgeEr
operating peri ods. After a detailed analysis and investigation of
the coke plugs of |ow sulfur reactor systens, it was surprisingly found

that they contained particles and droplets of netal; the droplets ranging
in size of up

-13-

1 invention there is provided a novel and resistant

2 tinecontaining paint.

3

4 Furthermore, the discovery led te the

5 davelopment of certain additives, herainntteé-

& referred to as anticarburizing and anticoking agents,
7 which out of necessity are essentially sulfur free,

8 preferably completely sulfur free, which are novel to
9 ;efozning; Such additives include organo-tin

10 compounds, organc-antimeny compounds, organo-bismuéh
11 . compounds, organo~arsanic compounds and organco~lead
12 compounds .,

13 |
14 Also, the problems assoclated with low-sulfur
15 reforming has lead to the davelopment of certain

16 process modifications and confiqurations wrawiauely
17 unnecessary in conventional reforming.

18 certain temperature ceontrel techniques,

15 auperheated hydrogen between reactors,

20 catalyst regenarations, the usa of staged heaters and
21 tubas, the use of staged temperature zones, the usa
éz of superheated raw niterials, and the use of larxger
23 tube diamaters and/or higher tube velocities,

24

25
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ther:ﬁ§F£ﬁ§E$¥?326¥o dl Eierious, probl enms which were not of concern with

convent EO%‘ﬁ{ Il ng techni ques where process sulfur andpQErsy2/oesse! S
iTrcantly

were sign hi gher. Mre particularly, it was discovered that
probl ens existed which threatened the effective and economc operability
of the systens, and the physical integrity of the equipnent as well. It
was al so
- 14 =
1 BRoEF DESCRIPTION OF THE DRAWING
2 As noted above, Figure 1A is a photomicrograph
3 of a portion of the inside (process side) of a mild
4 steel furnace tube from a2 commercial reformer which
5 had been in use about 19 years; and as also néted
é above,
7
8 Figurae 1B is a phatomicregraph of a portion of a
9 mild gsteel coupon sample which was placed ingide a
10 reéctor of a low=sulfur/lew-water demonstration plant
11 for only 13 weeks.
12 .
13 Figure 2 is an illustration of a suitable
14 reforming reactor system for use in the present
13 invention. -
16
17 :
18 The metallurgical terms used herein are to be
19 given their common metallurgical meanings as set
20 forth in THE METALS HANDBOOK of the American Society’
21 of Matals. For example, "carhoﬁ steels™ are those
22 steels having no specified minimum quantity for. any
23

alloying element (other than the commoenly accepted
24 amounts Of manganese, silicon and copper) and
25 containing only an incidental amount of any elewment

26 other than carbon, silicen, manganesa, copper, sulfur

e
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years catalytic reformng reactor systens have been constructed of

or di naty rwhgzéﬁl (e.g., 21/4 C 1 M). Over tine, experpemoeoy/omss
shown t hat ens can operate successfully for about twenty years

wi t hout significant |oss of physical strength. However, the discovery of
the netal particlies and droplets in the coke plugs eventually lead to an
i nvestigation of the physical

=15 -
and phosphorus. "Mild steels™ are those carbon
steels with a naxiqum of about 0.25% carbon. Alloy
steels are those steels containing spacified
guantities of alloying elements (other than carben
and the commenly accepted amounts of manganese,

copper, silicen, sulfur and phosphorus) within the

LY S LR R "

limits recognized for censtructional alloy steeis,

added to effact changes in mechanical er physical

¢ properties. Alloy steels will contain less than 10%
10 chromium. . Stainless steels ares any of severzl steels
11 _containing at least 10, preferably 12 to 30%,

12 chremium as the principal alleying element.

13

14 Generally, therefore, one focus of the invention
18 is to pzovide an improved methed for reforming

16 hydrocarbons using a reforming catalyst, particularly
17 a large pore zeolite catalyst including an alkali or
18 alkaline earth metal and charged with one or more

19 . Group VIII metals whiech is sulfur sensitive, under

20 conditions of low sulfur. Such a process, of course,
21 wmust demonstrate better rasistance to caghurizatinn
22 than conventional low-sulfur reforming techniques.

23

24 ‘One solution for the problem addressed by the

23 - present invention is to provide a novel reactor

26 system whieh can include one or more ?arious means

T
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mereFE&ﬂ } synptomatic of a potentially severe §E¥Ei5€|
degradati OHOGPJIB&B entire reactor system including the f 4 ,
pi pi ng, reactor walls and other environments such as catal ysts that
contain iron and netal screens in the reactors. Utimately, it was
di scovered that this problemis associated with the excessive
carburi zation of the steel which causes an enbrittlenment of the steel due
to injection of process carbon into the netalé -Conceivably, a
cat ast rophi ¢ physi cal fallure of the geactor system .could result,

for improving resistance to’ car urization ana metal
dusting auring retorninq using a2 reforming catalyst
such as the aforamentioned sulfur sensitive large~

pore zeolite catalyst under conditions of low sulfur.

By "reactor system” as used herein there is
intended at least one reforming reactor and its

carresponding furnace means and piping. Figure 2

" N RN B ' D L T . O

illustrates a typical reforming reactor system

-
o

suitable for practice of the hresent inventien. It

s
Py

can include a plurality of reforming reactors (10},

[
[ ]

{20) and (30). Each reactor contains a catalyst bed.
13 The system also includes a plurality of furnaces

14  (11), (21) and (31); heat exchanger (12); and

15 separator (13). | |

16 |

17 Through research associated with tha prasent

18 invention, it was discovered that the aforementioned
19 problems with lowesulfur reforming can be effectively
20 addressed by a selection ef an appropriate reactor
21 system material for contact with the hydrocarbens

22 during processing. Typically, reforming reactor

23 systeﬁs have been constructed of mild steels,.or

24  alloy steels such as typical chromium steels, with
25 insjignificant carburization and dusting. For

26 example, under conditions of standard reforming, 2%

. e
e
I
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Moor was it expected to be in contenporary |ow

sul fur./: ow stems. And, it was assuned that conven&ggzﬂ% SsS
equi pnent P&H used. Apparently, however, the sulfur 9#§ﬁﬁf
conventional systens effectively inhibits carburization. Sonehow in
conventional processes the process sulfur interferes with the

carburi zation

Y Y VR o

o o ~ o W\

19
1.1
12
13
14
15
18
1?
is
p&- )
20
21

32

23
24
28
26

-17 -
Cr furnace tubes can last twenty years, However, it
was found that these steels are unsuitable under low-
sulfur reforming conditions. They rapidly bccoﬁe
embrittled by carburization within about one year.

For example, it was found that 2% Cr 1 Mo sﬁéel

carburized and embrittled more than i mm/year.

Furtharmore, it was found that material;

- considered under standard metallurgical practice to

ba resistant to coking and carburization are neot
necegsarily rasistant under lew-sulfur referming
conditions. For example, nickel-rich alloys such as
Incolaf 800 and 825; Inconel 600; Marcel and Haynes
230, are unacceptable as they exhibit excessives
coking and dusting.

Howaver, 300 series stainless steels, preferably
304, 316, 321 and 347, are acceptadble as matarials
for at least portions of the reactor system according .
to the present invention which contact the '
hydrocarbons. = They have been found to have a
:esi;tance to carburization greater than nild steels

and nickel-rich alloys.

Initially it was balieved that aluminized

materials such as those sold by Alon Corporation

This Sheet Has Been Replace:
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no | onger %ms 3 ' Figure 1A is a photom crograph of parasebioygseof
the inside (process side) of a mld steel furnace tube froma conmercia
reformer. The tube had been exposed to conventional reform ng conditions
for about 19 years. This photograph shows that the surface of the tube
has renai ned essentially wunaltered with the texture of the tube remaining
nornmal after |ong exposure to hydrocarbons af 44 gh tenperatures (the bl ack
. portion of the photograph is background).

1 ("Alonized Steels") would not provide adequate

2 protection against carburization in the raforming

3  reactor system and process of the invention. ' It has
4 since been discovered, however, that the application
§ of thin aluminum or alumina films te metal surfaces
6 of the reforning reactor system, or simply the use of
7 Alcnized Steels during construction, can.pfavide

8§ sgurfaces which are sufficiently rasistant to

9 carburization and metal dusting under the low-sulfur
10 reforming conditions. Howaver, such materials are
1§' relatively eipensive, and while resistant to
12 carburization and metal dusting, tend to crack, and
13  show substantial reductions in tensile strengths.
14 Cracks expose the underlying base metal rendering it
15 susceptible to carburiz;tion and metal dusting under
16 low sulfur reforming conditions.

17
18 " While aluminized materials have been used to

19 prevent carburization in ethylens stasam cracking
20 procasses, such processes are operated at |

21 significantly higher temperatures than reforming;

22 temperatures where carburization would be expected.
23 Carburization and matal dusting simply have not been
24 problems in prior reforming processes.

25

is"Sheet Has Been Replaced -
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whi chE 3\/&%‘%%& ?ﬁ?ﬁ‘;ﬁ hreactor of a lowsultur/lowwater denponstration
pl ant =« -9- for only 13 weeks. The '
phot ogr aph e eroded surface of the sanple (contras "gggmﬂﬁk a

bl ack bac%@ﬂ@%ﬁﬁ%?fron1mhich metal dusting has occurred. #ﬁg- ar k
grey-like veins indicate the environnental

- 19 =
1 Therefore, another solution to the.problané ef
2 ecarburization and metal dusting involves the
3 application of thin aluminum or alumina films on, or
¢ the use of aluminized materials as, at least a
5 portion of the metal surfaces in the reactor system.
] In tict, the metal surfaces particularly susceptibla
7 to carburization and metal dusting can be provided in

- 8  that manner. Such metal surfaces include but are not
9 limited to, the reactor walls, furnace tubes, and

10 furnace linérs.

i1

12 When applying an aluminum or alumina film, it is
13 . preferable that the film have a thermal expansivity
14 that is similar to that ¢f the metal surface to which
15 it is appiied (such as a mild steel) in order to

16 withétand tharmal shoéks and repeated temperature

17 cycling which occur during reforming. This prevents
18 cracking or spalling of the film'which could expose
19 the underlying metal surface to the carburization

20 inducing hydrocarboen envirénnent.

21 . -

22 ‘Additionally, the £ilm should have a thermal

23 conductivity similar to that of, 6: exceeding, those'
24 of metals conventionally used in the construction of
25 reforming reactor systems., Furthermore, the zluminum

26 or alumina film should not degrade in the rdtorninq,

° : Sheet Has Been Reﬂlaced :
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carburization only begin with carburization of the physical ste The
car buri zat Wh92/1568Be steel walls leads to "metal dusti ng",PgVX@y&%@of
catalytically active particles and nelt droplets of netal due to erosion
of the netal. _ The active netal particul ates provide additiona

sites for coke formation in the system Wile catalyst deactivation from
coking is generally a

- 20 =
1 enviroenment, or in the oxidizing environment '

2 associated with catalyst regeneration, nor should it
3 result in the degradation o:lthe hydrocarbons in the
4 reactor systenm. '

5

6 Suitable methods for applying aluminum or

7  alumina films to metal surfaces such as mila steels

8 include well known deposition techniques. Preferrad
9 processes include powder and vapor difﬁusion
10 processes such as the “Alenizing® process, which has
11  been commercialized by Alen Processing, Inc.,
12 Terrytown, PFa.
13

14 Essentially, "Alonizing"” is a high tsmperatute
15 diffusion process which alloys aluminum into the
16 surface of a treated metal, such as e¢.g., 3 \
17 commercial grade mild steel. 1In this process, the
18 maetal (e.g., a mild steel) is positioned in a retort
18 and surrcunded.with a nixturi of blendea aluminuh
20 powders. The retort is then hermetically sealed and’
21 placed in an atmosphere-controlled furnace. At
22 elevated temperatures, the aluminum deeply diffuses
23 into the treated metal resulting in an alloy. After
24 furnace cooling, the suﬁstrate is taken out of the
25 retort and excess powder is removed. Straightening,
26 trinﬁinq, beveling and other secondary operations can

————— e
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met al partiWﬁywnd coke particles netastasize coking g AUy 01856
t hr oughout € system The active netal particulates actually 1 nduce

coke formation on thensel ves and anywhere that the particles accunulate in
the systemresulting in

-21-
1 then be performed as required. This process can

2 zender the treated ("alonized”) metal resistant to

3 carburization and metal dusting under low-sulfur

4 reforming conditiens according to the inventioen.

§

6 Thin chromium or chromium exide films can alse

7 be applied to metal surfaces of the reactor system to
8 render the surfaces resistant to carburization and

9 metal dusting under low-sulfur reforming conditions.

10 Like the use of alunina and aluminum £ilms, and

11 aluminized materials, chromium or chromium exide

iz coated metal surfaces have not been used to address
13 carburization problems under low=sulfur reforming
14 conditions. .

15

16 The chrozium or:chroniun oxide can also be

17 applied to carburization and natal dusting

183 susceptible metal surfaces such as the reactor walls,
19 furnace liners, and furnace tubes. However, any
20 surface in the system which would shew signs of

21 . carburization and metal dusting under low-sulfur
22 reforming conditions would hene:it from the

.23 application of a thin chromium or chremium oxide
24 film.

28

il
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As a FrEBSUI'gs, S lEl a e and premature coke-plugging of the reactor
syst em ocowp $2/04858h can lead to a system shut-down w t hi nPGEAISI291856
.start-up. Use of the process and reactor systemof the present invention,
however, overcones these problens. - Therefore, a first aspect of the
I nvention relates to a nethod for reform ng hydrocarbons conprising .
contacting the hydrocarbons with a reformng catalyst, preferably a
| arge-pore zeolite catalyst including an a Ral& or al kaline earth netal

1 When appiying the chromium or chromium oxide

2 £ilm, it is praferable that the chromium or chromium

“

oxide film have a thermal expansivity similar to that
of the metal to which it is applied. Additionally,
the chromium or chromium oxide film should be able to
withstand thermal shocks and repeated temperature
cyeling which are common during reforming. This
avoids cracking or spalling of the chromium or

O © N o W

chromium oxide film which coulad potentially expose
10 tha undarlying metal surfaces to carburization

11 ‘inducinq environments. Furthernmore, the chromium or
12 chromium oxide £ilm should have a tharmal

13 conductivity similar to or exceeding those materials
14 canventioa;lly used in reforming reactor syétems {in
15 particular mild ateels) in order to maintain

16 efficient heat transfar. Tha chromium or chromium
17 oxide £ilm also should not degrade in the reforming
18 environment or in the oxidizing environment

19 assoceciated with catalyst regeneration, nor should it
20 induce degradation of the hydrocarhons in the ¥eactor

21 systen.
22
23 Suitable methods for applying chromium or

24 chromium oxide films to surfaces such as e.g., mild
25 steels, include well known deposition technigues.

26 Preferred processes include powder-pack and vapor

This Sheet Has Been Reﬁaced

LU



and BERILSHADIET R o oup W "HEPTR(TG Sl seaper system imatng

ares ance 10 carburization and netal dustlng which is an inprovenent

over -conventional mld steel reactor -systens under condi Hcﬂ.l}ﬁ @m!sgg/v
sul fur and¥@P#RA8633ow sul fur and low water, and upon refor ¥

resi stance being such that enbrittl enent fron1carburization will be |ess’
than dbout 2.5 mmyear, preferably less than 1.5 nmyear, nore preferably
| ess than 1 mmyear, and nost preferably less than 0.1 mmyear. Preventing

enbrittlement to such an extent mnll significgntly reduce netal dusting
and coking in the reactor

diffusion processes such as the "chromizing"™ process,
which is commercialized by Alleoy Surfaces, Inc., of

Wilmington, Dalawara.

1
2
1
4 .
S The "chromizing” proéess is é;sentially a vapor
6§ diffusion process for applicatioh of chromium to a
7 metal) surface (similar to the above described
8 “Alonizinq procass"). The process involves
9 contacting the metal to be coated with a powder of

10  chromium, followed by a thermal diffusion step,

11 This, in aeffact, creates an alloy ¢of the chromium

12 with the ﬁreated metal and renders the surface

13 extremely resistant to carburization and matal

14 dusting under low-sulfur reforming conditions.

s . .

16 In scme areas of the reactor systems, localized

17 temperatures can bécome excessively high'during

18 reforming (e.g., 900-1250°F). This is partieularly

19 the case in furnace tubes, and in catalyst beds whers
. 20 exothermic demethanation reactioens ccour within

21 normally eccurring coke balls causing localized hot

22 regions. While stil)l preferred to mild steals and

23 nickelerich alloys, the 300 series stainless steels |
24 Qo éxhihit some coking and dusting at around 1000°F.

25 Thus, while useful, the 300 series stainless steels

Attorney’s Docket No. 005930-314
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is an inprovenent over conventional mld steel systens in a nethod for

reform ng hydrocarbons using a reforning catalyst such as a | arge-pore
zeolite
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1 are not the mo;t preferred material for use 15 the

2 prasent invention.

3 .

4 chromiun-rich stainless steels such as 446 and

§ 430 are even more resistant to carburization than 300
& series stainless steels. . Rovever, these steels are

7 nat Ss dasirable for heat resisting properties (they
8 tend to become brittlae). )

‘9 )
10 Resistant materials which are preferred over the
11 300 series stainless steels for use in the prasent

12 invention inslude cepper, tin, arsenic, antimony,

13  bismuth, chromium and brass, and intermetallic

14 compounds and alloys therecf (e.g., Cu-Sn alloys, Cu-
15 Sb alleys, stannides, Antinonides. bismuthides,

16 etc.). Steels and even nickel-rich alloys centaining
17 these metals can also shew reduced carburizatien. In'
18 a prefarred embodiment, these materials are provided
19 as a plating, claddinq,_piint (e.g., oxide paints) or
_20. othoé coating to a base construction .material. This’
21 is particularly advantagecus since conventional

22 construction materials such as mild steels can still
23 Dbe uéed with only the surface contacting the

24 hydrocarbons being traated. Of these, tin is

28 . especially preferred as it reacts with the surface to
26 provide a coating having aexcellent carburizétion

This Sheet Has Been RTlaced
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C?cnu)Bﬁﬂﬁ di tions of IOM/squur resi stance being
such that enbrittlenment will be less than about 2.5 mmyear, preferably
| ess than lyko§psg@dr. nore preferably I ess than 1 nmyear, PETAUSIRAKISSS
preferably less than 0.1 mmiyear. Thus, 'anong ot her factors, the
present invention is based on the discovery that in |owsulfur, and

| ow-sul fur and | ow'water reform ng processes there exist significant
carburization, nmetal dusting and coking problens, which problenms do not
exist to any significant extent in conventi onas ref orm ng

1 resistance at higher temperatures, and which rasists
peeling and flaking of the coating. Also, it is
believed that a tin eontaining layer can be as thin

2
3
4 as 1/10 micron and still prevent carburization.
5
s

Where practical, it is preterfed that the _
7 resistant materials be appliéd in a paint-like |
8 formulation (hereinafter “"paint") to a new or
9 existing reactor system. Such a paint can be
10 sprayed, brushed, pigged, etc. on reactor systenm '
11 surfaces such as mild steels or stainless steels. Tt
12 is mest preferred that such a paint be a
13 dacomposable, reactive, ‘tin-containing paint which
14 raeduces to a reactive tin and forms metallic
15 stannides (e.g., iron stannides and nickel/iren
16 stannides) upon heating in a reducing atmesphare.
17
18 It is most preferred that the aforementioned
19 paint contain at least four components (or thnir
20 tunctional equivalents); (i) a hydrogen decomposable-
21 tin compound, (ii) a selvent system, (iii) a finely
22 divided tin metal and (iv) tin oxide as a reducible
23 spenge/dispersing/binding agent. The paint should
24 contain finely divided sclids'to minimize settling,

28 and should not contain nonereactive materials which
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devel opnent of solutions to the problens, which’
- 12 - - sowam921888hr e novel to |l ow sul fur reform ng and ar ePCHUSEZ/PLRS6t O
the identification and selection of resistant materials for | ow sul fur
reform ng systens, ways to effectively utilize and apply the resistant
materials, additives (other than sulfur) for reducing

1 will pravent reaction of reactive tin with surfaces

2 of the reactor systenm.

3

4 As the hydrogen decomposable tin compound, tin
5 octancate is particularly useful. Commercial

€ formulations of this compound itself are available

7 and will partially dry to an almost chewing~gum-like
8 layer on a steel surface; a laysr whiech wili not

9 crack and/or split. This pfope:ty is necessary for

10 any coating composition used in this context because
11 it is coneel&able that the coated material will be

12 stored for months pricr to treatment with hydrogen.
13  Also, if parts are coated prior to assembly they must .
14 be resistant to chipping during construction. As

15 noted above, tin octancate is available commercially.
16 It is reasonably priced, and will decompese smoothly
17 to a reactive tin layer which foras iron stannide in
18  hydrogen at temperatures as low as 600°F,

19 |

‘20 Tin octanoate shoul& net be used alene in a

21 paint, however. 1t is not sufriciently viscous. |

22 -Even when the solvent is evaporated therefrom, the

23 remaining liquid will drip and run on the coated

24 surface. In practice, for exanplé, if such were used
25 to coat a horizontal furnace tube, it would pool at
26 the bottom of the tube.
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nations thereof, which effectively address the

probl eqs. More particularly, the discovery has led to the search
for, identWDi924t868h of ., and selection of resistant nateriRFRUSIM01856
| ow-sul fur reform ng systens, preferably the reactor walls, furnace tubes

and screens thereof,

whi ch were previously unnecessary in .conventional

reform ng systens such as certain alloy and stainless steels, alunmnized
and chrom zed materials, and certain ceramc materials. Also, it
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Component (iv), the tin oxide
sponge/dispersing/binding agent, is a porous tin-
containing compound which can sponge~up an organc-
metallic tin compound, YQt still be reduced to active
tin ih the raducing atmosphere} In additien,'tin
oxide can be‘procassed through a colleid mill to
produce very fine particles which resist rapid
settling. The addition of tin oxide will provide a
paint which becomes dry to the touch, and resists
running.

Unlike gypical paint thickeners, component (iv)

‘iz selected such that it becomes a reactive parxt of

the coating when reduced. Xt is not inert like
tormad silica; a typical paint thickener which would

leave an unraacﬁive surface coating after treatment,

Finely divided tin metal, component ({ii), is
added to insure that metallic ¢tin is available to
react with the surface to be coated at as low a
temperature as possible, even in a non;reducing
atmosphere. The particle size of the tin is
praterably one to five microns which allows excellent
coverage of the surfaca to Se coated with tin metal.
Non-raducing cenditions can occur during drying of

the paint and welding of pipe joints. The presence

e
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cl adding, “paint, etc., can be effectively resistant. Theswbﬁégﬁi
i ncl ude cwgmn,sess n. arseni c, antinony, brass, |ead bisnut ag?n :
intermetal i c conpounds thereof, and alloys thereof, as well as silica and

silicon based coatings. |In one preferred enbodi nent of the
- 13 - invention there is provided a novel and resistant
- 28 =

1 of metallic tin ensures that even when part of the

2 coating is not complataly reduced, tin metal will be

3 present to react and form the degired stanniﬁe layer.
. .

8 The solvent should be non-toxie, and effective

8 tor rendering the paint sprayable and spreadible when
7 desired. It should also evaperate quickly and have

8 compatible solvent properties fer the hydrogen

9 deconmposable tin'compouﬁd. Isopropyl alcoechol is no;t

10 preferred, while hexane and pentane can be useful, if
11 necessary. Acetone, however, tends to precipitate

12 organic tin compounds.

13

14 In one embodiment, therae can be used a tin paint
15 of 20 percent Tin Ten-Cem (stannous octancate in

16§ octaneoic acid), stannic oxide, tin metal powder and
17 isopropyl alcohel.

18 |

19 The tin paint can be applied in many ways. For
20 exanmple, furnacae tubes of the reactor systaw can be ’
21 painted individually or as modules. A reforming

22 reactor system according to the presant invention can
23  contain various numbers of furnace tube modules

24 (e.g., about 24 furnace tube modules) of suitable

25 width, length and height (e.g., about 10 faat long,
‘26 about & feet wide, and about 40 feet in hsight).
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es, hereinafter referred to as
anticarburizing and anticoking agents, which out of necesmﬂ€x4
essentlall gﬂﬁh 1365% 1 ee, preferably conmpletely sulfur free ﬁéﬁ”ﬁ“ﬁﬁ
novel to reformng. Such additives include organo-tin conpounds,
or gano:anti nony conpounds, organo-bisnmuth conpounds, organo-arsenic

conmpounds and organo-| ead conpounds. Al so, the probl ens associ at ed
with lowsulfur reformng has lead to the deved gpnent of certain

1 Typically, each module will include two headers of

2 suitable diameter, preferably about 2 feet in

.3 diameter, which are connected by about four to ten u-
4 tubas of Quitable length (e.g., about 42 feet long).
5 Therefore, the total surface area to be painted in

¢ the modules can vary widely; .for example, in one

? emhédinent it can be about 16,500 féﬂ

. _

9 Painting modules rather than the tubes
10 individually can be advantageous in at least four
11 respects; (i) painting medules rather than individual
12 tubes should avoid haat destruction af the tin paint
13 as the components of the modules are usually heat
14 treated at extremely elevated temperatures during
15 production; (ii) painting modules will likely be
16 quicker and lass expensive than painting tubes
17  individually; (iii) painting modules should be more
18 atficiént during productian scheduling; and (iv} -
19 painting cf the modules should enable painting of '
20 welds,

21

22 Howaver, painting the medulas may not enable the
23 tuba; to be as completely coated with paint as if the
24 tubes were paintad ihdividunlly. It coating is

25 insufficient, the tubes can be coated individually.
26
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rtain tenperature con techni ques,

super heat eWORES68%cn bet ween reactors, catalyst regener at iRQgIIUSIIIoIa86€c Of

staged heaters and

tubes, the use of staged tenperature zones, the use
superheated raw materials, and the use of |arger tube dianeters and/or

hi gher tube velocities. - 14 -
. - 10 -

1 It is prefaerable that the paint be sprayed into
2 the tubes and headers. Sufficient paint should be

3 applied to fully coat tha tubes and headers. After a
4 medule is sprayed, it should be left to dry for about
5 24 hours followed by application of a slow stream of
6 haated nitrogen (e.g., about 150°F for about 24

7 hours)., Thereafter, it is preferable that a secand
8 coat of paint bhe applied and also dried hy the

S procedure described above. After the paint has Leen
10  applied, the modulas should preferably be kaept under
11 a slight nitrogen pressure and should not be a;posed
12 to temperatures exceeding about 200°F prior to
13 installation, nor should they be exposed to water
14 except during hydrotesting.
15 |
16 Iron bearing reactive paints are also useful in
17 the presaﬁt inveantien. Such an iron bearing reactive
18 paint will praferably contain varicus tin compounds
18 to vhich iron has been added in amounts up to one
20 third Fe/Sn by weight. .
21 |
22 The addition of iron can, for example, be in the
2} form 6f Fa,0,. The addition of iren to a tin
3¢ containing paint should afford noteworthy advantages;
25  in particular: (i) it should facilitate the
26 reaction of the paint to form iron stannides thereby

e ———
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BRIt fec L H WNG  PAEE S8 FYFERAB0\EED dpause 1A is a P35
phot oﬁmﬁ%ﬁy ﬁssﬁﬁn of the inside %ﬁgrﬁfgess side) of a mld steel
f ur naces t uhe connerC|aI reformer which had been in 9
years; and ™ %hﬂi‘égnot ed above, Figure 1B is a pho?@ﬁ{@%ﬁn of
a portion of a mld steel coupon sanple which was placed inside a reactor

of a lowsulfur/lowwater denonstration plant for only 13 weeks.
Figure 2 is an illustration of a suitable
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acting as a flux; (ii) it should dilute the nickel
2 concentration in the stannide layer thareby providing

3 batter protection against coking; and (iii) it

g should result in a paint which affords tha anti-

coking protection of iron stannides even if the

undarlying surface does not react well.

Yet another maans for preventing carburizatien,

v 0 38 o W

coking, and metal dusting in the low-sulfur reactor
10 system comprises the application of a metal coating.
11 or cladding to chromium rich steels contained in the
12 reactor system. Thesa metal ccatings or claddings
13 may be comprised of tin, antimony, bismuth or
14 arsenic. fin is especially preferred. These
15 coatings or claddings may be applied by methods
16 . including electroplating, vapor depositing, and

| 17 soaking of the chromium rich steel in a molten metal
18 bath,
1%
20 It has been found that in reforming reactor
21 systems vheras carbur;zgtion, coking, and metal
22 dusting are particularly prodlematic that the coating
23  of tha chromium-rich, nickel~containing steels with a
24 layar of tin in effect creates a double protective
25 layar. There results an inner chromium rich layer-
26 which is resistant to carburization, coking, and

—————
————
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DESCHE B'Tll wiﬁéﬁmF EVMBODI MVENTS el ‘Iﬂﬂergrret allurgical terns used

herein are 15669 ven their common netal |l urgical meani ngs RCT/UB92/01886 t h
in THE METALS HANDBOOK of the Anerican Society of Metals. For exanple,
"carbon steels" are those steels having no specified m ni numquantity for
any -alloying elenent (other than the commonly accepted anounts of .
manganese, silicon and copper) and containing only an incidental anount of
any elenent other than carbon, silicon, nmangaggsg, copper, sulfur

metal dusting and an outer tin layer which is alsa

resistant to carburizatien, coking and metal dusting.

w M e

This occurs because when tha tin coated chromium fieh
steel is exposed to typical reforming temperatures,
such as about 1200°F, it reacts with the steel to
form iren nickel stannides. Thereby, the nickel is
prefarentially 1eac$ed from the surface of the steel

leaving behind a layer of chremium rich steel. In

0w 8 ~N G U A

soma instances, it may be desirable to remcve the

10 iron nickel stannide layer from the stainless steel
11 to expose the chromium rich steel layer.

12

i3 For example, it was found that when a tin

14 cladding was applied to a 304 grade stainlesa steel
15 and heated at about 1200°F there rasulted a chromium’
16 rich steel layer containing about 17% chromium and

17 substantially no nickel, comparable to 430 grade

18 stainless steel.

19

20 When applying the tin metal coating eor cladding
21 to the chromium rich steeal, it may be desirable to
22 vary the thickness of the metal coating eor cladding
23 to achieve the daesired resistance against

24  carburization, coking, and metal dusting. This can
25 Dbe déne by, @.g., adjusting tha amount of time the
26 chéoniua rich steel is soaked in a molten tin bath.

-

ect Has Been Replacéd
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naxi rBRTIGTI% on. Alloy steels are those steels containing
specified quantities of aIonlng el enents (other than carbon and the.
comonly agpgpsAsksaounts of nmanganese, copper, silicon, s 886
phosphorus) wthin the limts recognized for constructional alloy steels,
added to effect changes in nechanical or physical properties. Aloy steels
will contain |ess-than 10%

This will also affect tha thickness of the résuiﬁinq

chromium rich stael layer. It may also be desirable

(%) N | o

€O vary the operating temperaturs, or te vary the
composition of the chromium rich steel which is
coated which in order to contrel the chromium.
concentratioen in the chromium rich steel layer

producad.

8 00 N a6 i &M

It has additionally been found that tin-coated
10 steals can be further protected from carburization,
11 metal dusting, and coking by a post-treatment process
12 which involves application of a thin cxide coating,
13 preferably a chromium oxide, such as Cr,0;,. This

14 coating will be thin, as thin as a few um.

15 Application of such a chromium oxide will protect
16° aluminum as well as tin coated steels, such as

17 Alonized steels, undar 1ow-£u1£ur reforrning

18 corditions. |

19 .

20 The chromium oxide layer can be applied by

21 various methods including: application of a chromate
2 or diéhron#te paint followed by a reduction process;
23 vapor treatment with an organo-chremium coempound; or
24 application of a chromium metal plating followad by

25 oxidation of the resulting chromium plated steel.
28
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10, prEREI=46 §AT1 I E% 0% 8Sa'g;wom um as the prf ‘ﬁ@ g el enent . P3%
Gener al Ly, e, one focus of the invention is to pr tERY roved
met hod for“’rde@org%g%g hydr ocar bons using a reform ng cat al %t %olécggl arly
a large pore zeolite catalyst including an alkali or alkaline earth netal
and charged with one or nore Goup VIIl netals which is sulfur senS|t|ve
under conditions of |low sulfur. Such a process, of course, ' must
denonstrate better resistance to carburlzatlonj4 t han conventi onal
| ow sul fur reform ng techniques.

1 Examination of tin-electroplated steels which

2 have been subjected to low-sulfur reforming

“

conditions for a substantial pericd of time has shown
4 that vhen a chromium oxide layer is produced on the
surfaca of the stannide layer or under the stannide
layer, the chromium oxide Iayer does not cause
deterioration of the stannide layer, but appears to

‘render the steel further resistant to earburization,

©° 0 N O W

coking and metal dusting. Accordingly, application
10 of a chromium oxide layet to either tin or aluminum
11 coated steels will result in steels which are further
12 resistant to carburization and coking under the low-
13 sulfur reforming conditions. This post-treatment

14 process has particular applicatiens for treating tin
15 or aluminum coated steels which, ifter prolonéed

16 exposure to low-sulfur reforming conditions, are in
17 need of repair.

18 . .

19 e has further been found that aluminized, e.g.,
20 "Alonized" gteels which are resistant te

21 carburization under the present reforming conditions
22 of low sulfur can be rendered further resistant by.
23 post-treatment of the aluminum coated steel with a
24 coating of tin. This results in a steel which is

25 more carburization resistant since there are

26 cunmulative effects of carburization resistance

—————
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-16- for |nprOV|ng resi stance to carburization and nmetal dusting during

ref orning w@mmr eform ng catal yst such as the aforeneneCyrngshzolgser
sensitive large- pore zeolite catal yst under conditions of |ow sul fur.
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1 obtained from both the aluminum coating and the tin

~

coating. This post-treatmant affords an additional

w

benefit in that it will nend any defects or cracks in
the aluminum, e.g., Alonized, ceating. Aalsc, such 2
post-treatment should result in a lower cost since a
thinner aluminum coating c¢an be applied to the steel
surfaca which is to be post-treated with the tin
coating. Additionally, this post~treatment will

W 0 N o e

protect the underlying steel layar exposed hy bending
10 - of aluminized steels, which can introduce cracks in
11 tht.alumlnum layer, and expose the steel to

12 cazburization induced under reforming conditions.

13 Also, this post-treatment process ¢an prevent coke

14 formation on the treated steel surfaces and also

18 prevent coke formation that occurs on the bottem of
16 cracks which appear on steels which have been

17 aluminized, but not additionally coated with tin.

18

19 Sanples.ot Alonized Steels painted on one side
20  with tin, were found to show a deposit of black coke -
21 only on the untreated side under low-sulfur reforming
22 conditions. 7The coke that forms on an aluminized

23 surface is a benign coke resulting from cracking on
24 acidic-alumina sites. It is incapable of inducing

25 additional coke deposition. Accordingly, a post~

26  treatment application of & tin coating to aluminized

This Sheet Has Been Rei laced
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2 illustrates a typical reform ng reactor system suitable for practi
t he presentwﬂﬂ%ﬁﬁ%%n. It can include a plurality of reforprﬁr@g??éﬁ@ﬁg

(10), (20) and (30).

1
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r ef orEﬁBﬁb-("%gg?d?mgnﬁ?i t orrespondi ng furnace neans and piping. Figure

e of
rs

Each reactor contains a catalyst bed. The system

al so inctudes a plurality of furnaces (11), (21) and (31); heat exchanger
(12); and separator (13). Through research associated with the

present invention, it was discovered that the aforenmentioned problens
with lowsulfur reform ng can be effectively= 36 «

steels can provide further minimization of the
problems of carburization, ceking, and metal dusting,
in reactor systems operating undgr.refurming

conditions according to the invention.

While not wishing to be bound by theery, it is
boliev;d that tha suitablility of varicus materials
for the present invention can be selected and
classified according to their respotses to
carburizing atmospheres. For example, iron, cobalt,
and nickel form relativaly unstable carbides which
will subsequently carburize, coke and dust, Elaements
such as chromium, nicbium, vanadium, tungsten,
molybdenum, tantalum and zircenium, will-form stable
carbides which are more resistant to carburization
coking and dusting. Elements such as tin, anéimany
and biswuth do not form carbides or coke. And, these
compounds can form stable compounds with many metals
such as iron, nickel and copper under reforming
conditions. Stannides, antimonides and biswuthides,
and compounds of lead, mercury, arsenic, germanium,
indium, teilurium, selenium, thallium, sulfur and
oxygen are also resistant. A final category of
materials include elements such as silver, copper,
gold, platinum and refractory oxidas such as siliea

and alumina. These materials are resistant and de
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cont E-1Ta8p 19 ’ ocC ons during processing. Typically, reformng
reactotr systenms have been constructed of mld steels, or alloy steels

such as typy omumsteels, with insignificant carburj i
W6 d16cks " PERFUS/ s

dusting. For | e, under conditions of standard reform ng,
- 17 - C furnace tubes can |last twenty years. However, it

-37-
not form carbides, or react with other metals in a

carburizing environment under reforming conditicns.

As discussed above, the selection of appropriate
metals which are resistant to carburization and metal
dusting, and their use as coating materials for metal
surfaces in the reactor system is one means for

preventing the carburization and metal dusting

$ N & IR W N s

problem. However, carburization and metal dusting

W
o

can be.prevalent in a wide variety of metals; and

-
[ aud

carburization resistant metals can be more costly or
" 12  exctic than conventional materials (e.g., mild

13 steels) used in the construction of reforming reactor

14 systemg. Accordingly, it may be desirable in the
15 reactor system of the invention to use ceramic

1§ naterials which do net form cazbides at typical

17 reforming conditions, and thus are not susceptible to'

18 carburization, fer at least a portion of the metal

19 surfaces in the reactor system., For example, at

20 least a portion of the furnace tubes, or furnace

21 1iners or both may be constructed of ceramie

22 natefiiis.

23

24 In choosing the ceramic materials for use in the

25 present invention, it is preferable that the ceranic

26 material hava tharzal cenductivities about that or

L A
e
e —
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wap phrpiiol abhae 2l agt 4 ar e unBifEt a’m"?é“"““ PN"EI iﬁ/g 465 44g6ur ref or mi hdge
conglﬁEBdHSQS SﬂTei' Eﬁndl cone enbrittled bg}chr buri zation w thin about

one year. _For exanple, it was found that 2 1/2 C 1 M Stﬁﬁﬁé @ﬁ%&zed
- and enbrltwﬁkﬁy e than 1 mmi year. Furt her nore, ggﬁ% t hat
materials considered under standard netallurgical practice to
resistant to coking and carburization are not necessarily reS|stant under

| ow-sul fur reform ng conditions. For exanple,, nickel-rich alloys such as
I ncol oy 800 and 825; Inconel 600; Marcel and ﬂ%ynes 230, are unacceptable -

as they exhibit exgessyivéBeding those of materials conventionally used in

2 the construction of reforming raeactor systems.

3  Additionally, the ceramic materials should have
sufficient structural strengths at the temperatures
which cccur within the reforming réactct systen.
Further, the ceramic materials should be able teo

withstand thermal shocks and repeated temperature

cycling which oecur during operation of the reacter

0w 6 T o U >

system. When the ceramic materials are used for

10 constructing the furnace liners, the ceramic

11 waterials should have thermal expansivities about

12 that of the metal outer surfaces with which the liner
13 is in intimate contact. This aveids undue stress at
14 the juncture during temperature cycling that occurs
15 Quring start-up and shut-down. Additionally, the

16 cearamic surface should not be susceptible te '

17 degradation in the hydrcocarbon enviromment er in the |
18 oxidizing enviromment which occurs during catalyst

19 regenearation. The selected ceramic material also

20 should not promote the degradation of the

‘231 hydrocarbons in the reactor system.

22 _

23 Sultable ceramic materials include, but are not
24 restricted to, materials such as silicen carbidés,

25 silicen oxides, silicen nitrides and aluminum

26 nitrides.  Of these, silicon carbides and silicon

Sheet Has Been chlaced
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pr ef be\ﬁygs gﬁiw%ﬂgﬂ 3§Esggnd 347, are accepfggl e as materials for at

| east ‘portions of the reactor systemaccording to the pres ' j.on .
whi ch cont a\YPW%ydrocar bons. They have been found to ha ébg@g%gance

to carburization greater than mld steels and nickel-rich alloys.

Initially it was believed that alum nized materials such as those sold by
Al on Cor poration ‘

-39 -
1 nivrides are particularly pretcrred.as they appear

2 capable of providing complete protection fer the

3 reactor system under low-sulfur reforning conditicns.
] .

S At least a portion of the metal surfaces in the
6 <reactor system can also be coated with a silicon or

7 silica film. In partieular, th§ metal surfacas which
8 can be coated include, but are not limited to the

9 reactor walls, furnace tubes, and furnace liners.
10 However, any metal surface in the reactor systen,
;} which shows signs of carburization and matal dustin§
12 under low-sulfur reforming cenditions would benefit
13 from the application ef a thin silicon or silica
14 f£ilm. .
13
16 Conventional methods can be used for applying
17 silicon or silica films to coat wmatal surfaces.
18 silica or #silicon can be applied by electraplatihq
12 and chemical vapor deposition of an.aikoxysilane in a
20 steam carrier gas. It is preferable that the silicon
21 or silica £ilm have a thermal expansivity about that
22 of the natal surface which it coats. Additionally,
23  the siliecon or silica £ilm should be able %o

24 withstand thermal shocks and repeated temperature

2% cycling that occur during reforming. This aveids

26

eracking or spalling of the silicon or silica film,

AR
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react or systen1and process of the
i nvent i on. wDt92/5653 si nce been di scovered, however,  that-thPESESIVAEON of
thin alum numor alumna filns to netal surfaces_ of the reform ng reactor
system or sinply the use of Alonized Steels during construction, can
provide surfaces which are sufficiently resistant to carburization and

nmetal dusting under the |owsulfur reformng conditions. However, such
materials are -~ 40 -

1 and potential exposure of the underlying metal

2 surface to the carburization inducing hydrocarbon

3 environment. Also, the silica or silicon f£ilm should
4 have a thermal conductivity approximate to or

§ exceeding that of metals conventionally usad in

6 reforming reactor systems so as to maintain efficient
7 heat transfer. The silicon or silica film also

8 should not deqrada'in the reforming environment oy in
9 the oxidizing environment associated with catalyst
10 regeneration; ner should it cause dagradation of the
11 'hydrocarbons themselves.

12 |

13 Because different areas of the reactor system of
14 the invention (a.g., diffarent areas iﬁ a furnace)

15 c¢an be exposed to a wide range of tamperatures, the
16 naterial selection can ba staged, such that those

17 materials providing better carburization resistances
18 are used in those aréas.of the system experiencing

19 the highest temperatures.

20

21 With regard to materials selection, it was

22 discoverxed that oxidized Group VIII metal surfaces
23 such ;s iron, nickel and cobalt are more active in

24 terms of coking and carburization than their

25  unoxidized c¢ounterparts. For example, it was found

26 that an air roasted sampls of 347 stiinless steel was

—_—
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dustlg%quﬁﬁﬁﬁéﬁm F@ﬁ@ show subst anti aI re uchtqllB?r?g 1| n tensile
strengths. Cracks expose the underlying base netal rendering it
suscept i bl gg g/fsPuri zation and nmetal dusting under |ow sBCTAHSIM6i ng
COﬂdItIOﬂS VWil e alum ni zed materials have been used to prevent
carburjzation in ethyl ene steam cracki ng processes, such processes are
operated at significantly higher tenperatures than reform ng;

t enperatures where carburizati on woul d be expected. Carburization and
metal dusting sinply have not been

- 31 -
1 significantly morae active than an unoxidized . sample
2 of the sama steel. _This is believed to be du# to &
3 re-reduction of oxidized steels which prodﬁccs very
4 ; fine-grained iron and/or nickel metals. Such netals
S are especially active for carburization and coking.
6 Thus, it is desirable to avoid these materials as
7 much as possible during oxidative regeneratioen
8' processes, such as those typiéally used in caéalytic
9 reforming. However, it has been found ﬁhat an air
10 roasted 300 series stainless steel coated with tin
11 can provide similar resistances to coking and
12 carburization as unroasted s#mples of tha same tin
13 coated 300 saries stainless steel,
14
15 Furthermore, it will be appreciited that
16 oxidation will ka a probler in systems where sulfur
17 sensitivity of the catalyst is not of concern, and
18  sulfur is used to ﬁaésivntc the metal surfaces. If
19 sulfur levels in such systems ever become
20 insufficient, any metal sulfides which have formed en
21 metal surfaces would, after oxidation and reduction,
22 De reduced to fine-grained metal. This metal would
23 be highly veactive for coking and carburization,
24 peotentially, this can cause a catastyrophic falilure of
25 +the metallurgy, or a majer coking event.
28
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and metal “dusting involves the application of thin alumn l_pa

films on, WO se of alumnized materials as, at Ieast@ﬁgﬁﬂl’#@ﬁeof
the netal surfaces in the reactor system In fact, the nmetal surfaces

particularly susceptible to carburization and netal dusting can be
provi ded in

- 42 =

1 As noted above, excessively high temperaturas

2 can occur in the catalyst beds when exothermic

3 demathanation reactiens within cokeballs cause

4 localized hot regions. These hot spots alsa pose a
5 problem in conventional reforming reactor systems (as

6 well as othaer areas of chemical and petrochemical

7 processing).

8

9 For example, the center pipe screens of
10 raformers have been observed to locaily waste away
11 and develop holes; ultimately resulting in catalyst
12 wmigration. In conventional reforming processes the
13

temparatures within cokeballs during formation and

14 burning aéc apparently yigh enough to overcora the
15 ability of process sulfur to peison coking,

16 carburization, and dusting. Eﬁe'metal screens,

17 therafore, carburize and are more sensitive to

18 wasting by intergranular oxidation (a type of

19 corrosion) during regeneration.' The screen openings
20 enlargs and holes davelop. ' .
21 _

22 Thus, the teachings of the present inventioen aré
23 appliecable to conveatiqnal re!arninq, as well as

24  other areas of chemical and petrechemical processing.
23 For examplea, the aforunmentioned platings, claddinqé

26 and coatings can be used in the preparation of center .
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react wak furnace tu and furnace |iners. When appl yi ng an
aIun1nuh1or alumna film |t is preferable that the film have a thernmal
expansi vi t YWOt924563% sinilar to that of the netal surface tPGRIUSHZ/OIRS6i S
applied (such as a m'ld steel) in order to wthstand thermal shocks and
repeated tenperature cycling which occur during reformng. This prevents
cracking or spalling of the filmwhich could expose the underlying netal
surface to the carburization inducing hydrogagbon environnent.

pipe screens to avoid excessive hole developmant and

catalyst migration. In addition, the teachings can

W N

be applied to any furnace tubes which are subjected

o

to carburization, coking and netal'dustinq; such as

furnace tubes in coker furnaces.

In addition, since the technigques described

herein can be used to control cazburization, coking,

0 [ ] -~ R "

and metal dusting at excesaively high tenparatuies,
10 they'cqn be used in cracking :urnaces operating at
11  from about 1400°* to about 1700°F. For example,  the
12 deterioration of steel occurring in cracking furnaces
13 opaerating at those tenmperatures can be controlled by
14 application of variocus metal coatings. These metal
1s ' coatings can be applied by melting, electrcplating.
1€ and painting. Painting is particularly prefaerred.
17

18 For axample, a coating of antimony applied to
19 iran bearing steels protects these steels from

20 carburization, coking and metal dusting under the

21 described cracking conditions. 1In fact, an antimony
22 paint applied to iron bearing steels will provide

23 protection against carburization, ccking. and matal
24 dusting at 1600°F.

2% |

_
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envi ronnent,

regeneration,

or systens. Furthernore,

or i'n the oxidizing environnent associated with catalyst

nor

shouLd It
- 44 ~
1 A coating of bismuth applied to nickel rich
steel alloys (e.g., INCONEL €00) can protect those

'3 steels against carburization, coking, and metal

& dusting under cracking conditions. This has been

5 demenstrated at temperatures of up to 1600°F,

¢ .

7 Bismuth ccatings may also be applied to iron

8 bearing steels and provide protection against

9 carkurization, metal dusting, and coking under

10 cracking conditions. Alsc, a metal coating

11 coemprising a combination of bismuth, antimony, ‘and/er
12 tin can be used.

13

14 Looking again to low-sulfur reforming, other

15 technigues c¢an also be used to addrass the preblem
16 adiscovered according to the present invention. They
17 can be used in conjunction with an appropriate

18 material selection for the r-actor-eysten,'er thef
19 can be used alcne. Prafarrad from anong.the

20 additional techniques is tﬁe addition of meon-sulfur,
21 anti-carburizing and anti-coking agent(s) during the
22 reforming process. These agents can be added

23 continucusly during processing and funetion to

24 interact with those surfaces of the reactor system
. 2% whieh eontact.tho hydrocarbons, or they may be

26 lppliad as a4 pretraatment to the reactor systen;

e
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such as*nrld

st eel s

"Al oni zi ng" process,
I nc., .Terrytown, Pa.

t enperature
treated netal,

di ffusion process which alloys alumnuminto the
such as e.g., a
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11
1
13
14
185
16
17
18
19
20
21
22
23
24
25

2%t he hyd%@té?ﬂaﬁﬂT Ee8) syst em
ﬁgﬁ'm ﬁRP al um num or LFD#?)T@ ﬁ r@gclé%ret al surf 97
i ncl ude wel I' known dep05|t|on t echni ques, Preferred
processes i WO MAS68dwder and vapor diffusion processes such?

whi ch has been connercrallzed by Al on Processing,

Us92/018%6

Essentially, "Alonizing" is a high

- 45 =

While not wishing to bound by thaory it is
believad that these agants interact with the surfaces
of the reaetor system by decénpesikion and surface
attack to form iron and/or nickel intermetallic
compeounds, suck as stannides, antimenides,
5ismuthi§es, plunbides, arsenides, etc. Such
intorneﬁallic compounds are resistant to
carburization, cocking and dﬁsting and can yroteét the

underlying metallurygy.

The intermetallic compounds are alse believed to
ba more stable than the metal suylfides which wera
formed in systems where H,S was used to paasivate the
metal. These compounds are not reduced by hydrogen
as are metal sulfides. As a result, they are less
likely to leave the system than metal sulfides.
Therefore, the continuous addition of a carburization

inhibjitor with the feed can be minimized,

Preferred non-sulfur anti-carburizing and anti-
coking agents include organo-matallic eempounds such

as organc-tin compounds, organo-antimony compounds,

organo-bismuth compounds, organc-arsenic compounds,

and organo~lead compounds, Suitable orqano-load_
conpounds include tetraethyl and tetramethyl lead.
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stee retort and surrounded with a m xture of bl ended
al um num W{ The retort is then hernetically seal ed aﬁ@l‘tﬁbﬁﬁ?ﬂsﬁ' n an
at nosphere-controlled furnace. At elevated tenperatures, al um num
deeply diffuses into the treated netal resulting in an alloy. After
furnace cooling, the substrate is taken out of the retort and excess
powder is renoved. Stralghtenlng, trinm ng, beveling and other secondary
operations can - 46 -

Organc~tin coupounds such as tetrabutyl tin and

trimethyl tin hydride are espscially preferxred.

W N

Additiona; specific erganb-ﬁetallic compounds
include bisamuth neodecancate, chromium octoate,
copper naphthenats, manganese carboxylate, palladium
necdecancate, silver nacdecancate,

tetrabutylgermanium, tributylantimeny,

0w O <« h W

triphenylantimony, triphenylarsine, and zirconium

10 | octoate.

11

12 How and where thase agents are added to the

13 reactor system is not critical, and wili primarily

14 depend.on particular process design characteristics.
15 For example, they can be added continucusly 23

16 discontinuously with the feed.

17

18 Howaver, adding the agents to the feed is not

13 preferred as they would tend to accumulate in the

20 initial portions of the reactor syéten. This may not
21  provide adequata protection in the other areas of the
22 systen. | |

23

24 It is preferred that the agents be provided as 2
25 coating prior to construction, prior to'sta:t-up, or
26 ine-situ (i.e., in aQ existing systam). If added in-

—————m
— e ——
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("anﬁE% t Si s carburization and netal dusting under

| ow sl ¥ ur winRfaPfegkNg conditi ons according to the invention.PCT/US92/01886i n
chrom um or chromum oxide filns can also be applied to netal surfaces of
the reactor systemto render the surfaces resistant to carburization and
met al dusting under |ow sulfur reformng conditions. Like the use of

alumna and aluminumfilnms, and alum nized materials, chrom um or chromn um

oxi de - 47 =
1 situ, it should be dona right after catalyst
2 rageneration. Very thin coatings can be appliad.
3 For example, it is believed that when using organo-
4 tin compounds, iron stannide coatings as thin as 0.1
5 micron can be effective.
6
7 A preferred method of coating the agents on an
8

existing or new reactor surface, or a new or exist;ng
9 furnace tube is to decompose an orgincnetallic

10 compound in a hydrogen atmosphere at temperatures of
11 about 200*F. For orgando-tin compounds, for example,
12 this produces reactive metallic tin on the tube

13  surface. At thase temperatures the tin will further
14 react with.the surface metal to passivate it.

18 _ '

16 optimum coating temperatures will depend on the
17 particular organometallic compound, or the mixtures
18 of compounds if_aliays are desired. Typically, an

19 excess'of the organometallic coating agent can be

20 pulsad into the tubes at a high hydrogen flow rate sé
21 as to carry tha coating agent throughout the system
22 in a mist. The flow rate can then be reduced to

23 permit the coating metal mist to coat and react with
24 the furnace tube or reactor surface. Alternatively,

25 the eempound can be introduced as a vapor which

——
———
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chrom um qxi de can al so be applied to carburization and ”?%jﬁu#&ﬁﬁ'
suscept i bI¥OIMIH33sur f aces such as the reactor walls, furnace 1iners, and

furnace tubes. However, any surface in the system which.would show signs
of carburization and nmetal dusting under |owsulfur reformng conditions,
woul d benefit fromthe application of a thin chrom umor chrom um oxide

film
- 48 =
decomposes and reacts with the hot walls of the tube

or reactor in a reducing atmosphere.

aAs discﬁssed above, reforming reactor systems
susceptible to carburization, metal dusting and
coking can be treated by application of a
decomposable coating containing a decomposable

organometallic tin compound to these areas of the

@ O <N A UV NN

reactor system most suscaptible to carburization.

(v
o

Such an approach works particularly well in a -

11 taemperature controlled furnace.

12 .

13 However, such eontrol is not always present.

14 Thare are "hot spots" which develap in the reactor
15 system, particularly in the furnace tubes, where the
16 organometallic compound ean decompose and farm

17 deposits. Therefore, another aspect ag.thn invention
18 is a process which avoids such depesition in _

19 reforming rsacter s?stems where temperatures are nhot
20 closely controlled and exhibit areas of high

21 temperaturs hot spots.

22 |

23 Such a process involves preheating the entire
24 reactor system to a temperatura of from 750 to 1150,
. 28 preferably 900 to 1100, and most prefarably about

26 1050°*F, with a hot stream of hydrogen gas. After

e
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expansivity simlar to that of the netal to which it is applied.

- Addi {7 onaiW0/92/1%68% chr oni um or chromi um oxi de fil m shoul d Bel/A592/01856

wi t hstand thermal shocks and repeated tenperature cycling which are common
during reformng. This avoids cracking or spalling of the chrom um or
chrom um oxi de filmwhich could potentially expose

-49-
preheating, a colder gas stream at a tamperature of
400 to 800, praferably 500 to 700, and most |
preferably about sso'r,'coneaininq a vaporized

organometallic tin compound and hydrogen gas is

gas mixture is introduced upstream and can provide a
deconposition "wave® which travels threughout the

1
2
3
4
5§ introduced into the preheated reactor system. 7This
s
7
8 entire reactor systen.

9

10 Essentially this process works because the hot
11 hydrogen gas 'produces a uniformly heﬁted surface

15 which will dacanpos§ the colder organometallic gas as
13 it travels as a wave throughout the reactor systenm.
14 Tha colder gas containing the organometallic tin

15 compound will decozposa on the hot surface and coat
16 the surface. The organometallic tin vapor will

17 continua to move as a wava to treat the hotter

18 surfaces downstream in tha reactor system. Thar‘by,
19 the entire rsactor system can have z unifera coating
20 of the organometallic tin compound. It may also be
21 desiradble to conduct several of these hot-cold

22 temparature cycles to ensure that the entire reactor |
23  system has been unifermly coated with the

24 organametallic tin compound.
25

— d

i
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r to or exceeding those materials conv '

conducti Vi %

in reform ng rég%#%r systens (in particular mld steels) in order to
maintain efficient heat transfer. The chrom umor chrom um oxide fi
al so should not degrade in the reformng environnment or in the oxidizing
envi ronment associated with catal yst regeneration, ynor should it induce

degradation of the hydrocarbons in the reacto

i
2

w

b O < o™y W h

10
11

12
13
.14
15
16
17
13
19

20

21,
22
23
24

25

lgo SYStem

In operation of the reforming reactor system |
according to the present invention, naphtha will be
reformed to form arowmatics. The naphtha feed is a
light hydrogarbon, preferably beiling in the range of
about 70°F to 450°F, more pretérahly about 100 te
350°F. The naphtha taad will eontain aliphatic or
paraffinic hydxocarboﬁs. These aliphatics are
convarted, at laast in part, to aromatics in the

reforning reaction zonae.

In the "low-sulfur" gystem of the invention, the
feead will preferably contain lass than 100 ppb
sulfur, and more preferably, less than SO0 ppd sulfur.
If necessary, a sulfur sorber unit can be employed to

remova snall excesses of sulfur.

Preferred reforming process conditions include a
tamperaturs batween 700 and 1080°P, mora preferably
betwean 350 and 1025*F; and a pressure between 0 and
400 psig, more preferadbly between 15-'and iso psig; a’
recycle hydrogen rate sufficient to yiel& 2 hydrogen
to hydrocarbon mole ratio for the feed to the

‘reforaing reaction zone between 0.1 and 20, more

preferably hetween 0.5 and 10; and a liquid hourly

spaces velocity for the hydrocarbon feed aver the

I
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Preferred processes include powder-pack and vapor

- 23 °7 di WD#2/1888pr ocesses such as the "chromi zi ng” procesECT/URRFOHSHS
comerci alized by Alloy Surfaces, Inc., of VVIn1ngton Del awar e.

- 8] -
1 reforming catalyst of between 0.1 and 10, more
2 prefaerably between 9.5 and S.
3
4 To achieve the suitable reformer tamperatures,
5 it is often necessary to heat the furnace tubes to
6 high temperatures. These temperatures can often
7 range from 606 to 1800°F, usuvally from 850 an&
8 1250°F, and mere often from 900 and 1200°F.
4
10 As noted above, the problems of carburization,
11 coking and metal dusting in low-sulfur systems have
12 been found %0 assoclatad with excessively high,
13 localized prbcess temperatures of the reactor system,
14 and are particularly acute 1n the furnace tubes of
15 the sysﬁgu where particularly high temperatures are
16 characteristio. In conventional referming technigues
17 where high levels of sulfur are preseant, furnace tube
18 skin vtemperatures of up to 1175°F at end of run are
19 typical. VYet, excsssive carburization, cocking and .
20 metal dusting was not observed. In low-sulfur
21 systehs, however, it has been discovered that
22 excessive and rapid carburization, coking and metal
23 dusting occurred with CrMo steels at teamparatures
24 above $350°F, and stainless steels at temperatures
25 above 1028°F.
26 |
S
as Been Replaced

\\\\\I\\\\\\\\\\\\\\\\\\\



The sieen ' 131 30694 o s ont (PATE ;?6 a{mv"émnxwﬁ;&ciigﬁ 3162 dnegr ocess f of. 56
appli%@?ﬁgﬁgggpé%gggﬁﬁE§¢§§5 nmetal surface ?ginilar to the above descri bed

"Al oni zi ng pro ny
coat ed vvith‘eg’m o]

The process involves contacting the
chromium followed by a thernal di mﬁéﬁ%@&.

This, in effect, creates an alloy of the chromum wth the treated netal
and renders the surface extrenely resisstant-to carburization and netal
dusting under | ow sulfur reform ng conditions,. - In some areas of the
reactor systens, |ocalized tenperatures can becCone excessively high during.

1

e
3

w O O® N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Accordingly, another aspect of the invention is
to lower the temperatures of the metal surfaces
inside the furnace tubes, transfer-lines and/or
reactors of the reforaing system. balow the
aforamentioned lavels., For example, temparatures can
be monitored using thermocouples attached at various
locations iﬁ tha reactor system. In the case of
furnace tubaes, thermoccouples can be attached to the
outer walls thereof, preferably at the hottest point
of the furnacal(usually hear the furnace outlet).
When né:essaty, adjustments in process operation can

be made to maintain the temperatures at desired

levels.

There are cther :échniques for reducing exposure
of system surfaces to undesifably high'temperaturcs
as well. For example, heat transfer areas can be ‘
used with resistant (and usvally more costly) tubing
in the final stage where temperatures are usually the

highest.

In addition, superheated hydrogen can he added
betwaen reactors of the reforming system. Also, a
largar catalyst charge can be used. And, the
catalyst can be regenerated more freguently. In the

case of catalyst regeneration, it is best

I

e

— »
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furn§@%m?d%é¥ﬁ Ehgggﬁ Zgﬁgﬁyst beds where exothern1c denet hanat i on

reactiens occur within normally occurring coke "balls causing |ocalized hot
regions. WOPISSBI | preferred to mild steels and nickel - PREHUSAYBPES t he
300 series stainless steels do exhibit sone coking and dusting at around
1000[err]F. Thus, while useful, the 300 series stainless steels

- 24 - are not the nost preferred material for use in the

- 83 =
1 accomplished using a moving bed process where the
2 catalyst is withdrawn from the final bed,
3  regenerated, and charged to the first bed.

&

L] Carpurization and metal dusting can alsoc be

6 wminimized in the low-sultuf reforming reactor system
7 of the invention by using certain other noval

8 equipment configurations and process conditions. For
9 egample. the reactoer system can be const:ﬁcted with

10 staged ‘heaters and/or tubas. In other words, the
11 _ heaters or tubes which are subjected to the most
12 extreme temperature conditions in the reactor system
13 can be constructed of materials more resistant to
14 carburization than materials conQenticnally used in
13 the construction of raforming reactor sy&tens:
16 materials such as those deseribed above. Heaters or
17 tubes which are not subjected to extreme tamperatures
18 can continue to be constructed of conventional
19 materials.
290

- 21 By using such a staged design in the reactoer
22 systeém, it is possible to reduce the overall cokt of
23 the systam (since carburization resistant waterials
24 are generally more expensive than conventional
25 materials) while still providing a reactor system
26 which is sufficiently resisztant to carburization and

\\\\\\\\\\T\\T iii\\\“( i
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430 éf%‘ v%hﬁﬁtﬂg3ﬁégisp to carburization than g%o series stainless

st eel s.. Howgysdris¢bhese steels are not as desirable for heaPCT/RUSORMLILSY
properties (they tend to becone brittle). Resi stant materials
which are preferred over the 300 series stainless steels for use in the
present invention include copper, tin, arsenict, antinony, bisnmuth,
chrom um and brass, and internetallic conpounds and alloys thereof (e.g.,
Cu-Sn alloys, Cu- -~ Sb alloys, stannides; anLJanLdes bi snut hi des,

1 nmetal dusting under low-sulfur reforming conditions.

- 2 Additionally, this should facilitate the retrofitting

-3 of existing reforming reacter systems to render thenm

4 carburization ard metal dusting resistant under lowe

5 sulfur operating conditions; since a smallaer portion

€ of the reactor system would nead replacement or

7 wodification with a staged design.

s _

9 ‘The reactor system can also be operated using at
10 least two temperature zones; at least one of highaer
11 and one of lower femperatur-. This approach is bhased
12 on the obsarvation that metal dusting has a
13 temperature maximum and minimum, above and below
14 which dusting is nininiged. Theratfore, by “higher"
15  temperatures, it is meant that the temperatures are
16 higher than those conventionally used in reforming
17 <reactor systems and higher than the temperature
18 maximum for dusting.' By "lowar" temperatures it is
19 meant that the temperaturs is at or about the -

20 temperatures which refarniﬂg processes are

21 conventionally econducted, and falls below that in
22 which dusting becomes a problem.

23

24 Operation of portions of the reacter system in
25 different temperature zcnes should reduce metal

26 dusting as less of the raactsor system is at a

\\n\lii \‘iii\‘f il
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provided as a plating, cladding, paint (e.g., oxide paints) or__other
coating to WOSRASEDNStruction material. This is particul arPGT/ASIHMNBeous
since conventional construction materials such as mld steels can stil

be used with only the surface contacting the hydrocarbons being treated.

O these, tinis especially preferred as it reacts with the surface to
provi de a coating having excellent carburization -

- 88 =

1 temperature conducive for metal dusting. Also, other
2 advantages of such a design include improved haat

3 transfar afficiencies and thé ability to reduce

4 eguipment size because of the operaticn of portions
5 of tha system at higher temperatures. Howaver,

6 operating portions of the reactor system at levels

7 Dbelow and above that conducive for metal dusting

8 would dnly ninimize, not completely aveid, the

9 temperature range at which metal dusting occurs.
10 This is unavoidable because of temperature
11  fluctuations which will occur during day to day

12 oparation of the reforming reactozlsysten;
13 particularly fluctuations during shut-down and start-
14 up of the system, temperature fluctuations during

15 cyeling, and temperaturs fluctuations which will

16 occur as the process fluids are heated in the reactor
17 systanm. - '
18

lé Another appro&ch to minimizing metal dusting

20 relates to providing heat to the system using
21 superheated rav materials (such as e.g., hydrogen),
22 theredy minimizing the need to heat the hydrocarhons
23 thréuqh furnace walls.

24

28 Yet another process design approach involves

26 providinq a pre-existing reforming reactoer system

NNt
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Is believe at a tin containing |ayer
can be .as 1/10 m cron and still prevent car buri zat p@e/US92/01856
Wher e practlca%l is preferred that the resistant materials be applied

in a paint-like fornulation (hereinafter "paint") to a new or existing

reactor system Such a paint can be sprayed, brushed, pigged, etc. on
react or system

- 58 -

1 with larger tube diameters and/or higher tube

2 velocities. Using larger tube diameters and/or
3 higher tube velocities will minimize the exposure of
.4 the heating surfaces in the rea:for system to the

[ hydrocarbons.

6

? As noted above, catalytic reforming is well

8 known in the petroleum industry and invelves the

9 treatment of naphtha fractions to improve octane
10 rating by the production of aromatics. The more
11 important hydrocarbon reactions which occur during
12 the reforming operation include the dehydrogenation
13  of cyclchexanes to aromatics, dghydruisomeriiation of
14 alkycyeclopentanes to aromatics, and- '
15 denyd:ocyciizatiun of acyelic hydrocarbons to
le Qronatics._ In addition, a number of other reactions
17 also occur, including the dealkylation of
18 alkylbenzenes, isomerization of paraffins, and
19 hydrocracking reactiens which produce light gaseous
20 hydrocarbons, e.g¢., methane, ethane, propane and '
21 butane, which hydrocracking reactions sheuld be
22 minimizea during zatarﬁing.as thay decrease the yiela
23 of gasoline beiling products and hydrogen. Thus,

24 “reforming®™ as used herein rafers to the treatmaent of
25 & hyérocarbon feed through the use of one or more

28

aromatics preducing reactions in order to provide an

Sheet Has Been RTlaced
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t hat ch~ Q ?' e conposabl e, reactive, tin-containing paint which
reduces t qupos/a6gshi ve tin and forms nmetallic stanni des (ePGT/USI241856
stanni des and nickel/iron stannides) upon heating in a reducing

at nosphere. It is nost preferred that the aforenentioned paint
contain at | east four conponents (or their functional equivalents); (i) a
hydrogen deconposable tin conpound, (ii) a solvent system (iii) a finely
divided tin netal and (iv) tin oxide as a redggible
sponge/ di spersi ng/ bi ndi ng agent. The paint should contain finely di.vided
solids to mnimzelsetadriomagics enriched product (i.e., a product whoese

2 aromatics contant is greater than in the feed).

While the present invention is directed
primarily to catalytic reforming, it will be useful
generally in the production cof arematic hydrocarbons
from various hydroocarbon feedstocks under conditions

of low sulfur. That is, wvhile catalytie reforming

L] -] ~S8 6 U W

typically refers to the conversicn of naphthas, other
10 feedstocks can be treatad as wel)l to provide an

11 aromatics enriched product. Therefore, while the

12 conversion of naphthas is a preferred embodiment, the
13 present invention can be useful for the cenversion or
‘14 :aromaeizaﬁion of a variaty of feedstocks such as

15 paraffin hydrocg;bohs, elefin hydrocarbong, acetylene
16 hydrocarbons, cyclic paraffin hydrocarbens, cyclie

17 olefin hydrocarbons, and mixtures therecf, and

18 particularly saturated hydzrocarbons.

19

20 . Examples of paraffin hydrocarbons are those

21 having 6 to 10 carbons such as n=hexane,

22 nmethylpentane, n-haptane, wmethylhexane,

23 - dimethylpentane and n-octana. Examples of acetylene
24 hydrocarbons are those having 6 to 10 carbon atoms

25 such as hexyne, heptyne and octyna. Examples of

26 acyclic paraffin hydrocarbons are those having € to

-

S
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system. WO9$5688e hydrogen deconposabl e tin conpound, tiRCTAUS92/03886c s

particularly useful. Comercial fornulations of this conpound itself are

available and wll partially dry to an al nost chew ng-gumlike |ayer on a

steel surface; a layer which will not '
- 88 -

10 zarbon atoms such as methylcyclopentane,
cyclchexane, methylcyclohexane and
dimethylcyclohexane. Typical examples of cyeclic

olefin hydrocarbons are those having § to 10 carbon
methylcyclchexene, and dimethylcyclohexene.

1

2

3

4

S atoms such as methylcyclopentene, cyclchexene,

6

7

8 The present invention will also be useful for

9 reforming under low-sulfur conditiens using a variety
10 of different reforming catalysts. Such catalyst
11 include, but arae not limited to Noble Group VIIZ
12 metals on refractory inorganic oxides such as
13 platinum on alumina, Pt/SN on alumina and Pt/Re on
14 alumina; Noble Group VIII metals on & zeolite such as
i§ Pt, Pt/SN and Pt/Re on zZeolites such as L-zeolites,
16  ZsM-5, silicalite and beta; and Nobel Group VIII
17 metals on alkali- and alkaline-sarth oxchenggd L-

18 znoliteq.

20 A preferred embodiment of the inventien involves
21 the use of a large~pore zeolite catalyst includi;g an
22  alkali or alkaline earth metal and charged with one

. 23 eor m&ze Group VIII metals. Most prafarred is the
24 embodiment where such a catalyst is used in reforming
25 a naphtha feed. '
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material will be stored for nonths prior to treatment with dro
Al so, 1f pawD92ss6sxo0ated prior to assenbly they nust be re@%@lﬁ 01856
chi ppi ng during construction. As noted above, tin octanoate is avail able

commercgially. It is reasonably priced, and will deconpose snoothly to a
reactive tin layer which forns iron stannide in hydrogen at tenperatures
as | ow as 600F. Tin octanoate should not be used alone in a paint,

however. It is not sufficiently viscous. EvenS&hen the solvent is
evaporated therefromg the The term “large-pore 2eclite" is indicative

2 generally of a zeclite having an effectiva pore

3 diameter of 6 to 15 Angstroms. Preferable large pore
crysiallina zaolites vhich are useful in tha present
invention include the type L zeolite, zeolite X,
zeolite Y and faujasite. Thésa have apparant pore
sizes on the ordar to 7 to 9'Angstrems. Most

preferably the zeolite is a type L zeolite.

O o N o A e

10 | The composition of type L zeolite expressed iﬁ
11 terms of mole ratios of oxides, may be represented by
12 the following formula:

13 {0.9-1.3)M,/ O3AL0,(5.2~6.9) S10,: YH,0

14 In the above formula M represents a cation, n

15 reprasents the valence ;f ¥, and y may be any value
16 from 0 to about 9. 2eolite L, its Xe-ray diffractien
17 pattern, its properties, and nnthod.tor its

18 preparation are described in detail in, for exaﬁple,
19 U.S. Patant No. 3,216,789, the caontents of which is
20 hereby incorporated by reference. The actual formula
21 may vary without changing the crystalline sﬁructura.
22 Por axample, the mole ratio of silicon to aluminum

23 {Si/Al) may vary from 1.0 to 3.5. .
24

25 ' The chemical formula for zeolite Y expressed in

26 terms of mole ratios of cxides may be written as:

This Sheet Has Been Reﬂ
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I e"RdcRivEd) ud/h el Bi: G5 189k AT sand runBh thfREGE pi) §19r 482 BA66I n practi debdfor
exarrﬁ]?é—,ﬂ-?% SATciRidkPl @H to coat a hori zo‘raﬁxgl furnace tube, it would

of the tube. :

pool at the bott . P -
Componént (Ws,”’t’%:’ti n oxi de sponge/ di spersing/binding .agemiqs?zgné%‘rous

tin- containing conpound which can sponge-up an organo- netallic tin
conmpound, yet still be reduced to active :

. - 60 -
1 (0.7=1.1) Na,0:A1,05:X510,: yH,0

2 In the abova formyla, x is a value greater than 3 and

3 up to about 6. y may be a value up to about §.

4 2eolite Y has a characteristic X-ray powder

$ diffraction pattern which may ba employed with the

€ 2bove formula for identification. Zeolite Y is

7 described in more detail in U.8.Patent No. 3,130,007
8 the contents of which is hereby incorporated by

9 reference.

| 10

11 Zeolite X is a synthetic crystalline ieolitic

12 molecular sieve which may be represented by the
13 formula:
14 o (0.7=1.3) M, 03AL,0;5 (2.0~3.0) S10,1yH0
1S In the'ahnvo formula, M represents a ietal,
16 particularly alkali and alkaline earth metals, n is
17 the valence of M, and y may have any value up té
18 about & depending on the identity of M and the degree
19 of hydration of the crystallinclzeolita. Zeolite X,
20 its X-ray diffraction pattern, its p;oporties. and
21 method for its prepa:ation are dascribed in detail in
'+ 22 U.S. Patent No. 2,882,244 the contents of which is
‘ 23 hezeﬁf incorporated By raference, |
24 | _
28 An alkali or alkaline earth nc£a1 is preferably
26 present in the large-pore zeolita. That aikaline
\\
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thro Wﬁﬁ%ﬁm ﬁ %IT @gﬁgr oduce very fi ne part |'cI es which resi st

rapi d
o the {ouchosandemesi sts running. T Uni ke typical FRTPSSEIES ©Y
t hi ckeners, component (iv) is selected such that it becones a reactive
part of the coating when reduced. It is not inert like forned silica; a
typi cal paint thickener which would |eave an unreactive surface coating
after treatnent. Finely divided tin Eﬁi;ﬂJ conponent (iii), is.
1 earth metal may be either barium, strontium or
2 <calcium, pre:arably_baiiun. The alkaline earth metal
3 can be incorperated into the zeolita by synthesis,
4 impregnation or jon exchange. Barium is preferred to
5 the other alkaline earths because it results in a
é somewhat less acidic catalyst. Strong acidity is
7 undesirable in the catalyst because it promotes
8 cracking, resulting in lower selectivity.
9
10 In another embodiment, &t least part of the
11 alkali metal can be exchanged with barium using known
12  technigques for ien exchanﬁe of ieolitas. This
13 involves contacting the zeolite with a solution
14 containing excess Ba**ions. In this embodiment the
15 barium should praeferably constitute from 0.1% to 35%
16§ by weight of the zeolite.
17
18 The large-pore zeolitiec catalysts used in the
19 invention are charged with one or more Group VIII
20 metals, u.q;, niekel, ruthenium, rhodium, palladium,
21 iridium or platinum. The preferred Group VIII metals
22 are iridium and particularly platinum. These are
23 morae selective with regard to dehydrocyclization and
24 are also more stable under the dehydracyclization
25 reaction conditions than other Group VIII metals. 1If

-
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to b@Eé"ﬁé’f@gAjﬁlégﬁgﬁ% enperature as possible, even in a non-reducing

at nospher eywggggiasti cl e size of the tin is preferably onePCIVUS9R/81886cr ons
whi ch all ows excellent coverage of the surface to be coated with tin

metal . Non-reducing conditions can occur during drying of the paint and
wel ding of pipe joints. The presence . - 28
. - 62 =
1 usad, the preferred weiqhﬁ percentage of platinum in
2 thae éatalyst is between 0.1% and S%.
3 .
4 Group VIII matals are introduced into large-pore
5 zeolites by synthesis, lrmpregnaticn or exchangp in an
6 agueous solution of appropriate salt. When it is '
7 desired to introduce twe Group VIII metals into the
8 zeolite, the operation may be carried out
5 simultanecusly or sequentially.
10
11 To obtain a nmore campietc understandinq.ot the

12 present invention, the following examples

| 13 illustrating caertain aspects of the {nvention are set
14  forth. It should be understood, however, that the
15  invention is not limited in any way to the specific
16 datails set forth therein. ’

17 _ ' '
18 EXAMPLE 3
19 Teats were run to demonstrate the effect of

20 sulfur and wvater on carburization in reforming
- 4§ reactors.
22

23 ~ In thesa tests, eight inech long, % inch outside

24 diameter copper tubes ware used as a reactor to study
25 the carburization and embrittlement of 347 stainless

26 atsel wires. Three of these stainless stéel wiraes
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w | | present to ‘react and formthe
desired. st The sol vent should be non-to
effective %pﬁpgféhﬁ%rlng t he pai nt sprayabl e and spreadableﬁaﬁZ“gﬂgggﬁﬁed.
It should al so evaporate quickly and have conpatible solvent properties
for the hydrogen deconposable tin conpound. |sopropyl alcohol is nost
preferred, while hexane and pentane can be useful, if necessary. Acetone,

however, tends to precipitate organic tin.conmpounds. I n one
enbodi nent, there can be used a tin paint - 63 -

1 having a diameter of 0.035 inches were inserted into
2 the tube, while a four inch section of the tube was
3 maintained at a uniform temperature of 1250°F by a
furnace. The pressure of the system was maintained
at 50 psig. Hexane was introduced into the reactor
at a rate of 25 microliters/min. (1.5 ml/hr) with . a
hydrogen rate of about 25 ce/min. {ratio of H, to HC
being 5:1). Methane in the product effluent was

L 0 ~ [ Y. B

measured to determine the existence of exothermic

10 methane reactian;.

11 '

12 A control run was made using essentially pure
13 hexane econtaining less than 0.2 ppm sulfur. The tube
14 was found to‘ba conpletely filled with carbon after
15 only three hours. This not dnlx stupﬁed'the flow of
16 the hydrogen and hexane feeds, the growth of carben
17 actually split the tuba and produced i-bulge in the
18 raactor. Methana in the product effluent was

19 approaching 60-80 wti before plugying.

20 '

21 Another run was conducted using essentially the
22 same conditions excapt that 10 ppm sulfur was added.
23 The run continued for 50 hours before it was shut

24 down to examine the wires. No inérease in methane
25 was noted during the run. It remained steady at

26 about 16 wtt due to thermal cracking. No coke plugs
I

/
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of 28 18 t annousPAtfc t EnCRMEED AT dm?l gcid), stampngg
oxi deFFB?ﬁmzlgpmcé@ﬁ | sopropyl al cohcgjgl '14 cﬁ% lqlst| n paint can be
applied.i nﬁ%lé&é For exanple, furnace tubes of the reRCTAISERNABSN can
be painte [ ually or as modules. A reformng freactor system

according to the present invention can contain various nunbers of furnace
tube nodules (e.g., about 24 furnace tube nodul es) of suitable w dth,
| engt h and height (e.g., about 10 feet long, about 4 feet w de, and about

40 feet in height). - 64 -

1 wvera found and no carburization of the gteel wires
2 was ¢bservad.
3
4 Another identical run was made except that only
S 1 ppm sulfur was added (10 times lower than the
6 previous run). This run exhibited little methane
? formation or plugging after 48 hours. An examination
8 of the steal wires showed a small amount of surfacas
9 carbon, but no ribkons of carbon,
10
1 Another run was cenducted except that 1000 ppm

12 water {(0.1%) was added to the hexane as methanol. No
13 sulfur was added. The run lasted for 16 hours and no
14 plugs occurred in the reactoerx. Howevcr;;upon

15 splitting the tube it was discoveraed that about 50

16 percent of the tube was filled with carben. But the

17 carben buildup was not nearly as severs as with the

18 contrel run.

13
20 EXAMPLE 2
21 Tests were conducted to determine suitadle

22 matarials for use in low-sulfur reforming reactor
23 systems; materials which would exhibit better

24 resisgtance to carburization than the mild steals
25 convantionally used in low-saulfur reforming

26  techniques,
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di amethg ggé}gad @ﬁgﬁmg.‘feet in dianete ‘n; are connect ed by P. 89 :
about fQur to ten u- tubes of suitable length (e.g., about 42 feet éﬁng)
Ther ef or e, WOW2/1868% surface area to be painted in the nodRFHYSIZG

wi dely;.for exanple, in one enbodinent it can be about 16,500 ft[err].

Pai nting nodul es rather than the tubes , individually can be advantageous in
at |east four

1 In these tasts thera was used an apparatus

[ ]

including a Lindberg alumina tube furnace with

[~

temperatures controlled to within one degree with a
thermocouple placed on'the exterior of the.tube in
the heated zone. The furnacse tube had an intgfnal
diameter of 5/8linches} Severazl runs were conducted
at an applied temperature of 1200°F using a

. thermocouple suspended within the hot zone (=2

Y 68 8 6 i

inches) of tha tube. The internal thermoccuple

10 constantly measurad temperatures from 0 to 10°F lower
li than the external thermoéouple.

12

13 Samples of mild steels (C steel and 2% Cr) and
14 - samples of 300 series stainless steels were tasted at
15 1100°F, 1150°F and 1200°F for twenty~four hours, and
16 1100°F for ninety hours, under conditions which

17 simulate the exposure of the nate;ials under

18 conditions of low-sulfur reforming. The samples of
19  varicus materials were plaéed in an open quartz beat
20 within the hot zone of the furnace tube. The boats
21 were one inqh long and % inch wide and f£it well

22 within the two-inch hot zone of the tube. Tha boats
23 were attached to silica glass rods for each placemaent
24 and rvemoval. No internal thermocouple was used when

25 the boats were placed inside the tube.
2 _ _
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paint as the conponents the nodul es are
usual l y he ed at extrenely el evated tenperatures durg
production;a\"?lﬁl nting nmodules will likely be quicker AR usR0ese
expensive than painting tubes individually; (iii) painting nmodules should
be nore efficient during production scheduling; and (iv) painting of the
modul es shoul d enabl e painting of welds. However, painting the
nodul es may not enable the tubes to be as co %etely coated with paint as

if the tubes were painted individually. If codtihg is :
1 Prior to start up the tube was flushed with
2 nitrogen for a few minutes. A carburizing gas of a
3  commercially bottled mixture of 7% propane in
‘4 hydrogen was bubbled through a liter flask of toluene
5 at room temperature in order entrain abcut 1% toluene
€ in the feed gas mixX. Gas flows of 25 to 30 cc/min.,
7 and atmospheric pressure, were maintained in the
8 apparatus, The samples wera brought to operating

9 taemperatures at a rate of 144°F/min.

10

11 After exposing the materials to the carburizing
12 gas for the desired period at the desired

13 temparature, the apparatus was gquenched with an air
14 streanm applied to the exterior of the tube. When the
1§ appagzatus was suzficienily cool, the hydrocarbon gas
18 éas swept out with nitrogen and the boat was removed
17 for inspectien and analysis.

18

1% Prior to start up the test materials were cut to
20 a size and shape suitable for ready-visual

21  identification. After any pretreatment, such as

22 cleaning or roasting, iuo samples wvere weighed. Most
23 samples were less than 300 mg. Typically, each run
24 was conducted with three to five samples in a boat.
25 A sample of 347 stainless steel was present with each

26 run as an internal standard.

—

il
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- EEBETF% “?siag?ff eé:ﬁé e that the paint be sprayed into the tubes and
headers= _ pai nt should be applied to fully coat t hgg d
header s. Af%&*ﬁgﬁﬂﬁﬁdule is sprayed, it should be left to drgeror Z@%&? 24
hours foll owed by application of a slow streamof heated nitrogen (e.qg.,

about ®50[err]F for about 24 hours). Thereafter, it is preferable that a.
second :

- €7 -

1 After completion of each run the condition of

2 the beat and each material was carefully notad.

3 Typically the boat was photegraphed.. Then, each

4 material was veighed to determine changes while

5 takihq care to keep any coke deposits with the

6 appropriate substrate matarial. The samples were

7 then mounted in an epoxy resin., ground and polished

8 in preparation for petrographic and seanning electron
% wmicroscupy analysis to determine the coking, netal
10 dusting and carburizatlon responses of ¢ach material. -
11
1& By naecessity, the residence time of the
11 cathurizing gas used in these tests were considerably
14 higher thah in typical commercial operation, Thus,
15 it is believad that the experimental conditions may
16 have been more severa than commercial conditiens.
17 Somae of the materials which !ailed'in these tests nay
18. actually be commercially reliablé. Neverthelass, the
19 test provides a reliable indication of the relative
20 resistances of tha materials to coking, carburization
21  and metal dusting.

22
23
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COdt REQEIVER§2418 Menm 1356 iAE 43 E@g al so diffed™py " P“@’Cﬁ::{g pejgggscri bed alpoye.
AfterﬁBﬁ??}g i%ﬁﬁé@ggliegeag plied, the m)dulzgxs ou ddp?r ef erably be kept
under a SiiyRjysessd rogen pressure and should not be exposedCl/US92/01856

t enper at ures exceedi ng about 200F prior to installation, nor should they

be exposed to water except during hydrotesting. I ron bearing
reactive paints ate also useful in the present invention. Such an iron
- bearing reactive paint will preferably contain various tin conmpounds to

which iron has been added in anounts up to ong third Fe/Sn by weight.

! The results are set forth in the Table below.

2 Table*

3 ]

4 wt. ¥ C

5 gaip Dusting  composition

s 1200°F; 24 hours

7 C Steal 86 Severe

8 _ 2% Cr 61 Savere .

9 304 ) little Ne 18 Cr 10 Ni

10 347 little No 18 Cr 10 Ni

il

12 1150°F; 24 hours _

13 € Steel 63 Severe

14 2% cx 80 Severe

18 304 1 Ko

16 . 347 1 No

17 .

18 1100°F; 24 hours

19 C Steel Trace Trace, logalized

20 T2k ¢x 0 No

21 . 304 0 No

22 347 0 No

23

24 1100*F; 90 hours :

25 C Steel 2 Savera

26 2% cr 62 Severe

27 304 L] " Neo

28 347 1 - No

29

30 * 15% CH; + 50% CH, + H, (by weight)

31 .

32 '

33 ~ Of course, the above results are gualitative and

34 depand on surface morphology, i.e., microscepic

s roughness of the maetals. The carbon weight gain is

}6 indicative of surface coking which is autocatalytic.

37 _

38 EXAMPLE 3

39 The same technigues used above were used again

40 to screen a wide assortment of materials at a

41 temperature of 1200°F for 16 hours. The rasults are.

Attorney’s Docket No. 005950-314

-
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advant ages; whgpAgessi cular: (i) it should facilitate the regpeihGEe29518kd1e
paint to formiron stannides thereby - 31
- acting as a flux; (ii) it should dilute the nickel concentration in the
st anni de | ayer thereby providing better protection against coking; and
(i) it :
- 68 =

1 set forth below. Each group represents a side-by-

2 . side comparison in a single boat under identical

3 conditions. |

4 TABLE (1)

5 We. % ¢ |

g Gain ~ Dusting Compogition

8 Group I .

9 Inconel 600 s? Severa 15 Cr 75 Ni

10 347 oxid. (2) 21 Mederate :

i; 347 Frash 4 No 18 Cr 10 Ni

13 Group IT |

14 Incenel 600 40 Savere 15 Cr 75 Ni

15 310 8 Mild 25 Cr 20 Ni

16 Incoloy aoo L Moderata 21 Cr 32 Wi

i; 347 - 1 Trace '

19 Group IIT

;g Inceloy 825 <1 Moderate

Haynes 230 2 Mild 22 Cr- 64 Ni

22 Alonized 347 .3 Trace N

gi 347 <1 Trace

25 Group IV

26 Ni (Pure) 656 Severe 100 Ni

27 Cu (Pure) o No 100 Cu

28 Sn (Fused) o No '

23 100 Sn :

30 Tin can ¢ No

31 Sn + ¢ Steel '

3z .

33

34 :

gz (1) 1S5% G, + S0% G, + H;, (By Wt.)

37 (2) Roasted in air 2 hours at

38 ' 1000°C to produce a thin

39 X oxide erust.

40 :

41

42
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st anni des yi ng surface does

anot her mneans ?or B?eventlng carburization, coking, and netBFT/A$92104866 n
the | ow sul fur reactor system conprises the application of.a netal coating
or cladding to chromumrich steels contained in the reactor system These
nmetal coatings or claddings may be conprised of tin, antinony, bisnmuth or
arsenic. Tin is especially preferred. These cgatings or claddings nay be
appl i ed by nethods including electroplating,” Ggpbr deposi ting, and

b3 .

EXAMPLE 4

2 Additional materials were tésted,.again using

3 the techniquas described in Example 2 (unless. stated

4 otherwise).

s

] Samples of 446 stainless steel and 347 stainless
7 Stéel were placed in a sample boat and tested

8 simultaneocusly in the carburization apparatus at -

9 1100°F for a total of two wesks. Tha 446 stainlass
19 . steael had a thin coating of coke, but no other
11 alteration was_detecﬁed. The 347 stainless steel, on
12 the other hand, had massive localized coke deposits,
13 and pits more than 4 mils deep from which éoke and

14 metal dust had erupted. g

15

16 Samples wera tested of a carbon steel screenl

17 electroplated with tin, silver, copper and chromium.
18 | the samples had coatings of approximately 0.5 mil.

19 After 16-hour carburizatien sereening tests at
20 | 1200°F, no coke had formed on the tin-plated and

21 chromiun-plated screens. Coke formed on the silver=
22 plated and copper-plated screens, but only where the
23 Platings had peeled. Unplated carbon steel screens
24 Fun simultaneously with the plated screens, exhibited
23 severe coking cariurizaticn, and metal dusting.

26
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Sock FEBLEY SABREN JSih SRR st eol P ahiT IR NG % bt oy 1 tpgs
been foun I'n Teformng reactor systens ere carburization, coking,
and nst al ‘%ﬁgbﬁ;% are particularly problematic that the commgmgs(he
chrom umri Rel -containing steels with a layer of tin in effect
creates a double protective | ayer. There results an inner chromumrich

| ayer * which is resistant to carburization, coking, and '

-7l -
1 Samples ware tested of a 304 stainleas aﬁeel
2 screen; each sample being elactroplated with one of
3 tin, silver, copper and chromium. The samples had
4 coatings with thicknessas of apprbximntel& 0.5 mil.
5 After 16-hour carburization screening tests at
6 1200°F, no coke had formed on any of the plated
? screens, excapt locally on the copper-plated screen
-8 vwhera the plating had blistered and peeled. Thin
9 coke coatings wara observed on unplated samples of
10 304 stainless steel run simultaneously with the
b B _plated screens.
12
13 Samples were tested of a 304 stainless steel
14 screen; each sample being electzoplated with one of .
1s tin and chromium. These samples were tested along
16 - with a sample of 44§ stainless steel in &
17 carburization test at 1100°F. Tha sSamples were
18 exposed or five weeks. Each week the samples were
19 - cooled te room temperature for observation and
20 photographic documentation. They were then re-heated
21 to 1100°F. The tin plated screen was free of coke;
22 the chromiun-plated scfecn was also free of coke,
23 a except locally where the chrome plate had peeled; and
LI . the piece of 446 stainless steel was uniformly coated
- 28 with coke.
26 |
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carburi zatl?-f)gzg Shgoflgl ‘r[]% gn l%g?al dusti ng. Thl.\sxﬁo@ur%1 zieet?ah‘lsaé when the 't Pp-,%
coated chroWQSMSE3 steel is exposed to typical reform ng PETPESRI0IESE,
such as about 1200[err]F, it reacts with the steel to formiron nickel
stannides. Thereby, the nickel is preferentially |eached fromthe surface
of the steel |leaving behind a |layer of chromumrich steel. In sone

i nstances, it may be desirable to renove the iron nickel stannide |ayer
fromthe stainless steel to expose the chrom ua =i ch steel |ayer.

1 Samples of uncoated Inconel 600 (7S% Ni) an¢
2 tin~coated (alectroplated) Inconel &00 {(75% Ni) were
3 tastad at 1200°F for 16 hours. The tin-plated sample
4 coked and dusted, but not to the extent of the
5 uncecated sample.
6
? EXAMPLE §
| The following experiments were conducted to
9 ‘study the exothermic methanization reaction occurring
10 during -the formation and burning of cokeballs during
11 reforming under conditions of low-sulfur. In
12 addition tin, as an additive to reduce methane
13 formation was studied.
14
15 | In low-sulgur reforming reactor systems, coke
16 deposits centaining molten particles of iren have
17 - been found. This formation of molten iren during
.18 reforming at temperatures between 900 and 1200°F is
19 believed to ba due to very exothermic reactions which
- occur during raforming. It is believed that the only
21 way to generata such temperatures is through the
22 : torngtion of methane which is very exothermic. The
23 high temperatures are particularly surprising since
24 reforming is generally endothermic in nature and
;5 actually tends to cool tha raactor system. The high
26 temperatures may be generated inside the well
This Sheey
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eated at about 1200F there resulted a chrom um
rich steel |ayer contalnlng about 17% chrom um and substam¥

ni ckel , cor¥@934J5653% 0 430 grade stainless steel. When app?ylng t he
tin netal coating or cladding to the chromumrich steel, it may be
desirable to vary the thickness of the nmetal coating or cladding to

achi eve the desired resistance agai nst carburization, coking, and netal
dusting. This can be done by, e.g., adjusting.the amount of time the
chromiumrich steel 'is soaked in a nolten tin Bafh.

1 insulated cokaballs by diffusion of hydrogen into the

2 interior catalytic iron dust sites where they
3 catalyze m‘thane formation from coka and hydrogen.

) _

5 In this experiment steel wool was used to study

& mathane formation in a micro pilet plant. A % inch

7 stainless steel tube was packed with 0.14 grams of

8 steal wool and placed into a furnace at 1175°F.

9 'ngane and hydrogen were passed over the iron and the
10 exit stream was analyzed for feed and products. The
1t steel wool was.pretreated in hydregen for twenty
12 hours before introduction of the hexane. Then hexane
13 was introduced into the reactor at a rate ef 25
14 nicrolitars/min. with.a hydrogen rate of about 25
15 - ec/min.

16

17 : Initially, methana formation was low, but

18 | continued to increase as the run progressed; finally
.19 reaching 4.5%. Then, 0.1 ¢¢ of tetrabutyl tin

20 dissolved in 2 ec of hexane was injected into the
- 21 purified fsed stream ahead of the iron. The methane

22 formaticon decreasad to about 1% and ¢ontinued to

23 remain at 1% for the next three hours. The data is

24 summarized in the Table below.

25

28
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S
or to vary ¥R ’é%osmlon of the chromiumrich steel whi ch?F3/US34

which in order to control the chrom um concentration in the chromumrich
steel layer produced.

1 TABLE
z
] HOURS £H4 ETHANE . EPROPANE . HEXANE
3 :
5 9.2 0.0 0.5 . 0.3 98.6
7 21.2 2.62 4.58 3.92 85,3
8 21.8 3.43 4.23 3.83 84.6
g  21.9 4.45 4.50 4.32 82.0
10 :

, 11 22 Tatzrabutyl Tin Added
12 '
13 22.6 1.16 3.81 4.12 : 86.2
14 23.0 1,16 3.96 - 4.24 85.9
15 23.3 1.0 4,56 3.77 87.5
1¢é 24.3 0.87 3.60 3.76 87.6
17 23.3 1.0 4.47 3.57 88.0
18 .
135
20 From the results above it can be seen that the
21 addition of tin to the steel weol stops the
22 accaleration of methane formation, and lowers it to
22 acceptable levels in the product, .
24 _
2s. | EXAMPLE ¢
26 Additional tests were coendusted using tetrabutyl
27 tin pre-coated steel wool. In particular, as in _
28 Example 5, three injections of 0.1 ecc of tatrabutyl
29 tin dissolved in 2 cc of hexane vare injected into a’
30 % inch stainless steel tube containing 0.15 grams of
3 steel wocl. The solution was carried over the steel
32 wool in a hydregen stream of 900°F. .
33
34 The hydrocarbon feed was then introduced at
35 1175°F at a hydrocarbon rate of 25 microliters/min
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I't has FABiTr968RT 12:4bFln BBMNd t hat ti n- coat edFA%NEeBED 48 1488 f ur t her P, 79
prot ected fronlcarburlzatlon met al dusting, and coking by a .
post - t r eat n¥R@ I¥A%REss  whi ch i nvol ves application of a thi nPEX/URAI2AIESS ng,
preferably a chrom um oxi de, such as Cr[err]Jerr]. This coating will be
thin, as thin as a few [err]m Application of such a chrom um oxide w |l
protect, alumnumas well as tin coated steels, such as Al oni zed steels,
under | owsul fur reform ng conditions. The chrom um oxi de | ayer can
be applied by various nethods including: appti?@ation of a chromate or

dichromate paipnt foll owgg. by, %yﬁ%gggﬁ'ratepg Cabout 25 cc/min. The exit

2 gas was analyzed for maethane and remained below 1%
3 tor 24 hours. The reactor was then shut down, and
4 the reactor tube was split open and examined. very
S little carburizatien had occurred on the steel weol.
6 _
7 In eentrast, a contrel was run without
8 tetrabutyl tin pre-treatment. It was run for one day
9 under the same conditions described above. After 24
10 lhours,-no hydrogen or feed could be detected at the
11 tube exit.i The inlet pressura had risen to 300 lbs.
12 from the original 50 1lbs, ﬁhen the raactor tube was
13 split open and examined, it was found that coke had
14 completaly plugged the tube. |
15 |
16 Thus, it can be seen that organc-tin compounds
17 can prevent carburization of steel weel under
- 18 reforming conditions.
1%
20 EXAMPLE 7
21 Another run liké the control run of Example 1
22 was conducted to investigate the effect of
23 carburization conditions on vaﬁor tin coated
24 stainless steael wires in a gold plated reactor tube.
2% The only other difference from the control run was.
26 | that a nigner.hydroqen rate of 100 ml/min was used.
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chro [ﬁ ﬁg fol'Towed by OX|dat|on of the reSU|th%6ﬁ£§é§H%¥n
Exam nation of tin-electropl

whi ch have been subjected to | owsulfur reformng conditions for a

substantial period of tinme has shown that when a chrom um oxi de | ayer
produced on the surface of the stanni de | ayer or under the stannide

pl at ed st e&¥O 92/15653
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10
i1
12
13
14
13
18
17
18
19
20
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23
24
25
26
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The run continued for aight hours with ne
plquihq or excassive methane formation. When the
tube was split and analyzed, no plugs or carbén
ribbens ware observed, Only one black strgak of

carbon appeared on ona wire, This was probably due

to an improper coating.

This expaeriment shows that tin c¢an protect
stainless steel from carburization in a manner
similar to sulfur. Unlike sulfur, how:ver. it. does
not have to be continuously injected into the feed.
Sulfur must be continucusly injected into the feed to
maintain the partial pressure of hydregen sulfide in
the system at a sufficient level to maintain a
sulfide surface on the steel. Any removal of sulfur
from the feedstock will lead to a start of
carburization att;f sulfur is stripped from the
reagtor system. This usually occurs within 10 hours

after cessation of sulfur.

¥hile the invention has been described abeve in
terns of preferred embodiments, it is to be
understood that variations and medifications may be
used as will be appreciated by thosa skilled in the
art. For example, portions of steel in the reactor

system can be coated with niobium, zircbnium. silica
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stann appears to render the steel further resistant to

U
car buri zat nggggl ng and netal dusting. Accordingly, applPCHUSS¥0IEHS o
chrom um oxi de layer to either tin or alum num coated steels will result
in steels which are further resistant to carburization and coki ng under
the low sulfur reformng conditions. This post-treatnent process has
particul ar applications for treating tin or alum num coated steels which,

after prolonged exposure to |lowsulfur refosming conditions, are in need
of repair.

ceramics, tungaten, or chromium (chromizing),
although these techniques esuld be excassively
difficult to do or uss, or prohibitively expensive.
or, the use of heat exchangers to heat hydrocarbans
to reaction temperature could be minimized. The heat
ceculd be provided by super-heated hydrogen. Or, the
exposure of heating surfacaes to hydreearbons can be

reducad by using larger tuba dianeters and higher

w B N8 WM e W e

tube velocities. Essentially, therefo#e, there are

[y
[ ]

many variations and modifications to the above

11 preferred embodiments which will be readily avident
12 ‘ to those skilled in the art, and which are to be

13 considered within the scope of the invantion'és

14 "~ defined bf the following claims. .

S
—
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are rFeEBTlgt’,% i on under the present reform ng conditions of
| ow sul f urweasR/ixgss Wt ant by post - t r eatRMIAUSE/01856
al um num coated steel with a coating of tin. This results in a steel which

is nore carburizati Oﬂmml"mnm ' there are cunul ative effects of
carburization reslstané v i ’""'"ﬂm - 35 -
M ) *

It:hmxﬁumhgﬁig;ﬁ?‘ﬁgu 268hat  al uffi 52 ',’mgf%xw}fa 5% (1468 1886' steel s whiléh
) u
e

WHAT IS CLAIMED IS:

i. a netlfad for reforming hydrocarbons
comprising contacting the hydrocarbons with a
reforming catalyst in a reactor system of improved
resistance to carburization and metal dﬁstinq under
conditions of low sulfur, and upon reforming said
resistance being such that embrittlezent will .be less
than akout 2.5 mm/year. '

23 o4 N s N

2. A methed for reforming hydrocarbons

according te clain 1, wherein said reforming catalyst

w N

is a large-pore zeclite catalyst including an alkaii

or alkaline earth metal and charged with one or more

"m

Group VIII metals.

3. A methed for reforming hydrocarbons
accorainq to claim 2, wherein said hydrocarbons ara

contacted with the catalyst under conditions of low

h W N e

wateaer.

4. A methed for reforming uydroca.thons'
according to claim 1, wherein a naphtha feed is
cont;cted with a large-pore zaclite catalyst
including an alkali or alkaline earth metal and

charged with one er more Group VIII metals, and

A A s W N

wvherein at least a portion of the reactor system has

This Sheet Has Been RTlaced
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post - for an additional Dbenefit in that it wll nmend any

def ect s* or wiy 6 n —{—he-&l—e-m—num_eﬂ_gﬁ,_ Al oni zed, coati NngPCTAISY2/01886ch a
post-treatnment s o in a lower cost since a thinner alum num
coating can be appli ed ﬁﬂ ﬂl"i «ﬂ' " face which is to.be post-treated
with the tin coating. IS post-treatnment will Pprotect the

underlying steel |ayer exposed by bendlng of alum ni zed steels, which can
i ntroduce cracks in the alum numlayer; and.egpase the steel to
carburization induced under reformng conditions. Also, this

post -t reat nent ptocessaczesistancat te garbutdzatidrogreatd chtaneni il steag!
surfaces and al so

8 under conditions of low sulfur,

1 S. A method for reforming hydrocarbons

2 aceording to claim 1, comprising reforming in a

3 reactor system, at least a portion theraecf having a

4 resistanca to carburization greater than mila steel,
5 under conditions of low sulfur and low wvater.

1 - 6. A method for reforming hydrocarbens

P acecording to claim 1, comprising reforming in a

3 reactor system, at least a portion thereof having'a

¢ resistance to carburization greater than aluminized
-5 steels, under conditions of low sulfur and low water.
1 7. A maehcd for reforning hydrocarbona.

2 according to slaim 1, comprising reforming in a

3 reactor system, at least a pertion ghereof having a

4 resistance to carburization greater than alley

5 steels, under conditions of low sulfur and low water.
1 | 8. A method for reforming hyarecarbons

2 aecording to ¢lainm 5, eanprisinq reforning ina

e | reacter system under conditions of lew sulfur, at

4 least a portion of the reacter system in contact with

ac,ed O
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pr eveREB-4 6438 943 12448 8% t BMoccurs on the bot EGs 918482 kABBwni ch appdaPl on
steel s which have been alum nized, but not additionally coated with tin.

Sanpl es ‘ofwelgzm'sag:l St-e&Ls_pa_i_wﬁ side wth tin, VR TEUS D o]
show a deposit of black coke- only on the untreated side under- | ow sul fur
reform ng conditions. Jlmmu"mummorms on an alumnized surface is a
beni gn coke resulting ¥ 4 . , acidic alumna sites. It is
‘incapabl e of inducing additi'ondl cok& deposition. Accordingly, a post-
treatment application of a tin coating to alwuréionzed

5 the hydrocarbons being comprised of a 300 series

6 stainless steel.

1 9. A method for reforming hydrocarbons

2 according to claim 5, comprising reforming in a

3 reactor systen under conditions of low sulfur, at

4 least 2 pbrtion of the reactor system in contact with
5 the hydrocarhéns being an alloy containing

& substantially no nickel.

10. A nmethod for reforwing hydrocarbons

.~ according to clainm 5, comprising reforming in a
reactor system under conditions of low sulfur, at

least a portion of a furnace tube of fha reactor

syster in contact with the hydrocarbons having a

0O W K W N -

resistance to carburizatien greater than mild steels.
11. A methed for reforming hydrocarbons
acecording to claim 5, comprising reforming in a
veactor system under conditions of low sulfur, at
least a portion of a reactor wall of the reactor

systam in contact with the hydroearbons having a

o U . W N

rasistance to carburization greater than nild steels.

1 12. A method for rezérning hydrocarbons
2 aceozding_to clain 5, comprising reforming in a

This Sheet Has Been Repla
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- 36 FEB-37-981 SATCI2nAB PV BOSE ur t her i ni mi zat i A MG, swe462p}453| ems of P.8%
carburi zati on, cok| ng, W, i n reactor syste ’W@i%
under - refoawg g¢spndi cording to the invention: t
wi shing to be bound by t “‘“m‘leved that the suitability of
varioys materials for t @g “‘“\ i-on can be sel ected and
classified accor di ng to nespon%es to carburizing atnospheres. For
exanpl e, iron, cobalt,

- 81 -

3 reactor system under conditions of low sulfur, at

4 least a portion otqthe reactor system in contact with
5. the hydrocarbons baing a material selected from the
[ group of copper, tin, arsenic, antizony, brasé, lead,
7 bismuth, chromium, intermetallic compounds thereof

8 and allpys thareof.

1 13. A methed for reforming hydrocarbons

2 according to claim 12, comprising reforming in a

3 reactor system under conditions of low sulfur, at

4 _least a portion of the reactor system in contact with
S the hydrocarbons being a Cu=Sn alley or a Cu=-sh

6 alley.

1 14. A methed for reforming hydrocarbons

2 'acccrding ta claim 12, vherein said material iz

3 provided as a plating, cladding, paint or other

4 coating, to a base construction material.

1 15. A method for reforming hydrocarbons -

2 according to slaim 12, wherein said material is tin.
1. ' 16. A nethod for reforming hydrocarbons

2 aceording to claim 12, wherain said material is
3 affactive for ritainiag its resistance to

4 carburization after oxidation.

This Sheet Has Been RT
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carb w@é@&f@ﬁéﬁ ﬁ)ﬁ% ements such asF r@mgagn:hb%ilgwum vanadlpuer%
tungsten, wipéypstssu ' nium will form st BET/ASITME6des
whi ch are nore resista . ' ion coking and dusting. Elenments
such as tin, antinony mmmmmﬁa“ot form carbi des or coke. And, these
conpounds can form sta h many nmetals such as iron, nicke
and copper under refornmng conditions. Stannides, antinonides and

bi smut hi des, and conpounds of |ead, nercurye g senic, germanium indium
tellurium selenlun1 thallium sulfur and oxygen are al so resi.stant. A

final category o} 17. & method for reforming hydrocarbons
2 ageording to claim 1, wherein upon reforming said-
3 resistance is such that embrittlement will be less
4 than 1.5 mm/year.

>

18, A method for reforming hydrocarbons
2 according to claim 1, comprising reforming under

3 conditions of low sulfur and low water.

19. A method for reforaing hydrocarbons
according to claim 1, comprising eentacting the
hydrocarbons with the large-pore zeolite catalyst
under conditions of low sulfur while adding at least

o W N

one non-sulfur, antie-carburizing and anti-ceking

agent to provide the reactor system of improved

~N ™

resistance to carburization and metal dusting.

20. A nathod for ra£o§ninq hydroecarbons
according to claim 19, comprising adding an anti-
carpurizing and anti-coking agent selected from the °
group of organo-tin cempounds, organo—-antimony

compounds, organo-bismuth compounds, organc-arsenic

0O W s W N

compounds and organo-lead caompounds,

[y

21. A method for reforming hydrocarbons

2 aceording to claim 19, vherein an organo~-tin non-

This Sheet Has Been Re; laced
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refractory oxides such as silica and alum.na. These materi
resi stant M@ 9315653 - 37 - %{%@{%&6

carbi des, or react w t”ll'lll‘umlulmuﬂmum a carburizing environment under
reform ng conditions. : sed above, the selection of .
appropriate netals whith aré ré&sisdtaht to carburization and netal

3 sulfur, anti-carburizing and anti-coking agent is

4 added.

22. A method for reforming hydrocarbons
according to claim 1, wherein at least a portion of
said reactor system is constructed from a chromium

rich steel treated a metal coating comprising tin,

T L VY

antinony, bismuth or arsenic.

1 - 33. A methed for reforming hydrocarbons
2 according to claim 1, wherein at least a portion of
3 the stegel surfaces in the reactor system have
4 initially been coated with aluminum or tin follewed
5 by applicatibn of a thin chromium oxide coating.
1 24. A method for reforming hydrocarbons
2 according to claim 1, wherein at least a portion of '
3 the st§a1 surfaces in said reactor system have
4 initially been coated with a coating comprising
5 aluminum, followed by a post-treatment process
6 eomprising application of a matal coating comprising
7 tin. '
1 25. A methed for raforming hydrocarbons
2 . aceerding ﬁo claia 1, wherein iaid process at least a
3 portion of the reactor system is pre~heated with a

———

—————
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reactor systemis one neans for preventing the carburlzatyagﬁgﬁkéﬁﬁgﬂ
dusting”™ pwORASES3However, carburization and netal dusting 4

prevalent in a wide variety of netals; and carburization resistant netals
can be nore costly or - exotic than conventional materials (e.g., mld
steels) used in the construction of reform ng reactor systens.

Accordingly, it may be desirable in the reactor systemof the invention to
use ceramc materials which do not form(umﬁﬁﬂes at typical reformng
conditions, and thus are not suscepti bl carburization, for at |east a

portion of the fet gl hydrogen gas stream eated te a temperature of about
5 750 to 1150°F, and then said pre-heated portion of
6 the reactor system is exposed to a cooler gas strean
7 of about 400 to 800°F which comprises hydrogen and an
8

organometallic tin compound.

1 26. A method accé:ding to claim 1, wherein a
2 portion of the metal surfaces in the reactor systenm
3

has baen coated with an aluminum, alumina, chromjum

4 or chromiumn oxide film, or is constructed of

5 aluminized or chromized mataerial.

1 27. A nethod aceording to claim 1, wherein
2 the reactar system is at least partially constructed
3 of a ceramic matarial.

1 28. A method according to ¢laim 1, wherein
3 at least a portien of the metal surfaces in the’

3 reactor systam is coated with a thin silica or silica
4 film.

1 29. A method according to clai=m 3,

2 comprising maintaining the temperature of the metal
3 surface of at least a portion of the reactor systenm
4

such that it doss not exceed a predetermined level,

—

\
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sur[fngl%i%SslTr'BB SAR 12&dcltbr B8t em  For exanpl e, EAg NO. Igé%épz am?)aort i on of tP'hsg
furnace_tubes, or furnace liners or both may be constructed of ceramc
material s. WO 92718653 N choosing the ceramc materials for use®PCTIUSIRI018356
present invention, it is preferable that the ceramic material have therma
conductivities about t hat or exceedi ng those of materials
convenfionally used in

- 85 =

s said level determined such thaﬁ embrittlement of the
€ netal surface will be less than 2.5 mu/year.

1 30. A method according to clainm 1, wherein
2 said reactor system Staged heaters and/or tubes are
3 used, or the system has been heated using superheatad
4 rav materials, or larger tuba diameters are used, or
5 " higher tube velocities are used, or distinct

6 temperature 2o0nes are used, or a combination thereof,
? to an extent effective to proevide a resistance such
8 that embrittlement will ke less than 2.5 mm/year.

1 31. i iethod according teo claim 1, wherain
2 at laast a portion of the reactor system is

3 constructed from mild steels and/or at least a

4 portion is constructed of stainless steels, wherein
5 during reforazing under conditions of less than 100

6 ppb sulfur the temperatures of the portions of the

7 raactor. systam congtructed of nild steels do not

8 exceed 950°F and the tamperatures of the portions af’
9 the reactor system constructed from stainless steels
10 dc not exceed 1025°F.

1 32. The reactor systens used in the methods
2 ef claimg 1-31. |
—_—
- .. This Sheet Has B
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FEB-17-86 SAT 12:561 PM  BDS&M FaxX cPjIO 919 46 1468 the ceranfd0

t he construction of

reform ng reactor systens. Lonal 'y,

materi al s Sh&#?ﬂ"gé¥ sufficient structural strengths at the tenperatures
he |

whi ch occur

reform ng reactor system Further, tPCTCUSO01856

materials should be able to wthstand thermal shocks and repeated
temperature cycling which occur during operation of the reactor system
When the ceramc nmaterials are used for constructing the furnace liners,
the ceramic materials should have thernmal expansivities about that of the
metal outer surfaces with which the liner = 88 #n intimte contact. This

avoi ds undue gtress at theyjungf yr :%’Hés'arﬁgiet,egl)fégvlir,etic.gﬂ::nlguxs; oeee

2 paint to be applied to at least a portion of a .

3 reforming reactor system which is exXposed to |

4 hydrocarbons at elavated 'teuperatures under

s conditions of low sulfur, and provide carburization
; resistance such that embrittlement will be less than
? 2.5mm/year under exposure conditions, whieh paint

8 raduces to a reactive tin which forms a tin complex
9 with said portion ef the reforming reaetor systen to
10 which it is applied upon heating in a reducing
11 temperature.

1 34.: A decomposablae, reactive, tin-centaining
2 Paint accerding to elaim 33, said paint conprising

3 {i) a hydrogen deconposable tin compound, (ii) a

4 solvent system, (iii)-a finely aivided tin metal, and
5 (iv) a tin oxide.

1 35. A decomposable, reactive, tin-containing
2 Paint according to claim 34, wvherein gaid hydrogan

3 decomposable tin compound is tin octancate.

1 36. A decomposable,.reactive, tine-containing
2 Paint aceording to claim 34, vherein the finely

3 . Givided tin metal has a particle size of about 1 to 5
4 mierons.

\ This Sheet Has Been R
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not be susteptible to degradation in the hydrocarbon envir kn the
oxi di zi hg WB2/¥AHent whi ch occurs during catal yst regenerla:h; gﬁh@#&b

sel ected ceramic material also should not pronote the degradation of the
hydr ocarbons in the reactor system Sui tabl e ceramc materials
i nclude, but are not restricted to, materials such as silicon carbides,

silicon oxides, silicon nitrides and aluminum nitrides. O these, silicon
carbi des and silicon - =

37. A decomposable, reactive, tin-containing

1

2 paint according to claim 34, wherein the solvent
3 system contains at least one menber salectad from
4

isopropyl alcohol, hexane and paentane.

1 as. A_deccﬁposable, reactive, tin-containing

2 paint according to claim 37, said solvent systenm

3 containing isopropyl alcohol.

1 -39. A decomposable, reactive, tin—éontainin;
| 2 paint according to claim 34, containing no none

3 reactive material which will prevant reactive tin

4 frem reacting with the portion of the reforming

-]

raactor system to which the paint is to be applied.

1 40. A deccmposable.'reactivn, tin~containing
2 paint according to claim 33, applied and reduced.
1 41. A sprayable decomposable, reactive, tin-
2 containing paint accozraing to claim 33.

1 42. A mathod for increasing the

2 carburization resistance of at least 2 portion of a

3 reactor systen such that embrittlement will be less

4 than about 2.5mm/year upon exposure to hydrocarbons
s at elevated temperatures under conditions of low

) O VAL ThsShect e B Bl
T [T
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reform ng conditions.
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particul ar, the netal
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any netal surface in the reactor system
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react or syst em undePCTAIS930856r

sulfur, said method comprising applying a paint
according to claim 33 to at least a portion of the

reactor system and subjecting the applied paint tc

rcducing conditions.

43. A methed accorading to claim 42, sald
paint comprising (i) a hydrogen decomposable tin
compound, (ii) a solvent system, (iii) a finely
divided tin metal, and (iv) a tin oxide.

44. A paint to be applied to at least a
portion of a reforming reactor system which is
exposed to hydrocarbons at elavated temperatures
under conditions of low sulfur, and provide
carburization resistance such that embyittliement will
bae less than 2.5 mm/year under exposure conditions,
said paint comprising:

(i} one or more tin centaining compounds,

and

(ii) one or mere ivon compounds, wherein the-
ratio of Fe/Sn is up to 1:3 by weight.

45, A paint zccording to claim 44, wherein

tha iron compound is Fe,04.

R OGN A ' T

This Sheet I
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At l'east a portion of the netal surfaces in
react or systemcan al so be coated with a silicon or silica film In
surfaces which can be coated include, but are not
reactor walls, furnace tubes, and furnace liners. However,
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or silica @Hﬂé - Conventional nethods can be used f @ECTAPEY2/01836
siliconm or !?%qlns to coat netal surfaces.. Silica or silicon can be

applied by electroplating and chemi cal vapor deposition of an al koxysil ane
In a steamcarrier gas. It is preferable that the silicon or silica film
have a thernmal expansivity about that of the netal surface which it coats.
Additionally, the silicon or silica filn1shpggj_be able to

1 48. A paint according to claim 44, said

.2 " steel being a mild or stainless steal.
1 47. A method for increasing the _
2 carburization resistance of at least a porticn.o: a
3 reactor such that embrittlement will be less than
4 about 2.5 mm/year upon exposure to hydrocarbons at
1 elavated temperaturses under conditions of low sulfur,
6 said method comprising applying a paint accerding te
7

claim 44 to at least a peftion of the reactor system.

48. A reforming reactor system including
means for providing resistance to carburization and
metal dusting in a methed for reforming hydrocarbons
using a large-porae zeclite catalyst including an
alkali or alkaline earth metal and charged with cne
or more Groub VIII petals under conditions of low
éultur, said rasistance being such that embrittlement
will be less than about 2.5 mm/year, wherein at-least

P SR TR ST TR SV R VR 0

a portion of said reactor system has been coated with
the paint of c¢laim 44.

-
o

* c L ] 1] *

\\

————
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during reform ng. This avoids cracki'ng or spalling of the silicon or
silica~fil m - 40 - and potenti al
exposure of the underlying netal surface to I’hfacarburi zation inducing

[

hydr ocar bon wegiisggyrent . Al so, the silica or icon films gr}s&n}mgg a

thermal conductivity approximate to or - exceeding that of ne )
conventionally used in :

Frg. 14
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silico |Imalso shoul d not degraelnthere orm ng

envi ronngnt” or in the oxidizing environment associated with catal yst
regenerat i-owp 93orsesoul d it cause degradati on of the hydr oPTTIUES2/01856
themsel.ves. Because different areas of the reactor systemof the
i nventiron (e.qg., different areas in a fug?cg can be exposed to a w de
range of tenperatures, the material sel n can be staged, such that
those materials providing better carburization resistances are used in
t hose ar eas of the system experiencing the highest tenperatures.
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=VVth regard to materials selection, it was discovered that OX|d|zqam@;9g@,
VI]1 metal surfaces such as iron, nickel and cobalt are noré active in
ternms of coking and carburization than their unoxidized counterparts. For
exanple, it was found that an air roasted sanple of 347 stainless steel

was . - 41 -
-] -
REPLACEMENT SHEET
LOW-SULFUR Rzrdﬁurnc PROCESSES 814 JAN 1997

EAQKQBQHHD_QE_IHE_IHESEIIQE
This application is,g“;pngingthOé?inrpart_“
application of U.S. App}ication_N9.002/§66,§96, filed
March 8, 1991, the contents of which is hereby =
incorporated by reference, and is related to u.s.

Application No. _ 802,821 (Attorney’s Docket No.

005950-316), and U.S. Application No. __ 803,213

[Attorney’s Docket No. 005950-333], both filed
concurrently herewith andhthe_éqntents of which are

"hereby ingp;?p#&ted by.referencg..

The present invention relates to improved
techniques for catalytic reforming, pgrticularly,
catalytiq_:eforming under lowe-sulfur, and 1ow-su;:ur
and low-water conditions. More specifically, the
invention relates to the discovery and control of
problems particularly acute with low-sulfur, and low-
sulfur and low-water reforming processes.

Catalytic reforming is well known in the
petroleum industry and involves the treatment of
naphtha fractions to improve octane rating by the
production of aromatics. "The more important_

hydrocarbon reactions which occur during the

At e e et e
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5|gn|f|cantly nore active than an unoxi di zed sanple of the saW3
This is believed to be due to a re-reduction of oxidized stéel
produces very are
especially active for carburization and coking. Thus, it is ddsi|r 44N 1997

avoid these materials as much as possible during oxidative regerneration
processes,

| ABEMENT SHER

fine-grained iron and/or nickel netals. Such netjalis

such as those typically used Bn catalytic reform ng. However,

it has been found that an air roasted 3
with tin

0 series stainless stdel._coated

can pLg¢h lﬁﬁrgééﬂaifoﬁ §neNG88 tRe CAMRPHFcYEhatGRNDYE zation as
unroasted sanples of the sane tin - coated 300.series stai-nl ess steel.

cyclohexanes to aromatics, dehydroisomerization of
alkylcyclopentanes.to aromatics, and o
dehydrocyclization of acyclic hydrocarbons to
aromatics. A number of other reactions aiso.occur,:
including the dealkylatlon of alkylbenzenes.
isomerization of paraffins, and hydrocracﬁzng
reactions which produce 1zght gaseous hydrocarbons,
e.g., methane, ethane, propane and butane. It is
1mportant to minimize hydrocracklng react1ons durzng

reforming as they decrease the y1e1d of gasolzne

boiling products and hydrogen.

Because there is a demand for nigh octane |
gasoline, extensive research has been devoted to the
development of lmproved reformzng catalysts and
catalytic reforming processes, Catalysts for h
successful reforming processes'must possess good
selectivity. That is, they should be effectzve for
producing high yzelds of llquid products in the
gasoline boiling range containing large
concentratlons of high octane number aromatic.w
hydrocarbons. Likewise, there should be a low yield
of light gaseous hydrocarbons. The catalysts should
possess good act1v1ty to minxmxze excess1ve1y hxgh

temperatures for produczng a certazn quality of



Furthernmore, it will be appreciated that oxidation w | |RE Lg{fﬂ&HNTéSHEET
systens where sulfur sensitivity of the catalyst is not )
sul fur is used to passivate the netal surfaces. If sulflur} | q} geBugh
systens ever becone insufficient, any netal sulfides | clh ﬁéVe f or med |or
metal surfaces would, after, oxidation and reduction, bejr
fine-grained netal. This nmetal would be highly reactive}for coking and
carburization. Potentially, this can cadse a catastrophte—farture of the

metal lurgy, or a mmjor coking event.
products. It is also necessary for the catalysts:.to

either possess good stability .in order that the
activity and selectivity characteristics can be..
retained dﬁring prolonged periods of operation; or be
sufficiently regenerable -to allow frequent:.: - =

regeneration without loss of performance.

Catalytic reforming is also an-important process
for the chemical.industry. There is anTihcreasingly.m
larger -demand for aromatic hjdrqcafbbns for use in
the manufacturewof ﬁarious‘chemiéal products such as

: synthetic fibers, insecticides, .adheaives,:cuizwusurii
'detergents,;giﬁétics,.éynﬁhétic fubberéfif' o
pharmaceutical products, high octane gasoline,
perfumes, drying oils, ion-exchange resins, and
various other products well knoﬁn-to those skilled in

the art.

An important technological advance in. catalytic
reforming has recentlj emerged which involves the usé
of large-pore zeolite catalysts. These:catalysts:are
further characterized by the presence oflanzalkali or
alkaline earth metal .and are charged with one.or more
Group VIII metals. This type of catalyst has been
found to advantageously provide higher selectivity .

and longer catalytic life than those previously used.



- 42 - As not ed above, excessively high tenperatures :REPE) M '
cat al yst beds when exotherm c denethanation reactions w thin, Yok
cause localized hot regions. These hot spots al so pose a )r)m
conventional reformng reactor systens (as well as other afeg 'B?héﬂeﬁPZal
and petrochem cal processing). For exanpl e, the centér_pipe
screens of refornmers have been observed,tg locally waste apay

Having discovered selective catalysts with
acceptable cycle lives, successful commercialization
seemed inevitable.. Unfortunately, it was
subsequently discovered that the highly selective,
large pore zeo;ite cagalystS'cqhtaining a Group VIII
metal were unusually susceptible to sulfur poisoning.
‘See U.S. Patent No. 4,456,527. TUltimately, it was
found that to effectively address this problen,
sulfur in the hydrocarbon feed should be at iltra-low
levels, preferably less than 100 parts per billion
(ppb), more.pféfefébly léSS'thaﬁ“?b“ﬁbb'ﬁbfichieve an
_acceptable stab111ty and activity level for the =~

"catalysts. “’ . _'_aw-_m.mn,u;{@e4;a$rxwu...;11~n

After recognizing the sulfur sensitivity
associated with these neﬁ catalysts and determining
the necessary and acceptable levels of process |
sulfur, successful commercialization reappeared on
the horizon; only to vanish with the emergence of
ancther associated problem. It was found that -
certain large pore zeolite catalysts are also
adversely sensitive to the presence of water under
typical reaction conditions. Particularly, water was
found to greatly accelerate the rate of catalyst

deactivation.




and develop holes; ultimately resulting in catalyst mgratiofy —
conventional reform ng processes the tenperatures wthin cokfg : fi?@ﬂkﬁﬂﬁﬁf
formati on and burning are apparently high enough to overcongl the ability
of process sul fur to poison coking, carburization, and dustijg. @@nEANEesy
screens, therefore, carburize and are nore sensitive to wastiing by
I ntergranul ar oxidation (a type of corgpg(yn during regenerfatiomn. —Ttre
screen openings enlarge and hol es devel op. Thus, the_teachi ngs of
the present inventionyaegr HHEitGARILy WVASCOBURAILONN o Fe?iBuBY, as welT &as
ot her areas of chem cal and petrochem cal proceéssing. ' C

drawback which was difficult to effectively address.

Water is produced at the beginning of each process
cycle when the catalyst is reduced with hydrogen,
And, water can be produced during process upsets when
water leaks into the reformer feed, or when the feed
becomes contaminéted”withran oxygen-containing
compound. Eventually, technologies. were also

developed to protect the catalysts from water.

.Aqain'coﬁmerciaiizatién'seemed practical with - v
~ the development--of. various low-sulfur, ;oéréétq;_ﬂ
systems. for- catalytic reforming using highly .
selective large-pore zeolite catalysts with long
catalytic lives. While low-sulfur/low-water systems
were initially effective, it was discovered that a
shut down of the reactor system can be necessary
after only a matter of weeks. The reactor system of
one test plant had regularly become plugged after
only such brief operating pgriods. The plugs were
found to be those associated with coking. However,
although coking within catalyst particles is a common
problem in hydrocarbon processing, the extent and
rate of .coke plug formation exterior to the catalyst
particles associated with this .particular system far

exceeded any expectation.



For exanpl e,
used in the preparation of center
pi pe screens to avoid excessive hol e devel opnent and cat gl \st n1grat|on.

the teachings can .be applied to any furnace jt Ubeggviine 9%k e

_ to carburization,. coking and nmetal dusting, sughias furnace
tubes in coker- furnaces. -6 - l -

I n additi on,

subj ect ed

the aforenentioned platings, claddings and

PLATRME

S o e I IO ‘

- = e b -

- Accordlngly, one ob]ect of the 1nvent1on is to

provide a method for reformlng hydrocarbons under

conditions of low sulfur which avolds the

aforementloned problems found to be assoclated w1th N

e

low-sulfur processes, such as brlef operatlng

perlods.

It is another object of the invention to provide
a reactor system for reforming hydrocarbons under

conditions of low sulfur which permits longer
- ’ . P -. ‘y.. .__.,: : -
operating periods.

After e'deteiled-analysis and investigation of

the coke plugs of low-sulfur reactor systems, lt_wes

surprisingly found ther they contained particles and

droplets of metal; the droplets ranging in size of up

to a few microns. This observarion led to.the _
startling reallzatlon that there are new, profoundly
serious, problems whlch were not of concern with
conventlonal reformlng techn;ques where process
sulfur and water levels were signif;cantly hlgher.
More particularly, it was dzscovered that problems
exlsted which threetened the effective and economic
operablllty of the systems, and the physlcal

integrity of the eguipment as well. It was also




el

In addition, since the techniques described herein can bel; {tR
carburlzatlon coking, and nmetal dusting at excessively h oR

they can be used in cracking furnaces operating at from abojt 14888&@@#
about 1700[err]F. For exanple, the deterioration of steel|og¢

cracking furnaces operating at those tenperatures can be o1troIde by
application of various netal coatings. These netal coatings can be applied
by nmelting, electroplating, and painting. Painting is part HegtH-a+-

I\MAA-

T L\..npcl cl.l ul

preferred. . For exa a coating_of antinon plied to iron

bearing steels }S‘rléFéé’PEGFHEE%t sthesss PFPgﬁFmEa?Bﬁ??%tq& toedReng and netal

dusting under tqow-sulfur conditions, and to some extent, the low
levels of water.

For the last forty years, catalytic reforming

reactor systems have been constructed of ordinary - -
mild steel (e.g., 2% Cr 1°Mo). -Over time, experience
has shown that the systems can operate successfully
for about twenty years without significant loss of
physical strength. However, the-discovery of the - -\
metal particlgs.and.droplets in“thQ5cgkgfp1u§s .
eventually lead to an an;stigatipn of the ?hysicg; s
characteristics of the reactor.systeﬁ.' Quiﬁe _.
surprisingly, conditions were discovered which are-
symptomatic of a potentially severe physical
degradation of the entire reactor system, including
the furnace tubes, piping, reactor walls and other
environments such as catalysts that contain iron and
metal screens in the reactors. Ultimately, it was
discovered that this problem is associated with the
excessive carburization of the steel which causes an-
embrittlement of the steel due to. injection of
process carbon into the metal. Conceivably; a
catastrophic physical failure of the reactor system

could result.



-

descri bed cracking conditions. In fact, an antinony paint applied to iron
bearing steels will provide protection against carburization__coking, —and
metal - dusting at 1600[err]F. B :;‘~j;ﬂ?‘ﬁ
A coating of bismuth applied to nickel rich steel alloys (e.g{f' NCONEL o
600) can protect those steels against carburization, coking,.
dusting under cracking conditions. This has been

-8 =

With conventional reforming technigles

carburization simply was not a problem or concern;
nor was it éxpectéd to be in contemporary low-
sulfur/low-ﬁétefLSYétemé. And, ‘it was assumed that
conventional process equipmént could be used.
Apparently, however, the sulfur present in
conventional systems effectively inhibits
carburization. Somehow in conventicnal processes the
process sulfur interfeéres with the carﬁurizatidh.
reaction. But with extremely’longﬁIfﬁf'systems;'

this inherent protection no longer exists.

Figure 1A is a photohiéfagraph of1a7po££1§n of
‘the inside (process siée)'cf a mila steél'fnfhace
tube from a commercial feformer. .The tube had been
exposed to conventional reforming conditions for
about 19 years. This photoqrabhléhdﬁé'théé'fhe”"
surface of the tube has remained essentially
unaltered with the texture of the tube remaining
normal after long exposure to'hydroéarbéns at high
temperatures (the black portion of the photograph is

background).

Figure 1B is a photomicrograph of a portion of a
mild steel coupon sample which was placed inside a

reactor of a 1ow-su1furllow-wa€er'demonstratioh plant
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denonstrated at tenperatures of up to 1600[err]F. RﬁPEAEENEEWFS ET
may al so be applied to iron bearing steels and provide pragt gal nst
carburization, nmetal dusting, and coking under cracking condjt} RRNSAN Apgb
a nmetal coating conprising a conbination of bisnmuth, antinpn dAo tin
can be used. - Looking.again to lowsulfur reformng,{o
techni ques can al so be used to address the problem discovefed according to
the present invention. They can be useé& Bn=conjunction wt r—appropr | at e

for only 13 weeks. The photograph shows the eroded
surface of the sample (contrasted against a black
background) from which metal dusting has occurred.
The dark grey-like veins indicate thé environmental
carburization of the steel, which“was carburized and

embrittled more than 1 mm ih depth. * *

Of course, the problems éSSéciatea with =
carburization only begin with carburization of the
physical system. The carburizatibn of the steel
walls leads to "metal dusting”; a release of

catalytlcally'actlve partlcles and- ‘mélE’ droplets of

metal due to erosion.of the metal. - n5-u-p.- = _'-u R JQQ;,M~

The active metal particulﬁtes'ptovide additional
sites for coke formation in the system. Wmile
catalyst deactivation from cokihg is generally a
problem which must be addressed in refofming, this
new siéniticant source of coke formation leads toé a
new problem of coke plugs which excessively
aggravates the problem. In fact, it was found that
the mobile active metal particulates and coke
particles metastasize coking generally throughout the
system. The active metal particulates actually
induce coke formation on themselves’aﬁd'anywhefé that

the particles accumulate in the system resulting ‘in



material selection for the reactor system or they can be used al one.

Preferred fromanong the additional techniques is the add

non-sul fur, anti-carburizing and anti-coki ng agent(s) durﬁ&gﬁgﬁgﬁﬁﬁNT|SHEET

reform ng process. These agents can be added continuouslyl during

processing and function to interact with those surfaces h@y4r SN 11897

system which contact the hydrocarbons, -ofgthey may be aaglied as a

pretreatnment to the reactor system )
coke plugs an. hot. regions. of.exothermic

demethanation reactions. As a result, an
unmanageable and premature coke-plugging of the
reactor system occurs which can lead_to a system . .
shut-down within weeks of start-up. Use of the
process and réactor system of the present invention,

however, overcomes these problems.

Therefore, a first aspect of the invention.
relates to a method . for reforming: hydrocarbons
- comprising contacting the hydrocarbcnsnuith:a.

reforming catalyst,.preferahlf.a‘largeeporéQzeolite:

catalyst iﬁéfﬁding.anualkali or.alkaline. earth-metal = =% © -

and cha;ged-with one or more Group VIII metals, in a
reactor system having a resistance to carburization
and metal dusting which is an improvement over
conventional mild stgel;reactcr.systems under.
conditions of low sulfur and often low sulfur and low
water,-ahd upon reforming the resistance being such
that embrittlement from carburization will be less
than about 2.5 mm/year, preferably less than 1.5
mm/year, more preferably less than 1 mm/year, and
most preferably less than 0.1 mm/year. Preventing
embrittlemen; to such an extent will.significantly

reduce metal dusting and coking in the reactor



- 45 - Whil e not wishing to bound by theory it is

these agents interact with thg surfaces gf t he yeactor &@@iéﬁ%ﬁﬂ?¢f§HEET
deconposition and surface attack to formiron and/ or nifc eI I nternetal i ¢
conpounds, such as stannides, antinonides, bisnuthides,} gl uyli pes 1997
arsenides, etc. Such internmetallic.conpounds are resistlant to
carburization, coking and dusting and can protect the (ndertyrng—
met al | ur gy. The intermetallic 6bﬁﬂodhds are alsq believed to be

more stable than ;F%;r?ﬂéﬁd %%E%&QSSo$Q£§€&gﬁ”f%r longer periods of

time.

And; another aspect of the invention relates to
a reactor "S§ystem including means for providing a
resistance to carburization and metal dﬁstiﬁg which
is an improvement over conventional mild steel
systems in a method for reforming hydrocarbons using
a reforming catalyst such as a“Iérge-pore zeolite
catalyst including an‘alkaline earth metal and
charged with one or more Group VIIT metals inder
conditions of low sulfur, the resistance being such
that embrittiement will be less than abdut 2.5 =~
ﬁm/year, preferably less ﬁhan 1.5 mm/year, more
preferably less than 1 mm/year, and most preferably

less than 0.1 mm/year.

Thus, among other factors, the present invention
is based on the discovery that in low-sulfur, and
low=-sulfur and low-water reforming processes there
exist significant carburization, metal dusting and
coking problems, which problems do not exist to any
significant extent in conventional reforming
processes where higher levels of sulfur are present.
This discovery has led to.intensivé”work'ahd o

development of solutions to the problems, which




formed in systens where H2S was used to passivate.the ne}@@qﬁﬂgggENZL$HEEf

caonpounds are not reduced by hydrogen as are netal sulfige AASeB—~ES -,
they are less likely to | eave the systemthan netal sulf}dgs. gher é r e},
the continuous addition of a carburization inhibitor with | h&4 éﬁ'@ﬂ
m ni m zed. Preferred.non-sul fur anti-carburizing an_anti-__ coki

agents include organo-netal lic conpounds such as organo-§in conpounds,
or gano- anti nony compounds, organo- bi srfut¥® conpounds, or gbRe—arser-6

conpounds, and organo-|ead _conpounds., Suit e qQrganozlead .co vouﬁds
i ncl ude tetraet h§? W§e?F§n§gﬁ§$ FRatPv it 2e?Srming “and EYE

directed to. the idqntification.and selection of

resistant materials for low-sulfur reforming systems,
ways té effectively utilize and apply the resistant .
materials, additives (other than sulfur)-for reducing
carburization, metal dusting and coking, various:
process modifications and configurations, and
combinations thereof, which effectively address the

problems..

More particularly,.the discovery:has 1éd to the
search for, identification of, -and selection.of ...
resistant méﬁ;fials for low-sulfur refofmiﬁg-sysééms, 
preferably the reactor walls, furnace tubes and - -
screens thereof, which were previously unnecessary in
conventional reforming systems such as certain alloy

.and stainless steels, aluminized and chromized
materials, and certain ceramic materials. Also, it
was discovered that other specific materials, applied
as a plating, cladding, paint, etc., can be
effectively resistant. These materials include
copper, tin, arsenic, antimony, brass, lead bismuth
chromium,. intermetallic compounds thereof,- and alloys
thereof, as well as silica and silicon based

coatings. In one preferred embodiment of the



- 46 - organo-tin conpounds such as tetrabutyl tin and triﬁ&?ﬂﬁik@ﬂENT‘SHEET
hydri de are especially preferred. Addi ti onal specifi

organo-netal l'ic conpounds include bisnuth neodecanoate, chrioni ugMoFAea9%7
copper napht henate, nmanganese carboxyl ate, palladi um neodecanoate, silver
neodecanoate, tetrabutylgermanium tributylantinmony, triphe 1
tri phenyl arsine, and zirconium

- 13 -
invention there is provided a novel and resistant

tin-containing paint.

Furthermore, theloisoovery led“to uhe
development of certain addltzves, hereznafter
referred to as antlcarburleng and antlcoklng aqents,

.which out of necessity are essentlally sulfur free,
preferably completely sulfur free, which are novel to
reforming. Such addltlves lnclude orqano-tln -
compounds, organo-antlmony compounds, organo—blsmuth
compounds, organo-arsenic compounds and organo-lead

compounds.

Also, the problems associated with low-sulfur
reforming has lead to the development of certaln
process mod;fzcat;ons and conflguratlons prev;ovsly
unnecessary in conventlonal reformzng.
certain temperature control techniques,
superheated hydrogen betyeen reactors,“._ B
catalyst regeneretions,'uhe use of staged neaters and
tubes, the use of staged temperature zones, the use
of superheated raw materials, and the use of larger

tube diameters and/or higher tube velooities.



oct oat e.

How and where these agents are added to the (S | er—
systemis not .critical, and will primarily depend on particuiaﬁqd“jﬁkgﬂiisﬂEET

design characteristics. For exanple, they can be added contipnuously or

di scontinuously with the feed. However, adding the agent sgi4ojANe997
feed is not preferred as they would tend to accunmulate in thetinitial
portions of the reactor system This ngylgog provi de adequatfe protectt+on

in the other

areas of the system

IEF DE ! ON _T_ W G

As noted above, Figure,lAwis a_photomicrograph
of a portion of the inside (process side) of a mild
steel furnace tube from a commercial reformér which
had been in use about 19 years; and as also noted
above,

Figure 1B is a photomicrograph of a portion of a
mild steel coupon sample which was placed inside a
reactor of a 1owfsu1fur/;ow-water demonstration,plagt

for only 13 weeks.

Figure 2 is an illustration of a suitable
reforming reactor system for use in the present

invention.

ON O F EMBODIMENTS
The metallurgical terms used hergip are to be
given their common metallurgical meanings as set
forth in THE METALS HANDBOOK of the American Society’
of Metals. For example, "carbon steels" are those
steels having no specified minimum quﬁqtityhfqr_gqg
alloying element (other than the commonly accepted
amounts of manganese, silicon and copper) and
containing only an incidental_amount-of any element

other than carbon, silicon, manganese, copper, sulfur



It is preferred that the agents be provided és a coating pIRBPLA@EWENH‘SﬁEET

canstruction, prior to start-up, or in-situ (i.e., in an e Ty beLcn,
| f added in- : ~ 47 - SItJ,_ ‘%fngﬁl 9
done right after catalyst regeneration. Very thin coatings{cpn be“appl’i d
For exanple, it is believed that when using organo- tin cojpbuhds,.iraon

stanni de coatings as thin as 0.1 - 15 -

and phosphorus. "Mild steels" are those carbon-.
steels with a maximum of about 0.25% .carbon. . Alloy
steels are those steels containing specified
guantities of alloying elements (other than carbon
and the commonly accepted amounts of manganese,
copper, silicon, sulfur and phosphorus) within the
limits recognized for constructional alloy steels,
added to effect changes in mechanical or-physical-:
properties. Alloy steels will contain less-than 10%
chrbmium. Stainless steels-are any.of several steels
. containing at least 10, preferably 12 to 30%,

Gk T G

'.3chromium:qsitpe.principal:alloyingeglement},
Generally, therefore, one focus of the invention

is to provide an improved method for reforming
hydrocarbons using a reforming catalyst, particularly
a large pore zeolite catalyst including an alkali or
alkaline earth metal and charged with one cor more
Group VIII metals which is sulfur sensitive, under
conditions of low sulfur. Such.a process, of course,
must demonstrate better resistance to- carburization

than conventional low-sulfur reforming techniques.

One solution for the problem addressed by the
present invention is to provide a novel reactor

system which can include one or more various means




m cron can be effective. A preferred nethod of coatin Rﬁﬁgmgaigf‘
on an existing or new reactor surface, or a new or existing =t

is to deconpose an organonetal lic conpound in a hydrogen at
tenperatures of about 900[err]F. For organo-tin conpounds,
this produces reactive netallic tin on the tube surface. At
tenperatures the tin will further - react y§th the surface net
passivate it. Opti mum coating tenperatures will depen
particul ar organgset shprevirgmusidtaacet he cazburization and metal

dusting during-reform;ng ge;ana_reggrming_ca;alyst
such as the eforement%gned sulfur sensitive large-
pore zeolite catalyst under conditions of low sulfur.
By “reacﬁor_syspem“ as_used.herein tpe:e is_
intended at_least qqesretqrming reactor and its
corresponding furnace means and pipinq. Figure 2
illustrates a typical reforming reeq;pg”syetemW.h_
suitable fer practice of the_preeeqtlinveﬁtion. tif
can include a plurality of re:orning.feectors.(lo), |
(20) and (30). Each reactor qgnta;ps“e;catalyet bee.
Tﬁe'éystem.alse'inc;udes a plurality qufgrp§°?5'

(11), (21)_and (31);_heat_exchenge; (12);eand"._

separator (13).

Through research assocxate§ yxth the present
invention, it was dlscovered that the afq:ementioned )
problens withvlow-sulfu: reforming can be effectively
addressed by a selection of.an aép;op:iate :eecpe:” '
system material for contact with the hydroearhone -
during processing. Typically, reforming reactor
systems have been constructed of mild steels, or
alloy steels such as typical chromium steels, with
insignificant carburization and dusting. For

example, under conditions of standard reforming, 2%



of "conpounds if alloys are desired. Typically, an excess of theﬁﬁﬁiﬁ@%&fﬁﬁ?ﬁ@ﬁ
organonetal lic coating agent can be pulsed into-the tubes at a

hydrogen flow rate so as to carry the coating agent throughout 4 ﬂﬁfﬁfﬁpﬁﬂw
in a mst. The flow rate can then be reduced to permt the coat
m st to coat and react with the furnace tube or reactor surface

Al ternatively, the conpound can be intLogficed as a vapor which
- 48 - '

Cr furnace tubes can last twenty years. However, it
was found that these steels are unsuitable under low-
sulfur reforming conditions. They rapidly become
embrittled by carburization within about one year.
' For example, it was found that 2% Cr 1 Mo steel

s

carburlzed and embrlttled more than 1 mm/year.

Furthermore, it was found that naterials
considered under standard metallurgical oractice to
be resistant to coking and carburization are not
necessarily.resistant hnder'low-sdlfur'reforming

_conditions. For example, nickel-rlch alloys such as

aebra

Incoloy 800 and 825; Inconel 600 Marcel and Haynes
230, are unacceptable as they exhiblt-excesslve

coking and dusting.

However, 300 serles sta1nless steels, preferably
304, 316, 321 and 347 are acceptable as materlals
for at least portlons of the reactor system accordxng
to the present 1nventzon whlch contact the -
hydrocarbons.. They have been found to have a
resistance to carburlzatlon greater than mlld steels

and nickel-rich alloys.

Initially it was belzeved that alunznzzed

materials such as those sold by Alon Corporatlon



deconposes and reacts with the hot walls of the tube or reactdBrpiPrs s e
reduci ng at nosphere. As di scussed above, reforning react ’*’”il?”f?W_SSEE
susceptible to carburization, netal dusting and coking can beft ]
application of a deconposable coating containing a deconposablfe
organonetal lic tin conpound to those areas of the reactor sysje
susceptible to carburization. Such an approach wor ks parti cul ry WerT=Trn
a tenperature controlled furnace 1Boever, such contr Ls. not

al ways'present.  [here arg shoki 3PP Souti el BEYGhAR hdedlifed cactor

protection against carburization in the reforming

reactor system and process of the inventlon. It has
since been dzscovered however, thet—the applzcatzon
of thin alummnum or alumlna films to metal surfaces
of the reformlng reactor system, or s;hply the use of
Alonlzed Steels during constructxon, can prov1de
surfaces which are sufficiently resistant to
carburization and metal dustlng under the 1ow-sulfur
reforming condztions. However, such matereals are
relatlvely expensxve, and while reszstant to _
carburzzatlon and metal dustlng, tend to crack, and
show subst;ntlal reductlons 1n tensxieustrengths.
Cracks expose the underlylng base metal renderxng it
susceptlble to carburxzatlon end metal dustlng under

low sulfur reforming conditions.

Whiie aluminized materials.have beeh useo tob.
prevent carburzzatlon in ethylene steam crack;ng
processes, such processes are operated at LT -
significantly higher temperatures than reforming;
temperatures where carburizatioh would be expected.
Carburxzetzon and metal dustlng slmply have not been

problems in przor reformlng processes.



system particularly in the furnace tubes, where the organone REPLAC;%¥$
conpound can deconpose and form deposits. Therefore, another
invention 1is a process which avoids such deposition in refor ‘QF@%&P§P7
systens where tenperatures are not closely controlled and exhjbjt

high tenperature hot spots. Such a process involves preheating the
entire- reactor systemto a tenperature of from 750 to 1150, referably

900 to 1100, and nost preferably about ;O§O[err]F, wi th a hot —Streamof

hydr ogen gas. After : T : -

Therefore, another solution to the problems of
carburization and metal dusting_involves the
application of thin_aluminum~orlgluming_films on, or
the use of aluﬁinized materials as, at least a
portion of the metal surfaces iﬁ"thew:eactp; system.
In fact, the metal surfaces'particularly susceptible
to carburization ahd metal dusting can be brovided in
that manner. Such metal surfaces include but are not
limited to, the reactor yglls,_furnéce tubes, and

furnaceé liners.

When applying an aluminum.or alumina film, it is .-
preferable that the f£ilm have a thermal gxpansivity
that is similar to that of the metal surface t? which .
it is applied (such as a mild steel) in orgegﬁtgfw
withstand thermal shocks and repeated temperature
cycling which occur during reforming. This prevents
cracking or spalling of the film which could expose
the underlying metal surface to the c;:bnrizgt;qﬁ

inducing hydrocarbon environment.

Additionally, the film should have a thermal
conductivity similar to that of, or exceeding, those
of metals_conventignally usgd in the construction q:
reforming reactﬁr systems. Furthermore, the aluminum

or alumina film should not degrade in the reforming



- 49 - preheating, a colder gas streamat a tenperature of
preferably 500 to 700, and nost preferably about 550[err]F,
vapori zed organonetallic tin conpound and hydrogen gas is intrpduced—Tnte
the preheated reactor system This

‘can provide a deconposition "wave" which travels throughout t}h

reactor system

Essentially this process works becausq t

gas mxture is introduced ju stéga

hn'r

l\r199

- 20 -

environment, or in the oxideiﬁq'eﬁGirbhﬁént ’
associated with catalyst regeneration, nor should it
result in the degradation of the hydrocarbons in the

L

reactor system. T s

Suitable methods for applying aluminum or o
alumina films to metal surfaces such as mild steels
include well known deposition techﬁiques.' Preferred
processes include powder and vapor diffusion - |
processes such as the "Alonizing" process;:ﬁhiéi“héé
been commercialized by Alon Procéssihg, Inc.,

Terrytown, Pa.

Essentially, "Alonizing" is a high temperature
diffusion process which alloys aluminum into the
surface of a treated metal, such as e.g., a
commercial grade mild steel. In this process, the
metal (e.g., a mild steel) is positioned in a retort
and surrounded with a mixture of blended aluminum
powders. The retort is then hermetically sealéd and’

placed in an'atmosphere-controlled furnace. At

elevated temperatures, the aluminum deeply diffuses

into the treated metal resulting in an alloy. After
furnace cooling, the substrate is taken out of the
retort and excess powder'ié removed. Stréigﬁﬁéning,

trimming, beveling and other secondary operations can




hydr ogen gas produces a uniformy heated surface which will | N —
col der organonetallic gas as it travels as a wave throughou RﬁEEHEEQ@W rg-dEET

system The col der gas containing the organonetallic tin ¢ ound wil |
deconpose on the hot surface and coat the surface. The orgapofet®d |iré' 199
vapor will continue to nove .as a wave to treat the hotter ugfaces

downstreamin the reactor system Thereby, the entire react@r systéem can
have a uniformcoating of the organonetb]?%c tin conpound. nay . al so be

desirabl e to conduct several_ of these hot:co ﬁhﬁgferature cgcles to
ensure that the eRBERPe RAGIATTES 85-FPRUEr S ey FFCFS8o5PBd with the

render the treated ("alonized").metal resistant to
carburization and metal dusting under low-sulfur

reforming conditions according to the invention.

Thin chromium or chromium oxide films can also
be applied to metal surfaces of -the:reactor system to
render the surfaces resistant to carburization and
metal dusting under low-sulfur reforming conditions.
Like the use of alumina and aluminum films, and
aluminized materials, chromium or chromium oxide
coated metal surfaces have .not: heen nsed £0 address
carburizatien problems under low-sulfur reformznq

conditions.

The chromium or chromium oxide can also be
applied to carburization and metal dusting
susceptible metal surfaces such as the reactor walls,
furnace liners, and furnace tubes. However, -any
surface in the system which would show signs of

- carburization .and metal dusting under low-sulfur
reforming conditions would benefit from the
application of a thin chromium or chromium oxide

£film.



organonetal lic tin conpound. REPL IBRT-ouno]
I n operation of the reform ng reactor system according to tnel¥§@§2$£§§§ET'
i nvention, naphtha will be refornmed to formaromatics. The nqpﬂt If ed ils
a |ight hydrocarbon, preferably boiling in the range of atouﬂ TB?Eﬂﬁik o
450[err]F, more preferably about 100 to 350[err]F. The ndpH d wll
contain aliphatic or paraffinic hydrogaggogs. These ali phatics are

When appiying the_chromium or chromium oxide
£film, it is preferable that the chromium or chromium
oxide film have a tﬁermal expansivity similar to that
of the metal to which it is applied. - Additionally,
the chromium-or chromium oxide:film should be -able to
withstand thermal shocks and repeated temperature
cycling which are common during reforming. ~“This-
avoids cracking or spalling of the chromium or
chromium oxide film which could potentially expose:
the underlying metal surfaces to carburization -

.;inducing environments. Furthermore, the chromium or
-éhromium oxide - £ilm- should have.q thermal
conductiviﬁy-similar fd or exceeding those materials
conventionﬁlly used in reforming reactor systems (in
particular mild steels) in order to maintain
efficient heat transfer. - The chromium or chromium
oxide £ilm also should not degrade in thé reforming
environment or in the oxidizing environment
associated with catalyst regeneration, nor should it
induce degradation of the hydrocarbons in the reactor

systemn.

Suitable methods for applying chromium or
chromium oxide films to surfaces such as e.g., mild
steels, include well known deposition techniques.

Preferred processes include powder-pack and vapor



f- -

converted, at least in part, to aromatics in the reform ng
In the "l owsul fur" systemof the invention, the feed w

contain less than 100 ppb sulfur, and nore preferably, |§
sul fur. If necessary, a sulfur sorber unit can be enpl oyf
smal | excesses of sulfur. : Preferred reform ng prog

r

I nclude a tenperature between 700 and 1050[err]F, nore p

850 and 1025[err]F; and a preSsure bet«egan -0 and 400 psi
bet ween 15 and 150 psig; a -

® @ Q.m o

nor e preferably

diffusion processes such as the "chrcm;zzng" process,

which is commercialized by Alloy Surfaces[ Inc., of

Wilmington, Delaware.

The "chrcmizing" prccess is'essehtieify e'vapcr

diffusion prccess for application of chromium to a

metal surface (similar to the above described

“Alonizing process"). The process invclves

contacting the metal to be ccated with a powder of

chromium, followed by a thermal diffu51on step.

This, in effect, creates an alloy of the chrcmzum

- with the treated metal and renders the surface

extremely resxstant to carburlzatlon and metal

dusting under low-sulfur reforming ‘conditions.

In some areas of the reactor systems, localized

temperatures can become excessively high during

reforming (e.q., 900-1256‘?). This is particularly

the case in furnace tubes, and in cetalyst'beds where

exothermic demethanation reactions occur within

normally occurring coke balls causing localized hot

regions. While still preferred to mild steels and

nickel-rich alloys, the 300 series stainless steels

do exhibit some coking and dusting at around 1000°F.

Thus, while useful, the 300 series stainless steels




ratio for the feed to the reform ng reaction zone between O.
preferably between 0.5 and 10; and a liquid hourly
hydr ocar bon feed over the

reform ng catal yst of between 0.1 and 102,4 nore preferably Db
5. - -

are not the most preferred material for use in the

present invention. -

Chromium-rich stainless steels such as 446 and
430 are even more resistant to~carburiiation than 300
series stainless steels. Howevéf, theseugieels are
not as desirable for heat resisting properties-(they

tend to become brittle).

Resistant materials which are preferred. over the
300 series stainless steels for use in the present..
invention include copper, tin; arsenic,-antimony, -
bismuth, chromium and brass, and intermetallic ...
compounds and alloys thereof (e.g., Cu-Sh alloys,ICu-
Sb-alloys, stannides, antimonides, bismuthides,
etc.). Steels and even nickel-rich alloys containing
these metals can also show reduced carburization. In’
a preferred embodiment, these materials are provided
as a plating, cladding, paint (e.g., oxide paints) or
other coating to a base construction .material. This’
is particularly advantageous since conventionall
construction materials such as mild steels can still
be used with only the surface contacting the
hydrocarbons being treated. Of these, tin is.
especially preferred as it reacts with the surface to

provide a coating having excellent carburization .-



To achieve the suitable refornmer tenperatures, it

range from 600 to 1800[err]F, usually from 850 and

often from 900 and 1200[err]F. As not ed above, the pr
carburization, coking and netal dusting in | owsulfur syste
found to associated with excessively higlgs < ocalized process

of the reactor system and are particularly acute

conventional reformi ng techni ques

|S Often ne_:'."',_’.‘.:; X
heat the furnace tubes to high tenperatures. These tenperat

1250[ err]

aper at ur es

in the furnace tubes of
t he systen1mhereresustandeamkyhhgghrteemmszatnnas.aaed vhacacreslstsc

peeling and flaking of the coating. Also, 1t is
believed that a tin containing layer can be as thin
as 1/10 micron and-still prevent carourization.
Where practical, it lS preferred that the
resistant materials be applied in a paint-like
formulation (hereinafter "paint") to a new or
existing reactor system. Such a paint can be
sprayed, brushed, pigged, etc. on reactor system
surfaces such as mild steels or stainless steels. It
is most preferred that such a paint be a
decomposable, reactive, tin-containing paint which
reduces to a reactive tin and forms metallic
stannides (e.g., iron stannides and nickel/iron

stannides) upon heating in a reducing atmosphere.

It is most preferred'that the aforementioned
paint contain at least four components (or their
functional equivalents); (i) a hydrogen decomposable
tin compound, (ii) a solvent system, (iii) a finely
divided tin metal and (iv) tin oxide as a reducible
sponge/dispersing/binding agent. The paint should
contain finely diVided_solids to minimize settling,

and should not contain non-reaotive-materials which



where high |l evels of sulfur are present, furnace tube ski nj
up to 1175[err]F at end of run are typical. Yet, excessivejCa
coking and netal dusting was not observed. In | ow sul fur
however, it has been discovered that excessive and rapid car
coking and netal dusting occurred with CrM steels at tenpgr
950[err]F, and stainless steels at tenpejatures above 1025ferr]F.
- 52 -
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will prevent reaction of .reactive tin with surfaces

of the reactor system.

As the-hydrogen decomposable tin_compound, tin
octanocate is particularly useful.  Commercial
formulations of this compound itself are available.
and will partially dry to'an almost.éhewing-gum-like
layer on a steel surface; a layer'which will not
crack and/or split. This property is necessary for
any coating composition used in this context because
it is conceivable that the coated material will be
stored for months prior to treatment with hydrogen.
Also, if parts aréhédated prior to assembly they must
be resistant to chipping during construction. As
noted above, tin octanocate is available commercially.
It is reasonably priced, and will decompose smoothly
to a reactive tin layer which forms iron stannide in

hydrogen at temperatures as low as 600°F.

Tin octanoate_shoul& not be used alone in a
paint, however. It is not spfficiently_viscous.
Even when the solvent is evaporated therefrom, the
remaining liquid will drip and run on the coated
surface. 1In practice, for example, if such were used
to coat a horizontal furnace tube, it would pool at

the bottom of the tube.



Accordingly,
of. the netal surfaces inside the furnace tubes, transfer-|
reactors of the reform ng system bel ow the aforenentioned {e
exanpl e,

tenperatures can be nonitored using thernocoupl es}a tagpegma§g7
vari ous e

| ocations tn the reactor system In the case of fpr
t hernocoupl es can be attached to the outer walls thereof, pr
the hottest point of the furnace (usual?¥y mear the furnacef outlet). \Wen
adj ustnents in ocese oggra%ton C%P be made toTmmENtartthe

e e

necessary,
temperatures at desiT¥Pn (@v

anot her aspect of the invention is to |ower t]

(MENT SHEET

~For-———-1

tub

in oxi
sponge/dispersing/binding aqent, is-a porous tin-
containing compound which can sponge-up an organo-:'
metallic tin compound yet still be reduced to active
tin in the reducinq atmosphere.. in addition, tin
oxide can be processed through a colloid mill to
produce very fine particles which resist rapid'
settling. The addition of tin oxide will provide a
‘paint which becomes dry to the touch, and resists
running. | | o |

Unlike typical paint thickeners, component (1v)

. '. NG Temema

is selected such that it becomes a reactive part of
the coating when reduced. It is not inert like
formed silica; a typical paint thickener which would

leave an unreactive surface coating'after treatment.

Finely divided tin metai, component (iii), is
added to insure that metallic tin is available to
react with the surface to be coated at as low a
temperature as.possibie; even in a non-reducing
atmosphere. The particle size of the tin is
preferaply'one to five microns which allows excellent
coverage of the surface to be coated with tin metal.’
Non-reducino conditions can occur during drying of

the paint and welding of pipe joints. The presence



There are other techniques for reducing exposure of systemsurfaces to
undesirably high tenperatures as well. For exanple, heat transz
can be wused with resistant (and usually nore costly) tubing i
stage where tenperatures are usually the highest. I n afdftion,
super heat ed hydrogen can be added between reactors of the refo ”.I4JAN 1997
system Also, a larger catalyst charge can be used. And, the at al yst
can be regenerated nore frequently. In t9e case of catalyst r '

it is best of metallic tin ensures that even when part of thé~

coating is not compietely reduced, tin metal will be

present to react and form the desired stannide layer.

The solvent should be non-toxic, ‘and effective-
for rendering the paint sprayable and spreadable when
desired. It should alsoc evaporate quickly and have
compatible solvent properties for the hydrogen -
decomposable tin compound. Isopropyl alcohol is*mo;t
preferred, while hexane and pertane can be useful, if
necessary. Acetone, however, tends to precipitateé:=:"
organic tin'éompounGSj_”'

e e ——— .
t il [ PR

In one embodiment, there can be used a tin paint
of 20 percent Tin Ten-Cem (stannous octanoate in
octanoic acid), stannic oxide, tin metal powder and

isopropyl alcohol.

The tin paint can be applied in many ways.  For
exémple, furnace tubes of‘the're;ctor system can be
painted individually or as modules. A reforming
reactor system according to the present invention can
contain various numbers of furnace ‘tube modules’
(e.g., about 24 furnace tube modules) of suitable

| width, length and height (e.g., about ‘10 feet long,
about 4 feet wide, and about 40 feet in height).



acconpl i shed using a noving bed process where the catalyst i i .

fromthe final bed, regenerated, and charged to the firgt beiﬂﬂq}ﬁﬁm@§@TSEEE?

Carburization and netal dusting can also be mnimzed in thg ljow sul fur

reform ng reactor system of the invention by using certain gt her@4QJaN 1997

equi pnment configurations and process conditions. For
- 29 -

Typically,.ggch module will include two headers of
suitable di;mgte;,.prefgrab;y ;bogt 2 feet in"__h
diameter,_which are gonnected by about four tg ten u-
tubes cf.suitable leggth (e.qg., apoug_42 feet longj.
Therefore, the total surface area to be pginted_%n
the modules can vary W;Qely;.for gxgmple, in one
embodiment it can be ahout,le,sooﬁft?.ﬂr

Painting modules“rgther than 'cl'ua_t'.v.zbes_j
individu;;ly“can bgradvantageous ;n_aghleas;_fqur |
respects;_(;) painting modules rathgrnphap_individual
tubes should avoid hest destruction of the tin paint
as the components of the modules are usually heat
treated at extremely elevated tgmpergtgres durigg
production; (ii),painting modules_willllikely be
quicker and 1es§ expeﬁsive than painting tubes
individgally; (iii) painting_modules should be more
efficient during production scheduling; and (iv)
painting of the modulegnshould engble paintiag of

welds.

However, painting the moduies may not enable the
tubes to be as completely coated with paint.as_if the
tubes were painted individually. If coating is

insufficient, the tubes can be coated individua;ly.



SSELACEMENT SHEET)

exanpl e, the reactor systemcan be constructed with staged fheatersamdror
tubes. In other words, the heaters or tubes which are subjdct ()A g
nost extrene tenperature conditions in the reactor system |c qﬂg‘J 997.
constructed of materials nore resistant to carburization trai—qetnrlalq
conventionally used in the construction_of reform ng reactgr systens;
material s such as those described above3%HEaters or tubes WATCM are—tet

subjected to extrer’@ égpg{_gkg{,géhe C@ﬁtc%te' n{._obgesﬁ%c{ UGieed of

conventional materi usi ng a staged design in the
reactor systermpd ttubi-spaﬁa' Hé@dé@sr ecturﬁﬁdienevgaaht Saildbe

applied to fully coat the tubes and headers. After a

module is sprayed, it should be left to dry for about
24 hours followed by appliéatidh'of"a_slow stream of
heated nitrogen (e.g., about 150°F for about 24
hours) . Thereafter,”it is preferable that a second
coat of paint be applied and also dried by the
procedure described above. After the paint hés been
applied, the modules should preferably“be'kept under
a slight nitrogen pressure and should not be exposed
to temperatures exceeding about 500°F prlor to
installation, ‘hor should they be'exposed ‘to water

except during hydrotesting.

Iron bearing reactive paints are also useful in
the present invention. Such an iron bearing reﬁctive
paint will preferably contain various tin compounds
to which iron has been added in amounts up to one

third Fe/Sn by weight.

The addition of iron can, for example, be in the
form of Fe,0,. The addition of iron to a tin
containing paint should afford noteworthy advantages;
in particular: (i) it should facilitate the

reaction of the paint to form iron stannides thereb}



the system (since carburization resistant materials are general BEPH%’ .
expensi ve than conventional materials) while still providing ajr jggNT‘&ﬂg
system which is sufficiently resistant to carburization and

- 54 - netal dusting under lowsulfur reform ng conditions. A diti%ﬁéMN/,WW
this should facilitate the retrofitting of existing reformng or
systens to render them carburization and netal dusting resistapt under

| ow - 31 -

acting as a flux; (ii) it should dilute the nickel
concentration in the stannide layer thereby providing
better protection against coking; and (iii) it
should result in a paint which affords the anti-
céking protection of iron stannides even if the

underlying surface does not react well.

Yet another mgans_for'preventing carburization,
coking, and metal dusting in the low-sulfur reactor
system comprises ;he application.of_a_metgl coating-
or cladding_;o chromium rich steels contained in the
reactor system. These metal coatings or claddings
may be comprised of tin, antimony, bismuth or
arsenic. Tin is especially preferred. These
coatings or claddings may be applied by methods
including e;ectroplating, vapor depositing, and
.soaking of the chromium rich steel in a molten metal

bath.

It has been found that in reforming reactor
systems where carburization, coking, and metal
dusting are particularly problematic that the coating
of the chromium-rich, nickel-containing steels with a
layer of tin in effect creates a double protective
layer. There results an inner chromium rich layer

which is resistant to carburization, coking, and



sul fur operating conditions; since a smaller portion of the 1 —System

woul d need replacenent or nodification with a staged desi gn. Lt 'vfMﬂTSHEET
reactor systemcan al so be operated using at |east two tenpefafure zon

at | east one of higher and one of |ower tenperature. This appr a‘mlJAN‘WQ7

based on the observation that netal dusting has a tenperatufel maxi mum and

nininun1 above and bel ow which dusting i,s m nimzed. Theref
“higher" tenperatures, itisrmmﬂthﬁaﬁmtemmmuwesar

those conventiongldy Widing bRECLH Sbked AT FbyR¥SLATEN ALY Ju.aher tha

tenperature

resistant to carburlzatlon, coklng and metal dusting.
This occurs because when the tin coated chromium rich
steel is exposed.te tfpieeizreferminq temperatures,
such as about 1200°F, it reects.with the.eteei.to
form iron nickel stanhides. Thereby, the nlckel is
preferentially leached from the surface of the steel
leaving behind a layer of chromzum rich steel. ih
some instances, it may be desirable to remove the
iron nickel staﬁnide layer from the stalnless steel

to expose the chromlum r1ch steel layer. |

For example,.ir waS‘found tﬁar wheﬁ'a“ﬁiadl
cladding was applied to a 304.grade stainless eteel
and heated at about 1200°F there resulted a chromium
rich steel layer containing abour 17% chromium and
substantially no'nickel, cenparable to 450.grade

stainless steel.

. When app1y1ng the tin metal coating or cladding’
to the chromium rich steel, it may be desirable to
vary the thickness of the metal coating or cladding
to achieve the desired resistance against
carburization, coking, and metal dﬁsting. Thie.can
be done by, e.g., adjustlng the amount of time the

chromium rich steel is soaked in a molten tin bath.
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' REPLACEMENT o
maxi mum for dusting. By "lower" tenperatures it is neant that ffheg— ’:ﬁﬂiﬂﬂéﬂﬂ
tenperature is at or about the tenperatures which reformng prpcesses are '
conventionally conducted, and falls below that in which dustin e Nal997
pr obl em Qperation of portions of the reactor systemi Lfferent
tenperature zones should reduce netal dusting as |ess of the rfeactor
systemis at a

- 33 -
This will also affect the thickress of the resilting
chromium rich steel layer. It may also be desirable
to vary the operating temperature, or to vary the
composition of the chromium rich steél which is
coated which in order to control the chromium
concentration in the chromium rich steel layer'

produced.

It has additionally been found that tin-coated
steels can be further protected from carburization,

metal dusting, and coking by a post-treatment process

R

PSR TR ¥ 0% A I

which involves-application of a thin oxide céa€ing,
preferably a chromium oxide, such as Cr,0,.  This
coating will be thin, as thin as a few um.
Application of such a chromium oxide will protect
aluminum as well as tin coated steels, such as
Alonized steels, under low-sulfur reforming =

conditions.

The chromium oxide layer can be applied by
various methods including: application'of a chromate
or dichromate paint fcllowed by a reduction pibééss;
vapor treatment with an organo-chrdmium:coﬁpound; or
application of a chromium metal plating followed by

oxidation of the resulting chromium plated steel.



- 55 - tenperature conducive for nmetal dusting. Al so, other
such a design include inproved heat transfer efficiencies ang {re

to reduce equi pnent size because of the operation of portion 0&‘*3 .
system at hi gher tenperatures. However, operating portions pfft 5 §Qc§8¥
systemat |evels below and above that conducive for netal dust ld
only mnimze, not conpletely avoid, tse4 tenperature range whi ch net al
dusting occurs. This is unavoidabl e because of tenperature '
which will occur durBxagpisagien dfiytimmriestroplatedhgteet s high react or

system articularly fluctuations durin ut-d N
p have ggen subjected tqulqw$%&¥}u;_rg¥grgfg95tart

conditions for a substantial period of time has shown
that when a chromium oxide layer is produced on the
surface of the stannide layer or under the stannide
layer, the chromium oxide layer does not cause
deterioration of the stannide layer, but appears to
render the steel further resistant to carburization,
coking and metal dusting. Accordingly, application
of a chromium oxide layer to either tin or aluminum
coated steels will result in steels which are further
resistant to carburization and coking under the low-
sulfur reforming conditions. This post-treatment .
process has particular applications for treating tin
or aluminum coated steels which, after prolonged .
exposure to low-sulfur reforming conditions, are in

need of repair.

ft has further been found that aluminized, e.g.,
"Alonized" steels which are resistant to
carburization under the present reforming conditions
of low sulfur can be rendered further resistant by
post-treatment of the aluminum coated .steel with a
coating of tin. This results in a steel which is
more carburization resistant since there are

cumulative effects of carburization resistance .



up of the system tenperature fluctuations during cycling, and tenperature
fluctuations which will occur as the process fluids are heated

reactor system Anot her approach to mnim zing neta
relates to providing heat to the systemusing superheated raw
(such as e.g., hydrogen), thereby.mnimzing the need to heat [the 84 JAN 1997
hydr ocarbons through furnace walls. Yet anot her procegsjdesign
approach involves providing a pre-exi§t?%g'reforning react or

obtained from both the aluminum éoat;ngfand the tiT
coating. .This post-treatmegﬁ affords an additional
benefit in that it Qill mend any defects or cracks in
the aluminum, e.gq., Alohiié&; édagingyulAlsb, such a
post-treatment shoula.rgsulf ih a ibﬁer cost sinée.a
thinner aluminum coéting cén be abpiigd to the steel
surface which is to bg“post-preéﬁed_witp_ﬁhe tin
coating. Additionally, this post-treatment will
protect the underlying éteei layer exposed by bending
of aluminized steels, which can intfqéuce cracks in
the aluminum layer, an@wé*ppse:;£§ gtéel to .
carburization induceq_uﬁﬁer fé:pgpiné conditions.
Also, this pbst-trgafﬁent_pro§§§§ cah p?;vehi coke
formation on.the treated stéel surfaces and also
prevent coke formation that occurs on the bottom of
cracks which appear on steels which have been

aluninized, but not additionally cocated with tin.

Samples of Alcnized_Stegls_péin;ed)pn ohe side
with tin, were found to #how a dgposit.of black'cokg-
only on thé_untreated side under low-sﬁlfur reforming
conditions. The coke that forms on an alumiﬁized
surface is a benign.coke resulting from cracking on
acidic alumina sites. It is inéapaﬁie bf inducing
additional coke depositipﬁ._ Accordingiy, a post-

treatment application of a tin coating to aluminized



- 56 - wth larger tube dianeters and/or higher tube velocities.
| arger tube dianeters and/or higher tube velocities wll mnimz
exposure of the heating surfaces in the reactor-systemto the
hydr ocar bons. As noted above, catalytic reformng is well

t he petrol eumindustry and invol ves the
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steels can provide further minimization of ‘the - -
problems of carburization, coking, and metal dusting,
in reactor systems operating under reforming -

conditions according to the invention: -

While not wishing to be bound by theory, it is
believed that the suitability of various materials
for the present invention can be selected and
classified according £o their responses to
carburizing atmospheres. . For example, iron, cobalt,
and nickel form relatively.unstable carbides which -
will subsequently.carburize, coke:and-dust. - Elements
such as chromium, niobiun,nvanadium,~tung§ten;-
molybdenum, tantalum and zirconium, will-form stable
carbides which are more resistant to carburization
coking and dusting. Elements suéh as tin, antimony
and bismuth do not form carbides or coke. And, these
compounds can form stable compounds with many metals
such as iron, nickel and copper under reforming
conditions. Stannides, antimonides and bismuthides,
and compounds of lead, mercury, arsenic, germanium,
indium, tellurium, selenium, thallium, sulfur and
bxygen are also resistant. A final category of
materials include elements such as silver, copper,
gold, platinum and refractory oxides such as silica

and alumina. These materials are resistant and do



treatment of naphtha fractions to inprove octane rating by Pp& g
of ,aromatics. The nore inportant hydrocarbon reactions whic e @uﬁl HEE

the reform ng operation include the dehydrogenation of cycl ghgxanes to
aromati cs, dehydroi sonerization of al kycycl opentanes to arofali &4 JANI1997
dehydrocyclization of acyclic hydrocarbons to aromatics. Infagidition, a

nunber of other reactions also occur, including the deal kyl ation of
al kyl benzenes, isonerization of paraffings and hydrocracking.reactions

whi ch produce |ight gaseous hydrocarbons, e.g., nethane, ethane, propane

and butane, whigde hsetmp@aablidey, r eactéarts wilthulotthbe metaisirech during
reform ng as they decrease the yield
carburizing environment under reforming conditions.

As discussed above, the selection of appropriate
metals which are resistant to carburization and metal -
dusting, and their use as coating materials for metal
surfaces in the reactor syﬁtem is one means for
preventing the carburization and metal dusting
problem. However, carburization and metal dusting
can be-prevaient in a wide variety of metals; and
carburization resistant metals can be more costly or
exotic than conventional materials (e.g., mild =
steels) uséd in the construction of féfofmihg“féﬁcfbf
systems. Accordingly, it may be desirable in the
reactor system of the invention to use ceramic
materials which do not form carbides at typical
refofming conditions, and thus are not susceptible to'
carburization, for at least a portion of the metal
surfaces in the reactor system. For example, at
least a portion of the furnace tubes, or furnace
liners or both may be constructed of ceramic

materials.

In choosing the ceramic materials for use in the
present invention, it is preferable that the ceramic

material have thermal conductivities about that or



of gasoline boiling products and hydrogen. Thus, "reforning"i]f"m.:ﬁ
herein refers to the treatnent of a hydrocarbon feed through

orie or nore aronmatics producing reactions in order to provid
- 57 - aromatics enriched product (i.e., a product whose ar
content is greater than in the feed). Whi |l e the presentj i
di rect ed - 38 - |

exceeding those of materials conﬁentionally.used in
the construction of reforming reactor systems.
Additionally, the ceramic materials should have
sufficient sttucturai-strengths at the temperatures
which occur within the reforming reactor system.
Further, the ceramic mateﬁiéls'shbuld be able to
withstand thermal shocks and repeated temperature
cycling which occur during operation of the reactor -
system. When the ceramic materials are used for
constructing the furnaée liners, the ceramic

materials should have thermal expansivities about

_ that of the metal outer surfaces with which the liner

is in intimate contact. This avoids undue stress at
the juﬁcture during temperature cycling that occurs
during start-up and shut-down. Additionally, the
ceramic surface should not be suscéptible to
degradation in the hydrocarbon environment or in the
oxidizing environment which occurs during catalyst
regeneration. The selected ceramic material a1§6
should not promote the degradation of the

hydrocarbons in the reactor system.

Suitable ceramic materials include, but are not
restricted to, materials such as silicon carbides,
silicon oxides, silicon nitrides and aluminum

nitrides. Of these, silicon carbides and silicon



primarily to catalytic reforming, it will be useful general R¥PLACEM
production of aromatic hydrocarbons from various hydrocarbgn -
conditions of low sulfur. That is, while catalytic refqr
typically refers to the conversion of naphthas, other feedsgt¢c
treated as well to -provide an aromatics enriched product. Th
conversion of naphthas is a preferred enbodi nent, the |present
i nvention can be useful for the conversigg ar aromatizati oM of—a—varety
of feedstocks such as paraffin hydrocarbons, ol efin hydrocarbons,
acetyl ene

3
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hydr gfidrlides, aggcpart paubdf iy gredereedbasstrhey capmearml ef i n
hydr ocar bons, and m xtures thereof, and particularly saturated
hydr ocar bons. capable of providing complete protection for the-

reactor system under low-sulfur reforming conditions.
At least a portion of the metal surfacés in the
reactor system can also be coated with a silicen or
silica film. In particular, the metal surfaces which
can be coated include, but are not limited to the
réactor walls, furnace tubes, and furnaéé liners.
However, any metal surface'in the reactor systen,
which shows signs of carburization.and metal dusting .
under loﬁ-sulfur reforming conditions -would. benefit
from the application of a thin silicon or silica - .

film.

Conventional methods can be used for applying
silicon or silica filmé to coat metal surfaces..
Silica or silicon can be applied by electroplating
and chemical vapor deposition of an alkoxysilane in a
steam carrier gas. It is preferable that the silicon
or silica film have a thermal expansivity about .that
of the metal surface which it coats. Additionally,
the silicon or silica film should be able to
withstand thermal shocks and repeated temperature
cycling that occur during reforming. = This avoids

cracking or spalling of the silicon or silica film,



Exanpl es of paraffin hydrocarbons are those having 6 to 10 ¢
n- hexane, nmethyl pentane, n-haptane, nethyl hexane, dimethylp
n-oct ane. Exanpl es of acetyl ene hydrocarbons are those havin
carbon atons such as hexyne, heptyne and octyne. Exanpl es of
paraffin hydrocarbons are those having 6 to
- 58 - - 40 -

and potential exposure of the underlying metal
surface to the carburization inducing hydrocarbon
environment. Also, the silica or silicon £ilm should
have a thermal conductivity approximate to or
exceeding that of metals conventionally used in_,_
reforming reactor systems so as to maintain efficient
heat transfer. The silicon or silica film also
should not degrade in the reforming environment or in
the oxidizing environment_assodiated with catalyst
regeneration; nor should it cause degradation of the

hydrocarbons themselves.

Because different areas of the reactor system of
the invention (e.g., different areas in a furnace)
can be exposed to a wide range of temperatures, the
material selection can be staged, such that those
materials providing better carburization resistances
are used in those areas of the system experiencihg

the highest temperatures.

With regard to materials selection, it was
discovered that oxidized Group VIII metal surfaces
such as iron, nickel and cobalt are more active in
terms of coking and carburization than their
unoxidized counterparts. For example, it was found

that an air roasted sample of 347 stainless steel was



e

10 carbon atons such as nethyl cycl opentane, cycl ohexane, nethg
and di net hyl cycl ohexane. Typical exanples of cyclic olefin hy

.’

chahexa euen
,Clg“gatﬁﬁ n§f] C}ﬁ:ﬂT

are those having 6 to 10 carbon atoms such as nethyl cycl opentlerfe
cycl ohexene, nethyl cycl ohexene, and di net hyl cycl ohexene.

present invention will also be useful for reformng under | ov qulfur

84 JAN 1997

conditions using a variety of different reformng catalysts. |Such catal yst

include, but are not limted to Noble @Qquyp_VIII metals on ref+actory

I norgani ¢ oxi des such as platinumon alumna, Pt/SN on alum na and Pt/ Re

on alum na; Noldg{FfaWan¥hYy! mEPé3a&t DFe P lan! @noiEliféd sample
' of the same steel. _This is believed to be due to a

"re-reduction of oxidized steels which produces very

fine~grained iron and/or nickel metals. Such metals

are especially active.for carburization and coking.
Thus, it is desirable to avoid these materials as

much as possible during oxidative regeneration.

processes, such as those typically used in catalytic

reforming. However, it has been found that an. air
roasted 300 series stainless steel coated with tin
can provide similar resistances to coking and ----

carburization as unroasted samples of the same-tin

coated 300 series stainless steel.

Furthermore, it will be appreciated that

oxidation will be a problem in systems where sulfur .

sensitivity of the catalyst is not of concern, and -

sulfur is used to passivate the metal surfaces. If

sulfur levels in such systems ever become -

insufficient, any metal sulfides which have forhed on

metal surfaces would, after oxidation and reduction,-

be reduced to fine-grained metal. This metal would

be highly reactive for .coking and carburization.

Potentially, this can cause a catastrophic failure of

the metallurgy, or a major coking event. -



Pt Pt/SN and Pt/ Re on zeolites such as L-zeolites, ZSM5, silicaltit

beta and Nobel Goup VIII nmetals on alkali- and alkallne eart %exah&ngeuj 7%
L- "zeolites. A preferred enbodi nent of the invention i vpTves——the i
use of a large-pore zeolite catalyst including an alkali or al [

metal and charged with one or. nore Goup VIIl netals. Mst pr
the enbodi nent where such a catal yst ie_%éfq inreformng a na
L _ As noted above, excessively high temperatures

can occur in the catalyst bede—when exothermic
demethanation reactions withih cokeballs cause
localized hot regions. These hot spate also pose a
problem in conventienal reforming reacﬁer.systeme (as
well as other areas of cﬁeﬁical and petfochemical
processing}.

For example, the centef.plpe screens of
reformers have been ohserved to locally waste away
and develop holes; ultzmately resultlng in catalyst
migration. In conventional reforming processes the
temperatures within cokeballs during formation and
burning are apparently high enough to_overcome“the
ability of procese sulfur to poison coking,
carburization, and dusting. fhe metal screens,
therefore, carburize and are_ﬁofe sensitive to
wasting by intergranular oxidation (a ﬁfpe of
corrosion) during regeneration. The screen openings

enlarge and holes develop.

Thus, the teachings of the present invention are
applicable to conventional reformlng, as well as
other areas of chemical and petrochemical processzng.
For example, the aforementioned platings, claddings

and coatings can be used in the preparation of center



zeolite having an effective pore dianeter of 6 to 15 Angstrons
| arge pore crystalline zeolites which are useful in the presen
include the type L zeolite, zeolite X, zeolite Y and faujasitsg.
apparent pore sizes on the order to 7 to 9 Angstrons. Most gr

the zeolite is a type L zeolite. The conposition of tyge
expressed in ' - 43 -

- 59 - The term "l arge-pore zeolite" is indicative generg
t
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pipe screens to avoid excessive hole development and

catalyst migration. In addition, the'teachings can

be applied to any furnace tubes which are subjected

to carburization, coking and metal dusting, such as

furnace tubes in coker furnaces.

In addition, since the techniques described

herein can be used to control carburization, coking,

and metal dusting at excessively high temperatures

they can be used in cracking furnaces operating at

’

from about 1400° to about 1700°F. For example, the

‘deterioration of steel occurring in cracking furnaces

operating at those temperatures can be controlled by

application of various metal coatings. These metal

coatings can be applied by melting, electroplating,

and painting. Painting is particularly preferred.

For example, a coating of antimony applied to
iron bearing steels protects these steels from -

carburization, coking and metal dusting under the

described cracking conditions. In fact, an antimony

paint applied to iron bearing steels will provide

protection against carburization,_coking, and metal

dusting at 1600°F.



terms of nole ratios of oxides, nmay be represented by the foll hgﬁﬂﬂmiﬂw1sngﬂ
f or mul a: T

(O 9- 1. 3)|\/[err]/[err]OAL[err]qerr](S 2-6.9)Sigerr]:yHerr]O Ing,aeJA\”gg?
above fornula Mrepresents a cation, n represents the val enceloff M and y
may be any value fromO to about 9. Zeolite L, its X-ray difffac
pattern, its properties, and nethod for its preparatlon are described in
detail in, for exanple, U.S. Patent Ne.48, 6216, 789, the contents of |
S hereby i ncorporated by reference. The actual formula may vary w t hout
changing the cryst al Ai ARa%iRq Q% RESULY, apRAARE B0 KA &1t 0 of silicon

to alumnum (Si {téle QYi/oy are/e fgr.O,mI:l‘TCQ)N%B goé) can prctect those

steels against carburization, coking, and metal

dusting under cracking conditions. This has been

demonstrated at temperatures of - up to 1600°F,

Bismuth coatings may,also bg.applied to irdn‘
bearing steels and provide p:gtection against
carburization, metal dusting, and coking uhder
cracking conditions. Also, a metal coating
comprising a combination qf bismuth, antimony, and/or

tin can be used.

Looking again to low-sulfur reforming, other
techniques can also be used to address the problem
discovered according to the present invention. They
can be used in conjunction wi;h an appropriate
material selection for the reactor system, or they
can be used glone.- Preferred from among the___
additional techniques is the addition of non-sulfur,'
anti-carburizing and anti-coking agent(s) during the
reforming process. These agents can be added
continuously during processing and tunction to |
interact with those surfaces of the reactor system
which contact'the hydrocarbons, or“they may be |

applied as a pretreatment to the reactor systemn.



The chem cal fornula for zeolite Y expressed in terns of nnlgrﬁav(p§g

el

*T SHEET

oxides may be witten as: mwuﬂ;“‘

(0.7-1.1)Na[errJ]CG Al [err]err]: xSigerr]:YHerr]O In the fornula
X is a value greater than 3 and up to about 6. y may be a v I Ub’ﬂﬁ‘WQ7
about 9. Zeolite Y has a characteristic X-ray powder diffr on_pattern

whi ch may be enployed with the above formula for identific t|on Zeol Tt

is - 45 =

While not wishing to bound by theory it is
believed that these agents interact with the surfaces
of the reactor system by deéomposition and surface
attack to form iron and/or nickel int&rme;a;lic o
compounds, such as stannides, éntimonides,_
bismuthides, plumbides, arsenides, etc. Such
intermetallic compounds are resistant to
carburization, coking and dusting and can protect the

underlfinq metallurgy.

The intermetallic compounds are also believed to
be more stable thanvthe'metalmsu;;;dgs;gpiqh_yg;e
formed in systems where H,S was used to passivate the
metal. These compounds are not reduced by hydrogen
as are metal sulfides. As a result, they are less
likely to leave the system than metal sulfides.
Therefore, the continuous addition of a carburization

inhibitor with the feed can be minimized.

Preferred non-sulfur anti-carburizing and anti-’
coking agents include organo-metallic compounds such
as organo-tin compounds, organo-antimony compounds,
organo-bismuth compounds, organo-arsenic compounds,
and organo-lead compounds. Suitable organo-lead

compounds include tetraethyl and tetramethyl lead.’



described in nore detail in U S Patent No. 3,130, 007 thé conte

f _which
I s .hereby incorporated by reference. Zeolite Xis a syd@ﬁ@%@g?é:ETaggf
crystalline zeolitic nolecular sieve which may be represent ed [pythe~iiirl Wis
formul a: (0.7-1.1)Merr]OA [err]derr]:(2.0-3.0) 7]
Sigerr]:yHerr]O In the above fornula, Mrepresents a netal, 814 JAN 1997

particularly alkali and_ al kaline earth netals, nis the val enge
y may have any value up to about 8 dependithg on the identity

degree of hydration of the Cé¥gtalline zeol i-t e. eolitg,x, é
di ffraction pattePFganeitigy GoupPrBRds spgh as tetrabutyl tin an

trimethyl tin hydride are especially preferréd.

and

Additional séeéific drgahé-metallic compounds
include bismﬁth heodecanoate, chromium octcate,
copper naphthenate, manganese carboxylate, palladium
neodecanocate, silver necdecanocate,
tetrahutylgermaniuﬁ, tributylantimony,
triphenylantimony, triphenylarsine, and zirconium

octoate.

How and where these agents are added to the
reactor system is not critical, and will primarily
depend on particular process design characteristics.
For example, they can be added continuously or

discontinuously with the feed.

However, adding the agents to the feed is not
preferred as they would tend to accumulate in the
initial portions of the reactor system. This may not
provide adeguate protection in the other areas of the

systenm.

It is preferred that the agents be provided as a
coating prior to construction, prior to start-up, or

in-situ (i.e., in an existing system). If added in-



net hod for

Its preparation are described in detail in US. Pate'.pa

2,882,244 the contents of which is hereby incorporated by referEn
An al kali or alkaline earth netal is preferably present in the
zeolite. That al kaline ' - 61 -

metal may be either barium strontium or

- 47 - B

situ, it should be-done-riqht*after'cataIYSt
regeneration. Very thin coatings can be applied.
For example, it is believed that when using organo-

tin compounds, iron stannide cocatings as thin as 0.1

T T

micron can be effective.

A preferred method of coating the agents on an
existing or new reactor surface, or a new or existing
furnace tube is to decompose an organometallic
compound in a hydrogen atmosphere at temperatures of
about 900°F. For organo-tin compounds, for example,
this produces reactive metallic tin on the tube - -+
surface. At these temperatures the tin will further

react with the surface metal to passivate it.

Optimum cocating temperatures will depend on the

'particular organometallic compound, or the mixtures

of compounds if alloys are desired. Typically, an
excess of the organometallic coating agent can be
pulsed_into the tubes at a'high hydrogen flow rate so
és to carry the coating agent throughout the system
in a mist. The flow rate can then be reduced to
permit the coating metal mist to coat and react with
the furnacé tube or reactor surface. Alternatively,

the compound can be introduced as a vapor which -



calcium preferably barium The alkaline earth metal can be inc
into the zeolite by synthesis, inpregnation or ion exchange. Bar

preferred to the other alkaline earths because it results in a

| ess acidic catalyst. Strong acidity is wundesirable in the cata y t gy TJ'rQ\N 1997

because it pronotes cracking, resulting in |ower selectivity.
enbodi nent, - at | east part of the alkali netal can be exgharged
wi th barium using known techniques for LOQ

anot her

exchange of zeolites| This

i nvol ves contacting the zeolite mﬁth.a,solu?ion contai ni ng excess Ba[erTtj —

ions. In this enb

to 35%

QdiBRBbs b Cand ¥ da#8sS kQehd tRE CSE A Y1 £ IS etk @bkl OM 0. 1%

or reactor in a redpéing atmosphete.

' As &iscussed above,'reformiﬁé.fééctof systems

susceptible to carburization, metal dusting and

coking cah be treated by épplicaﬁiohubf a
decompdsable coating ééntainiﬁg a decomposable
organometallic tin compound to those areas of the
reactor system most suséeptible to carburization.
Such an approach works pﬁfticularly wéli in a -

temperature controlled furnace.

HoﬁéQer} suéh ééntfdl ié'not dlwayé'prégént.
There are "hot spots“-which dévelo§ in the reactor
system, particularly ih the furnace tdbes, where the
organometallic.compbund can.decompose and.fofm
deposits. Therefore, another aspect of thé invention
is a process which avoids such deposition in
reforming reactor systems where temperatures afe not
closely céntrolled and.exhibit areas of high |

temperature hot spots.

Such a process involves preheating the entire
reactor system to a temperature of from 750 to 1150,
preferably 900 to 1100, and mbsf'preferably about

1050°F, with a hot stream of hydrogen gas. After



by wei ght of the zeolite. The | arge-pore zeolitic catal&§$§ Aﬁﬁﬂ .
the invention are charged with one or nore Goup VIII netals, é“L¢;;mmmmjh
ni ckel, ruthenium rhodium palladium iridiumor platinum Th referred
Group VIIl netals are iridiumand particularly platinum These| af e®idndhl 97
selective with regard to dehydrocyclization and are also nore |stlabl e under

t he dehydrocyclization reaction conditions than other Goup VIl netals. TT
- 49 - .

preheating, a colder gas stream at a temperature of
400 to 800, preferably 500 to 700, and most
preferably about 550°F, containing a vaporized
organometallic tin .compound and hydrogen gas is
introduced into the preheated reactor system. This
gas mixture is introduced upstream and can provide a
decomposition "wave"” which travels throughout the

entire reactor system.

Essentially this procesé works because the hot
hydrocgen gas produces a uniformly heated surface
which will decompose the colder .organometallic gas as
it travels as a wave throughout the reactor systen.
The colder gas containing the organometailic tin
compound will decompose on the hot surface and coat
the surface. The organometallic tin vapor will.
continue to move as a wave to treat the hotter
surfaces downstream in the reactor system. Thereby,
the entire reactor system can have a uniform coating
of the organcmetallic tin compound. It may also be
desirable to conduct several of these hot-cold
temperature cycles to ensure that the entire reactor
system has been uniformly coated with the

organometallic tin compound.



_ 62 - used, the preferred weight percentage of platinumin P&he%patah

I s between 0.1% and 5% Goup VIII netals are introd c7ﬁ~-nb©w;;m-m_

Farge-pore zeolites by synthesis, i npregnation or exchange ifn ueous
solution of appropriate salt. Wien it is desired to introdu e]tmd4 Sup97

VII'l netals into the zeolite, .the operation may be carried pu
si mul taneously or sequentially. To obtain a nore conplete
under st andi ng of the - s0 -

In operatlon of the reformzng ;eactor system
according to the present lnventlon,'naphtha w;ll be
reformed to form aromatlcs. The naphtha feed is a
light hydrécarboh, preféraﬁi&nﬁéiliﬁé in the fange of
about 70°F to 450°F, more preferably about 100 to
350°F. The naphtha feed will contain aliphatic or
paraffinic hydroéafbons. These aiiphétics afe
converted, at least in part, to aromatics ih the

reforming reaction zone.

In the "low-sulfur" system of the 1nvent10n, the
feed will preferably contaxn less than 100 ppb o
sulfur, and more preferably, less than 50 ppb sulfur.
If necessary, a sulfur sorber unit can be employed to

remove small excesses of sulfur.

Preferred reforming process conditions include a
temperature between 700 and 1050°F, more preferably
between 850 and 1025°F; and a pressure betwegn 0 and
400 psig, more preferably between 15-and 150 psig; a’
recyéle hydrogen'fate sufficient tolyield a hydrogen
to hydrocarbon mole ratio fdr the feed t6 the
reforming reaction zone between 0.1.and 20, more
preferably between 0.5 and 10; and a 1iquid.hourly

space velocity for the hydrocarbon feed over the



present invention, the follow ng exanples illustrating cert cist off
the invention are set forth. It should be understood, home\eg, that the

invention is not limited in any way to the specific detailsg get?i4dtihion7
t herein. EXAVPLE 1 Tests yefe run to
denonstrate the eff.ect of sulfur and water on carburizatiop in reformyg
reactors. In these tests, eight inch long, 1/4 inchtoautsjde

di anet er copper tubes were used as a reactogltg study the carburization
and enbrittlenent of 347 stainless

reforming catalyst of between 0.1 and 10 more

preferably between 0.5 and 5.

To achieve the suitable reformer temperatures,
it is often necessary to heat the furnace tubes to
high temperatures. These temperatures can often
range from 600 to 1800°F, usually from 850 and

1250°F, and more often from 900 and 1200°F.

As noted above, the problems of carburization,
coking and metal dusting in 1ow-su1fur systems have
been found to associated w1th exce331ve1y high,
localized process temperatures of the reactor system,
and are particularly acute in the furnace tubes of
the system where particularly high temperatures are
characteristic. In conventional reforminq techniques
where high levels of sulfur are present, furnace tube
skin temperatures of up to 1175°F at end of run are
typical. Yet, excessive carburization, cokihg and
metal dusting was not observed. 1In lowfsuifur
systems, however, it has been discovered that
excessive and rapid carburization,'coking and metal
dusting occurred with CrMo steels at temperatures
above 950°F, and stainless steels at temperatures

above 1025°F.



steel wires. Three of these stainless steel wires

mai ntai ned at 50 psig. Hexane was introduced into the reacto

63 - having a dianeter of 0.035 inches were inserted into ESH. 3
while a four inch section of the tube was nmintained at a un|f - '
tenperature of 1250[err]F by a furnace. The pressure of the pypt gm '31997 }

of 25 microliters/mn. (1.5 m/hr) wth-as2hydrogen rate of
cc/mn. (ratio of Herr] to HC

Accordingly, another aspect of the invention

to lower the temperatures_qf the metal surfaces

inside the furnace tubes, transfer-lines and/or

reactors of the reforming system below the

aforementioned levels. For example, temperatures can

be monitored_ﬁsing thermocouples attached at various

locations in the reactor system. 1In the case of

furnace tubes, thermocouples can be attached to the

outer walls thereof, preferably at the hottest point

of the furnace (usually near the furnace outlet).

When nécessary, adjustments in process operation can

be made to maintain the teyperatu;es?at,desired

levels.

There are other techniques for reducing exposure

of system surfaces to undesirably high temperatures

as well. For example, heat transfer areas can be

used with resistant (and usually more costly) tubing

in the final stage where temperatures are usually the

highest.

In addition, superheated hydrogen can be

added

between reactors of the reforming system. . Also, a

larger catalyst charge can be used. And, the .

catalyst can be regenerated more frequently.

case of catalyst regeneration, it is best

In the



being 5:1). Methane in the product effluent was neasured to
exi stence of exotherm c nethane reactions. A contro
usi ng essentially pure hexane containing |ess than 0.2 ppm syl ffur= ' o
tube was found to be conpletely filled with carbon after onljy trqge

hours. This not only stopped the flaw of the hydrogen and hexane ' A&ﬂ'ﬁ97
the gromh of carbon actually split the tube and produced a pu Ln_the
reactor. Methane in the product” effl uent-wss - approachi ng 60-80 wt % before

pl uggi ng.

accomplished using a moving bed ‘process where the
catalyst is withdrawn from the final bed,
regenerated, and charged to the first -bed.

Carburization and metal dusting can Slso be
minimized in the low-sulfur reforming reactor system
of the invention by using certain other novel
equipment ccnfigurations“and process conditions. For
example, the reactor system can be constructed with
staged heaters and/or tubes. In other words, .the
heaters or tubes which are subjected to_the most
extreme temperature conditions in the reactor system
can be constructed of materials more resistant to
carburization than materials conventionally used in
the construction of reforming reactor systems;
materials such as those described above. Heaters. or
tubes which are not subjected to extreme temperatures
can continue to be constructed of conventional

materials.

By using such a ‘staged design in the reactor
system, it is possible to reduce the overall cost of
the system (since carburization resistant materials
are generally more expensive than conventional
materials) while still providing a reactor system

which is sufficiently resistant to carburization and



Anot her run was conducted using essentially the same condition
that 10 ppm sul fur was added. The run continued for 50 hours bgf
shut down to examine the wires. No increase in nmethane was noge @HFWQQ‘W97
the run. It remai ned steady at about 16 wt % due to thernmal crgcki 3
coke plugs . - 64 - were foun
carburization of the steel wires was obsgrved.

metal dusting under low-sulfur reforming conditions.
Additionally, this should facilitate the retrofitting

~ of existing reforming reactor systems to render them
carburization and metal dusting resistant under low-
sulfur operating conditions; since a smaller portion
of the reactor system would need replacement or

modification with a staged design.

The reactor system can also be operated using at
least two temperature zones; at least one of higher
and one of lower temperature. This approach is based
on the observation that metal dnsting:has a
temperature maximum and minimum, above and below
which dusting is minimiged. Therefore, by "higher"
temperatures, it is meant that the temperatures are
higher than those conventionally used in reforming
reactor systems and higher than the temperature
maximum for dusting. By “"lower" temperatures it is
meant that the temperature is at or about the
temperatures which reformiﬂé processes are
conventionally conducted, and falls below that in

which dusting becomes a problen.

Operation of portions of the reactor system in
different temperature zones should reduce metal

dusting as less of the reactor system is at a



Anot her identical run was made except that only 1 ppm sulfur Fm}4ukkiL4J£L____
tines lower than the previous run). This run exhibited little BEPM@@E@E%ﬁ‘SHEE]
-...,W, N

L
formati on or plugging after 48 hours. An exam nation of the §t Rt
showed a small ampbunt of surface carbon, but no ribbons of cafbpn
Anot her run was conducted except that 1000 ppm water (0.1% whs agﬁ%ﬁANdW97
the hexane as nmethanol. No sulfur was added. The run |asted fpri-le hours ]
and no plugs occurred in the reactor. Howsver, upon splitting the tube it

was di scovered that about 50 percent of the tube was filled wtTh carben-
But the temperature conducive for metal dusting. Alse, other

advantages of such a design include improved heat
transfer efficiencies and the ability to reduce
equipment size because of the operatfon.of portions
of the system at higher temperatures. '"However,
operating portions of the reactor system at levels
below and above that conducive for metal dusting
would only minimize, not completely avoid, the
temperature range at which metal dusting occurs.

This is unavoidable because of temperature
fluctuations which will occur during day to day
operation of the reforming reactor system;
particularly fiuctuations during shut-down and start-
up of the system, temperature fluctuations during
cycling, and temperature fluctuations which will
occur as the process fluids are heated in the reactor

system.

Another approach to minimizing metal dusting
relates to providing heat to the system using
superheated raw materials (such as e.g., hydrogen),
thereby minimizing the need to heat the hydrocarbons

through furnace walls.

Yet another process design approach involves

providing a pre-existing reforming reactor systenm



carbon buil dup was not nearly as severe as with the control r ID] AT
EXAMPLE 2 Tests were conducted to determne suitable m 'éﬁﬁé HENT
use in lowsulfur reformng reactor systens; materials which | d exhi Bi~
better resistance to carburization than the mld steels conventi®dalAN 1597
used in lowsulfur reform ng techniques.

- 56 -

with larger tube diametersﬁandlorwhigher-fube :
velocities. Using larger tube diameters and/or
higher tube velocities will minimize the exposure of
the heating surfaces in the reactor -system to the

hydrocarbons. - - - e

As noted above, catalytic reforming is well -
known in the petroleum industry and involves the
treatment of naphtha fractions to improve octane
rating by the préducticn of aromatics. The more
important hydrocarbon reactions which.occur during
the reforming operation include the dehydrogenation
of cyclohexanes to aromatics, dehydroisome;izationmof
alkycyclopentanes to aromatics, and-
dehydrocyclization of acyclic hydrocarbons to
aromatics. In addition, a number of other reactions
also occur, including the dealkylation of
alkylbenzenes, isomerization of paraffins, and
hydrocracking rgactions which produce light gaseous
hydrocarbons, e.g., methane, ethane, propane and
butane, which hydrocracking reactions should be
ninimized during reforming as they decrease the yield
of gasoline boiling products and hydrogen. Thus,.
"reforming" as used herein refers to the treatment of
a hydrocarbon feed through the -use of one or more

aromatics producing reactions in order to provide an



- 65 - In these tests there was used an apparatus incl udi
Li ndberg al um na tube furnace with tenperatures controlled to
degree with a thernocouple placed on the exterior of the tube
heat ed zone. The furnace tube had an internal dianmeter of 5/8
Several runs were conducted <at an applied tenperature of 1200
a thernocouple suspended within the hot zone ([err]2 inches) fof the
The internal thernocouple constantly me83ured tenperatures fr

10[err]F lower than the external thernocauple.
[ ] aromatics enrféhed product (g?e.,=a product: whose

aromatics content is greater than ‘in the feed).

While the present invention is directed
primarily to catalytic reforming, -it will be: useful
generally in the production of aromatic hydrocarbons
from various hydrocarbon feedstocks under conditions
of low sulfur. That is, while catalytic reforming
typically refers to the conversion of naphthas, other _
feedstocks can be treated as well to provide an
aromatics enriched product. Therefore, while the
conversion of naphthas is a preferred-embodiment, -the
present invention can be useful for the conversion or.
aromatization of a variety of feedstocks such as
paraffin hydrocarbons, oclefin hydrocarbons, acetylene
hydrocarbons, cyclic paraffin hydrocarbons, cyeclic
olefin hydrocarbons, and mixtures thereof, and

particularly saturated hydrocarbons.

Examples of paraffin hydrocarbons are those
having 6 to 10 carbons such as n-hexane,
methylpentane, n-~haptane, methylhexane,
dimethylpentane and n-octane. Examples of acetylene
hydrocarbons are those having 6 to 10 carbon atoms
such as hexyne, heptyne and octyne. Examples of

acyclic paraffin hydrocarbons are. those having 6 to



Samples of mld steels (C steel and 2 1/4 C) and sanples of
stainless steels were tested at 1100[err]F, 1150[err]F and 12 BEELEO -
twenty-four hours, and 1100[err]F for ninety hours, under confdi}fions which
sinmul ate the exposure of the materials under conditions of |0 uBLBAN BT
reform ng. The sanples of various materials were placed in an} open quartz
boat w thin the hot zone of the furnace_tagpe. The boats werel one~TTTh
long and 1/2 inch wide and fit well wthin the two-inch hot Zzgone of the
tube. The boats ygr&a Ad@iems! Sueh! EQ%QEB%ﬁﬁcydl%ean"aneaCh pl acement and
renoval. No internal thernocouple was used en

cyclohexane, methylcyclochexane and

dimethylcyclohexane. Typical'examples of cyclic
olefin hydrocarbons are those having 6 to 10 carbon
atoms such as methy1¢yclopentqne, cyclohexene,

methylcyclohexene, and dimethylcyclohexene.

The present invention will also be useful for
reforming under low-sulfur conditions using a variety
of different reforming catalysts. Such catalyst
include, but are not limited to Noble Group VIII
metals on refractory inorganic oxides such as -
platinum on alumina, Pt/SN on. alumina and Pt/Re on
alumina; Noble Group VIII metals on a zeolite such as
Pt, Pt/SN and Pt/Re on zeolites such as L-zeolites,
28M~5, silicalite-gnd beta; and Nobel Group VIII
metals on alkali- and alkaline-earth exchanged. L~

zeolites.

A preferred embodiment of the invention invglvéé
the use of a large-pore zeolite catalyst includiﬁg'an
alkali or alkaline earth metal and charged with one
or more Group VIII metals. Most preferred .is the
embodiment where such a catalyst is used in reforming

a naphtha feed.



the boats were placed inside the tube. B —— e
66 - Prior to start up the tube was flushed with nitrogéRﬁPbAC@ﬁ@ﬁ@ﬁﬁEE

ninutes. A carburizing gas of a conmercially bottled mxture ¢f 7Y% Propamne-—
in hydrogen was bubbled through a liter flask of toluene at 00MEIL JAN 1997
tenperature in order entrain about .1%toluene in the feed gas|nix. %}m
fLoms of 25 to 30 cc/mn., and atnospheric pressure, were naihtared—na

t he ' - 59 = ;

The term "large-pore zeolite" is indicative
generally of a zeolite having an effective pore
diameter of 6 to 15 Angstroms. Preferable large pore
crystalline zeolites which are useful in the present
invention include the type L zeolite, zeolite X,
zeolite Y and faujasite. These have apparent pore..
sizes on the order to 7 to 9 Angstroms. Most

preferably the zeolite is a type L zeolite.

The composition of type L zeolite expressed iﬁ
terms of mole ratios of oxides, may be represented by
- the following formula: |
(0.9-1.3)M,/,0:AL,0,(5.2-6.9) 5i0,: YH,0
In the above formula M represents a cation, n
represents the valence Sf M, and ¥ ﬁay be any value
from 0 to about 9. Zeolite L, its X-ray diffraction
pattern, its properties, and method for its
preparation are described in detail in, for example,
U.S. Patent No. 3,216,789, the contents of which is
hereby incorporated by reference. The actual formula
may vary without changing the crystalline structure.
For example, the mole ratio of silicon to aluminum

(Si/Al) may vary from 1.0 to 3.5.

The chemical formula for zeolite Y expressed in

terms of mole ratios of oxides may be written as:



apparatus. The sanples were brought to operating tenperatures ﬂ%~@irnfe of
l44[ err] F/ m n. After exposing the materials to the carburﬂiﬁﬁ@iﬁﬁﬁ
for the desired period at the desired tenperature, the apparatys was—-——-
guenched with an air streamapplied to the exterior of the tubd. Vh@?\hﬂf .
apparatus was sufficiently coel, the hydrocarbon gas was swept |oyt " %97
nitrogen and the boat was renoved for imsg@ction and anal ysis.

Prior to start up the test materials were cut to a size and shape suitable
for ready-visual identificatibf:77¥+ONuRjA Oet¥RLAEHO, such as

In the above formula, x is a value greater than 3 and

T

up to about 6. y may be a value up to about 9.
Zeolite Y has'a characterisﬁié X-ray powder
diffraction pattern which may be_employed with the
above formula for identification;“ieolite Y is |
described in more detail in U}S.Patent No. 3,136,007
the contents of which is hereby incérporéted by

reference.

2eclite X is a synthetic crystalline zeolitic
molecular sieve which may be repres;nted by the
formula: | N

(0.7'-1.1)14,,,0:A1,6,: (2.0-3 .oﬂ) sio,:yH,0

In the above formula, M represents a metal,
particularly alkali and alkaline earth metals, n is
the valence of M, and y may have any value up té
about 8 depending on the identity of M and the degree
of hydration of the crystalline zeolite. Zeo;ite X,
its x-ray diffraction pattern, its pgoperties, and
methed for its preparation are described in detail in

U.S. Patent No. 2,882,244 the contents of which is

hereby incorporated by reference.

An alkali or alkaline earth metal is preferably

present in the large-pore zeolite. That alkaline



cl eaning or roasting, the sanples were wei ghed. Mst sanples werge-less

than 300 ng. Typically, each run was conducted with three to flvﬁxyamﬁTeG§n
in a boat. A sanple of 347 stainless steel was present with each -~

an internal standard. - 67 - After
conpl etion of each run the condition of the boat and each materija | & JAN 1997

careful |y noted.

- 61 -

earth metal may be elther barium, strontlum or
calcium, preferably.barxum. The alkallne earth metal
can be incorporated into the zeoclite by synthesis,
1mpregnation or ion exchange. Barlum is preferred te
the other alkaline earths because zt results in a
somewhat less acidic cetalystt Strong acidity is
undesirable in the catalyst beceuse it promotes

cracking, resulting in lower selectivity.

In another embodxment, b least part of the :
alkali metal can be exchanged with bar1um using known
techniques for ion exchange of zeclites. This
involves contacting the zeolite with ; soiution
containing excess Ba**ions. In this embodiment the
barium should preferably constitute from 0.1% to 35%

by weight of the zeolite.

The large-pore zeolitic catalysts used in the
invention are charged with one or more Group VIII
metals, e.g., nickel, ruthenium, rhodium, palladium,
iridium or platinum. The-preferred Group ViiI metals
are iridium and particularly platinum. These are
more selective with regard to dehydrocyclization and
are also more stable under the dehydrocyclization

reaction conditions than other Group VIII metals. If



A T
Typically the boat was photographed. Then, each naterial was mweighed-t-6--
determ ne changes while taking care to keep any coke deposits 'ta t _
appropriate substrate material. The sanples were then nmounted in éﬁ‘@@%g%w
resin, ground and polished in preparation for petrographic arnd annj ng

el ectron mcroscopy analysis to determ ne the coking, nmetal {dusting and
carburization responses of each material. By necessity;—the -
residence tinme of the carburizing gas’hf@d'in these tests were

consi derably higher N b8 LYPLSal AR, ' ragi dhus s it is

bel i eved that the e%pté:?l% %tgé%ﬂc%ﬁgﬁl ons rfegfihﬁggg ggegﬁarr%#ﬁé\;‘ere t han
comrer ci al condigiéHatalyst is between 0.1% and 5%.

Group VIII metals are introduced-into large-pore
zeolites by synthesis, impregnation or exchange in an
agueous solution of appropriate salt. When it is
desired to introduce two Gréup VIII metals into the
zeolite, the operation may be carried out

simultaneously or sequentially.

To obtain a more complete understanding of the
present invention, the following examples
illustrating certain aspects of the invention are set
forth. It should be understood, however, that the
invention is not limited in any way to the specific

details set forth therein.

EXAMPLE 1
Tests were run. to demonstrate the effect of
sulfur and water on carburization in reforming -

reactors.

In these tests, eight inch long, % inch outside
diameter copper tubes were used as a reactor to study
the carburization and embrittlement of 347 stainless

steel wires. Three of these stainless steel wires



o —y

Sone of the materials which failed in these tests may actual | REBgs
al

commercially reliable. Nevertheless, the test provides a reli e
i ndi cation of the relative resistances of the materials to cpkin ,
carburization and netal dusting. LAY %97
68 - The results .are set forth in the Tabl e bel ow

Tabl e* W. %C LGai n

Dusti ng Conposi tion - 63 -

having a diameter of 0.035 inches were inserted inte
the tube, while a four inch section of the tube was
maintained at a uniform temperature of 1250°F by a
furnace. The pressure of the system was maintained
at 50 psig. Hexane was introducgg into the reactor
at a rate of 25 microliters/min..fl.s ml/hr) wiﬁgm;
hydrogen rate of about 25 cc/min. (ratio of H, to HC
being 5:1). Methane in the product effluent was
measured to determine the existence of exothermic

methané reactions.

A control run was made using essentially pure
hexane containing less than 0.2 ppm sulfur. The tube
was found to be completely filled with carbon after
only three hours. This not onlx stopped thé flow of
the hydrogen and hexane feeds, the growth of carbon'
actually split the tube and produced a bulge in the
reactor. Methane in the product effluent was

approaching 60-80 wt$ before plugging.

Another run was conducted using essentially the
same conditions except that 10 ppm sulfur was added.
The run continued for 50 hours before it was shut
down to examine the wires. No increase in methane
was noted during the run. It remained steady at

about 16 wtt due to thermal cracking. No coke plugs



1200F; 24 hours C Steel 86 Sevefe

61 Severe 304 little No

10 Ni 347 little No 18

1150[ err]F; 24 hours C Steel 63 Sevger

1/4 O 80 Severe 304

347 1 No 1100[err]Fg, 24 hours C Steel
Trace, localized 2 1/4 O -0 No

0 No were ¥bund and no carbufization ofNeéheldB@berwiFes 90 hours
C Steel 52 Severe 214 C - 62

Severe 30das observed. 5 No 347 1
No * 15% Cerr]Herr] + 50% Cerr]Herr] + Herr] (by

wei ght) '

Ancther identical run was made except that only
1l ppm sulfu: was added (10 times lower than the
previous run).  This run exhibited little methane
formation or plugging after 48 hours. An examination
of the steel wires showed a small amount 6f surface

carbon, but no ribbons of carbon.

Another run was conducted except that 1000 ppm
water (0.1%) was added to the hexane as methanol. No
sulfur was added. The run lasted for 16 hours and no
plugs occurred in the reactor. However,~ upon
splitting the tube it was discovered that about 50
percent of the tube was filled with carbon. But the
carbon buildup was not nearly as severe as with the

control run.

EXAMPLE 2

Tests were conducted to determine suitable
materials for use in low-sulfur reforming reactor
systems; materials which would exhibit better
resistance to carburization than the mild steelé
conventionally used in low-sulfur reforming

techniques.



O course, the above results are qualitative and depend o

mor. phol ogy, i.e., microscopic roughness of the netals. Th Rﬁﬁiﬁ@ﬁ”p}g or
wei ght gain is i ndi cative of surface coking which is autoga Tiiwﬁﬁﬁg
EXAVPLE 3 The sane techni ques used above were used &g i%

to screen a wide assortnment of materials at a t enper at ur f 14 JAN 1597
1200[err]F for 16 hours. The results are :

Attorney's Docket No. 005950-314 - §5 =

In these tests there was used an apparatus
including a Lindberg alumina tube furnace with
temperatures controlled to within one degree with a
thermocouple placed on the exterior of the tube in
the heated zone. The furnace tiibe had an iﬁternal
diaméter of 5/8 inches. Several runs were conducted
at an applied temperature of 1200°F ﬁsing a
thermocouple suspended within the hot zone (=2
inches) of the tube. The internal thermocouple
constantly measured temperatures from 0 to 10°F lower

than the external thermocouple.

Samples of mild steels (C steel and 2% Cr) and
samples of 300 series stainless steels were tested at
1100°F, 1150°F and 1200°F for twenty-four hours, and
1100°F for ninety hours, under conditions which
simulate the exposure of the materials under
conditions of low-sulfur reforming. The samples of
various materials were placed in an open quartz boat
within the hot zone of the furnace tube. The boats
were one inch long and % inch wide and fit well
within the two-inch hot zone of the tube. The boats
were attached to silica glass rods for each placement
and removal. No internal. thermocouple was used when

the boats were placed inside the tube.



- 69-- : set forth below. Each group represents a side

copparison in a single boat under identical . condi ti onps.

TABLE (1) W. %C

Dusti ng Composition Goup | Inconel 600

Severe 15 C& 75 N 347 oxid. (2) 21

Moder at e 347 Fresh 4 No

Ni  Goup Il Inconel 600 | 2066 - Sever e

Cr 75 N 310 . .8 e M ) . 25 O 20
Ni Incol oy 800 Prior to sfart up the tyRe yas e“i“s“e“ 3o 32 NI 347
1

Tracﬁitrogen for a few minutes. A carburizing gas of a
commercially bottled mixture of 7% propane in
hydrogen was bubbled through a liter—flask.of toluene
at room temperature in order entrain about 1% toluene
in the feed gas mix. Gas flows of 25 to 30 cc/min.,
and atmospheric pressure, were maintained in the
apparatus. The samples were brought to operating

temperatures at a rate of 144°F/min. ~

After exposing the materials tg the carburizing
gas for the desired period at the desired =
temperature, the apparatus was quenched with an air.
stream applied to the exterior of the tube. When the
apparatus was sufficienély coocl, the hydrocarbon gas
was swept out with nitrogen and the boat was removed

for inspection and analysis.

Prior to start up the test materials were cut to
a2 size and shape suitable for ready-visual
identification. After any pretreatment, such as -
cleaning or roasting, the samples were weighed.'-uost
samples were less than 300 ng. Typically, each run
was conducted with three to five samples in a'boat;
A sample of 347 stainless steel wés'present with each

run as an internal standard.



Goup Il Incoloy 825 - <1 Moder at e

2 MIld 22 C 64 N Al oni zed 347 £ IPLALCTT

Trace 347 <1 Trace Group |V N—tPtH

656 Sever e 100 Ni Cu (Pure) .

No 100 Cu Sn (Fused) “HogAle%? |
Sn Tin Can 0 No Sn + C Stdel

(1) 15% Cerr]Herr] + 50% Cerr]Herr] + Fﬂerr] (By W.)
(2) Roasted in air 2 hours at - - 1000[err]CTO

thin Agggékééﬁﬂiéixon of each run the condition of
the boat and each material was carefully noted.
Typically the boat was photographed. Then, each
material was weighed to determine changes while
taking care to keep any coie deposits with the
appropriate substrate material. The samples were
then mounted in an epoxy resin, ground and polished
in preparation for petrographic and scanning electron
microscopy analysis to détermine the coking, metal

dusting and carburization responses of each material.

By necessity, the residence time of the
carburizing gas used in these tests were considerably
higher than in typical commercial operation. Thus,
it is believed that the experimental conditions may
have been more severe than commercial conditions.
Some of the materials which failed in these tests may
actually be commercially reliable. Nevertheless, the
test provides a reliable indication of the relative
resistances of the materials to coking, carburization

and metal dusting.



- 70 -

tested, again using

ot herw se).

carburization apparatus at

EXAMPLE 4 Addi ti onal materi
the techni ques described in Exanple 2 (un
Sanpl es of 446 stainless steel and 347 sta
were placed in a sanple boat and tested simnultaneously in the
1100[err]F for a total of two weekp.

stainless steel had a thin coating of €o&&,-but no other aItELaLLQH_ﬂﬁi______

det ected. The 347 stainl ess steel,

1200°F;

1150°F;

1100°F;

1100°F;

on

The results are set forth in the Table below.

24 hours
C Steel
2% cr
304

347

24 hours
C Steel
2% Cr
304

347

24 hours

C Steel Trace
2% cr

304

347

90 hours
C Steel
2% Cr
304

347

Tablex*
Wwt. $ C
Gain ustin Composition
86 Severe
61 Severe
little No ) 18 Cr 10 Ni
little No 18 Cr 10 Ni
63 Severe
80 Severe
1l No
1l No
Trace, localized
o} No
0 No
0 No
52 Severe
62 Severe
5 No
1l No

* 15% CH; + 50% C,H, + H, (by weight)

Of course, the above results are gualitative and

depend on surface morphology, i.e., microscopic

roughness of the metals. The carbon weight gain is

indicative of surface coking which is autocatalytic.

EXAMPLE 3

The same techniques used above were used again

to screen a wide assortment of materials at a

temperature of 1200°F for 16 hours. The results are

Attorney’s Docket No. 005950-314



t he ot her hand, had nassive |ocalized coke deposits, and pits

an 4
ml|s deep fromwhich coke and netal dust had erupted. i ARG
tested of a carbon steel screen electroplated with tin, silve LS'{LPEEE;

chromium the sanples had coatings of approximtely 0.5 ml. tﬁ@
16- hour carburizati-on screening tests at 1200[err]F, no coke (hgd rf 897
the tin-plated and chrom umplated screggs. Coke formed on t e s
pl at ed and copper-pl ated screens, but only where the platings had peel ed:
U”E! g.t fd R bon 3he@br8A" BEDSw. I UthdH GHcupneepsbyents ha tdmadH
exhibite :

side comparison in a single boat under identical

conditions.
TABLE (1) N
Wt. 8§ C L o
Gain '~ Dusting Composition
Group I
Inconel 600 $7 Severe 15 Cr 75 Ni
347 oxid. (2) 21 Moderate '
347 Fresh , 4 : No 18 Cr 10 Ni
Grou I .
Inconel 600 40 Severe 15 Cr 75 Ni
310 . 8 Mild 25 Cr 20 Ni
Incoloy 800 5 Moderate 21 Cr 32 Ni
347 1 Trace
Group III _ .
Incoloy 825 <1 Moderate o
Haynes 230 2 Mild 22 Cr 64 Ni
Alonized 347 3 Trace
347 _ <1 Trace
Grou v
Ni (Pure) 656 Severe 100 Ni
Cu (Pure) 0 No 100 Cu
Sn (Fused) 0 No
100 Sn

Tin Can 0 No

Sn + C Steel

(1) 15% CH, + 50% CH, + H, (By Wt.)

(2) Roasted in air 2 hours at
1000°C to produce a thin
oxide crust.



severe coking carburization, and nmetal dusting. ——
- (1- Sampl es were tested of a 304 stainless st screen‘RERéhﬁﬁ@nﬁF@f““;w
being el ectroplated with one of tin, silver, copper and chrofi ~Fhe:

sanpl es had coatings with thicknesses of approximately 0.5
16- hour carburization screening tests at 1200[err]F, no cok
any of the plated screens, except |ocal P 6n the copper-pl atfe

EXAMPLE 4

Additional materials were tested, again using

the techniques described in Example 2 (unless stated

otherwise).

Samples of 446 stainless steel and 347 stainless
steel were placed in a sample boat and tested
simultaneously in the carburization apparatus at
1100°F for a total of two weeks. The 446 stainless
steel had a thin coating of coke, but no other

- alteration was detected. The 347 stainless steel, on
the other hand, had massive localized coke deposits,
and pits more than 4 mils deep from which coke and

metal dust had erupted.

Samples were tested of a carbon steel screen
electroplated with tin, silver, copper and chromium.
the samples had coatings of approximately 0.5 mil.
After l6-hour ;arburization screening tests at
1200°F, no coke had formed on the tin-plated and
chromium-plated screens. Coke formed on the siiver-
plated and copper-plated screens, but only where the
platings had peeled. Unplated carbon steel screens
run simultaneously with the plated screens, exhibited

severe coking carburization, and metal dusting.



where the plating had blistered and peeled. Thin coke coatings were
observed on unpl ated sanples of 304 stainless steel run sinmu i

with the plated screens. Sanpl es were tested of a 30§ __:‘hﬂkﬁﬁﬁ‘g_rn
steel screen; each sanple being electroplated with one of t}nfand i
chromium These sanples were tested.along wth a sanple of 4 s@ghﬂggﬁg
steel in a carburization test at 1100[err]F. The sanpl es werje | expos 5?7
five weeks. Each week the sanples were= @doted to roomtenpefqat

observation and phot ographic docunentation. They were then Lg
Samples were tested of a 304 stainless stee

Ty

.n.
-

screen; each sample being electroplated with one of

tin, silver, copper and chromium. The samples had
coatings with thicknesses of approximately 0.5 mil. . -
After 16-~hour carburization screening tests at

1200°F, no coke had formed on any of the plated

screens, except locally on the copper-plated screen

where the plating had blistered and peeled. Thin

coke cdatings were observed on unplated samples of

304 stainless steel run simultaneously with the

_plated screens.

Samples were tested of a 304 stainless steel
screen; each sample being electroplated with one of
tin and chroﬁium. These samples were tested along
with a sample of 446 stainless steel in a
carburization test at 1100°F. The sanmples were
exposed or five weeks. Each week the samples were
cooled to room temperature for observation and
photographic documentation. They were then re~heated
to 1100°F. The tin plated screen was free of coke;
the chromium=-plated screen was also free of coke,
except locally where the chrome plate had peeled; and
the piece of 446 stainless steel was uniformly coated

with coke.



to 1100[err]F. The tin plated screen was free of coke; the
screen was al so free of coke, except locally where the chr
peel ed; and the piece of 446 stainless steel was uniformy/cpated wtfF
coke. - 72 - Sanpi ps| o®l4idANatze
I nconel 600 (75% Ni) and tin-coated (el ectroplated) I|ncondl '
were tested at 1200[err]F for 16 .hours, ;Lhe tin-plated sa

Samp;g;Jg:_uncoated Inconel 600 (75% Ni) and
tin-coatéd (electroplated) Inconel 600 (75% Ni) were
tested at 1200°F for 16 hours. The tin-plated sample
coked and dusted, but not to the extent of the

uncoated samplé.

EXAMPLE 5
The following experiments were conducted to
study the exothermic methanization reaction occurring
during -the formation and burning of cokeballs during
reforming under conditions of low-sulgur. In
addition tin, as an additive to reduce methane

formation was studied.

In low-sulﬁur reforming reactor systems,.coke
deposits containing molten particles of iron have
been found. This formation of molten iron during
reforming at temperatures between 900 and 1200°F is
believed to be due to very exothermic reactions which
occur during reforming. It is believed that the only
way to generate such temperatures is through the
formation of methane which is very exothermic. The
high temperatures are particularly surprising since
reforming is generally endothermic in nature and

~actually tends to cool the reactor system. The high

temperatures may be generated inside the well



coked and dusted, but not to the extent of the uncoated sanpl
EXAMPLE 5 The follow ng experinents were conducted to

burni ng of cokeballs during reform ng under conditions of
addition tin, as an additive to reduce nethane formation was|sju

In lowsul fur reform ng reactor systens, coke deposits cont
particles of iron have been found. This 4ypromation of nolten liron during

insulated cokeballs by diffusion of hydrogen into the
interior catalytic iron dust sites where they
catalyze méthane formation from coke and hydrogen.

In this experiment steel wool was used to study
methane formation in a micro pilot plant. & % inch
stainless steel tube was packed with 0.14 grams of
steel wool and placed into a furnace at 1175°F.
Hexane and hydrogen were passed over the iron and the
exit stream was analyzed for feed and products. The
steel wool was.pretreated in hydrogen for twenty
hours before introduction of the hexane. Then hexane
was introduced into the reactor at a rate of 25
microliters/min. with a hydrogen rate of about 25

cc/min.

Initially, methane formation was low, but
continued to increase as the run progressed; finally
reaching 4.5%. Then, 0.1 cc of tetrabutyl tin
dissolved in 2 cc of hexane was injected into the
purified feed stream ahead of the iron. The methane
formation decreased to about 1% and continued to
remain at 1% for the next three hours. The data is

sunmarized in the Table below.



reform ng at tenperatures between 900 and 1200[err]F is believed to be due
to.very exothermc reactions which occur during reformng. |
that the only way to generate such tenperatures is through t
of nethane which is very exotherm c. The high tenperatures
particularly surprising since reformng is generally endother
and actually tends to cool the reactor sysf{em The high te
be generated inside the well

TABLE

HOURS CH4 ETHANE PROPANE HEXANE
19.2 0.0 0.5 0.3 98.6
20.7 1.06 2.08 1.74 93.4
21.2 2.62 4.55 3.92 85.3
21.5 3.43 4.23 - 2.83 B4.6
21.9 4.45 4.50 4.32 82.0
22 Tetrabutyl Tin Added

22.6 1.16 3.81 4.12 | 86.2
23.0 1.16 3.96 4.24 85.9
23.3 1.0 4.56 3.77 87.5
24.3 0.97 3.60 3.76 _ 87.6
25.3 1.0

4.47 3.57 88.0

From the results above it can be seen that the
addition of tin to the steel wool stops the
acceleration of methane formation, and lowers it to

acceptable levels in the product.

EXAMPLE 6
Additional tests were conducted using tetrabutyl
tin pre-coated steel wool. In particular, as in
Example 5, three injections of 0.1 cc of tetrabutyl
tin dissolved in 2 cc of hexane were injected into a’
% inch stainless steel tube containing 0.15 grams of
- steel wool. The solution was carried over the steel

wool in a hydrogen stream of 900°F.

The hydrocarbon feed was then introduced at

1175°F at a hydrocarbon rate of 25 microliters/min



- 73 - insulated cokeballs by diffusion of hydrogen into the
catalytic iron dust sites where they catalyze nethane fornati ; o
and hydr ogen. In this experinment steel wool was used t ' ) e
met hane formation in a mcro pilot plant. A 1/4 inch stainless $t 84 Japes:-
was packed with 0.14 grans of. steel wool and placed into a fufnace at ’
1175[err] F. Hexane and hydrogen were passed over the iron an
stream was anal yzed for feed and products75The steel wool wa

in hydrogen for twenty hours.before introduction of the hexane.
hexane with a hydrogen rate of about 25 cc/min. The exit

Then

gas was analyzed for methane and remained below 1%
for 24 hours. The reactor was then shut down, and
the reactor tube was split open and examined. Very

little carburization had occurred on the steel wool.

In contrast, a control was run without
tetrabutyl tin pre-treatment. It was run for one day
under the same conditions described above. After 24
hours, ‘no hydrogen or feed could be detected at the
tube exit. The inlet pressure had risen to 300 lbs.
from the original 50 lbs. When the reactor tube was
spiit open and examined, it was found that coke had

completely plugged the tube.

Thus, it can be seen that organo-tin compounds
can prevent carburization of'steel wool under

reforming conditions.

EXAMPLE 7
Another run like the control run of Example 1
was conducted to investigate the effect of
carburization conditions on vapor tin coated
stainless steel wires in a gold plated reactor tube.
The only other differénce from the control run was -

that a higher hydrogen raﬁe of 100 ml/min was used.



was introduced into the reactor at a rate of 25 rﬁcroliters/niﬁgﬁﬁﬁﬂﬁgsﬁy;
hydrogen rate of about 25 cc/mn. Initially, nethane foffmarror-ids:
|l ow, but continued to increase as the run progressed; finally ead"ﬂ,%} .
4.5% Then, 0.1 cc of tetrabutyl tin dissolved in 2 cc of hexane mgsJ=‘ 1997
injected into the purified feed stream ahead of the iron. Th

formati on decreased to about 1% and contitiied to remain at 1% for the nex
three hours. The data is sumarized in the Tabl e bel ow.

The run continued for eight hours with no

.,

plugging or excessive methane formation. When the
tube was split and analyzed,_no plugs or carbon
ribbons were observed. Only one black streak of
carbon appeared on one wire. This wa; probably due

to an improper coating.

This experiment shows that tin can protect
stainless steel from carburization in a manner
similar to sulfur. Unlike sulfur, however, it. does
not have to be continuously injected into the feed.
Sulfur must be continuously injected into the feed to
maintain the partial pressure of hydrogen sulfide in
the system at a sufficient level to maintain a
sulfide surface on thé steel. Any removal of sulfur
from the feedstock will lead to a start of
carburization aft;r sulfur is stripped from the
reactor system. This usually occurs within 10 hours

after cessation of sulfur.

While the invention has been described above in
terms of preferred embodiments, it is to be
understood that variations and médifications may be
used as will.be appreciated by those skilled in the
art. For example, portions of steel in the reactor

system can be coated with niobium, zirconium, silica



- 74 - TABLE HOURS

PROPANE : HEXANE 19. 2 0.0 0.5

98.6 20.7 1. 06 2.08 1.74

2.62 4.55 3.92 85.3 21.5

4.23 3.83 84.6 21.9 4. 45

4.32 82.0 22 Tetrabutyl Ti

1.16 3.81 4.12 - 7786.2 23.0

3.96 4.24 85.9 23.3 1.0 )
3.77 87cerami s, tungstep,9fr chromiwyn dehromizing), 3.76
87.6 25.3 1.0 4. 47 3.57 88.0

although these technigues could be excessively
difficult to do or use, or prohibitively expensive.
Or, the use of heat exchangers to heat hydrocarbons
to reaction temperature could be miﬁimized;. The heat
could be provided by super—heafed hydrogen. 'of, the
exposure of heating surfaces to hydrocarboﬁs can be
reduced by using larger tube diameters and higher
tube velocities. Essentially, therefore, there are
many variations and modifications to the above
preferred embodiments which will be readily evident
to those skilled in the art, and which are to be
considered within the scope of the invention as

defined by the following claims.



. . _—
Fromthe results above it can be seen that the addltlon of tinto the

o s M oz

EXAVPLE 6 Addi f'i ohal*tests were conducted usji
tin pre-coated steel wool. In particular, as in

I njections of 0.1 cc of tetrabutyl - f'n_dissolved
were injected into a 1/ 4 inch stainless steel tube

grans of S Ofs .ution was carried over_the stee
wool in a hydrogen stream o err]F -

1. A method for reformlng hydrocarbons
comprising contacting the hydrocarbons with a
reforming catalyst in a feactog systen of improved
resistance to carburization and m§£31 dusting under
conditions of low sulfur, and upon reforming said
resistance being such that embrittlement will be less

than about 2.5 mm/year.

2. A method for reforming hydrocarbens
according to claim 1, wherein said.rgforninq catalyst
is a large-pore zeolite catalyst including an alkali
or alkaline earth metal and charged with one or more

Group VIII metals.

3. A method for reforming hydrocarbons
according to claim 2, wberein said hydrocarbons are
contacted with the catalyst under conditions of low

water.

4. A method for reforming hydrocarbons
~according to claim 1, wherein a naphtha feed is
.contacted with a large-pore zeolite catalyst

including an alkali or alkaline earth metal and
charged with one or more Group VIII metals, and

wherein at least a portion of the reactor system has

This Sheet Has Been Re| laced

WA




The hydrocarbon feed was then introduced at 1175FI?

rate of 25 mcroliters/ mn

and r o Lé‘ée&ﬂllmﬂﬂﬂllﬁ o, <" eador "Sms e oo ag

the reactor tube Was“sptit® open and exami ned. Very
had occurred on the steel wool.

it

h;"ymocmhM%w
1w~ﬂ75:+swmth

e carburizati%n

- 79 =

a resistance to carburization greater than mild steel

under conditions of low sulfur.

5. A method for reforming hydrocarbons
according to claim 1, comprising reforming in a
reactor system, at least a po:ﬁion_thereof having a
resistance to carburization greater than mild steel,

under conditions of low sulfur and low water.

6. A method for reforming hydrocarbons
according to claim 1, comprising reforming in a
reactor system, at least a portion thereof having a
resistance to carburization greater than aluminized

steels, under conditions of low sulfur and low water.

7. A method for reforming hydrocarbons
according to claim 1, comprising reforming in a
reactor system, at least a portion thereof having a
resistance to carburization greater than alloy

steels, under conditions of low sulfur and low water.

8. A method for reforming hydrocarbons
according to claim S5, comprising reforming in a
reactor system under conditions of low sulfur, at

least a portion of the reactor system in contact with

-\\
This Sheet

i i

a



In contrast, a control was run without tetrabutyl tin pH
was run for one day under the sane conditions described jabove:-
hours, no hydrogen or feed could be detected at the tub [
pressure had risen to 300 | bs. fromthe original 50 |bs. AN TRt
tube was split open and exam ned, it was found that cok conpl et el
pl ugged t he tube. Thus, it can be seen that orgamo-tin conpou
can prevent carburization of steel wool ~ud@leT ref orm ng

the hydrocarbons being comprised of a 300 series

stainless steel.

9. A method for reforming hydrocarbons
according"td.claim 5, comprising reforming in a
reactor system uhder conditions of low sulfur, at
least a'pértian of the reactor system in contact with
the hydrocarbons being an alloy containing

substantially no nickel.

10. A methcd for reforming hydrocarbons
according to claim S, comprising reforming in a
reactor system under conditions of low sulfur, at
least a portion of a furnace tube of the reactor
system in contact with the hydrocarbons having a
resistance to carburization greater than mild steels.

11. A method for reforming hydrocarbons
according to claim 5, comprising reforming in a
reactor system under conditions of low sulfur, at
least a portion of a reactor wall of the reactor
system in contact with the hydrocarbons having a

resistance to carburization greater than mild steels.

12. A method for reforming hydrocarbons .

accofding to claim 5, comprising reforming in a

_—_—
R
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EXAMPLE 7 Anot her run like the control run of Exanp|#:d 4
conducted to investigate the effect of carburization confi

tin coated stainless steel wires in a gold plated reactof T
other difference fromthe control run was that a hi gher hydrggﬁﬁANag
100 mM/m n was used. - 76 The run |
continued for elght hour s Mﬁth no - 81 -

1‘..

reactor system under condxtlons of low sulfur, at
least a portion of the reactor system in contact with
the hydrocarbons bsing a material selected from the
group of copper, tin, arsenic,_antimopy,'brass, lead,
bismuth, chroﬁium, intermetailio compounds thereof

and alloys thereof.

'13. A method for reformzng hydrocarbons
according to claim 12, comprising reformlng in a
reactor system under conditions of low sulfur, at

_least a portion of the reactor.system in contact with
the hydrocarbons being a Cu-Sn alloy or a Cu-Sb

alloy.

14. A method for reforming hydrocarbons
according to claim 12, wherein said material is
provided as a plating, cladding, paint or other

coating, to a base construction material.

15. A method for reforming hydrocarbons

according to claim 12, wherein said material is tin.

"16. A method for reforming hydrocarbons
according to claim 12, wherein said material is
effective for rétaining its resistance to

carburization after oxidation.

Ay \
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pl uggi ng or excessive nethane formation. When the tube
anal yzed, no plugs or carbon ribbons were observed. Onl _
of carbon appeared on one wire. This was probably due o'a 5
coat i ng. Thi s experinent shows that tin can protegt; g%%gﬁl !i steeﬂ
fromcarburization in a manner similar to sulfur. Unlikg ! owever ,f

it.does not have to be continuously |nJect§g into the fEged. Sul fur nust
be continuously injected into the feed to intain the par

hydrogen sulfide in the §¥Stemn?éthaodstffof£ 9_ ?Bhiﬁ&eﬁyéﬁéﬁ'ﬂ%@ n a

according to claim 1, wherein upon reforming said

resistance is such that embrittlement will be less

than 1.5 mm/year.

18. A method for reforming hydrocarbons
according to claim 1, comprising reforming under

conditions of low sulfur and low water.

19. A method for reforming hydrocarbons
according to claim 1, comprising contacting the
hydrocarbons with the large-pore zeolite catalyst
under conditions of low sulfur while adding at least
one non—sﬁlfur, anti-carburizing and anti-coking
agent to provide the reactor system of improved

resistance to carburization and metal dusting.

20. A method for refofming hydrocarbons
according to claim 19, comprising adding an aﬁti-
carburizing and anti-cokiné agent selected from the °
group of organo-tin compounds, organo-antiﬁony
compounds, organo-bismuth compounds, organo-arsenic

compounds and organo-lead compounds.

21. A method for reforming hydrocarbons
‘according to claim 19, wherein an organo-tin non-

N —
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sul fide surface on the steel. Any renoval of sulfur fron1fhe iéédeﬁﬁFﬁEZT“

will lead to a start of carburization after sulfur is strippe H“fr Lhé;h
reactor system This usually occurs within 10 hours after
sul fur. Wil e the invention has been described abqg
preferred enbodi nents, it is to be understood that vari atfi

nmodi fi cations may be used as will be apprgci-ated by thos¢ skilled in the
art. For exanple, portions of steel in the reactor system can
wi th niobium zirsonfury asitii~carburizing and anti-coking agent is

added.

22. A method for reforping hydrocarbons
according to claim 1, whg;ein at least a portion of
said reactor system is constru;tea from a chgomium.
rich steel treated a metal coating comp:ising.tin,

antimony, bismuth or arsenic.

. 23. A method for reforming hydrocarbons
according to claim 1, wherein at least a portion of
the steel surfaces in the reactor system have
initially been cocated with aluminum or tin followed

by application of a thin chromium oxide coating.

24. A method for reforming hydrocarbons
according to claim 1, wherein at least a portion of
the steel surfaces in said reactqr system have
initially been coated with a coating comprising
aluminum, followed by a post-treatment process
comprising application of a metal coating comprising

tin.

25. A method for reforming hydrocarbons
according to claim 1, wherein said process at least a

portion of the reactor system is pre~-heated with a

e
——
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ceram cs, tungsten, or chrom um (chrom zing), argﬁopgh “1Atese
t echni ques coul d be excessively difficult to do or use, {or—prehi-bit]
expensi ve.

reaction tenperature could be mnimzed. The heat could I

the use of heat exchangers to heat hydrocarb%g

Y
iowhﬁéﬁaby

super - heat ed hydrogen. O, the exposure of heating surffages to :
hydr ocar bons can be reduced by using | arger tube di anetgrs and hi gher i

tube velocities.

Essentially, therefore, 88here are nmany “wéf+at-oAS—ahRe e

nodi fications to the above

hydrogen gas stream heated to a temperature of about
750 to 1150°F, and then said pre-heated portion of

the reactor system is exposed to a cooler gas stream
of about 400 to 800°F which comprises” hydrogen and an

organometallic tin compound.

26. A method according to claim 1, wherein a
portion of the metal surfaces in the reactor system
has beén coated with an aluminum, alumina, chromium
or chromium oxide film, or is constructed of

aluminized or chromized material.

27. A method according to claim 1, wherein
‘the reactor system is at least partially constructed

of a ceramic material.

28. A method according to claim 1, wherein
at least a portion of the metal surfaces in the-

reactor system is coated with a thin silica or silica

film.

29. A method according to claim 1,
comprising maintaining the temperature of the metal
surface of at least a portion of the reactor system

such that it does not exceed a predetermined level,

\
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preferred enbodi nents which will be readily evident to tho
and which are to be considered within the scope
as defined by the foll ow ng clains. 78
catalytic reform ng nmethod in which a hydrocarbon streami
reform ng reactor system having inproved resistance to car
nmet al dusting upon

the art,

-"%lﬂaﬁ e
dr 'e@flﬁw -

unizatj on and

said level determined such that embrittlement of the

metal surface will Be"léésfthehfi;s'mﬁfyeerf-l:ﬁ_

30. A method accordzng to cIaxm 1, wherezn

said reactor system staged heaters and/or tubes ‘are

used, or the-system has been:heated us;ng superheated

raw materials, or ieréer tube diameters are ﬁsed, or
higher tube velocities are used, or distinct
temperature zones are used, or a combination thereof,
to an extent effective to provide a'resistance53uch

that embrittlement will be less theﬁizks*ih)yeet.

31. A method according to claim 1, wherein
at least a portion of the reactor system is
constructed from mild steels and/or at least a
portion is constructed of stainless steels, wherein
during reforming under conditions of less than 100
ppb sulfur the temperatures of the portions of the
reactor system constructed of mild steels do not
exceed 950°F and the-tempefatures of the pettiens of
the reactor system constructed from stainlees:eteels

do not exceed 1025°F.

32. The reactor systems used in the methods

of claims 1-31.
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reformng, so as to produce an aromatics enriched produ - Pt
period of operation w thout coke-plugging of the react -LS- Cgﬁk;ﬂ‘upgif
sai d reactor systemconprising at |east one reactor congaifning a ctararypt
bed conprising a sulfur sensitive reformng catalyst chajgegsvy W@?@Eﬁa 1] g

nore group VIl nmetals, and at.|east one furnace conprising a p urality of
furnace tubes for heatlng hydr ocarbons to catal ytic refofmng
t enper at ur es; said catalytic reformng t hod conpr|5|ng

contacting hydrocarbons with the reforrggg-catal yst to produce an
aromatics enriched product, wherein the hydrocarbons contacting the

catal yst have a sul fur spnt entdedonpzsanllegnrelcppbe sutinFcdmtaotingve an
acceptable stability and activity |evel for the catalyst;

and wherein at [Peddt $ai Bef apphied tthar dleaskear eactmn sﬂyﬁt%m are protected
from carburization and netal nethod according to

claim 1, wherei FeEqFBLBY: 5P§§F°+Jss%lsffg°£ ybich, észéﬂ’??%d

hydrocarbons at elevated tempegatures under
conditions of low sulfur, and provide carburization
resistance such that embrittlement will be less than
2.5mm/year under exposure -conditions, which paint
reduces to a reactive tin which forms a tin complex
with said portion of the reforming reactor system to:
which it ié applied upon heating in a reducing

temperature.

34. A decomposable, reactive, tin-containing
paint according to claim 33, said paint comprising
(i) a hydrogen decomposable tin compound, (ii) a
solvent system, (iii)-a finely divided tin metal, and

(iv) a tin oxide.

35. A decomposable, reactive, tin-containing
paint according to claim 34, wherein said hydrogen

decomposable tin compound is tin octanocate.

36. A decomposable, reactive, tin-containing
paint according to claim 34, wherein the finely
. divided tin metal has a particle size of about 1 to 5

microns.
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cat al yst. 3. A nmethod according to cIa|n12 wher g
Is a L-zeolite catalyst.

79 4. A nmethod according to claiml1, 2 or 3, wher
furnace tubes are protected from carburization and netal|d SUV@&A@W? é
nmetal coating, plating or cladding provided on the surfaceg thereo |?
netal being one which is resistant to carburization and |ne f
under |ow sulfur refornng conditions. ~ 87 - 5. A netlhod according to I

claiml1, 2 or 3, wherein the material from which furnace
37. A decomposable, reactive, tin-containing

paint according to claim 34, wherein the solvent
system contains at least one member selected from '

isopropyl alcohol, hexane and pentane-

38. A decomposable, reactive, tin-containing
paint according to claim 37, said solvent systenm

containing isopropyl alcohol.

+39. A decomposable, reactive, tin-containing
‘paint according to claim 34, containing no non-
reactive material which will prevent reactive tin
from reacting with the portion of the reforming

reactor system to which the paint is to be applied.

40. A decomposable, reactive, tin-containing

paint according to claim 33, applied and reduced.

41. A sprayable decomposable, reactive, tin-

containing paint according to claim 33.

42. A method for increasing the
carburization resistance of at least a portion of a
reactor system such that embrittlement will be less
than about 2.5mm/year upon exposure to hydrocarbons.

at elevated temperatures under conditions of low

| T AR Thls St i B e




tubes are formed and which is to contact hydrocarbons
one which provides protection against carburization a .
under |ow sul fur reform ng conditions. 6. Alje haﬁUE&&Qﬁgﬁng
claim5, wherein the material conprises 347 stainless sgegl e
having a resistance to carburization and netal dusting:
that of 347 stainless steel under |ow sulfur reformn

gwq;prggg_gﬁnggﬂ

—
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condi ti ons.

i

7. A nethod according to claiml, 2 or 3, w88 ein the f

protected fromcarburization and netal dusting by adopting process
modi fi cations and cHHFEYur £RjienTethed (€emRREFING APPANIBHL RoPRLNE ef or ni ng

processes, to respond to .proble of rburization and tal dusting
associ ated with Iov?cscucir%drngr %Pogﬁhaﬁﬂ igng‘f taﬁ)ﬁ’s’.asr’ a"portion of “the

reactor system and subjecting the applied paint to

reducing conditions.

43. A method according to claim 42, said
paint comprising (i) a hydrogen decomposable tin
compound, (ii) a solvent system, (iii) a finely

divided tin metal, and (iv) a tin oxide.

44. A paint to be applied to at least a-
portion of a reforming reactor system which is
exposed to hydrocarbons at elevated temperatures
under conditions of low sulfur, and provide
carburization resistance such that embrittlement will
be less than 2.5 mm/year under exposure conditions,
said paint comprising:

(1) one or more tin containing compounds,
and

(ii) one or more iron compounds, wherein the:

ratio of Fe/Sn is up to 1:3 by weight.

45. A paint according to claim 44, wherein

the iron compound is Fe,0,.

—
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8. A nmethod according to claim1, 2 or 3, wherein at |eagt—the-furnace
tupes are protected fromcarburization and metal dustintsi AliE/EEY ST
of a non-sulfur anti-carburizing agent during reformng; [ —
80 9. A nethod according to any one of clains: O'@i‘%@eﬁ 'n}
said furnace tubes are nmade of steel and wherein a platjng, [ g? [
paint or coating has been applied to the steel surface i ' Lch aré
to contact the heated hydrocarbons. - 8 ~10. A netHod according to any
one of clains 1 to 8, whe4r6e| Nt ngﬁ’dr;{i‘cggr&)ﬂ{é!f%”%ﬂﬁm ¥y j

: A S
are made of a steel having ‘a cafblrirzatron Fesistance at [eas
t hat steel being a mild or stainless steel.

s mmteam

as great as

47. A method for increasing-the
carburization resistance of at least a portion of a
reactor such that embrittlement will be less than
about 2.5 mm/year upon exposure to hydrocarbons at
elevated temperatures under conditions of low sulfur,
said method comprising applying a paint according'to

claim 44 to at least a portion of the reactor system.

48. A reforming reactor system including
means for providing resistance to carburization and
metal dusting in a method for reforming hydrocarbons
using a large-pore zeolite catalyst including an
alkali or alkaline earth metal and charged with one
or more Group VIII metals under conditions of low
sulfur, said resistance being such that embrittlement
will be less than about 2.5 mm/year, wherein at least
2 portion of said reactor system has been coated with

the paint of claim 44.

R R Lo Wiﬂ”if/ﬁll’lﬁlﬂld



of 347 stainless steel. 11. A nethod according @fe:Lgal
wherein a plating, cladding, paint or coating has been appfied-
steel portions which are to contact the heated hydrocarbohs 4 1997
‘A method for reform ng according to ny preceding claim ereP‘n g%Nd
hydr ocarbon are contacted with the catal yst under conditi n.s—oi...l_o.\AuA@t__j. !
13. A method for reform ng-according te 80y-preceding clafjm conprising f
reforming in a reactor system at |east a portion thereof“fraving—a

resi stance to carburization greater than alumnized steels, under

condi tions of low sulfur aBdW-SWLEYReREFORMING PROCESSESnet hod for
reform ng according to any preceding claim wherein at |east a

ABSTRACT

Disclosed is a method for reforming hy_drocarbons comprising
contacting the hydrocarbons with a catalyst in a reactor
system (10, 20, 30) of improved resistance to carburization
and metal dusting under conditions of low sulfur.

FIGURE 2.
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portion of the reactor systemin contact wth the hydroca

containing substantially no nickel. i 15, Lot -
reform ng according to any preceding claim wherein at |eps ortion of ;
a reactor wall of the reactor systemin cont act with the hydrﬂlé ri§9§ﬁas a
resi stance to carburization at Ieast as reat as that of {347 _stainl ess

st eel . 16. A nethod for cord| ng to {any preceding
claim wherein at least a porti on g tor systemu-R—contact wth

t he hydrocarbons is a material sel ecte fromthe group of copper, tin,

chrom um i nter

arseni c, antinony, brass, Iead blsrruth



“conpounds thereof and alloys thereof.

according to claim 16, wherein.at |east a portion of the
.contact with the hydrocarbons is a Cu-Sn all oy or—a—Cu-Sh-alloy

17. A nmethod for reformng

reactor systemin

18. A nmethod for reformng according to claim16
material is a material selected fromtin, interj
or alloys thereof. 19. A n:et:hod for rd
16, 17 or 18, wherein said material is effectivd
resi stance to carburization after oxidation.

reform ng according to any preceding claim conpy

REPILACEMEAT=SHERR| d

b f
b

retrattiT L.UllpUUTIJS t her eof

)rr&@g{@fm T 1?;0 claim

20 A _net hpd for

|5|ng addlng at east one

non-sul fur, anti-carburizing and anti-coki ng ager

provi de the
Firg 2
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dur-rng-refornny to
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reaétor sy
stalnless
21. A neth
anti- car
organo tin
ounds,
22 A neth
non sul fur

-

' 50
stemwith a carbur| zation re5| stance greater than t hat 01:" 347

steel . ! 82
od for reforni ng accordifng to claim20, conprising addi ng an
buri zi ng and anti - coki ng agent sel ected om the group of

—conpounds, organo- - antinony conpounds, [}{EH 1%%21&}@@
or.gano- arseni ¢ _conpounds -and organo-|ea 0k Mo

‘”"ﬂm IR o S [

L. "A caralytic tefonmng method in which a hy&rocarbon stream is treated i m'a
reforming reactor system havxng improved res:stanc.. to carbunzanon and meml dustmg upon
reforming, so as to produce an aromatics gnnched product over a prolonged period of
operation without coke-plugging of the reactor systém: |

said feactor system comprising at least one reactor containing a catalyst bed |
comprising a sulfur sensitive reforming catalyst charged with oge or more group VIII metals,
and at least one furnace comprising a plurality of furnace tubes for heating hydrocarbons to
catalytic reforming temperatures;

said catalytic reforming method comprising contacting hydrocarbons with the
reforming catalyst to produce an aromatics enriched product, wherein the hydrocarbons
contacting the catalyst have a sulfur content of less than 50 ppb sulfur to achieve an acceptable
stability and activity level for the catalyst;

and wherein at least said furnace tubes of the reactor system are protected from

carburization and metal dusting.

2. A method according to claim 1, wherein said catalyst is a large pore zeolite
caralyst.

3. A method according to claim 2, wherein said catalyst is a L-zeolite catalyst.
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23. Arret heel—f—e#niei_ar_m_ngﬂ:ordi ng to any ong g)mﬁqrm wher ei n

chrom um

at rtion of said reactor systemls C .
i ‘S’Qn?iee' 'ﬂiﬂll L 1Y e s NS N

wher ei n at Ieast a portlon of said reactor systgmis constructed froma
chromumrich steel having a nmetal coatjgng congriStmg T - 25.-
A nethod for reformng according to any one of |clains 1 to 11, wherein at

| east a  portion, of e st r.f s i,n the reactor system have
initially been%%dh ‘% P%m‘il]:ﬂ%%oﬁ" &,mxfegqq tdeRstdhe firpacs tibes afeon of a
t hi n chrom um oxi.de coat i ng 26. A nmethod for reformng .
accor di ng Freectsd i 8@@“&4@@‘1 metahdusting iy 8 mstah coating cplating-or cladding

provided on the sl_lrface-thereof, said metai being one 'w'hich is resistant to carburization and

metal dusting under low sulfur reforming conditions.

5. A method according to claim 1, 2 or 3, wherein the material from which farnace
tubes are formed and which is to contact hydrocarbons during processing is one which
provides protection against carburization and metal dusting under low sulfur reforming

conditions,

6. A meathod according to claim §, wherein the material comprises 347 stainless stecl
or a material having a resistance to carburization and metal dusting at least as great as that of

347 stainless steel under low sulfur reforming conditions. |

7. A method according to claim 1, 2 or 3, wherein the furnace tubes are protected
froin carburization and metal dusting by adopting process modifications and configurations,

ufifecezsary in conventional reforming processes, to respond to problems of carburization and

metal dusting associated with low sulfur reforming conditions.

8. A method according to claim 1, 2 or 3, wherein at least the furnace tubes are
protected from carburization and metal dusting by the addition of a non-sulfur anti-carburizing
agent during reforming.



portion of the steel surfaces in said reactor systg =+ @k g eEN
coated wt h a coating conprising alum nuWﬁéﬁﬂgmﬁ Sﬁﬁféi
post -treat n¥ corrprl sing application of ajngtal coating _
conprising ti n A net hod for refornrg jadd@FdEBHIBo any one
of - cl ai ns 1 m N\“‘“‘\‘ l'east a-- portion of tlhd reactor systémis
pr e- heat ed % Ogen *gas stream heated to a tjenpe bout
399-621 [err]C (750 to- 1150F), and then8aid pre-hdated portion of the
reactor systemis exposed to a.cooler gas stream of about 204-427[err]C

(400 to 800[err]g) Avdersdd &@dﬁfn&%&ﬁxﬁbﬂ%‘?%ﬂns PR, %H@Wﬁ?ﬁa@é bbGs drs"

conpound.

made of stee] and wherein a plating, cladding, paint or coating has beep applied to the steal

surface portions which are to contact the heated hydrocarbons.

10. A method according to any one of claims 1 to 8, wherein the surface portions of

said furnace tubes are made of a steel having a carburization resistance at least as great as that

of 347 stainless steel.

11. A method according to claim 10, wherein & plating, cladding, paint or coating has

been applied to said steel portions which are to contact the heated hydrocarbons.

12. A mathad for reforming according to any preceding claim, wherein said

bydrocarbons are contacted with the catalyst under conditions of low water.

13. A method for reforming according to any preceding claim, comprising reforming
in a reactor system, at least a portion thereof having a resistance to carburization greater than

aluminized steels, under conditions of low sulfur and low water.

14. A methed for seforming according (o any preceding claim; whersin &t lsast &
portion of the reactor system in contact with the hydrocarbons is an alloy containing

substantially no nickel,



. | TENT CHERT|
28. A nethod according to any one of clains 1 to [ Mﬁ&?&ﬁé‘ﬁ* i on of

tthe metal surfaces in the reactor system has beeh foated wi th an al um num

al um na, chr g gum oxi te film or is cohsOUEEBA988 a] upi ni zed
or chrom zedgwmunm‘“ﬂm ~29. A nethod accprgding to any o?n’e' of
clains 1 to 3y eriei m t e feactor systemis at '|eaSt partrally
constructed of a ceranic material. 8l 30. ' | ‘to any
one of claims 1 to 11, wherein at |east a portion of the netal surfaces in
the reactor systemis coated with a thin silica or silicon film - o
31. A method actbr&imgshadfon forpinscacenrfing 69 anypresedingsiaim owhereiy 2t teasani ng
under conditions of |ess than 50 ppb sul fur the tenperatures of the
portions opoxrtios of @ acactor wall of twnreactor system in comtact with the hydrocarbons has a

-resistance to carburization at'least as great as that of 347 stairiless stedl.

16. A method for reforming according to any preceding claim, wherein at least a
portion of the reactor system in conract with the hydrocarbons is & material selected from the
group of copper, tin," arsenic, antimony, brass, lead, bismuth, chromium, intermetailic

éompounds thereof and alloys thereof,

17. A method for reforming according to claim 16, wherein at least a portion of the

reactor system in contact with the hydrocarbons is a Cu-Sa alloy or a Cu-Sb alloy.

18. A method for reforming according to claim 16 or 17, wherein said material is a

material selected from tin, intermetallic compounds thereof or alloys thereof,

19. A method for reforming according to claim 16, 17 or 18, wherein said material is

effective for retaining its resistance to carburization after oxidation.

20. A method for reforming according to any preceding claim, comprising adding at
least one non-sulfur, anti-carburizing and anti-coking agent during reforming to provide the

reactor system with a carburization resistance greater than that of 347 stainless steel.



09 FEB 1998 | REPLA(“BMFNEO@EEW ted of
mld steels q?_ﬁm)_t—gﬁﬂed—é%(%merr] F) and the terrperat ures

portions e reactor s em constructed from $t FEB | s
exceed 5520 M‘\ ﬁm 32. A nethod ac,or d¢n§ ?‘gggny

clainms 1 to onposabl e, reactive| tA—eent-aining
applied to at *I ekst* a steel portion of,yhe refornfng reactor systgm which
pai nt. reduces to a reactive tin which ? rms an iron Stannide-wtihrsai d
portion of the reform ng reactor systemto which it is applied upon

headi ng under rpduginehdadps befdrRiisy sccordin mcmn%@e BripB e dddag & R0 to'
claim 32, wherein said paint conprises |) a hydrocarbon .

carburizing and arm-cokmg agent selected from the group of organo-tin compounds, organo- '

antimony compounds, organo-bismuth compounds, organo-arsenic compounds and organo-lead

compounds,

22, A method for reforming according to claim 21, wherein an organo-tin non-suifur,

anti-carburizing and anti-coking agent is added.

23. A method for reforming according to any one of claims 1 to 11, wherein at least a
portion of said reactor system is constructed from a chromium rich steel having 2 metal

coating comprising tin, antimony, bismuéh or arsenic,

24, A method for reforming according to claim 23, wherein at least a portion of said

reactor system is constructed from a chromium rich steel having a metal coating comprising

tin.

25. A method for reforming according to any one of claims 1 to 11, wherein at least a
portion of the stee! surfacey in the reactor system have initially been coated with aluminum or

tin followed by application of a thin chromium oxide coating,

26. A method for reforming according to any one of claims 1 to 11; wherein at least 2

portion of the steel surfaces in said reactor system have initially been coated with a coating



claim 33, wh

conmpound is t

tin motal SWa sorven SVSEEWEMEME@CQ@ FTi"gVi o

,numn en decorrposabl e tif
oct anoat e. thod according to

finely divided tin‘mefal Shas a particle size off
e

36. A net hod accordl ng to claim33, 38%r 35, wh
contains at |east one nenber selected fromi sd

cl

]

aing FEBo19984, w1erei n the
to 5 mcrons :

tm—tHe—Sotvent system

propyl al cohol ; héxane and-:

pent ane. '37. A nmethod according.to cl

alm 36, sai d solvent system

cont ai ni ng comprisinpylhminuay Hellowed by a post-treatmex: process comprising application of a mesal

coating comprising tin.

- 27. A method for reforming according t¢ any one of claims 1 to 11, wherein at least a

portion of the reactor systcm is pre-heated with a bydrogen gas stream heated to a temperature
of about 399-621°C (750 to 1150°F), and then said pre-heated portion of the reactor system is

exposed to a cooler gis stream of about 204-427°C (4Q0 to 800°F) which comprises hydrogen

and an organometallic tin compound.

28. A method according to any one of claims 1 to 11, wherein a portion of the metal

surfaces in the reactor system has been coated with an aluminum, alumina, chromium or

chromium oxide film, or is constructed of aluminized or chromized material.

29. A method according to any one of claims 1 to 8, wherein the reactor system is at

least partially constructed of a ceramic material,

30. A method according to any one of claims 1 to 11, wherein at least a portion of the

metal surfaces in the reactor system is coated with a thin silica or silicon film.

31. A method according to any preceding claim, wherein during reforming under

conditions of less than 50 ppb sulfur the temperatures of the portions of the reactor system
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pai nt

wherei-n the

p&i nt conpr.i si ng:

tin containing compounds, and ' 84 (it) "one or norje iron

conmpounds, wherein t"he ratio of Fe/Sn is up te—t—3-by—weight

constructed of mild steelé do not exceed 510°C (950°F) and the temperatures of the portions

of the reactor system constructed from stainless steels do not exceed 552°C (1025°F).

32. A method according to any one of claims 1 to 14, wherein a decomposable,

reactive, tin-containing paint is applied to at least a steel portion of the reforming reactor

system, which paint feduces to a reactive tin which forms an iron stannide with said portion of

the reforming reactor system to which it is applied upon heating under reducing conditions.

33, A method according to claim 32, wherein said paint comprises (i) 2 hydrocarbon
decomposable tin compound, (ii)'a solvent system, (lil) a finely divided tin metal, and (iv) a tin
axide. '

34, A method according to claim 33, wherein said hydrogen decomposable tin
compound is tin octanoate.

35. A method according to claim 33 or 34, wherein the finely divided tin metal has &
particle size of 1 to 3 microns,

36. A method according to claim 33, 34 or 35, wherein the solvent system containg at

least one member selected from isopropy! alcohol, hexane and pentane,

37. A method according to claim 36, said solvent system containing isopropy! alcohol.

38. A nethod according to clai m BRRPIMCEAE TR,
cont ai ni ng no_non-+eactive material which WB?EPL%EM“H - ?ve tin from
reacting with the [ the reform ng rpaftaqr (S tjo Which the
isto m“ﬁmam““m“\ ~ - 39. A nethpd ag’(,gol?gér?g%no clfaim9 or
' : ' (i)
L

one or nore

11,



40 “A net hod according to cl ai m39 \/\herel n the iron conpound is.
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38. A method according to claim 33, 34, 35, 36 or 37, containing 10 aon-reactive
material which will prevent reactive tin from reacting with the portion of the reforming reactor

system to which the paini: is to be applied.

39. A method according to claim 9 or 11, wherein the paint is 2 paint comprising:
(i)  oneor more tin containing compounds, and
()  one or more iron compounds, wherein the ratio of Fe/Sn is up to 1:3 by

weight.

40. A method according to claim 39, wherein the iron compound is Fe,Os.

I
L
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LOW-SULFUR REFORMING PROCESSES
ABSTRACT

Disclosed is a method for reforming hydrocarbons comprising
contacting the hydrocarbons with a catalyst in a reactor
system (10, 20, 30) of improved resistance to carburization

and metal dusting under conditions of low sulfur.

FIGURE 2.
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