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to about 5.0 S
The process of the present invention may
be effected in any suitable manner and may -
comprise either a batch or a continuous type
operation. For example a charge stock may:
be continuously charged to a reforming zone -
containing the desired catalyst and which is

maintained at the proper operating conditions,
hereinbefore set forth, of temperature and

100

105

ing catalyncally reformed product is - passed, Y
in its entirety, into a separation zone wherein
a hydrogen-rich gaseous phase is removed and
recycled to combine with the original liquid
hydrocarbon charge. This gaseous récycle is
of an amount such that the mole ratio of
hydrogen to hydrocarbons, entering the re-

110

2:1 to about 20: 1 or more, The hydrocarbon-
rich liquid product is recovered and a fraction -
boiling at a temperature below the initial
boiling point of said hydrocarbon charge and
a fraction comprising polynuclear alkyl-ato-

in €xcess of the normal gasoline boiling range

are separated therefrom. The former is re-

covered and purified by conventional means

while the [fatter is then passed to a hydro- .

dealkylation zone, where the polynuclear 125 o
alkylaromatic hydrocarbons are hydrode- ' .«
alkylated in the presence of hydrogen in either . -

‘g thermal or catalytic process at appropriate: ¥

130

-conditions of temperature and pressure. The
.reactor effluent from the dealkylation zone
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At sane Total Gas 100
Cct ane Nunmber - Space Vel ocity 100 112

For the purpose of obtaining a clear under- |[|ight paraffins—nethane

et hane, . propane and 30 standing of the data, definitions of the terns
but ane,-al gng wi th sone hydrogen, and re- enpl oyed in Table | are
gi ven -bel ow. : suits primarily from the hydrocracking re- -1
The excess receiver gas is that quantity 943%“ ons - bel ng effected wt hg n
the reaction zo
3. The deQ_‘anl z
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roced a
cat al yst &ﬁ PHird kel cAFBBA dodie 920G ﬁlﬁlﬁedﬂ chipse
of eff ect It P esidesbly r lowen cpressure. It is contemplated were impregnated with an aqueous soluuon _
940, 667 ¥ that the second separator or flash drum may of chiproplatmlc aqy:f uh x}mla r tvoyield &hd
. t ¥, wei

great er ikabond sPABLETES, Vb BRI LRES %ﬁg 2 ooh %eleﬁerﬁt ”}f the
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velocities. In taheaﬂst&beﬂeﬂi tﬂelab‘sbm&mﬂ and pf3sed td 40dAEAlys ‘AN ﬁfddsv e
desi gned 30 a ;tnlpm Whileq the - lighe gamtsbéwdm-t hell-mmée aualvwepmﬁa&d dsOseevfaiﬂuat £
the stability of: jﬁ a@ﬁf{ghg R i ial in the former

i nst agces, the Sﬂé{ & From Athe TALYa MRS QoY ) t13’ bv ﬁ% dgm maigt
t he nunber, the gavaataeporﬁheofytml flactibn [géifh to eibﬁﬁdda;tyltﬂdﬁol eres .

ys#testd uwere dried at 204°C,, and calcmed in air for

e el

dliytaropatial ¥hé i volatile frited B@htene
eleurfwedl %form a portien  spher¢yyhid olseredsdn® 4 Iinvdughl stsme
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e %ox\%ﬁ
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pressure of 2 of platinum th thethF Ibvmqf @bouf r ee,

al | -chtori de cat@ﬁeygfmgg ’ﬁ,ﬁg’ﬁ% =t ﬂ‘%q 19 e :rg%?p'd@e

and "C") ‘resul t efle réactar dm&&aﬁbsa;u@n&dm walV B Kilopt:
of hydrogen qu fegueé!ssieaélebmnemnqm pgersto telgn ofthsa id cacid wdrd"latﬁiad&mﬂu

4yzigeaters wherein said iqanie t
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cl ear%ﬁ%@lﬁg&a&&mg vlthtifdwn
t hewHile asyf untegctalf folymatizak
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catal yst consti tssied 1saﬁ@a
mai nt ai'ned ‘at a fraction belng

i nvol ves the 8%i
tion of a Ilght
in Table I

is -
oper at'ing .con

\q

VQ

B

-to -

yield a-nol odte bigh pressurergepartor of flash drugey ?%s Pow% ipoebheres v
sane octane Thteca‘ﬁ)@.étst::gﬁh p %mb ane @gh‘t é‘é’é’ﬁéﬂ Q éﬁiﬂé{ evapom}‘fgresatfoi 13

0
rating. and :at t hehichore piesh tm(fem effidéar BidD- a pédiddd bPOsist mﬁse gh%n ered werOl
mor e, var y| ng é h#lomng the recovery of the hydrogen in the then subjected to high-temperature calcina-

5 ydrogen-rich gaseous fraction which is flashed tion, or oxidation, at a temperature of 288°C.,

overhead from the high pressure separator for a period of one hour until the volatile 120

R

© 60

s ey e t———

in a relatively purer state, said purity of the
hydrogen stream being in excess of about 60%
(the purity being expressed as the mole ratio

.of hydrogen to hydrogen plus impurities).

The following examples are given to further
illustrate the process of the present invention.
The first two examples illustrate the unex-

- pected act1v1ty and stability of the refomung

matter content was 4.5%, by weight. The
temperature was then increased to a level of
500°C., and further calcination was effected
for a penod of two hours, until the volatile
matter content had decreased to a level .of
1.7% by weight. As ‘indicated in Table I,
this catalyst was fluoride-free, and contained
0.375% by weight of platinum and 0.95%, by

125



duction. Simlarly,
mai ntai n an oct ane
rating of .100 (F-1 O ear)

these catalyst's indicated
greater than 10%

on_the nnnf anes-

operating tenperature to
I ncrease in space velocity
25.. activity Upon

f'corrparr ng cat al yst "C with and- heavi er portion of the product - ef f | uent:.
60 - catal yst "A", both.of which contain the sanme The various

results are plotted agalnst tine, : quantity of platlnum, it is’
_seen that catalyst and the reI %9 activity and stability is dé-
"C' re¥ulted in 7% less excess ranr zer termined by conparing-the data

| 10 t hatyefzRSHE: bombined . chloride, cm&tedcaarrpaﬁadi Ryldrocdion SchAYES ﬂdbk,almemﬁ at |1srg; \_91 i ng
from t kemened ehleshee. cat al yst . “8” iling: sauge of about 93PLC. 1

si gni f i oA fisdyaplyhelesigaated 45 Lpplys . aghrough é% .
d 1°°1‘Ym ﬁfat&;?‘;}[ g h;, JIE pr oducr ng a

det eg mﬂ§§$’e say manner as- ca{alyg
El Aidihg @eSinpl Qr‘aﬁorﬁbf 140Q, for.a period’ of |1# choirsl 20 oduct

yogel at sufficient chloro-"
paring piahﬂc &h@ﬂ&s

70

havi ng pee |t¢0hmwntﬂoycoglp®a¢ 695750%01]1’15 reat:t@n {Z9pes &g m@nté*ﬂedt%e qiRef er ence .
cat ol pfemobilh s v, e o i e e a0
hour & %%ﬁ&uﬁgiﬂﬁdquﬁe ol hf16le product from eadhdbeRdtiViS bone. CoveE Ql&t ai ned ’
appr oxi #lafet. extended st abnﬁmuyhduepérxoabfahgtenms amlyedde 260l 1 ow
35 by WEhegthtee safalyst pertiens werg| thrgesmb-wHpr s ogie arﬁrm an-TREHE | | :
-' lected 1nd1v1dually, to a reforming activity ~ are given m ow Tabl LiBLE [RE _ _
Ext endeaadé?ggtryl esc?mpngisagﬁsﬂn?ty @ 100 Hours Cat al yst.
" Desi gnation - TasLe 1: A S = - C
Bl ock Terrperat ure, [err]C - 550 - 538 -
536 . Ex cesSaridad cRelative. Aotisity Tést er s/ Li t er of Char ge 198
210 . _ 225 Excgss Debut gnr zer, Ggs, Liters/Liter: of
‘Charge = gtalyst Designation 75~ Tot al Excess Gas'
- Liters/Litedn@dis, Goay,ge 280 . 286 289 .
Debut ani zer Gaiés Ra?{/o ' 0. - 0.264
0.220 Platinum - Yi el d, Pent ané’s75%nd Heé\r?ﬂér Vol . o 3/50 -
57.2 5@udride 61.8 oHer e  agaipn, conparing
catal yst "A", and ~however, is the |'ower debut-ani zer gas. ratio 80
*C', the benéhlortds to be afforded t hd- 38t al yt %9 exhi bit® by the
al | "chl oride_cat st, com ol ef or of hy, carbons-is cl earI y
ascer-  par ed°F al %‘lFe catal yst cont ai nrong comr)q %gd 6165(;5 tained. The ;

all -chlori ckeqtaneahﬁingProaﬁct,tf«ha aed- 9klouori de.9%6Bhe resulti® of the extended

stability. arl son, equire 4[err] | ess operat - test
are unusual Ex%h§eEBT (QI"‘F lf*i 53" 6 5

30

35

Octane Number — ._Space-_Velocity '

For the purpose -of: obtaining a clear- under- -
‘standing of the data, definitions. of the terms

employed in- Table 1 are given- ‘below:

. The excess recéiver- gas :is that. quantity-

of gas in excess .of the .amount required to

"maintain ‘the desired - pressure within the- re-
-action zone. Analysés-have -indicated that- this-

. gas is, for all practical purposes, substantially
- .. pure hydrogen (approximately 90—95 mol %,
throughout the 14 hour period of the ‘standard

40

" activity test):

- 2: The excess:. debutamzer gas is-that gase-
ous . product which is composed primarily of

light- paraﬂins, methane, ethane, propane and_

butane, along with some hydrogen, and re-
sults. primarily from. the hydroctacking: re-

_actions being effected within the reaction zone.

- ct ed ~ing tenperature while!
pr oduci ng b@k&?beﬁdﬁﬁu GdaeLiEeﬁhaan& ngsmnd resulszs i ndi caped within the 85
4.0% greater volunetric yield of pent anes and pr| or a&g heavi er
hydr ocar bonEotal djcegy Gagy Bit i fican 235 :
940,667  peputanizer Gas.Ratio = 0:351 ' 0:350 0.326
Actlv1ty Ratrngs .
Debutanizer ‘Overhead
‘At same Octane - 100 . 98- 93
At same Total' Gas 100 98- ‘89
100" 112 119

45

- 3. The debutanizer gas ratio is the ratio of .

excess -debutanizer gas to the total excess- gas, -

on a volume basis, and is. indicative of the rela-

the -effluent from the reaction zone; it is, to a
certain extent, an . indication of -the relative
stabrhty -of the catalyst. The lower the. debu-

tanizer gas ratio, the more active ‘the: catalyst -

for the purpose of effectmg the reformmg

tive yield of desirable- liquid - product . within . . -

50



EXAMPLE | | 76[err] to 135[err]C., and contained 76. 0%
paraffins, A second extended stability test procedure 17.0%

napht henes and 7. 0% aromatics, on a was perforned, conparing .the
standard : vol wnetr.ic basis.. The operating tenperature o
pl ati num chlgorl de-fluoride 'catalyst with  a was subjected to change,
throughout tde total 20 5 catal yst .contai ning 0.81% of chlorine by
peri od of 185 hours, for t he purpose of ~wei ght,” as the sol

hal ogen’ cenponren -2 zed
Thi s cat aI yst pfshsdasar@natawgrmhehd sthwlmw mgexmmmsd shnulddhm resoltedlmoao (F 1' '

Cl ear)- X Ergaéaléh.t al éﬂSt "D loye%. g ¢ %ggﬁ, in Wy peglt g
cat al yst s -A as Eif?m the stan iédlkrr{: 33%525 tive
concentrati on ¢ rgﬂv £”; Idiéytdraﬁrspo intlizard O 40 Of

conbi ned chl orcmaredrhted@utalambedrasnaland wta% tlstcamratyr test that is, at 41

hours, and at E"‘l‘i?{s%ﬂﬁamd“m“o uyplent digui ar rT’ISo‘s ‘tso‘t"?q 'ﬂi’&F"F‘kd .of

the extended sé’é‘ﬁht&"‘f&r"‘t i) tﬁhétite the, “ b of i csrattal over| | QUI d

hourly spacqov t@ﬁﬂtxfythectaxtrar ﬁhiz&esneﬁ sEBIRr phﬁ%ﬁ&fd&dpdrﬁdtohemfeOThﬁ)\Mcdilﬂary 45 of

1.5, and an opgzaalt:t > [hreegreatar etho fyield) ofA high' ab\t)ablationltesanxstoedwd melmimtllteholhbaenef its

afforded the h%‘lgiﬂ iévglelrnelsa le"itcl al h}{%ﬁ’ %gm ah[o t %ﬁe o ouig{? ’éﬁ“yt -~
ltl ec1

reform ng of hydrics charge

stock was a15aef @hﬁocaﬂhh@mod@ ﬁaﬁtaizgtﬁi of tbe désrgadm toaﬂuﬁtu kht msmﬂlutght tuaarsbrt ha
havi ng -a boi | i pagalysanggjtﬁted)m atchqglm d'eth the. operation. . The eatalyst is maintained at a )

l:r

prescription of the present inve sghere
TABLE. [ 11 of the fluoride-free,-al -chllond ‘\?ﬁ rg Sﬁ)gpassedtfl at a 11?11 %IJIEIEPY spaceat
100.0 F-1 O eappq “C”)’ result Er of 15 in the presence of hydrogen A
D ~ A20 cxcess detudthnizer gas thanPfhEl ahddodir at an)ﬁtnouhbtbry&eld a mol ratio of 12:1. 55
41 41 camlsst, wh@p compared at g@Bame ocne - THEKGKOTKS p@acts# éor Jpneu €.

rating an same to gas.pro-  ApProxiy
552 549ductxon Sl%%?‘f , these cata?%? indicated (3 exd ' o p:]%
[err]C./ H ater than 109, increase in space veloci Y f 100 (P X on the pentane Ccess

Recei ver ivigy, Lpon tcaxtipacifig Gltedysy €C” witk O and-htdder portion of product eflkdmt. 60
Excess Debut anFaZ%Yst %s both jof ehlsbf ¢fontain theyfameh Jrhg @arfops resultg 3re plotted agajyst time, 76

Total Excess GHEM é’u??"e} i) o R ﬂ?%"fﬁﬂ’;u;&a“dﬁo oy, 290

Debut ani zer Ga§as &ted at the same octane rating, and ing: the reference yst. The relative0
. 261 ¥hitlite] a B@iﬂcmﬂﬁ%waﬂdhbﬁthMt @s, ity of/the catalyst 15 @etdrmined by Giln-8 65
55 2 59 ()i:latlo:i while at Eﬁ  poying thg slope of the various plots at 100 . - -
a1l L vm a O
5 30 aud p gsr e > Sl %&tren Tt D LA e o
dard catal yst eﬁmbr‘c dona.m&aa Oth ilitC R4kt gived) inl Phetolioier age
sl ope of thest emglaadanalanalag}ﬁ/onbryh we:mgimg ifgt Table Honpari sons nay 70
ture-ti-me plot over the entire period of opera- be nmade from the data
presented in Tabl e ‘tion. This diffe’r.ant'[tnl is indicative of the 111,
and these conparisons wll indi te 0S e catalyst life to be
expected in greater degree ’Fn‘ég yahﬁffeé@t‘g’\ﬁ%{’ﬁ terns of the
stabili ty of the. cadiat Wedignation SESSEd by the all-.chhoride cgtt al yst ¢ 60
" ‘Block Temperature, .°C. . - -.550. - 538.. - 536
- - Excess Receiver Gas, Liters/Liter of Charge 198 210 225
~ o _ :
Excess Debutamzer, Gas, thers/Ltter of Charge B 82. - 75 64
Total Excess Gas, Liters/Liter of Charge . 280 286 . 289
 Debutanizer- Gas Ratio. - 0293 0.264  0.220

'Yield, Pentanes and d Heavier Vol % - . 512 59.1 61.8

Here again, comparing: catalyst “A” and however, is the lower debutanizer gas ratio 80
“C”,.the benefits to ‘be -afforded the camlyttc exhibited by the all-chloride catalyst, com- . =
_ reformmg of hydrocarbons is clearly ascer- pared to -the catalyst - containing combined
_ 75 tained. The all-chloride catalyst at the 100- fluoride. The results .of .the extended stability
° " hour comparison, required 14°C, léss operat- - test are-unusual, and totally unexpected:from
' ing temperature -‘while producing better than the ‘teachings and: results indicated . within the 85

: 4.0, greater volumetric yield of pentanes and pnor art. .
% heavier hydrocarbons. Of greater significance, .
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From

the foregoing data, it

cat al yst possesses a subst an-
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TABLE 15Vratio of about 7.5. The charge stock was a an all-chloride ca
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e lig t, 0.
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he initial a
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catalytic refo

Speci fi c ligtanaphta bdving64 doilidg €@nge from fluoride. 7711
ASTM 100 M.. Distillation (D86)[err]C. .
Boi | i ng- Poi nt TAnLnlml : 5%

Extended Stablhtyol‘/ — 185 Hours at 10230917—1 Clear

_Catalyst Designation 70% - A . rp—. A D

Period Duration, Hours a4 185 185
~ Block Temperature, °C. 552 . 549 557 547

 Severity Differential, °C./Hr. - - 0.065  0.0039
Excess Receiver Gas, Liters/Liter of Charge 229 245 179 215
 Excess Debutanizer Gas, Liters/Liter of Charge 72 63 %2 16
Total Excess Gas, Liters/Liter of Charge. 301 308 271 290
Debutanizer Gas Ratio 20 204 .36 261 .
Yield, Pentanes and Heavier, Vol. % 60.1 61.8 55.2 59.0
Carbon Deposition, Wt. % — —_ 5.39 3.59

The severity differential was obtained by
computing the average slope of the tempera~
ture-time plot over the entire period of opera-

tion. This differential is indicative of the

prospective catalyst life to be expected in
terms of the stability of the catalyst.

From the foregoing data, it is seen that
the all-chloride catalyst possesses a substan-

" tally increased activity and stability. This

is indicated by the severity differential of
0.0039°C. per hour for the all-chloride
catalyst, as compared to a temperature differ-
ential of 0.065°C. per hour. Furthermore, the
volumetric yield of pentanes and heavier
hydrocarbons decrease to the extent of about

50%, and only 2.8% for the all-chloride -

catalyst. In addition, and . of greater signifi-
cance, is the fact that all the all-chloride
catalyst indicated a carbon deposition, as a
result of the extended period of operation,
of only 3 59%, by weight, whereas the stan-

dard catalyst exhibited a carbon deposmoﬁ
of 5.39% by weight. Other comparisons may
be made from the'data presented in Table

III, and these comparisons will indicate the

60

greater degree of stability and activity pos-
sessed by the all-chloride camlyst. _

Exampre IIL
The catalyst employed in this example
utilized 1.59 mm. alumina spheres, prepared
ds described in Examples I and II, as the
carrier material for 0.750% by weaght of

" platinum and 0.90%, by weight of combined

chloride, 'calculated as the element thereof.
The hydrocarbon charge stock employed was
a heavy naphtha having an initial boiling point
of 104°C. and an end boiling point of about
230°C. and containing 89.99, by volume of
paraffins and naphthenes. Other properties of
this charge stock are given in the followmg
Table IV: i

ed ﬁ‘mzeand an end
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t% I diicated a

indlaf @GRt | es of
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