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1 HYDRODESULFURI ZATI ON PROCESS

BACKGROUND CF THE | NVENTI ON Field of the Invention The

pr esent I nvention rel ates to the 5 hydr odesul furi zati on of

petrol eum st veenno3t4® a distillation col umm reactor. MweErpsemooeil arly
the invention relates to a process wherein a petroleumfraction is fed
to a distillation colum reactor containing a

hydr odesul furi zation catalyst in the formof a catalytic 10 distillation
structure where the organi ¢ sulHfypRODRSPREURIEZATION PROCBESEd in the

petroleum fraction are reacted ROUND B¥d e & Herr]S which can
be stripped fromthe over . : | nformation 15
Petrol eum di stifiek%k ofstheakaverbiitiin a variety of organi ¢

chenmical conponent scheCenpred berite sinodRtadt6n roehived byo thenme
boiling rapges ' : Ol t Lt -« Lh ' of
he ot reamsoal s ihikmy1#e i BhEfon O petrorSHPEEMATSy MIB1BISTRELEN, O
from either 20 colimmnBeACEoEr acle¥R) RATAFUAANLY ckhe Kinventioveredatesntai n
hi gh concentrat i §nsprajeeticef WHbfeift & | Potraiewh! | eR6ction dat Ukakedto a
(al kanes) materighy a9q palyppsat upaledqmtenighae oy (Whghel i,

Addi tional ly, theSe conponents may be any of P& varrous i-SoHePs p?

t he conpounds. Zsydrodesulfugimatian eaka oidd&hpr £o5m 9f aheasalytic
petrol eumI |10 4 fdbeti1Qt iohe sienh etaﬂeaehei'»sutﬁurBrgzhecagﬁmnﬁro&oﬁybﬁnusa _
is generally depe pon_t r e. t e the i
Ar abi an crudes a‘f%%gare#‘eelréal ?’? h?%lg"l rgngetslﬁﬂq% &ﬁ‘ agggéti&gr Zar}gce.er 5?%“8@@?’?#"&
crudes. Kuwaiti hyddpgen ate LEeA®i 28 3whickr ks Bee shnivped y firow i the
sul fur. The typev&¥hedd bHoduct. conmpounds will also depend on the boiling
range of a give m_.Cenerally the lower boiling fractions .
contain ne%%apﬁtaﬁégﬁ%?’mafﬁ%?heavi er boiling fractions contain

t hi opheni c18nd het Raetrpdieny sdistiltatposkeeanss containe aor yantetysuefur
conpounds are gigdifiic GhémdSal comperentiar ed cehell] CPNtHE Ne¥sams THEY

hi nder in domst&%edburb er%%%lg—%ir n?ﬁgggn t ;mr%é/sle[ %fllsi%\%:t L légmgg,%OXid?%S

SJ err] gas ] d. € Teaso ry desirtable
compositions. The processing of the streams also affects
the composition. For instance, products from either

20 catalytic cracking or thermal cracking processes contain

high concentrations of olefinic materials as well as
saturated (alkanes) materials and polyunsaturated materials
{(diolefins). Additionally, these components may be any of
the various isomers of the compounds.

25 Organic sulfur compounds present in these petroleum
fractions are denoted as, "sulfur". The amount of sulfur
is generally dependent upon the crude source. For instance
the Saudi Arabian crudes are generally high in sulfur as
are certain domestic crudes. Kuwaiti, Libyan and Louisiana

30 crudes are generally low in sulfur. The type of sulfur
compounds will also depend on the boiling range of a given
stream. Generally the lower boiling fractions contain
mercaptans. while the heavier boiling fractions contain
thiophenic and heterocyclic sulfur compounds.

35 The organic sulfur compounds are almost always
considered to be contaminants. They hinder in downstream
processing and at the very least make obnoxious .SO, gas
when burned. For these reasons it is very desirable to
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2 renove these conpounds. The degree of renoval is dependent

upon the use of the fraction. For instance, feed streans to catal ytic
reforming require extrenely |ow sul fur con- centrations (less than 1
wppm . Cur r amt» 91i3449r equl ations 5 call for conbustible s 43S such
as gasoline, kerosene or diesel to have no nore than about 500 wppm
sul fur. It is expected that in the future the sulfur specification
wll be |owered to about 50 wppm especially for gasol i ne. The

most conmon net h I ul QPdah S 1BY :
hydr odesul furi za?%)ﬁgviﬁ?)%\i: Fn l\?i}?g]sst hfaﬂ?% agg}%ggér?gl eum glb's%lgl ea?%m?esnt
passed over a sol YRPHarRS WF%@f the fragtians, Forpipstapce: hferd qehraamm
metal supported oke apatalytial vefornirgs ereduirehesiasielli I dwaswemer addn~
been done by ceﬂkﬁuﬂﬂd@g qq@gsf&%@g'Q@dﬁpégppureﬁgfégtwkﬁg EQG&f&E&éH%

titi f h t f : fall t
" lstrate (he r TR chioplins Hikor puelf such i3 galoppe, Kebdiens™
(1) RSH + Herr]°r -Qiesqitp fE¥er pg more than about 2500 R@Pm $Yldfur. It

I(Qz) + Egm 20 o is expéced 2that jihi[ el fut%:;?f‘%l_ﬂe NHli.'Ef\E:} tspecificatioél

+ ertd v + Heerr : i tional .reactlons depen
upon the sul fur c‘?) 1ou%ned§Howerle_|& %? eageor!i’tt 2R4¥PRR, s%ﬁﬁec?é'a&ﬁyt Bri g3z ﬁT‘F The
catal yst used The mpgtodesunénr i methash reftesenovhy i ofa tiyelr ageifair on

IR e e L e
hydr f)?enat i onh_ 01;2; :Lfr?éaef%ﬂ‘r %ﬁ%;:gggﬁﬁgﬁgﬁisgzit::ﬁea ;oli%%gﬁ%ﬁ;:?
results in a hi gieatalystme s owesrals pp r ami
material than theahagtha MYase. IAYPhEpasOPid A& geALHLI DPSHLIS ddie MYy OF

AL TS | [S%WdAHAI8i over rixed beds concurrently with copious
Tenper at ur e}3[ er rqtpntities of hydregergo in the [feedsyre, Thei gfollowing
600- 3000 35 éduntiibneedythetrate, tiHrdddtions in a phBiR- 334Q0 typical
HDS unit:
(1) RSH + H =---» RH + H,S
(2) RClL + H =---» RH + HC1
20 (3) 2RN + 4Hy -~--» RH + NH;

(4) ROOH + 2H; ---» RH + Hy0
Additional reactions depend upon the sulfur compounds
present and the source of the fraction. The catalyst used
for hydrodesulfurization mnecessarily is a hydrogenation
25 cata{tyst and the support sometimes is acidic in nature.
The latter characteristics provide for some hydrocracking
and hydrogenation of unsaturated compounds. The
hydrocracking results in a higher volume of a less dense
{lower specific gravity) material than the feed. ,
30 Typical operating conditions for the prior art HDS
reactions are: |

Temperature, °F 600-780

Pressure, psig 600-~3000
35 Ho recycle rate, SCF/bbl : 1500~-3000

Fresh H, makeup, SCF/bbl 700-1000

After the hydrotreating is complete the product is
fractionated or simply ‘flashed to release the hydrogen
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col l ect the rwoszszes ened fraction. It shoul d be nopetusdssavert he
conditions or severity of the operation will depend upon the sul fur
conmpounds present and the degree of desu) furization desired. For

i nstance 5 nercaptans are nmuch nore easily desulfurized than _
th: ]QpheneS- Tges%%ﬂhétﬁxﬁé%dﬂ@clﬁaf thQ'ﬂ@Jﬂeétﬁé“ek_ t@&h@d%hgéti?n. th_eterOnytcl ic
sul fur conpounds negessari nvol ye eaki .and saturation e
rings which requi regghF ﬁgigsbsef‘i#?a ehat tﬁgAcﬁgfiﬁgac’Bf &&r Fgﬁ"ﬁ@fig&t o
catalytic reacti the hperdfeiom Will depehdmpbnithecisnlfne conpornis preisente
reaction system gh@ the defied SNtdds BN idakeoRY adsitbll at iFdy Usidi@nicle

cat al yst structures as the distillation struectures. uch syst
ares described TEFCERSAR® | FEQU. §.'u°1bat’f‘°r?\los‘.‘"asﬁ?‘%lS,aﬁff,l%urlze}é‘, 2%??77;

4,242,530; 4, 25¢ha6phenes0?2, 386 antulfogization5of tbinphenesssangnedher
herewith. In adm;beae%@pwtgﬁnfuis SbfipSnds neddsSarfdyePhvdl ¥és bxAking

5, 057, 468, 5262,012 5 6,546 and .5, 348,,710 di scl ose vari et f
catal yst struct ufa@é Fééurétlor{ mr%s the Tings aﬁgq}hfﬁqﬁérﬁﬁeﬂgwlf e?ee‘%/eéﬁ(?'é' .
her ei n. A di at mefthbomfcatarmnyingaciwdy dadwliydde wcactiotdswhesebeea 20

solid partjgul algeve§spad ktlerdids thReeBmpOhARE o VithBi Beadtion system are
distillation colunmm so as, 10 act_ag.a distillation. strucgture. ,The
Gistillation ool GRACHEREREH Sebuibry dhn Adeditidlion nelnolind kataliey
in equilibrium | istructurescasorthe distjddatient structuresn plaehctsystens
R STy | caliriicrs aoutere vt s pHe Bhal ) zis o
useful to y p%é&gﬁfl-gjﬁf/\/aﬁt'ggt%?g%;réaggf)o %‘?; 438&9? & .gfa:{()(\§7rftb"%‘i
4,194, 964, When, commanlyragpigned hegewith. In @stidion,acommponly Fosisned t o
3000 psi g, hggzolﬂ%dtom%:@. 4,px?;rat,isag,prs%,msur,assgp@zhhgblg%/dv,mer)sikomd
e (oo 1O aan gy B8, SISV B OLRLIERE i Biles ror
di scl ose this use and are incorporated by reference herein. A
distillation column reactor has been utilized wherein a
20 solid particulate catalyst has been placed within a
distillation column so as to act as a distillation
structure. The distillation column reactor has been found
to be particularly useful in equilibrium limited reactions
because. the reaction products have been removed from the
25 reaction zone almost immediately. Additionally the
distillation column reactor has been found to be useful to
prevent unwanted side reactions.
In U.S. patent 4,194,964, Chen, et al propose a process
operated at about 300 psig to 3000 psig, high hydrogen
30 partiai pressures and high hydrogen flow rates (around 4000
SCF/B) for concurrent hydroprocessing and distillation of
heavy petroleum stocks.  Essentially Chen, et al disclose
the use of concurrent distillation and hydroprocessing of
the heavy stocks for the standard high pressure treating
' 35 and hydrocracking. The range of conditions is fairly
consistent with the prior art processes.
SUMMARY OF THE INVENTION
The present invention uses catalytic distillation in



t he-use of concurrent distillation and hydroprocessing of t he heavy
stocks for the standard high pressure treating 35 and hydr ocr acki ng.

The range of conditions is fairly consistent with the prior art
processes. SUNMIREHEET Tl 8 | ON . The
present i nvemogswsmees catal ytic distil lﬁﬁpﬂ@E n PCT/US96/10971

4 hydrodesul furization at | ow tot al pbout 300 psig,

pref erably bel ow about 290 and nore preferably in the range of 0 to 200
psi g, |ow hydrogen partial pressure in the range of 0.1 to |less than 70 psi

and t f_rmer at ur gsh&a_r%dﬂfsdﬁiﬁ:qz_ﬁiziéﬂo[ﬁ ][ioezpt&QQier;rﬂeséturBFi aaié:sbtvi hgbout

i nvention may be_gai 0 CQMurise: - | a_betrol ey [

cont ai ni ng sul fu?agoﬁ%ﬁfn(f’srr%rﬁaagg %?}o‘?vggag’r?%tg’ogéz’ &nd S B gfﬁgglmc%ﬁ' um
reactor; - conthervange Pf 9atd aP8tbeidi i bW ardrayencparsial pressyre

di sgi ! It ing said pgt &@Jgeu%ﬁé ﬁafn \_agqr e&%/ ??eb;%iarﬁdl\/aﬁ&iﬁéﬁt{%%@'ﬂﬂ”the
products rising upwar id.dis ation_columm reactor n

i rit er nal 5 rgng? ef ui&g%q I38§L?I d¥rl o&fﬁﬁé%\’) r’d“'ieﬁ‘tsaf‘dmaysg?l patd on

colum reactor atd comprise: condensi ng petrol eum products w thin said
di 3“ Il 3t Ih 03 col urmféteﬁﬁhgr, (1) a fﬁ@krﬁ@é&ﬁméﬂgehaiﬁl d:cp&falrifahﬂgm tgaiw
and sai ydrogen _in presencg ,of . a y & yrization
catal yst prepar e8°ﬁ°ﬂ°‘?‘h"§sfo?’meof&a CMW?F% dFRti®i a‘ifs%i'iatl‘m coltmn
structure at totueagtessure of |ess than about 300 psig, hydrogen partial
pressure inRghe ranggn&irienkifoihessid istdd 18¢h of NEo Pukr MR € i n the

range of 400[ err] f.0.8QQ[.err] Fj\é%ereb ortion of the sul fur
conmpounds cont ai ned vvithﬁ? dJ'St:"q‘q"ngsaisﬂ’ tr%?%‘fﬂil%mre #F@Ectwﬁfﬁk’y
hydrogen to fornthege are wvapdrougwpetrekewy @riodudtsfrisinnivpwdird: thraughn

col um reactor cgpi@i Hikgisfhfion collh®! kb@ctor; [@PARIdrAAL Neetlifl réd
from said overhe?g‘smg)g fgndenm ng

a_h er L. NnQ. ciion i.n
partial condense ‘f‘ﬁfﬁ H& gw?(ﬂ)ét rbr?ag;&l ?&F&‘%ﬁ%’i‘?&é’&%’%ﬁ&%ﬁ?%’o
sai d di sti|¥5at i oAn@oFondensing qetroleunypreguets yithin paidgfdstillation
W t hdrawi ng a bokbpaln Prebtdr having a | ower sul fur content than said

petrol eum stream {b)il f J%ggic{:fg ors(]aﬁasg ??gfglfguﬁzss‘ggaex bea%ar i BQ?&I

o)
fromthe overhead produc na separate on column.

DESCRI PTI ON OF ThEaregeERREbhe Brerarts I arhydspdeanl Hrrigation catalyst
distillation col prepafedt di €166 Utdrm igf ROdatalytaei distidlation BRgaeturshin
i oen Wil e HebeAAL" R LU B DRSO 08 RS “Bfrben
partial pressure in the range of 0.1 to less than 70 psi
and a temperature in the range of 400 to 800 °F whereby a
portion of the sulfur compourds contained within said
petroleum stream react with hydrogen to form HyS:;
25 withdrawing an overheads from said distillation column
reactor containing said H,S; '
separating the H,;S from said overheads by condensing a
higher boiling fraction in a partial condenser;
returning a portion of said condensed overheads to said
30 distillation column reactor as external reflux; and
withdrawinq a bottoms product having a lower sulfur
content than said petroleum stream.,
DESCRIPTION O PRE D {0)3) NTS
The operation of the distillation column reactor results
35 in both a ligquid and vapor phase within the distillation
reaction zone, A considerable portion of the vapor is
hydrogen while a portion is vaporous hydrocarbon from the

This Sheet Has Been RTlaced
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petroleum fraction. Actual separation may only be a secondary
consideration. Wthin the distillation reaction zone there is an
internal reflux and liquid froman external reflux which cool the

ri sing vapor owe ssmsigocar bon 5 condensing a portion w thi np&Resdader
Wthout |limting the scope of the invention it is proposed that the
mechani sm that produces the effectiveness of the present process is
t he condensation of a portion of t he vaBors in the reaction system
whi ch occl udes 1ferraidd ClreBbt A 00 ACkRal Nos 20 hhguidhiy gatadn
t he requi site 1nfimate cqntact, betweep the hydrogen d

and .the )
sul fur conpoundsSEFPRIAFY, OSICETBFLoRe Uttt Jigkjitation rraghion
hydr ogenati on. zone there résuldn ofintleenapereaflox ofantihel pqoidsfron time 15

catal ytic distillatdHhimderink Wadbn! ev8L eﬁdrQgsihea‘;%g'sa%or?sa#yages§§yaﬁs

(and thus | ower total pressures).may be used. - -

di 5t |l atioR  hependen ”cgeﬁpBPal‘b?’é "g’r"ih‘i"e%’e bed. i thin the distillation
colum reactor. ThHéithogier dimiting thet sbeopeovwef &he oinvémtior udit is
cont ai ns hi gher Ll | R ' | e

t han t he upper Bpég)ééérﬁ (@aﬁhgﬁ%?t%na. . h’lgﬁl%oge?a%%% ﬁ]lég]ﬁfa%ﬁ@gﬁéﬁé I ch
contains nore eaSf|the PERSent RECesE dgnpbenoendensation ofha-ppEliey PHwer
tenperatures at the teppotst hdncolthien reactiivrch gysheanjes whdichgr estkudes

sel ectiVityg thakykficdhnS MRirogahdHiaC kheKidddeRkeaSRILLAG | €8 oBfain the

desirable olefinic . conppounds. The higher boil|ng portion is
Subj ected to - Pegpipihe | SREGHkS, eentact hHoFURER sha-dRaRISh AN | B on
col um react or tsutfueekconmoundse isuither presendai ¢f) thegeatalystotrporagyland

hydrogenate the syl fndir Hydrogenhtids. believed that in the present reaction
catal ytic di st ] ' ' :

occurring concurren #?l/a%e%%}%iss% Ibl% e:‘ g‘%’ﬁé%%%q%ibggglla’ee tgg?égg%[ é.%n the

product s add ot heataslywiamdishiddstbionanede chovboat lowdr dinaregencpartdal

zone as quickly gseRapadd! ean@denhsd 1bher3totali kld-200d=9! miydod eaebioNs.

Second, because all_th pnponent.s ar,e boil,i'ng the tenperature_of

reaction is chift rg’f‘l Eﬁyb§1 %iﬂ%gé}?&emiso% (HRRATREYFE gg:a[igent

syst em pressur e. witiimetheofdisgitlabirni oplynrr reactomor eThe temperature
at the lower end of the column contains higher boiling

20 material and thus is at a higher temperature than the upper
end of the column. The lower boiling fraction, which
contains more easily removable sulfur compounds, is -
subjected to lower temperatures at the top of the column
which provides for greater selectivity, that is, less

25 hydrocracking or saturation of desirable olefinic
compounds. The higher boiling portion' is subjected to
higher temperatures in the lower end of the distillation
column reactor to crack open the sulfur containing ring
compounds and hydrogenate the sulfur.

30 It is believed that in the present reaction catalytic
distillation is a benefit first, because the reaction is
occurring concurrently with distillation, the initial
reaction products and other stream components are removed
from the reaction zone as quickly as possible reducing the

35 likelihood of side reactions. Second, because all the
components are boiling the temperature of reaction is
controlled by the boiling point of the mixture at the
system pressure. The heat of reaction simply creates more
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6 boil up, but no increase in tenperature at a given pressure.
As a result, a great deal of control over the rate of reaction and

di stribution of products can be achieved by regulating the system
pressure. Alvewerrdatae adj usting the throughput (residence t ipgpnisodrodtd d
hour |y space velocity[err]) gives further control of product
distribution and to a degree control of the side reactions such as

ol i goneri zati on. A further benefit that this reaction may gain from

catal ytic distillgsipn i, t BAtlOno Vixdvdigee! RACt tépdrdtinrd NGQr NAl §eFdniX

Ehally. he upwaPESPFRT g NS aRoBenisty of cuPdat aiiE! of okedy e e DT,
remove the H2S whrate| £fHr yeactionn ande distripution soforpreduatisoncapnebe 15
Petroleum fracti gagiwbeeah 5?)’ Peghiseiny (thd erBY&Rem prédbhré. by tReso,
instant procgss inglude. the eul{__mgan e resi etrolt um dglsilll e aﬁi
i ncl ude natural gREIVFHA%G SR %ém“%'asf ?(selrdtoﬂ’gﬁe, eia'leesel ,Jﬁ‘é@é oﬁ?’é 4
(bot h at nospheri cspade velv&d@ﬂﬁf)an@ﬂ%&ﬁ(ﬂﬁnnﬁhéﬂuadmwwblonefnapra@uct
fhraight|{unfzg dﬂ?%fiﬂéﬂidﬂ 9@l tbr aM ﬁéédf?ﬁﬁéﬁﬂidE“%hb?EFH?!EeQétﬂﬁMsbe
byrolyais or del a08th a8 ngfsoneritaiony 7o, Misther pESePIY gkl TS0
must be suffici enreagtion mayi ngain tfron cgetprdntiputdiatiliasiow t hat ke ch
o B e Sttt aet ety ot e s
m?l e ratio 019 hyd%@%ﬁ!ﬁ%@tﬁ‘%@ 3 %’EﬂﬂjPP ymer g‘i’#@‘?f‘tpe@r\?af’f’ggnﬂ'ccordi ng
to the type of conpoBimkldn tthe upwardfiewingf hiidueger racheast edstoipping
consuned by side ggafe 26 hdipPNBeddid) ﬁﬁed@té@ e I i®| priafdedativy atnoON.
Hydr ogen flow. rag ret |gally c%iculated as standard cubic feet -
per barrel of fee 1f§k§%v%§ﬁﬂr§$8 f?Pt?ﬁ?lﬂange of 300 to 3000 SCFB.
Surprisingl w8 a | ow Pexglewmesfuactions owhisbutm@OObe5 treatefd for TRWONR e
in the range of Og&DerdPOpPsithel Sinst@utr @tocess include the full range of
petroleum distillates and include natural gas 1liquids,
naphthas, kerosene, diesel, gas oils (both atmospheric and
vacuum) and residuums. The fractions may be straight run
20 material direct from a crude fractionation unit or may be
the result of downstream processing, such as fluid
catalytic cracking, pyrolysis or delayed coking.
The hydrogen rate to the reactor must be sufficient to
maintain the reaction, but kept below that which would
25 cause flooding of the column which is understood to be the
"effectuating amount of hydrogen " as that term is used
herein. - The mole ratio of hydrogen to sulfur compound in
the feed varies according to the type of compound and the
amount of hydrogen expected to be consumed by side reac-
30 tions such as double or triple bond saturation. Hydrogen
flow rates are typically calculated as standard cubic feet
per barrel of feed (SCFB) and are in the range of 300 to
3000 SCFB.
Surprisingly, a 1low total pressure, below about 300
35 psig, for example in the range of 0 to 200 psig is required
for the hydrodesulfurization and hydrogen partial pressure
of less than 70 psi down to 0.1 psig can be employed, e.g.
0.1 to 70 psig preferably about 0.5 to 10 psig. The



for -the hydrodesul furization and hydrogen partial pressure of |ess

than 70 psi down to 0.1 psig can be enpl oyed, e.g. 0.1 to 70 psig
preferably about 0.5 to 10 psig. The

7 preferred hydrogen parti aITH8 55ET ejassgeEgsk t han 50 psi g.

Thi's preferalwyonmie hydrogen par{i al mmsggg I N the rangepcTrusssnedn about
0.1 to 10 psia and even nore prefcrabty—ro—fere than 7 psia.

Optimal results have been obtained in the 5 range between 0.5 and 50
psi g hydrogen partial pressure. Wher & t he petrol eum streamis a

napht ha, typi caI preferré‘d) " driceen %a%t@&frbfégsﬁﬂpféaiﬂé§ tHahNSor BBYG. Of

350 to r t he.botto erat ur t he rane,of 50 to 800
[err]F, and the #’ séﬁeef ﬁ%rlﬁel?a%g}éy% g8 PBrEé'%‘g PREE
Wher e the petrol efinaboutamm Lsta Rer psdaeandygvenl more pc'eﬁerabbmsnarmore

overhead tenper agjg, vnptsila rar&ﬁcﬁfaﬁ%éﬂts hav@%éé{rlaﬁtaiﬂé‘a b ¢ eHE
tenperature_in the ra g g% &ﬂy h? a(Selpressure in the
range of 0 fo 206 ‘b%?}% W@r -5 and, 30 pRig ﬁr%%ﬁ?r’r PTESEREP

typi cal conditions @herel5 theovgetaradensnpetreame is tdhe naphthagf 3yPical 650

[err]F, the c8R81 1 Bnd emewe%eaantwﬁefm 30 B %%g[eee%] Esoaeg
t he pressure_in the ra to 150 3?1 l'ySt which

useful for the hpa?odBsuttur tempe e‘g’é‘fl’dh q’??cl’i?d’@er’r&falsgoetBUﬁoQ/I N
such as cobalt, AFckahd £Be ppessuxk uin thencange iof c25btoaless whah 30ber

netals suche - pdSgl WRdeEURNAr pb%ﬂgié@xﬂ Bréam Uis 2k ketoRBABL \tYQb‘iBaifay
be al um na, mhcaﬁglumna titani gonaorthe}g_‘ N%n‘g xthe
metals are provi BRRPHEANR ARG PYET afih emperatyre, %‘ﬁp(ﬁapgﬁ 8f 330
extrudates or spheeesFanthashatiomsatenpsratyre iyerthentanges oifu/508sto 800

distillation strugt U588 the pressurzhgncahal i‘&ﬁée Q%\t@'ﬁb W%ﬁi Bt s iaﬁeme
Group V, VIB, Peri g

The e of the BPLEPTPh shEedh: i Poditenels navRIGRL Koinszather gol
provi des f@5 | ongeerheadt tempexatare xind Bl kyugegelad5en BD 65anfFs thet he

prior art. Thep&tesis VibhpdRitalred 1Y i €RE range! B6HEELB5Y/ eF Rl | agyCERGE

activity. Catalysts contain VI B,netal such as nol ybdenum
and a G oup VI | PERERIER 11 t%%cgﬁﬁgf %C%%Lﬁ%?ep &Fé preferred. Catalysts
suitable for the Catalyst which are useful for the hydrodesulfurization

reaction include metals Group VIII such as cobalt, nickel,
20  palladium, alone or in combination with other metals such
as molybdenum or tungsten on a suitable support which may
be alumina, silica-alumina, titania-zirconia or the 1like.
Normally the metals are provided as the oxides of the
metals supported on extrudates or spheres and as such are

25 not generally useful as distillation structures.
The catalysts contain components from Group V, VIB,
VIII metals of the Periodic Table or mixtures thereof. The
use of the distillation system reduces the deactivation and
provides for longer runs than the fixed bed hydrogenation
30 units of the prior art. The Group VIII metal provides
increased overall average activity. Catalysts containing a
Group VIB metal such as molybdenum and a Group VIII such as
cobalt or nickel are preferred. Catalysts suitable for the
hyrodesulfurization reaction include cobalt-molybdenum,
35 nickel-molybdenum and nickel~-tungsten. The metals are
generally present as oxides supported on a neutral base
such as alumina, silica-alumina or the like. 'The metals
are reduced to the sulfide elther 1n use or prior to use by

T



hydr-odesul furization reaction include cobalt-nolybdenum 35

ni ckel - nol ybdenum and nickel-tungsten.  The netals are general ly

present as oxi des supported on a neutral base such as al um na,

silica-alumna or the like. The SHEET HAR BeF uced to the sulfide

either in usewwyomsiedr to use by REPLACE 8 PCT/OSgsA08EE L O

sul fur conpound contai ni ng streans! oald l?he properties of a

typi cal. hydrodesul furization catalyst in Tabl e | bel ow.

TABLE | 5 Manuf act ur e Cri?eri on Catal yst Co.

%S! gn?t i on Ceffdbure to sulfur compc¥nd contai.ninlg Téi':réb/zﬁiﬁ Extr ughet e
m nal size i_anmeter 0 . .

Cobal t 5. 50 lpl.zoﬂg?tq.e@ of ' a typica}vbpygﬁ%%eusrﬁi\@%t%n c%%alyst in

Suppor t AFaliend below. PBroadly stated, the catalytic material is a

conponent of . a distillation system fgagigoni ng as both a catal yst and

15 distillation packing, i.g. ing fo distil]ation col um
havi ng bot h § distillation fuﬁ%??g%&g?% a cat {é}'@'ﬁ%”n éa%?ﬁﬁi?i%‘ﬁt
The reaction system can be deBesignari®n het er 6yt4dus si nce the

catal yst remains a distinct epbihy. 20 Arrpr iy ' ruaatal yst

structure for the present . %}/d .Qgenat i pn_react.i on,conpri ses
flexible, sem-rigid open NopHn tg ul ar ngt%rlpéll 2 8%as stainl ess

steel wire mesh, filled MPE®la WarBticul ate catalytic material in one
of sevgpal enbodi ments recent¢gbadavel opeg-s$ conjunction with 25 t he

present process. One new tryc e devel oped for use in
hydr ogenati ons is described in Usﬁgaﬂb\é%%.uﬁ'& 56%{’%46 whi ch. S
incorporated herein in its enPRPRRXE  Brj ef | yATHRLDRW cat al yst
struct uredi S a cat algrdaaly stated ivne Hatutiuie :ﬁ’&ermrrnigi ai 8gmpbisesithloF,
sem -rigid open nesh. t : as stai SS Wi_I
mesh, filled wit ?aﬁl&yﬁ%‘%‘t‘{ﬁg uﬁ%‘%l'“c a‘?“a’icﬁi?’%ﬁﬁ%t %rsi e, & SedeiYer"
materi al haw#Png distillation packing, i.e., a packing for a distillation

column having both a distillation function and a catalytic

function.
The reaction system can be described as heterogenous
since the catalyst remains a distinct entity.

20 a preferred catalyst structure for the present
hydrogenation reaction comprises flexible, semi-rigid open
mesh tubular material, such as stainless steel wire mesh,
filled with a particulate catalytic materia_l in one of
several. embodiments recently developed in conjunction with

25 the present process. ' '

One new catalyst structure developed for use in
hydrogenations is described in US Pat. No. 5,266,546 which
is incorporated herein in its entirety. Briefly the new
catalyst structure is a catalytic distillation structure

30 comprising flexible, semi-rigid open mesh tubular material,
such as stainless steel wire mesh, filled with a
particulate catalytic material said tubular material having
two ends and having a length j.n the range of from about
one-half to twice the diameter of said tubular material, a

35 first end being sealed together along a first axis to form
a first seam and a second end being sealed together along a
second axis to form a second seam wherein the plane of the
first seam along the axis of said tubular material and the
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two 'ends and having a length in the range of from about one-half to
tw ce the dianeter of said tubular material, a 35 first end being seal ed
together along a first axis to form a first seam and a second end

bei ng seal ed together along a second axis to forma second seam
wherein the piwoowesise t he first seam along the axis of peirgsderbtsrh ar
material and the WO 97/ 03149

PCT/ US96/ 10971 5 9 pl ane of the
second seam al ong the axis of said tubular mat eri al bi sect each ot her

gttan Ngn9|4942; g QHﬁeléftQh%O[ﬁdo]nd seam alt Eéﬁé”&xi%’ oﬂl §é§d5%(’zb§fﬂtgrgs
a ar e or er isclo pparte
catalyst in a 5 ™8 ﬁ}"%{] iRipest 538 @‘%ﬁ ag: @InoPﬁqgﬁl?fo boyt g&rrj;f%gﬁubul ar
structures, which |Essagpmt b m,tm &80t ahil a¥s oPato| Nown 4,443 ,56ac wbichy

open mesh kni tt egrét ihﬂb@ﬁéréﬁé@' hdﬁ'éﬁx b}alsclcsfew's%bbaﬂtéaec&iﬁ@l*élgeiﬂeﬁ
into a heli hgreln

desori bes séver aPl'iﬁa ﬁ@f h%? g?u‘i’lf%ttﬁ euétaf u%fmvgﬁi% ![‘%el"&r

di scl oses . nshmd:tmsu.r eshixh tih| supported amrtimeshst@lﬂarnoat wlo}umn
distillation stry fB fuorméé'ﬁ sm%ﬂeae @&E’Lnless digetPSq el HyS.
patents 4,731, 22 and g K-\ g incorporat ed_b

ref erence. 15 1%%“?) Pc W8te°(,g§t st"“m e“h PLIRy b # polier, ¥l |

i rregul ar chunks5ep48 ;'a:gtvr.emtgn,crsria |inceaporahed t heréeinke describiise several
particul ar sfgorm QEhéPesﬁﬂ:é‘iolfé | tPRdQired 1M thE priorShiHChWaE dl%cliafses

critical, so lon uff C|ent S ea L s Drovi dto | .o
r easonabl e reactﬁS g Zﬂll%ag’??l ﬁﬁr thgtﬁfgl‘é? spar s & lyglﬁest
det ermi ned for disteédntd&mal wtirgckuresi ans¢tihcefathe Yhdisosipurpose are

avai |l abl e | gt 8618sed Uir Qﬁ% a‘b&ﬁeiﬂi\té I4,vmv abor afif § o N2 B LaicH agd
of course affect #’he activ £ g t|c mat eri al For the
pr esent hydrodesﬁ ?ﬁr*x}%?ﬁ%‘#ftteﬁe }Srﬁ? T cat al yst structures for

the packi ndSare t hothe eppitiduigte cat@}:nestrme@';isﬁ way ube 1a cpafdeyyr seable
plates or screenjpfefular chunks or fragments, small %@Lgﬁd the 1ixkl
;tgeueéam;;;as'\klj 3 gel ow %&s% strucitu AP} catalytl% eﬁa{:erlgf di scltgsed
structure is not crltical, so long as sufficient surface
area is provided to allow a reasonable reaction rate. The
20 sizing of catalyst particles can be best determined for
each catalytic material (since the porosity or available
internal surface area will vary for different material and
of course affect the activity of the catalytic material).
For -the present hydrodesulfurizations the preferred
25 catalyst structures for the packing are those employing
the more open structure of permeable plates or screen wire.
EXAMPLES
In the examples 1-3 below a catalyst structure was
prepared as disclosed in U.S. Pat No. 5,431,890, which is
30 incorporated herein, containing 0.947 pounds of the
catalytic material described in Table I and placed in the
middle nineteen feet of a 20 foot tall 1 inch diameter
distillation column reactor. There were 172 foot of inert
packing in a rectifying section above the catalyst and 1/3
35 foot of inert packing in a stripping section below the
catalyst. Liquid feed was fed to the distillation column
reactor at either at about the mid point or below the
catalyst bed and hydrogen was fed at the bottom of the



30 - incorporated herein, containing 0.947 pounds of the

catalytic material described in Tabhle | and placed in the m ddl e
nineteen feet of a 20 foot tall 1 {iTigh gigmeiel nreng ] distillation colum
reactor. There were 1/2 foot of inert REtg "’F“k%ﬂ“i n a rectifying section
above the cat ¢do/siesasd 1/3 35  f det—of—rneti=packi hg in a sefiubRinbss

section bel ow the catalyst. Liquid feed was fed to the distillation
col um reactor at either at about the m.,d point or bel ow the
catal yst bed and hydrogen was fed at the botfom of the )
10 cat al ysdtahgdt ved.caqh ehchherexnapbramplwy echidre? I AisHbwing

of a substantial rgducti.on_in t?e a@nu@l of, or, %ngcogu fu¥ . 1n.hoth

the overheads and® o?t%%’ss, ﬁéa ehDVEd Jo%aﬁﬂ C mount Of PTIINAC B HhEe

converted to H erinj Sbabll Ihearenexheafls and/ ebbtbens)y phet irsimoyveddearganion

gf_}he overheads.ﬁﬁﬁfur th?td ?as l?eﬁg fp?veﬁted E62"RL8 lang sepﬁsa@eﬁU||
oi ling range nap s, fed to the distil]latio colu react or

cont ai ni ng agt he ce’aﬁrg‘le\é@t b%r%ﬁtrj@t} & nﬁgpﬁal:mn ok 5’6‘8v8?’%%5ﬁ%1 ons and

results are given in TABLE Il bel ow. 10 Example 1 TABLE

Il Run No. A full boilinq range napHtE@hidE fed toHBH&SAistillation
605. 2 Feed bs/

, nr. 1.00 15 I
sul fur, vvppn1(ng)°°1umn ngé%%ﬁlg?ntalﬁlnqﬂaﬂﬁqe F?&F%¥SEC?¥P?%§3$3aS notgata

11. 03 (3243) abovEsnpEeaditiong @and) Fesults are @isehcid TABLE II below.
364 20 10 T0op Catal yst Bed , TaBES 11 M d Catal yst Bed
514 Bot t.om Cat al yst Bed 580 Bot t ons
679 Fee ‘“‘E%‘ 401 SngDs Total Pressure,
psi g -
rate, lbs/hr . 1.00
15 total sulfur, wppm (mg) 925 (419)
H, -rate, SCFH (SCFB) 11.03 (3243)
Temperature, °F
Overhead 364
20 Top Catalyst Bed 503
Mid Catalyst Bed 514
Bottom Catalyst Bed 580
Bottons 679
Feed 401
25
Total Pressure, psig 200

Hydrogen Partial pressure, psig 23.9

30 Overhead

rate, 1lbs/hr 0.74
total sulfur, wppm (mg) 120 {40)
Bottoms
35 rate, lbs/hr 0.20
total sulfur, wppm (mg) . 203 (18)
Reflux Ratio 10:1
40 Catalyst above feed, feet 9
Catalyst below feed, feet 10
Conversion of organic S, % 86
45 Example 2

A kerosene fraction was fed to the distillation column
reactor described above. Conditions and results are given
in TABLE III below. T
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Hydr-ogen Partial pressure, psig 23.9 30 Over head rate, |bs/hr
0.74 total sulfur, wopm (ng) 120 (40) Bottons 35
rate, |bs/hr 0. 20 a | fur, wopm (ng)
203 (18) Reflux Ratio THIS SHEZT HAS BEEN:11 40 Cat al yst above
feed, feet wo 97703849 Cataly WF f eet PER/USO6/10971
Conversion of organic S, % 86 45 Exanpl e
2 A kerosene fraction was fed to the distillation columm
reactor described above. Conditions and resul are given in TABLE
TABLE 111 Run No. 4- 25HDS Hour s
1757.2 5 Fe n No. rate, |bs/hr 4 35’“33 1. 00
total sulfur, UTSy) 1528 (694) H% 792 rate, SCFH (SCFB)
5.02 (1476) 510 Fe erature, [err]F - Over heads
449 Top Catydrest 1B8@hr 647 1.00 M d Catal yst Bed
659 . Bottomiﬁ?b‘a&l el f@ed wppm (mg) 697 1P528 (694B30ttons
784 Hy rate, SCFH (SCFB) 5.02 (1476)
10 Temperature, °F
Overheads 449
Top Catalyst Bed 647
Mid Catalyst Bed 659
Bottom Catalyst Bed 697
15 Bottoms 784
Feed 450
Total Pressure, psig 100
Hydrogen Partial Pressure, psig 11
20
Overhead
rate, lbs/hr 0.81
total sulfur, wppnm (mg) 38 .( 14)
25 Bottons
rate, lbs/hr " 0.17
total sulfur, wppm {md) 1577 (122)
Reflux Ratio 10:1
30
Catalyst above feed, feet 19
Catalyst below feed, feet 0
Conversion of organic S, % 80
35 .
Example 3
40 A diesel fraction was fed to the distilliation column

reactor as described above.
given in TABLE IV below.

i

L]

conditions and results are
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Feed: 450 Total Pressure, psig

100 Hydr ogen Parti al Pressure psig 11 20 Over head
rate, |bs/hr total sulfur, wppm (ng)
38 (14) 25 Bot t ons [ aHIS SHBRY RES BEEN | ﬁ 0.17
total sul fur, wepmsidony) 15¢7 (1REp LACED gf | ux Rat i @crrusesnosT
10:1 30 Cat al yst above feed, TeEEt Catalyst bel ow
feed, feet 0 i Conver si on of glztganl cCS % 80 35
Exanple 3 40 A diesel fraction was fe o the distillation colum
react.or as described above. Condi tions gty qyul ts are 1glven in
TABLE |V bel ow. ,
TABLE |V R@M° iy o Hour s
1421. 2 5 Fee rate, |bs/hr 1.00
total sul furg wopraed NY) 1528 (694) Herr] rate, SCFH ( SCFB)
10. 03 (2949) rate, lbs/hr 1.00
total sulfur, wppm (mg) 1528 (69%94)
H; rate, SCFH (SCFB) 10.03 (2949)
10 Temperature, °F .
Overheads 438
Top Catalyst Bed 634
Mid Catalyst Bed 648
Bottom Catalyst Bed 689
15 Bottoms 801
Feed 450
Total Pressure, psig lo0
Hydrogen Partial Pressure, psig 23
20
Overhead
rate, lbs/hr 0.77
total sulfur, wppm (mg) 84 (29)
25 Bottoms
rate, lbs/hr - B.21
total sulfur, wppnm (mg) 1278 (122)
Reflux Ratio 10:1
30
Catalyst above feed, feet 19
Catalyst below feed, feet 0
Conversion of organic S, % 78
35 )
Example 4

In the following example 18.7 pounds of the catalytic

material of Table I were placed in the catalytic distilla-

40 tion structure prepared as disclosed in U.S. Pat. No.

5,431,890, and were placed in the mid 40 feet of a fifty

foot tall three inch distillation column reactor. Liquid

feed was to about two thirds of the way up the coilumn and

hydrogen was fed below the bed. A second full range fluid

45 cracked naphtha was feed to the column and the conditions
and results are reported in TABLE V below.
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10 - Tenperature, [err]F Over heads 438

.Top Catal yst Bed 634 M d Catal yst Bed

648 Bott om Cat al yst Bed , 689 15 Bot t onrs

801 Feed . 450 Total Pressure, psig
100 Hy dwogmmsi@arti al Pressure, psig 23 20 Ov eptrresher10971
rate, | bs/hr 0.77 - total sulfur, wppm (ng)

84 (29) 25 Bot t ons rate, |bs/hr 4 C 0.21

total sulfur, wppm (ny) 1278 (122) Refl ux Ratio

10:1 30 Catalyst above feed, feet weapLE V19 Cat al yst bel ow
feed, feet R Conversi on of organi 2 é 78 35
Exanpl e 4 un gﬁ the foll owi ng exanple 183 238 ds of the catalytic
mat eri al of Table opE: were placed in the catalytlc istilla- 40 tion
structure pyepapgdg as disclosed in U S Pat No. 5,431, 890, and
were placed in the patefdO1bsmir of a fifty 2fQot tall three inch

distill ati on col umtetartsulfur,Lwgpmd (mg) feed2vas (Ld,2bDut two thirds of
the way up the c8bumatendSCFH {SCEBJr ogen was fedlbdbOd)t he bed, A second

full range fluid 45 cracked napht ha was feed to the col um and the
condi ti ons 1° TSR, geegé 3r e reported in TAEE%/V bel ow. WO
97/ 03149 Top Catalyst Bed US96/ 10971
Mid Catalyst Bed 651
Bottom Catalyst Bed 696
i5 Bottoms 749
Feed 297
Total Pressure, psig 200
Hydrogen Partial Pressure, psig 21.23
20
Overhead
rate, lbs/hr 16.0
total sulfur, wppm (mg) 122 (886)
25 Bottoms
rate, lbs/hr 4.0
total sulfur, wppm {(mg) 35 (64)
Reflux Ratio 4:1
30 Internal Reflux 6.02
Catalyst above feed, feet 15
Catalyst below feed, feet 25

35 Conversion of organic 8, % 92



sozzvos | INRRRMNBART) A — 085 e
s/hr= ¢ m s + - 20.0

rate, |b LW . Lat—s4f fur, wppm (ng)
1242 (11, 277) Hierr] rate, SQP E EEN | 41 (601) 10
Tenper at ure, wererosieo Over head D PET/0S96/10971
Top Catal yst Bed 552 Md aryst Bed

651 Bott om Cat al yst Bed 6 15 Bot t ons

749 Feed gg? Total Pressure, psig
20? b /thdI‘OQQﬁeF’ﬁﬁ$éﬂj_d?{ Qg?gfngd PS§ 0 21. t23 20 y Over head
rate, s/ hr su Is,

122 (886) 25 Bo}tonﬁ pro?géf f?§u§§e|Q&gFﬁégsgifur1za 1oﬁW%&nbe§§gieum
total sulfur, wpphkregmg)comprisingy (64) Ref l ux Ratio

4:1 30 Internal Igf! ¢éeding (1) a petrolefmOBtream coﬁ%&ihiﬁ% éggaﬁic

];:gﬁs’erfs?gﬁl of or 53?.. lgrscgo ou%a&sala¥§; (%'l %‘3’,"5{»8&3& 41]:,5 eat distillatzlon ¢olunmn

CLAIMS 1. A procwesctor:the hydrodesul furization of petrol eum streans
conpri si ng: (B) concurrently in said distillation column reactor
(1) distilling said petroleum stream whereby
there are vaporous petroleum products rising upward through
said distillation column reactor, an internal reflux of
liquid flowing downward in said distillation column reactor
and condensing petroleum products within said distillation
colunn reactor, and
(2) contacting said petroleum stream and saiad
hydrogen in the presence of a hydrodesulfurization catalyst
prepared in the form of a catalytic distillation structure
at total pressure 1less than -about 300 psig, hydrogen
partial pressure in the range of 0.01 to less than 70 psi
and a temperature in the range of 400 to 800 °F ﬁhereby a
portion of the organic sulfur compounds contained within
said petroleum stream react with hydrogen to form H,S:

(¢) withdrawing an- overheads from said distillation
column reactor containing said H,S;

(D) separating the HyS from said overheads by condensing
a higher boiling fraction:;

(E) returning a portion of said condensed overheads to
said distillation column reactor as external reflux; and

(F) withdrawing a bottoms product having a lower sulfur
content than said petroleum strean.

2. The process according to claim 1 wherein the
pressure is below about 290 psig.

3. The process according to claim 1 wherein the
pressure is in the range of 0 to 200 psig.

4. The process according to claim 1 wherein the
hydrogen partial pressure is in the range of about 0.1 to
70 psig.

5. The process according to claim 1 wherein the H,S is
separated from said overheads by condensing the higher
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(A) feeding stream cont ai ni ng organi c sul fur conmpounds and
(2) U b@ﬂm Hw distillation colum reactor; (B)
concurrentl ati on- ot s (1)

L0V j
distilling said petrol eum stream P %WEEWHA@ N apor ous petrol eum
products risiweojesyasd through sajd di sﬁ&ﬁﬂqgggon co umm r eaglpluseciiorn
internal reflux of liquid fl ow ng downwal sed=a=]i stillation colum
react or and condensi ng petrol eum products within said distillation
colum reactor, and (2) cont aci"F’ng sai d petrol eum stream and

said hydrogen inebligshgeselcese 1o 2 partial conderfbed Ut Sl ibl? 258"

catalytic distil atlon structure at

than about 300 p¥ef, afyRr i PLRG: W&th?%%w@q%eéhéyﬁaﬂwof 0.1
t o- Iess than 70 psi 6and Thet gnpeeasuaccondime tangaind 5GHargin tap p2dfiens |

F of WNBEDYe ndNLéON aizei-ﬁsapgga&' € HUdilin &@”peyndéala

cont ai ned within sai d_petrol eum streamreact W {
hydrogen to for r’rfiI‘i?E"na‘ti‘m Qdpmy; FRAFEOF RP SFHSFERRREE ¥ om sai d
di stillation col um7;eactiie cppbeess ngccording to selalind @ r¢ferein sai@D)

separating the HE,Q{._%E ‘fl%og@rséynpl 1QV?rE?§$ﬂi§h conden5| ng a higher boiling
e

fraction of said over turnin portion of said
condensed hi gher boBti nEhe rBRIGEST 8PCRERINg to © ain 7ovReReiRIthe® sai d
di stillation col overheadt bemperaturer ial inethexrange of 350 Hd-)554 t°IFjr ahieng

a bottons prOdUCLOgEX{?ﬁQtQm% SV féjd.rpoéﬁeeritalngé %fs%'o‘a to 800 °F, and

pet rol eum stream cess according to c wher el n the

pressure is bel o%thBHFSQWp‘;ﬁ dn shetrangs RE LS 40:3P8i PEi%0 claim 1
wherein the total pBessuTkei priotebbe acrmaiiofg 0tbo &IXlim 1pswierdin Thaid

process accor di ngeggogg@,hrggrém@rl@ q kgfoggﬁér] S is separated fromsaid
over heads by condenS| I gher ction in a parti al
condenser and renovitfy s@?ﬂ proqqz% aeegr ‘é}la'ég% ﬁ§a\?ﬂﬁ wheredn e ed

hydr ogen. overBeadhteppaxatusgreadsodsi khet vanyai of 423 5¢hdiceigs0al*IF,oftheai d
condensed hi gher pBetbhBItemp éi-é‘ﬁlfé)“ié’fiﬁ% %ﬁ{ %&55!0% R WoRCd 0 a3dl d
distillation col reactor gs}s &“ g’ ?é >§'1‘? The, process adécordi ng
to claim1l whereiesBFE5PRET ot% PIANTS ¥ hii9a 299 PHIR- process
according to cl ai m 8lwher @he tHIrecesspaacaanddingf tai ¢laiwr Heawbereinn salid

range of 350[errbettgoﬁégﬁe§ﬂe£n {lshg heapeiature of said bottons product is
i n the range of

range of 25 to | ess ?ggﬁ*’g%c?‘p"sﬁeés gﬁﬁl’fﬁiné m%f&a&&eﬁra gﬁ%#éjﬂ'l ;Sﬁ’lléegsw: S
| ess than 30 psi @vegheFfctgmpexaturs iy dimgthe xangenof \Ffd &ion 6540°F, the
petrol eum streampogtanketefipdfatire TRE iy @60SFangs 056 Ngo tesa| @, Madhaideei N
the tenperature of .33l,deOYETI€39% inkB b"Eo 150 psig.

13. . The process according to claim 6 wherein all of
said condensed overheads is returned to said distillation
column reactor as external reflux.

14. The process according to claim 1 wherein a bottoms
product is taken from said distillation column reactor.

15. The process according to claim 14 wherein a portion
of said bottoms is heated in a reboiler and returned to
said distillation column reactor.

16. 'The process according to claim 14 wherein all of

M said bottoms is heated in a reboiler and returned to said
distillation column reactor.

17. The process according to claim 1 wherein the H,$ is
removed from said overheads by stripping in a separate
distillation column.

18. The process _a_ccp:_:'ding to claim 1 wherein the
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range of 35 the tenperature of said bottonms product is
iFn the rangFﬂﬁ!@ﬂll"ﬂlEﬁﬂlﬁ!ﬂto 800[err] F, the total pressure is in the
range of 0 (@ psiyg, sand t he hydr qgen ssure is less than
20 psia. 10. The process according t T&ii&lﬁﬂﬁﬁxﬁﬁg}d% §al d petrol eum stream
is a diesel. WOWa4%rocess accordirng to BERIAR ein e nhﬁﬂﬂﬁﬁ@ture
of said overheads is in the range 'of~350[err] to 650[err] F

tenperature of said bottons product is |ntrmié§nge of 500 to 850[ err]

F, the total pressure is in the range of 0 to 150 psig, and the hydrogen
partial pressure hgdfag&ntﬁ&ytﬂgi 85 henp e gC dj o) m 1
wherein a portion,g id bottonsﬁgfbdgég |§ %gaFgg §§n§n gfr% é?ngﬂ’
returned to said dlé?éiﬁ ation columm reactor. 13. The process_accordlng to

claiml wherein all of said bottons product is heated in a reboil er and
returned to said distillation colum reactor. 14. The process according to
claim1 wherein the H2S is renoved from sai d overheads by stripping in a
separate distillation colum. 15. The process according to claim1l wherein
sai d hydrodesul furization catal ytic distillation structure conprises
cobal t - mol ybdenum 16. The process according to claim1l wherein said

hydr odesul furi zati on catal ytic distillation structure conprises

ni ckel - nol ybdenum 17. The process according to claim1 wherein said

hydr odesul furi zati on catal ytic distillation structure conprises

ni ckel - tungst en. WO 97/ 03149 PCT/ US96/ 10971

16 hydr ogen partial pressure is in the range of about 0.1 to 70 psi.
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