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(57) Abstract

This invention is directed to an improved process scheme to p:

(54) Title: AN IMPROVED PROCESS SCHEME FOR PROCESSING SOUR FEED IN MIDW \/

rocess sour feed in the reaction section of the process unit, including

isomerization dewaxing with zeolite beta. The instant invention employs countercurrent flow in the fixed bed of the M_IDW (Mobil
Isomerization Dewaxing) reactor (the reactor in which isomerization dewaxing occurs) with recycle gas being the gas stream in the MIDW
bed. With this arrangement hydrodesulfurization (HDS) and MIDW occur in an integrated process.




process inoperable, due to the poi soni'ng of the Pt netal which is required

for the depnydsmggnation reactions of MDWby the suldewysmpiesdnds or
Herr]S. (The partial denitrogenation reactions for the fuel oil in
the HDS beds al so produce NHlerr] byproducts, which reduce the acid

| somerization function of the zeolite, if the HDS effluent is:

cascaded to the M DWbed w thout proper stripping of NHerr]). 25
- There have been previous exanpl es of cotinter-current node operation in a
comer ci al -~ hydroprocessing unit. Criterion/Lumus disclosed the

 SynSat process irfi the O anaNPRONED PROCESSSCHEMB|y 1, 1991, p.55. This

process invol ves the integeghipRBbceEsiNGEOOREBED N MIBWI on and aromati c
saturation. The aromatic saturation bed requires a higher purity make-up

gas in the bottomof the aromati c saturation bed (than i s required
in the M DW bdtisddventiva i$ directed to animpnvédomgcepeschersetogiogesssoytfeed ey for hi gh

hydr 0@en \caasr4BalidnQ te'bridass it GRENIdIng isbiietizaibh Gdwaxing With zeolite beta. The instant U. S.
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boi | i Ng rROQRSW BEE VI TR @arzement BydriRsulffizamue (HDS) apdMIDW ootuc inrap ditebrated f
MPHC effluent is subjected to MDW MPHC ef fl uent |s a clean feed of |ow

het er oat JfPEBhtent. A 35  hydrofinishing step fol M DW_There is no
t eacithg of t HAIDWemppysRtizgalitecbetpal 'quwsawerembewgi’aw referably in e agpench gl yse
of ‘cat al yduirgr comeinmesm, hifiobgraeice amonEHDuifur may bé periviti)/to WS, dePydregenatiup.
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WD 99/ 2988 dehydrogenation function of MIDW. For this reason, the preferred feed to commercial MIDW
ZCH](L)J{?;&/ iﬁéﬁ%ﬂ l}sflﬁ tlt}g mdr?treated effiuent of thtla Moderate Pressure Hydrocrackmg Process (MPHC). 2
feed to t s KAGIRAN feed, having a(fow he?ergatocm con ent el'ﬁe ?nstant irgveﬁnd?\rp%v%eggqne%ﬂé’{ope of
sour feed to be introduced directly into the MIDW process.
Many opportunities exist in refineries not employing MIDW to produce low pour point -
products in order to reduce the amount of valuable cutter stock required to satisfy the fuel oil pour
20 point specifications. These refineries have fuel oils with high sulfur content, which render the MIDW
process inoperable, due 1o the poisoning of the Pt metal which is required for the dehydrogenation
- reactions of MIDW by the sulfur compounds or H;S. (The partial denitrogenation reactions for the
fuel oil in the HDS beds aiso produce NH; byproducts, which reduce the acid isomerization function
of the zeolite, if the HDS effluent is cascaded to the MIDW bed without proper stripping of NHs.)
25 There have been previous examples of counter-current mode operation in a commercial
hydroprocessing unit. Criterion/Lummus disclosed the SynSat process in the Qil and Gas Journal,
July 1, 1991, p.55. This process involves the integration of hydrodesulfurization and aromatic
saturation. The aromatic saturation bed requires a higher purity make-up gas in the botiom of the
aromatic saturation bed (than is required in the MIDW bed of the instant invention) because of the
30 need for high hydrogen consumption in the aromatic saturation step.
U.S. Patent Nos. 4,764,266 and 4,851,109 disclose the MIDW process as it is often
-practiced. Feed is subjected to the Moderate Pressure Hydrocracking step and some materials in the
kerosene and distillate boiling ranges are removed before the unconverted paraffinic residue of
T MPHC effluent is subjected to MIDW. MPHC effluent is a clean feed of low heteroatom content. A
35 hydrofinishing step follows MIDW. There is no teaching of the use of recycle gas in the MIDW step,
or of the use of catalytic hydrodesulfur'ization' (CHD) prior to MIDW. U.S. Patent No. 4,851,109,
which is based on a continuation application of U.S. Patent No. 4,764,266, contains an additional
solvent extraction step following MIDW before the lube is subjected to hydrofinishing.




process, fuel oils produced by nethods other than MPHC are at ti nmes

avai |l abl e ? These may have a hi gh het eroat om™ c g} 3664
Consequent [y, stripping of H2S and NH3 is required at two separdate

points, follow ng the hydrocracking stage, and followi ng the M DWreaction

section. 5 A significant difference in the process paraneters
exists for HDF (HDS or CHD) and MDW 2 ~  which i npacts on the capital
i nvest ment. Consequently, the equi pnent requirenments include separate

heati ng and catiouglgMPHC efflaent (vehich isim cleanfeed) isithe pmterred squece 9f eetioghe MIDWN sur e
separato [,.%?esg Ney og[lshprodu%@tpw AétRods %%Rhfh lgpﬂ@ RSHt Gings dvailafconinsad a(?&eﬁﬂ’ha t
reqU|renen s for c_desj r e two
react i on "8 higietepatoy 8?@?"?9%@5%%’3&%1 TUIRRINS %EB’S and NERR b hSwa Spara

Tabl e 1 points, following the hydrocracking stage, and followmg the MIDW reaction section. DS

M DW g TeRgnikht Sitference in the process parametels exists for HOF (HDS or GBI0) FidMIDW,

El(y)gr (7)32 n w@% dr Oﬂne ncg@%’ gveslme% eé ngeq%e%;@ t'he equipment reg@%%fﬁ&%cﬁy 400 |

circul at marate;h}aum and cooling for the fegtRpd the effluent, separate high pressyrgSepafatqsy, S on
i nhi bi ti Qgpapdte Eé@ivcﬂ %ﬁpresﬁﬂlﬁlﬁraccommoda@ugneﬁmﬁmahts for the two stages. Basiddegighe 1

I 11 ust rat es tge Chr@ic‘uor{&{:lvo?lgak?!%%g@&%%'w DW pr ocess.

Figure 2 PREMGS rates he Te Ive e poi sons on M DW cat al yst
convdPsion activity 20 as a functi oFl react'or tenperature for feeds
containing different poisons. . HDS FigumW 3 (a)-(d) illustrate
the rel at.rle%ﬁergﬁe gts of feed poi sons ogggMsB\W catepoiygh sel ectivity for

| i ght gas production, naphtha production, gl sti Il %t e production and

dewaxi ng Hyftogen pagtiahpressure, psi | ogpect j SA%EP An i nproved

process Hybogen dopsendtin) BOF/BL) has’ been3®evel oped®®o enpl oy hydrodesul fur-

1152atHyggg£,{—Q§)"aﬁyn §e¢al ytic hydrodeggl furi zaggoen (CHD) in synergistic
corrbl nation w '

i nter e sep e is necessary.
The pr océg'ga%f"t'f’ﬁé’"%tlfﬂff%tlon pﬁ'g'cggs theaﬁﬁwged or beds
I medi ately after the conventional HDS bheds in a counter-current

mode oper at i orfiguse tilustratesthe floy ghattar aqptegrated HRSMIBWLRICES: 4 ¢t or
effluent to prRgues2 iliGstates thepelative effeds df@edtm-orﬁtonwnmmamusgcommmmhwyyst

and ty ”Bds[m@ﬂcﬂoﬁ é}‘?eaﬁtfr d}&orfegés Joﬂﬁmﬁnﬁ@iﬂ’eﬁeﬁt Jo%né he isonerization
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recycle gas fr ’ﬁ%"hﬁ%l‘!ﬂ‘?iﬁé”%‘a{"f‘?@ F@ﬁ?@F%J@msr%wca?ﬂy%feﬁm%}yefgsur e
am ne abdightgas production, naphtha wrodwdting, qllstillatherom%lycal@ dwexingeffecivsnesnove Hoerr] S
and NH[ ergdpebtivelyne recycle gas stream)

An improved process scheme (see Figure 1) has been developed to employ hydrodesulfur—
25 ization (HDS) or catalytic hydrodesulfurization (CHD) in synergistic combination with MIDW. No
interstage separation is necessary. '

The process of the instant invention places the MIDW bed or beds immediately after the
conventional HDS beds in a counter-current mode operation to sth‘p H:S and NH, in the HDS reaclor
effluent to prevent sulfur poisoning for the Pt containing MIDW catalyst and to maintain the strength

30 ofthe zeolite for the isomerization function. The gas stream used in the -bottqm of the MIDW bed is
the recycie gas from the discharge of the recycle compressor. (A high pressure amine absorber is
included in the recycle gas loop to remove H,S and NH; in the recycle gas stream.)

The disclosed process scheme can satisfy the hydrogen partial pressure requnrement in the
HDS and MIDW beds, while operating in the comparable reactor total pressure range. The makeup

35 “Tydrogen for both HDS and MIDW is in the range of from 71.2 to 106.8 n.L.. - (400 to 600 SCF/B),
preferably 89 n.L.1."! (500 SCF/B) is introduced at the inlet of the HDS reactor to maximize (or match)
the required hydrogen partial pressure. Normal hydreproce_ssmg units with ||mlted availability of
make-up hydrogen in the refinery (or at a minimei_ high'pressure purge rate) shows much lower
hydrogen purity for the recycle gas, compafed to the make-up hydrogen purity. As an example, a

40  make-up hydrogen purity of 85 to 90% obtained from the catalytic reformer often results in 5010 70%



The di scl osed process schene can satisfy the hydrogen partial pressure
requi r enentvo sp/ok® HDS and M DW beds, whil e operati nQ’cgﬂJé%G
conpar abl e reactor total pressure range. The nakeup .35 “hydr.ogen fc?)r
both HDS and M DWis in the range of from71.2 to 106.8 [err] (400 to 600 -
SCF/ B), preferably 89 [err] (500_.SCF/B) is introduced at the inlet
of the HDS reactor to nmaxi mze (or matcH) the required hydrogen
partial pressure. Normal hydroprocessing units with limted availability of

make- up HPYEY Sydpeenforthrepyde mrfgrpwmap%thﬁwmws ey ﬁ"ﬁb’ﬁ@%%‘ﬂ* é"eﬂﬂﬁ"&@“r ate)
shows nucdfitHedMIBW make-up poltiol intye ADP neactoy infedcantrisduce theympast oftse hydmgpap@ity t 0
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70% reaclor. \[{pe upg/oh thgHerycie gas with lower hydrogen purity in the bottom of the MIDW bed can
PCT / US98/ safishpthe requirement of 2758 kPa (400 psi) hydrogen partial pressure while operating at a much 3
purity h?’}?ﬁhqgfﬁhrfp%& 'ShLs %‘Up?raﬁﬁﬁof SRS SHIMIDWPRIdglaltl pRitERDebdies at €.

Conseque ,.the_ inclusion O e M DW-nake- oftion I n the HDS reactor
ol ot | carFoMBHIRRISRING SRS OO A% EoRRAPRAERIS g o0 19 S414eBina COFPT BER ed by
t he r ecyiressgrasepdnatbraang atcomingn regydideompeesseri e hydr ogen requirenent for the

HDS reacgday- The use of the recycle gas with-Iower hydrogen purity in the

B o e R g Bl r SENEERSEER i A0 LaleR ipetsl)
Thus, 't hestreigbtran gasrpile Aind doisertip® gas dil (ALOM) ardt miytuzasofifepd surbss these arraiso
conpat i bl aﬁ:ptb%iiéi& bﬁéh_ théy'dte Sﬁ@t'ndea By Angl cﬂélﬁfé@éckiﬂ@&ﬂﬁéﬁnﬁﬁcrﬁdﬂfng op&ationed and
L
di still atthey 310 gatdised in ghiwinvangen- dhe fegds of iz '@vﬁn.ﬁo«@vey@l@é?oi'ingyphﬁibgmeerr 1689° gas
oi | s and #nakso°d, wihéndgaifts Qp ko 76t Qighh BidtiRtetoll iRtweeh 178°amd ST B while héwvge are
al so distillate boils above 342°C. Distillate fuel oils may possess endpoints up to 455°C and are quite
aromatic in character. Priorto dewaxing, suitable feeds have pour paints within the range of
-25° to +5°C. The waxy distiliate can be dewaxed employing the MIDW process under conditions as
described below to produce dewaxed distillate with a pour point below -5°C, preferably below -15°C.
Catalysts B

In the hydrodesulfurization bed a Co-Mo on alumina or other conventional
hydrodesulfurization catalyst is employed. _ _

Conventional catalytic hydrodesulfurization (CHD) is a well known process for reducing the
sulfur content of a virgin kerosene or other distillate of othem[ée suitable quality to bring such a feed
into conformance with the sulfur specification for jet fuel, diesels and fuel oils. Typical CHD 'catalysts
contain from 2 to 4 wi.% cobalt and 8 1o 10.5 wt.% niolybdenum on an alumina suppbrl. There are a
number of commercially available catalysts which differ in the nature of the support, amount of
metal, etc., and also a number of known process variations.

In the MIDW bed a hydrocracking or hydroisomerization step occurs using a catalyst

" combining acidic functionality based on zeolite beta and hydrogenation functionality. The
hydrogenation functionality may be provided either by a base metal or a noble metal as described
above, for example, by nickel, tungsten, cobalt, m'olybdenum. palladium, platinum or combinations of
such metals, for example, nickel-tungsten, nickel-cobalt or cobait-molybdenum. The acidic

__functionality is provided by zeolite beta which is a known zeolite and is described in U.S. Patent No.
RE 28,341. Hydroprocessing catalysts based on zeolite beta are described in U.S. Patent Nos.
4,419,220, 4,501 ,926; and 4,518,485, As described in those patents, the preferred forms of zeolite
beta for use in MIDW are the high silica forms, having a silica:alumina ratio of at least 30:1 _
(structural). Silica:alumina ratios of at least 50:1 and preferably at least 100:1 or over 100:1 or even
higher, e.g., 250:1, 500:1 may be used in order to maximize the paraffin isomerization reactions at
the expense of cracking. Thus, use of appropriate silica:alumina ratios in the catalyst may, together



appropriate. Oten they are produced by fluid catalytic cracking or thermal

cracki ng owe's3kb59S- Hydr ocracki ng processes such as I\/PH “-Aﬂﬂ ﬁng duce
cl ean feeds with |I-ow het eroatom content, so they ‘are not uSed 1nt

i nvention. The feeds of this invention have initial boi l i ng points bet vveen
160[ err] and 250[err]C, with endpoints up to 375[err]C. Light distillate
boils between 176[err] and 343[err]C wtl e “heavy distillate boils above
342[err]C. Distillate fuel oils may possess endpoints up to 455[err]C and
are qui t-aith contegieeef FQ!GWS'\a%‘indl‘%?F“W‘FDgP‘ﬁ?“V%a‘&'éﬂ/m"n@"d copirel abreatPReds have
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differ i rreadr beci80; id onfer toireach thsapptopriaterteaciion temperatue. dftydragee (line 80 mayso a
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a basks nedeal Thé MiDWIefLént (k 820) ascodles cusenbﬁded (miBOs00) withthe Bydrogeh exitidgtheri ckel |
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e hol i SSPIEIESIEEhine bgses The SRa9m B3RS BB 9P OLSaPRERr G7A 2 Rossen Tl

zeol i t e aaminé sbsddes2s tembve MASSind ik eridr td\meing redyEle®@a BaE1850Hy dr opr ocessi ng
catal ysts sed on zeollte beta are described in U S. Patent Nos.

| grgi} (%‘fed forn:g‘l 926 fl]gf e%ﬁ?éﬁ?egpﬁﬁggas R/f‘iﬁa)‘%\ ?qq@ﬁﬁﬂgeﬁf‘?@acﬁeet e

forms, haeficnentercunient wavxalpmntmwdmemmmafeeﬂ teremo@(heteroatgms. The bapefeed is
Si |ica: al y5a/8mvdirdél |rrﬁb&ur@5f aiath@s%ﬁénos,ﬁs &il aidch VAERkPgasblLyTable 3 movidesiad: 1 or

i m 2o s aRptermndg feapSad o ey oM Bl WS Grlabep i [,
Thus, usebase feed gndyith the bass feed contaminater by fitigren goisans. The fQ,e&F af Table Hpaye all
t Ogetz&r been hydrotreated, although poisons were in spme cases added subsequently.

The base feed represents a countercurrent MiDW operation which will significantly reduce
the NH; and H,S present in the recycle gas as compared to a standard downflow reactor. The feeds
injected with H,S and NH; reflect a typical downflow reactor and show the negative effects of catalyst
poisoning.

30 Figure 2 illustrates that an MIDW catalyst contacting an unpmsoned feed (Feed 1, the
hydrotreated base case, which represents countercurrent flow) possesses high conversion activity at
relatively low reactor temperatures between 385° and 397°C (725° and 746°F). Little conversion of
poisoned feeds occurs at temperatures below 397°C (746°F). The greater the amount of poison in
t_pe feed, the higher the reactor temperéture necessary td effect conversion. Therefore a

35_ u-couhtercurrent flow process can operate at lower temperatures and obtain greater conversion than
can a standard downflow MIDW process.

Figure 3 (a)-(d) lllustrates the relative effects of feed poisons on MIDW catalyst selectwny for
light gas production,naphtha productlon distillate producuon and dewaxing effectiveness _
respectively. MIDW reactors are intended to produce fuels in the distillate boiling range of 166° to .

40  388°C (330° to 730°F). Countercurrent flow maximizes distillate production. Poisoning gases
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wi.t h-control's (ﬁ Cat al yst acidity, as measur ed typically by ngﬁlﬁgsq%ﬁﬁ

and control of reaction conditions may therefore be enployed to vary
the nature of the product, particularly the conversi on and

accordingly the quantity of the convertesl fraction fromthe second-stage of
t he process. 5 Met hods for maki ng hi ghl y siliceous forms

of zeol i t gechica disfiRted Rkt éddihace hedativel eftbcts3Oritdewhiting effectiven@ss. iLeyAt Gis aRd Rdphihat | 0S
referred L:%d'cﬂﬂt gﬂgsrg%%gec] Hngaldal eﬁ‘éc?s &cE@r .ﬁLHAﬁéa L@gEwork ratios as

nment i oned ustra{ees t he preferred
enbodi ment (schematic) of - the 1ns ant drocarbon feed is
punped. through a series tAMleScHAghERATIONHIeR TR INUREAING,  nakeup hydr ogen.
10 The conbi nation of feed and hydrogen IS heat gg |§|1' ne 100). prior to
entering hydrodesul furization react 6 in Qugler to reach the
appropri aés reaction tenperature. Hydrogen %:Ig ne 900) may 3 al so be -
~used as a | nt er bed guench. The effluent of Mactor 800 i s3%8ol ed, if :
necessar y CélaneNurRh®) prior to enteri wgzt he M DWrea868r bed 700 at

tﬂe top ?bogrtﬁgi.@gi-?lr Hydrogeg (line 95(&;-,grters .at . 0.,?L.Lh1ehbafse gf_
e reac oWs upwar m Xxi ng ercurren e feed in
Binf FEHR4: %ol .

the react The M DW ef f | uent (T4 920) is coo t hen m xed
(m xer” 506%eers Pointt B¥Fhydr ogen exiting the 35785 M Dwreactor (line 820)

bef ore en¥rEk PanthCYR® Pressure separator 6§8a16he M DW piepelazd® exits the
separ at or he base. The hydrogen g Xits the to separator 620
and passeﬁ'ﬁ&oﬁ%ﬂk am ne absor ber 63@‘ o renove H gf‘(r}ts and NH err]
prior to "??é'c%é'b?ﬁcl ed via |ine 850. 19#ata 20 Table 2

provi des sShsurfppad properties of the base feepdsused to denorzserate the

effective of countercurrent MDW grior to hydrotgeating of the

feed to rermve h’et eroat ons. The base feed is
Basic Nitrogen, ppm

Kinematic Viscosity @ 40C, cS 6.468 6.418
Kinematic Viscosity @ 130F, cS 3933 |
Kinematic Viscosity @ 100C, ¢S : 2113 2176
ASTMColor ' : <5
Distillation _ '
IBP, C/F* | 200°/391° 214°1417°
10 - 288°/550° 283°/542°
30 330°/626° 325°/618°
50 352°/667° | 349°/660°
70 372°1702° 367°/696°
90 s 409°1769°

EP © 487°/908° 4B5°/905°

Table 3 (8) - H _treated Base Feed (Feed 1
Runi Run2 Run3 Rund4 Run5 Run§ Run?7 Run8

_ Reactor Temperature °C/°F 385°/ 388°/ 3919 3937 396° 396° 397°/ 39T/
R 725° 730°  735° 740° 745° 745° 746° 746°
Conv. 343°C (650+°F), wt.% 287 478 689 870 898 927 913 757
Cs- Yield wt.% S 178 078 113 1.83 151 234 2062 397
Cs- 166°C (330°F) Yield, w.%  3.51 4.94 - 6.63 11.90 19.16 21.96 24.04 23.50

166°-388°C (330°-730°F) Yield, wt.% 77.90 79.41 81.42 80.04 77.00 73.99 72.03 71.10
Delta Pour Point °C 13 19 31 49 73 73 90 85



a 50/50 vol/vol m xture of an atnospheric gas oil and a vacuum gas oil.
‘Table 3 pr gata necessary for determning the

sel ectivi tgydof t?le M DW cat al yst when contacted with the %8%%3&563 feed
and with the base feed contami nated by different poisons. The feeds of
Tabl e 3 have all 25 been hydrotreated, although poisons were in sone
cases added subsequently. - 6 The base feed represents a
countercurrent M DWoperation which will significantly reduce t he
NH err] and H err]S present |nbtembx-mﬂie4@§gmaz§;orrpar ed to a standard
downfl ow reactor. The feeds i nj eck _ﬁ%.wth Heklb] S and NH err]
reflect a t)&pi cal downfl| ow reactor and s t he ne_ﬁqa fve effects of

cat al yst Reactor Temperalyei*GgF 30 38F(48r e 2 P& rates that an M DW
cat al yst canwi3ate (ggoer), wapoi soned feed (Ffell 1, the 856 . hydrotreat ed.
base caseG \Aﬁéﬁ@t%epresents count ercurreniaz“low) pos&gsses hi gh conversi on
-activity a el atively | ow reactor nper at uy, bet ween 385[err] and
397[ err] CC{881GRHT" Fhﬁﬂ”?ﬂéf err]F). Li ttlb onver si B4t poi soned.
f eeds occ1e6s3g8°CIIONIIWFLIYield, Wik ow 397 e8P (746 et4Q8F) . The greater the

amount  of paRIFHAFPdIM °c the feed, the hggher the rggactor tenperature
necessary to effect conversion. Therefore a 35 countercurrent flow
process can operate at |ower tenperatures and obtain greater conver si on

t han. can a standard: dommam_am&ﬂﬁ Figure 3

(a)-(d) illustrates the relative e ts ORufged p!!ﬁs)ns OounM DW cat al yst
sel ecti vi Q ht gas p JO th uc, distillate
producti ohgﬂf{%&ﬁgmwﬁ H‘Pf ecti venggs% 99"3’352’ e %j gdlzllq‘?ﬁ/reactors
are i nt engeny. Sﬁ'féiﬁﬁtﬁm&el s in t@#89distiF9hte bo??? ng raﬁg’fé of 166[err]
to 40  38Q[wewti(330[err] to 730@mr] F). 4@euntersysrent $4dw naxin zes
distillat §§P{g§‘ﬂ’&56'9?\nel° OWRNI NY 03885 2885 V'O 2967980%305

PCT/ US98/
166°-388°C (330°-730°F) Yield, wt.%  68.90 85.92 68.11  68.14
Delta Pour Point °C 61 70 48 - 43
Table 3 (d) - Feed 1 + 200 pom NH;
Rwn Rm BRin B R Riw Rm R Ru Rmn  Run
1 2 3 4.8 & 1 8 2 N0 u
Reactor Temperature 304% 397 397 3971 397 _ 397° 397 m’l 399°/ 399% 393%
*Cr'F 741 746° 746° 746° 748° 746° 746° 751° 751° 751°* 71
Conv. 343°C (6850+°F), 88.3 758 76.9 75 64.9 710 B289 86.6 873 89.6 689
Ca-YieldWwt.% . 335 334 247 243 241, 453 1.74 245 297 285 3.41
Cs - 166°C (330°F) 2083 2241 1672 1714 1624 1545 1485 1941 2201 2220 2362
Yield, wt.% .
166°-388°C (330"-730°F) 73.19 7184 7622 7606 7652 7308 7761 7501 7273 7285 7136
Yieid, W% : '

Table 3 () - Feed 1 + 2 Wt.% NH,

Run1t "~ Run2 Run3
Reactor Temperature °C/°F - 402°/756° 402°/756° 402°/756°
—Conv. 343°C (650+°F), wi.% - 750 - 76.7 62.3
" Cq-Yield wt.% 223 1.68 1.75
Cs - 166°C (330°F) Yield, wt.% 12.45 15.17 15.12

166°-388°C (330°-730°F) Yield, wt.% 79.04 . 7818 78.38



decrease distillate yield and have negative effects on dewaxing

ef f.ecti vengdsgpbigght gas and napht ha production are mcreasggwu‘g%“sane
.effects occur in a standard downfl ow reactor. bl e
2 - Base Feed Properties Prior to Hydrotreatl

EEEDzlAFﬂ 7 H“l“‘ |||||| mmmlﬂ' |“|

39.9 Cetane Nunber

85.9 PouctRmMsSit, Clerr]/F[err] L 33[err]/91[err]
30[err]/86[err] C oud Point, C[err]/F [err]

46[ err] 115[ er A] An integrated 'yﬂ[oemssmo{eﬁpﬁorm'@ Fhydrecarber fepdstock phigh
35[ err]/ Soifue ednterthd\idg dnaniti boikrgeoind dffal iR 160°C, to produce a distillate product of

158[ err]/ n%]z@r[u% yulld havm& 3 regyéeg%ﬂr%r(té@ géfé @hué_e'x gﬁ&%ﬂ! whfch c/Bmpnses the

14. 41 romati1 cs

19. 4 following steps: = 20. 2 Sul fur, ppm

249 (a) hydrodesulfufizidg {Ne hvdiqamon fgethover a fixed bed of hydrodesulfurization catalyst

o7 i fubdd e Rﬁ@@%&bﬁz noRditidn¥ @400 cS
2 46g  "aving ahydrogepation JehHRGlrtaubl (b, (A i alrtfza 3 933

Ki nemat i dYY/Pasagertislpregerg e fram400t0 800 psi; 5 173 2.176 ASTM Col or

<1.5 Distil | at(b)dwydroprocessihg3Re efBent of] s’téﬁ (e) ovier a fixed bed of hydroprocessing catalyst

ggg% g ; } ; cé@éiﬂgr olite beta as an M&H&‘eﬂ% gr{ &ditibn to :?Ohydro&é}latlon-dehydrogenatnon

330[ err] /% r@ptly wherein makeup h gfl %Elgfrgvrﬁntly to the ef@ﬁsm of step (a) in the fixed

352[ er r ] /088 of rydroprocessing cataly #r0grdar tq $tiioid,S and NH, f@m the effluent of step (a), thereby

372[err]/ n?ﬁ%sﬁiﬁé {he strength of the zedifte’ bét id 4rbicdombonent in addifibn to preserving the
j é‘;’{ :{ { % ;eéag{vg?# of the hydrogen%lg%-?éﬁpﬁo;% gn[ fe ?c]nLnahty. to proléuce a distillate bolling range

product having an enhanced content of isoparaffinic components and a reduced pour point; and

(c) separating the distillate product from lower boiling range matenials.

2. The fnethod of claim 1, step (c), wherein the lower boiling range materials, comprising
hydrogen, H,S and NH,, are passed to an amine absorber wherein the hydrogen is separated from
the NH3; and H,S and is recycled to step (b).

3. The method of claim 1, step (a), wherein the hydrodesulfurization catalyst comprises from
2 to 4 wt.% cobalt and 8 to 10.5 wt.% molybdenum on an alumina support.

4. The method of claim 1, step (b), wherein hydrogenation functionality is provided either by
a base metai or a noble metal. '

5. The process of claim 4, wherein the base metal is selected from the group consisting of
nickel, tungsten, cobalt or molybdenum. _ ' |

6. The process of claim 5, wherein the hydrogenation functionality is supplied by
combinations of base metals.

7. The process of claim 6, wherein the combmatlons are selected from the group consisting
of nickel-tungsten, nickei-cobalt or cobalt-molybdenum.

8. The process of claim 4, wherein the noble metal is selected from the group consisting of
Pt or Pd.

9. The process of claim 1, step (b), wherein the zeolite beta possesses a silica:alumina ratio
of at least 30:1. g

- 10. The process of claim 9, wherein the zeolite beta possesses a silica:afumina ratio of
greater than 500:1. '



Table 3 (a) - Hydrotreated Base Feed (Feqd 1) Data

Run 1 Run2wdiy3ggeRun 4 Run 5 Run 6 Run7 Run8. Reactor Tenpega ;hr,ﬁk@rr]C/F
385[err]/ 388[err]/ 391[errq/ 393[err]/ 396[err]/ 396[err]/ 397[err]/
397[err]/ _ 725 730 735[ err]

740[ err] 745[err] 745[err] 746[err] 74[err] Conv. 343[err]C
(650+[err]F), w.%. 28.7 47.8 68.9. 7/@ 89.8 92.7 91.3 75.7 (err]
- Yield wt. % 1.78 0.7 1.13 1.83 1.51 234 2.92
3.97 CJerr]- 186[err]C (330[err]F) Yield, wt.% 3.51 4.94 g-63 11.90 -
19.16 21.96 24.04 23.59 1l66[err]- 388[err]C( 30[err] 730[err]Y| eld, w.%
77.90 79.41 81.42 80.04 77.00 73.99 72.03 71.10 Poijnt [err]C
13 19 31 49 - 73 73

PCT/ US99/ 23664? 6
Table 3 (b) Feed 1 + 400 pp
Run 1 Runl 2 Reget-e—1=% oyl € ' '
397[err]/746[grr] | 397[ € 343] oxr]] C (650+[err]F),
w . % 81.9 . , 8580[er Yield wt.%
2.81 —{ 3.25 ?err] - 166[err]C (330[err]F d, w.%
17.17 ' 66[err] - 388[err]C(330[err] 730 eRr]F) Yield, w.%
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Del ta Pour
55 .
Herr]S
Run 3

Point [err]C
WO 99/29809

399[err]/751[ err] 399[err]/751[err]

Conv. 343[err]C . W . % '2/4’859 79.4 79.7
85.2 (err] - Vi % 4.61 4.79
5.15 5.1 C[gg}z,,;G [err]C(330[err]F) Yield, w.% 25.93
26. 86 22. s 2F0 166[err]388[err]C(330[err] 730[err]F) Yield,
w . % 68. 90 D5 B e 68. 11 68. 14 Delta Pour Point[err]C
61 70 oEoEt K6 ' 43 ' .
Table 3 (d) - Feed 8 «a 8@&uppm NH err] Run Run Run .
Run Run + + + + 1 2 3 4 5 6 7 Reactor
Temperature 394] e &4~ ~39#[prr]/ 397[err]/ 397[err]/ 397[err]/
397[err]/ 397[er-§g-§9§[gﬂ]/ 399[err]/ 399[err]/ 399[err]/
[err]/CJerr]F Jo o o o o7fl[err] 746[err] 746[err] 746[err] 746[err]
746[ err] 746[err]""7&[uérr] 751[err] 751[err] 751]err] Conw. 343[err]C
(650+[err] F), @ W XX F6. 9 75.5 64.9 71.0 82.9 86.6 87.3 89.6
68.9 w% (erry=—retr—m=—d 2 35..33 2 Ade 24 2l _
1.74_ 2.45 2.97 285 |3.41 defr]- 166[efr]C (330[err]F} 2P 83
22.45 16.72 17.]14 16.24 | 15.45 14.85 }19.41 22101 p2.20| 23.p2
Yield, w% 166[erjr]-388[errj C(330[err]-_"30[err]F) 73.19 7[1.84 }76.22
76.06 76.52 73.08 7).61 %‘i ’73-72.855 71136 |[Yield, wm|%
Table 3 (e) - Feed 1 +H 2 W) N[err] N
Run 1 Run 2 Run 3 -
m < Pe )
s
N
%) >
) -4
= qn:m . &
b= 79 | .
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Table 3 (c) - Feethch/dsodzlss %
' ' Run 1° Run2 -

Run4 Reactor Tenperature [err]C/[err]F
397[err]/746[ err]

397[err]'/ 746[ e

rrj

%M ‘uoxsaa/\ubo +J.EVE
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Reactor Tenperature [err] C/[err] F 402[err]/756[ err]
402[ err]/ 75@5;{,{8509 . 402[err]/756[err] Conv. 343[err]C é&%%%s%%u:)’

. % _ 76.7 62.3 (derr] - Yi
2 23 - 1.68 _ 1.75 . C[err] 166[err]C (330[err]F)
Yield, w.% 12. 45 . 15.17 = 15.12 166[err]-388[err]C
(330[err]-730[err]F) Yield, w.% 79.043 4 78.18 78. 38
WO 99/ 29809 / -
PCT/ US98/ 23664 CLAI VE: 1. An integrated hydroprocessing

met hod for upgradi ng a hydrocarbon feedstock of high sulfur content having
an initial boiling point of at |east 160[err]C, to produce a distillate
product of maxi mumyield, having a reduced sul fur content and a reduced
pour point, which conprises the follow ng steps: (a)
hydrodesulfur|2|ng e bed of

hydr odesul furi z&i} hgﬁl&fé%ogﬂﬁgg%§ gﬁmg@\@y - dehydr ogenati on
functionality, jer nyfiroaesgrruriyation condrlions at a hydrogen partial
pressure of f§ @hoo t0) 600 ps$i; ci_tg) hydir opr g ?@d R t he effluen‘a '
of step (a),oVer-a fixed bed pf hyd opro pSsi ngjcat yg tﬁﬂ"lé éﬁg ifte
beta as ang lgdpg4-component n addition 4o a hydro En5Ee @ % t'Hon
functionality, wherein makeup|hydrogen fl¢ws coynte éuFGQﬂnﬂl?&(ﬂﬂS

ef fl uent ofSsgegpda)—ntt-hefixed bed of 1\/%0.[.1 oceqi Feed-4t 41200t ppm NHBdgr
to strlp HEBrr]S fnd NH|Ierr] fromthe ef flugny of sqeapFéetd 1 + EWeBNH3

mai nt ai ni gy t @e0B{-rengt-h—ot—t-he—zeel+texbetqg—asian dcidic component in
addltlontaspresewmgihe - X. 5 ® : :

1.00 Y -

0.00

0.0 20.0 40.0 60.0 80.0 100.0

343°C+ Conversion, wt% HG 3A

Naphtha Selectivity of MIDW Catalyst

30.00-

8 4
5 25.00 _ - o Feed 1
o= i 4 A
T pn : e ® = Feed 1 + 400 ppm H2S
g 20.001— e a Feed 1 + 2 wi% H2S
> 15.00 . o x Feed 1 + 200 ppm NH3
e | X[ x Feed 1 + 2 wt’s NH3 -
* 5.00 -

.00 :
0.0 20.0 40.0 60.0. 80.0 100.0

- 343°C+ Conversion, wt% | F[G._ 3B

RECTIFIED SHEET (RULE 91)



effectiveness of the hydrogenati on-dehydrogenation functionality, to
produce a te'boiling range product havi ng an enhanc of
|soparafffﬁP?&g%%gonents and a reduced pour point; and ﬁgt&@ﬁkﬁah
separating the distillate product fromlower boiling range materials.

2. The nethod of claim1, step (c), wherein the |ower boiling range

mat erials, conprising hydrogen, Herr]S éﬂg NH err], are passed to an am ne
“absor ber wher ei n t he hydrogen is separa fromthe NH3 and H2S and is
recycled to step (b).. 3. The method of claim1l, step (&), wherein

t he hydrodesul furization catal yst conprises from2 to 4 w.%cobalt and 8
to 10.5 wt. % nol.ybdenum on an al um na support. 4. The nmethod of
claim1l, step (b), wherein hydrogenation functionality is provided either
by a base netal or a noble netal. 5. The process of claim4,

wherei n the base f consi sting of nickel,

t ungst en, cob&L’t Dgﬁiﬂ,&p{%g%@ﬁv‘i@y Jfom%#%?géf%aocess of claimb5, wherein
t he hydrog functjonalify 1S BUPPITEd D ,onb|nations of base netals.
7. The proCesg of|claim®6, wherein [he cowblnat ons hected from thd

group consigst Bhd-bt—icket=tupgsten-TigkEt Al t @r

8. The progss offclaim4, wherein t‘he n&pt-ee e al g@ﬂﬁ ngﬁfgﬁg
group consPst7Hd-pi—Pt—br—PRd- -9 bces ‘ofeQﬂ él M wtstHa$ (b)
wherein the zeolife beth possesses p sililawgl upi najxaFéed df + 2000 ppmtNH30:}1.
olite

10. The pr&tepg,pf—claim9 whereinlthe 7 bet §xpPgeE 1SR Wt% NH3
silica:aluBna rajio ofjgreatpr thah 500: a :

(=]
 65.0
8 |
b 60-0 LI

0.0 20.0 40.0 60.0 80.0 100.0 |

343°C+ Conversion, wt% HG 3C
Dewaxing Selectivity of MIDW Catalyst
90 *
& gg e o Feed 1
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B g ITH s Feed 1 + 2 wi% H2S
o 20 x x4y x Feed 1 + 200 ppm NH3
S _ ™ - |x Feed 1 + 2 wt% NH3
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