WD 2004/ 033587 PCT/ US2003/ 033324 | NTEGRATED PROCESS
FOR CATALYTI C DEWAXI NG FI ELD OF THE | NVENTI ON [ 0001]
wQahdog/08358ENnti on related to an integrated cat al p€T/TS2003/033324
hydr odewaxi ng process for hydrocarbon feeds. Mre
particularly, a feedstock containing sulfur and
ni trogen contamnmi nants is subjéct to a process
i ncludi ng hydrotreating, hydrodewaxi ng and/ or
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procmmﬁm
De\NaX| ng of hydrocar bon feedstocks is conventionally
{- flow properties of the feed,
2% LN the pour point. Dewaxing
cat al ysts rermve waxy components of feeds by either
sel ective hydrocracking or isonerization. The
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step@Nd/ or nitrogen contam nants. Such contam nants

negatively inpact catalyst activi ty, catalyst aging

and catalyst selectivity. Thus it is common to enpl oy

a_hydrotreating and/or hydrocracking step prior to
RANH NI LERL AN VAIBNJAON ni t r ogen and sul fur

cont ai ni ng contam nants to anmoni a and hydrogen

sulfide and to renove these gaseous contam nants from
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sadvant ag processes 1 nvol vi ng separ at

the flod plfopdftm‘sldfltﬁél teed, s;téﬁ@ﬂly Iy Idwadrinpothei e polift. CBBivaRing
investment is involved in tHe
catalysts remove waxy components of feeds by either selective hydrocracking or

isomerization. The selectivity of dewaxing catalysts may be improved by
employing constrained intermediate pore molecular sieves. The activity of such
selective catalysts may be improved by employing a metal

hydrogenation/dehydrogenation component.

[0003]  One problem encountered with dewaxing catalysts is that they are
sensitive to environments containing sulfur and/or nitrogen contaminants. Such
contaminants negatively impact catalyst activity, catalyst aging and catalyst
selectivity. Thus it is common to employ a hydrotreating and/or hydrocracking
step prior to the dewaxing step to convert nitrogen and sulfur containing
contaminants to ammonia and hydrogen sulfide and to remove these gaseous

contaminants from the process prior to the dewaxing step.

[0004]  The disadvantage of processes involving separate dewaxing and

hydrofinishing steps is that considerable capital investment is involved in the



WD 2004/ 033587 PCT/ US2003/ 033324 -2 equi prment for
these steps. Processes which are directed to

wo mriosmsts with high VI and | ow pour points pemustoosbs3324
conmbi ne hydrotreating with conventional dewaxing
catal ysts such as ZSM5 run a substantial yield debit
since the hydrotreating step is run at nore severe
conditions in order to conpensate for VI |oss during
hydr odewaxi ng. More recent Jdewaxi ng catal ysts which
function by isonerization '2t'ypi cally require clean
feeds, i.e., feeds with very | ow concentrations of
sul fur and nitrogen contam nants. When conbi ned with
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aseous contanm nants are nornmally required to protect

and (W poiBpoindCaridivhich dRRBIBE hlydrowsstidgheitid eshvationat dewaxing
have an i ntegrated process using dewaxin catal ysts

catalyistsctuchras ZS8yiehtun @bulspanti iyield idebis siricedherbydeotreating step is
cont ai ni ng substantjal . concentratjo s\ﬁf sul, fur- and
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typilHl ARE TR 18L& 1160 EETDYRh SRBERING coklddniatioAdf sulfur and
ni t'rogen contai ni ng contam nants. SUVMMARY OF THE
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I ntegrated dewaxi ng process capaagl e of operating w.th
and Kirgpineg oHgawaH aORIGITIBALS AECRYM b/ereiqﬁtr@g fQpEiedatalyg
.for dewaxing a raffinate feedstock containing up to
actiygy.000 ppnw sul fur and up to 1000 ppnw nitrogen
conprises: (a) contacting the feedstock with a
hydrotreating catalyst under hydrotreating conditions

[0005P Prioeksld Be desitalile eahave fieadsgatdd modessgasepdswaxing
ni trogen- and sul fur-containing contam nants, and (b),
catajys¢ssivhighaare Icapahle of operatingrin gnvirpBMEY i contaainggubstantial

f eedst ock .a aseous.c n . .
concentrations of s&%u Jand or mtrggé)nchrﬂ%ﬁurggr c?cr)rrlltifirtn(i"lli)an(téel l)vhlle
maintaining catalyst properties such as selectivity, activity and aging which process
functions without the need for a disengagement step to remove gaseous sulfur- and

nitrogen containing contaminants.

SUMMARY OF THE INVENTION

[0006] The present invention relates to an integrated dewaxing process capable
of operating with highly contaminated feedstocks. The integrated process for
dewaxing a raffinate feedstock containing up to 20,000 ppmw sulfur and up to 1000
ppmw nitrogen comprises: (a) contacting the feedstock with a hydrotreating
catalyst under hydrotreating conditions to produce a hydrotreated feedstock and
gaseous nitrogen- and sulfur-containing contaminants, and (b) passing at least a
portion of the hydrotreated feedstock and gaseous components from step (a)

without disengagement to a hydrodewaxing zone containing a dewaxing catalyst



wi t hout di sengagenent to a hydrodewaxi ng zone
contai ni ng a dewaxi ng catal yst WO 2004/ 033587
wEOAOSE8D3/ 033324 -3 including at | east one PET/US2003/033324
ZSM 48, ZSM 22, ZSM 23, ZSM5, ZSM 35, Beta, SSzZ-
31, SAPO- 11, SAPO-3 1, SAPO-4 1, MAPO 11, ECR-42,
synthetic ferrierites, nordenite, offretite,
erionite, and chabazite and hydrodewaxi ng the
hydrotreated feedstock unger hydr odewaxi ng
conditions, said dewaxing catalyst including a netal
hydr ogenati on conponent which is at |east one Goup 6
netal, at least one Goup 8-10 netal, or m xtures of
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ZSM 48.[0007] Anot her enbodi nent relates to an
morderiiteg ofifretite pervmsss ahd chdlearatei ang hy drodéwaxing éhe bydrotrsated
containin p to 20,000 mv su) fur and u 0,10Q0 .
feedpiosly undet hysjedewaxiag ewﬁﬁﬁp%ﬁld( WEIRE agﬁaim Hicﬁgdmg a

feedstock with a hydro [ c
metg R h G OEBRie SRS apLaaf Bl lng dfElak asdeast one
Groﬂ‘ggggﬁf Rkl 361 HG b PHRNGTAFIS 30! hifats 89 F@inhng
ntam nants, % passing at |east "a portion  of the
hydivdénaked ptathct.eadsised kerie, ZSieedt incudds EY-23M1-11 and ZBM-
ni trogen-contai ning contanm nants fromstep (a)
20 whicheta strictenallsgepsmentdo LWt dewaxi ng zone
contai ni ng a dewaxi ng catal yst including at |east one
of ZSM 48, ZSM 22, ZSM 23, ZSM5, ZSM 35, Beta, SSZ-

, SA : - :
10003, ol gl RIS Glan MRt orbbs e dewaxng o
raffifes febadtadi tentaiting by @6 20HEpawishEfuhyad aprted 060 ppmw

~ feedstock under hydrodewaxi ng conditions, said )
nitragenawhich coatmisgst (4)rmontatiting the fieadstockywitl g diydrotsenting
conmponent which,is at_.l.east on G ou t t
catafyghgndes ey b pling Ao o ISpansSt VBotshiad sk Teckamd
G ou 8-1 [ A N : :
sescy iradirs “uOShbR 5o REhnp KERALAHRILT o ARG Acast a portion
of the hydrotreated feedstock and gaseous sulfur- and nitrogen-containing

contaminants from step (a) without disengagement to a hydrodewaxing zone
containing a dewaxing catalyst including at least one of ZSM-48, ZSM-22, ZSM-
23, ZSM-5, ZSM-35, Beta, SSZ- 31,SAPO-11, SAPO-31, SAPO-41, MAPO-11, ECR-
42, synthetic ferrierites, mordenite, offretite, erionite, and chabazite and
hydrodewaxing the hydrotreated feedstock under hydrodewaxing conditions, said
dewaxing catalyst including a metal hydrogenation component which is at least one
Group 6 metal, at least one Group 8-10 metal, or mixtures of Group 6 and Group
8-10 metals, said hydrodewaxing zone also containing a second dewaxing catalyst
wherein the second dewaxing catalyst is tolerant of the sulfur- and nitrogen

containing contaminants.



wherei n the second dewaxi ng catalyst is tolerant of
the sulfur- and nitrogen containing contamnants. WD
wQo@4/08538587 PCT/ US2003/ 033324 -4 [0008] Yet PCDURm®N3/033324
enbodi nment relates to an integrated process for
dewaxing a raffinate feedstock containing up to
20, 000 ppnmw sul fur and up to 1000 ppmw nitrogen which
conprises: (a) contacting the feedstock with a
dewaxi ng catal yst including at |east one of ZSM 48,
ZSM 22, ZSM 23, ZSM 5, ZSM 35, Beta, SSZ- 31, SAPO- 11,
SAPO-3 1, SAPOG-4 1, MAPO 11, ECR-42, synthetic
ferrierites, nordenite, offretite, erionite, and
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waxi ng catalys genation
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i ntegrated process for dewaxing araffinate feed
dewakimghcatayprinsksling a)metal yeirogetetmnicogdnent whidhnistat I¢ast one
forma raffinate and a slack wax, . (b) deoiling th
Groyp fometadat depsppae tueun S Hhmetal; or mixtyres of {group; %mf fgoup 8-
foots okl wth,.a drotreating c | yst. _ungder .
10 g5 ) h Y B oS T S ink B Blstapertion of the
) : ) o )
by O e e ) b AL iffhing
zonBydd by dedldchihg dhshpilodawdxed proimosusderfiydro@nighing
ni trogen-contai ning contam nants fromstep (c) w thout
conditv@sgagenment to a hydrodewaxi ng zone containing a
dewaxi ng catal yst including at |east one of ZSM 48,
ZSM 22, ZSM 23, ZSM5, ZSM 35, Beta, SSZ-31, SAPO-

[0009] A still further embodiment relates to an integrated process for dewaxing
a raffinate feed which comprises: (a) solvent dewaxing the raffinate to form a
raffinate and a slack wax, (b) deoiling the slack wax to produce a foots oil, (c)
contacting the foots oil with a hydrotreating catalyst under hydrotreating conditions
to produce a hydrotreated foots oil and gaseous nitrogen- and sulfur-containing
contaminants and (d) passing at least a portion of the hydrotreated foots oil and
gaseous sulfur- and nitrogen-containing contaminants from step (c) without
disengagement to a hydrodewaxing zone containing a dewaxing catalyst including
at least one of ZSM-48, ZSM-22, ZSM-23, ZSM-5, ZSM-35, Beta, SSZ-31,SAPO-
11, SAPO-31, SAPO-41, MAPO-11, ECR-42, synthetic ferrierites, mordenite,
offretite, erionite, and chabazite and hydrodewaxing the hydrotreated foots oil
under hydrodewaxing conditions, said dewaxing catalyst including a metal

hydrogenation component which is at least one Group 6 metal, at least one Group



11, SAPO-3 1, SAPO-4 1, MAPO 11, ECR-42, synthetic
ferrierites, nordenite, offretite, erionite, and
web@bazisse and hydr odewaxi ng the hydrotreat ed PODUS2008/033324
under hydr odewaxi ng conditions, said dewaxing catal yst
including a netal hydrogenati on conponent which is at
| east one Group 6 netal, at |east one G oup WO
2004/ 033587 PCT/ US2003/ 033324 -5 8-10 netal, or
m xtures of Goup 6 and Go %p 8-10 netals to froma
hydr odewaxed product. [0010] Another enbodi nent
relates to an integrated process for dewaxing a
feedstock containing up to 20,000 ppnmw sul fur and up
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prodwets oil to forma blended feedstock, (b) cont acting
the bl ended feedstock with a hydrot reati ng catal yst
under hydrotreating conditions to produce a
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footZ sk toforimasNbIzBdedz dstock A B?&tacBeg the 'serded feedstock mith a
SAPO-31, SAPO 4 PO- 11, ECR-42, synthetic
hydyotrgatiggicpiadyst émr@ﬁeamg e9mdlaon%¥q phpduge adyygrotreated
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de DRl SNNGF b2 CRAICE BN 5. ik €2, 2NN 5SS,
ZSl\§It‘3’§%\'I B%ga, Q45! ?9,%@%?1,%@&5‘?%&%&4?, R/IA}%—\ﬁ PEBR%, synthetic
ferrierites, mordenite, offretite, erionite, and chabazite and hydrodewaxing the
hydrotreated feedstock under hydrodewaxing conditions, said dewaxing catalyst
including a metal hydrogenation component which is at least one Group 6 metal, at
least one Group 8-10 metal, or mixtures of Group 6 and Group 8-10 metals, to form

a hydrodewaxed product.

DESCRIPTION OF THE DRAWINGS

[0011]  Figure 1 is a graph showing average reactor temperature at given pour

point .

[0012]  Figure 2 is a graph showing polar tolerance of the catalyst.



point . [0012] Figure 2 is a graph show ng pol ar
tol erance of the catal yst. WD 2004/ 033587
wWOEDASAH8D3/ 033324 -6 [0013] Figure 3 is a gre@EhUs2003/033324
showi ng | ube yields for dewaxing a nmedi um neutr al
foots oil over a Crosfield hydrotreating catal yst
followed by a Pt/ZSM 48 dewaxi ng catalyst. [0014]
Figure 4 is a graph showi ng viscosity of the dewaxed
medi um neutral foots oil. f0015] Figure 5 is a graph
showi ng VI of the dewaxed nedi um neutral foots oil.
[0016] Figure 6 is a graph show ng cloud points of the
dewaxed medi um neutral foots oil. DETAILED
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footk batover AQHoRAERY IBFdratregitipesielyof fodloarre byha PyZ8M-48 dewaxing
interrel ated and dependent on either earlier or later

cataktséps, said steps occurring w thout di sengagenent
between the sequence of steps. [0018] Dewaxi ng
catal ysts which are isonerization catalysts are
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foot@kti cularly noble netals. However, such isomnerization
dewaxi ng catal ysts are considered susceptible to
poi soni ng by sul fur- and nitrogen-contai ni ng
contani nants such_as NH3 and S.. They, are.thus .
(001361 nalfigyreyp &t @ &rah ipvang B/rléth%P Agwexedhmedigmmeuirahifpss oil
such poi sons. An exanple of such pre-treatnent is
conversion of sulfur- and nitrogen-containing

nt am ' ;
[00]}‘;@ ar g]?ﬂiggg{ﬁz% %1 %rm@gﬁ}ly'éﬁmd pAARES thY BkWax&¥ medium neutral

hydrotreatenent is foll owed
footRYil.

DETAILED DESCRIPTION OF THE INVENTION

[0017]  In the present process, the steps are integrated, i.e., a process that
incorporates a sequence of steps which are interrelated and dependent on either
earlier or later steps, said steps occurring without disengagement between the

sequence of steps.

[0018] Dewaxing catalysts which are isomerization catalysts are normally shape
selective intermediate pore molecular sieves loaded with a hydrogenation metal,
particularly noble metals. However, such isomerization dewaxing catalysts are
considered susceptible to poisoning by sulfur- and nitrogen-containing
contaminants such as NH; and H,S. They are thus normally protected by a
preceding treatment to remove such poisons. An example of such pre-treatment is
conversion of sulfur- and nitrogen-containing contaminants to H,S and NH;,

respectively, by hydrotreatment. However, hydrotreatement is followed by



WD 2004/ 033587 PCT/ US2003/ 033324 -7 di sengagenent to
remove (strip) the sulfur- and nitrogen-contai ni ng
w@o@asdseant s  prior to dewaxi ng so as not to POCI/ES1003/033324

the catalyst. [0019] Feeds for the present integrated

dewaxi ng process include raffinates. Raffinates are

obt ai ned from sol vent extraction processes that

sel ectively dissolve the aromatic conponents in an

extract phase while |eaving the nore paraffinic

conponents in a raffinate phase. Naphthenes are

di stributed between the extract and raffinate phases.

Typi cal solvents for solvent extraction include
disclRRRont 10 Kb e L ff P TR ndifioBeh cBAiniEk contaminants

priof Ry@Sr@LHEB0@RGOTES Poiop thecautilgst. i ng feed to be
extracted with solvent, one can control the degree of

separati on between the extract and raffinate phases.
The raffinates may be wide cut or. narrow cut. . [ 0020
001he. rEhers Aot 8 TS S uad v PaRE PHIEeRS b G REES.
. ta . . . L
Rat LY I 5 o A B8 rPORRCE Bl bissove
the A6&AMR! doshisshes fl 8Pk itRGt phaserahild RavRE Wetor FHRANRAE
such as propane, ketones and m xtures of ketones with
componet i 8 raffotntephdsen 2aphthdnek aendistrislited betweenahargtract

chilling to crystallize and separate wax nol ecul es.
and Taféinptesphaseng Typisakseligats dor sebyent gxbpriaen trwlufiepabeaxoé a

furtygFaid Neme it et Filongy 2 Sl Sine P kO e
extr?céc{@{ %gﬁ%&%u}@?ﬁ@ﬁ{&%@d)%&tiﬁg%% {OBK extlhGed @&iglps&{fent,

to slack wax or foots il in the bl ende

one tege dehwokiherirygrdeacephuration P tvedothe: Xract AP ffifilte phases.
raffinate, slack wax or foots oil feeds are
Thechffimatesampy bg Wwidetcuhor niegw oty contain high | evel s up
to 20,000 ppmw of sul fur containing contam nants and
up to 1,000 ppnmw of nitrogen containing contam nants.

[0020]  The raffinates from solvent extraction may be further subject to solvent
dewaxing to separate a lube oil fraction and a slack wax. Solvent dewaxing may be
accomplished by treating the raffinates with a solvent such as propane, ketones and
mixtures of ketones with aromatics such as benzene, toluene and/or xylene and
chilling to crystallize and separate wax molecules. The resulting slack wax is then
deoiled to separate a foots oil (soft wax) from microcrystalline wax (hard wax).
The slack wax or foots oil may be blended with a 'rafﬂnate to form a blended
feedstock. The ratio of raffinate to slack wax or foots oil in the blended feedstock

may range from 99:1 to 1:99.

[0021]  The raffinate, slack wax or foots oil feeds are characterized in that they
may contain high levels up to 20,000 ppmw of sulfur containing contaminants and

up to 1,000 ppmw of nitrogen containing contaminants.



WD 2004/ 033587 PCT/ US2003/ 033324 -8 [0022] An
i nportant purpose of hydrotreating is to reduce the
W@ 0f08358nd nitrogen content of a feed. Hydr oPCEEBI008/033324
for the present process is not primarily concerned
wi th boiling point conversion of the feed.
Hydrotreating catal ysts wusually contain at |east one
of Group 6 and Group 8-10 netal (G oups based on the
| UPAC Periodi c Table forma_t8 having groups from1 to
18), on a less acidic support such as alum na or
silica. Catalysts may al so be bul k netal catalysts
wherein the anount of nmetal may be 30 wt. % or nore.
[ I
O o a Rt DA s Dol s and
nitrdgepicomedretiof a feedit Elydretedatingsfos tisusiesas prdfes84SndtAkmarily
Nobel ), DN 190 (Criterion catal ysts) and RT 721 (Akzo
conogyhed Wltlﬂmhag:pomt C@ﬁVﬁ’étO@I ofi the ffeasin Blydroweamagatalysts
ased on
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suchldPuiBHABr 6BRE. Caldly§io %%célé@ Bk bulkl ARPAcatdlysts wherein the

hydrotreating step is used prior to the dewaxing step
amonfit bfimepalananbe 3Prvoictésy, motee rExangplas invdede No/Mo, Co/Mo and

g ISR e I 2 S 1, 300, ched
corh 478108 9 PSAETADEFURD. UG O TC i G

RT ¢2Pgﬁk§m\a% Thausictad oPREAISE AR 0 Ar SNVt 98 WR%ED Bn

catal ysts ca operate in a sour environnent. In the
catat}ass eI—I'yfdrd)laéaftmgaaoeﬂ;ltlorts inelydb¢emppamitbeof 815+ 4@58(3 mrsssures
nate directly to.the_dewaxing step wt

of 247 - 0756 kg 500 r SQ0Mebie), DI pory pace beopites (LEISV) of

di d t h er.tai e cat

0.1 1 iR BN Sroecl e B SRl Ry SRR o Y T Ts ihbhg
catal ysts include ZSM 48, ZSM 22, ZSM 23, ZSM 5,
ZSM 35, Beta, SSZ- 31, SAPO 11, SAPO 31, SAPO-41,

[0028APO- IED, hydrotreating step is used prior to the dewaxing step of the present

process, there is no need for disengagement between the hydrotreating and
dewaxing step. Disengagement involves depressurization, stripping and
repressurization and therefor requires expensive pumps, separators and heaters.
This disadvantage is avoided because the present dewaxing catalysts can operate in
a sour environment. In the case of raffinates, it may be possible to simply pass the

raffinate directly to the dewaxing step without any prior hydrotreatment.

[0024] It has been discovered that certain dewaxing catalysts can function in a
sour environment. The present dewaxing catalysts include ZSM-48, ZSM-22,
ZSM-23, ZSM-5, ZSM-35, Beta, SSZ- 31,SAPO-11, SAPO-31, SAPO-41, MAPO-11,
ECR-42, synthetic ferrierites, mordenite, offretite, erionite, and chabazite, with

ZSM-48, ZSM-22, ZSM-5, ZSM-23 and ZSM-35 being preferred while ZSM-48 is



ECR-42, synthetic ferrierites, nordenite, offretite,
erionite, and chabazite, with ZSM 48, ZSM 22, ZSM 5,
W@ 3NuABS8Nd ZSM 35 bei ng preferred whil e ZSM 4BCT/ESAMB/033324
2004/ 033587 PCT/ US2003/033324 -9 a nore preferred
enbodi nent. ZSM 48 is a unidinensional internediate
pore 10 ring zeolite having a pore size of 5.3 A x
5.6 A ZSM 48 is commercially available and its
preparation is described ingU S. patents 4,397, 827,
4,448, 675 and 5, 075, 269. M 22 is described in U.S.
Patent 4,556,477, ZSM23 in U S. patent 4,076,342 and
ZSM 35 in U S patent 4,016,245. [0025] The dewaxing
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and%w%}ng@}gt%tgd ¢ loaded at the rate of 0.1 to

a é yst. Catalyst preparation and
nmetal | oadi ng nethods are described for exanple in
U S Patent No. 6,294,077, and include for exanple
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materi al s ich are resistant to h|

thereefitteised oneke WIPAKC Peryodie Tabjd foyedt havieg C&lmmqax ifrogn 1 to 18).
conditions to forma finished dewaxi ng catal yst or

Thege mytelg ar¢ toaged sbthemiamid). 1 to BRaviormaasedhn eFtrliss Qa@)fyst
preigii e nd it adiog et SR P L Bl § Bager
No.Y, 264 078! fd 2KIRR oS BkdnpR ibh eRBhdhge and impregnation using
decomposable metal salts. Metal dispersion techniques and catalyst particle size
control are described in U.S. Patent No. 5,282,958. Catalysts with small particle

size and well-dispersed metal are preferred.

[0026]  The dewaxing catalysts are typically composited with binder materials
which are resistant to high temperatures which may be employed under dewaxing
conditions to form a finished dewaxing catalyst or may be binderless (self-bound).
The binder materials are usually inorganic oxides such as silica, alumina, silica-
aluminas, binary combinations of silicas with other metal oxides such as titania,
magnesia, thoria, zirconia and the like and tertiary combinations of these oxides
such as silica-alumina -thoria and silica-alumina magnesia. The amount of
molecular sieve in the finished dewaxing catalyst is from 10 to 100, preferably 35

to 100 wt.%, based on catalyst. Such catalysts are formed by methods such spray



magnesia, thoria, zirconia and the |like and tertiary
conbi nati ons of these oxides such as silica-alumna
wo tdvasmsand silica-al um na magnesi a. The anouPCT/082003/033324
nol ecul ar sieve in the finished dewaxi ng catal yst is
from10 to 100, preferably 35 to 100 wt.% based on
catal yst. Such catal ysts are forned by nethods such
spray WD 2004/ 033587 PCT/ US2003/ 033324 -10 drying,
extrusion and the I|ike. Thﬁ dewaxi ng catal yst nmay be
used in the sulfided or andulfided form and is
preferably in the sulfided form [0027] The
tenperature for the present dewaxing process is in the

o BB B RS A SR e e
or uvhvl ! Qe 8 Sard¥Ois "?&fei/akﬂ? ad tHeiu1G@d@torhd. ¢ dewaxi ng

out the cracking that m ght otherw se be expected
from such hi gher tenperatures. O her process
condi tions include hydrogen pressures of from 2859 -
[0027D 7 8 6 Thepterppryature fcgdgg PresenYewaxigg paotess iy i g garge from

3605485 ¢ 8508l i e A 5 hter e
e 55450kl DR 8 YRGB S| OBk

mighelaiheediseitieexipbeted S Sucie Wishien eeropdratuysd. Otherayodessi n
a stacked (layered) configuration with the second
condisiops meeitd¢ hydiogen pmsumy% frommR858 e 2086 kPat(409 $e 3060
.toJ.erant of sulfur- and nitrogen- ai nin
psigoliq hosklyspass pplositics Al | &' 10 LRV Gnd hyfrogenreas gas rates
con ' B h d | arger pore
of ﬁiog{i g?yégt é@u@ﬁﬂ}és (%(gtgﬁj?@oégggﬁb%&conveni ent measure
of the extent to which a dewaxing catalyst provides
control nol ecul es of varying sizes to its internal
[0028] r ucThe by ddetvaxDgetalasinnay ndeteirod sedondzeatdlytie component
Zeolites which provide_a ghly .restricted access t

whighanasgheadmiieonyith 19 28 LIS eS N HUYRGTama) fegh a stacked
R RO Oy P FERRb AR T Secona
catalyst is tolerant of sulfur- and nitrogen-containing contaminants. Typical
catalysts that are tolerant of such contaminants include ZSM-5 and larger pore
catalysts such as zeolite beta. A convenient measure of the extent to which a
dewaxing catalyst provides control molecules of varying sizes to its internal
structure is the Constraint Index of the zeolite. Zeolites which provide a highly
restricted access to and egress from its internal structure have a high value for the
Constraint Index, and zeolites of this kind usually have pores of small size. On the
other hand, zeolites which provide relatively free access to the internal zeolite
structure have a low value for the Constraint Index. The method by which
Constraint Index is determined is described fully in U.S. Pat. No.4,016,218, to
which reference is made for details of the method. Large pore zeolites having

- Constraint Indices less than 1 include TEA mordenite (0.4), dealuminized Y (0.5),
ZSM-4 (0.5), ZSM-20 (0.5), mordenite (0.5), REY (0.4) and ultrastable Y. Zeolite



ot her hand, zeolites which provide relatively free
access to the internal zeolite structure have a | ow
W@ 20u@3¥58T t he Constraint |ndex. The method byP@hiUS1v03/033324
Constraint Index is determined is described fully in
U S. Pat. No. 4,016,218, to which reference is nade
for details of the nmethod. Large pore zeolites having
Constraint Indices less than 1 include TEA nordenite
(0.4), dealum nized Y (0.5) 1 ZSM4 (0.5), ZSM 20
(0.5), nordenite (0.5), REY (0.4) and ultrastable Y.
Zeol ite WD 2004/ 033587 PCT/ US2003/ 033324 -11 beta is
also within the scope of |arge pore zeolites. The
< . I o
beta AR BB ALY Sbnr SFRERERbre FBHGR, e Bofifid ELALARY ifponent
mayPalsobBasidi¢ peidtis dnipESIRInAttrRl Ruftas adlogplious! ay,
alum na or silica-alum na. [0029] At | east a portion
aluminosiieate; hdlogesatbd atorhing, hgidicod eyveatiiminea ongilioa-abtmina.
may then be passed to a hydrofinishing step again
W t hout the need of disengagenent between the

dro Xi n nd rof i ni shi.n . t al.yst
10039 G o RSk e, o RE BrodHe ORI Bl g kind 8 step
mayPfhgh b gadéed torb}’ﬁiicﬁ{)ﬁﬁ%ﬁﬂ?st% %gain' WitRoW the ned of hOse
containing at | east one O olp 6 and G oup 8-10
diseﬁgh@maﬁ tweapthethysliodewsxiag and hydoofirsshing atepsxanpl es
include Ni/Mb, Co/M> and Ni/Wcatalysts. Preferred
Catalysts dor kpdrofigishingeansthe sape asdbossesedylor thaprelimigary

5 AR AT 6 s
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Co/MmAd/NOW eatadystst Brefdined Wdroﬁeﬁﬁﬂ% eatabfsts eehrleysitslyst such

are crystalline mesoporous materials havin hidgh
as K810 2K E e¥ttSeilezoiNobel), IDNelfH} ('Emt@non@atalwstg)@n RT 721 (Akzo
described in J. Arer. Chem Soc., 1992, 114, 10834.
0 npl es included MCM 41, MCM 48 and MCM 50. A
preferred nmenber of this

[0030]  The hydrofinishing catalyst may also be a crystalline mesoporous
material belonging to the M41S class or family of catalysts. The M41S family of
catalysts are crystalline mesoporous materials having high silica contents whose
preparation is further described in J. Amer. Chem. Soc., 1992, 114, 10834.
Examples included MCM-41, MCM-48 and MCM-50. A preferred member of this
class is MCM-41 whose preparation is described in US Patent No. 5,098,684.
MCM-41 is characterized by having a hexagonal crystal structure with a
unidimensional arrangement of pores having a cell diameter greater than 13
Angstroms. The physical structure of MCM-41 is like a bundle of straws wherein
the opening of the straws (the cell diameter of the pores) ranges from 13 to 100+
Angstroms. MCM-48 has a cubic symmetry and is described for example is U.S.
Patent No. 5,198,203 whereas MCM-50 has a lamellar structure and is described in
US Patent No. 5,246,689.



class is MCM 41 whose preparation is described in US
Patent No. 5,098,684. MCM 41 is characterized by
whanwi08ps87 hexagonal crystal structure with a PCT/US2003/033324
uni di nensi onal arrangenent of pores having a cell
di anmeter greater than 13 Angstronms. The physi cal
structure of MCM41 is |ike a bundle of straws wherein
the opening of the straws (the cell dianeter of the
pores) ranges from 13 to 101(3 Angstronms. MCM 48 has a
cubic symetry and is descri‘bed for exanple is U. S
Pat ent No. 5,198, 203 vvhereas MCM 50 has a | anel | ar
structure and is described in US Patent No.
5, 246, 689. WD 2004/ 033587 PCT/ US2003/ 033324 -12
[0031] The anmount of netal is fromO0.1to 5 w.%
[003 ef eTRbhihodn?of MetalWh fi¥m 0RapeTiwe %,‘iﬁbﬁré&ﬂ& 0.2t02 wt %,

Hydr of i ni shing conditions include temnperatufres of
based3&n Catalyst.e Hydablinishigg condil@s ipcleds mmpemfura:s)ﬁf 15(33(-1}1‘10 C,

20786 Kk f bl -
pre)%ﬁ?gg (178 t %@99(3;@@%152) %,Qe 86(?0 pg/lgd%% r—&%%,%é ng@),(prgferably

ik i35 idpah RBRJ sV elshh - 2Dy PrsTiighty 0-2frofs dnd treat

gas ‘i‘%g@% 3)9b?gﬁ)¥i ool def O(%\l%gg’aﬁgizm tﬁ?/rﬁﬁeﬂre'fér Be&5- 5000 scf/B (80

out pre I”m nar

- 89%0ydt/at’).eat i ng step, then dewaxed product from
hydr odewaxi ng is passed to hydrofinishing wthout
di sengagerrent The preferred hydrofinishing

1003385 H488 Fatfingis 455 1hiassPo HEERLY ?Ooﬁé/frﬁ She il R
prel?fn ﬁyH o‘ffe%ﬁh%%teg)agl'?e/%gc}é\? d ﬁs t on %&?{bmng is

rlppl ractlo

pas%ﬁ@ﬂ@ﬂtﬂfﬂmsﬁmgaz/ltﬁcbﬁtfdiﬁenga enehd r ref@édhididdinishing
contanmi nants, especially hy ro? n sulfide and

conditiensiva]l inckde egamperduteagaghef fiwint h5Gt REP°Gaseous
conmponents fromliquid product. The liquid product
may be fractionated to obtain various cuts of

[0033]  The product from the hydrofinishing step is typically passed to a
separator which may include stripping and /or fractionation. In the separation
zone, sulfur- and nitrogen containing contaminants, especially hydrogen sulfide and
ammonia, are separated together with other gaseous components from liquid
product. The liquid product may be fractionated to obtain various cuts of

lubricating oil products based on boiling range.

[0034]  The process sequence may include the following steps in various
combinations. A waxy feed is first solvent extracted to separate a raffinate and an
extract. The raffinate may then be sent directly to hydrotreating, may be
hydrodewaxed directly or may be solvent dewaxed to produce a lubricating oil and
a slack wax. Upon deoiling, the slack wax yields a hard wax and foots oil which

may then be sent to hydrotreating.



| ubricating oil products based on boiling range.
[ 0034] The process sequence may include the follow ng
W@ @pP®33s87 vari ous conbi nati ons. A waxy feed iBCT/USEN3/033324
solvent extracted to separate a raffinate and an
extract. The raffinate may then be sent directly to
hydrotreating, nmay be hydrodewaxed directly or nmay be
sol vent dewaxed to produce a lubricating oil and a
sl ack wax. Upon deoiling, ITtﬁ@e sl ack wax yields a hard
wax and foots oil which nay then be sent to
hydrotreati ng. WO 2004/ 033587 PCT/ US2003/ 033324 -13
[0035] In the sequence raffinate to hydrotreating to
[00 dr Qﬂleef@)g'eggerﬁ{%%gﬁ?&[té ?@ﬁ*&%ﬁ%Xﬁ%{d ﬂ%&l%'dg&axfn & ! S
no di sengagenen etween any o process’ Séquence
optioh&Rp h?/a_ﬂﬁ'lrﬁé‘lﬁﬁg} therd is o #sshgayemeAtyenicRl anl FThéPBdbcess
take place sequentially in separate reactors or may
sequaeersteps. Sthedikattotreating andhwdrndéwaxingstaps. mayitake place
hydrofi.ni shing step will occur in a separate reactor.
seqygt lwap%fagevmm@s Ok B3Y OCRVOS dackadrkedsing sipgle reactor.

Any ESSERRHER SelShin dOE il 4 SorbataERIB e b5 Bihancing step
invé198€hRie thdndsHeedbwBdag chtaly st theh the KRABESNaxiAk step may

separate reactors in Sequence each containing a
invaleeaxmixgureatfalepstxing 0418BktsTihe yingleasactergtaekee beds in a single
i nvolving foots oi]ls may include hydrotreating,
reagigiy O SeRERICT§AGAES WerBeRad e;acwan@am@gtai qlﬁj"’ axaBg catalysé
case of raffinates, the sequence nay take pl ace
sequentially in separate reactors or may occur as

[003%5] aCkefe Rﬁ%&s E&{Lénéé Nelotvine 3661 roils[&%g ?1%0%1?_&‘@hydrotreating,

I hvention 1s further 1llustrated by t [ owi ng

hydexdewxdsg wind optianaly hydrotreatdmgled s as the castiafgaffmdfddPtieS
Exanpl e 1
sequencrerpmay take place sequentially in separate reactors or may occur as stacked

beds in a single reactor.

[0037]  The invention is further illustrated by the following examples which are

not intended as limiting.

EXAMPLES

Example 1

[0038] Table 1compares three processing configurations for dewaxing a 260
Neutral raffinate containing 6680 wppm sulphur and 50.6 wppm nitrogen and a dry
wax content of 16.75 wt.% on feed at -18 pour point. Column A illustrates the
properties of a dewaxed oil obtained by solvent dewaxing with methylisobutyl
ketone at a feed to solvent ratio of 3:1, the 260 Neutral raffinate. Prior to solvent

dewaxing, the raffinate had been hydrotreated over an Akzo KF-848 hydrotreated



[0038] Table 1 conpares three processing

configurations for

dewaxi ng a 260 Neutral

raffi nate

w@omuasisBnhg 6680 wppm sul phur and 50. 6 wppm ni PE€DYLE2IV03/033324

and a dry wax content of 16.75 wt.% on feed at
pour point. Colum A illustrates the
dewaxed oil obtained by sol vent dewaxing with
ketone at a feed to sol vent
3:1, the 260 Neutral raffi %te.
dewaxi ng, the raffinate had b

nmet hyl i sobut yl

-18

properties of a

rati o of

Prior to sol vent

Akzo KF-848 hydrotreated WO 2004/ 033587

PCT/ US2003/ 033324

been hydrotreated over an

-14 catal yst at an average reactor

B0 RSB D EPR s

of 2800 SUK HRAM of FedcEatd18Y0ps
were |l ess than 2 wopm Tab

B C Proces

lfgg E}ﬁ%gﬂphﬁleﬂi@ﬁitfog%iceﬁfeﬁts of the

hydkgtorated edfinatg werneyldssahae atvwppgm+ Untreated feed +
Sol vent Dewaxi ng depressurization + hydrodewaxi ng

hydr od waxi ng HDW Aver age React or
CYield of
Raw Feed, wt % Dewaxed O

Tenper at ur e,

100C 6.1 5.6 5.4 Viscosity,

Viscosity Index 113 120 117 Pour

+
ﬁ% es Viscosity,
cSt at 40C 36.8 31.4 29.7

Point,C -17 -17 -16

n/a 310 370
61.2 70.2 65.1 on

cSt at

A B C
Process Hydrotreating + Hydrotreating + Untreated feed +
Solvent Dewaxing | depressurization + | hydrodewaxing
hydrodewaxing

HDW Average Reactor n/a 310 370
Temperature, °C
Yield of 370°C+ DWO 61.2 70.2 65.1
on Raw Feed, wt%
Dewaxed Oil Properties
Viscosity, ¢St at 100°C 6.1 5.6 54
Viscosity, ¢St at 40°C 36.8 314 29.7
Viscosity Index 113 120 117
Pour Point,°C -17 -17 -16
Cloud Point, °C -14 -6 -13
Cloud -Pour Spread, °C 3 11 3

[0039] Column B illustrates the properties of the product made by hydrotreating

the 260N raffinate over Akzo KF 848 at an average reactor temperature of 350°C,
0.53LHSV, 1800psig and at a treat gas rate of 2600SCF H,/bll of feed but followed

by catalytic dewaxing over a hydrodewaxing catalyst containing ZSM-48. The

process conditions during hydrodewaxing were 0.76 LHSV, 1650SCF/B H,, and

1800psig. In this example the gas phase polar species (e.g., ammonia and hydrogen




Coud Point, C-14 -6 -13 doud -Pour Spread, C 3 11
3 [00391 Columm B illustrates the properties of the
w@ewdosissmade by hydrotreating the 260N raffi PEl/@SIE033324
Akzo KF 848 at an average reactor tenperature of 350C,
0. 53LHSV, 1800psig and at a treat gas rate of 2600SCF
H2/ b1l of feed but followed by catalytic dewaxing
over a hydrodewaxi ng catal yst contai ning ZSM 48. The
process conditions during dr odewaxi ng were 0. 76
LHSV, 1650SCF/B H2, and 1I800psig. In this exanple the
gas phase pol ar species (e.g., amonia and hydrogen WO
2004/ 033587 PCT/ US2003/ 033324 - 15 sul phide) were

RO SR8y, COTRAE i s
in cplughis Anghdvb i@éarpé@%éﬁtth;ﬁfthg Kield )éﬁlﬂ‘\qed%ﬂﬁcﬂ dfter

i ncreased over that obtained by sol vent ‘dewaxi ng at
hydoadestaxm g irpmeregsed over batobipined byt solvent destaxingat deaistant
the, cl oqud - pour spread, og tge hydr odewaxed product

pour goign Sinecathst emdp gote isih# the glousk - o sparagenitthe

R AN ST S

prodR8N raffinate over Akzo KF 848 at an average reactor
tenperature of 350C, 0.53LHSV and at a treat gas rate
of 2600SCF H2/ bbl of feed but hydrodewaxi ng over a
hydr odewaxi ng._cat al yst contai ni ng ZSM 48. The process

[0040bndi €pbman Cnilkusaten s propeeiasry the agduge made byehydastreating
SCE/B H2, apd 1 jg. Inthis i]lustration, o
the J60N TRt of Akpd M oBM & Sheurbisariog tepbSatit or338°c,
Qe ' -
0TS HEPI A croTTuCRRI oty HlEw dpRfgGn
ovet g hiparcdewasind cithlstlemaxiniy BERHEIWTheProbess dohditidnlah the
in colum B. Conparing the products in colums A and
hydpdewaxing stage scue 0. 7nLHSMy e SESCEF(B dhnand 1800psig. In this
illustration, the gas phase polar species generated during the hydrotreating stage,
were cascaded with the hydrogen over the hydrodewaxing stage which required
that the temperature of the dewaxing stage was higher than that in column B.
Comparing the products in columns A and B with the product in column C, it can
be seen that the yield and VI of product after hydrodewaxing in increased over that
obtained by solvent dewaxing. It is noted that the cloud - pour spread of the

hydrodewaxed product made at elevated reactor temperature in a sour gas

environment is similar to that of the solvent dewaxed product.

Example 2

[0041]  Table 2 compares three processing configurations for dewaxing a 130
Neutral raffinate containing 2500wppm sulphur and 25 wppm nitrogen and a dry
wax content of 16.44 wt.% on feed at -16°C pourpoint. Column A illustrates the

properties of a dewaxed oil obtained by solvent dewaxing with methylisobutyl



be seen that the yield and VI of product after
hydr odewaxi ng i n i ncreased over that obtained by
wa@elgesisstlewaxi ng. It is noted that the cl oud PCPUS2003/033324
spread of the hydrodewaxed product nmade at el evated
reactor tenperature in a sour gas environnent is
simlar to that of the solvent dewaxed product.
Exanpl e 2 [0041] Table 2 conpares three processing
configurations for deMHX|n%6a 130 Neutral raffinate
cont ai ni ng 2500wppm sul phur'“and 25 wppm ni trogen and a
dry wax content of 16.44 wt.%on feed at -16C
pourpoint. Colum A illustrates the properties of a

kerdfREECR o 10 s O AER o Sk I3p SN il Bripr to sivent

dev%&h@ Qh@%afﬁnﬁféqﬁdt &eﬁ%yﬂ?&feart@d bPer%dn ﬁk%@ I@FR@S%rotreated

Neuttal raffinate. Prior to solvent dewaxing, the
catalpdtfai antazetagd rbastor teygrendtneEad €M WL 0. BB AR Y 0akE&48: gas rate

hydr ot reat e cat al yst at . an_average reactor
of %ﬁﬁﬁ@ﬁaﬂﬂ%ﬂ qfffegis@rﬁ 1800psigisUhe gelphus ardinitipgen cententypf the

d 1800psi g. The sul phur and
hydﬁ(% ai‘g‘iwﬁBH evﬁ?@ 18“?3 Fl% “W&? otreated raffinate were
. less than 2wppm Table 2 A B C Process Hydrotreating

+ Hydrotreating + Untreated feed + Sol vent Dewaxi ng
depressurization + hydrodEsbkig hydrod waxi ng HDW
Aver age Reactor n/a 310 370 Tenperature, C Yield of
370C+ DWDO 57.12 57.6 44.23 on Raw Feed, wt %

A B C
Process Hydrotreating + Hydrotreating + Untreated feed +
Solvent Dewaxing | depressurization + | hydrodewaxing
hydrodewaxing
HDW Average Reactor n/a 310 370

Temperature, °C

Yield of 370°C+DWO 57.12 57.6 44,23

on Raw Feed, wt%

Dewaxed Oil Properties

Viscosity, ¢St at 100°C 4.28 4.04 3.654
Viscosity, ¢St at 40°C 20.752 18.352 15.823
Viscosity Index 112 120 116
Pour Point,°C -27 -27 -26
Cloud Point, °C -28 -17 -24
Cloud -Pour spread,°C - 10 2

[0042]  Column B illustrates the properties of the product made by hydrotreating
the 130N raffinate over Akzo KF 848 at an average reactor temperature of 350°C,
0.53LHSV, 1800psig and at a treat gas rate of 2600SCF H,/bll of feed but followed
by catalytic dewaxing over a hydrodewaxing catalyst containing ZSM-48. The




Dewaxed O | Properties Viscosity, cSt at 100C 4. 28
4.04 3.654 Viscosity, cSt at 40C 20. 752 18.352 15.823

wO/e@a 03358y | ndex 112 120 116 Pour Poi nt, C - 27P€RVUS20885033324
Cloud Point, C-28 -17 -24 ddoud -Pour spread,C - 10
2 [0042] Colum B illustrates the properties of the
product made by hydrotreating the 130N raffinate over
Akzo KF 848 at an average reactor tenperature of 350C,
0. 53LHSV, 1800psig and at _ 7treat gas rate of 2600SCF
H2/ bl |l of feed but followed by catal ytic dewaxing
over a hydrodewaxi ng catal yst containing ZSM 48. The
WO 2004/ 033587 PCT/ US2003/ 033324 -17 process
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t he sol vent dewaxed product. [O um
hydirddevstxedtpesdudids pomyderablyslarder tim thapdfithie sobemt dywaxed
hydrotreating the 130N raffinate over Akzo KF 848 at
PTO‘HWt-average reactor tenperature of 350C, 0.53LHSV and
at a treat gas rate of 2600SCF H2/bll of feed but
hydr odewaxi ng over a hydrodewaxi ng cat al yst

[00439Nt aCBluRgh ESMudiPated Bfe POBERRS T hEdREPale B hydrotreating
the 130N raffinate over Akzo KF 848 at an average reactor temperature of 350°C,
0.53LHSV and at a treat gas rate of 2600SCF H,/bll of feed but hydrodewaxing
over a hydrodewaxing catalyst containing ZSM-48. The process conditions in the
hydrodewaxing stage were 0.76 LHSV, 1650SCF/B H,, and 1800psig. In this
illustration, the gas phase polar species generated during the hydrotreating stage,
were cascaded with the hydrogen over the hydrodewaxing stage which required
that the temperature of the dewaxing stage was higher than that in column B.
Comparing the products in columns A and B with the product in column C, it can
be seen that the yield and VI of product after hydrodewaxing increased over that
obtained by solvent dewaxing at the same pour point. It is noted that the cloud -
pour spread of the hydrodewaxed product made at elevated reactor temperature in a

sour gas environment, column C, is similar to that of the solvent dewaxed product.

Example 3

[0044]  This example illustrates the effect of treat gas rate on the hydrodewaxing

stage operating in a sour gas environment. The 130N raffinate was hydrotreated



hydr odewaxi ng stage were 0.76 LHSV, 1650SCF/ B H2, and
1800psig. In this illustration, the gas phase pol ar

W@ p@aiozsssyener at ed during the hydrotreating stBgEUS2003/033324
were cascaded with the hydrogen over the hydrodewaxi ng
stage which required that the tenperature of the
dewaxi ng stage was higher than that in colum B.
Conparing the products in colums A and B with the
product in colum C/| it cagﬁ be seen that the yield
and VI of product after hydrrodewaxi ng i ncreased over
that obtai ned by sol vent dewaxi ng at the sane pour
point. It is noted that the cloud - pour spread of the
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feeg, the Average Reactor Tenperature required to
Ex in a feed pour point of 10F decreases from 690

to 680F for a 130N raffi nate.

[0045]  This example illustrates the application of a hydrodewaxing catalyst
catalyst, containing ZSM-48 and alumina 65/35wt%, for hydrodewaxing a 130N
waxy raffinate containing , 7270 wppm sulfur and 32.6 wppm of total nitrogen, and
a dry wax content of 17wt% on feed at a pour point of -18°Cat 400 psig H, and
2500SCF/B H, without pre-hydrotreating but having a hydrofinishing step.

[0046]  The processing conditions were as listed in Table 3 and the product

quality data in Table 4.
Table 3
LHSV Pressure Gas Rate, Average Reactor
Psig SCF/B feed Temperature, °C
Hydrodewaxing 0.5-1.0 400 2500 350 - 380
Hydrofinishing 0.5-1.0 400 2500 290




Exanpl e 4 [0045] This exanple illustrates the
application of a hydrodewaxi ng catal yst catalyst,
w@omuasIsBnhg ZSM 48 and al um na 65/35wt % for PCT/US2003/033324
hydr odewaxi ng a 130N waxy raffinate containing, 7270
wppm sul fur and 32.6 wppm of total nitrogen, and a
dry wax content of 17wt % on feed at a pour point of
-18Cat 400 prig H2 and 2500SCF/ B H2 wi t hout
pre-hydrotreatingbut having,a hydrofinishing step.
[ 0046] The processing condqplons were as listed in
Table 3 and the product quality data in Table 4.
Table 3 LHSV Pressure Gas Rate, Average Reactor Psig
SCF/ B feed Tenperature, |g,pfydrodewaxi ng 0.5-1.0 400
2500 350 - 380 Hydrofinis .5-1.0 400 2500 290 WO
2004/ 033587 PCT/US2003/033324 -19- Tabhle 4 A R

PBrocess Sol vent Dewaxi ng Unt¥ eat ed f ced + B
hydrode HOW #w cau 9 370
Tenper a%l‘? eéé%J C Yield %ooiﬁﬁ? 2 9%%‘%#6%5{
lead wt 9% Dewaxed Ol Pr opert ties \/| sSCOosi hyﬂro Q\Wa?,éh‘lg
1385 Agerage Reactor n/a 370
Temperature, °C
Yield of 370°C+ DWO 82.9 72.4
on Raw Feed, wt%
Dewaxed Oil Properties
Viscosity, cSt at 100°C 4.93 4.44
Viscosity, cSt at 40°C 28.45 23.06
Viscosity Index 94 102
Pour Point,°C -19 -19

[0047]  Table 4 illustrates that hydrodewaxing the unhydrotreated waxy raffinate
gives a 370°C+ product having an eight point higher VI than that produced by
solvent dewaxing.

[0048]  Figure 2 illustrates the polar tolerance of the catalyst given 50 days on
stream with the unhydrotreated 130N Raffinate feedstock.

Example 5

[0049]  This Example illustrates the cascade dewaxing of a foots oil feed. Two
soft wax feeds, a medium neutral Foots oil (MNFO) and light neutral Foots oil
(LNFO), were used for the dewaxing study. The properties of the feeds are

summarized as follows.



Viscosity, cSt at 40C 28.45 23.06 Viscosity Index 94
102 Pour Point,C -19 -19 [0047] Table 4 illustrates
w0 bat/0B358T odewaxi ng t he unhydrotreat ed waxy raP€T/n810e3/033324
gi ves a 370C+ product having an ei ght point higher Vi
than that produced by solvent dewaxing. [0048] Figure
2 illustrates the polar tolerance of the catalyst
gi ven 50 days on streamw th the unhydrotreated 130N
Raf fi nat e feedst ock. Exanp\@ 5 [0049] This Exanple
illustrates the cascade dewaxing of a foots oil feed.
Two soft wax feeds, a nedium neutral Foots oil (MFO
and light neutral Foots oil (LNFO, were used for the
dewaxi ng study. The prom' of the feeds are
sunmmari zed as foll ows. 033587
PCT/ US2003/ 033324 pydpeFtibs 6f PoofdrQfigrti es of Foots
O ls Feed Medium Neutral Light Neutral Foots Foots
Ol Gl Kv@oocC, cSt 5.513 3.207 Kv@oO0C, cSt - 23.84

Pour—Poi-nt C 45 36 nc\nc-lf\/ n/ cc— 08453 0 8241 N

cont ent , Fﬁﬁﬁh 19 < 8 |S Medigm! eHE)‘leS‘) LightNeutral Foots
Foots Oil Oil

KV@100°C, cSt 5.513 3.207
KV@40°C, cSt - 23.84
Pour Point, °C 45 36
Density, g/cc 0.8453 0.8241
N content, ppm 19 <8

S content, ppm 1851 1807
Aromatics, % 12.1 8.9
Boiling Range, °F 715-950 650-918
Oil Content, % 38.12 337

[0050] Two catalysts were employed for dewaxing the Foots oil feeds.
Crosfield 599 was used as a pre-hydrotreating catalyst followed by Pt/ZSM-48
dewaxing catalyst. Crosfield 599 isa commerciai catalyst containing a mixture of
NiO and MoO; supported on alumina. The properties and metal contents of the

catalyst are shown below.

[0051]  Crosfield 599: 224 m*/g (surface area), 1.37 g/cc (particle density), 35%
Al, 3.8% Ni, 17% Mo.

[0052]  The dewaxing catalyst was alumina (35 wt.%) bound, ZSM-48 crystals

containing 0.6 wt.% platinum.



Aromatics, % 12.1 8.9 Boiling Range, F 715-950
650-918 QG| Content, % 38.12 33.7 [0050] Two

W@ 210al033585 wer e enpl oyed for dewaxi ng the FootBCDUB2003/033324
feeds. Crosfield 599 was used as a pre-hydrotreating
catal yst followed by Pt/ZSM 48 dewaxing catal yst.
Crosfield 599 is a commercial catal yst containing a
m xture of N O and MoQ3 supported on al um na. The
properties and ietal cont egls of the catalyst are
shown bel ow. [0051] Crosfi'€'d 599: 224 nR/g (surface
area), 1.37 g/cc (particle density), 35% A, 3.8%N,
17% Mo. [0052] The dewaxi ng catal yst was al unm na (35
wt. 9% bound, ZSM 48 crystals containing 0.6 w.%
pl ati num WO 2004/ 033587 PCT/ US2003/ 033324 -21 [0053]
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witls amalixturéod 7s® coofl theesigé dCroudield 599 end Bi dchofeB 0¥l 20 uiesh ghnd.
15 cc of the sized Pt/ZSM48 and 5 cc of 80-120 nesh
Thesserand rowtr was loaded matsumixties of hy ceof thesiaed PY/ZSHE-48 and

re dried and reduced at 204C (400F) for
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The catalysts were then sulfided at 371C (700F) for
12 h using 100 cc/mn, 2% H2S in

[0054]  After pressure testing of the unit, the catalysts were dried and reduced at \
204°C (400°F) for one hour undgr 1 atmosphere, 255 cc/min hydrogen flow. The
catalysts were then sulfided at 371°C (700°F) for 12 h using 100 cc/min, 2% H,S in
H,. The MNFO was first processed over the cascaded Crosfield 599/Pt-ZSM-48,
followed by switching feed to the LNFO. Isomerization and dewaxing of the Foots
oil feeds was conducted under 2860-6996 kPa (400-1000 psig) Hpat 2.0 h™' LHSV
based on Crosfield 599 and 1.0 h™' LHSV based on Pt/ZSM-48. Hydrogen/feed
ratio was set at 1015 m*/m® (5700 scf/bbl). The dewaxing experiments were started
first by saturating the catalyst beds with feed at 204°C (400°F), then heating the
two reactors to initial operating temperature (the two reactors were maintained at
same temperature). Material balances were carried out overnight for 16 h after 8 h

lineout. Reactors temperature was then gradually changed to vary pour point.

[0055]  Off-gas samples were analyzed by GC. Total liquid products (TLPs)
were weighed and analyzed by simulated distillation. TLPs were distilled into
initial boiling point (IBP) -166°C (-330°F) naphtha, 166-343°C (330-650°F)
distillate, and 343°C+ (650°F+) lube fractions. The 343°C+ (650°F+) lube



H2. The MNFO was first processed over the cascaded
Crosfield 599/ Pt-ZSM 48, followed by swtching feed
W 0010835BNFQ. | soneri zati on and dewaxi ng of t hRCHUS1083/033324

oi | feeds was conducted under 2860-6996 kPa (400-1000
psig) H2 at 2.0 h-1 LHSY based on Crosfield 599 and
1.0 h-1 LHSV based on Pt/ ZSM 48. Hydrogen/feed ratio
was set at 1015 nB/nB (5700 scf/bbl). The dewaxi ng
experinments were started f%t by saturating the
catal yst beds with feed at 4C (400F), then heating
the two reactors to initial operating tenperature
(the two reactors were maintained at sane
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mettibds,ianddeir viscosities weat dbiginninegl atdioth 40?GR)d-1066C according
(-330F) naphtha, 166-343C (330-650F) distillate, and

to ASBMDEé56rR0d Ddhe-5mgthodsrsspepizea3cr (650F+) | ube <
WO 2004/ 033587 PCT/ US2003/ 033324 -22 fractions were
again analyzed by sinulated distillation (Sindis) to

[0088]SU" FheGEHaRf ofthe Mm@wgbaﬁ@td t'lﬂilef’6996 kP3, (1000 psig)
operatlons pour point and cloud point of

H, £20Fh ' LESY mse@ oneaosfield Bocarddl .0t DHSHF bessdandPigSM-48.
ASTM D97 and D2500 jprethods, and their viscosities
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used. The tenperature of = both Reactor 1 (containing
Crosfield 599) and Reactor 2 (cont ai ning Pt/ ZSM 48)
was kept sane. The dewaxe ,il I())i yi el ds and properties
are sunmarized in Table 6Lable6

Lube Yield and Properties for Dewaxing the MNFO under 1000 psig H,

650°F+ Pour | Cloud

Temp Yield, KV@100°C Point | Point S N Tot. Arom
(C) | wt% Feed (cSt) VI | °C) | (°C)_| (ppm) | (ppm) | (mmol/Kg)
354 82 5.364 141.8 18 30 29 <5 223
360 73 5.224 135.8 9 22 28 <5 227
363 67 5.342 132.8 6 17 <25 <5 230
368 60 5.436 125.8 -3 5 <25 <5 249
374 49 5.851 114.6 -27 -18 <25 <5 270
379 34 5.727 106.6 | <-54 | <-54 <25 <5 305

[0057]  The results show that the cascaded dual catalysts system consisting of
first bed Crosfield 599 pre-hydrotreating catalyst followed by second bed Pt/ZSM-



For further clarification, the dewaxing results are
also illustrated in Figures 3-6. Table 6 Lube Yield
war@4@s3sperti es for Dewaxi ng the MNFO under 10BOT/pS:0g3/033324
H2 650F+ Pour Cloud Tenp Yield, Kv@OOC Point Point S
N Tot. Arom C wt% Feed (cSt) VI C C (ppm (ppm
(mol / Kg) 354 82 5.364 141.8 18 30 29 <5 223 360 73
5.224 135.8 9 22 28 <5 227 363 67 5.342 132.8 6 17
<25 <5 230 368 60 5.436 1_2%_8 -3 5 <25 <5 249 374 49
5.851 114.6 -27 -18 <25 <5 0 379 34 5.727 106.6 <
-54 < -54 <25 < 5 305 [0057] The results show that the
cascaded dual catalysts systemconsisting of first

' . - i : fal .
48 QS e eI Bl RE e BR Bt PGB hieh
VI 2B BGERYANIT Nbedisakivtks nathClaRaiiigy hd@itkéen (<
6rredi(ﬁ)?nGneutral Foots oil to high Vlqu(<>2:51)g%1)ﬁﬁgloup (Iggél (<3
ppnudatéras.e Laibe gkal dwif tabolitod(0% o dsusbtéimed At ppmyerdioadal pour point.
nitrogen (< 5 ppm contents. Lube yield of about 60%
was obt ai ned at conventional pour point. Exanple 6
Exa; 8l To test the pressure effects on the catal ysts
= mance and | ube product properties, the dewaxing
of the MNFO was al so perforned under 2859 kPa (400
psig) H2. OGher conditions, such as LHSV,
[0038] dr oFertédtehel prastine, effeetscors thel dagalyste petfonsencsad iube product

t he previous process under 6996 kPa (1000 psi g% H2.
profeyéics tthedemarueeoighe MNE(bwas alseqrerfrniedinden 852 kBa (400

psig%gf%). 639&%%% 1tt1(%)lrns,2 su oarétLallIg{f?ﬂydrogen/feed ratio, were similar to
those used in the previous process under 6996 kPa (1000 psig) H,. The

temperature of Reactor 1 (containing Crosfield 599) and Reactor 2 (containing
Pt/ZSM-48) was kept same. The dewaxed oil yields and properties are summarized
in Table 7.
Table 7
Lube Yield and Properties for Dewaxing the MNFO under 400 psig H,

343°C+ Pour Cloud

Temp Yield, Kv@100°C Point Point S N Tot. Arom
(°C) | wt% Feed (cSt) VI (°C) (8] (ppm) (ppm) (mmol/Kg)
354 77.6 5.429 142.0 24 36 - - -
360 73.6 5.557 136.4 18 24 - - -
363 71.3 5.442 132.2 12 21 - - -
366 67.7 5.513 129.2 9 18 - - -
368 62.0 5.372 125.0 -3 8 49 <35 402
371 574 5.916 119.3 -6 2 48 <5 425
374 54.5 5.409 116.3 -24 -5 37 <5 478
377 50.8 5.933 111.1 -33 -17 - - -
379 457 5.316 108.4 <-54 -51 - - -

[0059]  The above results demonstrate that the cascaded dual catalysts system

remains effiective for dewaxing Foots oil at hydrogen pressure as low as 2859 kPa




Pt/ ZSM 48) was kept sane. The dewaxed oil yields and
properties are sumarized in Table 7. Table 7 Lube
woe@ua3met Properties for Dewaxi ng the MNFO unpier/udid3/033324

prig H2 343C+ Pour C oud Tenp Yield, Kv@oOC Point
Point S N Tot. Arom C wm%Feed cSt VI CC (ppm (ppm
(mol /Kg) 354 77.6 5.429 142.0 24 36 - - - 360 73.6
5.557 136.4 18 24 - - - 363 71.3 5.442 132.2 12 21 - -
- 366 67.7 5.513 129.2 9 1§4- - - 368 62.0 5.372 125.0
-3 849 <5 402 371 57.4°57916 119.3 -6 2 48 < 5 425
374 54.5 5.409 116.3 -24 -5 37 < 5 478 377 50.8 5.933
111.1 -33 -17 - - - 379 45.7 5.316 108.4 < -54 -51 - -

(400 pSi88 B s SR o7 ot e ATRRT B fad At etBhygn prgssure
opefiibdigudoot ﬁle%'iﬂqpﬁéci}#‘ 46 REEBORTIBIRLTA A% dostrastiGBePlow
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predsare aetssir Bypoagmsmgtaths dgwakingatata abitaaredad €996 &Paud 000

) hid%h pressure operation because of the sinplicity_ and
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e T, PR DT 05 B R AR chRy ARl b point
witlaeskentidllp gewhakjpoin lube VI. At a low hydrogen pressure, the
effectiveness of the pre-hydrotreating catalyst (Crosfield 599) decreases; as the
result, both sulfur and aromatic contents in the lube products increase (see Tables 6

and 7).

Example 7

[0060]  This example shows the dewaxing of LNFO at 6996 kPa H,. The process
conditions used for dewaxing the LNFO were similar to those for the MNFO. The
experiments were carried out under 6996 kPa (1000 psig) Hp at 2.0 h™ LHSV based
on Crosfield 599 and 1.0 h™' LHSV based on Pt/ZSM-48. Hydrogen/feed ratio of
5700 scf/bbl (1015 m*/m’) was employed. The temperature of Reactor 1
(containing Crosfield 599) and Reactor 2 (containing Pt/ZSM-48) was kept same.
The dewaxed oil yields and properties are summarized in Table 8; and for further

clarification, the results are depicted in Figures 5-8.



decreasing H2 pressure, the lube yield is slightly
hi gher at conventional pour point wth essentially no
w@eb@agsssBh | ube VI. At a | ow hydrogen pressurepPCT/082003/033324
ef fectiveness of the pre-hydrotreating catal yst
(Crosfield 599) decreases; as the result, both sulfur
and aromatic contents in the |ube products increase
(see Tables 6 and 7). Exanple 7 [0060] This exanple
shows the dewaxi ng of LNFO 6996 kPa H2. The process
condi ti ons used for dewaxiy the LNFO were simlar to
those for the MNFO The experinents were carried out
under 6996 kPa (1000 psig) H2 at 2.0 h-1 LHSV based
on Crosfield 599 and 1.0 %é V based on Pt/ ZSM 48.
Hydrogen/feed ratio of f/bbl (1015 nB/nB) was
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§‘1 680 1. 2| 3. 5307 128] 6 3% < [pg286 3 7 <25
32 685 57.2 3.464 123.1 -9 -1 <25
34 695 46.6 4.122 120.9 -33 -10 <25
42 670 66.6 3.193 130.6 0 5 <25

[0061]  These results demonstrate that the cascaded dual catalysts system is also
effective and selective in converting the light neutral Foots oil to high VI (> 120),
low sulfur (< 25 ppm) Group III lube base stocks. Lube yield of about 57% was

obtained at conventional pour point.

[0062]  In addition, the data in Table 8 show that after 10 days on stream upon
switching feed from the MNFO to the LNFO, the catalyst activity increases by
approximately 10°F, along with small lube yield (+5%) and VI (+2) increase.

Example 8

[0063] Byproduct Yields for Dewaxing the MNFO and LNFO were determined
as follows. The processes were carried out under 6996 kPa (1000 psig) Hpat 2.0 h™’
LHSV based on Crosfield 599 and 1.0 h™ LHSV based on Pt/ZSM-48.
Hydrogen/feed ratio of 1015 m*/m?® (5700 scf/bbl was employed. The temperature




32 685 57.2 3.464 123.1 -9 -1 < 25 34 695 46.6 4.122
120.9 -33 -10 < 25 42 670 66.6 3.193 130.6 0 5 < 25
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LNFO 368 -33 46.6 26.1 23.2 7.7




Feed C C Lube Yield Yield Yield Ofgas Yield MFO 368
-360.0 19.1 17.9 5.1 LNFO 363 -9 57.2 21.8 13.9 6.2
WQDPD03B87 - 33 46.6 26.1 23.2 7.7 WD 2004/ 03358FCT/US2003/033324
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process for dewaxing a raffinate feedstock containing
up to 20,000 ppnw sul fur and up to 1000 ppnw nitrogen
whi ch conprises: (a) contacting the feedstock with a
hydrotreating catal yst under_ hydrotreating conditions
to produce a hydrotreated T¥€edst ock and gaseous
nitrogen- and sul fur- containing contam nants, and (b)
passing at |east a portion of the hydrotreated

CLfﬁ@Ei't ock and gaseous conponents fromstep (a) w thout
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dewaxi ng catalyst including at | east one of ZSM 48,
ZSM 22, ZSM 23, ZSM5, ZSM 35, Beta, SSZ- 31, SAPO 11,
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chabazite and hydrodewaxing the hydrotreated feedstock under hydrodewaxing
conditions, said dewaxing catalyst including a metal hydrogenation component
which is at least one Group 6 metal, at least one Group 8-10 metal, or mixtures of

Group 6 and Group 8-10 metals, to form a hydrodewaxed product.

2. An integrated process for dewaxing a raffinate feedstock containing
up to 20,000 ppmw sulfur and up to 1000 ppmw nitrogen which comprises: (a)
contacting the feedstock with a hydrotreating catalyst under hydrotreating
conditions to produce a hydrotreated feedstock and gaseous nitrogen- and sulfur-
containing contaminants, (b) passing at least a portion of the hydrotreated
feedstock and gaseous sulfur- and nitrogen-containing contaminants from step (a)
without disengagement to a hydrodewaxing zone containing a dewaxing catalyst
including at least one of ZSM-48, ZSM-22, ZSM-23, ZSM-5, ZSM-35, Beta, SSZ-
31,SAPO-11, SAPO-31, SAPO-41, MAPO-11, ECR-42, synthetic ferrierites,
mordenite, offretite, erionite, and chabazite and hydrodewaxing the hydrotreated

feedstock under hydrodewaxing conditions, said dewaxing catalyst including a



feedst ock and gaseous sul fur- and nitrogen-containing

contamnants fromstep (a) wthout disengagenent to a
why@aosEsmxi ng zone contai ning a dewaxi ng cat aPgEUS2003/033324

including at |east one of ZSM 48, ZSM 22, ZSM 23,

ZSM 5, ZSM 35, Beta, SSzZ- 31, SAPO-11, SAPO 3 1,

SAPO- 41, MAPO- 11, ECR-42, synthetic ferrierites,

nordenite, offretite, erionite, and chabazite and

hydr odewaxi ng the hydrotreated feedstock under

hydr odewaxi ng condi tions, sa d dewaxi ng cat al yst

i ncluding a WO 2004/ 033587 PCT/ US2003/ 033324 -28
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hydrodewaxed product, and (b) passing at least a portion of the hydrodewaxed
product and gaseous components from step (b) to a hydrofinishing zone and

hydrofinishing the hydrodewaxed product under hydrofinishing conditions.

4, An integrated process for dewaxing a raffinate feed which comprises:
(a) solvent dewaxing the raffinate to form a raffinate and a slack wax, (b) deoiling
the slack wax to produce a foots oil, (c) contacting the foots oil with a hydrotreating
catalyst under hydrotreating conditions to produce a hydrotreated foots oil and
gaseous nitrogen- and sulfur-containing contaminants and (d) passing at least a
portion of the hydrotreated foots oil and gaseous sulfur- and nitrogen-containing
contaminants from step (c) without disengagement to a hydrodewaxing zone
containing a dewaxing catalyst including at least one of ZSM-48, ZSM-22, ZSM-
23, ZSM-5, ZSM-35, Beta, SSZ- 31,SAPO-11, SAPO-31, SAPO-41, MAPO-11, ECR-



(a) solvent dewaxing the raffinate to forma raffinate
and a slack wax, (b) deoiling the slack wax to
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a hydrotreating catalyst under hydrotreating
conditions to produce a hydrotreated foots oil and
gaseous nitrogen- and sul fur-containing contam nants
and (d) passing at least a portion of the
hydrotreated foots oil and seous sul fur- and
ni trogen-contai ning contami’nants fromstep (c)
W t hout di sengagenent to a hydrodewaxi ng zone
cont ai ni ng a dewaxi ng catal yst including at |east one
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at 168t 888bf ESM-48, ZSM-22, ZSM-23, ZSM-5, ZSM-35, Beta, SSZ- 31,SAPO-
11, SAPO-31, SAPO-41, MAPO-11, ECR-42, synthetic ferrierites, mordenite,

offretite, erionite, and chabazite and hydrodewaxing the hydrotreated feedstock
under hydrodewaxing conditions, said dewaxing catalyst including a metal
hydrogenation component which is at least one Group 6 metal, at least one Group
8-10 metal, or mixtures of Group 6 and Group 8-10 metals, to form a

hydrodewaxed product.

6. An integrated process for dewaxing a raffinate feedstock containing
up to 20,000 ppmw sulfur and up to 1000 ppmw nitrogen which comprises: (a)
contacting the feedstock with a hydrotreating catalyst under hydrotreating
conditions to produce a hydrotreated feedstock and gaseous nitrogen- and sulfur-

containing contaminants, and (b) passing at least a portion of the hydrotreated
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netal, at |least one Goup 8-10 netal, or m xtures of
G oup 6 and G oup 8-10 netals, to forma hydrodewaxed
product. 6. An integrated process for dewaxing a
raf fi nate feedstock contai ry ng up to 20,000 pprmw
sul fur and up to 1000 ppmwv1itrogen which conprises:
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5 P! ecedi ng cl al erein the neta ogenat1 on
m/m&rrponent is Pt, Pd or m xtures thereof. 9. The

process of any of the preceding clains wherein the

8. The process of any of the preceding claims wherein the metal

hydrogenation component is Pt, Pd or mixtures thereof,

0. The process of any of the preceding claims wherein the
hydrodewaxing conditions include a temperature of 360 to 425°C, hydrogen
pressures of from 2859 - 20786 kPa, liquid hourly space velocities of 0.1 to 10
LHSV and hydrogen treat gas rates of from 53.4 - 1780 m*/m’.

10.  The process of claims 1, 2 or 6 further comprising a hydrofinishing
step following step (b).

11.  The process of claims 4 or 5 further comprising a hydrofinishing step
following step (c).



hydr odewaxi ng conditions include a tenperature of 360
to 425C, hydrogen pressures of from 2859 - 20786 kPa,
wo 2guiosBsBour |y space velocities of 0.1 to 10 PREBUSENS033324
hydrogen treat gas rates of from53.4 - 1780 nB/n8.
10. The process of clains 1, 2 or 6 further conprising
a hydrofinishing step following step (b). 11. The
process of clainms 4 or 5 further conprising a
hydrofi ni shing step follow.ng step (c). WO
2004/ 033587 PCT/ US2003/ 033324 -31 12. The process of
clains 1, 2, 3, 4, or 5 wherein the dewaxi ng catal yst
contai ns ZSM 48. 13. The process of clains 1 or 6
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conf¥insl2smagei n the second de\/\/aX| ng catalyst is ZSM5
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14. The process of claim 2 or 13 wherein the second dewaxing catalyst is
ZSM-5 or zeolite beta.

15.  The process of any of the preceding claims wherein the
hydrofinishing conditions include temperatures of 150 -350°C, pressures of 100 -
3000 psig (790 - 20786 kPa), LHSV of 0.1 - 20, and treat gas rates of 300 - 10000
scf/bbl (53 - 1780 m*/m?).



