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| NTEGRATED PROCESS FOR CONVERTI NG NATURAL GAS AND GAS FI ELD CONDENSATE I.NTO
H GH VALUED LI Ig@gjﬁms FI ELD OF THE | NVENTI ON BACKGROUND OF THE.

| NVENTI.ON | son&PP on processes general ly require the renoVSFUS¥MST3 y |
hydrotreating, of sulfur and nitrogen conpounds that can rapidly deactivate
or_poi son the isonerization process catalyst. Consequently, feeds to be

i somerized are first contacted with a sulfur tolerant catalyst in the
presence of hydrogen to mnimze the anount of sulfur -in the feed.. /

Addi tional Iy, isonerizatANINTEGRATED, PROCESSIHQRICONNERTING ri ed out on

Fi scher - Tropsch- deri ved NATURAIOGAS AND GASFIEII CONDENSATEen, are
effected with unsul fided cpypPOWIGH mggw%pggpmmmogenol ysis, e.g.,
hydr ocracki ng, occurs in the processing and produces significant anounts of
gaseous products, e.g., nethane or [err] hydrocarbons. A process,

therefore, that can elimnate or substantially reduce the hydrogenol ysis
aspect of the prQ o) [ presence of sulfur, can be nore
efficient and # @‘f@i’oﬁiﬁ%‘é@sﬁ@ of increased yields of desired products
and decreased yields of gaseous products. Natural gas fields typically

contain a significant anount of C[err] material, which is |iquid at anbi ent
condi tions. ThBACKGRQOUINDOE THEINVENTION

Isomerization processes generally require the removal, e.g., by
| hydrotreating, of sulfur é.nd nitrogen compounds that can rapidly deactivate or
poison the isomerization process catalyst. Consequently, feeds to be isomerized
are first contacted with a sulfur tolerant catalyst in the presence of hydrogen to

minimize the amount of sulfur in the feed.

Additionally, isomerization processes, particularly those carried
out on Fischer-Tropsch derived feed stocks in the presence of hydrogen, are
effected with unsulfided catalysts. As a consequence, hydrogenolysis, e.g.,
hydrocracking, occurs in the processing and produces significant amounts of
gaseous products, e.g., methane or C;-C4 hydrocarbons. A process, therefore,
that can eliminate or substantially reduce the hydrogenolysis aspect of the
process, even in the presence of sulfur, can be more efficient and more economic
because of increased yields of desired products and decreased yields of gaseous

products.

Natural gas fields typically contain a significant amount of Cs+
material, which is liquid at ambient conditions. These liquids must be upgraded
(e.g., sulfur removed) if they are to be used as liquid petroleum fuels. An
integrated process, which can upgrade both the natural gas field condensate and



(e.g., sulfur renoved) if they are to be used as |liquid petroleumfuels. An
i ntegrated process, which can upgrade both the natural gas field condensate
and 2 the Fischer-Tropsch liquids into high valued |iqui d etrol eum
products in a™a®@P¥ unit, woul d be advant ageous. Current|yPCTHENGAE3f e] d_
condensate i s separated fromthe gaseous product and upgraded in separate
vessel’s to renove sul fur and other undesipable materials in conventional
hydrotreating units or in Merox units. SUMVARY OF THE | NVENTI ON The i nstant
invention is directed to an integrated process for convertlng natur/al gas

and gas field ﬁenm&mo%d%h% wmfalmﬁ \}ahﬁkl'ﬂ OpktFd Surf OFRRUS ey hhe

steps of: (a) separating nat ural gas to a f| st stream conprising a
Clerr] gas fi edingleamitewonldchbecadvamtageons. sul f ur and a second stream
conprising said natural gas having said C5+ gas field condensate renoved
therefrom (b) renoving sulfurtfrom said second stream (c) subjecting said

second st rea_m tO. a synt Qﬁé‘ﬁ%ﬁ lﬁ£§(}§§§)agﬂecpﬂ%ﬁyﬁ%%§¥ esi s

gas; (d) subjecting sai syn eS| gas to a roc on synt
product and upgraded in separate vessels to remove sulfur and other undesirable

materials in conventional hydrotreating units or in Merox units.

SUMMARY OF THE INVENTION

The instant invention is directed to an integrated process for
converting natural gas and gas field condensate into high valued liquid products

comprising the steps of :

(2) separating a natural gas into a first stream comprising a Cs+
gas field condensate containing sulfur and a second stream comprising said

natural gas having said Cs+ gas field condensate removed therefrom;
(b) removing sulfur from said second stream;

(c) subjecting said second stream to a synthesis gas generation
process to produce synthesis gas;

(d) subjecting said synthesis gas to a hydrocarbon synthesis

process to produce hydrocarbons;

(e) hydrotreating and hydroisomerizing said hydrocarbons of step
(d) in the presence of said first stream over a catalyst having an acidic
functionality and comprising a Group VIII non-noble metal, a Group VI metal,



process to produce hydrocarbons; (e) hydrotreating and hydroi soneri zi ng
sai d hydrocarbons of step (d) in the presence of said first streamover-a
cat al yst havi idic functionality and conprising a G

non- nobl e netgﬂ)a@mgéoup VI netal, 3 and a hydrocrack|ngqgﬁ€¥#gé§%%t
wherein said hydrocracki ng suppressant I's selected fromthe group
consisting of Goup IB netal, sulfur and m xtures thereof and wherein when
sai d hydrocracl dng suppressant is sulfur, said acidic functionality is an
anor phous netal oxide or m xture of met al %oxi des. BRI EF DESCRIPTI Op' OF THE

FI GURES The Figure-is an illustration of the i nt egrat ed process herei n
described as f g C5+ gas
field condensa%k ?ﬁ oe&kl a?‘l’c’ﬁgg)&fégﬁm covery %gai?f& e3i s gas
generator, (6) sdeétydﬁ@ﬁﬁ&\b(gfb §oﬂGt6u1(lB metutrsulfupped mixtutes) a

hydr oi soneri zati on unit, and (8) natural gas well. DETAILED DESCRI PTI ON
OF THE | NVENT thereofand yehezein é@déiydsocaaqlm suppressant is snifyy saidacidiocess

pr oduct o Tho. Sl 565 RaaBts el brf WHIERHE kbl StV "7 <Ll ur

present in the

BRIEF DESCRIPTION OF THE FIGURES

The Figure is an illustration of the integrated process herein
described as follows: (1) is a separator, (2) is a C,~C, gas, (3) a Cs+ gas ﬁeld
condensate, (4) gas treating and sulfur recovery, (5) synthesis gas generator, (6)
a hydrocarbon synthesis unit (Fischer-Tropsch), (7) a hydroisomerization unit,
and (8) a natural gas well. |

DETAILED DESCRIPTION OF THE INVENTION

The instant process is directed to an integrated process for
converting natural gas and gas field condensate into high valued liquid products.
The process is beneficial because it allows for removal of sulfur present in the
natural gas prior to a synthesis gas generation and subsequent hydrocarbon
synthesis step (HCS), and reintroduction of the sulfur containing stream during a
latter hydroisomerization (HI) step. Such a process affords a sulfur free feed to
the very sulfur sensitive HCS step, while allowing for addition of sulfur to the HI
step to help reduce hydrocracking and to remove troublesome sulfur from the
Cs+ gas condensate stream. Beneficially, the process of the instant invention
decreases hydrogenolysis during the HI step by at least about 60%, preferably at
least about 80%, and most preferably at least about 95%.



natural gas prior to a synthesis gas generation and subsequent hydrocarbon
synthesis step (HCS), and reintroduction of the sulfur containing stream
during a latter hydroi sonerization (H') step. Such a process affords-a

sul fur free fe®@%WsThe very sul fur sensitive HCS step, whi | BCEPPSMER) for. -
addition of sulfur to the H step to help reduce hydrocracking and to
renove troubl esonme sulfur fromthe Clerr]+ gas condensate stream
Beneficially, the process of the instant invention decreases hydrogenol ysis
during the H step by at |east about 60% #$referably at |east about,” 80%
and nost preferably at |east about 95% 4 A gas field produces a (Jerr]+

tstrﬁa.m Typi calhl y aFE[ES(rSr 3?‘4‘? %‘F‘%{iﬁl& centrate Q}&n%ggg:fl Rﬁeb . known
echni ques such as é@? o g‘ﬂ’d‘f
remove sul fur. &F%EI BSTATEIY N
sul fur renoval %ﬁ@&gﬁo e‘ﬂitﬂ?ﬁ ﬁgﬂ&%\;{ec ‘|55§§ ié\ﬁglé%gtse vﬁo oxygen to
produce synt hesbysZn@and/bhmassiné Né & rengve silfud. Other teghhigdes knowrhtodthoser bon
chai 1 par af 1 nsshiied indhe woder st remosahisey Hse e criiad.orhe CHL hegor y
chain paraffin -a ry
sensitive to s | ks | J
hydr oi somer i zaﬁeggé%a al xg'g&l{?yprp@gcgﬁﬁg@g@%%dgﬁ%ﬁn&hﬁ’?%@\ig ?ﬁgﬁpfc\;%d but
i nstead are enhﬁ@l@iﬂr&mﬁdiﬁsyﬂﬂﬁﬁﬂ%@t&f peferibly.a FibcherTbpsch redcterads al | ows
for an

produce long chain paraffins. It is known that Fischer-Tropsch catalysts are very

sensitive to sulfur and readily become poisoned by it. However, the |
hydroisomerization catalysts utilized herein are not sulfur sensitive but instead
are enhanced by the presence of sulfur. The instant process allows for an
integrated process to be conducted whereby the sulfur present in the natural gas
stream is absent during hydrocarbon synthesis, and present during
hydroisomerization. The process alleviates the need to add an additional sulfur
removal step, e.g., hydrotreating or Merox, for the Cs+ gas condensate stream.

In accordance with this invention the hydroisomerization step (d) is
conducted in the presence of hydrogen and a catalyst comprising a Group VIII
non-noble metal, a Group VI metal, and a hydrocracking suppressant. The
hydrocracking suppressant may be either a Group IB metal or a source of sulfur,
usually in the form of a sulfided catalytically active metal, or a Group IB metal
and a source of sulfur. Hydrocracking suppression can be effectively measured
by suppressing methane, since hydrocracking most easily occurs through
terminal cracking. Each of the steps in the process are conducted at conditions
commonly known to the skilled artisan for the particular step being conducted.
For example, the hydroisomerization step is conducted under hydroisomerization
conditions, and the Fischer-Tropsch step is conducted under Fischer-Tropsch
synthesis conditions. All conditions are well known in the art. Preferably, the
hydrocarbon synthesis step (d) will be a Fischer Tropsch process utilizing a



i ntegrated process to be conducted whereby the sulfur present in the
natural gas streamis absent during hydrocarbon synthesis, and present
during hydroi sonerization. The process alleviates the need t n-

addi tional sul@P%Hoval step, e.g., hydrotreating or I\/Erox’?c'?gggﬁhsé'ac&
gas condensate stream In accordance with this invention the .
hydr oi sonmeri zation step (d) is conducted isn the presence of hydrogen and a
catal yst conprising a G oup VIII non-noble netal, a Goup VI netal, and a
hydr ocr acki ng suppressant. The hydrocracki ng suppressant may be ejther a
G oup | B net al cabaltcatalystemore preferdbly a cobaltathepium catabyst operatifig at lsigh faighad
catalytically agtive netal, or a Goup.|B netal and a source sul fur.
Hydr ocr acki ng Y4Peh &L BIRA %9-9@@‘5&}}“@& centage of Fischesrkrop

¥
met hane, since ; ; L. é%is, ' Ckd Ng.
Each of the st %%ﬁeﬁ%&%@@%ﬁ%ﬁ%ﬁw@%@é@ﬁ chgn t%oglﬁlgsﬂl?gin#gﬁ\y%nom
to the skill edsulfitriordessf Genetutlypthiethydtdisometization pratess ofhisinwentidrowill
exanpl e, the hydroi sonerization step is conducted under hydroi sonmeri zation

condi ti ons, antfadite muthaneyiclds oflessthan about S wida basaden totalst00BF5cher - Tropsch
synthesis conditions All.conditigns are well known i.n the art. Prefarably,
The. hydr ocar boFCRRrefeSbiples i aPptt ! Wige mofs Breterabiy e dhin abeiie 1
utilizing a ‘,R%t’) by edred b - Lgm cat al yst
operating at high gil‘%ﬁ?val ugé",f“g%s’?ﬁgr eatb’ei’rmlghan 8’. %Egﬁc that a high
percent age of FEmbodiment thpsathlyst also contains effective amounts of a Group VI metal.

Typical hydroisomerization conditions are well known in the
literature and can vary widely. For example, broad and preferred ranges for
these conditions are shown in the following table:

CONDITION - BROAD PREFERRED MOST PREFERRED
Témperature, °F 300-900 550-750 675-750
(149-482°C) (288-399°C)
Total pressure, psig 300-2500 500-1200 700-1000
Hydrogen Treat Rate, 500-5000 2000-4000 2000-3000
SCF/B

Each of the steps in the integrated process are run under conditions
known to the skilled artisan. For example, the hydrocarbon synthesis step, if a
Fischer-Tropsch synthesis, would be run under Fischer-Tropsch conditions.
Likewise, the synthesis gas generation step will be run under synthesis gas

generation conditions,

The catalysts useful in the hydroisomerization step of the instant
process preferably contain an acid function as well as the hydrocracking
suppressant. The hydrocracking suppressant may be either a Group IB metal,



wax will be produced. The Fi scher-Tropsch feeds typically contain 0.1 wppm
of sulfur or less. Generally, the hydroisonerization process of this

invention will lead to nethane yields of |ess than about 5 wt % based on
total 700[ er r MO0V er si on, preferably | ess than about 2 wPOA/URRSILS™S
preferably | ess than about 1 w% and still nore preferably |ess than about

0.5 W% 1In a preferred enbodi nent, the catal yst also contains effective
anounts of a Group VI netal. Typical hydroisonerization conditions are well
known in the literature and can vary w dePy. For exanple, broad and-
preferred ranges for these conditions are shown in the foll ow ng table:

CONDI TI ON PREFE T ERRED Te ure,

[err]F e.gobx y copperginAmats aboum Hﬁgﬁ: oor 3 3019cY, g‘[‘@h"

(288-399[err] 0 -

700- 1000 Hydrc()%g}l- eaﬁa?g%lﬂme%g? §6°6'8&)&E)° @%056‘}%'6%% c]“?ﬁ’%ﬂ’i'ooo- 3000

ECF/ B Eachhof lt(ﬂmrmstheqhads lfo:té)mn'phe égrtﬁaledemw?]ideﬁydgagm sutl)tﬁdmmtﬂr hcondi tions
nown to the skKi ti san. exa e, t I o on ynt es| s st ep,

if a Fischer- ﬂrsﬂ@ﬁw %ﬁ?ﬂgg‘l ga @n Cﬁﬁléi;‘h i?

ynthesi s gas GERSTASHEE ﬁ*@*@*ﬁ%‘imﬂ?s"e‘g@a SRR, pelfd, ?“E?W’”der

hydr oi soneri zati on step of the instant process preferably contain an acid
function as well as the hydrocrack| ng
e Group VIII non-noble metals may include nickel and cobalt,

preferably cobalt. The Group VIII metal is usually present in catalytically
effective amounts, that is, ranging from 0.5 to 20 wt%. Preferably, a Group VI

metal is incorporated into the catalyst, e.g., molybdenum, in amounts of about 1-
20 wt%.

The acid functionality can be furnished by a support with which
the catalytic metal or metals can be composited in well known methods. The
support can be any amorphous refractory oxide or mixture of amorphous
refractory oxides or zeolites or mixtures thereof. Preferred supports include
silica, alumina, silica-alumina, silica-alumina-phosphates, titania, zirconia,
vanadia and other Group III, IV, V or VI oxides, as well as Y sieves, such as
ultra stable Y sieves, Preferred supports include alumina and silica-alumina,
more preferably silica-alumina where the silica concentration of the bulk support
is less than about 50 wt%, preferably less than about 35 wt%, more preferably
15-30 wt%. When alumina is used as the support, small emounts of chlorine or
fluorine may be incorporated into the support to provide the acid functionality.
Preferably, when the hydrocracking suppressant is sulfur, said acidic

functionality is an amorphous metal oxide or mixture of amorphous metal
oxides.



suppressant. The hydrocracki ng suppressant nmay be either a Goup IB netal,

6 e.g., preferably copper, in anounts of about 0.1-10 wt% or a sour.ce .of-

sul-fur, or both. The source of sulfur can be provided by pre !9 t he

catal yst by knS@¥hods, for exanple, by treatment with hyd’?%éjéh glg i de -

until breakthrough occurs. Catalysts containing sulfur typically have at .

| eqst about 0.01 W % sul fur, preferably about 0.01 to 20% sul fur,

preferably 0.1 to 10 wt % The Goup VIII non-noble nmetals may i ncl ude

ni ckel and cobalt, preferably cobalt. The Goup VIl netal is usual |y

present in catalytically effective anmounts, that is, ranging fromO.5 to 20
% Preferably,r a Goup

\rlrwol ybdenum in amount s oﬁgom ﬁlsuppzoo{e\%tqgf%%agf ntﬁ%{%ﬁ@%ﬁ%ﬁ%éﬁ

furni shed by a fyéape80-490 in2/ Jﬁ@f&dw $30-350 YgrfiPam] a %mmﬁhé of '3 ébe

conposited in well known net The support can be an nor phous
refractory oxi dbOMVm,mreﬁeabbNéﬁrmﬁﬁéunUgmiahnlkdeysmo U@ﬂ 58 g/mds or

m xt ures thereof ferr in }lf a, alum na,
si lica-alum na, méh? @Hﬁﬁgg‘&%bggmg% fg Bf i rconi a, vanadia and
other Goup IIl, IV, V or VI oxides, as well as Y sieves, such as ultra

stable Y si eves. Preferred supports include alumina and silica-al unina,
The preparation of preferred amorphous silica-alumina

ﬂ

microspheres for use as supports is described in Ryland, Lloyd B., Tamele,
M.W., and Wilson, J.N., Cracking Catalysts, Catalysis; Volume VII, Ed. Z_Paul H.
Emmett, Reinhold Publishing Corporation, New York, 1960.

During hydroisomerization, the 700°F+ conversion to 700°F-
ranges from about 20-80%, preferably 30-70%, more preferably about 40-60%;
and essentially all olefins and oxygenated products from the Fischer-Tropsch
reaction are hydrogenated. The amount of hydrodesulfurization will also be
sfgniﬁcant, depending on the type of sulfur molecules present. Typically, the
sulfur compounds in gas field condensate are relatively easy to remove sulfur
compounds, e.g., mercaptans, sulfides, and disulfides, and the level of sulfur in

the resulting product therefore is typically very low, e.g., less than 300 wppm
sulfur.

The feed to step (d) of the process will be a Fischer-Tropsch wax
or reaction product and the Cs+ gas field condensate stream. The sulfur in the
. Cs+ condensate acts to keep the HI catalyst sulfided which significantly
decreases undesirable hydrogenolysis reactions while the HI step simultaneously

lowers the sulfur level in the Cs+ condensate and, hence, the liquid product.

The HI catalyst can be prepared by any well known method, e.g.,

mmpregnation with an aqueous salt, incipient wetness technique, followed by



nore preferably silica-alumna where the silica concentration of the bulk
support is less than about 50 wt% preferably |ess than about 35 wt% nore
preferably 15-38 ofbelsy When alunmina is used as the support, small amounts of
chlorine or fluoriné may be incorporated into the support toPPHeYWPABE he
acid functionality. Preferably, when the hydrocracking suppressant is

sul fur, said acidic functionality is an anorphous netal oxide or mxture of
anor phous netal oxides. 7- A preferred supported catal yst has surface
areas in the range of about 180-400 [err],3preferably-230-350 [er r_.];gm and
a pore volunme of 0.3 to 1.0 mM/gm preferably 0.35 to 0.75 m/gm a bulk

density of aboui 0. 5-1.0 , de crushing strength of about 0.8 to
375 kg mm  The U5yl 3f dbus2571507C for’l 2 s et staBaBtfadpoRC for

m cr ospheres f QholSE6 :Sh 1 | | , B., Tanele,

MW, and WI son? :J..N?l,%u%y%%%gngta ys g%tlﬁqd;%egwgol*}{ﬁn%&{)l |, Ed. Paul
H Enmett, Rei reontatnngpas, ahd,rif désiredpsudfiding by eatnyent withld Sl furldshtaiing

hydr oi someri zat i on, gﬁe 7000F+ conversion to 700[err]F- ranges_ from about

20-80% pref er #3fF8 284t eleyated trmpesaturssy The setalysoweld thendaye sbost 0L | y
all ol efins ando qu¥assitff. A MAIS chet B8 Loifosied P Ghdel BREE Satalyst either

serially, in any order, or by co-impregnation of two or more metals.

The following examples will serve to illustrate, but not limit this
invention. '

Example 1

A commercial Co-Mo catalyst on a SiO2-Al203 support containing
:29-30 wt% bulk silica was reduced at 370°C for 3 hours in hydrogen. The
catalyst was used to hydroisomerize n-heptane as a model compound
representing the more refractory paraffins present in condensate. The results of
the isomerization test are found in the following table.

Example 2

The Co-Mo catalyst of Example 1 was impregnated with an
aqueous solution of copper nitrate to introduce 0.3 wt% Cu. The catalyst was
caleined in air at 370°C and reduced in hydrogen at 370°C for 3 hours. The Co—
Mo—Cu catalyst was used to hydroisomerize n-heptane. The results are
presented in the table below.



reaction are hydrogenated. The anmount of hydrodesul furization wll also be
significant, depending on the type of sulfur nolecules present. Typically,
the sul fur conpounds in gas field condensate are relatively easy _to r-enove
sul fur conpoun 9,““'%".561. , hercaptans, sulfides, and disulfi des?%’ﬁﬁ”f‘ﬁ%”l evel -
of sulfur in the resulting product therefore is typically very low, e.g.,.

| ess than 300 wppm sul fur. The feed to step (d) of the process wll be a

Fi scher-Tropsch wax or reaction product and the CJerr]+ gas field
condensate stream The sulfur in the Jerr!+ condensate acts to keep the HI
catal yst sulfided which significantly decreases undesirabl e hydrogenol ysis
reactions whil ;-thelg step sinmultaneously lowers the sulfur level in the

C err]+ conden , hence, the liquid product. The H catalyst can be
prepared by any well known nethod, e.g., inpregnation with an aqueous salt,
I nci pi ent wetness technique, followed by 8 drying at about 125-150[err]C
for 1-24 hours, cal ci nat TheCetMelvatalys8 0DES@ipler I was feducedinbydrogenatur s,

reduction by treatpent with a_hydrogen_or a_hydrogen containin as, and,
1 desired,  sul¥Dd foF bhours and binektrpuch sifidadwith diste oS imbagRa 0% | Hos
at elevated te r e ' V, . wt %
sul fur. The meﬁg‘ S%s?gvgs wﬁ?&e%%% %gﬁ%@aﬁpﬁ%ﬁg 25%%55{2’ rghohgraﬁp
chemisorbed H>S. The Co-Mo-S catalyst was used to hydroisomerize n—
heptane. The results are included in the following table.

The catalyst of Example 1, while active for hydroisomerizaﬁon,
has extremely high hydrocracking activity as evidenced by very high methane
and n-butane yields and the destruction of normal and isoheptanes. Liquid yield
is decreased to a value < 70 wt%.

The HI catalysts of this invention, Co-Mo-Cu and Co-Mo-S, the
cétalysts of Examples 2 and 3, are preferréd hydroisomerization catalysts on the
basis of higher selectivity to isomerized product and substantially decreased
hydrocracking activity. In both cases the yields of liquid product exceed
92 wt%, and the formation of isoheptanes is roughly 40% greater than that of
Example 1. While not shown in the table, the combination of sulfur with Cu
would offer additional yield and selectivity credits relative to those of Examples
2and 3.



serially, in any order, or by co-inpregnation of two or nore netals. The
foll-ow ng exanples will serve to illustrate, but not limt this iavention.
Exanmple 1 A cQ Lal Co-Mb catalyst on a SiJerr] support g
. 20-30 wt%buwgq@h%%@a was reduced at 370[err]C for 3 hour $FTH %19@}3 5§en
The catal yst was used to hydroi soneri ze n-heptane as a nodel corrpound
representing the nore refractory paraffins present in condensate. The
results of the isonerization test are foypd in the follow ng table. Exanple
2 The Co-M> catal yst of Exanple 1 was inpregnated w th an aqueous: g0l uti on
of copper nitrate to introduce 0.3 W% Cu. The catalyst was calcined in air

at 370[err] C and reduced mﬁ%}: REEATEON DR HEPTANE ®11d1 hour s. The Co-

N eoantad i Wt et %mﬁﬂﬁﬁﬁ@wcat aS;!sESo?rExarrpl e

presented in the table be

1 was reduced in hydrogem—Hépt&?é}Btes?G QOD@S:@SW&WaHQIOiI%\kthrough
sulfided with dilute [err] at 370[err]C

EXAMPLE 1 2 3
Catalyst Co-Mo Co-Mo-Cu Co-Mo-S
Cy 6.4 14 0.2
i-Cyg ' 0.5 0.3 0.1
n-Cy 40 0.8 1.0
n-Cq . 56.3 715 77.7
2,4-DMP 0.4 ' 0.6 0.4
2-Me-Hex 4.6 6.2 6.5
3-Me-Hex 6.4 8.6 9.6

.i-Co's 11.4 15.4 16.6

Fischer-Tropsch Feed Preparation
Example 4

A mixture of hydrogen and carbon monoxide synthesis gas
(H2/CO = 2.0-2.2) was converted to heavy paraffins in a slurry Fischer-Tropsch
reactor. A titania supported cobalt rhenium catalyst was utilized for the Fischer-
Tropsch reaction. The reaction was conducted at about 400-450°F, 280 psig,
and the feed was introduced at a linear velocity of 12 to 17.5 cm/sec. The
kinetic alpha of the Fischer-Tropsch product was 0.92. The Fischer-Tropsch
wax feed was withdrawn directly from the shurry reactor. The boiling point

distribution and oxygenate content of this wax is given in Table 1.



The catal yst was H2 stripped at the sanme tenperature for 2 hours to renove
any chem sorbed H2S. The Co- Mo-S catal yst was used to hydroi sonerize n- -
hept ane. The r are included in the following table. Th I of
Exanmpl e 1, mhfﬁé%g@érbe for hydroi sonerization, has extrenel Cﬁ@éﬁ"¥&& -
hydrocracki ng activity as evidenced by very high nethane and n-butane
yields and the destruction of normal and iltsoheptanes. Liquid yield is
decreased to a value < 70 % The H catalysts of this invention, Co-M-Cu
and Co-Mo-S, the catal ysts of Exanples 2 and 3, are preferred s

hydr oi soneri zation-catal ysts on the basﬂhhkﬁlhigher selectivity to

i sonerized product and substantially decreased hydrocracking activity. In
both cases the yields of |iquid product exceed 92 wt% and the formati on of

i soheptanes is fOUgh')Bdiﬁﬂ/g%ﬂﬁm{uibﬂ%h6Fﬁ§clﬁi-ﬁ6ﬁsiéﬁ|WaiFrMbhe not shown

in the table, the conbination of sulfur with Cu woul d of fer additional

yield and selectivity credits relative to those of Exanples 2 and 3. 10

| SOVERI ZATI ON OF HEPTANE W T h CATALYSTS

n- Hept ane, 425[err]C, 100 psi yBoding/Rimge | Reacter Wax

: IBP-350 °F 0.00
350-500 °F 0.70
500-700 °F 20.48
700 °F+ - 78.82
Example 5

A sample of gas field condensate (25 vol%) was added to the
Fischer-Tropsch wax (75%) prepared in Example 4. This feed was then used in
the hydroisomerization studies using the catalysts described in Examples 2 and
3. Analyses of this feed are listed in Table 3.



EXAMVPLE 1 2 3 Catal yst

Co- Mo Co- Mo- Cu Co- M-S Cl1 6.4
1.4 0.2 i-C4 0.5 0.3 :
0.1 n-C4 WO0u0sTL - 4.0 0.8 1. RETAHSE1ET
56.3 77.5 77.7 214- DWP 0.4

0.6 0.4 2- Me- Hex 14. 6 6.2

6.5 3- Me- Hex 6. 4 8.6 9.6 i-C7's

11. 4 15. 4 16. 6 Fischer-Tropsch Feed Prenaratipon

Exanple 4 A m xture of hydrogen and car [Eable®noxi de synthesis gas (H2/ CO =
2.0-2.2) was converted to heavy paraffins in a slurry Fi scher-Tropsch
reactor. A titania supported cobalt rhenium catal yst was utilized for the

400 450 er 1] F: 280 perip e BRI FupOAs KRB ColieRaifoed |

of 12 to 17.5 cm'sec. The kinetic al pha of the Fischer-Tropsch product was

0.92. The Fi scher-Tropsch vvax'.f..e.m;l_\nas_w.r.hd;am_da.:.e.m? y fromthe slurry
reactor. The boiling point di §BoilinggRangeand| ReactenWax cpntent of this wax
Is given in Table 1.

IBP-350 °F 11.72

350-500 °F 9.22

500-700 °F 19.46

700 °F+ 59.60

Sulfur, wppm 625

Hydroisomerization Studies
Example 6

The catalysts described in Examples 1, 2 and 3 were then tested for
wax hydroisomerization and condensate hydrodesulfurization on the feeds
described in Example 4 (Fischer-Tropsch reactor wax) and Example 5 (Fischer-
Tropsch reactor wax plus gas field condensate). Screening was carried out in a
small up-flow pilot plant using procedures developed previously in connection
with HCS wax hydroisomerization studies. The catalysts were evaluated at 750
psig H2, 1.00 LHSV, and with a hydrogen treat rate of 2500 SCF/B. A 10 mL
charge of catalyst crushed and screened to 14/35 mesh was employed in all
cases. Balances were typically collected at 24-72 hour intervals.

Product distributions were determined by both simulated gas
chromatography (i.e., GCD) and 15/5 distillation. Gas samples were collected in

gas collection bombs just prior to end of each balance and analyzed using mass



.

11 Table 2 Boiling Point Distribution of Fischer-Tropsch Wax Fraction

Boi | i ng Range Reactor Wax IBP-350 [err]F 0.00 350-500 [err]F
0.70 500-700 [err]F 20.48 700 [err] F+ 78.82 Exanple 5
A sanpl e of gasVPP¥dicondensate (25 vol % was added to the FPSEHEPAW3psch. .
wax (75% prepared in Exanple 4. This feed was then used in the '
hydr oi sonmeri zati on studies using the catal ysts described in Exanples 2 and
3. Analyses of this feed are listed in Tablig 3. 12 Table 3 Properties of
Fi scher-Tropsch Wax/ Gas Fi el d Condensate Feed Boiling Range = Reattor Wax
| BP-350 [err]F : 11.72

spectroscopy. 700°F+ wax conversion was calculated using the following

equation:

700°F+ Conversion = [1- (700°F+ in product/700°F+ in feed)] x 100

The reaction temperature was adjusted to provide about 50%
700°F+ wax conversion levels. The results are summarized in Table 4. Clearly,
the process and catalyst system is very effective at both Fischer-Tropsch wax:
hydroisomerization ahd condensate hydrodesulfurization. At the cbndiﬁons
studied the sulfur removal was significant. In addition, there is a synergistic
effect in that the sulfur, which is present in the gas field condensate, significantly
reduces the hydrogenolysis activity of the catalyst as evidenced by the lower
Ci-C; yields. Addition of copper to the system further reduces the
hydrogenoylsis activity while maintaining the hydroisomerization activity.



 350-500 [efr]F 9.22 500-700 [err]F 19.46 700 [err] F+
'59.60 Sulfur, wppm 625 Hydroi sonerization Studies Exanple 6 The.

Exanples 1, 2 and 3 were then tested fqf 911873

| ysi/s descri |
oi goneri zat :vgcﬁ&édr?%lcondensate hydr odesul furi zati on on the feeds

degcri bed in Exanple 4 (Fischer-Tropsch reactor wax) and Exanple 5

i scher- Tropsch reactor wax plus gas field4condensate). Screening was
irried out in a small up-flow pilot plant using procedures devel oped
reviously in connection with HCS wax hydroi soneri zation studies.: The

atal ysts were evaluated at 750 psig H errJable$o LHSV, and with a hydrogen
treat rate of 2500 SCF/B. A 10 nL charge of catalyst crushed and screened

to 14/ 35 mesh was enployed in all cases. Bal ances were typically collected
at 24-72 hour intervals. Pr og?a;oimz'hgbﬁ AR By W Rasfilrpalibf Résiklys bot h
si nul ated gas chromatography (i.e., GCD) and 15/5 distillation. Gas sanples
Wwere collected in gas collection bonbs just prior to end of each bal ance
and anal yzed usi ng mﬁatalystm . T 3
Example # Co-Mo | Co-Mo-Cu | Co-Mo-S
Feed F-T Wax | F-T Wax + Gas Field
4 : Condensate
' Example # - 4 5 5 .1
700 °F+ Wax Conv., % 53.8 51.2 56.5
Yields, wt%
IC;-C; 1.21 0.08 0.23
C-Cs 1.43 1.06 121
[Cs-320 °F 9.05 6.71 7.68
320-500 °F 13.11 30.07 31.16
;00-700 °F 38.77 32.97 33.81
700 °F+ 36.43 29.11 2591
, Sulfur, wppm <0.1 25 46
* This catalyst would be equivalent to Co-Mo-Cu-S as sulfur in the feed
would act as a sulfiding agent.




ion: 700[err]F+ Conversion = [1- (700[err]F+ in product/700[err}F+-in
] x 100 Thewpeasssyon tenperature was adjusted to provide plouisodnisss
700f err] F+ wax conversion levels. The results are sumuarized in Table 4.

G garly, -the process and catalyst systemis very effective at both
ijscher-Tropsch wax hydroi sonerization and cmndensat e hydrodesulfi++zat+on.
the conditions studied the sul fur renoval was significant. In additi on
there is a synergistic effect in that the sul fur, WhIC “ﬂ]ﬂ ﬁﬂﬂm“ r“l

as field condendliAIMS8i gnificantly reduces the hydroge of
he catal yst as evidenced by the lower [err] vyields. AHditi dn Of copper
o the system further reduces the hydrogenoyl sis activity while

i ntai ning the hydroi sonerji zag F}Plﬁ 6é/es§fo Lﬁrﬁdﬂ_@%ﬁhf'drmsomeratemﬂle

droi soneri zati on and Fwdrodesu |za
Co- MO Co- Mpré&encéof suifu® cobmprising the steps of: F- T Vax  F-T Wax +

Gas Fi el d Condensat e Exanpl e# 4 . 5 5

| ' (a) separating a natural gas into a first stream comprising a Cs+
gas field condensate containing sulfur and a second stream comprising said

natural gas having said a Cs+ gas field condensate removed therefrom;

(b) removing sulfur from said second stream;

(c) subjecting said second stream to a synthesis gas generation

process to produce synthesis gas;

(d) subjecting said synthesis gas to a hydrocarbon synthesis

process to produce hydrocarbons;

(e) hydrotreating and hydroisomerizing said hydrocarbons of step
(d) in the preSence of said first stream over a catalyst having an acidic
functionality and comprising a Group VIII non-noble metal or tungsten and a

hydrocracking suppressant, wherein said hydrocracking suppressant is selected
from the group consisting of Group IB metal, sulfur and mixtures thereof.

2. The process of claim 1 wherein the suppressant is a Group IB
metal,

3. The process of claim 1 wherein the suppressant is in the form
of a pre-sulfided catalyst.



700 ' F+ Wax Conv., % 53.8 51. 2 56.5 Yields, wt/o [err]

1.21 0. 08 0.23 [err] 1.43 1.06 -
1.21 [err] 9.05 6.71 7.68 320-500[ e :
13.11  ~ 30. WS 31 "16 500-700 [err]F 38?‘7:17‘5599'"873
33.81 700 [err] F+ 36. 43 29.11 25.91 Sul fur,
wppm <0.1 25 46 * This catal yst woul d be
equi val ent to Co- Cu S as sulfur in the E ed would act as a sulfldlng
age mulmuﬂmﬁlﬁm 1. An integrated proCess for producing a  :

hyd e presence of sul fur conprising the steps of: (a)

separat fng"a hatural gas 40t gnapldcesd of AAEATWAGHRS ) lfblgstahb ity #1 0

condensat e cont ai ni ng sul fur an a secon

tream conprising said natural

gas hayi ng sai dGroup ¥I metalgas fiel d condensate renoved therefrom (b)
renmoving sul fur fromsaid second stream

5. The process of claim 1 wherein the catalyst comprises cobalt
and molybdenum in catalytically effective amounts.

6. The process of claim 5 wherein the acidic component is in the

form of a silica-alumina support.

7. The process of claim 6 wherein the silica content is less than
about 50 wt%.

8.  The process of claim 7 wherein the silica content is about 15-
30 wt%.

9. The process of claim 3 wherein sulfur is present on the
catalyst in an amount of about 0.1-10 wt%.

10. The process of claim 1 wherein when said hydrocracking
suppressant is a Group IB metal, said acidic functionality is an amorphous

refractory oxide.

11. The process of claim 1 wherein said hydrocarbon synthesis
step (c) is a feed is a Fischer-Tropsch synthesis.

12. The process of claim 1 wherein when said hydrocracking
suppressant is sulfur, said acidic functionality is an amorphous refractory oxide.



(c) subjecting said second streamto a synthesis gas generation process to
produce synthesis gas; (d) subjecting said synthesis gas to a hydrocarbon
synt hesi s procegg odigdsr oduce hydrocarbons; (e) hydrotreating S99/11873
hydroi someri zi ng said hydrocarbons of step (d) in the presence of said
first streamover a catal yst having an acidic functionality and conpri sing
a Group”mmj tal or tungsten and a hydrocrackdng suppressant,
wherein ”mmllgwuﬁmﬁg suppressant is sgjected fromthe group

consi sting of 'GdupsIB~netal, sulfur and m xtures thereof. 2.° The process
of claim1 wherein the suppressant is a Goup IB netal. 3. The process of
claim1 wherein the suppr&Ssalhe procéss dfilifiCl Whefeit hihogSiblysig UGy St
16 4. The process of claiml| wherein the catalyst also Contains a G oup VI
metal . 5. The prdsereaseddry ot laastabowtt®%i n the catal yst conpri ses cobal t and
nol ybdenumin catalytically effective amounts. 6. The process of claim5
wherein the acidic conponent is in the

14. The process of claim 1 wherein hydrogenolysis in step (e) is
decreased by at least about 80%.

15. The process of claim 1 wherein hydrogenolysis in step (e) is
decreased by at least about 95%.



a silica-alumina support 7. The process of claim6 wherein the
coptent is less than about 50 wt% 8. The process of claim7 wherein
a cont enwammesyout 15- 30 % 9. The process of claim-3 wherein
r__,/s present on the catalyst in an anount of about 0. 1-10PTHSIVI18Bhe
progess of claim 1 wherein when said hydrocracking suppressant is a G oup
I“B fmetal , said acidic functionality is an rphous refractory oxide. 11.
Thg process of claim1l wherein said hydrol:gpﬁon synthesis step (c) is a
fged is a Fischer-Tropsch synthesis. 12. The process of ciaim 1 wherein

en sai d hydrocracking suppressant is sulfur, said acidic functionality is
anh anor phous refractory oxide. 17. 13. The process of claim1l wherein
hydrogenol ysis in step (e) is decreased by at |east about 60% 14. The
process of claim1 wherein hydrogenolysis in step (e) is decreased by at

| east about 80%




15. The process of claim| wherein hydrogenolysis in step (e)_lLs decreased
by at | east about 95% P
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