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SULFUR POISONING OF FIXED BEDS OF IRON CATALYSTS
IN THE FISCHER-TROPSCH SYNTHESIS

by
R. B. Anderson,’ F. S. Kam,?R. E. Eelly,* and I. F, Shults?

© Abstract

ULFUR poisoning of iron in the Fischer-Tropsch synthesis was
S investi at ﬁe Bumem, because synthesis gas produced from
cosl contsins sulfur compounds. Tests of two typical iron catalysts with
mthush?n containing known concentrations of H,S were made to deternmine
catalyst life a8 a function of sulfur concentration to ascertain the type of gas
: required. Fixed beds of activated steel turnings and a fused iron
oxide catalyst were investigated in sulfur poisoning tests at 21.4 atmoespheres
with 1H,;+-1CO gas containing 6.9, 23, orﬁﬁmgStsBé':tSdpercubxemetex

(0.3, 1.0, and 3.0 gr &100 ew ft.). In tests of reduced at constant
, 0T 80 percent of the activity was lost when 0.5 S/g Fe
was introduced.  Poisoning of nitrided or carbided fused iron oxide cat to

8 given extent required more than twiee as much sulfur than for the correspond-
g reduced catalyst. When the synthesis tempersture was increased $o com-
pensate for loss in activity, tests of the fused iron oxide catalysts at constant
nctivity could be continued for 19 to 98 d The tests were terminated
_of the reactor, presumebly caused by carbon demon. .
One objective of the present work wus to determine if syn gas, purified
by the Bureau of Mines’ hot-potassium carbonate process for removing H.S,
C%S, and CO,, is suitable for synthesis on iron utaiyats. The sulfur content
of the gas purified by this process is in the range of concentrations used
in the present work. In oonstant-productivity tests of pitrided fused iron
oxide ca' with synthesis gas containing 6.9 mg S/m?, catalyst lives are
nearly long enough for saricus consideration of this mode of operstion. How-
aver, factors relating to selectivity and stability of the catalyst indicate that
:%.;ihondofo m‘ingg;bmmch 'foraﬁd boxes fi i hg:thtl:am
i n, a8 iron oxide owing a potassium
earbonato mber, in desirable.

Introduction

Sulfur poisoning of iron catalysts in the ammonis synthesis was observed
about 60 yn;p:s 4" Fischer,® 't?.lny1935, cited a pmtiufﬁppor limit for enlfur
concentration of 1 to 2 mg/m’ for synthesis gs for the Fischar-Tropach syn-
thesis, and most commercial applieations of this process have used synthesis
268 containing sulfur concentrations below this kmit.

¥ Froleck coondinator. of Mine Pritabewgh Cogl Resssreh Ceniber. mm.n.n;.
w:wm .otﬂhluo.' %Pm.m ‘b P
w‘gmnﬁm .
L] tn e tncalstione fom 10 which the itemn was pehlished.
Badiae of Mokt onns pome: mnnmﬁummsn
ﬂ‘&%v.zm.qn: mmmha. w?uk.v.alm

Fiachur, Grntbhms der Traibetatle W 4 Winkartuto!] bl Cewrdlan-
h:um-u:' L dm:&nﬂn)mdm humnmm
. 18, No. 1, Janosry 188, £p. 1-11,
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2 SULFHUR POISONING OF FIXED DEDS OF IRON CATALYSTS IN THE FISCHER-TROPSCE BYNTHESIS

_A survey of the literature to 1956 7 showed only = few important contri-
butions to the problem of sulfur poisoning of iren mn{ys’r.s in either the Fischer-
Tropsch or the amomonis synthesis. Brill * found thet the xesistance of fused
655. ysts to sulfar poisoning in the ammonia synthesis at atmospheric pressure
Increases in the following order:

IrOm e
;::potmm D e Fe-E,0
on-aluminym oxide-potassiom oxide oo oo oo L. _ Fe-Al Oy K0
fron-aluminum oxide-caléium oxide-potassinm oxide. . ..... .. Fe-ALO»-CaQ-K;0

Frear, Shtﬂgf and Elmore * found that about 20 mg of hydrogen sulfide per
of catalyst were required tc decresse the activity to low values in
ammonis synthesis st 100 atmospheres on doubly promoted iron catalysts.
Sulfur dioxide was found to be & tem ison, similar to oxides of carbon
snd water vapor. More recently, ulmiﬂgm Apel’baum, and Temkin ®
investigated the poisoning of iron ca by hygﬁnn sulfide in the ammonis
synthesis at atmospheric preesure. Potassium oxide, either alone or in the
resence of alumina, increased the resistance of the catalysts to poisoning.
tivity for ammonia synthesis decreased to zero when the concentration of
sulfur unit surface ares was 0.4, 0.9, and 2.5 mg S/m? for Fe-ALQ,, Fe-
ALOrK,0, and Fe-K,O catalysts, regpectively. The waii‘hts of sulfar per
gu.m of catalysts were 3.2, 8.1, and 1.7 mg for Fo-AL,0,, Fe-AL,0,K,0, end
a—K,O

Rag port and Muzovekays 3 investigated the poisoning of precipitated
iron on'goe-eoge; oxide ut.alyztné by orgmcl? sulfur oompou.ntfz in Ehe scher-
Tropsck synthesis, Catalysts that were reduced only to Fe,O, or no$ at all
were remarkably resistant to sulfur poisoning, and the synthesis could be con-
tinued at moderate to high yields until the sulfur content of the catalyst was
increased 0 about 10 weight-percent. On the other band, a similar catalyst
completely reduced in &t 500° C. was reported to be inactive at a
sulfur content of only 0.9 weight- t.

British workers investigated the mlfur &momng of reduced iron catalysts

Eragared from mill scale in the Fischer-Tropsch sgnt.hesig.“ Prepoisoning

¥ hydrogen sulfide introduced into an evacuated bulb containing the catalyst
was more effective than poisoning by sulfur compounds in the synthesis gas..
Methane production was in by sulfur poisoning.

Rasearch by the Pittsburgh Coal Research Canter has examined the
effect on activity of distribution of poison adsorbed on the catalyst as a fune-
tion of length of a fixed bed of catalyst.® The conclusion drawn from this
theoretical work is that accumulstion of the poison near the inlet end of s
fixed bed of catalyst decreases the effectiveness of & given amoumnt of poison.

oisouning is most severe when the poison is vnifo dis ributed along the
lenito.ho the catal bed. To investigate the poisoning of iron yats
without & gradiant of sulfur concentration ss a function of b { length, pretraated
fused iron oxide catalyst, 1D3001,* and activated stesl turpings, 12201, were
prepoisoned by immersion in a solution of the suifur compound in heptane
prior to synthesis® Sulfur dioxide was the most severe poison, and hydrogen
sulfide and ethyl mercaptan were nearly ss effective. Results of tests of
reduced catalysts poisoned by carbonyl sulfide and carbon disulfide, as well

¥ Anderson, B, B, Catalysis for the FlacherTromeeh Syntheis. Ch. 2in Catalyyia, od, by P, H. Emmatt. Ran-
d Puab, ok v
u-mquim'm?umm”n%ﬁ?}mmmm ¥TAT Beal R-15, frames 7088-7104,

nEp.
hhul.‘u;n,?n. L. O. A hﬁ.na“‘ mem
lg'ﬁami MO"L%I. ""&""’“”m @t 20 Process of Synthesls Over
Iron Catelysts.” Ft. 1, 1] Khim. § { Mosel. No. 2, 1967, § P& 3, Nu. & 1957, op. 10-27.

s e
3 . : o Chenr., v
iy m%&%&m&ﬁmuwmmm of thess catalystxwith HsB i oy

. E. Fotar, ¥. 8. Kxrn, and R ¥, Andersen, the theats.
%ﬁnmw%wn&ﬁmngﬂglmW.m S Pre-

izi UPDATA 19‘?.&

‘Rapart of the ¥oul Ecssarch Board, B & 1088, p. 22
-uu'-‘n'%?"'a..;z_d Wiitatoaw, ~Fbsalis 15 Fioed Bads of Ei:?r



INTRODUCTION

as a nitrided catalyst poisoned by h sulfide, were erratisc, However,
{or all sulfur eomr&a . ém activity of a reduced fused iron catalyst
was decrsased to than 2 percsnt of the value for the fresh sample by the
addition of 8 to 10 mg S/g Fe or 0.6 to 0.7 mg S/m? of surface. _Activated steel
tux_'n.ingst:'l'are more susceptible to sulfur poisoning than the reduced fused iron
oxide ca

yst, and about 0.7 mg S/g Feor 1.4 * was required to decrease
the activity to leas than 2 percent of its original value.
This bulletin describes the results of poisoning of fixed beds of reduced,

carbided, and nitrided fused iron oxide catalysts and reduced steel turnings
by 8,8 in 1H;+1CO synthesis gas in ests in which the temperature (i) was
held constant and (2) was increased asrequired to maintain constant productiv-
ity. One objective of thess expariments was to determine the euitability of
ing gus from & hot potassium carbonate purification _process * without
further sulfur removal. Carbonyl sulfide is to in this ,
and H,S concentrations in the range 6.9 to 151 mg/m® (0.3 to 6.6 gr/100 £it%)
were obtained m the purifisd 1 'ga.apraquadfmmwdm
igh-temperature oxygen gusifiers contains only carbonyl sulfide and H.S.
us, in the present expermmants syntheﬁrs conl concentrations of
55 of 6.9, 23, aud 69 mg S/m? (0.3, 1.0, 3.0 gr/100 ft*) were usad. The
ectivity of catalysts in constant-productivity tests is deacribed.

% Nevaon, B K., J. H. Fldd. ggd 'W. F. Eaynes.  Improved Proows for Aﬁ?mmmm-
e e B
“rmnnm & JL Mathod of Sepsrstiog COx sud Trom Gaa Mirtrres, TAL 2,909,405,
'%tmﬂéhmmwnmmm.
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EXPERIMENTAL WORK

PREPERATION AND ANALYSIS OF
SYNTHESIS GAS

Synthesis gas containing 1H,4-1CO and
essentially free of sulfur was mnred bﬁ
raformvm&lmtnra.l gas with steam CO,; an
was avallable in standard carbon steel gus
e ol cplivian, s EYs were
preg.red in special . ers, c
carbon steel, stainless steel, or aluminum '®
Bach cylinder type was effective in storing
muztures of sulfur compounds in synthesis gas
provided that carbonyls, produce??lu_ring the

e of the pure gasin carbon steel cylinders,
were removed.

Anal mede by a modified Referea
me ® agreed with compositions computed
from the preparation to within the followin
limits in te:ms of standard deviation: 18, 2. s
and 5.0 mg S/m? for concentrations of 6.9, 23,
end 69 mg S/m?,

SYNTHESIS TESTS

Catalysts used were (1) 6- to 8-mesh fused
iron oxide catalyst D3001, containing in the
raw state, in weight-percent, 67.4 Fe, 4.1
MgO, 0.65 Cr;0; and 0.57 K0, and (2)
activated SAE 1018 steel lathe turnings 12201,
approximate dimensions 8 by 3 by 0.4 mm,
oxidized 24.6 percent with steam at 700° C,
and impregnated with K,CO; to give a concen-
tration of 0.13 weight-percent K,O.

Catalyst D3001 was reduced in hydrogen at
an ho space velocity of 2,500 and 450° C
for 40 hours to give a weidgﬂht loss :f raeaout_zi
percent, corresponding to percen uction
of the oxides of iron. For some tests reduced
catalyst 13001 was treated with ammonia at
a0 hourly space velocity of 1,000 for 18 hours to
convert the reduced iron to epsilon iron nitride.?
In one test reduced catslyst D3001 was con-
verted to Higg iron cerbide by treatment
with - carbon. monexide -at - an - hourly space
velocity of 100 for 38 hours. The temperature
was increased from 170° to 350° C as required

Lo 1. F., ¥, 3, Kwm. and K. B. Audeman. Cylinders for
Gas. Ind, snd Eny. Chem.. v. 54, No. 8,
» “Materinlx,

vy

%.' J.- e ADa) ol Twsting of Gassous-
A
Storch, _Stadies of the Flacho-Tromch Svnrbacds, VIL sitdes of

Tron s Catalysts. J. Am. Chem, Boc., ¥. 70, August 1950, pp.
4
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to maintain about 20 percent carbon dioxide
in the exit gag.®
The surface srea of the reduced catalyst
D3001 was 14.8 m*/g Fe, and after 9 days of
synthesis 1.1 to 0.8 mz Fe.® Before use in
synthesis, nitrided and carbided samples had
about the same area as reducsd D3001. Pre-
sumably, the surface areas of carbided catalysts
also d sharply during synthesis, because
mthate i martaer Ly Odized durng
S . e s arca of a sample o
nitrided D3001, which was initially redugod at
500° C, increassd slightly during s 19,
Ca t L2201 was reduced in gen ab
an hourly space velocity of 1,000 and 450° C
for 8 bours to give It-i)oas :Qns weight of rgds Wtf
corresponding to about 98 percent reduction o
the oxidized zone. The surface aress of the
reduced turpi from determinations on two
separite samples were 0.4 and 0.8 m?/g Fe.
Afier 9 days of synthesis the area of one sample
increased from 0.4 to 0.5 m¥/g Fe.®
Data for changes in composition and surface
area for raduoecf catalysts D3001 and L2201
after 9 days of normal synthesis with 1H,+1C0
gas at 21.4 atmospheres and subsequent extrac-
tion of wax 2 are ngwm in table 1.  These data
represent the condition of the catalyst at the
start of poisoning after a stabilizing period on
gas. The activated layer of turnings was
gly converted to carbides, whereas the
uced fused catnlyst was oxidized all
along the length of the bed. The decrease
Hling of pores by ousiatiay, D301 2 caused. by
o Teg oxidation. 1 ca
D3001 g;:zd.lzei similarly to the reduced
catalyst. However, nitrided D3001 was ox-
idized to a smaller extent and has a substantially
larger surface uraa during use, .
tests were made at 21.4 gtmospheres in
stainless-steel rcactors similar in design to the
reactors that have been deseribed previously.”

n JEoW. K Bal B Selgmag and R B, Anderson_ Studim
e Pl P e _m_s,pp.m-z_n %5 Cemny
‘A ghulte 3, F,, B 8. Karm T, . iud B B, Andeon. Cem
msmmusmwg%mmomcmm%

. B d Az
Protreatment and Synthests. J. Phrs, . ¥. 81, Jaiy 195, pp.
_:w :mlt: 3

[- 4
= Shults J. ¥-, 1. J. K. Hofer, E. E. . Suin, and B. B,
Apdeman.” HynThetie Toais of Carban
Muonoxde. J?Qrt Bull &8, 1958, P



EXPERIMENTAL WORK . 5

TaABLE 1.—Surface area and compovition of eaialyasts

Aaren, Com m-ﬁ‘”' swom Phases from
Catalyst and state m¥/g Fe Xoray, |
diﬂnutlzn i
C/Fe OfFe
Torninge (1.2201):
Bed et e R e Am s etm————— - &g =) 0 . =
------------------------------------------ L] 3- ’l L
Fused iron oxida (030015 58 1 x C™
oo putiflu_ .............................. 14 8 =0 ] o
Inlet portion . _ . ... ... 1. 00 .81 .92 M o
e portion . . . o man. .77 -18 1.0 M
Outlet portion ... _ITTTTTTTmm- 74 15 106 s

! Fhanes listed In arder of iatenity of diffraction psttcrn. «=mcialll: iron, x=Eigg curblde, Cmtumentite, and M —megoatite. Phaocs with

falot Sifraction

t e followed by

wttivated layer

Stainless-stesl tubing and valves were used
througkout the inlet s’i:at.em employed for
sulfur-contai gas. The catal charge
was 50 cm?® in all tests, and the inside diameter
of the reactor was 1.58 cm. Testing procedures
have been described previously.®

Tests were started on a suliur-free 1H,+-1CO
gas, total sulfur content less than 1 mg/n?®, at
an hourly space velocity of 300 and at 200° C,
and the temperature was increased slowly so
that about 48 hours were required for the
apparent CO:free contraetion to attain 65
percent. ¥ & constant activity was
reached at 260° C, end synthesis was con-
tinved for 9 to 20 days 10 establish a starting
point for the poisoning tests.

Synthesis ?s 1H3+-1C0, containing con-
centrations o H:S of 6.9, 23, and 69 mg S/m?,
was then introduced by & separate feed
without depressurizing the reactor.

system
Two modes of operation wers followed after

the change to feed gas containing sulfur:

1. Constant tempera.t.u.re,n;gfera the tem-
perature was maintained constant at the tem.
persture of the previous period of constant
activity and the conversion was permitted to
decrease with time., .

2. Constant productivity, where the temper-
ature was in as required to maintain
the COy-free contraction at about 60 percent.
Tests of the first type were usually terminated
voluntarily after the conversion had decreased
to 8 low constant value. Tests of the second

t were usually terminated by clogging of
tfg catalyst bed. ; "

Nkly TeCOVenes o 1+ (gaseous,
liquid, and solid) were m aud the product
distribution was detemined. The products

-2 Wl ly eited o f b S
e—45—e5—2

&) UPDATA 1975k

mn’:ruhm‘;)hm Comaposition can o exprroed on the bashs of eatie tomimn by dividing theye vulues by 4.

were also analyzed for sulfur. At the end of
the test the catalysts were anal and a
sulfur balance was determined. Uncertainties
in sulfur balances involve the accuracy of sulfur
analyses of feed gas, used catalyst, an pltl-loducts
as woll as sampling of used catalyst. early
tests 55 to 90 percent of the sulfur introduced
was found on the catalyst. However, in later
tests with improved sampling and analytical
methods, 80 to 100 percent of the sulfur intro-
duced was found on the catalyst. The exit
gis and syothesis produets did not contain
significant concentrations of sulfur.

For both types of experiments the activity of
the catalyst, in terms of volume of H.4+CO re-
acted per gram of iron per hour at 240° C,
wes computed using an empirical rate equa-

tion,®
—In(1—2)=(4/8) exp~(E/RT),

where z is the fraction of H,+CO reacted, A
is a rate constant, § is hourly space velocity
of H,+CO, and E is the activation energy,
and has a value of 19 kcal/mole. The follow-
gﬁ kinetic date on sulfur-poisoned catalysis
indi that activities oomguted by this equa-
tion are valid: (1) When hourly space veloei-
ties were decreased from 300 to 100, the same
activities were obtained, and (2) activation
energies of 20.9, 19.5, and 17.8 keeal/mole were
obtained on a_6- to S-mesh catalyst D300}
poisoned with H.S to relative activities of 30,
25, and 8 percent, respectively.

batn._from poisomng tests are given in terms
of relative activity, defined as the activity of
the poisoned catalyst divided by the ectivity
of unpoisoned catalyst at the start of the
AT A LT S B R e

of the 8 Ty Iron . Ind. and Fug Chem., v. #4
No. 2, Fabeoary 1952, pp. 291-397, fod & h
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isoning. For catal described here, . the. t of the total the term
wﬁﬂﬁﬁqym tasta mth%ﬂb&m £as reraained P'ﬁmm ns” inclg Mmgumd organic
emsentislly constant for 8 weeks or longar;  molecules dissolved in the condensed \
thgtdqre,thahxgedminwﬁvitym carbon phases, Tomlzdmbonsmdm-
) tests may be attributed to poisoning.  tributed into C;, Cs, and +C¢ gassous hydro-
As the obmved?. conversion data were aver-  carbons (by mass spectrometric analyses) and
for periods between fowmeter readings, into the following distillation ranges of th
aclivities computed from these dats were condensed hydrocarbon phages: 30° to 185° C
compared with the calculated amount of sulfur  185° to 352°C, §52° 0 464°C, and above 464°C.
fodwtheumtat_aﬁmehalfway batween the Thepementngeaofnleﬁnsinthecgandca+04
readings. A correction wus made for the fmchmmmdjmtadb{anun;bu-fo&luwg:ﬁ
amount of gas containing H.S required to fush the double-bond symbo
the volume of the reactor ahead of the catalyst  diagrams Functionel group analyses of the

infrared
- Space velocity is defined as STP (standard methods ¥ are indicated as follows: bﬁr indicates
temperature and pressure) of synthes mg: the bromine number calculated from the amoant

fedtntheilreactor ,unitlvolmno ofeu.h ofoleﬁn,gcbs_tha_wagh&pmeqnt.af 2 }
ace Our. VO AS AVE an indicates owmgb. paTcent o
aeneﬁectedto conditions. @ ammount m’

of sulfur introduced to the catalyst bed is  and sch
givenumillignmsozfsulfurpngmofiron '

m the ca ¥ Andeeam, I, A, and W, D, Seyfried. Dacerminations of OTypen-
- The uct distributions are plotted as R 0, Cpmprond Tyne by Intarad Spectroacooy. Acal

m UPDATA 19078




EXPERIMENTAL RESULTS

CONSTANT-TEMPERATURE
POISONING TESTS

Figure 1 presonts data for the poisoning of
rlgufwaW 1_33300169&1& & 2301 Eg
H.+1C0O gas containing 69 mg S/m® as .
Similar data are presented in figare 2 for
& suliur concentration of 23 ﬁfm’ For
both cartided catalysts and redu
following the initial short peri
decreased linearly

ity, the relative activit
with i X t0 the catalyst unnl

inereasing sulfur f

50 to 75 percent of the ectivity was lost; sub-
sequently the activity decressed lsss rapidly.
For nitnded ca the linear nmon of the
poisoning curves did not extend beyond a

ative activity of 0.7 for 69 mg S/m*, and for
6.9 mg S/m* the linear portion was absent.
These data ars given in table 2 but are not
shown on the poisoning curves. For ca
12201, the relative actl docreased steadily
t0 zero when 1 to 2 mg S/g Fe had been iutro-

L4

duced, but the relstive activity of reduced and
carbided catalyst D3001 t0 a oomn-
stant valwe of 0.03 to 0.10. For nitrided cata~
lyst D3001 the relative sctivity decreased to &
constant value of 0.1 to 0.2. Table 2 presents
data for all tests read from experimental curves
at qui intervals of relative activity.

Selectivity deta obtained from constante
temaperature tests are not very reliable, becsuse
the productivity decresses rapidly and small

in recovery of liquid and solid hydro-

carbons become significantly large compares
with the quantity recovered. In special experi-
ments with 28. to 32-inesh samples of reduced
D3001, which poison more alowly than 6- to
&-mesh samples, the selectivity remained essen-
tially constant uotil the relative activity
decreased to at least less than 0.2. In tests of
nitrided ca the fraction of C,* hydro-
earbons in ths product remained constant or
posaibly inereased during the initial stages of
poisoning.

RELATIVE ALTIVITY
L]

; g o ing3 22« L

3 Y S

SuULfuR FEO TO CATALYST, mg SigFe

Figuar 1L—Constant-Temperature Polsoning Tenta of Reduced Iron Catalysta Using 1H.--1CO Gas Containing
69 mg S/m* a5 H,S.

i@ UFDATA ok
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10 SULFHUR POISONING OF FIXED BEDS OF IRON CATALYSTS IN THE FISCEER-TROPSCH SYNTEESIS
350

I | ! I

340 o
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Sulfur Temperature, *C
concentra- Duration, Reason for
Catalyst and pretreatment ti%x? m;;:g days terminating ! g of | Masi End of
tart aximum
posoning test
Fured fron axide (D3001
) [ 69 33 Coeee 260 338 325
Redueed . __ . ___ ... pLacd 11 L+ S 260 360 330
| & 18 M 256 355 355
[ 8.9 MW | G 248 338
Nitrided . ____.___________. N 23 56 | 256 330 314
l 69 28 v 249 349 H6
it B N B T | o)
Turnings (12201): Redu -—-—-——!{ 69 SN S 260 396, 398
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EXPERIMENTAL WORE 9

TABLE 2.—Summary of constani-lemperalure poi

poisoning ilests: Sulfur required to deersgse relative
achirity o o gizen value, mg Sfg Fe
AT sests with 1E3-1C0 gas ot 41,4 stm)
Catalyst D300L Catalyat L2201, re-
duced
H,Bin fead gas mg S/m® Carbided, | Nitrided, thenis thesis theais
Reduced, synthesis at 260° C | synthesis at zs?“c mw C f?zlsr C
at 242° C
69 23 (221 - 60 8.9 5] = 69
Relative activity:
a8 _ ... 0. 0321 Q. 031 0. (46 0. (092 0. 015 0. 080 0. 682 0. 62
08 . .. . 060 . 056 . 092 . 150 . 050 . 180 . 112 . 086
L1 . 150 - 090 . 139 . o432 . 103 . 280 - 147 L 112
L - 120 . 125 175 - 352 . 1656 . 410 . 185 . 137
L1 3 TR . 155 - 165 . 218 - 155 . 283 . 740 - 215 . 180
o4 ... . 154 . 216 i - 352 . 430 1. 020 . 250 - 185
03 .- . 242 . 300 . 3563 . 528 - oo 1. 460 . 350 . 220
| B T . 300 .37 . 600 - 980 070 P >3.0 . 400 . 253
L+ N O . . &40 1. 750 LT0 [P>1.3 \.l______. . 600 - 340
Q05 ... t>1 5 1.600 {i >4.2 ) S P ST . 800 . 700
! Tosta ware voluntarily this amoanr of smlfar bast bee introduoed.

CONSTANT-PRODUCTIVITY
POISONING TESTS

Poisoning curves for constant productivity
tests with 23 S/m* as H.S are shown in
Tﬁnﬁve activity decreased ini-
the same menmer asz in the
constant-temperature tests. However, after
the temperature had been increased above
300° C, the activity often increased sharply
and mnsqally again rapidly. These
periods of sudden transient activation probably
result from the generstion of active
surface by processes reiated to carbon deposi-
tion whi(i causs disintegration of the ca
particles. The constant-productivity tests also
exhibited periods of sustsined higher activity,
commpared with the constant-temperatuve tests
probably for the same resson. type of
activation of iron catalysts at moderately high
temperatures hus been described in a recent
paper® Carbon deposiiion was more rapid at

u . P.F, S R. B. e L. T E. Hofer, A
a 8 .LP Eu:. Anderson, sz $-3:% %
Mny IS6L, Do 1K1 ' l

32 .‘ TTDOTAA 2 g b

rmicated when
Temperazurs was ierepsnd sftar L9 mg 8/g Fo waa T6d to tho cutalys.

the higher temperatures used in the constant-
productivity tests, and the catalyst bed aven-
tually clogged, presumably o to carbon
deposition. ~ For tests with catalyst D3001,
productivity could be mainteined constant
until the test was terminated by clogging of the
reactor, but for catalyst 12201 the productivity
decreased _substantitlly before the reactor
ol . 3 is a plot of temperatures of
synthesis as a function of time for constant-

pcro;lluctwg. ootfst.s_ of reduced and xgtnded
cat using containing 6.9
Slm‘y:ts H.S. With the lower ooncenmtgg

of H;S, the activity changes less rapi and
large fluctustions ig activity usually 1331-2 not
observ

Table 3 lists the life of catalysts
productivity tests before clo occurred for
D3001 or before uctivity decreased

W a value for catalyst 12201. “Since con-
ditions leading to clogging are diverse, the time

in constaat-

before clogging occurs can be regarded as only
8D approxumate value. Changes in reactor
lead to widely differing velues

t.?'pe or size ma
of time before clogging occurs.



EXPERIMENTAL RESULTS

Table 4 gives product distribution data for
tampen eh“ty hﬁuﬂyﬁ e
su

. t-ha seleotm.ty date refisct, n
ek syathess o ‘ures and t}mm of
pera. of in
the ca t that- occur at these temperatures.
r cad catalyst 12201 and reduced or
i iron oxide catalyst D3001, yields
nnd yields of

t_{ntest.s. Forpom

tion of products into
tlons does not change

Mroducts from the tests in
comprised 2 or more
weeh operation, were eombmod and {raction-
sted by a mmple disllation. These data and

amalyses of the two lower bo
fractions sre presen e-de 4m6nﬁg—

dudedmﬁguressa.ndﬁmselechntydatafor
compmblet-estsofﬁweekscrlongeronpura
gas. These data are included beea the
producis from the first week of sﬂnthesis

%?‘?

?

of gaseous hydrocarbons in
fraction of oxygenated moleculea
in dmﬁ[lahon fractions demodmthpo%
but the olefin content remained y
constant,

For nitrided esugﬂts (fig. 6) in oonstantr-
pmducia\n uest.s, uhon into
ucts of h range did ﬂ?“yzel Az f

:so omor 8 o

—Ce hy mg inall tests, 43 to 57

wctlﬁht-pmt of t.otal dmea.rbor-s In tests

radueeﬁas or eu.rb:dad ca.tjs
'bons a.nd

m amounts ox;ygm organic com-
pounds in dnti]]ahon fractions.” Yields of
poisoning in test Z184, 'butdecre];l'gatolow
veluss in the lstter part of test Z198. The
g tm ]::compa.med ﬁlﬁw mm
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12 SULPFHUR POISONING OF FIXSD BEpPS OF IRON CATALYETS IN THE FISCHER-TROPSCH SYNTHESIS
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Sulfur Sulfur Distribution of hydrocarbons,!
Fretveat- ooncen- | fed 0 eat- | Tempar- weight-percent
Catalyst an teat ment, "'tgi!w: -.tys;!t, lll‘ng a'.;t:é-e.
mg 8/m g Fe
G C; G+C, G+
2 | oo 1% o 22 8 sl B
f 23 L7- 25| 32o-3a7 25 12 2
iron oxide
{D3001):
0 -1.3 261-364 10 3 il
Z132_ .. ... NG . . T 23 L3-28 331 16 g 13
26«28 330~349 16 10 17
29 236 10 19 12
0 —-1.8 242 8 é 18
E285 . Carbided. __ a9 3.6~ 7.1 298 25 16 24
2 9-10. 6 303 17 11 a5
10. 617, 2 316 18 10 45
02V we| ] 12| =
o . p 13
2198 ee oo | Nitrided_... 69K 23 o5 328 78 12 19
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DISCUSSION OF RESULTS

Counstant-productivity tests difer from con-
s tests, in that acmtjzn of
ocours In constant-productivity
These activations, which areppmxmably
to carbon ton, uspally oceur
7 29lE° tE] En testei) ofthact.wn.ted steel
catalyst 1220 e productivi
dacreased eventually to a low value, -
though the tamperature was increased to about
°O. Intestsof catalyst D3001, productivity
could be maintained eonstant unti catalyst
bedmad: The behavior of these two types
o tanlwo

N,

2

f ca nstant-productivity tests seems
related, at leest in part, to the results of
constent-temperature tests; in these the sctivity
of the h:rmﬁ-; decreased shudi'li to _zero,
whereas for fused catalyst the relative
sctivity leveled out at & consiant value ip the

0.03 to 0.10 for reduced and carbided

ts and 0.1 to 0.2 for nitrided catalysts.
poisoning of reduced and carbided
catalysts in constant-productivity tests de-
¢reased the tendency of the catalyst to produce
high-molecularnwegﬁt hydrocarbons and oxy-

geoated ic molecules. In the long poison-
ing test of eu-bidadfusedimnoxidscatnm
the average yield of C;* decreased to less
50 ?ﬁhﬁ-pmt of total bons. For
nitrid odmtalysts the yields dC,"‘ hydrocarbons
remained pearly constang i isoning ;
o 'f'thﬁ-action wasIn mpoahou_ t 50
percent in tests with pure gas isoning
of the mitrided mtngyst. %n tast ZlSipc:)ver 56

days, the yield of oxyganated ea in the
d.is{i.jﬁaﬁonn jons remsined high; in tast
2198, of 102 days’ duration, the yield of

oxygenates decressed to low values in the
latter part of the test. Analyses of the catalyst
from 5198 revealed that the atom rutio of
nitrogen to iron decressed from 045 to 0.03
duriog the test. X.ray diffraction lines for
Hagg iron cerbide, magnetite, and epsilon
carbonitride were found in the nitrided catalysts
used in constant-productivity poisoning tests.
Possibly the shift in selectivity observed in
test Z198 is related to conversion of part of the
epsilon carbonitride io Higg carbide.

k1]



CONCLUSIONS

For synthesls with gas containing 6.9

S i ol oo ins
t_potassium uate scruh-
bing ® the followit:l? cominents are made:

1. For the presant catslysts operated at con-
stant temperatures, or at incressing tempera-
tures no higher than 290° C, catalyst life ssems
too short to be of practical interest.

2. For maximum temperatures of 350° to
400° C, lives of reduced, nitrided, or carbided
D3001 at least approach those desired for

i thesis . Because these
poie i, e, Boaee e
-robab]y mt.he dependent tll;no -
8 ans on -] -
%onoftheca.nglyn]yst bed. Difficulties resulting
from carbon deposition, particle disin tion,
and other processes ) to clogging of the

than in the present laboratory units
3. In constant-productivity operation the
sbility to control selectivity by adjus tem-

= Third work cibed In foctnota 14,
pi.

oo serio decreased by operation at higher
temperst;x‘ﬁ -Howevert:yt.he ¥ield of gaseous
bydrocarbons increases substantially at the
expenss of fractions boiling above gascline.

4- An increase in activity of the catalyst by
s factar of 5 to tji% other chu.ruaﬁtmst:lgsabﬁ
poisoning same, wo
permit pmcbt?::f operation in gas &omp!t%o hot
carbonate scrubber. Catalysts reported herein
may be r:gs.rded as iypical of robust iron cata-
lysts in the form aths turnings or 6- to
8-mesh particles. Substantialincreasesin activ-
ity seem - A fivefold decrease in
particle size will increase the activity about
three times. However, the Present catalysts
represent about the smallest size that ean be
used conveniently in ln.Ee fixed-bed reactors,

5. On the basis of the relatively short life
of eg./tal a.t:d In tests :flt:]h gas cpritaining 6.9
! because e possible opera
ificulties and inferior seleciirity, addionel
m pt_:riﬁcl:otion, such as by 1.i’.t'cm t_::‘;:»:ida boxes,

(e tagsimmn carbonste scrubbing

saem:mﬁmhﬁ: With this additional Eu

urification the content of H.S could proba ly
e decressed to less then 0.1 mg/m?,



