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ARSTERCT

The purpose of this research project 1s to evaluate a
particular Frecipitated iTton, Copper, potassium catalvst,
prapared at PETC, in a stirred slurry reactor against +the
abiectives set forth by the DOE prolcct management group. These
gcals ftor tlscal year 1991 (FY9L) inveolwe uwsling £ 0.7:1 H,./CO to
achieve a Hp-{) conversion of 88%. The allowed deactivatisn of
the coaversion is 21% week. The aelactivity to nethane, sthane
rlus ethylene (C1l+C2) should be 7% wi. The svngas feed ehould
e 23.% HNL/g Fe hr. in experimente lasting two weels, many of
the stated goals were achieved, L new porous metal filtering
system allowed dailvy draining of the reactor wax withant
signiticant loss af catalyst, even with & heavier catalyst
Loading. Two liquid madium were tested: Humplivrey n-ootacosane
and EthylFle poly-alpha-clefin. The effect of reactar internals
on the bubble size was studied. A catalyst with cchalt present
in additieon to the other componcnts was tested in  hopea  of

gaining some improvement in stability. The main focus of this
wiork was the stability of the catalyzt.
IHIRCDUCTION

The Department of Energy at the Pittsburgh Energy Technology
Center [(PETC) has had an in-house research program of Fizcher-
Tropsch catalysis for many vears £1,2,3,4,5,6,7,8,%,10,11,121,
In the past the Indirect Liguefaction divis=ion has conducted
extensive tasting of =& precipitated iron, copper,potassium
{Fe,Cu,K] satalyst in a sluryy-phase rTeactor. The effect of
catalyst pretreatment was investigatsd [2,5]. The activaticn gas
was wvaried from H; to syngas to CO at wvaricus temperaturas and
important affect=s o0n the activity were chserved. Also the zffect
of the feed syugas ratio was ewvaluated [6]. Bs the feed ratio
was varied from 1:1 Lo 0.65:1 the decline in H,+2¢ conversion was
mere rapid, Mosshauer experiments showed different carbide
rhases were produced with different activations [21. Variations
in the weight % K and the weight % Cu have been tested [2,5]1 for
their effects on the activity of +the precipitated Fe,Cun,E
catalyst. A particular composition was chosen to work with at
this time: &5,.8% Fe, 2.9% Cu, 0.2% K.
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goals for the FT  slurry reactor work were set out by DOE
projezt management and are shown in Figure 1 Tor 1990 and 1991.
Bithough Llhe conversion goal is B8%, this is for a slurry bubkle
column. ©One would have to extrapolate to find what resulis wourld
be needed in a stirred slurry reactor. Ons could aim for a lower
conversion or a smaller feed rate in 2 stirred sluxyy TeEsCToT.

= IM T,

The catalyst prepared at FPETC was made by mixing ferric
ritrate and copper nitrate in  water with ammonium  hydroxide at
goee im oz glass  continuous precipitation unit  [1]. The
precipitation was done at pH7Y, followed by Aan HDYC washing. The
filter cake was dried at 110°C in N, and vacuum, then crushad

tg -140 mesh. The different =zolumns in Figwre 2 show catalysts
prepared from 1%88 through 1991. Three batches, whick had
surface areas of 206,247 and 248 M°/E, were mixed together fto
make '"MA& before potassium additicn”. An incipient wetness

+eshnirque was used to add potassium carhonate, followed by drving
with =tirring at t00°C, then by a W. and vaouwunm dryiag at 110°C.
The catalyst was calcined in air at 352°C, Lthen crushed and
sieved To -325 mesh. The mean particle diameter of the cablznlyst,
MHE, which was tested during this repoTt pericod, was 20 microns.
The fiwal catalyet had 129 M /g and 66.8% Fe, 2.9% Cu and 0.e% K.

Ell 1le experiments discussed in this report hac the zame
start-up procedure, as shown in Figure 3. This invalwved leading
catalyst and purified n-octacosans (Humphrey Chemiecal Co.) orT
polyv-alpha-eolefin 164 (Ethyl Corp. ) ints the 1 lLitecr reactor.
me reactor was then brought to  a tempexature of 280°C in heliuam
with 1000 rpm stirring. lhe activaticn was carcied out in CO =t
580°¢C and 200 psig for 24 hours. The next day the temperature
wa= decraased to 260°C, the stirring was stepped and the ligquid
level was dropped to the starting height. H. 00 of D.sd:] was
introduced at 260°9C and 200 psie. Every 24 hours, the ztirring
was stopped while the full flow was maiutained. Then the walwve
connecting the internal filter with the liguid level trap was
opened and closed several times with 2 rpressure drop of 50 psi,
This methed of draining , develcped at Tcxas R&M, gave a clear
wax, relatively free of calalyst. The experimental reactor
system is described in detail in Tefer=nce riit.

This report provides data from twe different one liter
autoclaves with different internals. Slurry 1 (81 wms
manufactured by Pressure Products Industries. 3lurry 2 {52 was
manufactured by Autoclave Enpinwers. S2 conaistently gave poorer
conversion results than §1 uwntil some changes were made,

RESULTS

A test with & weight% cataly:t and purified n-cctacosane,
called S$2-45, is shoewnm din Figure 6. The H, +C0 cgonversion 1is
plotted wversus time on stream. The drop in conversion was
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undesirably rapid during this test. In this and clder tests,
tne wax ligquid lewel was drainnd through several 325 mesh soreans
every 24 neours. The weight of catalyst leaded was 13g. Tring
the ceolleocetion of wax throughont  the first 20 days the tozal
welght of catalyst which 1eft the reacte» was 1.587 g. This was
measuired by  rehealing, stirring and sampling the rot wax with
cataiyst, This catalyst-wax mixture was zgshed at S00%C leavine
only oxicized catalyst. It was anasveed by atomic absorption and
centainsd the oorrect percentage of iron. The lazt several davs
a total of 0.49 g of cataly=t left the reactor. A nut wvery
careful cleaning of the reactor yielded 7.08g of catalyst. This
does not add up to the 13 g loaded but does show the very least
Lhat left the reactor. Later on in other tests, with a sintered
filter draining system, only 0.1 g of cztalyst was lost during
the first 15 davs. Also, 10.0 g was rocovercd at the end of that
Tun. The drop in conversion 1a too high during this test. Figure
E shows the produect distribution for test 32-45. The average
methane plus ethane rlus ethylene, Cl+02, was B.5% for this test
at 4.1 N_/F Fe hr.

Figure & shews some modifications made to 52 after tes+ 85%2-
48, The draining tube with screens was removed and replaced with
a 374" diameter heorizontal filter. This succeeded, as menrticned
previously, in keeping most of the catalwvst in the reactor. More
importartly, a plexigios reactor body was made o simulate the
reactar. Gax was bukbkbled in  through the gas inlet tubkbs into a
liguid paraffin wax., The bubbkles ochserved with the 214 1 175"
diameter impeller on 32 were oo large, at 2 mm, and they had a
short residence time in ths liguid. Eeth reacterzs use 3 holleow
shaft with twoe holes in the tep of the shaft 4o draw gas down in

to b= reclirculated +through the EImpelier. By changing the 52
irpeller to 2V Jdiameter, the hubhlkles decreased fto < 0.5 mm size
and had a longer residence time in the ligmid. In [act, there

were so many bubbles that the intermal parts could net be seen at
1000 rpm. At < 700 rpm bubble 5ize was poor. 51 always had the
2" diametey impeller and & zood small bubbklie sire. There are
possibly other wavys +to achieve =small bubble =ize than by
adjusting the =size of the impeller. (ne might be ta have the
impeller closer to the hotliom of the reactor as  the researchers
at UVOP have found.

Llse it was found that the external zone 1 heat on 52 had
been opearsted at 2 lower external temperature than on 31 for the
last sewveral tests. This oould have led to less prehealing of
the incoming gasez, S in future 52 tests the zone 1 temperature
was kept higher at the expensze of the temperature profile at the
top of the reacter. Another thermowell was added *hat reached to
the bhottom of the reactor to ensurc that the liquid profille was
unliferm.

Figure ? shows the Ilwprovement obtained oo test $2-48 by
making several hardware changes ineluding: an in-line zintered
0.5 micron filter, a 2" dismeter impeller, three baffles instead
ocf Z and keeping the ecxternal zone 1 temperature as hot as= zone
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2. The conversion held stable for a longer time but there was
then another problem that the filter plugged. By the tenth day,
the draining took about an hour, unlike the case with the screen
draining system. This upset the conversion because the stirring
had to be stopped for that hour to drain. U.0.P. has gotten
around this problem by keeping the stirring going and raising the
height of the filter close to the top of the reactor so teo much
wax is not drained out. They also drain every eight hours.
Without having technicians working overnight, this 1is not an
option for our testing. In the future, a reactor will be built
with two filters so that once one becomes plugged, the other will
be used. In test S2-48, after the fourteenth day the zone 3
heater burned out and was off for five hours at night. This
probably also adversely affected the conversion near the end of
the test. There was some improvement in this test over 52-45,
which was probably mainly due to the larger impeller size and
therefore improved bubble hydrodynamics.

The hydrocarbon product distribution is shown in Figure 8
and the C1+C2 averaged 7% which meets the FY31 goals. This is
however with an average He+CO conversion of 70%. This was at
4,1NL/g Fe hr which exceeded the goal of syngas flow of >3.4NL/g
Fe hr. :

Figure 9 shows the results in S1-110 with & wt% catalyst and
purified n-octacosane. A sintered 0.5 micron filter of smaller
(1/2") diameter but greater (2") length was used. In this test,
the catalyst and wax filtered very well and draining was fast
even until the end of the test. This met the FY 90 goal of a
drop in H,+CO conversion of £ 1%/day. The average H+CO
conversion was around 73%.

Figure 10 shows the hydrocarbon product distribution for S1-
110. The C1+C2 averaged 9.5% which is higher than the FY 91 goal
and therefore not at a satisfactory level.

Figure 11 shows the results from S1-111. Three parameters
were changed in this test. First, a higher weight loading of
catalyst in wax, 10 wt%, was used. Eventually 20 wt% will be

used since the slurry bubble column can handle this weight
loading. Also, a new wax medium was used: EthylFlo poly-alpha-
olefin 164, It is a hydrogenated paraffin centered around a
carbon number of 30. It is a liquid at room temperature because
of the degree of branching. This wax was not made by the Wurtz
reaction so it did not have to be purified of bromine. It is
also less expensive than n-octacosane. Alsoc the flow was dropped
from &.1 to 3.1 NL/g Fe hr to ensure a high conversion. This is
still close to the FY91 goal of 3.4 NL/g Fe hr and gave an
average Hp+CO conversion of 81% over the first 11 days. The drop
in conversion of 1%/day met the FY90 goal but not the FY91 goal.
This +time, with a higher catalyst loading and the 2" long
sintered 0.5 micron filter there was a long draining time
beginning at 10 days. This again meant the stirrer was off for
over an hour. It sometimes took more than one additional houxr
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for the €O produced tao come back up o normal. This upset was
erobably net good for the catalyst as seen by comparing this test
with Si-110 when the draining went guisklsy. The hydrocarbeon
product distributicn is sheown 1in Figure 12 for 81-111, vyielding
an  average {114+02  of 1C.5 wtih. There is a trend that at thas
higher saverage H, +C0 econversicn of B1%, 1Too much Cil+22 is
produced. Lt lezast with this particular catalyst formelation,
chne can only achiews M Cl+02 at £70% H +C0 conversion.

One o2lher type of calalyst was prepared which corntained 5
wt¥% cobalt in with the Fe,Cu,K catalvyst. It was heped That
cobalt would give potentially less carbon formatien sirce cobalt
carbide is rnet bkelieved te be the active aspecies. This might
have Zead +to a mora stable catalvyst with time on straam. The
H,+00 ponversicn result=s in Figure 13 show a lower conversion of
6€7% was attained for 31-108. Many detalls of this preparsation
were different from the usual catalyst. Cobalt nitrste does not
precipitate completelvy with ammenium hvdroexide =¢  potassium
carbonate was used, along with a lower precipitation temperature
«F 50°C . A slower flow rate inte the precipitator waz u=zed o
prevent excessive bulbbling by the GO produced. The [inal
catalyst kad 55.2% Fe, L4L.8% Co, 3.1% Cu, and 0.3% E.

Figure 14 shows period N from an Fe,Cu. K catalvet with &5.5%
Hy iC0 zomversion compared with period I from the Fe,Co,Cu,X
catalyst with 66.0% H, +80 conversion, The C3+82 Ffor the Fe,Co,K
was 9.7 wt% while f£or the Fe,Co,Cu K it was 17.2 wt%. 5S¢, either
the cobalt's presance or *the difference in preparative techiigque
cansed a lighter product to ke made. The apparent shift
constant is shown as being z2lightly lowe for the Fe,Co . Cu,E.
Blgr, +he H /OO zeen in the outlet is lower at .75 for the
Fe,Co,Cu, K probakly because more HZ wasz used to maXe the lighler
alkaness. The O made was similar for these two catalysts at
similar conversicon=. In summary, the addition of oocbhbalt did not
secem to improve the test results and ne further improvemsnt was
attempted.

CONCLUS [ONS

The c¢onclusicona are shown in Figure 15. & stakle H,+CO
convorsion of TO%  +to 80% was achieved for at least 300 hours at
2609C and 200 posig. The flow used was at 4.1 or 3.1 NL/E Fe hr
which ia near the FY %1 goml. The 1402 selectivity —eached the
goal of €7 wi% when conversion was <70%. At hipgher conversions,
higher Cl1+Ci's were chbtained. One problem sncountered was that
halting +the stirring for greater than eon2 heur during wax
draining dec¢reased gonversicn. ‘The one attempt a2t using a2 new

EthyilFle poly-algha-olefin wax produced good Tesulis. Blsao, it
was discoewvered +that bubble size decreases a= the impeller
diameter increases. The conversion 1s hWigher and can be

maintained at a higher 1level over 1% days with this smaller
bubble size.

FUTURE .
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Future plans are to: build a new slurry unit in another
building, test 20 wt% catalyst loading, use a dual filter system
to decrease draining time, and prepare a new master batch of
catalyst for testing. Later plans are to conduct a round robin
test with other labs and vary the catalyst preparation to achileve
better activity.
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Figqure 3

Run Procedures

* Bring reactar to temperature
© 200 psig He
° 1000 rpm
°Room T to 280 °C

* Pretreatment
o CO
o 200 psig
0 280 °C
o 24 h

* Decrease to 260 " C, drain liquid with no stirring

* Introduce syngas
© 0.85 H,/CO
© 200 psig
© 260 °C

* Draining liquid during run:
@ Stop stirring while maintaining flow
° Open/close valve from internal filter to liquid level
trap while maintaining AP = 80 psig
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Fiqure &
SLURRY #2 WITH MODIFICATIONS
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Figure 8
4 WT% CATALYST, PURE OCTACOSANE

HYDROCARBON DISTRIBUTION

EXPERIMENT S2-48

CATALYST MB6-ABC
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TIME ON STREAM (hours)

Activation; CO, 280 C, 200 psig. 24 h

Synthesis: H2/CO=0 .65, 258 C, 200 psig

4 1NL/g-Fe, h
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: Figure
10 WT% CATALYST ETHYLFLO WAX
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Synthesis: H2/C0=0.65.,260 C. 200 psig,

Activation: CO. 280 C, 200 psig. 24 h
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SO 4+ HI SORNYERS CRNE

Figure 13
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Figure 14

SLURRY REACTOR RESULTS

PROCESS CONDITIONS: H2/CO = 0.88, P = 200 psig,
T=280C, WHSV =2.1/h

Fe-Cu-K | Fe=Co-Cu-K
HOURS ON STREAM 308-328 191-215
CONVERSIONS %
H2 58.8 61.0
Co 69 .9 70.2
H2 + CO 65.5 66.5
PRODUCT COMPOSITION
CO2 74 .1 73.5
H20 1.4 2.4
CHn 24 .5 24 1
CHn COMPOSITION %
CH4 4.7 9.1
C2H4 2.4 2.4
C2H8 2.6 5.7
C3HE 6.4 7.8
C3H8 1.2 2.4
C4H8 4.6 5.1
C4H10 1.2 1.9
C5+ MINUS WAX TRAP 40.3 38.7
WAX TRAP 36.6 26.9
K(APPARENT SHIFT) 20.3 10.8
RUN # S1-107-N S$1-108-1
CAT # MB6-1-81 FHO9-1-101
' H,/CO OUTLET 0.92 0.75
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Figure 15

Conclusions

¢ PETC catalyst approached conversion goal
o Stable 70-80 % (M, + CO) conversion for 300 hr at
260 " C, 200 psig
o Near goal af 3.4 NL/{g Fe)/ hr

¢ PETC catalyst achieved selectivity goal
o Cy + Cy £ 7 wi% when (M, +CO) conversion < 70 %
o C, + €, = 11 wt% when
{H, + CQ) conversions = 70-86 %

» Halting stirring for > 1 hr during wax draining decreases
cCONversion

e EthylFlo wax gave conversions comparable to purified
Humphrey n-octacosane

* Bubble size decreases as impeller diameter increases
o Conversion higher with smaller bubble size
> Conversion maintained better with smaller bubble size
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