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CONTRACT OBJECTIVE

The objectivesof this contractare to developa technologyfcr the production of activeand stable

ironFischer-Tropschcatalystsforuseinslurry-phasesynthesisreactorsandto developa scaleup

procedurefor large-scalesynthesisof such catalystsfor processdevelopmentand long-term

testinginslurrybubble-columnreactors.The catalystperformancetargetinthe slurrybubble-

columnreactoris88% CO+ H2conversionat a minimumspacevelocityof 2.4 NL/hr/gFe. Typical

feed usedto attainthislevelof conversionis preferredto haveH2andCO in the molarratioof 0.5

to 1.0.The desiredsumof methaneand _thaneselectMtiesisno morethan 4%, and the

conversionlossperweekis notto exceed 1%.

CONTRACTTASKS

Task 1.0: Catalystdevelopment

1.1: Technologyassessment

1.2: Precipitatedcatalystpreparationmethoddevelopment

1.3: Novelcatalystpreparationmethodsinvestigation

1.4: Catalystpretreatment

1.5: Catalystcharacterization

Task 2.0: Catalysttesting MASTER
Task 3.0: Catalystaging studies _.p
Task 4.0: Preliminarydesignandcost estimateof a catalystsynthesisfacility
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liability or responsi-

bility for the accuracy, completeness, or usefulness of any information, apparatus, product, o1"

process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,

manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necess_rily state or reflect those of the
United States Government or any agency thereof.
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" SCOPE OF THE WORK DURING THE REPORTING PERIOD

A uniform lotof catalyst (752R17B7A)was prepared in sufficientquantity to allow five identical runs

in the slurry autoclaveplant. The first three runs (runs28-30)allowed an assessmentto be made

of run-to-run reproducibility.The conversionsat comparable times were almost identicalin these

runs. The reproducibilityruns were of l O0-hrduration. Initialcatalystactivitywas excellent. A

fourth, 50-hr run (Run32) was performed, duringwhich catalystsamples were periodically

withdrawn from the reactorfor Mossbauer,magneticsusceptibility,and various wet chemical

analyses.The resultsfrom theseanalysesare pending. A fifth, 375-hrrun (Run33) was performed

to determine whetherthe excellentearly conversionsnoted during the Initialfour runs persisted.

A referencecatalystfrom Ruhrchemiewas also evaluatedduring this period.This catalyst gained

activity throughout a 245-hr run, perhaps because it was not fully activated (reduced)by the

standard activation proceduresused in this work. Finally,an experimentalcatalyst (752R18B1A),

which exhibited low activity,was evaluated in Run 34.

Task 2.0

Seven differentruns (Run28-34)were conducted in theslurryautoclaveplant. The catalysttesting

procedureandconversion.selectivitycalculationswerepreviouslydescribedinthe technical
ii
, progress report covering the period of 4/1/90-6/30/90 of the previouscontract DE-AC22-

_, 87PC79812.Catalystperformancedata from these runs are summarized in the appendix.

In ali runs, 72.7 g of catalystwas loaded with290 g of a C3ooil obtained from the Ethyl

Corporation.The first part of each run was an activationprocedure using the actualfeed blend,

which contained H2and CO in the molar ratio of 0.7. This procedure consisted of reducingthe

Ii catalystfor 12 hr with the feed at a feed rateof 2 NL/hr/gFe and at temperatureand pressureof

280°C and 153 psig,respectively.Duringthe remainderof each run, the feed ratewas2.4

NL/hr/gFe, andthe temperaturewas 265°C. Thepressureduringaliof theserunswas

maintainedat 290 psig.

Runs2.8-.30

These three runs were performed under identicalconditions.Comparisons of conversionand

selectivityare illustratedin the appendix. For the test pedod, run-to-run conversiondifferences

werevirtually nonexistent.Continual catalyst deactivationwas qed. However,the runs weretoo
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. short to determine whetherthe activitywould eventuallyline out. The conversionsjust afterthe

catalyst activation period and at the end of the runs were high compared with those from previous

catalystsprepared in this laboratory.Methane, ethane,and ethyleneselectivitieswere close at

most tlmes during these runs although some variationwas noted at the end of the runs. For

instance,run-to-run methaneand ethaneselectivitiesvariedfrom 3.9 to 4.5% and 1.2 to 1.4%

respectivelyat 100 hr. Carbon dioxide selectivitywas high throughout the runs as expected for the

iron catalysts.At any time during the tests, the run-to-runvariation in this selectivitywas no more

than one percent.

Run 31

A sample of a Ruhrchemiereferencecatalystwas evaluated.This catalyst was analyzedhereas

follows:

ElementalAnalysis (g/100gFe):

Cu 5.07
K 3.08
Si 10.96

SurfaceArea (m2/g): 312.6

In the standardtest, CO conversionwas 66% afterthe catalyst activation period.This conversion

is lower than the CO conversion attainedwith catalystsprepared here during the current study.

However,for the Ruhrchemiecatalyst,the CO conversion Increasedcontinuously as the run

progressed. The usual activationprocedure might not have been extensiveenough to fully reduce

(activate)the catalyst.By the end of the 245-hrrun, the CO conversionappeared to be liningout

at about 71%, which is in the conversionrange observed with the catalystsprepared in this

laboratory.The sum of methane and ethaneselectMtiesseemedto be lining out at about 7.7%.

This catalyst appears to produce greaterquantitiesof light ends than are desired for the current

work.

411'



. Run32

This run was carried out for only 50 hr. lt used a fresh sample of catalyst752R17B7A,which was

used in Runs28-30. Catalystand wax sampleswere withdrawn from the reactor at 1, 4, 12, 24,

and 47 hr. Thesesamples, a sample from the reactor at the end of the run, and a sample of

unused catalystwere submitted for Mossbauer and magnetic measurementsas well as various

wet chemical analyses. These tests havenot yet been completed.

Run33

This run was carried put for a period of 375 hr. lt also used a fresh sample of catalyst 752R17B7A,

which was used in Runs28.30. The purpose of this run was to determinewhether the high

conversionsnoted in the lO0-hr runs (Runs28-30) persisted.The maximum conversion was

slightly less than the maximum conversion attainedduring Runs28-30.Also, a slightly faster rate

of catalystdeactivationwas apparent afterthe catalyst activation procedure;a deactivatingagent

not presentduring Runs28-30 could have been responsible. In the pilot plant set up, molecular

sieves are used to remove feed impurities.The molecular sievesmay have lost the ability to

remove impurities between Runs30 and 33. In the future, they will be changed more often to

eliminatethis problem. By 175 hr, the catalyst activityhad lined out; the CO conversion was 75%,

and was maintained at that leveluntil the end of the run 200 hr later.This lined-out conversion is

in the high rangefor iron catalystsevaluated in this work, but lt does not meet the target set for

this project.The methane and ethaneselectivitieswere 4.6% and 1.4%respectivelyat the end of

the run.

Run_4

An experimentalcatalyst(752R18B1A),whichexhibitedlow activity,was evaluated.The CO

conversionwasonly11% afterthecatalystactivationperiod.Themethaneselectivitywas7%.
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Becauseof the observed low activity,the run was terminated at 55 hr. This catalyst contained ap

third component not present in other catalystsprepared so far in this laboratory. In the future,

additionalcatalystswith lower levelsof this component will be preparedand tested.

OONCLUSIONS

The slurry autoclavetest is very reproducible,as was demonstrated by performing three runs

under identical conditions. Each run used a fresh sample of catalyst (752R17B7A)from the same

preparation.For Instance,at any time on-stream,the run.to-runvariation in CO conversion was at

most 2% for conversions Inthe range of 82 to 91%. Selectivitiesto light products were also

evaluatedand found to be close for a majorpart of the runs.

Two additionalrunswere performedunder the same conditions asthe three reproducibilityruns.

One of these runswas a short run (Run32), and during which, samples of wax and catalystwere

withdrawn for Mossbauer and magneticmeasurements.The other run (Run33) was the longest of

the five and demonstratedthat the high catalystactivitiesduring the lO0-hr reproducibility runs did

not persist. Although the line-out activitywas high, it was not higher than that observed with some

activecatalystsprepared previously in this laboratory.

A commercially available Fischer-Tropschcatalystfrom Ruhrchemlewas also evaluatedduring

this quarter.By the end of a 240-hrrun, this catalystseemedto be liningout at about 71% to 72%

CO conversion.At thistime, the sum of methaneand ethaneselectivitleswas7.7%.

Finally,catalyst752R18B1A,which exhibited low activity,was evaluated.The catalystwas

prepared by adding a third component to the iron-copperoxide prior to its impregnation. In the

future, catalystswith lower levelsof this third component will be preparedand tested.



APPENDIX

SUMMARY OF RUNS 28-34, PLANT 700B
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PRECIPITATEDIRONCATALYST6616-49 IN SLURRYAUTOCLAVE
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" RUHRCHEMIEREFERENCECATALYST
: PLT700B RUN51 H2:COfeed = 03, 1100rpm

72.7g eat, 290g C30 oll

TARGETTEMP,C 280_. 265 >1

;iPRESSURE,PSIG153< 290 "
FEED,NL/Hg Fe 2.0< 2.4

lO0 ........

cD 91D ,,
CD CO
o a_ 80 o .....

Z _

o 70 ___ _-_ ....
--I , ,6O

cD > _.5 _9 ...
c,d _ _ ..
_ _ 5.7 • -'

_ 5.1 ....
U") _

2.5 .....
290 ...... '....

280 _ .... - ">- O

cDH{DMCEm H 270 -_i_260 _ i_ _ di_um__!ll__ _i _.,_ ""....__.,_ "_.___,.,_.<_.!i,,
250 ..... .

2 # ........
1.7 g *

CD [-_ 0_, ...... -

,_ --3 °
[--'4 ,,

_ ,,,,

_ _ 1.1 OCD

0 •8 _L _._ -'_,_S',_____-"- - U
_,,,_ - ,, ,

0.5 .........
0 25 50 75 100 125 150 175 200 225 250

HOURS ON STREAM



• RUHRCHEMIEREFERENCECATALYST
• PLT700B RUN 31 H2:CO feed = 0.7, 1100 rpm
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• PL_?OOBRUN34 H2.¢0fredm 0.7.1100rPm
CATALYST 752RI8B7 ?278 OClt,2_08 C30 O_l '
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I;RECIPITATEDFe/Si CATALYST6616-6B INSLURRYAUTOCLAVE
' PLT700B RUN34 H2.-COfeed = 0.7, 1100rpm
• CATALYST 752.R18B7 72.7g _, 2:90g C30 o11
I

° ...."°- '°.......PRESSURE,PSlG I_------ 153..... --'-;"<- • _------ 290
FED,NVHg_, ;< 12.0---- >_ ,.---2.4

15 C__tal'_.....Composition" ..!OOFe,1.66X, 42.8Y, 3.46Z

r.3
LJ 6 ' __
Z /
(:3 3 eC3

O

10

,vmi I,-,,,I / ,

f.3 > 6_ /I,-,,,,I

co c) 4
C9 [.iJ

,.,..I ,,

I.,J 2- , .....

.... i

I IIII '

,, i

D.9
C::)[-'4
c.)._ 0.8

_: _ o.7 _
0.6 ....

0.5 ..... "'"
290 ' '....

284 '"

E: 0_ 27B

_ _ 272 '_' '
lP. _, c. ,,--_--s,_,-,""" :_ _ "-_ " :'
a:: 266 "_- ,_

260
0 5 lO 15 20 25 30 35 40 45 50 55

HOURSON STREAM



w

PRECIPITATEDFe/Si CATALYST6616-68 IN SLURRYAUTOCLAVE
' PLT700B RUN34 H2:COfeed = 0.7, 1100rpm
. CATALYST 752RI8B7 72.7@ i){ll,_0@ C30 oli

Catalyst Composition: lOOFe, 1.66X, 42.87, 3.46Z
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