CONVERSION AND SELECTIVITY CALCULA TIONS

CALCULATIONS USE ON LINE GAS ANALYSES
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The equation above yields carbon-based sdec:tmus Before being wsed the selectivities were
corrected for carbon dioxide formation in aﬂ ceses c:czpl for that of earbon dioxide itseif. Sibee
carbon dioxide selectivities were usuliy about 50%, the corrected selectivities were about twice as
high 25 they would have been if the carbon going to carbon dioxide had been taken into sccount in

their calculation.
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APPENDIX 2

EONLINRAR 2BGRRESSICH OF = ?IS@*TEDPS@

£RODUCT DISTRIBUTION BY 2 DOTBLS & MODEL

THE SINGLE & KODEL

classical Shulz-FloTy theory @states thar the hydrocaroon
product of the Pigcher-Tropsch process can bes degcribed by the

equatioxn:

H;(l-a)c"'“ {1)

where ¥M_ is the mole fractien of the product of carbon numder I,

and o is the chain growth probability. Gefined as

where rp a2d T are the rate O ropagation axd terminaticn,
respectivelYy.

Eguatien (3) ig called a single model since it describes the
product Aigtribution over the entire range of cazbon purber by 2

single paramster &. From Equatien (1) one gets

Ln{M,) =nlne -tI.n-l-:-'-‘- (3)
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Ecuation {3) tells that thig single o model generates 2 straight

lige in 2 Zo(M.)-n plet, and the slop of the line will de the 1o0g

of c.
TEVELOPMENT OF DOURLE @ HODELS

The single o model has beed guccessfully applied to, for
exawple, the product o2 2 fused ircn catalyst (Sazterfield anc
Huff, 18E82). However, a bdreak point was obgerved in many Cases
which separates the distribution izto two Tegions. Thigs phencmench
wze first found in 1543 by testiE conducted in Germany, &ng moTe and
mo-e similar cases were Tgported gince then (Huff and Satterfield,
1984; Domnely et al, 1588). As 2 conseguence, ihe single o model
hag baen modified To account for The twd Tesion digrributions. The
simplest way to 4o e»ig ig using the single & model in each regioz
and thus two straight lines regult, each giving an a foT the
specific regien (Hu®? and Satcterfield, 13845 Madon ané Taylon,
1581). Basel on experimental ocbservationg, Buff (Bufl, 2982) °
proposed a two-site theory, wiich assumes that two kinds of sites
cn the surface of the catalyst exit, o=e in favor of producing
lighter procducts and the other hzavier products. When the products
produced at these TwWO kindg of sites do not interact, and assume
that x pec-cext of the total moles of the products are produced 2t
site 1, the total product is then the sum of products from the Twe

sites:
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M_ex(1-g,) & 2 e (1-X} {1-6;) €, (&3

Bquation (4) contains three paramete:rs. In addition to x, &, and
¢, axe the chain growth probabilities at the two gites,
respectively. Ualike the regicnal.fitting by the sizgle & nodel,
thig model actually presents & coatinuocus, smoothly changing curve
in a Lp (M) -z plet. This is better than the two separazed straight
lines because 3in many Cases +he two regions are not vary well
separated at a specific carbon number, ingtead, there is usually a
rangient region over geveral carbon zumbers, ard therefcore tbé
double o model of Tguatioz (4) can use more data points and fit the
data better (Bukur et al, 1950). When the number o©f the daca

availad

| =)

e for evaluation of ¢; Dy linear (single o) mcdel is
l1imited, this nonlinear featurTe of the double & model becomes an
important advantage. or this veason, the fitting of the model TO
the experimental data can be termed nmonlinear regression.
The two-size theory 3is basically a pure hypothesis, and it
geems difficult to aTrgue that oznly two kinds ol sites exit.
tenger (Stecger, 3585) tried to attack the problem by making &
more Tealistic assumption thar the chain growth prebabilicty &
changes continuously over the range of carbon nurmbers. Based oD
the idea, Stenger proposed a distributed-site model. Ee assumed
that o is a functic= cf the iocal potassium concentration €, ang ¢
cbeys the normal digtribution. Stenger's model is alsc a three-

paTameter model and he ghowed that the digtributed-o model and the
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two-site model Zfit experimental data aqually well, Dbut the

czlculation procedure is more involved with the former because
aumerical integration is reguired. The differences betwezen the two
models ave also discussed by Incue et al (Inoue et al, 1987)}.

Recent)y Doanelly ez al (Donnelly et 21, 1583) propesed a
double o model in the form

M,Ac; " leBe R (s)

The two parameters A and B are functions of the two o'e and 2 third
variadble called the "break poinz® &, which ig the carbon surber At
whick the curve turns. The expressions ol A ard B caz be found as
£ollows. At the break point mef, the contributions from each term

iz ETguation (5) are egual, thereloTe we have

A:zt‘l.aaz(“:

| 25
Be(S2) A (6)
az

A meccad relation betweezn A ané B can be derived by noticiag that

tre gum of the mole fraccoien of all carbon numbers is unity:
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2 H,-i (Ag,®"t+B8a,™%) =1 (7

nel oel

Using the sum of the gecmetric series

1
Il g
n-ly i~y
we get from Equation (7)
A ,_EB . (8)

Equations (§) and (8) are linearly independent and can be ugec to
evaluate A and B explicitly when the pa:‘ameters‘a;, o, and E are
chosen. Therefore the model givea by Bquation {(5) is alpc a three’
parameter model which ig gimilar to Buff's (Huff, 13582). Actually,
i# Bquation (5) is compared with Bquatien {4), it can be seen that

the two eguations are identical if we set
A=x(1~a,)

and
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B=(1-x) (1-a;}

and the break point § plays a simiiar role as x. However, Deonnelly
et al emphasize that the model given by Equatien (5) is not based
on any thesretical assutptione about the cause of the doudble o
phenomensn, instead, it ids & mathemztical tosl to Drovide 2
cractable measure of evaluatirng a's by €£itting the experimental
darz. The nonlinear regression method associated with this model
is by choosirg o,, o and { to minimize the sun of the squared
errors:

. ' '
&=Y [Ln(¥) -Iniz)1? {9)

-1

where ¥, is calculated mole fracrion of product of carbon nmumber D
‘by Ecuatien (5}, and my ims actually measured mole fracrticn. The
sum is taken from 1 to k, with k being the highest carbon number

whare Teliable data are avzila®le.
HODELS USING WEIGET PRACTIONS

In many cases the product distribution is more conveniently
expressed by veight ¢raction rather than the mole fraction. Assume
thar during the chain growth, the molecular weight of each
addisional carbon unit iz the same, the single a model

corresponding to Bquation (1) is given as (Satterfield et al,

252




b

B

1582} :

Woen(1-g) e (10)

where ¥, i the weigh:t fraction of the product of carbon aumber n.
Similarly to the development of the doudle o model ©f Equation (5)

we propose a weight fraction distribution:

w
—2 el e 53 ela," (22}

Pl

The two relatioms giving and C, are given, in this case, by

. &
C:'(-g—‘ C1 (12}

Y W=y (Cne,teCne, el (13)

o=l el

The bincmial series relaticn gives

ay®ia
,% . - (i-y)3

Therefore the second relation between C, and C, is
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o c,

- L =] (14}
(1-a,)2 (1-g;}°

The poniipnear regression is done by choosing &, @y and £ to

minimize the sum of the sguarec 2ITOTS:

4
A+Y [Ln(W,) -Iniw,) 12
o=l

L
iy
"
X
m
h

and w, are the weight fractions calculated IZIrcm Equatieon

€~aom the expe:imental da=a, respectively.
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APPENDIX 3

Date: 3 NOV 83

From: Alan E. van Til & Ronald S. Smyezynski
To: George J. Antos

Subject: Fimscher-Trepach (10B34-0018), #17

This month, three additionzl TGA cardbide gynthesies runs were
zmacde since the lapgt report to you. HWHe firet heated gz2. 200 w5 of
material to nominelly 200 oC 4rn a i1-torr vacuum to remove the two
waters ¢f hydration frox the X,Cu,Fe oxalate. Then, the material
was further hezxted to 250 oC in H: < atmpospheric pressure to
renove the rexaining carbonaceous zpecies &nd fLorm doped Fe(0).
The texzperature wae purposely kept below or near 300 oC to avoid
gintering since all previcur work via TGA and gcaleup showed loee
¢ eurface areaz above 300 oC.1 Although it may not be necezsary
in copnercial practice of this synthetis pathway, we warted <o
tring the doped Fe catalyst to a definite thersodynaric starting
roin%, that of full reduction tc Fe(D) belore cutting in 20 or
CO/Ez2; therefore, we norzally ueed Hz to fully reduce <the iron.
The firet run made thisz sonth, RON $14, also ueed 2:1 Hz:CD as
wae done earlier in EON"e 7-12. The gecond run, $15, had 2o be
abtorted dus 16 the therzalbalance 1ifting mechanier jamming.
Three weere later after Zinslly firding the true sFrodiem, we
Tinally finiehed thie zeriers with RUK 4916, where the H2:CO ratio
was g% noninslly at 1. The thermalbalance, a Mettler TA-2 is 22
yeatTs o©ld, therefore, Metiler does not support it with epare
Farie  any longer. Aleo, the level of repair dene= by us hers of
tetrel diaseently vas originally done under service gontrac: and
accordingly we heve no manuale explaining how to do such werk.
The zrirmery resulte fron the precent runc are that increased H:2
izproves 00 convereion dramatically and aZter about 10 HOS
sroduces pore wax g2 gseen in Figure 1. In contrast of earlier
rane carried cut at 300 ol, 4the wax formation on the sample &
sazsle etickr continued with little change for 100+ hrs. Sazples
o? the product gager were taken in RUON'e 14 & 16. The rezults
are not coneietent throughout ag we would like beczure of
eazpling problems inherent to the use 57 papple tubes. However,
they do provide very useful information. KNandely, at 250 oC in
contrast to the earlier results of RUN £11 at 300 eoC, with 2:1
H2:CO, we are producing C2Z & C3°s. He would not know that fact
without gas analyeis. Also, COr ip being produced throughout RUR
#1424 but not in HUK 316 vhere it stopped after 20+ hrs. Little or
no pethane wasg produced ovey this catalyst at 250 o when the
Bz2:C0 ratiozl. In summary, from our WOrk using & thermalbalance
microreactor for F-T and hu“ene ieomerization, we guggest that a
GC be found t¢ hoor 1o analyze »roduct gaces on-line to produce
gore conecletent resalts. Finaily, the <2technigqueg ghown here
where the catalyet woee ig continucusly moniteored should provide
the peane of evaluating ideas on bow to reduce wax buildup which
fundamentally limits catalyet performance. Much shorter rTun
times ¢f edbout 24-hres chould be sufficlient for thies purpose.



Figures 2-6 gummarize our picroreactor Iun data. The bulk
therpoanalytical data ¢or each run are given 1in Table 1. Tadle 2
1ists our gas saople results taken Suring RUN $i1. Using the
asual pethod of calculating conversions from ¢he pole ratio of
gpecies to X2, we obtain Tadle 3. Simii%a;lyi Tables 4-7 list

£

the present gas analysis results for 36. From the

dsta accupuiated %o date, the reconnended procedure for scaleufp

of our F-T i_on carbide catalyst is ps follows:

(1) Use a stirred autoclave without SUPPOTTLiNE 1iquid.

(2) Heat doped iren oxalate to 200 oC while gtirring slowly under
rotary puppP vacuul at 1-2 torrl collecting water evolved in
trap(s). Continue heating until no pore water ig evolved and
as a check %that water collected B2SSE balances with the two
vaters of mydration.

{(3) Bring zutoclave sack to atoospheric pressure with N2, then
et in Hz and neat to 250 oft. Use a CO OF COz moniter
connected to <he autoclave cutlet o +ell when we have
cecoved the initial carbonaceous species from the iron.
Continue heating until we reach near sevro lineout, and then
cu~ &n CO and raise presgure o sbout 50 pelif. Hold
tezoerature for §-& hrs and f£inally co0ol down under H2 ¢ co
o XT. Cut reaction gazes and &p&TET with N2. ¥inally. cut
preszure and =tirring-

KEFERENCES: (1} pnor RESEARCH REPORT 42-3-170, A.E. van Til,
¥arch, 1883
(2) DoP B2 £753:128,128,130

cC: SABBADLEY.RPRAﬂE.HJCOEH.THHEZZA
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TEERMOANALYTICAL DATA FOR DOTED Fe:zCy FROM Fe,Cu,R OXALATE
0 or 300 oC

Y VACUUM. K2, AND CO OfF CO/H: EA el
BN & |ms.s(mg) [Ds,2(mg) % Mazz | % Maeez Rx BET
{a.b.2 (€T -7 ] Locs Loss Gas S.A.
{a.p )} (£.b) [D(psdia) | (m2/g)
1 218.05 85.73 £6.10 £1.84 co
co {14.7)
2 202.07 81.68 55 .58 £9.95 co
, (14.7)
3 199.886 B82.54 5£.70 80.95 co a7
(14.7)
é 201.80 142.84 | 29.35 54.35 co
(65)
5 206.12 75.75 .63.863 §1.83 | CO/Ez2=1 13
{14.7)
6 202.91 7.3¢ 56.93 £9.93 ! CO/Hz=1 52
(65)
7 202.02 $4.97 52.98 53.85 | CO/Hz2=2 19
(65)
B 209.79 117.61 43.984 38.97 | CO/Hz=2
{65)
8 212.26 110.11 28.12 41.16 | CO/H:2=2
(65)
10 202.50 124.94 38.30 29.58 | CO/B2=2
VAC {65)
11 202.58 { 126.00 37.80 28.02 | CO/H2=2
(65)
12 199 .28 128.88 35.35 25.63 | CO/B2=2
2500C (65)
13 200.28 B2.26 58,93 59.27 | CO/Hi=2
(14.7,
€5)
14 206.34 157.42 23.71 0.77 | cC/H2:=2
250¢C (£65%)
15 204.67 RUN ABORTED
16 208.44 16C.2% 23.10 4.75 | CO/Hz=1
250°C (6%) .
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NOTES: 1) RUN £1 prep and ca

lineocut at 200 e,
vefore cutting in

*biding dene entirely in 0 afier
vacuum treatment at {-torr up to and holding to mats

Balance was backfilled with OH? N2

CO over the sampple.

2} RON %10 sample 2TCP dorie entirely in vacuum to 300 ¢C
rather than stoprping at 200 oC, back?illing With DET K2

o atmneerpherlic pre
sapple and continu

geure and cutting 4n H2 over the
ing the heating o 300 oC{RUN's 2-9).

3) RUN $11 wac a Tepeat o? RUN"8 T-% conditione and gae

gavples were aleo

‘a¥en.

4) RUN $12 prer wat done using H2 sweep gt 250 oC. After
mage lineout, CO was cut in and the tenpersiure wasc

held at 250 ©C for
5) RUN #£14, Total KOS

B4+hre.
with CO=94.5

£) RUN s16, Total K0S with CO=117
gro SAMTLE RESULTS TROM RUN 2331, TGA F-T CARRIDE SYNTHESID
TIME co Co: Be CHa Nz
__LE%L—_M_&__M__M_JM__;@;_!_
0.2% 3.5 1.0 35.1 58.7
€.0 8.5 0.6 26.4 0.2 £2.5
24.0 12. 4 0.3 29.8 0.3 56.7
31.0 10.3 0.1 24.6 0.2 €4.4
49.5 12.2 1.4 56.1
Peactor
Cooled
TABLE 3
CONVERSION AND SELECTIVITY DAT 81} -
TINE co co: CHs<
B50S Percent H:/C0 Perzent Percent
Conversion Ee tivity Selectivity
0.25 73.0 10.0 10.5
6.0 30.1 2.78 14.7 4.9
24.0 2.40
31.0 26.5 Z.36 2.7 5.6
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GAS SAMDLE RESULTI FROM RUN 214, TGA ¥~ RIDE _SYRNTHEEST
TIME o £o2 H: eHe | SOM(C2+C3) o2
(HOS) Mol X ol % X Mol £ Yol % _tol
e.25 | 1.5 0.4 8.2 85.5
4 .6 0.7 19.01 0.1 75.1
12 17.0 3.3 47.6! 0.6 0.4 20.6
20 10.0 1.7 2251 0.4 0.1 54.4
30 10.1 1.0 32.4 0.2 56 .2
40 11.8 1.4 -35.6| 0.3 | 0.2 50.5
50 13.0 1.0 3g.8 ! 0.2 46.9
72 9.2 1.0 20.9 | 0.2 59.6
94.25 | 10.1 1.0 3201 ¢.2 55.6
After | 1Z.0 0.1 31.5 56.3
foor
TN
(NYSLETON AND SETLECTIVITY DATA FOR RUN s14 FROM GC ANALYSIS
| TIMZ co E2/CO coz CHa c2+C2 |
{HOS) X _Conv, xSl x Sel, | % Sel. |
n.25 92.1 5.44 |
4 71.3 4.12 0.9
12 2.8
20 13.8 2.25 107 25 6.3
30 15.7 3.21 53 11
40 3.03 [
50 2.89
72 27.8 3.25 29 5.7
94.25 16.3 3.17 51 - 10 '
261
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cAS SaM®LE RESULIS FR UN 83 58 F- RTDE SYNTEE
TIME co _ coz I m2 K2
(HCS) Mol % Mol | Eol X Mol X
0.25 2.6 0.1 4.0 £3.0
4 §.2 0.2 g.5 88.8
12 B.5 0.2 11.8 15.0
| 20 l  s.5 0.2 13.6 76.4
30 Saﬁpling Problen
40 0.1 1.0 79.5
%0 B.3 11.7 79.6
72 Sampling _ Problex
94.23% 7.8 1.2 8D.7
116.75 7.7 11.1 80.8
After 7.8 1.3 8¢.6
cocldown
TARBLE 7
CONVERS T ON ARD SFTECTIVITY DATA FOR RON € TROM GO ANALYSIS
TIKE co E2/CO COo2
(HOE) ¥ Corverelon x Sslegtivaly |
0.25 71.1 1.54 ' 1.5
4 51.1 1.55
12 1.40
20 .43
30
40
50 1.41
72
94.25 _1.43
116.75 . 1.44
After 1.45
Couldown .
262
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APPENDIX &

: Lewis Liu used the data s pelow from Run 43, Flant 700E (or 701) o calculate o rate eonstant.

Run 43 was the second run with potassium laurate. He psed 3 Tate expressiod hosed on earlier

literature work, refersncss ¢ which are attached. The datz s&t s cn the follcwing pages:
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£STR 20DEE OF SLURRY REALTORS FOR
FISCHER-TROPSCH SYHTHESIS .

STOICHIOMZTRY {Ledakowicz, et a1, 1985}

Fischer-Tropsch

ZLO » (M) By = T, v 24,0 1)

kater Sas Shift {WCS)

€O « H,0= H, = 00, (2)
Cverall Reaction
(z2+y) CO » [ (mem)Z-Y1H, = ZCH,, + YOO + (2n-¥} E;D (3)

Where 2z = [ M, produced by reaction (1), mole;
y = K0 produced by ¥GS, mole.

SELECTION OF A XINETIC MOOFL

Available Kinetic Models :

Deckwer et al (1586) have given a good sumsary of the kinetic mcdels of the
Fischer-Tropsch Synthesis {FT5) in the slurry phase. The common features of

these podels are: ,
(1) The conversion rate of H, s directly proprridoral to the hyﬁvogen

concentration in the siu stump‘f }u. od an .
(2) The effect o CD s considered vSeal C‘SSL:MpI‘AN. we i 2s ._._KLQ

The main difference is wiich of the inhibition effects By CO, or K0 is included.
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Accordingly, they cah he sumnarized into three groups:
(4) "HO only". This pode) was proposed by Satterfield and co-wrorkers and

ver:fied by sxperimentai datz with peduced fused magnetite catalyst (Huff and
Satterfield, 19B42; Yates and Satterfield, 1989). Using & method of deliberate
addition of #O in the synthesis gas fees, Deckwer gt al {1986) &ls0 confirzed

the correlation. This model fs given as {Deckwer at 21, 1985):

b.". C’ M

T2 T1F, (T Ca o) 4)

This model considers the fnhibition of ¢he reactien vate due to the
cornc .itive chemisorption of the H_.O-on f.h.e catalyst surface. Thiés is valid when
a less sirong HGS sromoting catalyst §s used and the CD conversion s high,
pecause under such conditions the product will contadin relatively large pertion

of water and its effact may become predominant.

(8) "CO, enly". This model was propesed by Deckwer and co-wOTkers and

verified by experimental ¢ata with potassium-promotes Iren catalyst (Ledakowicz

et al, 1985: Deckwer et 21, 1885). This model 1s given as {Deckwer et a%, 1985):

5.6,

Thic zodel inciudes the rate {nhibition Sy the chemisorption of (& Ihis

45 the case when 2 highly WGS promot ing catalyst 15 used and the CO conversion

isiou,i‘-because fn this case the water produced by the §-T reaction §s converted
/

f mesr

P ﬂ.a .’?a!;fij an
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( almost completely to O, and the effact of this product in increased.
: (C) "#,0 plus £0,". Considering that different kinetics =oy be caused by
-*ﬁ the relative importance of HO and CQ, n the product, as indicated above, ¢ s
'i a nature extension that some imvestigators ¢ried to propose a “"=ore complote”
kinetic Taw which fncludes the fnhibitisn effect by both H0 and L& (Ledakowic:
et al, 1985; Wettelhoff et 21, 1885). Un%ortunate1y. the verification of ¢this
Taw s unsatisfactory (Deckwer et al, 1985). Tha form of this law fs

2,8y,

“feon® 1eb, (Cx [ Cop) +2, (Cy o/ Cer) ()

A modified form of this model was used by Yates and Satterfield (1585) to
correlate experimental data and the results are st{11 not encouraging. The

correlation they used is

blc',

- = 01
- TN 15, (€, / Cor) #By (Cp o/ CrCy) )

Finally, it should be pointed out that in some cases, a simple First brder
reaction rate {s possible, which can be treated as a simplified case of Equation
(4) when the inhibiticn term of water s negiocted:

o ——

~—
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this may be the case when CO conversion is low and the H/C0 inlet ratic is low
(Kuff and Satterfield, 1884).

From the above discussions ve ¥now that which kinetic ﬁode'i should be used
depends on the catalyst 2ype, the operation conditions such 35 ¥./C0 imiet ratie
and conversions, and can only be detersined by a test using ones oem experimental

gata.

Test of Kinetic fodels

One convenient way ¢ test a kinetic model using experiaenta‘. data 1s to
piot the data 1in 2 :rnper forz S0 One can %ee 4f the data correizates the
variables §n the way the model suggestis. For examole, gquation (4) can be

rearrznged in the form

%

Since the parameters b, and &, depend on in generzl the catalyst used and
temserature, therefore 1f datz with the same catalyst and temperature £all1s en

a straight 1ine in 8 Co/ (" Tome) ¥5- €/ (Cala) PiOL, Model A is confireed.

#anry’s Constant
In the kinetic models we nead the concentraiions in slurry phase, but =het
car be calcuiated first froa the experisental data are usually the partial

pressures in the product. ht relation between the concentratfon and the partial
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pressure of a specific species 4s giver by the Henry's Yaw:

PyuH,C, {10)

where H, is 4he Henry‘'s constant for species 4. ettelhoff et 21 (1%83)
discussed the Hanry’s constant for Fischer-Tropsch {n the slurry phasz, and gave

the expression of it (n the form
=2 exp (S2) (22)

Where the parameters a’'s and d’s are given for H,, CO, £C and HO.

Calculztion of the Partial Pressures
Huff and Satterfield {1984b) showed the method of calculating the partial
pressure by produst mean value of @ and n and conversions. The equations to be

used are:

PLF-(men) z+¥]
Fele(l-m-22) 2 12)

Py~

Pll-ze-v)
Fele(l-p-n)2z (13}

P
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{14)

p g
& TFeie (2-n-R} 2

2(zn=-y) \
o -
80 Fele{l-2-R)Z (15

¥here z and y can be calculated by the eelations

(1-F1 X,
,,-_.____....‘P'-i'- (26)
2rn+m
yaX.,~2n (17)

where P = Total pressure
T = {niet H/LO ratio, sole/mole;

Note now I and y 3¢ based on per wmole of CO entering the reactor.

Summary of Piocedurs of Kinetic Model Selection

(a) Conduct experiments by using the sa=me catalyst and 2t the sape
temperature, but varying the feed rate and/or K/CO inlet ratio, to get a series
data points;

{b) Fro= the analysis of hydrocarbon products £ind the oean carbon nuzber,
n, the H/C ratfo and thus B. A mass weighted average value can be taken of the

yarious product sireams {Ledakowic2 et al, 1985)s
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(¢} Tind z and y and then the partial pressures using Equatiens {12)

through (17);

(d) Calculate the concantrations by Menry's iaw, Eguation {10);

{e) Test the walidity eof 2 specific =odel by plotiting the data of

concentrations in proper coordinates. If walid, get the rete parameters b's.

. Effect of Temerature
So far the effect of temperature has not been discussed except for that on
the Henry's constant. The temperature effect on the rate parameters b’s 4n the

— kinelic models are usually expressed by the Arrherius eguation,

Therefore by conducting experiments at several temperaiure levels and repezting
- the calculation procedure outlined above, we can get the varfation of b’s with
temperature gnd find the frequency factor A’s and the activation energy £’s 1in

gEquation (18). By row, a complete kinetic model s estabtished.

LETR BODEL

Al of the kinetic #sodels discussed above can be writen 4n a common fore:

{29)

IF"'E! B‘p"’m E'—




ahere k can be called reaction rate parzmeter. Unidke ehe rate corstant in tne

f4prst order expressions, k 45 a paraseier which waries according O gifferent
zinetic models. Tadble l atyps {he proper expression of k for eath kinetic eode’

sentioned above.

Tahle 1. Rate Parameler & for Different zZipetic Nodels

Model  3st order £D, only KO only €0, olus KO
x > > S 2,
: (o = g c
14b——cc?- 1eb ° 'szﬁ_%qn 5a°
* Coo ? Ceo T s B Coo

Using the rate parameter thus defired, a sodel correlating the conversions

wizh the systiem paramelers and operatidon conditions for CSTR reacior can be

-

deveioped. The orincipsl assumpt fons for the podel is that Lhe mass transfer is
infin‘tely fast. That s, no limitation due to mass transfer 43 assumed. As 2

rune of thumd, this is siticfind when the stirer speed is lgrger than 700 rpm

(Lecakowic2 et al, 1584).
data the rea:uon rate -Toa 5 based on p2r unit mass of catalysts

therefore :( r\/u/.,

'r' “
\ ar-‘ ‘Jf)"'c

qﬁ (JAN
(= \-\ \ *Z comn Ticas™ xa:-x,o"ca-n (20}

::K'cv'

where &, = dass of catalyst, §

N = polar flow rate of syn-gas ot finlet, mole/s.
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Using Equation (19) we have

Lgh,‘;‘ﬂ.h\(s oJUT Ca;l( ’”
Needed. 21 do resd and ug
euTlel Hy éa:\c To Estinddo
By enry's 1 Gas phase R Than bow abet
Yy Aenry's law &QMGMPM&H\ N‘J
K\c-—m oud 57 "iL, t’f‘

KCy By =X oy Moo, (21)

c,,- -p-r- (22)

2

eVl

i R

Lo
where w, 15 the molar fraction of H, at tﬁe cut'let terial bzlance of ¥

gives: S T lewo is ks Ha o cona
‘ S oLk ot \(m..m I'e\:-In‘\ mot
w}gﬂl.wﬁlfgé_n‘(l_x (23) fr-Caasax @ ostlet e [ P m:
X 1e\3Y @~ Cornelsion, §¢.
Mele Fotiom aX o8 X KX b
2onet fasdad T desd hea) cor
where N'sPQ'/RT, the molar flow rate of gas phase st the outlet, mcl/s, with Q' £

being the volumetric flow rate at the outlet, &'/s. Using the relations

Q‘“Q&-:,(l'ﬂxm_,,) (24)

and

Wy ¥/ (2eF)

where o §s the contract{on factor, and F 4s the H,/TO inlet ratfo, mole/mole, we
get from Equations (22) and (23),

RINA 3-X,
Co,m e (i) (555 1757
Oconn,Fiy, COnE,
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cubstituting Squatien (25} in gquation {21) gives

>4 1ea X,
b’"u;RT- co-x, ¢ ’f o5} (1"_) (263
Hs,sz-s, -y

Define the Darkochier nueber

kem
Da= “;R d (27) —
Hy Ceon,

.'3,-

3

snd

. FlLeD
& T(ieF) (28)

where U is the H,/CO0 usa3e ratio. Also notice the relaticn between the

conversions:
 Yout
&
ruom AN
| :\b
¥e finally get the desired model for CSTR reactors: q’
1.
(1+1/N X5 (147X, ) Lew" P\*\&} i
- -g" ‘
2, % <Da (30) eiud.ha)l whath

1-x"w \\'\eat 0\“{ u“’
-1-0\ {J( 0‘1
Vead ddda s

282 - K 43
_—_—




