
r ~  

Catalyst latch.___..~t 

CoiZr/AI203 Mfi6-9 

Cm~osltion 
(.ts) 

(o l.r 
10.8 8.5 

~lZrl5iO Z ~66-18 C~ Z~ 
3.5 6.6 

(olFelZrlS iO Z 8466-22 (o Fe 
~..7 0.-72 

Zr 
17  

Gas Phase 
Run I 

8413-25-9 

8413-2~-18 

84|3-36-22 

Table 1 

Gas P~se Tests 

Pressure 

)O0 

300 

300 
300 
300 

30~ 
300 
300 
300 
300 

Tem~. 

220 
240 
260 

220 
240 
260 

22O 
240 
240 
Z40 
26O 

Usage 

1043 1.0 O.&l 29Z 22 37 
1043 1.0 0.63 65 49 02 
1043 1.0 0.70 72 58 88 

1000 0,94 0.55 g8 20 35 
1000 0.94 0.50 49 33 63 
1000 0,94 0.43 65 40 88 

1002 i .0  0.36 J6 9 Z6 
503 I.O 0,55 64 44 86 

1002 1,0 0.46 46 Z8 65 
1518 1.0 0,47 32 20 44 
tO)8 1.0 0.49 63 40 86 

Sulk 
ACt iv i t y ,  

mo! synges! 
ke C4tjnr 

17.6 
39.2 
43.7 

31.3 
55.4 
73.6 

)8.7. 
33.5 
48. i 
50.6 
67.6 

Specif ic 
A c t i v i t y ,  
tool CO/ 

reel m u l l s 1 9  " 

0.06 
0.14 
O. 16 

0.31 
0.51 
0.62 

0.10 
0.26 
0..1] 
0.3S 
0.45 



l,i/l.__l l i t ' i )  

Gi$ lkase l l s l s  

Ci la iSst  

Co/Zr/AI20 ) 

Co#ZrlSlO~ 

[o/li/~r/S|O 2 

l l t ( l l  I 

8466-9 

6 l t i - 1 8  

8i(~-22 

~ s  Plllse 
l l m l  

iPlI)-ZS-9 

6413-Z6-i8 

1113-36-22 

l e l l l ,  I tvt i l l ,  I l l  

t6 Z2 3t 14 8 9 53 
8 12 2g ?4 13 14 66 

IZ IZ iS Z) I r  IS 60 

IO ~ *9 16 2 0 ,2  67 
lO 15 39 25 8 ] #Z 
15 i6 )0  21 7 12 MI 

J4 28 40 IZ 4 ! t6 
12 17 31 Zt 9 10 61 
9 16 4J Z6 7 I #4 

7O Z9 3,? 8 ~ 6 45 
15 18 )0 16 12 1 6O 



labl  e 2 

Gas ,Phase 

Batch No. : 

% Co: 

% Zr: 

Activation: 

Conditions : 

GHSV, Hr "1'  

Temp, "C: 

Bulk Activity: 

{tool syngas/k9 cat/hr) 

Specific Activity: 

(~l (Oln~l Co/rain) 

XCO + H 2 (%) 

Xco 

XH 2 

Wtl Selectivity: 

C 1 

C2-4 

C'S. 11 

C12-18 

C19.23 

[~24 + 

C5-23 

Co/Zr/SiO2(B466-18) 

3.5 

6.6 

220 

31 

Co/Zr/A1203(8466-4) 

4.0 

6.4 

Hydrogen 

Al|  runs used 1:1CD/H z at 300 psig. 

1000 1157 

240 . 260 220 240 260 

55 74 13 26 34 

• 31 .51 .62 0.10 0.21 0.29 

28 49 6S 27 54 69 

ZO 33 40 16 33 46 

35 63 8B 37 76 94 

10 10 15 16 11 14 

23 15 16 3] 16 13 

49 39 30 32 29 25 

16 25 21 8 22 23 

2 8 7 7 10 1Z 

0,2 3 12 6 13 14 

67 72 58 47 61 60 



Table 3 

I , , , ,q,~,atnve C$td lys i  Test D o l l  

ISl,llJ, ~JlN'l I I  I, 
A l l l u i l y  A* In ov l ; v  

i ,J.i ~ . { I I N , , I . , , ' l l I  J~lpl I I ' .  ~V, J*',l.',J IJ.,,o,pq. |q,glv (..roy ('II4vV. mn,.,J '../.mid*o/ J,mJI I I I /  ll~,ll#U,l,oo'l,l,lo '.~ I~-o..LIIo|IJ! ~|  [ ~ 1 5  
~,.,,, ~. Idl J*.0~ L '  ( I 'c..L/hv CU/li ( I J / l l  II .ol ~) II Z LU l'J~dl_/!,~" a~.oI ,,,v¢~JlA.,a,, I 1 C ; " (4  (5"( '11 C12;-( l l  ', ('L~* ( , ' j  (,e4' ( n ~ . ? )  

I~u.,(CO)./ L,~ lo 310~ 220.9 I bb I. I I5 U b l  I/.~s 23.2 12.6 13.1 O. l , '  l J . b  ~4.9 J ]  2 14.3 l . b  64 $~.1 

Lr IOPr) ; , 'AI~U 3 ~-~t-1" b--t|4" 3ll~ ?$0.8 I 64 1.57 II b l  ?~ ] ] /~q  16.6 14~ ~ (I. Iq I1 .~  11"1.4 29.2 l ~ , ]  I~ .~ ,~J.l ~T I )  

15715-60-L43.4 30:, ~81.0 1.64 I.~11 L,1.,,~) j 1 . 1  ~1 2 I q 4  73.2 0 . ~ /  ;'=~.h 2fl .2 ) 0 . 4  JZ. I  1.~ 4,1 ~6 4 

IRUl lCO) l , /  Ru Zr  J lo 241.1 7.04 I.H7 t| ',0'~ 7.~ IO.6 ~ . )  6 8  11.21! q I I I  5 12.? ZO 5 10 5 77~ ~1 ? 

Zr~OPr)4~'4i,O j , '.1~ 4.Y3 (01 281.6 ~ 0 4  1.7r ol t,~ ?') 4 45.4 14.2 Z ) .2  0.51 14.1, I I  6 )7.1 20.1 q )  5 3  (,f, 5 

7B:~-36-4h1 b=~, 276.7 0 .91 1 . ) )  d|.!,i 3 9 9  61.6 2 3 6  17.3 0.36 *~.J 1~17 36.1 ~7.S R I " ~ 1~.9 

ICo;(C0)u/AI~U ) Co )flu 730.4 ~ O~ 1 50 0 ~,/ 1~..i Z~. I  11.1 16.4 ( I . l . I  ~.6 11.~ 7~.7 22.7 1%.] 1i ~ ¢.1 ! 

71~7-6)-44'~ 4 . /1  )U(~ 240.0 1.07 I H4 t} l,; ~'1 6 34.1 14.7 IO.J ~).f)q /16 9.H 24.9 ~ . 1  14 Q ? q /  f l l  

]lJu Z387  Z.01 ?.O0 II lt;l 14 I 7)  i 1 0 3  l )  6 O.13 1.9 9 .1  ?f~.6 2S.O 18.4 IH.7 6 I .D  

AI~O~ fe 1o 315 242.6 I ~b 1 U2 O.,t~ 21).2 20,? 11.9 16.8 9.14 1(~ I 11.0 26.0  ,~0.4 i6 .1  1 ~  Pl 1 

~"~J~2 -671  9-.-t;~ J ()0 3;'0 ~61.1 I.OY 2.14 0 411 l /  ~ ]Q.II 7.4 8 .~  (I 01 J l . l l  J$.1 J1.5 ~J.~ i~.O ~.N 64.1 

'~ ]()t~ 781.0 l.q? 7.02 l~ f,t, 24 b 4b.7 1 ] .0  Z l  b 0 ~Z 1~.'! 1~.1~ ]~ 6 19.3 7.q 4.~ b2 A 
Cn r t  

ILo,,((U),0/ ) .49 I1.G5 JOO 239 O.90 ?.0~ 0 ' , ,0  7 4 0  4 6 0  I ] .  i g 6 A I/) ? I I ?  ~ 30 4 72.8 17 6 14H 6 5 8  

THOPr )~ !A I~O)  f.=~ 2r~ 1.07 t .S9 0 .4~  ~6,? 42.~, ~4.4 2| 9 O.?O I% 4 1'~.S 34 .3  | 6 . 0  1.9 R* 1 AJ LO 

7f1118-1-5119 )ill ZS~ 1.82 I .SI  0 . ~  713 7 14.) 11.1 16 H O.16 74 fl 1'~6 3~.3 16.9 9.1 3.1 $6 ~) 

Co I r  
1 ( o . , ( ( O ) J  ~ ~ ]  4 ]~ 300 2]9 0 .86  1.9~ G 41 Ig 4 10.7 l |  1 S  ~.(14 . , 1 1 3  3?.9 ??.S 12 ? 13.1 ~ I 1 ~ 

~ r tOPr ] ; "~ l sO  ) )t15 ~67 0.R6 1.9S u 'sl 37  ) 63.0 16.5 11.4 t1.08 ] ! 9.~ 79.? ~4.1 17_9 16 S 66.1 

711*~-33-231 )00 ~ 1  1.73 0.90 ~ 41 J'~.fl bO.)  / J . f l  11 6 C) 16 le 1 02 I) ] 4 .4  1.°.0 q.? ll) 5 ~,$.4 

l e  Co F 
I F e i . o . l C O ) , . /  i l 'T~  ~ (3"~'~ t7o g4O I 6 Z.O! 0 o4 11 9 2 1 9  6 .9  6 .4  0 ,10  9 .8  11 , !  ] ,1.0 Z2 . ]  14.6 lO.g b 7 . ;  

~ th l ;O  3 ~ 370 760 1.6 2 03 O.(,i, 2 0 6  ] l . Z  IZ.S 14.§ f ) . lH  !0.11 11.6 34.1 ~4.Y 17_3 7.1 ~1.3 

8)115-00-7q7 296 2 ~  I , ~  I [11 U.~#J  41.0! bb.O 21.3 l l . . )  U.21 1~.1 15.1 J5.4 17.4 1.~ 4 ~  ~0 ] 

(n / r  
?fr~. ( l : f l )n /  .~.TD I . / t~ In? 741 7.f1 n . ~ )  ru.',i 47. ' ,  ~ . n  ?q.n  I~ .1  r l .?~ 7 q U l . l  11.l i  71.4 R.q 9.1 60.3 

~r~OPr); ' /Al?( '  3 ) , i t  ?58 ? 0 1.40 0.~1 )4 .5  $6.13 19,9 ?0.7 0.74 ) . 7  11").8 34.1 ~7.9 R,6 11.4 ~11.~ 

9.~; ] -1-4 I(l~ 760 I (I 1.61 f l . ' l t  11.6 68.3  g i . ~  15.R N.14 4.q  1.1 "f . /  76.7 1~ ? 1;~.4 Eq.(  

|~yreCheSl~ (.~115 ~ 0  iv&(OoB 

2017 ~ 0  IvdlOll~* 



TAll.[ ) ((0,: t~.ed) 

L'I~AIATlY[ CATALYST.TIST IMTA 

142 ACTIVAII[O CATA'TST$ 

Ilulk 5pec I f Ic 
t Z T. Act iv i ty Ar, tlvSe.y 

(at l l ) .s( /  COmll~Sltlon, P. ~,V. fec+ usage (oM. (onv. I~oev. Jol Ip+Jis/ ,,o1 (0/ 
Ira. mr. 1~9 1~[:. t /J /hr  C~Ii~ CO/. 2 H2,CO ...HH~_ C0 kS Cat/fir lie| meldl/lil l l 

. . . . .  Co i r  . . . . . . . . . . . . .  
C411iO))zIZrIOPr)41 4.ZS 7.10 310 741 1.0 2,00 0.$4 20,111 10.6 10.9 i l .4  I).09 
Aiz~ 1 31o z6~ Z.o l .s8 0.60 21.8 39.9 15.3 27.7 O.Z4 
7MI-I~-Z 

310 201 ?.0 | .1+0 0.50 33.4 57.Z 18.Z )7.Z 0.30 

Co Zr 
t -2((0) l l r r (0Pr)41 i2.4 IZ.o 303 239 Z.0 1.00 0.43 32.7 41.?+ 19.7 

AIIO] )lO 2]+1 ;P.O 2.00 0.44 14.§ $0.3 i , ~  

]~ 8S13-41-1 3~,0 260 1.0 1.00 0,50 45.9 61.3 30.4 
CO t r  

1:12(CO.)lJZr(OPrl4 ! 4 . g  ~.3 31,0 ZlO Z.O i,00 47 410.6 ~S.5 Z6.Z 

$101 310 ZTl ~.0 t,~O 43 4Z.9 7S,I 21.4 

1 6 7 0 - | | - I I  310 2112 1.0 2.00 5q 4i.dl 78.0 23.1 

)0.7 0.07 

13.5 0.03 

Zl .S 0.06 

36,5 23 

]$. i 12 

11.S 14 

_Co Z_.r 

Ce;r(CO)l~Z,(O#r)41 S,07 7,12 30a Z41 Z.O 

+llz°) :]o7 zse z.o 
II~S-I-41 3o. + ++50 1.0 

0.9t  0.51 4Z.S 56.0 Z�.O 

l . l n  0.53 ~I.S ~1.0 1t .9  

1.17 0.511 37.6 61.3 ZI.Z 

3S.3 0.21 

21.7 0.24 

15.8 0.14 

N~irocirtm. ~r' i +((svJ t j ,  l i t |  r w l j  

C~l- "~l~'C-~ ~-~JJ- C-IZ'CII~ - ~01~]-  ~1~ tdJ~ ~J- 
S.2 4.2 11.2 J6.9 21.7 M . I  ~I .II 

12.0 9.1 22.7 +75.1 14.1 l i . )  U . I  

14.9 11.2 23.7 18.g 13,4 17.ql M . I  

7.7 l~i.O ZZ.O 2Z.li 13.9 I1 .1  SJ.S 

!1.3 I J.II ZZ.Z ZI.O 15.7 It .O M . !  

15.0 11.0 27.4 20.0 1.1 I ] . 8  I f . 2  

1.1 14.5 31.4 24.9 1.2 1.9 711.S 

|1,0 12.5 31.4 Z3.3 &.0 7.t1 14.1 

I3.S 1S.4 J2.1 23.9 9 .6  $oS 15.6 

7.t  13.7 37.0 2).4 1.S g.~ MI.3 

1.1t 10.1 34.1 Z'7.g l . l i  !11.4 II1.1 

4.!I 7.I 11.2 Z6 + 17.Z l l . l l  I I . I  



" 3  
. , . . )  

~ l o  
M .  

2 
$ 
& 

!41 
115 

I I  
Zl 

14 

3,P, 

)S 
' U I  

Ikak[ i 

SLURRY SCREENING SI~Iq/UIIV 
181J8-8S-Z 

Tim 

Slrllmlm P:t9 1 
$V, MLI 
y £4tllmr ~IK0*Hz 

II 

11,9 

~ . 6  

l t e . q  

141. I 

Ilk;:1 

240. ) 

Z 6 ) . 5  

3~!.) 
~ . 8  
4 5 2 . 8  
J I T A  

) i0  239.3 Z.46 
310 Z4| 4] 2.419 
+~o ++4a.o 2.4~ 

] 

)10 • , 241. Ij 1.23 

31~ ~9.11 ! .Z )  
i 

..+.1o z ~ . s  I ~.zJ 
310 260.11 2.50 

310 ~59.4 Z.41 

+Jo i , ~ . ~  .~.~++ 

~10 iZ~ . .~  .~.50 

l ie 1+11.6 I.,++} 
~ i ~1o.9 2.41 

13.9 i, tz Is+. ;9) ColiOzJzllr(~rJ~ll41zO 3 
- - U;~_ -._ l l k l k  k t l v l t l  -.re'P~P-+tftC 

Feed 4kCO/i a l l  sMMMsl k l l v l t ~  
11~0 1~2 COIN z All z k t l l l l l l  t l  CO/ 

l l . 4  7._i 
!].9. s.+ 
I ! t  4.5 

?.@.0 Jo.g 
28. II 14.0 

$0.1 I1.1 
24.8 IS.3 

~; .Z  16.4 
Zo. 1 II ,4 

33.41 18 2 

42.4 26.41 

)8.6 ++S.4 

. 

z+~.l I 05 0.34 
Z41.l 1.59 0.49 
++4 ..) E.12 0.45 

40.5. 1,99 0.$4 
55.911 1.99 0.49 

S0.1 !.50 0 5 2  

39.9 1.1+15 0.60 
) 8 4  1 os o.45 

~ . 5  1.92 0.++6 
51.z j ,s !  o,so 
64ri.++ ! .49 O.St  

52.4 | .04 0.50 

~1  Co/m+n 

15.9 o.es 
15.5 O_ll. 
n,7.~ o.o9 

1 ! .4  ,o .m 

IS.1 0.12 

11 0 9 . i )  
21.31 O. ++4 

e+.~ 0.z.! .. 
?1.4 O. iO 

] l .Z  O.~I 

z.~.4 o . ~  
4++ .6 0, 33 

10.9 ' 6.S 12.9 

1.& + b. I i 1 , 6  

P.I ~.4 1++. 0 
..$.Z 4.+ 11.2 

1.o + 1.2 11.9 

iz .o  +.!  za.? 
, , .$ , , . t  "+,+.5 
!a.+ 9.S a].J 
14:? jJ.++ ++}.1 

14.i III.O +i.Q 
l B . 1  12.6, Z0.8 

1'9.B I 21 9 1211-0 i 
E0. I 22 4 )2.6 ; 

- 1 

I , .9  2]., , - . a  
i 

,,'o.+ i. i+.,+ I +o.4~ 
+i.o + i , . o  I ++i..s+ 

141.1 [ 16.34 ~ . 8  r - - 
4 , o ,  i i1"sl 

+++I - '  I , ' . '  

54.6 

$5.'+ 

$I .ll 
' )5.4 

S1.4 

6Z.6  

liO.g 
4.11..I 
$4,.0 
$1.1 
$1.! 



T~BLE 5 

MASS BALANCE 
PROCERR CONDITIONS AN~ PROnUCT SUHMARY 

tftttttttttt~i.t~tttttttt~tttf~ttttttttt1~fttttftffttttttttttt~tttttt~ttt~ttttttttttttttt~tt~tt~ 

CATALYST ' Co(N(.:5)2/ZR(OPR)4/AL2D3 
S~t:"LE h~: 7988t} ,%t~< " 

REACTu~ I.OA~ING, MLS : 480.0 T, C ~ 239.3 FEED RATIO, 
IATALY~T LCJAOING, WT%: 13.9 P, PSIR ! 310 COIH2: 1.05 

Imi'~_ oN STREAM, HR~ ". 71.0 SV; L/G/HR: 2.46 
ttttttt~tt~ttttttttttttt~tt~ttttt~tttt~ttttttttttttt~tt*ttttt~tHtHttt*tt'tttttttt~ttt+t+tttt~ 

USAGE RATIO, CO/H2 , 0.34 BULK ACTIVITY, 
fJ)vEWAI.L CONV., CU+H2: 14.42 MOL SYNGAS/KG CAT/HR~ |5.&08 
~C0 Co~'v. : 7-12 SPECIFIC ACTIVITY, 
XH2 CCNV. : 22.10 MOL CO/MOL METAL/HIN~ 0.0~3 

ttttttt~t*tttt*tttttttttttt~fttttttt~tttttttttttttttttt*tttttttttt~ttt~t~ttit~ttttttttttttttt~t 

WEIC, HT % PROD,~CT DISTRIBUTION; 

HYDROCAN~ONS: 4-16 H20: 5.16 
GXYGENATE~ : 0.02 CO : 85.59 
C02 : 0.21 H2 : 4.87 

ttttt~ttttttt÷tt~ttttt÷÷tt~tt~tttttt~ttt~ttft~ttt~tttttt~tttttttfttt~tttttt~fttttttftttttttt~t 

HYDRgCA~BON ~ELECTIVITY, WTX: 

CI : 10.88 C4tENE : 2.17 
52tANE ~ 0.00 C5tCll : 12.92 
C2tENE : 0.74 C12tCI~: 19.78 
C3h~NE : 0.36 ClgtC23: 21.91 
C3tENE ~ 2.43 C24t34 : 22.27 
C4 ISO÷ANEI 0.77 C35÷ : 5.76 

tttttttttttttttttttttttttttttttttttttttt+tttttttttt1ttttttttttt~tt~t~tfttttttttttttttttttttt~tt 

F, JEL FRACTIONS, WT~: 

GAS~.INB (C5tCII): 12.92 
DIESEL (C9tC25) : 53.32 

~tttttt~tttttttttttt*tttt~tttt~tttttt~ttttt~tttft~tttttt*~tttttttttttttt~tttt~ttt1ttt~tttttt 

ELEMENTAL RECOVERY~ CARBnN : I01.B9 
HYDROGEN: 97-77 
OXYGEN : 101-89 

tt~tt~tttttttttttttttttttttt~ttttttttttttttttttt~tttt~tttttttt~ttttttttt~t~tttttt~ttt~ft~tttttt 

, 3 n  



~ t  .~RUDUCT 

TABLE 6 

DISTRIBUTION 

RUN NO. 7888*85,2 

SAMPLE NU. 2 

CARBON NO. 

I 

2 

3 

4 

5 

6 

7 

8 
Q 

10 

11 

12 

15 

15 

16 

17 

18 

19 

20 

21 

22 

NtALKANES ItALKENE 
WT ~ MOLE • WT ~ MOLE % 

10.88 57.2q 0.00 0.00 

0.00 0.00 0.74 2.23 

0.~6 0.69 2.43 4.86 

0.77 1.12 2.17 3.26 

0.91 1.07 2.41 2.90 

1.7~ 1.70 0.00 0.00 

0.60 0.50 0.62 0.53 

0.50 0.37 0.46 0.34 

0.79 0.52 0.65 0.43 

0.99 0.59 0.91 0.55 

1.08 0.58 0.81 0.44 

I .  I:R 0.58 0.75 0.38 

1.37 0.63 0.75 (;.35 

1.36 0.58 0.82 0.35 

1.95 0.77 0.78 0.31 

3.05 1.14 0.00 0.00 

~.47 1.22 0.00 U.00 

3.89 1.29 0.00 U.oO 

4.28 1.34 0.00 O.OO 

4.51 1.35 0.00 O.O0 

4.54 I. 29 O.DO O.OO 

4-Z5 1.15 U.LW] O.UX] 

BRANCHED 
wi% 

0.~ 

0.00 

0.~ 

0.~ 

0.~ 

0.~ 

0.~ 

0.21 

0.01 

0.~ 

0.19 

0.05 

U.O4 

U.O3 

0.~ 

0.~ 

0.~ 

o.ii 

0.14 

0.17 

0.16 

0.12 

[$Oe'IERS 
MoLe % 

U.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.OC 

0.15 

0.01 

0.02 

0.I0 

0.03 

0.02 

O.Ol 

0.02 

0.02 

0.03 

0.04 

0.04 

0.05 

0.05 

0.03 

31 



HYDROCARBON 

TABLE 6 (Continued) 

PROI~CT UISTRIBUTIUN 

RUN WI]. /88RtgSt2 

SAMPLE NO. 2 

CARBON NO. 

25 

2~ 

25 

26 

27 

28 

29 

30 

31 

32 

33 
34 

35 

36 

37 

38 

39 

40 

NtALKANES 
WT ~ MOLE 

3.61 0.94 

3.18 O. 79 

2.98 0.71 

2.77 0.64 

2.47 0.55 

2.30 0.149 

1.29 0.27 

1.21 0.2~ 

1.52 u.29 

1.83 0.34 

1.12 0.20 

1.05 0.19 

1.43 0.24 

1.36 0.23 

0.93 0.15 

0.74 0.12 

0.73 0.ii 

' "" 0.09 

I*ALKENE BRANCHED ISOMERS 
WT ¢ MOLE Z WT Z r~OLE X 

0.00 0.00 0 . ]2  0.03 

0,00 0.00 0,00 O.00 

0.00 0.03 0.00 0,00 

0.00 0.00 0.00 0,00 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 0.00 0.07 0.01 

0.00 0.00 0.13 0.03 

0.~ 0.00 0.16 0.0!; 

0.00 0.00 0.00 0.00 

0.00 O.O0 0.05 0.01 

0,00 0.00 0.15 0.03 

0.00 0.00 0.00 U.O0 

0.00 0.00 0.00 O.(JO 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 U.O0 

0.00 0.00 U.O0 {].DO 

0.00 0,00 0.00 0.00 



TAP.LE 7 

~ASS BALANCE 
PROCE,~S CONDITIONS ANn ~(~I~I~T SIIMJ~g&RY 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

CATALY~T : Co(~}3)21ZR(()~)q/AL2~} 
SAMPLE NO: 7RXRtH5t2t5 

REACTO, LOANING, MI.~ : q~0.O T, C : 24].q FEEn RATIO. 
CATALYST LoAnING, WT%~ 13.9 P, Psln : 510 CU/H2: 1.59 
TIME ON STREAM, MRS : 94.6 SV, L/G/HR: 2.49 

ttttttt•tttttttt•tttttttttttttttttttttttttttttttttttt•tttt•tttttttttttttttttttttttttttttttttttt: 

USAC~ ~TIO, CUIH2 ~ 0.~9 BuLK ACTIv:TY, 
t, Ov|R~.L CoN~., CO+H2: 13.92 ~o. SYNUS/KG CAT/HR: IS-462 
~C0 CoNv. : 7.L~ SPECIFIC /~CTIVITY, 
1H2 Coxv. : 24.13 HOL CU/Moc HETAL/MIN: 0.118 

t~ttttttt~tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttttttt 

WE I¢~T I PROi~CT ~iSTRIBUTION: 

HYnROCARI~ON$: ~.~| H~J: ~-3R 
DXYBENATES : 0.02 C0 : ~ .69  
C02 : 0.23 H2 : 3.2R 

tttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttt•ttttt•ttttttttt•ttttttttttttttttttttt 

HYIII~OCARI~ON SELECT IVITY, WT~: 

Cl : 7.&0 CqteNe : 1.77 
C2,Ar~E : 0.00 CStC11 : 11.57 
E2tEN~ ' O.5,R Cl2tCiP,: 20.72 
CStANE : O.2L) C19tC2): 22.35 
CStENE : 1.95 C24t~ : 27.12 
CLI I ~O+ANE ' 0.71 C35+ : 5.q3 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~tttttttttttttttttttttttt: 

FUEL FRACTIONS. WTX: 

GASOLINE (CStC11): 11.57 
CIESEL (CgtC~) : ~.8L& 

tttttttttttt~tt*tt~t~tttttttttt"ttttttttttÈtttttt~ttt'*tttttttttttttttttt~*ttttttttttttttttttt~ 

X ELEMENTAL RECOVERY~ CARP, t~N : (:~J.l() 
HYnROGEN: 9~.53 
UXYf~IEN ! 99.95 

ttttttttttt*ttttttttt'tttttttttttttttttttttttttttttttt~+t+tttttttttt~ttttttttttttttttttttttttttt 

~2 



TABLE 8 

.~Y~ROCABBON PROD~I DISTRIBUTION~ 

RUH NO. 7BBB*B5,2 

SAMPLE NU. 5 

CARBON N~. 

1 

2 
] 

4 

5 

6 

7 

8 

9 

11 

12 

~3 

15 

16 

17 

18 

20 

21 

22 

N*ALKANES ItALKENE BRANCHED 
WT • MOLE Z WT • MOLE ~ WT Z 

7.60 qg.61 O.~ 0.00 0.00 

0.00 0.~ 0.58 2.17 0.~ 

0.20 0J4g 1,95 4.B6 0.00 

0.52 0.93 1.77 3.30 0.19 

0,~4 0,63 2.21 3.29 0.D0 

1.73 2.10 0.I0 0.12 0.00 

0.53 0.55 0.72 0.76 0.00 

0.q4 0.40 0.52 0.49 0.i0 

0.60 0.49 0.66 0.54 0.01 

0.77 0.56 O.8B 0.66 0.05 

0.89 0,59 0.79 0.54 0.16 

i . i0 0.67 0.81 0,50 0,11 

1.29 0.73 0.85 {].u,9 0,11 

1.55 0.82 0.94 0.50 0.07 

1.7/ 0.87 0.93 0.4B 0.20 

3.26 1.50 0.00 0.00 0.09 

3.53 1.5q 0.OO 0.00 0.I0 

3.89 1.60 0.00 0.00 0.12 

4.14 1.61 0.00 0.00 0.13 

4.38 1.62 0.00 0.00 0.14 

q.61 1.63 0.00 0.00 0,14 

4.55 i,SS (J.t)~) 0.00 O. 12 

[ SOHERS 
MOLE 

0.0~ 

Q.00 

0.00 

0.00 

0.00 

0.00 

0,09 

0.01 

0.03 

O,iI 

0,07 

(J .UB 

0.04 

D.1D 

0,04 

0.05 

0.05 

0.05 

0.05 

o.05 

0.04 

B 

:]4 



HYDROCARBON Pru~(,T 

TABLE 8 (Continued) 

DISTRIBUTIUN 

RUN NO. 78~t85t2 

SAMPLE NO. 5 

CARBON ~ .  

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

N~ALKANES 
WI" ~ MOLE ~, 

~.00 1.29 

3.59 1.11 

3.3E 1.00 

3.13 0.89 

2.8(] 0.77 

2.64 O. 70 

2.47 0.63 

2.15 0.53 

1.98 0.48 

I. 79 0.42 

1.6(3 0.36 

1.35 0.30 

1.27 0.27 

1.1.1 0.23 

1.03 0.21 

0.81 0.16 

0.71 0.13 

0.5u 0.09 

I~ALKENE BRANCHED [SOHERS 
WT % ~LE % WT % MOLE % 

O.O0 0.00 0.13 0.04 

0.00 0.00 0.02 O.01 

0.00 0.00 0.00 0.00 

O.00 0.00 0.00 O.00 

0.00 O.C~) 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 O.O0 0.00 0.00 

0.00 0.00 0.04 0.01 

0.00 U.00 0.I I  0.03 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 O.O0 0.08 0.02 

0.00 L).O0 0.00 O.O0 

0.00 0.00 0.00 0.00 

0.00 u.o0 0.00 O.OO 

O.UO 0.00 0.00 O.OO 

0.00 ~.OO 0.00 0.00 

0.00 0.OO O.00 0.00 



TABLE9 

tIAs~ BALANCE 
PROCES~ C~tlDITION$ AND PRO~CT S(IMMARY 

~tttttt~tt~tt~t$tt~tt~tt~tft~tttttttttt~t~ftfttttt?~tttttft~ttttttttttttttttttttttt~tttttt 

CATALYST : Co(ND3)21ZR(fiPR)Q/AL203 
SAMPLE ~0:7RSBtR5t2t8 

REACTOR LOANING, MLS ! 4~().0 T, C : 242.0 FEE~ RATIO, 
CATALYST LO~DINn, WT%= 13.9 P, PSI6 I 31U CO/H2: 2.12 
TIME ON STREAM, HRS : 118.9 SV, L/G/HRI 2.49 

~tt~ttttttt~ttttttt~tttttttttttttttttttttt~tttttttt*ttttttttttttttttttttttt~t~ttt~ttttttttttttt 

USAGE RATIO, C~/H2 : 0.42 BULK ACTIVITY, 
T~)VERALL CONV., CO+H2= 11.09 MOL SYNGAS/KG CATIHR: 12.326 
~-,CO CONY. = 4.86 SPECIFIC ACTIVITY, 
IH2 CONV. : 24.27 tiOL C0/MOL METAL/MINi O.D~5 

.ttt~ttttt+ttttttttt~ttt~tttttttttttftttttttttttttttttttt~tttttttttttttttttttttttttttttttttttttt 

WEIGHT ~ PRnD~CT DISTRIBUTION: 

HYDROCARBONS: 2.38 H20: 3.22 
[~Y~ENATE$ : 0.01 CO : 91.75 
C02 : 0.1R H2 : 2.46 

tttttttttttttttttttttt~tt~ttttttttt~tt~fttttt~ttttttttttttt~ttttft~t~ttttf~t~tt~ttttttttt~t 

HYD~OCARBO~ SELECTIVITY, WT~: 

C1 . 7.79 C4tENE : 1.92 
C2t, NE : 0.00 C5tCII : 12.04 
C2~E~E : 0.63 C12tC18: 22.10 
C 3 t A I N E  : 0.20 C19tC23: 21.39 
C3tEr~E : 2.12 C24t34 : 25.04 
C4 ISO*A~JE: 0.52 C35+ : 6.25 

~tttttttttttttttt~ttttt~tttttttfttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttt~tt 

F~r~L FRACTIONS, WTX: 

CBSOLINE (C5tC11)' 12.04 
[]IEBEL (C9tC25) ~ 54.84 

.tt~t~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~f~rtt~tttttttttttttttttttttt 

% ELEMENTAL RECnVERY~ CARBON : 1(]0.12 
HYnROGEN: 98.18 
OXYGEN = i(~.57 

.tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt+•tttttttttttttttttttttttttt 



TABLE I0 

HYDROCARBON PRODUCT DISTRIBUTION 

Rt)N NO. 7B~,8512 

SAMPLE NO. 8 

CARBON NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

N 'tALK ANES I TALK ENE BRANCHED 
WT ~, MOLE ~. WT ~ MOLE ~ WT 

7.79 q9.67 0.00 O.GO 0.00 

0.00 0.00 0.63 2.31 0.00 

0.20 0.47 2,12 5.15 0.00 

0.52 0.91 1.92 3.50 0.00 

0.38 0.55 2.q0 3.50 0.00 

1.92 2.28 0.00 0.00 O.UO 

000 0.00 1.30 1.35 O.O0 

O.qO 0.36 0.58 0.52 0.08 

0.53 0.42 0.70 0.57 U.01 

0.76 0.5~ 1.01 0.74 0.05 

0.76 0.50 0.97 0.64 0.18 

1.09 0.66 1.01 0.61 0.24 

1.28 0.71 1.09 G.61 0.13 

1,49 0.77 1.28 U.66 0.I0 

1.66 0.80 1.36 0.66 U.12 

1.98 0.90 1.28 0.58 (J.l~ 

3,57 1.52 0.00 0.00 0.16 

3.95 1.58 0 .~  0.00 U.18 

4.29 1.63 0.00 0.00 0.19 

4.49 1.62 O.O0 0.~ 0.20 

3.92 1.35 0.00 0.00 (J.bl 

3.95 1.30 0.00 0.00 O.lO 

]S~RS 

0.~ 

0.~ 

0.~ 

0.~ 

0.~ 

0.~ 

0.~ 

0.07 

0.01 

U.03 

0.12 

0.15 

0.07 

0 .~  

0.~ 

0.~ 

O47 

0.07 

O.O7 

0.07 

0.21 

0.03 

37 



TABLE 10 (Continued) 

HYDROCARBON PRODUCT DISTRIBUTION 

RUN ~ ,  78~8t85,2 

~ P L E ~ . 8  

CARBON NO. 

23 

24 

25 

26 

27 

28 

29 

3O 

31 

32 

33 

34 

35 

36 

37 

38 

~_c 

4O 

N~ALKANE$ ltALKENE BRANCHED ISOMERS 
WT ~ MOLE ¢ WT ~ MOLE Z WT Z MOLE 

5,61 I. 14 0.00 0,00 0.03 0.01 

3.25 0.98 0.00 O,OO 0.00 0.00 

3.12 0.90 0.00 0.00 0.00 0.00 

2,95 0.82 0.00 0,00 0,00 0,00 

2,76 0.74 0,00 0,00 0.00 0.00 

2.61 0,68 0.00 0.00 0.00 0.00 

1.81 0.45 0.00 0,00 0.00 0.00 

1.77 0.43 0.00 0,00 0.00 0.00 

1.66 0.39 0.00 0.00 0.08 0.02 

1.70 0.39 0.00 0.00 0.00 0.00 

1.68 0.37 0.00 0.00 0.00 0.00 

1,64 0.35 O.OD 0.00 0.00 U,UO 

1.63 0.34 0.00 0.00 O.O0 0.00 

1.37 0.28 0.00 0.00 0.00 O.LlO 

O. g9 O, 20 O. O0 O. O0 O. UD O, O0 

{].87 0.17 0.00 0.00 0.00 0.00 

0.28 0,15 O.O0 U.OO 0.00 O.OO 

0.60 0.I i  0.00 O,OO 0.00 O.'JO 



TABLE I I 

P'IASS I:IALANCE 
PROCESS CONnlTIONS ANn P;~'~ET SUP'II'L~.RY 

ttttttttttttt~t~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~tttttttttttttt~ttttt 

CATALYST = Co(ND3)21ZR(0PR)4/AL~)3 
SAMPLE t~O: 7RSBt~5t2t12 

REACTOR LO&DING, MI...S : 480.0 T, C : 241.1 FEED RATIO, 
CAIAJ.YST LOADING, WTI: 13.9 P, PSXG ~ 310 C01H2: 1,99 
TIME ON STREAM, Hg~ : 143.1 SV, L/G/MR: 1.23 

ttttt•tttt*tttt•tttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttt 

USAGE R31~TIO, C0,/I"12 : 0.5q ~ILK ACTIVITY, 
%0VERALL CONV., C{)+H2: 20.83 MOL SYNC~SIK6 CATIHR: 11.408 
XCO Co~. : 10.92 SPECIFIC ACTIVITY, 
%H2 CorN. : /40.59 I'W:)L CU/MOL I~IETAL/MIN: 0.092 

ttttttttttt•ttt*ttttttt•ttttttttttt•t•ttttttt•ttttttttttttttttttttttttttttttttttttttt•ttttttttt! 

WEInNT ~ PROOIET UISTRIBUTION; 

HYDROCARP, ONS~ 4.71 H2U= 5.79 
0XYGENATE~ : 0.02 CD : ~7.U5 
C[)2 : 0.3~ H2 : 2.0~ 

tttttttttttttttttttttttttttttt•tttt•ttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttt 

HYnR~CARI]ON SELECTIVITY, WT~: 

C1 : 5.22 C~tENE ~ 1.44 
C2tANE : 0.I~ C5tCll : I I .18 
C2tE,,E 0.34 Cl2tClB: 16.92 
C3tANE : 0.21 C19tC23: 23.73 
C3tENE : I.&4 C2~t34 : 31.40 
C4 i~n+A,E: 0.37 C35+ : 7.38 

tfttfttttf~fttttttttt1ttttttttttffttttttttttttttffttfttftttttttt~tt~tttftttfttttttttttt~tftttttt~ 

F(IEL FRACTIONS. WT~ 

GASOLINE (EStC11): 11.18 
DIESEL (C9tC25) : 54.95 q 

t t t t t  t t t~ t  ttttttttttttttttttttt~tttttttttt~ttttttttttttt+ttt+ttttttttttt~tttttttttttttttt~ttttttt 

ELEMENTAL FECOVERY: CARBON : 9~.~5 
HYn~OGEN: 98.57 
OXYGEN : 9~.7~ 

t~t~9~tt~t9t~t~tt~t~~t~t9|~ti~t~i9it~ttttttft~tttttttt~ttt~i~tt~9~9~t~9~ 

5 ~  



TABLE 12 

HYDROCARBON PRODUCT DISTRIBUTION 

RUN NO. 7RRB"85*2 

SAMPLE NO- 12 

CAR, BOB NO. 

i 

2 

3 

5 

7 

8 

9 

i0 

ii 

12 

13 

15 

16 

17 

19 

2O 

21 

22 

NtALKANE$ I'tALKENE 
WT ~= MOLE ~ WT ~ MOLE 

5.22 41,76 0.00 0.00 

0.16 0.69 O-~;(i 1,57 

0,21 0.60 !.64 5.00 

0.37 0.83 l.q4 3.29 

0.27 0.48 1.75 3.21 

1.73 2.57 0,03 0.04 

0.52 0.66 0.69 0,90 

0.49 0.55 0.53 0.61 

0.62 0.62 0.73 O.Tq 

0.~3 0.66 O.9q 0.86 

0.83 0.68 0.81 0.67 

0.89 0.67 0.78 0.59 

0.95 u,E6 O.g~ 0.62 

1 .(}8 0,70 1.00 0.66 

1,22 0,73 i,!~7 0.65 

t.76 0.99 0.79 U.q5 

2.P,6 1.53 0.00 O,0C 

3.19 1.61 O.O0 0.00 

3.73 1,78 0,00 0.00 

4.38 1.99 0.00 0.00 

4.96 2.15 0,00 0.00 

5.21 2.15 0.00 0.00 

BRANCHED ISOMERS 
WT % MOLE X 

O.(.lO 0.00 

0.00 0,00 

O,00 0.00 

0,00 0,00 

0-00 0.00 

0-00 0.00 

0.02 0.02 

0.06 0.07 

0,03 0.03 

0,15 0.13 

0-25 0,21 

0.05 0.~ 

0,07 0.05 

0.U5 0.03 

{],06 0.04 

0,06 O.t}4 

0.08 0.0q 

0.09 O.~ 

O.OB u.0q 

0.07 0.03 

L).L)7 0.03 

0.07 0.03 

40 



HYDROCARBON PRODUCT 

TABLE lZ (Contlnue(I) 

DISTRIBUTION 

RUN NO. 7888,85,2 

SAMPLE NO. 12 

CARBON NO. 

23 

24 

25 

26 

27 

28 

29 

30 

)I 

32 

33 

34 

35 

36 

37 

38 

39 

4O 

N'IALKANES 
WT • POLE 

5.07 2.00 

4.72 1.79 

4.39 1.60 

3.96 1.38 

3.36 1.13 

2.99 0.97 

2.21 0.69 

2.10 0.64 

1.95 0.57 

1.92 0.54 

1.89 0.52 

I. 73 O. 4b 

1.73 0.45 

l.lO 0.43 

1.28 0.~i 

1.09 0.26 

0.91 0.21. 

0.67 0.15 

I*AL.KENE BRANCHED [ $OHERS 
WT Y, POLE ~, WT ~ MOLE 

0.00 O.OC 0.08 0.05 

0.00 0.00 0.06 0.02 

0.00 0.00 0.04 0.02 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 0.0C 0.02 0.01 

0.00 0.00 0.00 O.OO 

0.00 0.00 0.05 0.01 

0.00 O.UO O.UU 0.00 

0.00 0.00 0.00 O.OO 

0.00 O.O0 O.O2 O.Ol 

0.00 0.00 0.00 0.O0 

0.0(2 O.O0 O.O0 0.00 

0.00 t).O0 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 0.0(3 0.00 O.OO 

0.00 0.00 0.00 0.00 

4, 



TABLE ~3 

MASS BALANCE 
PROCESS CONDITIONS AND PRODUCT S~P~MARY 

~tttt~t~t~t~tt~t~tt~t~t~tt~tttttttttt~tt~+tttt~ttttttttttttttttttttttttttt~t~ 

CATALYST : Co(NL3)2/ZR(UPR)41AL203 
S A I ~ P L E  NO: 78~t~5t2t14 

REACTOR LOADING, MLS ! 480.0 T, C : 259.1 FEED RATIO, 
CATALYST LOADING, WT%~ 13-9 P, PSIG ~ 312 C0/H2: 1-99 
TIME O1~ STREAM, HRS : 167-7 SV, L/~/HR: 1-23 

.tttttttttttttttttttttt~tttttttttttttttt~t~ttttt~tttttttttt~tt~tttttttttttttttttt~tttttttttttttt 

USAGE RATIO, COIH2 : 0 . ~  BULK ACTIVITY, 
%OveRALL CoNv., C0+H2: 28-3~ MOL SYNGAS/KG CAT/HR: IB.550 
~C0 Co~v- ~ 14-04 SPECIFIC ACTIVITY, 
%H2 CONv. : 56.99 MOB C0/MOL METAL/MINi 0.118 

.~*t~tttt~tttttt~tt~tt~tt~ttttttt~tttttttttttttt~ttttttttttttttt~tt~ttttttttttttttttttt~ttttttt 

WEIr, HT ~[ PROD~rCT U|STRIBtITION: 

HYDROCARBONS: 6-20 H20: 8.25 
fiXY~ENATES : 0.04 CO : 82.89 
C02 : 1.14 H2 : 1.49 

*~t÷tt~ttttttttttttttttt~+tttt~t~tttt+tttttttttttttttttttt~ttttttttttt~tt~tttttttttttttttttttt 

HYDROCARBON SELECTIVITY, WTX: 

CI : 7.03 CqtENE : 2.49 
C2tANE : {].52 C5tC11 ; 17.86 
~2tENE : [~.58 C12tC18: 20.61 
C3tANE : 0.31 C19tC23: 16.93 
C3tENE : 2.7E C24t34 : 23.90 
C~ I~O+ANE: 0.51 C35. : 6.4E 

ttttttttttttttttfltttttttttttttttttttttttttttttttt t~tttttt~ttttttttttttttttttt|'tittttttttf~tttt 

FUEL F~ACTIONS, WT~: 

C~SOLINE (C5tC11): 17.86 
DIESEL (C9tC25) : 51.45 

tttttttttttt~ttt*ttttt~ttttttttttttttttttttttttttttttt~tttttttttttttttttt~ttttt~tttttttt~ttt1 

% ELEr~ENTAL REcnvERY: CARBON : ~ .4~  
HYDROGEN: 97-72 
~XYGEN : I(J().80 

.ttttttt~tttttttttt~ttt~tt~tttt~tttttt~tttttttttttttttf~tttttttt~ttttttt~ttttt~tttfttttt~t~t~ 

42 



HY~.qCARBON PRODUCT 

TABLE [4 

plSTRI~TION 

RUN NO. 7B88'RS*2 

SAMPLE NO- 14 

CARBON NO. 

I 

2 

3 

4 

5 

6 

7 

8 

G 

10 

iI 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

N ~'ALKANE$ ltALKENE 
WT % MOLE • WT % ~IOLE % 

7.03 43.56 0.00 0.00 

0.52 1.71 0.58 2.06 

0.31 0.70 2.78 6.57 

0.51 0.37 2.~9 4.41 

0.59 0.81 3.~ 4.25 

2.89 3.33 0.09 0.11 

0.86 0.85 1.07 1.09 

0.81 0.71 0.91 0.81 

0.86 0.67 1.23 0.97 

0.91 0.64 1.30 0.92 

0.89 0.56 I . ~  0.68 

1.19 0.69 1.01 0.60 

i.24 0.67 1.05 0.57 

1.36 0.68 1.06 0.54 

I. 66 0.78 0.82 0.39 

2.64 i. 16 O. 15 0,06 

2.96 1.22 O.UO 0.,)0 

3.03 1.18 0.00 0.90 

2.99 I. ! 1 0.00 ,J.O0 

3.12 1.10 0.00 O.O0 

3.39 1.13 0.oo O.OU 

3.56 1.14 0.00 0.00 

BRANCHED 
WT 

0.00 

0.00 

0.00 

0-00 

0.00 

0-00 

0.10 

0.15 

0.22 

0.41 

0.51 

0.55 

0.3a 

0.35 

0.44 

0.29 

0.25 

0.23 

0.12 

U.L)7 

[.05 

0.06 

| SOME RS 
MOLE 

0.00 

0,00 

0.00 

0.00 

0.00 

O.O0 

0.10 

0.13 

0.17 

0.29 

0.32 

0.32 

U.18 

0.17 

U.20 

0.13 

0.i0 

U.09 

0.05 

0.02 

0-02 

0-02 

3 



TABLE 14 (Continued) 

'HYDROCARBON PRODb~;T DISTRIBUTION 

RUN NO. 7888.85"t2 

SA/IPLE NG. 14 

CARBON NO. 

23 

2~ 

75 

26 

27 

28 

29 

30 

I t  

32 

33 

]4 

]5 

35 

3." 

38 

~9 

qO 

NeALKANES ].'rALKENE BRANCHED ISOMERS 
WT ~ MOLE Z l~T ~ MOLE Z WT 7. MOLE 

~,51 1.07 0.00 0.00 0.06 0.02 

3.~I 0.97 0.00 0.00 0.05 0.01 

3.12 0.88 0.00 0.00 0.04 0.01 

2.86 0.78 0.00 O.O0 0.00 0.00 

2.50 0.65 0.00 0.00 0.00 0.00 

2.24 0.56 0.00 O.OO 0.00 0.00 

1.86 0.45 ~J.O0 0.00 0.01 0.00 

1.68 O.qO 9.00 0.00 0.00 0.00 

1.59 0.36 0.00 0.00 0.03 0.01 

1.61 0.36 0.00 0.00 0.00 0.00 

1.51 0.32 0.00 0.00 0.00 0.00 

1.48 0.31 3.00 0.00 0.01 O.UO 

I.~5 0.29 0.00 0.00 0,00 0.00 

1.42 0.28 0.00 0.00 0.00 O.OO 

1.15 0.22 0.00 0.00 0.00 0.00 

0.99 0.18 O.IX) 0.00 0.00 O.t3J 

0.84 0.15 0-00 O.O0 0.00 0.00 

0.63 O. 11 0.00 O.(JO 0.09 0.00 

~zt 



TABLE 15 

PROCESS CONDITIONS ~NO PRODUCT Slltt~RY 

tttttttt1ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~tttttttt~ 

CATALYST : ~(NO3)2/ZR(aP~)4/AL2n3 
SAMPLE t~: 7RRSt~St2t16 

REACTOR LoaniNg, MI.S ; 4~0.0 T, C : 25B.5 FEED R~tlo, 
CATALYST LOADING, Wt~: 13.9 P, PSIG : 310 C0/H2: 1.50 
TIME ON STREAM, HR~ ! 24().3 SV, L/G/MR: 1.23 

tttt~tt~ttt~tt~tttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttt~ttttttttt 

USAGE RATIO, C0/H2 : 0.52 BULK ACtivitY, 
7]JVERALL CONV., C0+H2: ~ . 8 ~  MnL SVlC~S/KS CAT/M~ 16 .~2  
~CU CoNy. : 17.65 SpEcifiC ACt lV l~ ,  
7~H2 CoKv. : 50.6~ P~L C0/MOL METAL/MIN: U . ~  

ttttttttttttttt•ttttttt•ttttt•tttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttt 

WEIGMT Z PROr)UCT ~ISTRINITION: 

HYnRC, CJ~RBON$: 6 . ~  H2O: 9.04 
OXYGENATES : 0.0~ CO : RI.2tJ 
CO2 : O.% H2 : 2.32 

tttttttt~tttt~tttttt~tt~t~ttttttttttttttttttt~ttttttttttttttttttttttttttttttt~tttt~ttttttttttt. 

HYDPOCARB~N SELECTIVITY, WT~: 

Cl : 11.23 CqtENE : 3-22 
C2tAN~ : 0. RR C5tCll ' 21.64 
C2+E,F. : U.63 Cl2tC1~: 21.75 
C3tANE : 0.56 c1qtc2}: I}.96 
C3tENE ' 3.69 C2~t~ : 17.56 
C~ ~SO+A,E : 0.~1 C35 ÷ : 3.97 

~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt! 

FUEL FRACTIONSs WT~: 

GArOLINE (C5tC11)' 21.64 
DIESEL (C9tC25) : 49.47 

ttttttt~tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

ELEPIENTAL ~ECOVERY: CARBON : 95.~U 
HYDROGEN : r 9 2  " 8S 

OxwEN : 91.89 
?•tt|tfttt•tttttttttttftt•••tttttt•t|tttttttttttttttttttttttttttttttttttttt•ttt•ttt•ttt•ttttttttt9tt 

~5 



TABLE 16 

HYDROCARBON PRODUCT D[STRIBUTI~ 

RLIN ~ .  7888185,2 

SAMPLE NO. 16 

CARBON NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

i0 

11 

12 

13 

14 

15 

16 

17 

IR 

19 

20 

21 

22 

NTALKANES ItALKENE BRANCHEI) 
WT ~ MOLE ¢ WT ~ MOLE ~ WT 

11.23 52.13 0.00 0.00 0.00 

0.88 2.19 0.63 1.68 0.00 

0,56 0.95 3.69 6.52 0.00 

0.87 I . i i  3.22 4.26 0.04 

1.07 I.II 3.77 4.00 0.00 

3.49 3.02 0.09 0.08 0.00 

1.03 0.77 1.21 0.92 0.08 

0.94 0.61 0.95 0.63 0.I0 

i ,  13 O. 65 i .  30 O. 77 O. 14 

i .  30 O. 68 I. 54 0.82 O. 39 

1.43 0.65 1.24 0.60 0.42 

1.50 0.65 1.18 0,52 O.2R 

1.56 0.63 1.15 0.47 0.29 

1.74 0.65 0.93 0.35 0.39 

1.98 0.69 0.00 O.DO 1.12 

2.67 0.88 0.00 0.00 0.49 

2.78 0.86 0.00 U.O0 0.45 

2.83 0.83 0.00 0.00 0.40 

2.78 0.77 0.00 0.00 0.11 

2.69 0.71 0.00 0.00 0.08 

2.72 0.68 0.00 0.00 0.07 

2.72 0.65 U.O0 0.00 0.08 

| SOMERS 
MOLE ~, 

0.00 

0.00 

0.00 

0.05 

0.00 

0,00 

0.06 

0.08 

0.20 

0,20 

0.12 

0.12 

0.15 

0.39 

0.16 

0.14 

0.12 

0.03 

0.02 

0.02 

0.02 

46 



HYDROf.,~RBON 

TABLE 16 (Continued) 

I, RIJDUCT DISTRIBUTION 

RUN MD. 7888t85,2 

SAMPLE NO. 16 

CARBO~ NO. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

3.c 

40 

NI'ALKANES 
WT% MOLE% 

2-62 O.60 

2.45 0.~ 

2.29 O.q8 

2.06 0.42 

1.82 O. 35 

1.56 0.29 

1.37 0.25 

1.28 0.2] 

1.22 0.21 

1.18 O. 19 

1.04 0.17 

1.01 0.16 

1.01 0.15 

0.~8 L).13 

O. 70 O. i0 

0-57 0.08 

0.47 0.06 

0.~ 0.05 

11rAL.K ENIE BRANCHED ISOMERS 
WT ~ MOLE ~ WT ~ MOLE 

0.00 0.00 0.08 0.02 

0.00 0.00 0.07 0.01 

0.(30 0.00 0.06 0.01 

0.09 0.00 0.04 0.01 

0.(30 0.00 0.03 0.01 

0.00 0.00 0.03 0.01 

0.00 0.00 0.02 0.00 

0.00 0.00 0.01 0.00 

000 0.00 0.02 0.00 

0.00 0.00 0.00 U.O0 

0.00 C.O0 U.O0 0.00 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

O.OC 0.00 0.00 U.IX) 

0.00 0.00 0.00 0.0(3 

0.00 0.00 0.00 0.0(3 

0.00 0.00 0.00 O.O0 

~7 



TABLE 17 

MASS BALANCE 
PROCE~g CONDITION~ ANI) PRO~iCT SI~HMARY 

tttttttttttttt•tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

CATALYST " Co(NO3)21ZR(OPR)4/AL2O3 
SAMPLE NO: 7RRSt~St2t18 

REACTOR LOA~INn, ML~ : 480.D l ,  C ~ 260.1 FEEn RATIO, 
CATALYST LOADING, WT%: 13.9 P, PSl~ : 319 C0/H2: 1.58 
TItlE ON STREAPI, HR$ : 263.6 SV, L/B/HR: 2.50 

ttttttttttttttttttttttt~tttttttttttt~tttttt~tttttttttttttttttttttttttttttttttt6ttttttttttttt~tt 

USAn~ RATIO, CO/H2 : 0.6D BUL ACTIVITY, 
%0VERALL CnNV., C0*H2:24.83 P~L SYNGAS/KG CATJHR| 27.698 
%C0 CONy. : 15.26 SPECIFIC AcTIvITY, 
%H2 C~Nv. ~ 39.93 t~L C0/~L HETAL/MIN~ 0.241 

tttttttttttttttttttttttttttttttttttHttttttttttttttttttttttttttttttt1tttttttttttttttttttttttttt 

WEIGHT ~ PRn~t~CT DISTRIBUTION: 

HYDROCARBONS: 4.44 H2()= 6,88 
OXYGENATES ! 0-04 C0 I 85-43 
CO2 : 0.46 H2 ~ 2.7~ 

tttttttttttttttttttttt~t~t~H#Ht~t~ttttttttttttt~1tttttttt1t#ttttttitttHttt~t~t~ttttttttttttt 

HYDROCARBON SELECTIVITY, WT~: 

CI : 12.02 CqtENE : 3.06 
C2tANE ~ 0-66 C5tCII : 22.66 
C2tE~E : D-67 C12'C18: 25.~2 
C3fArJE ~ 0-47 C19tC23= 14.13 
C3tENE : 3.3~ C24t34 : 13.33 
CLi ]~+ANE! O.~B C35 + : 2,95 

ttttttttttttttttttttttt•tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt• 

FI~EL FRACTIONS, WT~= 

GASOLINE (C5tCII): 22-66 
DIESEL (C9tC25) : 52.17 

tttttttttttttttttttttttttttttttttt~t~t÷~tttttttttttttttttttttttttttHttt~tttttttttttttttttttttt 

ELEMENTAL RECOVERY: CARBON : 93.70 
HYOROGEN¢ 92.67 
OXYGEN : 95.% 

tttt•tt•tttttt•ttttttt•tttt•tt•ttt•tttt•tttttttttttttft•••t•tttt•ttt•t•tttt••••t•tt••••t••ttt• 



TABLE 18 

HYDROCARBON PRODUCT DISTI(IBUTION 

RUN NO. 7888t85,2 

SAMPLE NO. 18 

CARBON NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

i0 

I i  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

N tALKANES 1 tALK ENE BP.ANC HE D 
WT ~, MOLE ~, WT Z MOLE % WT ~, 

12.02 53.77 0.00 0.00 0.00 

0.66 1.57 0.67 1.72 0.O0 

O.ql 0.76 3.38 5.76 0.00 

0./6 0.94 3.06 3.91 0.I0 

0.99 0.98 3.92 4.01 0.00 

4.23 3.52 0.10 0.08 0.00 

0.O0 0.00 2.64 1.93 0.07 

0.8R 0.55 1.12 0.72 0.07 

1.04 0.58 1.27 0.72 0.07 

1.24 0.62 1.60 0.82 0.16 

1.42 0.65 I.q5 0.67 0.40 

1.66 0.70 1.47 U.62 0.39 

1.74 O.b8 1.44 0.57 0.58 

1.83 0.66 1.39 0.51 U.39 

1.97 0.67 0.00 0.00 l.b4 

3.11 0.99 O.O0 0-00 0.53 

3.24 0.97 0.00 0.00 0.58 

3.72 1.05 0.00 0.00 0.54 

3.69 0.99 0.00 0.L)O 0.34 

3.0~ 0.78 0.00 O.O0 0.24 

2.4a 0.59 0.00 0.O0 0.12 

2.13 0.49 0.00 0.00 0.07 

JSOeIERS 
MOLE 7. 

0.00 

0.00 

0.00 

0.12 

0.00 

0.00 

0.05 

0.04 

0.04 

0.08 

0.18 

0.16 

0.15 

u.14 

0.55 

U.17 

0.17 

O.lO 

0.09 

0.06 

0.03 

0.02 

49 



TABLE 18 {Continued) 

HYDR~ARBON PROD~3,.DISTRIBUTIUN 

RUN NO. 7888,85,2 

SAMPLE NO. 18 

CARBON NO. 

23 

24 

25 

26 

27 

28 

29 

3O 

31 

32 

53 

3q 

35 

36 

37 

38 

39 

40 

NfALKANES ltALKENE BRANCHED ISOMERS 
WT • MOLE % WT • MOLE % WT • MOLE 

1.96 0.43 0,00 0.00 0.06 0.01 

1.81 0.38 0.00 0.00 0.05 0.01 

1.68 0.34 0.00 0.00 0.04 0.01 

1.51 0.30 040 0,00 0.03 0.01 

1.35 0.25 040 0.00 0.03 041 

1.17 0.21 040 0.00 0.02 0.00 

1.12 0.20 040 0.00 0.01 0.00 

1.07 0.18 040 0.00 040 0.00 

0.97 0.16 0.00 040 O.OC 0.00 

0.90 0.14 0.00 0.00 0.00 0.00 

0.80 0.12 0.00 0.00 040 0.00 

0.76 0.II 0.00 0.00 040 0.00 

0.74 0.11 0.00 0.00 0.00 0.00 

0.65 0.09 O.O0 0.00 0.00 0.00 

0.53 0.07 0.00 040 0.00 0.00 

0.43 0.06 040 0.~0 0.00 O.O0 

0.35 0.05 040 040 0.00 040 

0.26 0.03 040 0.00 040 0.00 

tO 



TABLE 19 

MASS BALANCE 
PROCES~ CON~iTIONS ANn PRonucT SUMMARY 

tttttttttttttttttttttttttttt~ttttttttttttttttt~tttttttttttttttttt~ttttttttttttttttttttt~ttttt. 

CATAI.Y~T : Co(NU3)2/ZR(()PR)~/AL2U3 
SAMPLE No: 7MMStMSt2t21 

REACTOR LOANING, MLS : 480.0 T, C : 259.4 FEEn P~i.TIO, 
CATALYST LOANING, WT%~ 13.9 P, psln : 310 C01H2: 1.05 
]IMIE ON STREAM, HRS : ~7.6 SV, L/G/HR: 2.47 

ttt~t~ttt~tttttttttttttttt~t~tttttt~t~tttttttttttttttttttttt~tttttttttttttttttttttttttttttttttt 

USA~ RATIO, CU/H2 : 0.45 ~LK ACTIVITY, 
XOvEmu.u CON',,., CO+H2: 27.1R ',,nL $YNC~S/K6 CAT/MR: 29.936 
ICO CONy. : 16.41 SPECIFIC ACTIVITY, 
m2 CoNy. , 3~.q4 VIOL C0/MOL RIETAL/MIN: 0.213 

tttttttttttt~ttttttttttttttttttttttttttttttttttttttttttttttt*~ttttttttttttttttttttttttt~tttt1tt 

WEIGHT ~ PRODUCT DISTRIBUTION: 

HYDROCARBON$~ 6-34 H2(J: g,87 
OXYGENATES : 0.08 CU : 79.18 
C02 : U.54 H2 : 3.98 

ttt•ttttt•ttttttttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttttttt 

HYDeOCARBON SELECTIVITY, WT~: 

C1 : 16.45 CqtENE • 3-5 Li 
C2tANE : 1.10 C5tCII : 2~.46 
C24~ENE : 0.54 C12tC18' 23.82 
C3tANE : 0.76 C19tC23' 10.55 
C3*ENE : 4.07 C24t34 : 9 . ~  
Cq [SO+ANE : [.~ C35+ : 2.U7 

tt1ttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttttttttt~tttttttttttttttt. 

FUEL FRACTIONS= WTX: 

GASOLII'IE (C5tCl l ) "  26.46 
DIESEL (C9tC25) ". ~7.07 

t t t t t t t t t t t t  ttttt*ttt•ttttttttttttt•tttttttttttttttttttttttttttt•tttttttttttttttttt•t*ttttttttt• 

ELEMENTAL RECOVERY: CARBON : 97.(J6 
HYDROGEN: q5.07 
0~GEN : I(~.5~ 

tttttttttttttttt~tttttttttttttttttttttttttttttttt~ttttttt~ttttttttttttttttttttt~tttttttttttttt1 

51 



TABLE ZO 

HYDROCARBON PRODUCT DISTRIBUTION 

RUN NO. 7888*8512 

SAMPLE NO. 21 

CARBON NO. 

1 

2 

4 

5 

6 

7 

8 

9 

I0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

N tAL KANE S ITALK E NE BRANCHED 
WT • MOLE • WT % MOLE % WT 

16.45 59.57 0.00 0.00 0.00 

1.10 2.13 0.54 1.11 0.00 

0,76 0,99 q.07 5.61 0.00 

1,20 1,20 3,54 3.66 0.00 

1.43 1.15 4.23 3.50 0.00 

4.84 3,26 0.10 0.07 0.00 

1.4F~ 0.86 1.63 0.96 0.05 

1.27 0.64 1.19 0.62 0.08 

1.53 0.69 1.37 0.63 0.12 

1.66 0.68 1.59 0.66 0.21 

1.84 0.68, 1.33 0.50 0.51 

1.92 0.66 1.27 0.44 0.36 

1.98 0.62 1.19 0.38 0.39 

2.07 0,61 0.93 0.28 0.53 

2.85 0.78, 0.00 0.00 0.61 

2,68 0,69 0.00 0.00 0.65 

2.56 0.62 0.00 0.00 0.63 

2.53 0.58 0.00 0.00 0.66 

2.49 0.54 0.00 0.~ 0.57 

2.33 0.48 0.00 0.00 U.18 

1.82 0.36 0.O0 0.00 O.10 

1,55 0.29 0.O0 0.00 0.06 

ISOMERS 
MOLE % 

0.00 

0,00 

0.00 

0,00 

0,00 

0,00 

0.03 

0.04 

0.06 

0.09 

0.19 

0.12 

0,12 

0.15 

0.17 

0.17 

0.15 

0.15 

0.12 

0.04 

0.02 

0.01 

"52 



TABLE 20 (Continued) 

HYDROCARBON PRODUCT D|STRIBUT~UN 

RUN NO. 788818512 

SAMPLE NO. 21 

CARBON NO. 

23 

24 

25 

26 

27 

28 

29 

30 

] i  

32 

33 

34 

35 

35 

37 

38 

39 

qO 

NtAI..KANES ltALKENE BRANCHED I SOPiERS 
WT X MOLE ~ ~ ~ MOLE ~ ~ ~ r~)t.E 

1.40 0.25 0.00 0.00 0.05 O.Ol 

1.28 0.22 0.00 0.00 0.04 0.01 

1.19 0.20 0.00 0.00 0.03 0.01 

1.07 0.17 0.00 0.00 0.02 0.00 

0.96 0.15 0.00 0.00 0.02 0.00 

0.83 0.12 0.00 0.00 0.02 0.00 

0.80 0.II  0.00 0.00 0.01 O.O0 

0.75 0.10 0.00 0.00 0.00 0.00 

0.68 0.09 0.00 0.00 0.00 0.00 

0.64 C'.08 0.00 0.00 0.00 O.UO 

0.57 0.07 (].IX) 0.00 0.00 0.00 

0.54 0.06 O.{.Xl 0.00 0.00 0.00 

0.52 0.06 0.00 (].00 0.00 0.00 

0.45 0.05 u.O0 0.00 0.00 O.O0 

0.37 0.04 O.O0 0.00 0.00 0.00 

O.~0 0.03 0.00 0.00 U.O0 0.00 

0.24 0.03 0.00 0.00 O.UO 0.00 

0.18 0.02 0.00 0.00 U.O0 0.00 



TABLE 21 

MASS BALANCE 
PROCESS CONDITIONS AND PROIX~CT SUP~MARY 

tttttttttttttttttttttttttttttttttttttttttttttttttttt+ttttttttttttt~tttttttttttttt~ttt¢tttt~tttt 

CATALYST : Co(N03)2/ZR(0PR)4/AL20~ 
SAIMPLE riO: 7~88tB5t2t24 

REACTOR LOADINg, tBS : 480.0 T~ C : 260.5 FEED RATIO, 
CATALYST LOADING, WT%: 13.9 P, PSIG I 310 CO/H2: 1.92 
TIME ON STREAM, HRS = 311.3 SV, L/G/HR: 2.32 

tttttttttt*ttttttttt~*ttt*t~tt~tttttt*~tt~tttt~t~ttt*~t~ttttttttt~tttttttttttt~**~tt*t~tt~ 

USAGE P~I~TIO, CO/H2 : 0.56 BULK ACTIVITY, 
IO~E~ALL CONV., C0÷H2: 20.G9 ~L SYNGAS/Kfi CAT/HR: 21.419 
IC0 CONy. : 11.35 SPEcz~IC ACTIVITY, 
IH2 CnNv. : 3~.60 f~L C0/F~L HETAL/MIN: 0.178 

~tttttt~tttt~ttt~tttt*tttttt~ttttttttttttttttttttttt~ttttt~t~tttttttt~tt~ttttttttt~tt*+ttttt~tt 

WEIGHT X PROI'~CT DISTRIBUTION" 

HYDROCARBONS: 3.71 H20: 6.17 
OXYGENATES : 0.03 CU : 87.38 
C02 : 0.45 H2 : 2.26 

ttttt~tttttt~t~ttt~'~ttt~tt~t~tttttttttt~t~tt~ttttttttttttttttttttttttttttt~ttttttttttttttttttt 

HvDPOCARPO~I SELECTIVITYj WT~: 

C1 : 12.57 C4~ENE : 3.35 
C2tANE : ().65 C5,C11 : 23.0~ 
C2tENE : U.77 C12tC18: 26.53 
C3tANE : 0.43 C19tC23: 13.72 

tt•tt*tt•tttt÷tf•ttt•ttttttttttttt*tttt•tttttttttttttttttttt÷ttttttttttt•ttttttttttttttttttttttt 

F~IEL FnACTIONF~, WT~: 

GASOLINE (C5*Cll): 23.0~ 
DIESEL (C9tC25) : 52.65 

~tttttttttttttt~tttttttttttttttt~tttttttttttttttttttttttttttttttttttttt~ttttttttttt~tttttttttttt 

ELEMENTAL RECnVERY~ CARBON : 96.34 
HYDROGEN: 96.55 
(~YGEN : 98-99 

~ttttttttttttttttttttttt~tttttttttttttttt~tt~tttttttttttt1~tttTtttt~ttt~ttt~ttt~ttttttt~t~ttttt 
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TABLE 22 

HY~OCARBON PRODUCT DISTR]BUTION 

RUN NO. 7888,85*2 

SAMPLE NO. 24 

CARBON NO. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

i0 

i i  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

NtALKANES I+ALKENE E~RANCHED 
WT ~ MOLE ~ WT ~ MOLE ~ WT Z 

12.57 ~.4q 0.00 0.00 0.00 

0.65 1.51 0.77 1.89 0.00 

0.43 0.67 3.59 5.92 0.00 

0.75 0.89 3.35 q.14 0.00 

0.95 O-gl 4.24 4.20 0.00 

3.94 3.17 0.09 0.08 0.00 

1.00 0.69 1.52 1.07 O.U8 

0.88 O. 54 I .  16 O. 72 0.08 

1.11 0.60 1.40 0.77 U.IO 

1.24 0.61 1.71 0.85 0.21 

1.40 0.62 1.49 0.67 0.47 

i.;o2 0.66 1.51 0.62 0.42 

1.73 0-65 1.50 0.57 0.43 

1 ~i 0.63 1.51 0.53 0.46 

i .  96 0.64 i. 33 0.44 0.56 

3.26 1.00 0.00 O.Ou U.62 

3.24 0.94 0.00 0.~ 0.56 

3.24 0.88 0.00 0.00 0.65 

3.56 0.92 0.00 0.00 U.32 

5.11 0.76 0.00 0.00 0.25 

2.42 0.57 0.130 0.00 O.lq 

2.00 O.q5 0.00 0.00 0.08 

| SOMERS 
~.E % 

U.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.05 

0.05 

0.06 

0.10 

0.21 

0.17 

0.16 

0.16 

0.18 

0.19 

0,19 

0.18 

0.08 

J.OB 

0.03 

0.02 
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TABLE 22. (Continued) 

HYDROCARBUN PRO I)IJCT DISTRIBUTION 

RUN ND. 7888.85t2 

SA/'IPLE NO. 24 

CARBON NO. 

23 

24 

25 

26 

27 

28 

29 

30 

51 

52 

33 

34 

55 

56 

37 

5R 

5~ 

40 

N~ALKANES ltALKENE BRANCHED ISOMERS 
WT ~ MOLE ~ WT ~ MOLE ~ W'l' • MOLE 

1.79 0.38 0.00 0.00 0.06 0.01 

1.64 0.34 0.00 0.00 0.05 0.01 

1.52 0.30 0.00 0.00 0.05 0.01 

1.37 0.26 0.00 0,00 0.04 0.01 

1.23 0.22 0,00 0.00 0.03 0.01 

1.08 0.19 0.00 0.00 0.03 0,00 

0.97 0.16 0.00 0.00 0.02 0.00 

0.88 0.14 0.00 0.00 0,01 0,00 

0.84 0.13 0.00 0.00 0.02 0.00 

0.81 0.12 0.(,10 0.00 0,00 0.00 

0,73 0.11 0.00 0.00 0.00 0.00 

0.68 0,i0 0.00 0.00 0.00 0.00 

0.65 0,09 0.00 0.00 0.00 0.00 

0.56 0.08 0.00 0,00 0.00 0.00 

0.45 0.06 0.00 0.00 0.~ O.UO 

0.37 0.05 0.00 0.00 0.00 0.I)0 

0.30 0.04 0.00 0.00 0.00 O.L}O 

0.22 0.03 0.00 O.O(J 0.00 O.UO 

, 56 



TABLE 23 

EFFECT OF Co SOURCE} 

Co(N03)2 vs. Co2(C018 ~ 
ON ACTIVITY AND SELECTIVITY 

COBALT SOURCE 

Co/Zr 

Run No. 

Coz(CO) e 

O.6S 

8523-1-4 

co(.o3) z 

0.60 

~888-85-2 

ACTIVITY 

BULK ACTIVITY, 
mol SYNGAS/kg cat lh r  

240 

35.3 

SPECIFIC ACTIVITY, 
tool CO/tool Co/rain 0.29 

U - DCO/DH 2 

SELECTIVITY 

C 1 

C2-4 

C5.11 

C12-18 

C19-23 

C24+ 

;T~L FUELS C5.23 

0.51 

7.9 

13.7 

37.0 

23.4 

8.9 

9.1 

69.3 

CO/H 2 - 1.0 
2.0 IIL/9 cat/he 

300 psig 

260 

38.5 

0.32 

0.52 

10.4 

15.0 

44.5 

25.8 

2.0 

203 

72.3 

240 

15.8 

0.09 

O. 34 

I0.9 

6.5 

12.9 

19.8 

21.9 

28.0 

54.6 

26O 

29.9 

0.21 

0.45 

16.5 

11 .t 

26.5 

23.8 

10.6 

11.5 

60.9 



IABLt £4 

PulkSg BALANCE 
PR3C~SS CONDITIONS AN~ PROnUCT SlJP~IARY 

tttttttttttttt~ttt~t~ttt~ttt~ttttttttttttttt~tttttttt~tttt~ttttttttttttttttttttttttttttttttttt 

CATALYST ! C{~(N~3)2/ZR(0PR)4/AL2O3 
SAMPLE NOt 7HS,~tSSt2t32 

REACTOR LOADING, ML~ ! q80.0 T, C : 280.7 FEEn RATIO, 
CATALYST LOADihG, WT%= 13.9 P, Psl~ : 310 CO/H2= 1.57 
TIME ON STREA~, HR~ : q2g.8 SV, L/G/HR: 2.50 

~tttttttttttt~tttttttt~ttt~tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~tt 

USAGE RATIO, CO/H2 = 0.53 BULK ACTIVITY, 
XOVERAL~ CONY., C0+H2! 33.)f MOL SYNGAS/KG CAT/HR! 37-203 
%C0 CONy. ! l~.2fl SPECIFIC ACTIVITY, 
XH2 CONy. : 57.20 MOL C0/MOL METAL/HIN: 0-2~6 

~tt~tttttttttttt~tttttttttttttttttttttttttttttttttttttttttttttttttttt~f~tttttttttttttttt~tttt 

WEIGHT I PPODtlCT DISTRIBUTION: 

~YDROCARBONS: 8.44 H20: 9.76 
0XYGCNATEg ! L).0g CO : 7~.b5 
CO2 : 1.19 H2 : 1.87 

.ttttt•tt•ttttt••••ttttttt•ttttttttttttttttttttttttttttttttttttttt•tttttttttttttt•tttttttttttt 

HYDROCARBON SELECTIVITY, WT~: 

C1 :" 14.93 C4tENE; 3.48 
C2tANE ; 1.46 C5tC11 : 23.b7 
CZtErlE : 0.62 C12tC18: 18.90 
C3tANE : 0.62 C19~C23: 13.42 
C3tENE : 4.10 C24t34 : 16.21 
C4 I:~O+ANE ' 0-gl C35+ ' 1.68 

÷tt~tttttt~ttttttttftttttttttt~tttttttt~tttttttttttttttttttttttttttttttttttttttt~tttttttt~tttt 

FUEL FRACTION~, WTX: 

GASOLINE (CStCII): 23.67 
UIESEL (C9tC~!5) : L~6.11 

`ttttttttttttt~ttttttttt~tttttttt~ttttt*ttttttttttttttttttt~tf~ttttttttttttttttttt~ttttttt~ttt 

% ELEtIENTAL RECnVERY: CARBON : 99.79 
HYDROGEN: 99.66 
OXYGEN l 9~-2} 

~tttttttt~tt*tttttt~ttttt~t+t~:~$~tttttt*ttt~tttttttt~ttttt~tttttttttt~ttt~ttttt~tt~tttt~ 

5B 



TABLE 25 

MYDROC~BON PRODUCT ])ISTI~IBUTIUN 

RUN NO. 7888,85*2 

SAMPLE NO. 32 

CARBON NO. 

I 

2 

3 

q 

5 

6 

7 

8 
Q 

10 

11 

12 

14 

15 

i6 

11 

19 

2O 

21 

22 

N tALKANES ItALKENE 
WT ~ MOLE ~ WT ~ MOLE 

14.93 57.91 0.00 0.00 

1.46 3.02 0.62 1.37 

0.62 0.87 4.10 6.06 

0.91 0.97 3.48 3.86 

1.18 1.02 3.96 3.51 

3.73 2.69 0.19 0.14 

1.32 0.82 1.30 0.82 

1.17 0.64 1.07 0.59 

1.18 0.57 1.25 0.62 

1.27 0.56 1.31 0.58 

1.35 0.5q 1.01 0.~I 

1.39 0.51 0.95 0.34 

I. 59 O. 47 O. 82 O. 28 

I.~2 0.~ 0.70 U.22 

1.54 0.45 0.52 o.15 

1.90 0.52 0.00 0.00 

l.gO 0.49 0.00 0.00 

1.99 0.q9 0.04.) U.I.)0 

2-25 0.52 0.00 L).O0 

.:.61 0.57 0.00 O.O0 

2.b9 0.56 0.~ O.O0 

2.59 0.52 0.00 D.OO 

BI~NCI.IED 
WT! 

0.00 

0.00 

0.00 

0.00 

0.06 

0.00 

0.22 

0.2~ 

0.37 

0.66 

0.80 

0.67 

0.68 

0.68 

U.65 

O.b7 

0.57 

U.49 

0.25 

0.17 

0.15 

0.15 

[ SO~ERS 
~kxs ! 

0.00 

0 .~  

0.(~ 

0.00 

0.05 

0.00 

0.1~ 

0.14 

0.18 

U.29 

0.32 

0.2*; 

0.23 

U.21 

0.19 

U.19 

0.15 

0.12 

U.06 

0.04 

0.03 

0.03 



TABLE Z@ {Continued) 

HYDROCARBON PRODUCT DISTRIBUTION 

RUN NO. "~8~,85,2 

SABPLE NO. 32 

CARBON NO. 

23 

2q 

25 

26 

21 

28 

2g 

30 

31 

32 

33 

35 

36 

37 

38 

39 

40 

NtALKANES ItALKENE BRANCHED 
WT ~ MOLE % WT ~ MOLE • WT % 

2.43 0.47 0.00 0.00 0.14 

2.26 0.41 0.00 0,00 0.13 

2.08 0.37 0.00 0.00 0.11 

1.8g 0.32 0.00 0.00 0.I0 

1.70 0.28 0.00 0.00 O.OB 

1.51 0.24 0.00 0.00 0.07 

1.34 0.20 0.00 0.00 0.06 

1.19 0.17 0.00 0.00 0.04 

1.06 0,15 0.00 0.00 0.04 

1.00 0.14 0.00 0.00 0.02 

0,84 0.11 0,00 0,00 0,00 

0.69 0.09 0.00 0.00 O.O0 

0.56 0.07 0.00 0.00 0.00 

0.41 0,05 0.00 0.00 O.O0 

0.28 0.03 0.00 0.(]0 0 . ~  

0.19 O. '2 0.00 0.00 0.00 

O.lq 0.02 0.00 0,(]0 0.00 

0.09 0.01 0.00 0.00 O.O0 

ISOMERS 
MOLE % 

0.03 

0.02 

O.02 

0.02 

0.01 

0.01 

0.01 

0.01 

0.01 

0.00 

0.00 

U.L}O 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

~0 



IABLE 26 

11~ss I ~ E  
PI~CESS ~ONDITIONS AND PROpJeT ~IIW~ARY 

~tttttttttttttttttttttttttttttt#ttt~tttttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttti 

CATALYST : Co(NO3)2/ZR(UP~)~/AL2IJ3 
SAMPLE NO: 7~8~tRSt2t35 

REACTOR LOADING, MLS : 480.0 T, C : 2~1.6 FEED RATIO, 
CATALYST LOADING, WT%: 13.9 P, Psl6 : 310 C0/H2~ 1.49 
T I ~  ON STREAM, MRS ! 452.8 SV, L/G/HR: 1.23 

ttttttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt.~ 

USAGE RATIO, C01H2 : 0.59 ~ULK ACTIVITY, 
~(~ERALL CONV., C0*H2: 42.38 MOL SYNGAS/KG CATIHR: 23.349 
I, CO CoNy- ~ 26.39 SPEClrlC ACTIVITY, 
tH2 CoNy. : 66.17 mL CO/MIOL METAL/MIN! 0.201 

ttttttttttttttttttt~tttttt~ttttt~ttttttttttttttttttttttttttttttttttttt~ttt~ttttt~tttttttttttttt 

WEIGHT ~ F~KImlCT [)ISTRIRIITION: 

HYnROCARBONS: II.5~ H2U: II.(12 
UXY~E,ATES : 0.12 CU : 72.55 
0)2 : 3.18 H2 , 1.60 

ttttt÷tttttt"t"tt""~"ttttttttttttttttttttttttttt"t~tttttttttttt~tttttttttttttttttt"tttt; 

HYDROCARBON SELECTIVITY, WTX: 

CI : 14.06 C4tENE : 3.27 
C2~ANE : 1.57 C5tC].I : 26.40 
C2tENE : 0.57 C12tC18: 17.52 
C3tANE : (3.67 C19tC23: 13.22 
C3tENE : 4.06 C2qt54 ,, 16.01 
C4 | .~O÷ANE ' f).R9 C35 ÷ : 1.76 

`tttt~ttttttttt1tttttttttttttttttttttttttttttttttttttttttttttttttttttt~tttttttt~tttttttttttttttt 

FUEL FRACTION~, wT~: 

C~BOL;NF (C5tCII): 2~-40 
DIESEL (C9tC25) 45.90 

~ttttttttttttt~tttttttttttttttttttttt'tttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

ELEMENTAL RECnVERY : CARBON : 9I~ ,61 
HYDROGEN: [(XJ,27 
UXY{'~N : 95.19 

: t t t t  t t t ~ t t t t t t t t ~ t ~ t t t  ttttttttttttttttttttttttttttttttt~tttttttttttttttt,ttttt.tttttt,tt.tttt 

E1 



HYDROCARBON PRODUCT 

TABLE 27 

DISTRIBUTION 

NUN NO. 7888~R5~2 

SAMPLE NO. 35 

CARBON NO. 

I 

2 

3 

q 

5 

6 

7 

8 

9 

I0 

iI 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

N tALKANES ltALKENE BRANCHED 
WT % MOLE % WT % MOLE % WT % 

14.06 55.94 0,00 0,00 0.00 

1.57 3.32 0.57 1.31 0.00 

0.67 0.98 4.06 6.15 0.00 

0.89 0,98 3.27 3.71 0.00 

1.17 1.03 3.72 3.38 0. i i  

4.41 3.27 0,30 0.23 0.00 

1.47 0.94 1.39 0.90 0.36 

1,33 0.7q 1.15 0,65 0.47 

1.33 0.66 1.44 0.73 0.72 

1.31 0,59 1,33 0.60 1.05 

I, 37 0.56 0.94 O. 39 1,02 

1.35 0.51 0.78 0.30 0.75 

i .  32 0.46 0.64 0.22 0.71 

1.33 0.43 0.50 0.16 0.68 

1.39 0.42 0.34 0.10 0.67 

1.67 0.47 0.(00 0.00 0.70 

1.71 0.45 0.00 0.00 0.65 

1.89 0.47 0.UO 0.00 0.45 

2.08 0,49 0,00 0.U0 0.18 

2.53 0.57 0.00 0.00 0.15 

2.69 0.58 0.00 0.00 U.17 

2,63 0.54 0.00 0.00 0.17 

ISOMERS 
MOLE 

0.00 

0.00 

0.00 

0.00 

O.10 

0.00 

0.23 

0.26 

0.36 

0.47 

0.41 

0.28 

U.25 

0.22 

0.20 

0.20 

0.17 

0.11 

0.04 

0.03 

0.(]4 

0.03 

,52 



HYDROCARBON 

IAB,,LE 2/ (Continued) 

PRODUCT DISTRIBUTION 

RUN NO. 7888t85,2 

SAMPLE NO. 35 

CAR~N NO. 

23 

2~ 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

3X 

39 

40 

N~ALKANES 
WT % ~LE % 

2.47 0.4R 

2.27 O.43 

2.11 0.3B 

1.85 0.32 

1.64 0.27 

1.44 0.23 

1.27 0.20 

1.15 0.17 

I.II 0.16 

1.01 0.14 

0.85 0.12 

0.70 0.09 

0.57 0.07 

O. 42 O. 05 

O. 30 O. 04 

U.21 0.03 

O. 16 O. 02 

0.I0 O.Ul 

I~ALKENE BRANCHED [ SOMERS 
W'r % MOLE % WT % MOLE % 

0.0¢ 0.0(I 0.16 0.03 

0.00 0.130 0.14 0.03 

0.00 0.00 0.12 0.02 

0.00 0.00 0.I0 0.02 

0.00 0.00 0.0~ 0.01 

0.00 0.00 0.06 0.01 

0.00 0.00 0.05 U.OI 

0.00 0.00 0.03 0.00 

O.LX) 0.~ 0.02 0.00 

0.00 0.00 0.00 0.00 

O.O0 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

O.OU 0.00 0.00 O.O0 

0.0o 0.00 U.O0 O.O0 

O.O0 o.UO 0.00 U.UO 

0.00 0.00 0.00 O.UO 

0.00 O.UC 0.00 0.00 

0.00 0.00 0.00 U.O0 

- - w  



I A~_E .zs 

MASS BALANCE 
PROCESS CONDITIONS AND PRODUCT SUVe4ARY 

o 

~ttttttt~ttt~*ttt¢ttttttttt*ttt~tt~ttttttttttttttttttttttttttttttt~tttttttt~t~ttttttttttfttttti 

CATALYST : Co(MO3)21ZR(OPR)~/AL203 
SAMPLE )dO: lRBRtRSt2t3~ 

REACTOR LOADING, MLS : 48{).0 T, C : 280.9 FEED RATIO, 
CATALYST LOAfiIN~, WT%: 13.9 P, PSIG i 310 CO/H2: 1.04 
TIME ON STREAM, HRS ! ~78.~ SV, L/G/HR. 2-47 

~tttttttt~t~ttt~tttt~ttttttt~tttttttt~ttt~t~t~t~tt~t~ttttttt~t~tttt~tttttttttttt~t~ttt~ 

USAGE RJh.TIO, C01H2 : 0.50 BULK ACTIVITY, 
%OVERALL CONv., C0*H2~ 3M.64 MOL SYNGAS/KG CAT/MR: 42-628 
%C0 CoNy. : 25.39 SPECIFIC ACTIVITY, 
IH2 CoNy. : 52.37 ~L C0/~L METAL/MIN: 0.329 

~ttttttttt~ttttttttttttt~:ttttttttt~t~ttttttttttttttttttttttttttttttttttttttttttttttttttttttt~t 

WEIr-HT ~ PRO~mCT DISTRIBUTION~ 

HYDROCARBONS: 11.10 H20~ 13.15 
OXYGENATES : 0.17 CU ~ 71.14 
C02 : 1.31 H2 : 3.13 

~tttt~ttttt~t~tttttttttt~ttttttt~itttt~tttttt~tt*ttttttttttttttttttttttttttt~tt~ttttt~tt~ 

HYdrOCARBON SELECTIVITY, wT~: 

C1 : 18.{'),5 CqtENE : 3.57 
C2tANE : I.~4 C5tCII : 28.84 
C2tENE : 0.49 C12tC18: 18.41 
C3tA~JE : 0.96 C19tC23: I0.03 
C3tEN=. : L.22 C24,34 : 11.18 
ELI I SO+ANE : 1.39 C35+ : 0.92 

.ttt•tttttttttttttt•tttt•ttttttttt•tttttt•t•ttttttt•tttt•ttttttttttttttttttttttttttt•tttttttttt• 

FUEL F~ACTInH~, WT~: 

GASOLINE (C5tCII): 2B.84 
DIESEL (C9tC25) : 43.47 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt t t t t t t t  t t t t t t t t t t t t t t l  

ELEMENTAL HECOVERYt CARBON : 98.24 
HYDROGEN: 9~.~5 
OXYGEN : ~7o94 

tttttttttttt~ttt~ttt~t~tttttttt~t~t~tt*tttttttt~tttt~tttttttt~ttt~tttttttttt~t~t~f~1 

54 



TABLE 29 

H¥ I~OC ARBON I~ODUCT I) [ST R 1 BUT ION 

RUN ~.  7888"85"2 

SAI~I~_E NO. 38 

CARBON NO. 

I 

2 

3 

4 

5 

6 

? 

8 

I0 

II 

12 

13 

15 

i? 

18 

I C 

2O 

21 

22 

N'ALKANES leALKEME 
WT ~ I~:)I.E % WT % r~oLe % 

18.05 60.71 0.00 0.00 

1.94 3.48 0.49 0.94 

0.96 1.17 4.22 5.41 

i. 36 I. 26 3.57 3.~3 

1.74 1.30 3.95 3.03 

4.22 2.64 0.22 0.14 

1.89 1.01 1.38 0.76 

1.76 O.g3 1.29 0.62 

1.87 0.79 1.52 0.65 

1.91 0.73 1.47 0.56 

1.68 0.58 0.95 0.33 

i.66 0.53 0.81 0.26 

1.B3 0.~g 0.66 0.19 

1.61 0.4~ 0.50 O.lq 

1.94 0.49 0.00 0.00 

1 .~  0.44 0.00 0.00 

1.83 0.41 0.O0 0.00 

1.93 0.41 0.00 0.00 

1.97 0.40 0.00 0.00 

2.04 0.39 0.00 0.00 

I. 74 O. 52 0.00 0.00 

1.64 0.28 0.00 0.00 

BRANCHED 
WT % 

0.00 

0.00 

0.00 

0.03 

0.13 

0.00 

0.29 

0.37 

0.54 

0.88 

0.77 

0.60 

O.bO 

0.59 

0.56 

0.54 

0.54 

0.58 

0.36 

0.22 

0.19 

O.lg 

[ 3upIE RS 
~Le % 

0.00 

O.00 

0.00 

0.03 

0.I0 

0.00 

0.16 

0.18 

0.23 

0.34 

0.26 

0.19 

0.18 

0.16 

0.14 

0.13 

0.]2 

0.12 

0.07 

0.04 

0.05 

0.03 

65 



TABLE 29 (Continued) 

HYDROCARBON PROI~I;T L}I SIR IBUTION 

RUN ~. 7888,85t2 

SAI'IPLE NO. 38 

CARBON NO. 

23 

2q 

25 

26 

27 

2B 

29 

30 

31 

32 

3~ 

34 

35 

36 

37 

38 

39 

4O 

NTALKANE,~ lrALKENE BRANCHED [SOMERS 
WT Z MOLE ~ WT ~ MOLE ~ NT Z MOLE 

1.53 0.25 0.00 0.00 0.17 0.03 

1.66 0.26 0.00 0.00 0.13 0.02 

1.52 0.23 0.00 0.00 0.12 0.02 

1.37 0.20 0.00 0.00 0.11 0.02 

i .22 0.17 0.00 0.00 0.09 0.01 

1-07 0.15 0.00 0.00 0-08 0.01 

0.92 0.12 0.~ 0.043 0.07 0.01 

0.78 0.I0 0.00 0.00 0.05 0.01 

0.66 0.08 0.00 0.00 0.04 0.01 

0.53 0.06 0.00 0.00 0.03 U.00 

0.40 u-05 0.00 0.00 0-02 0.00 

0.30 0.03 0.00 0.00 0.02 0.00 

0.30 0.03 0.00 0.00 0.01 0.00 

U.22 U.02 0.00 O.O0 0.00 O.OO 

0.15 0.02 0.00 0.00 O.O0 O.0O 

0. i i  0.01 0.00 O.O0 U.O0 O.UO 

0.09 0.01 0.00 0.00 0.00 0.00 

0.05 0.01 0.00 0.00 0.00 0.00 

6~ 



1.04 

i ,05 

Z. 10 

Z.O~ 

Z. |0 

2.10 

't AJLi[ ~0 
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IISZ)-41-9 

IS. I wt|  (64.ZSgJ (ozlC0)8Jlr(O#rJ4/AIz0) 

IDI SylkiP$t I k t l v l t y  
k 9 c l t l k  i ",oi (,11/r 

tool ~;o/mn 

310.1 L O Of 

19.0 1 0.05 

I I .S 0,0) 

9.~ o.o~ 

15.5 0.04 

21 .S oO6 

I ) . )  O.D4 

lg.$ D.Oi 

Z4.0 O.01 

I I  9 o,o/I 

$2. I o.12 

33. b o. o9 

4t . l l  O. IJ 

)~,O D. 10 

62.5 0.15 

Z+ ,Z  O.O l  

19.11 IJ , lYa 

0 .04  



IA ,  .P.. ,~1 

~ S  BALANCE 
PROCES~ CONDITIONS AND PRODUCT SUHt~RY 

~tt~tt~t~t~ft~f~t~t~t~t~t~ftttttttfttttt~tt~tt~ttttt~ttt~ttt~t~tttttttttt~tttt 

CAT~YST : Co2(C0)8/ZR(0PR)4/AL2(}3 
SAIIPLE t~O~ R523tqltqt3 

R~ACTn~ LOADING, MLS : 450.0 T, C : 239.1 FEED RATIO, 
CATALYST LOANING, WT%: 15-1 P, PSIG : 303 CO/H2: 1.00 
TIM~ ON STREAM, MRS : 22-3 SV, L/G/HR! 2-10 
ttttttttttttttttttt•tt•ttt•ttttttttttttttt•ttttt•ttt•ttt•t•tt•t•*ttttt•ttt•tt•t•tttttt•tttft•t 

USA6E RATIn, CO/H2 : 0.43 BULK ACTIVITY, 
%DVERALL CONV., CO+H2: 32.69 PW)L SYNGAS/KG CAT/HR! 30.668 
%CO CoNy. = lq.65 SPECIFIC ACTIVITY, 
~H2 Co,v. ~ qS.~4 ~L  C~/MOL HETAL/~IN! 0.07~ 
.tt~ttttttttttttttttttt~ttt~tttt~ttttttttt~tt~fttttt~t~t~tftt~tttttttttt~tttttt~t~ttt*ttt~ttt 

WEIr, MT ~ PROrAJCT DI STRI BUTION: 

HYDROCARBONS= 9.12 H2U~ I(}.60 
0XYGENATE$ ~ 0.17 CD : 75.85 
Cn2 : 0.61 H2 : 3.66 

tt~tttttttttt~t~tttttttt~tttttt~tttt~tt~ttt~ttttttt~tt~ttttttt~ttttttttttt~t~ttt~ttttft 

H~DROCARBON SELECTIVITY~ WTX: 

CI : 7.72 CqtENE ~ 3.87 
C2tANE : 2.24 C5tCll : 22.U0 
C2tENE : 0.45 C12tCIB: 22.56 
C3tANE : 1,49 C19tL23t 13.89 
C3tENE : 5.17 C24t34 : 15.22 
C4 I50+ANE~ 1.82 C35+ : 5.57 

;ttttt~t~fttttttt~ttttttt~t~t~tf~tt~ttttt~t~tttf+ttttt~tH~t~t~1~tfftt~ft~t~tfft~ 

FIII~L FRACTI(~tlS, WT~: 

GASOLINE (C5tCli): 22.00 
DIE~EL (C9tC25) : 47.42 

t~tttttttttttt~tttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttt~ 

ELEMENTAL RECOVERYI CARBnN : 99.93 
HYDROGEN: 93.63 
{~XYGEN ! 9~.75 

.tttttttttttt~tttttt~tttt~tttttttttttttfttf~ttt~tttt~ttttt~ttt~ttttttfttt~ttttt~ttttttttttt 

Co 



HYUR~ARI~LN PRU~CT 

TABLE 32 

UISTRIi~I,ITtO~,I 

RUN f t .  8523~4D9 

SAMPLE r~. 3 

CARB01, NO. 

1 

/ 

3 

4 

5 

6 

7 

c. 

iC 

Ii 

12 

13 

15 

i,; 

1 c 

2C 

21 

22 

NtALKANES I tALK ENF ~RANCHED 
WT % MOLE % WT % MOLE % WT ~. 

7.72 58.42 U.UO 0.00 O.OO 

2-2q 5.94 0.45 1.27 L).00 

1.49 2.70 5.17 9.81 0.00 

1.82 2.50 3.87 5.51 0.00 

2.00 2.21 3.45 5.95 0.I0 

4.06 5.7b O. 12 U. 12 U.O0 

1.54 1.73 U. 94 U. 75 0.18 

1 .Oh U.74 0.55 U.39 U.81 

1.29 U.~O 0.67 0.42 0.47 

1.4b O.R2 0.h6 L).38 0.39 

1.3~ 0.71 0.47 0.24 U.4U 

1.55 0.73 0.37 0.18 O.ul 

l.gb U.RU 0.22 U. 12 U.4i 

2.45 0.98 U.O0 U.OO U.40 

2.~7 1.08 U.O0 U.flO 0.38 

3.2g l . lb O.(WJ 0.0() U.34 

3.b5 1.21 ().(X) U.UO U .Z7 

3.28 1.03 ().00 U.UU 0.77 

2.95 0.88 U.0O 0.00 0.22 

2.80 0.79 O.O0 {l.O{i U.19 

2.87 0-77 O.(X~ 0.00 :: .02 

2.64 0.6~I O.O0 0.00 O.Ol 

ISOMERS 
~LE 

U.OU 

O.UU 

(J.t  

U.12 

O.OU 

0.14 

U.57 

(i.29 

0.22 

U.2O 

P.I.~ 

O.lo 

0.!4 

O.l~ 

U.U9 

0.24 

U.L'7 

0.05 

U.Ul 

0.0U 

6 ~. 



TABLE 32 (Continued) 

HYURQCARBON F~UDUCI D|STRIBUTIUN 

RUN rCU. 8523t41t9 

SAMPLE NO. 3 

CARBON NU. 

2B 

24 

25 

26 

27 

2R 

2g 

3(; 

31 

32 

33 

3, 

35 

3~ 

37 

3F 

3~ 

40 

NiALKANES ltALKENE BRANCHED ISOMERS 
WT ,~ HOLE ~ WT ~o MOLE ~, WT ~ MOLE 

2.06 0.51 ().OO U.O0 0.12 0.03 

1.95 0.4b 0.00 O.O0 U.O0 0.00 

1.84 U.42 O,OO O.QO 0.00 O.OO 

1.87 0.41 O.(X] 0.00 U.O0 0.00 

1.69 0.35 U.O0 0.00 0.00 0.00 

1.03 0.21 0.0U 0.00 0.29 O.OB 

0.58 0 . i i  O.UU t).UO 0.22 0.04 

0.89 0.17 O.Ob O.DO 0.55 O.iU 

U.YI 0.13 0.00 0.00 0.25 0.05 

0.42 0,07 U.OU 0.00 U.52 U.u9 

0.73 (].12 L).UO L),OU U.43 U.U7 

U.74 0.12 ().O0 O.O0 0.51 0.09 

1 .i0 (l. I~I ().00 U.OU U.OU 0.00 

I}.95 0.15 ().O0 U.OO U.O0 L).UO 

U.58 U.09 [J.O0 O.OU 0.00 U.UO 

U.36 0.6)5 U.()O O.O0 0.00 U.UU 

U.32 U.05 O.OO O.OO O.O0 O.UU 

0.25 0.04 0.U0 0.00 U.O0 O.O0 

t 



IABbE 33 

MASS BALANCE 
PImCESS CONDITIONS ANn PI~rgJCT SIIHHARY 

tt•ttttttt•tttttttt•t•tttttt•tt••tttt•••t•ttt•t••ttttt•ttttttttttttttttttttttttttttttttttttttt• 

CATALYST : Co2(CCJ)81ZR ([)PR)4/AL20 3 
SA,PLE NO: 8523t41tg~5 

REACTOR LOAffING, ML~ : 450.0 T, C : 239.6 FEED RATIO, 
CATALYST LoAnING, WT%: 15.I P, P~IG : 3()3 C0/H2: 1.50 
TIME ON STREAH, HR~ ! ~7.5 SV, L/G/HR: 2.10 

tttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

USAnE RATIO, CO/H2 : 0.53 B, JLK ACTIVITY, 
XOVIERALL CONV., C0+H2: 20.21 MOL ~YNGASJKG CAT/HE: 18.957 
XC0 CONy. : 11.63 SPECXFIC ACTIVITY, 
%H2 CONy. : 33.08 MOL C0/MOL METALIrIIN: 0.052 

tttt••tt•ttt••ttt•ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

WEIghT % PRODI~CT DIST~IBIITION: 

HYDROCARBONS: 4.81 HZO: 6.09 
OXYGENATEF : 0-07 CO : R5-5~ 
C02 : 0.39 H2 : 3.U~ 

*ttttttttttt*tt•ttttttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttt 

HYDROCARBON SELECT!VlTY, WT~: 

C1 : R.22 CLItENE : 4.35 
C2*AME : 2.05 C5tC11 : 19.63 
C2t~.E : 0.77 C12tC18: 22.55 
C3tANF : 1.13 C19~23: 15.38 
C3tENE : 5.52 C24t34 : 14.89 
C4 ISO÷ANE: 1.~5 C35" : 4.04 

ttttttttt~tttttt~tttttttt~tt~ttttttttttttttttttt~t~tttttttttttttttttttt~tttt~ttt~tttttttt~tttt 

FIfEL FRACTIOeIS, WTZ: 

GA~OI. INE (C5tC11): 19.63 
D]E~EL (CQtC25) : 48.83 

tt~ttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttt.~tttttttttttttt~tttttttttttttttttt 

% ELEHENTAL RECOVERY: CARBON : qs.q6 
HYDROGEN: 9~.39 
UXY~EN : 98.72 

tttt~ttttttttttt~t~tttttt~ttt~tt~ttttt~tttttt~ttt~ttt~ttttttH~t~)~ttttt~ttttt~tttttttttt 
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HYUROCAHBON 

TApLE 34 

PRO~CT. IPlSTRIBUTION 

RUN N£. 8523t41t9 

SAMPLZ rWJ. 5 

CARBUI, NO. 

1 

2 

3 

4 

5 

C, 

7 

F 
L~ 

II 

11 

13 

iE 

17 

2F 

21 

22 

NtALKANES ltALKENE BRANCHED 
WT ~ MOLE ~ WT % MOLE ~ WT 

8.22 40.17 U.O0 0.00 O.(~i 

2.05 5.35 U.77 2.14 0,00 

1.13 2.01 5.52 10.26 0 ,~  

1.45 1.96 4.35 6.07 O,O0 

l.Tb 1.91 4.28 4.78 0.00 

3.~b 2.IB O,iO 0.09 O.L~J 

O. 98 O. 77 0.9Z U. 74 0,07 

O.b4 0.44 0.51 0.35 0.62 

U.97 0.59 O.b8 0.42 0.33 

1.15 O.b3 U.SR 0.49 0.18 

I..33 O. 67 U. 72 O. 57 U. 43 

1,48 0.68 O.b4 0.30 0.41 

1.~7 0.71 0.52 0.22 0.47 

1.95 U.77 0.38 0.15 0.49 

2.h3 0.07 O.(E) u.L]O 0.50 

3. uO i . ()4 u. O0 o. (J(i 0.48 

3.43 1.12 O.(JO o.UO 0.h5 

5.45 l.Ob O-O0 (}.[)0 O.bO 

5.27 L). 95 0.00 U. O0 0.35 

3.15 O.g7 U.O0 O.UU 0,25 

2.99 0.79 0.00 0.00 0.II 

2.b7 O.b7 ().(10 (J.O0 0.I0 

! SOMER$ 
FIoue % 

0.00 

u.uo 

0.00 

().00 

O.(~J 

U.O0 

0.05 

0.42 

U.2u 

O.IO 

0.22 

U.l? 

U.2U 

U.IY 

L).l~ 

U.17 

(1.15 

().ix 

O.It' 

0.07 

0.03 

0.03 

72 



HYUHDCARHON 

TABLE 34 (Continued) 

PROI,~ f DI~TRIIgJTIUI~ 

RUN PiC. ~523)41)9 

SAMPLE NO. 5 

CARBON NU. 

23 

24 

25 

26 

21 

• 2L~ 

29 

3(.' 

31 

32 

33 

35 

K 

37 

3c 

H(j 

NSALKANES 
WT • MOLE % 

2.38 0.57 

2.09 0.48 

2.05 O. ~5 

I.~9 I).40 

1.65 U. 34 

I .  bO U. 32 

(}.69 O.13 

0.~0 U, 15 

O. ~1 0. Ib 

0.52 u.()Y 

0.69 U.12 

u.Ib u.12 

l.(}b U.l? 

0.95 U.15 

u. 65 U. IO 

U.52 {).UM 

O.4b U.U? 

0.41 0.06 

].fALKENE ~R.,%NCM ED [ SOl'lIE R$ 
WIT % MOLE % WT % M(X.E % 

0.00 D.00 0.12 0.03 

0.00 D.UO 0.07 0.02 

0.00 O.LYO 0.00 0 . ~  

0.00 O.LD 0.00 0.00 

U .DO 0.00 U.O0 0 . ~  

O.UU O.O0 U.UU U.~ 

0.()0 O.OU U.12 0.02 

O.UO U.(.WJ 0.25 U.05 

U.O0 0.0(3 (>.21 U.()4 

U.(wJ U.dU U.19 0.03 

0.[)0 u.O0 U.19 U.03 

0.00 U.UO (,.21 0.03 

O. U0 u. O0 L. [ ~) U. fW,) 

0.(3(J U.O0 (~.[)C, O.0C, 

0.()0 (i .00 c.O0 0.(30 

U.l}() ().rio U.O0 U.LKI 

O.tJU (J .twj L .LE) (.) • L~ 

O.O0 O.O0 U.OU O.OO 

73 



I ABL~' 4b 

MASS ~IWLANCE 
PROCESS CONnITIONS AND P~IlCT StlP~RY 

~t~ttttttttttt~ttt~tttt~tttttt~t~t~ttt~t~tttttt~t~t~t~tt~tt~t~ttttttttttt~tt~ 

CATALYST : 
SAI~LE No: 

Co2(CO)8/Z~(ePR)4/AL203 
MS23t41tgt9 

REACTOR LOADING, ML.S ~ 450.0 T, C : 238.5 FEED RATIO, 
CATALYST LO~DING, WT%: 15.1 P, PSIG : 310 C0/H2: 2.L~ 
TIME UN STREAM, HRS ~ 70.5 SV, L/G/HR: 2.Og 

I~tttttt*ttttt~t~t~ttttttt~t~tt~H~ttt~tttttt~ttt~ttt~t~ttttt~t~t~ttt~t~ttt~t~ttt~et~ 

USAGE RATIO, C0/H2 : 0.44 BULK ACTIVITY, 
%UVE~LL CoNy., CU+H2: 14.5~ ~L SYN6AS/KG CAT/HR: 13.507 
%C0 CONy. : 6.69 SBEC~F~C ACTIVITY, 
XH2 CONy. : 30.25 ~OL CO/~L METAL/MIN: 0.0~3 

~ttHttt~tttt~t~ttttt~ttt~tt~tt~tttH~tttt~t~ttt~ttt~ttttÈt~t~tH~t~ttttttttttttt~ttttt:~t 

WEIGHT I PRanUCT DISTRIBUTION: 

HYDROCARBONS: 3.3 o H20: 4.17 
OXYGENATES : 0.04 CD ~ 8g,70 
C02 : 0.31 H2 : 2.39 

:~t~*~È~t~t~ttttt~ttttt~tttttttttÈttttttttttttttttttHÈ~ttttt~tÈ~t~ttttttttttttttttttt~t 

f .~AR~ON SELFCTIVITY, wT~: 

CI : 8.29 CqtENE : 4.07 
C2tANE : 1.39 C5tC11 : 22.18 
C2tENE : 0.95 CI2tCIP,: 21.UI 
C3tANF : 0.91 C19tC23: 15.74 
C3tENE : 5.38 C24t34 : 15.65 
C4 ISn÷ANE: I.Ii C35+ ' 3.33 

tttttttttttt~tttttt~ttt~t~t~tttttttt~tt~tt~t~tt~ttt~t~tt~t~t~tttt~ttt~t~t~t~ttttttt~tt 

FHEL FRACTIO~I~, wTX: 

i 

~A~OLINE (CStCII): 22.1R 
DIE~RL (cqtc25) : 4M.4() 

ttttttttttttt+ttttttttttttittT~tttttttttttttttttfttttttttttttttttttttttttttttttttttttttttttittt 

% ELFMENTAL RECOVERY: CARBON : I{)().4R 
HYDROnEN: qq.()4 
()XYnEN : 180.4q 

tttt~t~t~tt~tt~tttt~t*t~ttt~tttt~tt~tt~t~tt~tttttttttt¼~tttttttt~tttttttttttt~Ttttte~tt 
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HY(}ROCARBUN I'~UIXICT 

TABLE 36 

UI SIR I BIJT l(JB 

RUN r~. 8523,41+9 

~ ~ . 9  

CARBU~ NO. 

i 

2 

3 

4 

5 

E 

7 

IC 

11 

12 

IS 

17 

I c 

2F 

21 

22 

NtALKANES ItALKENE BRANCHED ! SOMER$ 
WT ~ I~')LE ~ WT ~ MOLE ~ WT ~ ~I.E 

8.29 40.87 0.[~3 0.00 0.00 U.D(3 

1.39 3.66 0.95 2.69 0.00 0.00 

0.91 1.63 5.38 10.11 0.00 0.00 

1.11 1.51 4.07 5.73 0.00 0.00 

1.3) 1.46 4.17 4.71 U.O0 U.O0 

q.36 4.00 U.14 0.13 U,O0 U.(~ 

1.35 1.07 1.33 1.07 0.08 0.07 

0.6b O.q5 0.76 U.5) 0.74 0.51 

6.98 0.60 l).ql U.57 0.41 0.25 

1.11 0.~51 1.09 U.b2 0.18 U.lO 

1.22 0.62 0.89 U.45 u.~5 0.23 

1.31 O.bl 0.80 C).~ U.~9 0.I~ 

1.41 t).~() u.bM ().29 U.qb {}.;.~) 

1 .bO U.64 (']. 54 U.22 U.51 0.20 

2.29 0.85 U.O0 i).(}() 0.53 0.2(3 

2.57 0.90 0.00 L).(X) 0.53 U.19 

2.97 U.Q8 (].(W.) U.O0 0.53 0.17 

3.41 I .()I) u.O0 U. (.W.) U.SU 0.16 

3.1i u.92 O.(EJ U.O0 0.55 L).Ib 

~.I0 ().~? U.~WJ U.L~ 0.}9 U.ll 

2.94 U.IR U.O0 O.LWJ U.29 0.0~ 

2.72 ().hO O.IX) O.U() 0.14 0.04 

;'5 



HYDRt~ARBON 

TABLE 36(Continued) 

PRO~CT DISTRIBUTION 

RUN NO. R523+41t9 

SAMPLE NO. 9 

CARBC~ NO. 

23 

24 

25 

26 

27 

2R 

2 Q 

3O 

31 

32 

33 
3~ 

35 

36 

37 

3~ 

40 

NtALKANES ltALKENE I~RANCHED ISOMERS 
WT ~ HOLE ~ WT ~ HOLE ~ WT ~ HOLE 

2,25 0,55 0,00 U,O0 0,25 0,06 

2.21 0.52 0,~ 0.00 0.07 0.02 

2.13 0.48 O.O0 0.00 0.00 o.Oo 

l.gl 0.41 u.o0 0.00 0.00 U.IFJ 

1,74 0,36 O,O(] O,OO 0,00 0.00 

1,23 0.25 O,(k) O,O0 U,14 0,03 

1,12 0,22 4,00 0,00 0,15 0,03 

0,9i O,IH (~.L%~ O._~] 0,21 O,Oq 

O,R5 0,15 O,DO U,O() 0,14 0-03 

0,64 O. I I  0.00 0.00 O. 16 U,05 

0.73 0,12 U.OO 0,00 U,12 0.02 

U.Y4 O. iG 0.00 0.00 U. 19 D.[)3 

O,q5 U.15 {!.uO O.O0 o.u(} (},(~ 

U.78 u.!2 u.O0 u.O0 0.00 0,I}0 

u,53 0.01~ b.UO 0,00 (],UO u,OO 

0.3q (}.(Jb U.O(J 0,00 0.00 0, (.Ju 

(). 34 (.}, Oi~ u,Uo u.uo u.Ou u.uu 

4,30 0,04 (),Ou o,uo O,OU u,o() 

7~ 



MASS BALANCE 
P~cESS CONDITIONS AND Pltfl~leT SUMMARY 

ttttttt~t~ttt~ttt~tttttttt~tt~tttt~tttttttt~tttttttttttttttttt~tttttttttttttttttttttttttt 

CATALYST : Co2(CO)g/Z~(DPR)q/AL203 
SAMPLE No: 8523tqltgt12 

REACTO~ LOADINn, MLS : 45~.0 T, C : 2~().5 FEED RATIO, 
CATALYST LnADIN~, WT%~ 15.I P, ~Sl~ : 307 CUIH2: 2.01 
TIME O~ ST~EA~, HR~ : 9q.5 SV, L/G/HE: I.OLI 

ttt~ttttttt~tttt~ttttt~tt~t~ttttt~tttttttttt~t~tt~tttt~tt~tt~'t~tttttttttt~t~tttttttttttt~ 

USAGE RATIO, CU/H2 : 0.41 BULK ACTIVITY, 
~IEI~LL COIqV., CF~2: 20.82 MOC SYNGAS/KG CAT/HE: g.6bl 
7,1:0 CoNy. : 9.~5 SpEClr~c ACTIVITY, 
IM2 CoNy. . ~ .qg  ~ CO/MoL METAL/MIN: 0.022 

~t~tt~ttt~t~ttttt~t~t~ttttt~tt~tt~ttttttt~t~t~t~t~tt~tt~tt~t~tttt~t~t~ 

WEIGHT ~ PRO~CT DISTRIBUTION: 

HYDROCAEFIONS: 4.42 H2t): 5.7& 
0xYrNN~TES : O.0& CU ~ 87.22 
C02 : ().65 H2 : ~.89 

Tttttt*itt+tttttttttttttttt*ttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttt. 

HYI~I)OCARBnN SELECTIVITY, WT~: 

[ I  ~ i0.25 C~tENE : 4.2b 
C2~ANE : 2.10 CStC'I : 23.21 
C2*E~E : P.71 £12,CIR: iR.lq 
C3)ANE : i . I~  c1g*c23: 14.2) 
C]*ENE ~ 5.&l C2~t3~ : 15.71 
C~ ISO+ANE: 1.23 C35" : 3.SD 

:tttttttttttttttttttttttttttPttttttttttttttft~tttt~tttttttttttt~tttttttttt~t~*ftttttttt~tttt~ 

FI~EL FEACTInN~, WT~: 

GA,III'I~ INE (C5~CII): 23.21 
DIESEL (CQtC25) : h~.~l 

~ttttt~t~to~tttt*~ttt~ttt~ttttttttttttttt~tttt*~ttttttttt~tttttt~tttt~tttttttttttttttttttt 

ELEMENTAL k CARBON : i()o.qq 
HYDR(~REN : 95.3~ 
OxYGeN : IU1.21 

: t t t ~ t t t t t t t t ~ t t t t ~ t ~ V t  ttt~tttttttttttttttttttlttttttttttttttttt tttttttttttttlttttttttttttSfHlt 

77 



TABLE 38 

HYDRUCARB@I PRUDUCT DI~STRIBUTIUN 

RUb NO. 8523~41~9 

SAMPLE N(). 12 

CAI~BClJ NU. 

1 

2 

3 

£ 

7 

/, 

IC 

11 

12 

i,- 

i ;  

D' 

1'- 

2r 

21 

22 

NtALKANES lfALKENE }JRANCHED 
WT ~ MOLE ~ WT ~ MOLE ~ WT 

i0.26 5.56 0.00 O.O0 U.O0 

2.10 4.95 0.71 1.79 0.U0 

1.06 1.71 5.bl 9.46 0.[10. 

1.23 1.50 4.26 5.38 0.00 

1.47 1.45 4.01 4.1.}6 0.08 

4.82 3.97 0.15 0.13 0.00 

1.67 1.1~ 1.30 0.94 0.I(, 

1.04 0.65 0.79 ().50 0.57 

1.15 U.b4 0.93 U.52 0.12 

1.25 0.61 1.I() 0.5b b.24 

1.21 0.55 O.~RO 0.37 0.41 

1.2Z U.53 0.72 u,30 u.~5 

1.~,5 U.52 ().bl u.24 u.4O 

1.42 0.51 U.5() 0.18 0.43 

2:04 0.68 u.o() O.O0 0.44 

2.23 (}.7() (1.(J() (}.00 U.42 

2.49 U,73 U.(JU U.UU U.3':' 

2.h4 ().74 0.0U O.OO 0.44 

2.13 0.12 0.00 U.OU U.~ 

2.X1 ().7() (J.~ (l.~) u.22 

2.M2 U.b7 I].IX} U,UU U.IO 

2.b3 ().hO I).(](J 0.00 ().1() 

|SOHERS 
MOLE % 

0.U0 

0.U0 

0 .~  

U.00 

(J.D8 

0.U0 

O.U7 

0.35 

[).U7 

U.12 

0.18 

0.15 

u.15 

0.15 

0.15 

U.15 

U.ll 

U.IZ 

0.U8 

0.05 

0.[12 

[).{}2 



HYDROCARBON ~ODUCT 

TABLE 38 (Continued) 

DISTRIBUTION 

RUN r~.,. 8523t41t9 

SAMPLE NO. 12 

CARBOI; NO. 

23 

24 

25 

26 

27 

2~ 

2 c 

5L 

51 

32 

33 

3u 

IC 

37 

}c 

u( 

NIALKANES 
WT ~ ~3LE ]~ 

2.140 0.52 

2.114 0.45 

2.0~ 0.41 

i . %  0.~ 

1.73 0.32 

1.29 0.25 

1.05 0.18 

1.02 0.17 

1.0q 0.I/ 

1.09 0.17 

0.76 0.12 

O.92 u.13 

0.37 II.DR 

().45 (}.l)h 

{).~5 u.OF, 

O. ~3 0.0~ 

1 tALKE NE BRANCHED 1SOMERS 
WT ~ JulOLE ~ NT ~ J~I'ILE ~, 

0.00 0 . ~  U.11 U.02 

0.00 0.00 0.08 0.02 

0.00 0.00 O.U2 1).02 

0.00 0.00 U.00 O.O0 

O.q~3 (~.00 U.O0 O.UO 

O.OO I~.O0 O.ll 0.02 

0.00 0.00 0.09 O.U2 

o.oo u.o0 0.12 0.02 

().O(J 0.00 0.10 0.¢)~ 

I).()O O.O0 0.00 I).LXJ 

0.0o 0.00 0.~5 O.t)l 

~).(XJ U.O0 0.(i9 O.Ol 

U.O0 U.OG u.UU U.UO 

().o0 o.U() O.UO t).O0 

t).O0 O.O(I 0,00 O.llo 

U.f~ (~.(XJ 0.1~ I~.(~ 

U.O0 lJ.(~) (I.(X) u.l~J 

t).~) U.O0 U.O0 U.UiJ 

7 ° 



IABLE J9 

MASS BALANCE 
PROCESS FONnITInNS AND PROnt;CT SUt~ARY 

•ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

CATALYRT : Co2(CD)RIZR(OPR)~/AL203 
SAMPLE NO~ R523t41tqt16 

REACIOR LOADING, MLS : q5D.() T, C = 239.0 FEED HATIO 
CATALYST LOADINA, WT%: 15.1 P, PSIG : 310 COIH2: 1.0O 
TIME nN STREAH, HRS : I18.0 SV, L/G/HR: 1.05 

~t~t~tttt~ttt~tttt*~t~ttt~tt~t~t~t~t~t~tt~tt~ttt~ttt~tttt~t~t~ttt~ttt~ttt~tt~tt~t~tttt~ 

USA6E RATIO, CO/H2 : 0.44 BULK ACTIVITY, 
%0VERALL CONY., C0+H2: 33.04 MOL SYNGAS/K6 CAT/MR: 15.508 
%CO CONv. ~ 20.23 ~PECIFIC ACTIVITY, 
%H2 Cot~. : q5.~5 ~L CO/HoL HETAL/MIN: 0.058 

~tttt~ttttttttttttt~tt~ttttttt~ttt~tttttttttttttttttttttttttttttt~tttt~tttttttttttttttt~tttttttt 

WEIC, MT I PRODUCT DISTRIBIJTIOr~: 

HYDROCARBONS: 9.64 H2U: 11-34 
OXYGENATES : 0.16 CO : 74.44 
CU2 : 0.HI H2 : 3.61 

••ttttttttttt•ttttttttttttttttttttttttt•ttttttttt•ttttttttttttt•ttttttttttttttt•ttttttttt•tttttt 

HYI~OCARB~N SELECTIVITY, WT~: 

C1 . 11.50 CL~tENE : 3.32 
C2tAHE : 2.45 CStCII : 23.27 
C2tENE : f~.3(I CI2tCIR~ 12.40 
C3tANE : 1.74 C19tC23' 14.08 
C3t~NE : L,.51 C2~t34 , 15.87 
C4 I $O+AHE : 2.()4 C35+ : 3.73 

~ttttttttttttt*tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttftt~ttttvtttttttt~t`tt 

FUEL FRACTIOMS, WT~: 

GA~OLINF {C~tC]l): 23.27 
DIESEL (CGtC25) : q4.h{'~ 

, ttt••t•ttt•tttttttt•tt••tttttt•t•ttt•ttt••ttt•tttttttt•tt••tt•tt•tt•••••ttt••ttttt•ttt•t•ttt••• 

ELEMENTAL RECnVFRY: CARBON : 1(ll).6q 
liYDROr, EM: q7 .(11 
()XYGEN : qq.4[) 

; t t t t t t t t t t t } t t t t t t t t t l ,  tttttfttttttttttttttttttttfft~ttttttttttttttttttffttttt t t t t t t t t t t t t t t t t t t  



TABLE 40 

HYUkt)CARH4JN PROL)UCT DISTRIBUTI~4 

RUN t~. 8523+qI,9 

SAMPLE NU. I~ 

CARBON NU. 

I 

2 

3 

4 

5 

& 

7 

I(' 

11 

12 

I} 

15 

17 

Ik 

2r 

21 

22 

NtALKANES i tALKENE 
WT % ~OLE • WT )m{ MOLE 

11.30 48.65 0.00 0.00 

2.45 5.b3 0.30 O.75 

1.74 2.73 4.51 7.39 

1.97 2.34 3.32 4.08 

2.10 2.01 2.HI 2.77 

U.l~ 5.52 u. I I  0.09 

1.11 1.18 {).90 0.65 

1.3R O.X5 O.h7 O.ql 

1.68 0.90 0.8~ U.~6 

I.~3 0..H9 O.g3 O.ql 

1.55 U.bg 0.55 U, 25 

1.55 O.b3 L,.43 d. ILR 

1.60 O.oO ().32 ~.12 

i,~I 0.n7 q).()O ~.()0 

1.99 O.05 t).tx) O.OO 

2.1~ (],n5 t).L~ u.(~: 

2.31 ().oh thOU lj.()O 

2 .t>~ u./t) L).OU u.OO 

Z.70 U.h~ O.(k) 0.6)(I 

2.gh ft.70 0.(X) O.O0 

2.7g ().b5 U.(X) U.OO 

2.hi) i).Sg (}.iX) tJ.UO 

~RANCHED 
WT [ 

0.U0 

0.00 

0-OG 

0.05 

U.12 

U.00 

0.18 

0.55 

U.52 

0.44 

0.39 

0.3  ~ 

L'. 35 

o.32 

o.35 

u.37 

O. I'-, 

U.I(J 

0. i0 

(l. It) 

i ,~OMERS 
I~.E % 

u.U0 

0 . ~  

u.U0 

0.07 

0.12 

0.00 

0.12 

0.33 

0.2~ 

0.21 

0.17 

O.Ib 

().15 

O. lq 

u.12 

(). I0 

o. 10 

u. Iu 

(I .t.b 

U.02 

u .CJ2 

().112 

81 



TABLE 40 (Continued) 

HYDROCARBON PRUDUCT DISTRIBUTI@~ 

RUN r~. g523t41t9 

S~PLE NU. 16 

CARBON NU. 

25 

24 

25 

26 

27 

2~ 

2~ 

51 

~E 

57 

4C 

NfALKANES I~ALKENE BRANCHED ISOMERS 
WT % MOLE Z WT )~ ~(ILE X NT • MOLE ){ 

2.48 0-53 0.00 0.00 0.11 0.02 

2.27 0.46 O.OO 0.00 0.10 0,02 

2.12 0.42 0.00 0.00 0.09 0.02 

1.84 0,35 0.00 0.00 0.06 0.01 

1.59 I).29 0.00 0.00 0,05 0.01 

1.52 0.23 0.00 0.00 0.09 0.01 

1.09 0.18 0.00 0.00 0.08 0.01 

1.05 0.11 0.00 0.00 0.09 ,'.0! 

l.Ub 0.17 [}.OO O.O0 0.08 0.01 

1.09 0.I/ U.(X) 0.00 U.O0 U.OO 

0.89 0.15 U.O0 0.00 0.05 O.ol 

().82 0.12 (}.Oi) O.OO [).08 O.t)l 

0.87 0.12 0,0{) l),()O u.OU (I.0{} 

0.85 0.12 0.00 u.o0 0.00 {}.00 

0.~3 O,OH {).00 u.flO (},(X) 0.00 

r),53 0.07 ().00 ().0{} u.uo 0.{~) 

FJ,q8 0.U6 (}.ll() l).O0 t).l~ lJ.Ol) 

[). 57 0.05 O.(30 U. UO 0.00 0.U0 



TABLE 41 

~SS E~LAI"IC:E 
PROCES~ CONi~ITION~ AND PRODUCT SUf'I4ARY 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt• 

CATALYST : Co2(CO)RIZR(UPR)~/AL2fl3 
S ~ E  ~ :  8523tqltgt19 

REACTOR LOANING, t¢~ : ~50.0 T, C : 2b0.2 FEED RATIO, 
CATALYST LOADING, WT~: 15.1 P, pSln : 31() C[)/H2: 1.00 
TIME ¢4W STREAM, HR$ : l q2 .2  SV, L/G/HR: 1.05 

t••t•t•ttttttttt•t•tt•ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

USAGE kATIO, COlH2 : 0.50 BULK ACTIVITY, 
~OVERALL CONV., CO*H2: q5.87 MOL ~YNC~SIKG CAT/MR: 21.5)'l 
IC0 C~v. : 30.42 SPECIFIC ACTIVITY, 
IH2 CONV. : 51-~3 1'101_ CO/PWIL METAL/M|N: 0.057 

~t~t~t~tt~it~tt~t~t~tt~ttt~t~tttttt~tt~tttttttt~t~tt~t~t~ttttt+tt~tt~t~t~tt 

WEI'~T I PROt'WJCT UISTRIB.TION: 

HYDIROCAR~ON$: 13.2~ H2U: 15.41 
nXY~ENATES : ()- !R C0 : 644 ,~  
C02 : 3./4 H2 ~ 2.57 

t~t~tttttttttttttttt~tttttttttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

HY~ROCARBOPl SELECTIVITY, WT~: 

CI . 15.04 C~tENE ' 2.8R 
C2tANE ' 5.()b C5tCII : 27.36 
C2IE,E : 0.23 ~12tCi~' 19.QR 
F_3tANE ' 2.i)~ ~19<23' 9.7R 
C3tENE : 5.78 j24t~ , 11.20 
CL~ I SO+ANE ' 2.07 C35+ : 2.b9 

~tttt~tttttttttttttt~ttttttt~tttttttttttttttttttttttttttttttttttttttttttt~ttttt~tttttttttt~tttt1 

FIt~L FRACTInh" WT~.: 

IiA~nLINE (C5+C11)~ 77.3& 
~ I E,~EL (Cc~tC25) : LILt. 2(~ 

~tttttttttttttittttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt t t t t t t t t t t t t t t t l  

~- ELEf~NTAL RECnVFRV : (.~ARRON : qcl.q]. 
H Y DR{')GE N : C)~. I,R 
L)XVGEN : IIX~.5~ 

tt~tlttttt ttttttttttttttttttttttttttttttttttttitittttttttttttt ttttttttttttttttttttttttttttttttt 

8~ 



HYpROCARBDN 

,ABL~ 4~ 

PRODUCT DISTRIBUTION 

RUN NO. ~R523+41~9 

SAMPLE NO. 19 

CARBL~J NO. 

1 

2 

) 

4 

5 

6 

7 

R 
Q 

I:? 

11 

12 

t~ 

14 

~5 

17 

i c 

2{. 

21 

22 

N fALKANE$ 
WT % MOLE 

15.04 55.18 

3.06 5.98 

2.04 2.72 

2.02 2.05 

2.33 1,90 

4.22 2,88 

2.17 1.28 

2.{.)2 1,04 

2.53 1,16 

2.60 1.07 

2.18 0,82 

2.10 O,73 

2.11 O.b7 

2.34 U.69 

2.31 0.64 

2.29 o.5q 

2.22 0.54 

1.99 0.46 

1.96 t).~3 

1.97 0.41 

1.93 U.3M 

l.M3 0.35 

IfALKENE BRANCHED 
WT % MOLE % WT % 

0.00 0.00 0,00 

0.23 0.48 0.00 

3.78 5.28 0.00 

2.88 3.02 0.05 

2.71 2.27 0.17 

0.18 U.12 O.DO 

0,74 0.44 0.22 

O. 76 0,40 0.47 

0,93 0.43 0.6~ 

0.79 0.33 0.56 

0,59 0.22 0.55 

0.49 0.17 0.54 

{).31 0.10 U.61 

U.OI U.0U U.62 

0.04 0.01 0.58 

0.07 t).02 0.49 

O.n7 0.02 0.41 

0.06 t).Ul 0.32 

0.(}0 0.00 13.II 

[}.OU 0.00 O.Ob 

[,.00 0.(]0 O.tJ7 

0,00 tJ.{~J U.07 

ISOMERS 
MOLE 7, 

0,00 

O.O0 

0.00 

0.05 

0.14 

0.~ 

U.13 

0.24 

U.29 

U.Z3 

0.21 

0.19 

0.2O 

U.I~ 

0.16 

0.13 

0.10 

O.O7 

I).U2 

U.OI 

O.Ul 

U.Ol 

~4 



HYDROCAR~UN 

TABLE 42 (continued) 

PI~J~(~T uls.trIButluN 

RUN NO. 8523t41t9 

SAMPLE NU. 19 

CARBUN NO. 

23 

2~ 

25 

26 

27 

28 

2Q 

3O 

31 

32 

3~ 

3~ 

35 

36 

37 

3a 

39 

4O 

NtALKANES 
WT ~ MOLE 

1.70 0.51 

1.55 0.27 

1.45 0.24 

1.27 U.20 

1.26 0.19 

0.96 0.14 

0.82 0.12 

0.77 0.11 

O. 77 0.10 

0 .~  U.08 

O.bl 0.08 

0.59 U.O/ 

0.64 ().Og 

0.57 b.Ol 

(}.45 U.05 

t:.37 0.04 

0.3~ 0.04 

0.24 0.(/2 

1 tALKENE BRAFICHED ISOMERS 
~T ~ MOLE ~ WT ~ P~:)LE ~[ 

0.00 0.00 0.08 O.Ol 

0.00 0.00 O.07 0.01 

0.00 O.OO 0.06 U.OI 

0.00 0.00 0.05 U.OI 

O.O0 0.00 0.00 O.OO 

0.00 0.00 O.O7 0.01 

().~ O.O0 0.05 O.Ol 

[).00 0.00 0.07 U.OI 

b.O0 O.~ 0.06 0.01 

0.00 U.O() 0.04 ().01 

U.~ O.O0 0.03 O.O0 

t).OU O.O0 b.()5 O.Ol 

(~.OO O.OO O.O0 ().(WJ 

0.0(; O.OO O.O~ u.[~ 

O.O0 O.O0 C). b~9 U.UO 

U,iX) IJ.O0 U,UO U.0U 

().00 U.(X3 O.(X) O.OO 

U.O0 u.()O U.UO U.~ 



I ABI.e 4,J 

MASS BALANCE 
PROCESS CONDITIONS AN~ PRO~JCT SIIt~ARY 

~tttttttt~tttttttt~ttttttttt~ttttttttt~tttttttt~ttttttttttttttttt~tttttttttt~ttttt~tt~tttttttt 

CATALYST : 
SAM~.E NO: 

Co2(CO)RIZR(OPR)4/AL20) 
R52)tqltgt22 

REACTOR LOADING, MI.S : 450.0 T,  C : 260.9 FEED RATIO, 
CATAI.Y~T LOADING, WT[~ 15.1 P, RsIG : 305 CU/H2: 2.D3 
TIME ON STREAM, HRS : 166.5 SV, L/G/HR: 1.03 

•ttt•tttt*ttttttttttttttttttttttttttt•ttttttttttttt•ttt••ttttttttttttttttttttttttttttttttttttttt 

USAGE RATIO, C01H2 : 0.53 BULK A~T]VITY, 
%OVERALL CONy-, CO+H2: 2R.g7 MOL SYNBAS/KG CAT/MR: 13.304 
%C0 CONV. ~ 14.94 SPe:~FIC ACTIVITY, 
~H2 CONV. ~ 57.41 MOL C0/F~L METAL/MIN: 0.036 

•ttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttttttttttttttttt•tt 

WEI(;MT "~ PROI~CT DISTRIBt:TION: 

HYDROCARBONS: 6.19 H2U: 7.51 
~XYGENATES : 0.oq C0 : ~3.05 
C02 ~ 1.70 H2 : 1.46 

.ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

HYDROCARBON SELECTIVITY, WT~: 

[ i  . 13.30 CLItENE : 3.31 
C2tANE : 2.53 C5tC11 : 25.~2 
[2tENE : {1.56 C12~C18; 22.11 
C3tANE ' 1.05 C19tC23: 11.71 
C3tE~JE. ~ 4.54 C24~34 : 11.69 
[4 I,SO+ANE: 1.09 C35+ . 2.29 

~ttttttttitttttttttttttttttttfttttttttttt~ttttt~tttttttttttttttttttt~tttttttttttttttttttttttttt 

FIJEL FRACTIONS, WT%: 

F~SnLIN~ (C5tCII): 25.~2 
~IESEt (C9+C25) : 47.06 

~ttttttttttttttttttttttttt~ttt~tt~t~tttttttt~tttttttttt~tttttttttt~tttttttt~tttttt~tttttttttt 

~LEM~NTAL RECOVERY: CARBON : 9R.63 
HYnROGEN; 96.88 
OXYGEN : qg.~0 

tttttt~ttttttttttt~ttttt~tttttt~tttttt~tttttttttttttttt~t~ttttttttttttttttttttt~tt~ttttttttttti 

BE 



TABLE 44 

HYDRL~ARBON PRODUCT DISTRIHIITIUN 

RUN NU. M523t41t9 

SA~PL~ .J. 22 

CARBOtl NO. 

l 

2 

3 

4 

5 

6 

7 

R 
Q 

1c 

11 

12 

15 

17 

2c 

21 

22 

N #ALKANE S 1 tAL KE NE BRANCHED 
WT ~ MOLE Z WT ~ P~H.E ~ WT 

13.50 52.67 0.00 0.00 0.00 

?.:1; 5.34 0.5~ 1.2b U.O0 

1.05 1.52 4.54 b.85 O. 

1.09 1-19 ~.31 3.24 0.~ 

1-35 1.19 3.07 2.7R 0.~ 

q-47 3.29 0.22 0.17 0.00 

2.00 1.27 1.32 O.B5 0.23 

1.75 0.97 I . ~  0.60 0.];9 

l.b5 O.gl 1.21 U.61 0.52 

1.69 0.75 I . I0 0.50 0.73 

1.56 O.b3 0.7~ 0.30 0.70 

1.62 (}.60 1.71 0,27 0.51 

1.71 u.5q U.5X ().20 U.b 

1.90 (1.61 ll.UO 0.13 0.6t 

2.40 0.12 0.00 U.O0 O./b 

2.5(4 0.71 U.¢W] (). 0(] O. IR 

2.73 0.72 U.(Kl U.OU 0.75 

2.75 0.69 0.00 U.O0 O.6R 

2.59 O.bl 0.00 (}.OU 0.37 

2.!;3 0.52 O.OU .00 O.Ib 

2.10 0.45 U.O0 0.00 [).12 

2-01 f).41 0.00 0.00 U.09 

[ SORERS 
~.E 

U.L)O 

U.UL) 

U,O0 

0.00 

0.07 

U.(XJ 

0.15 

O.22 

q}.2b 

0.32 

0.29 

~!.2! 

U.22 

0.23 

O.22 

O. 2U 

0.17 

0.09 

O.04 

[).O3 

0.02 

87 



HYDROCARB{~ 

TABLE 4a (Continued) 

PRODUCT DISTRIBUTION 

RUN ~J. 8523t41~9 

SAMPLE NO. 22 

CARBON NU. 

23 

24 

25 

25 

27 

2R 

29 

30 

31 

32 

33 

3~ 

35 

3h 

37 

3x 

3Q 

~0 

NtALKANES 
WT % MOLE % 

1.84 O. 36 

l.b6 O, 31 

1.54 0.28 

1.34 0.23 

1.18 O.20 

1.02 0.16 

I}.86 O. 13 

0.~1 U.12 

0.77 0.11 

0.75 D.11 

0.58 0.08 

U.56 ().07 

0.59 O.I)P, 

0.52 U.[)6 

0.40 0.05 

0.31 0.04 

U.2~ 0.03 

O. 20 O. 02 

ltALKENE BRANCHED ISOMERS 
WT ~ MOLE ~ WT Z MOLE 

{},00 U.0U 0.09 0.02 

[).00 U.O0 0.08 0.02 

0.00 U.UO 0.07 0.01 

0.00 (J.O0 0,06 U.Ol 

0.00 0.00 0.05 O.Ol 

U.(J() O.(D 0.08 0.01 

().00 0.00 0.06 O.UI 

0,00 0,00 0.07 U.Ol 

U.(X) 0.00 O.Ob U.Ol 

C).(~ 0.00 0.00 U.00 

0.00 0.00 0.03 U.O(} 

[l.UO O.O0 0.0(4 [).01 

U.U(] 0.00 U. O0 O. iX} 

().00 0.00 U.OU U.DD 

O.(X) U. O0 O. O0 U. O0 

0.00 [}.(}0 0.00 U.O(} 

O. (X) U. O0 O, O0 O. O0 

U.O0 [).00 04)0 O.UO 

?8 



TA_IILE 45 

MASS 1~4U.ANCE 
PROCES~ CONnlTIONS AND PRO~JCT SUMMARY 

t•ttttttttttttttttttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttttt. 

E&T~LYST ' 
;AMrLE No: 

Co~(CO)R/ZA(()P~)4/AL~)3 
8523t41t9t25 

REACTOR LOADING, MLfi : 450.0 T, C : 261.7 FEED RATIO, 
CATA4.YST LOADING, WT%: 15.I P, PSIG : ~J7 CO/H2: 2.L~ 
TIME ON STREAM, ~S : IB9-5 SV, L/C~NR: 2.0~ 

t1'tttttttttttttttttttttttttttttttt~ttttttttttttt'ttttttttttttttttttttttttttttttttttttttttttttt~ 

U~AGE RATIO, CO/H2 , O.5R BuLK ACTIVITY, 
XOvE~kC CONy., CD~H2: 21.41 ~ SYNC~S/NG CAT/HR! 19.8R4 
~ 0  CONy. : 11.75 S~clFIc  ,'V:TlVlTY, 
~H2 Co.v. : ~).70 YOL CO/t~OL RETAL/MIN: 0,05~ 

tttttttttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt.tttttttttttttt1 

WEI(;HT ~ PRODIICT DISTRIBtITION: 

HYDROCARBONB: ~.(!l H2U: S.~9 
OXYGENATES : 0.(~6 CO : ~7.$8 
CU2 : N.76 M2 : 2.10 

tt~tttttttttt~ttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttt|tttttttttttttttt~ 

~YDR~CARBON SELECTIVITY~ WT~: 

CI : 16.17 C4tEtlE ', 3-85 
C2tANE ' 2.R4 C5tCII . 24.95 
Z2tENE '. 0.76 C12tC18: 22.46 
C3tANE : 1.14 CIQtC23: l l.1O 
C3tENE : S.28 C2L~t~4 : 8.58 
Cq ISO÷ANE '. 1.23 C35* : 1.64 

ttttttttttt~tttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttt~ttttttttttt~t~tttt~ 

FIJEL FRACTIC)~L~, WT~: 

GASOLINE (C5~CII): 24.~5 
DIE~EL (cqtc25) : 45.5~ 

ttttttttttttt~tttttttttttttttttt~tttt~tttttttt~tttttttttttttttttttttttttttttttttttttttttttttttt~ 

ELEMENTAL RECnvERY' [ARGON : % . ~  
HYDROGEN : 95.~ 
OXYGEN '. 97.87 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt• 



)ABLL 4b 

HYI)ROCARBUN PRUI)UCT ,DI S.IR IBUT ION 

RUN NO. 8523t4139 

SAMFLE l~U. 25 

CARBON NU. 

I 

2 

3 

4 

5 

6 

7 

8 

Q 

11 

12 

13 

14 

15 

15 

17 

18 

lq 

2O 

21 

22 

N tALKANES 1 tALK ENE 
WT ~ MOLE ~ WT ~ MOLE 

lb. 17 5b.33 O.OO U.OO 

2.84 5.27 0.76 I. 51 

l . l q  1.44 5.28 7.01 

1.23 1.18 3.g5 3.84 

1.54 1.19 3.73 2.97 

14.56 2.95 O. 21 O. 14 

1.49 O. 83 1.35 O. 77 

1.25 0.61 0.93 0.46 .B 

i. 32 0.58 i. U7 O. 48 

i. 59 O. 62 I. 20 0.48 

1.73 0.62 0.97 0.35 

I. 75 O. 58 0.88 U.29 

1.76 u.53 U.72 ().22 

I.~0 ~.51 ().53 o.15 

2.25 u.59 0.00 0.00 

2.31 t).57 U.O0 0.00 

2.51 0.59 0.00 O.LE} 

2.73 0.60 0.00 U.UO 

2.6g 0.56 O.O0 O.(JO 

2.22 O. q4 O. O0 O. O0 

1.75 0.33 0.00 0.00 

1.49 0.27 0.00 0.00 

BRANCHED 
WT 

U.~ 

U.00 

0.00 

0.00 

0.00 

0,00 

O.Ib 

0.2o 

0.31 

0.57 

U.78 

0..:5 

o.bZ 

u, 69 

{'. 73 

o. ~0 

O.£7 

0.95 

0.~i 

0.46 

0.18 

0.ii 

I SOrtERS 
I~LE % 

O.OO 

0.00 

U.O0 

(J.O0 

O.L~} 

0.0(J 

U.09 

0.I0 

0.14 

U. 22 

0.28 

U. 18 

t}.19 

(].19 

t).19 

().20 

(J.2() 

0.21 

0.17 

0.09 

0.03 

O.O2 

90 



H YD~CARJ~UN 

TABLE 46 (Continued) 

PROUIICT DJSTRIBUTIUN 

RUN NL. ;R523t41tQ 

SAMPLE. laU. 25 

CARBUf, NU. 

23 

2~ 

25 

26 

27 

21R 

2_c 

3L 

31 

32 

33 

3" 

~5 

3~ 

37 

3F 

3~ 

40 

NfALKANES 

1.32 0.23 

1.23 0.20 

1.12 0.18 

0.gq 0.15 

0.86 0.13 

U.75 0.11 

0.63 0.09 

0.58 U.O~ 

0.56 {).07 

().~7 O.(W~ 

0.46 0.lYe 

U. 45 o. 05 

u.43 u.05 

u.37 c).O~ 

0.2~ 0.03 

U.22 0.02 

I).lq O.U7 

U. 14 O. 01 

I|AL.KENE BRANCHED ]SOMER$ 
~T ,~ MOLE ~ WT ~ ~(X.E 

O.OC ().~ 0.09 0.02 

U.0C 0.00 O.07 0.01 

0.00 0.~ 0.06 O.Ol 

0.00 U.~ 0.05 0.01 

u.o0 U.O0 U.O~ O.O1 

o.(~ O.O0 U.~ O.Ol 

L).O0 u.~ u.05 0.01 

(~.0() 0.00 u.05 U.Ul 

U.(WJ 0 .~  U.04 {).01 

(}.(~ o.O~ U.02 0.00 

U.LK) U .OqJ 0.()2 U.UO 

U.O(, (~.L~ 0.02 I).0(: 

q~.Ou 0.00 U.~ U.LWJ 

U.(w) ().00 (l.l)O t!.(N~ 

O.O0 U,O0 0.00 U.UU 

(1.~] {). F)(J U.O0 (1.(~ 

().!X) U.OU O.UO O.UU 

O.C)O 0.00 0.00 O.(WJ 

91 



I ABL~- 4t 

MASS BALANCE 
PROCESS CnNDITIONS AND PROnUCT ~tI~RY 

t~tt~tttt~ttttttt~ttttttt~*~ttttttttttttttttttttttttttttttttt~ttttttttttttt~ttttttt~ttttttttt 

CATALYST = C02(CO)81ZR({)PR)q/AL2(J3 
SaMPL~ t lo :  R 5 2 3 t 4 1 t q t 2 7  

REACTOR LOADING, ML.~ : 450.0 T, C ~ 259.6 FEED RATIq, 
CATALYST LOADING, WT%: 15.1 P, psI~ : 310 C0/H~ 1.50 
TIME ON STREAH, HRS ! 262.R SV, L / G / H R :  2.10 

tttttttt~tttttttttttt~ttttttttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttttttttttttt 

USAGE .PATIO, CDIH2 ~ 0.61 BULK ACTIVITY, 
%OVERALL CONV., CU+H2= 25.61 MOL SYNC~S/~G CAT/HR: 24.021 
XCO Co'w- ~ 16.12 SPECIFIC ACTIVITY, 
IH2 CO~V. = 39.84 r~L CO/MOL M~TAL/MINI 0.072 

.t•ttttt•ttttttt••tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt••ttttttttttt• 

WEIC~.IT % PRODUCT DISTRIBUTION: 

HYDROCARBONS= 5.11 H20~ 6.~0 
{IXYGENATES = 0.Oh CO ~ 84.39 
Z02 : 0.75 H2 : 2.R8 

ttt~tttttttttttttttttttttttttfttttfttttttttttttt~tttttttttttttttttttttttttttttttttttttttttttt~ 

HYPPOCARBON SELFCTIVlTY~ WT~ 

C1 , 18.~7 C4tENE : 3-99 
[2tANE : 3.32 C5tCII : 24.70 
C2tENE = 0.57 C12tC18. 18.83 
C3tANE : 1.60 C19tC23" 10.56 
C3tErlE , : 5.36 C24t34 : 9.10 
C4 ISO*ANE; 1,82 C35÷ . 1.67 

~tttttttttttttttttt*t~tf6~,~ttttttt*ttttttttttttttt~tt~t~tttttttttfttttftttttttt~ttttt~tttttt 

FUEL FRACTION% WTX; 

GASOLINE (C5tCll): 24-70 
DIESEL (cqtc25) : 40.94 

.tttttttttt~ttttttttttttttt~tttttttttttttttttttttttttttt~ttttttt~tttttttttttttttt~tttttttt~ttttt 

ELE'~ENTAL RECOVERYr CARBON : 94.24 
HYDROGEN: 94.34 
]XYGEN = 95.39 

' t t t t t t t t t t t t t t t t t t  :ttltttt*trttttftttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

92 



HYpROCAR~I mOtJucI 

TABLE 48 

DISTHI~UTI~ 

RUN ~c. 8523,41t9 

SAMPLE NLI. 27 

CARBOPI NO. 

i 

2 

5 

4 

5 

6 

7 

8 

I0 

11 

12 

13 

14 

15 

17 

2C 

21 

22 

NIALKANES 
WT ~ MOLE Z 

IR.47 5~.99 

5.$2 5.65 

1.60 1.86 

1.75 1.5~ 

2.].3 1.51 

4.ql 2.62 

I .  73 [}. FI9 

1.38 0.62 

I. 60 O. 64 

1.71+ ().63 

I. 7g 0.5~ 

1.78 0.54 

1.77 0.4~ 

1.7~R U.46 

1.99 0.4~ 

1.92 O.43 

l.gg t>.42 

2.0i 0.40 

2.15 0.41 

2.2O 0.40 

1.87 0.32 

1.58 0.26 

ltALKENE 

0.00 t).0O 

0.57 l.tJg 

5.36 b.52 

3.99 3.64 

3.73 2.72 

0.18 0.II  

I . ~  0.52 

O.72 0.33 

O.R3 U.34 

O. q~ I;. 3~ 

0.77 0.25 

O.F,c 0.21 

U.52 ,b. J5 

U. 35 L}. 09 

U.OC u.O~1 

O.tXt U.OU 

U. O0 O. O0 

0.00 0.00 

o.00 0.00 

0.0<3 0.00 

U.O0 0.00 

O.~ U.UU 

~iP.ANCHED 
WT 

0 . ~  

0 .~  

0.00 

0.07 

0.14 

0.00 

0.14 

0.18 

U.29 

U.35 

0.66 

I).~8 

u.5~ 

O.bO 

0.62 

U.b5 

0.55 

0.60 

0.52 

U .4~. 

0.19 

0.13 

iSOMERS 
MOLE 

0.00 

0.00 

0.00 

0.06 

O.IO 

0.00 

0.07 

U.08 

0.12 

U.13 

U.22 

U.l~ 

U.15 

0.15 

0.15 

U.15 

(}.12 

0.12 

0.i0 

0.07 

0.03 

0.02 

93 



HYDROCARBON 

TABLE 48 (Continued) 

PRODUCT DISTRIBUTIUN 

RUN ~ .  8523tqlt9 

SAMPL£ NO. 27 

CARBCh NO. 

23 

22 

25 

26 

27 

2F 

2. ~ 

3C 

31 

3Z 

33 

3~ 

35 

H~ 

37 

3~ 

4C 

NtALKANE$ 
WT % I%LE % 

i.q0 0.22 

I .  26 O. i ° 

1.15 0.17 

1.02 0.14 

0.91 0.12 

0.79 0. I0 

0.68 0.O9 

0.63 0.08 

0.58 0.07 

0.50 0.06 

0.50 O.05 

0.49 0.05 

O. 46 u. 05 

o. 39 O. 04 

O. 30 U. 03 

0.23 0.02 

0.17 0.02 

0.1i 0.01 

ItALKENE BRANCHED 
WT % MOLE • WT % 

O. O0 O. O0 U. ! i 

0.00 U.O0 0.I0 

0.00 0,00 0.09 

0.00 0.00 0.07 

0.00 0.00 0.05 

0.00 0.00 0.06 

0.00 0.00 0.05 

u.O0 0.0U 0.05 

0.00 0.00 O.Oq 

0.00 U.O0 0.03 

0.00 0.00 0.02 

0.00 0.00 0.02 

(). OU O. 00 U. 00 

O.OL) U.OO U.OU 

0. O0 U. 0(] U. O0 

0.U0 0.(]U (].GO 

O. O0 (). O0 [). O0 

0.130 0.00 0.00 

I SOMER$ 
MOLE 

0.02 

U. ]2 

0.01 

0.01 

0.01 

U.01 

0.01 

0.of 

u.00 

0.00 

0.0o 

0.00 

0.00 

0.00 

0.00 

O. O0 

0.00 

0.oo 

9~. 



TA~.E 4g 

MASS BALANCE 
~ROCESS CONnlTIONS AND ~RO~ICT SU/'IMARY 

ttttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttt 

CATALYST ! Co2(CO)R/ZR(OPR)~/AL203 
SAMPLE NO: 8523+41tgt30 

REACTO# LOADING, MLS ~ ~50.0 T, C : 262.3 FEED RATIO, 
CAT~.YST LOADING, WT%: 15.1 P, PS~n : 31D C0/H2: 1.03 
TIME ON STREAM, HRS : 2~6.7 SV, L/G/HRI 2.10 

.tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt*ttttttttttttttttttttttt 

USAGE RATIO, C0/H2 : 0.50 J~ULK ACTIVITY, 
IX)vE~.L CoNy., CD+H2: 33.97 mL SYNGAS/KG CAT/HR: 31-R67 
%CO CoNy. ~ 22.~2 SPECIFIC ACTIVITY, 
IH2 CoNy.  , 45.90 MOL CO/MOL METAL/MIN: 0.(.~5 

~t~ttttt~t~t~ttttt~ttt~ttttt"ttt~ttt~tttt~ttt~ttt~ttt~"tttttttttttttt"t~tttt 

WEIC~T ~ PRO~ICT DISTRIBUTIOn: 

HYI~.ARBONS: g.17 H20, II.7~ 
OXYGENATES ! 0.16 CU : 74.02 
C02 : 1.3~ H2 : 3.57 

:~ttttttttt~tttttttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttttttttttttttttttttt~tt1 

HYDI~ARBON SELECTIVITY, wT[: 

Cl ~ 22.55 CqtENE : 3.65 
C2tA~E : 4.13 C5tClJ ~ 27.13 
C2tENE ~ [).31 C12tCI~ 15.26 
C3tANE ~ 2.7~ C19tC23: 8 . ~  

c 3 , , .  , g: t C4 ISO÷ANE: 2.R3 
:tttttttt~tttttttttttttttttttt~ttttt~tttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ 

FUEL FRACTIONS, WT~ 

GASeLINE (C5tC11): 27.13 
DIE~EL (C9~C25) : 35.~6 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttttttt 

~, ELErIENTAL RECOVERY: F.ARBON . 97.12 
HYDRO~,EN' c]~. 70 
{JXYGEN ' 9~.63 

~t~ttttttttttttttttt~tttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttttt~ 

c r  



HYDRUCAR~ON PRUDUCT 

mABL~ ~U 

DI STR [ BUT ION 

RUN NC,. 8523tqlt9 

SAi4P'~_ NO. 30 

CARBUt~ NO- 

I 

2 

3 

4 

5 

6 

7 

8 
Q 

In 

11 

12 

13 

I ,  

15 

16 

17 

18 

19 

2{} 

21 

22 

N~'ALKANES i tALKENE BRANCHED 
WT % MOLE % WT % MOLE % WT % 

22-55 62.65 0-00 0.00 0 .(.,v,J 

4-13 6.13 O.31 0.50 0.O0 

2-74 2.77 4-82 5.10 0.O0 

2.76 2.11 3.65 2.90 0.07 

3.12 i .  92 3.48 2.21 0.24 

4.56 2.36 0-18 0.i0 0.00 

2.25 I.(X) 0.69 0.31 0.17 

1.71 0.67 0.64 0.25 0.33 

2.02 O. 72 0.74 O. 26 O. 55 

2.29 0.72 0.72 0.23 U.42 

1.89 O. 54 O. 53 0.15 0.50 

i. 78 0.47 U. 44 U. 12 0.47 

1.70 0.41 (J.29 0.07 0.49 

1.83 0.~i 0.00 0.00 0.49 

1.68 (.}.35 0.00 U.OO 0.42 

1.55 0.31 0.0(] U.O0 0.43 

1.46 0.27 0.00 U.O0 0.38 

I.~4 0.25 0.00 0.00 0.35 

1.55 0.26 0.O0 0.00 0.27 

i.~0 0.28 0.00 0.00 0.23 

1.65 0.25 0.OO 0.00 0.19 

1.36 0.19 0.00 0.00 0.13 

I $O~ RB 
MOLE % 

0.~  

U.O0 

0.05 

0.15 

0.00 

O.08 

0.13 

0.~9 

0.15 

O.14 

O.12 

O. 12 

O.11 

O. i0 

0.09 

0.07 

0.06 

0.04 

U.04 

0.03 

0.02 

.oC 



TABLE 50 (Continued) 

HYUI:tXIARBC;'I PROUIJCT DISTRIBUIIUN 

RUN r£;. 8523t41t9 

SAMPLE ~I0. 30 

CARBU~I NO. 

23 

24 

25 

26 

27 

2R 

2~ 

30 

31 

32 

33 

34 

35 

37 

~R 

39 

40 

NtALKANE'; 
WT % MO,.E )~ 

1.18 O. 16 

1.05 O. 14 

O. 94 O. 12 

0.83 0.I0 

0.71 O.08 

0.62 U.07 

0.53 O.O6 

0.47 0.05 

0.4~ 0.O4 

0.42 U.O4 

O. 40 U. 04 

O. 35 t). 03 

0.29 O.O3 

O.22 O.02 

U. 16 0.01 

O. I0 0.01 

U.08 0.01 

0.05 O.OO 

ltALK:.NE BRANCHED ISOMERS 
WT ~ HOLE ~ WT ~ MOLE 

0.00 U.O0 0.11 0.01 

O.O0 U.OO 0.09 0.01 

0.~ 0.00 0.08 0.01 

0.00 0.00 0.06 O.Ol 

0.00 U.O0 U-05 O.Ol 

O.(W] C).O0 0.06 O.Ol 

0.00 U.[X) 0-03 U.OG 

0.00 0.00 0.03 U.O0 

0.00 U.O0 0-0! 0.01~ 

O.O0 0.00 0-01 9.iN) 

U.O0 U.O0 0.0(3 U.OO 

O.OO O.O0 0.00 O.O0 

U.O0 0.00 U.OC, U.t,N) 

O.CXI 0.00 [;.00 O.CW, 

U.O0 0.00 O.(YO ().00 

0.00 O.O,') O.O0 (I.00 

{l.(WJ 0 . ~  U.O0 O.(X) 

O.O0 0.0~ O.O0 0.00 

o.7 



IABL~ ~1 

MASS BALANCE 
PROCESS CONDITIONS AND PRODUCT SIIMHARY 

~tttttt~tttt~t~tttttttttttttt+~ttttttttt~ttttt~ttttt~tttt~ttttttt~÷tttttttttttt+ttttttttt~ttt 

CATALYST : Co2(CD)R/ZR(0PR)41AL203 
SAMPLe NO: R523+~Ieg+33 

REACTOR LOAOING, MI.S : ~50.0 T, C : 261.6 FEED RATIO, 
CATALYST LOADING, WT%= 15.5 ~ PSlS : 302 C0/H2: 0.50 
TIME ON STREAM~ HR~ ! 309.6 ~ ,  L/G/HR! 2.0~ 

•tttttt•ttttt•ttttttt••ttttttttttttttttttttttttttttttt•tt•ttttt••tttt•tttttttttt•tttttttttttttt 

USAGE RATIO, CO/H2 = 0.q2 BULK ACTIVITY, 
~VERALL CONy., C~+H2w 56.10 MOL SYNGAS/KG CAT/MR: 52.111 
7J:0 Co, Iv. : 50.(7o SPECIFIC ACTIVITY, 
%H2 CONy. ~ 59.13 r~L C0/MOL METAL/MIN: 0.12] 

ttt+tt~ttt~ttttttt~ttttttt~ttttttttttttttttttttt÷t*ttt~tttt*tttttttttt*tttt~tttttt÷tt+tttt~tt 

WEISHT ~ PRO~ICT 01STRIBIITION: 

HYDROCARBONS~ 20.80 H20: 25.48 
0XY~ENATES : 0.65 CO : 45.0~ 
C02 : 2.72 H2 : 5.26 

•tttttttttt••t•tt••tttt+t•tttt•tttttttt•t•tt•tt•tttttt•tt•••tttt•••ttt••tt•tt••t••tt•tt•t•t••••t 

HYD~POEARBO~I SELECTIVITY, WTX: 

[ i  : 27.26 C4tENE ' 2.69 
C2tANE ,' ~.88 C5tCII .. 28.66 
C2tENE ' 0.12 C12tC18, 12.61 
C3t~iE : 5.26 C19tC23: 5.13 
C3tEr~E ' 2-95 C24t3h : 4.85 
C4 ISO+ANE : 4.7~ C35+ : 0.82 

~ttttfttttitttttfttf~ttt~tt~Htf~tttftftt1~tt~tttt~ttf~ttttttttt~tf+ttttttt~t~tftt1tttttttfft 

I~LIEL FI~ACTIONS, WT~' 

GASOLINE (C5tCI1): 28.66 
I)~EBEL (C9tC25) : 29.61 

~tttttttttt~tttttttttttttttt+tttttttttttttttttttttt~tttttttttttttt~tttttttttttttttt~tttttttttttt 

% ELEt~ENTAL RECOVERYt CARBON : %.54 
HYDROGEN: 93.23 
OXYGEN : 95-19 

ttttttttttttttt~tttttt~t~tttttt~ttttttttttttttttttttttt~tt~ttttttttttttttttttttttttttt~ttttttt 

o? 



TABLE 52 

HYUROCARBON. PRODUCT D I Sl ~ !BUT 10N 

RUN t£. 8523tqlt9 

SAMPL~ NO. 33 

CARBON NO. 

i 

2 

3 

5 

c 

iC 

11 

13 

i .  

15 

16 

i? 

18 

2O 

21 

22 

N tALKANES ] #ALl(. ENE 
WT ~, MOLE X WT % MOLE % 

27.26 6b.18 0.00 0.00 

u,. 88 b. 32 0.12 0.16 

5.26 4.65 2.95 2.73 

4.68 3.14 2.69 1.86 

4. ]3 2.55 2.13 i. 18 

4.43 2.00 U.20 0.09 

2.93 1.14 0.29 0.12 

2.29 0.78 0.42 o. ]4 

2.94 0.89 0.43 U.l~ 

Z. 78 u. 76 0.29 u.08 

2.10 0.52 U.15 u.Q4 

I .%  0.45 u.OU u.O() 

1.75 ().37 {).00 U.0O 

I.  b0 (). 31 U.01 0.(}0 

1.47 o.27 {}.01 0.(}0 

1.3~ U.23 ().00 u.(J() 

1.21 0.20 O.OU ().0q, 

i. i0 U. 17 0.O) O.OC 

1.03 0.15 O.O0 U.O0 

1.01 0.14 0.00 O.O0 

0.95 0.12 0.00 O.OO 

0.g6 0 . i i  0.00 U.OO 

BRANCHED 
WT % 

U-00 

0.00 

O.O0 

0.i0 

0.~ 

0.~ 

0.~ 

U.47 

0.74 

U.57 

0.44 

U.4U 

0.36 

0.33 

0.30 

0.28 

0.25 

0.23 

0.18 

0.11 

0.09 

0.08 

J SOP1E RS 
PtOUE 

(J.O0 

0.00 

U.O0 

0.07 

u.18 

0.00 

0.00 

O. lb 

u.23 

U.lb 

U.11 

U.09 

U. (k~; 

U.Ob 

U.Ob 

L).U5 

U.04 

().04 

0.03 

().01 

0.01 

0.01 



IABLE,52, (Continued) 

HYDROCAHBUN PRt)UUCT DISTR ! BUTION 

RUN N~. ~523t41+9 

SAMPLE Nil. 33 

CARBON NU. 

23 

24 

25 

26 

27 

28 

2~ 

30 

31 

52 

33 

3~ 

55 

36 

57 

3R 

3c_ 

40 

NtALKANES 
WT ~ MOLE ~, 

0.77 0.09 

0.69 0.08 

0.62 0.07 

0.55 0.06 

0.48 0.05 

0.42 0.04 

0.37 0.03 

0.33 0.03 

O. 29 6). 03 

O. 26 O. O2 

O.23 O.02 

O.23 0.02 

0.23 0.02 

0.19 0.01 

0.15 0.01 

0.II 0,01 

0.09 U.01 

O. 06 F). O0 

ItALKENE BRANCHED ISOMERS 
WT % MOLE • WT % MOLE % 

O,DO 0.00 0,07 0.01 

0.00 0.00 0-06 0-01 

0.00 O.L~ U.06 0.01 

O.00 0.00 0.05 0.00 

0.00 (}.00 U.04 O.UU 

0.00 0.00 0.06 0.01 

O.00 0.00 0.04 U.OO 

O.OO 0.00 U.03 U.OO 

0.(}0 0.0U U.02 U.® 

0.6)0 0.00 U.02 0.00 

0,00 0.00 0.01 O.00 

0.00 O.O0 0.01 0.00 

().00 O.00 O.00 U.00 

0.00 0.00 0.00 0.00 

t).00 U.O0 0.00 O.00 

0.00 0.00 0.00 U.O0 

0.00 O.O0 0.00 0.00 

0.00 O.O0 0.00 O.OO 

I0C 



bJ 

MA&$ BALANCE 
PROCES~ CONnlT|ONS AND PROm~CT SUt'~RY 

ttttt••t•t•ttttttttt•t•t••t••••tttt•ttttttttttttt•tttttttttttt•tt•ttttt••tttttttttttt••tt•tttt• 

CATALYST ! EO2(CO)~P,/ZR(OPR)4/AL~)3 
SAMPLE No: RS23t41tqt36 

REACTOR LOADING, ~.S : 45(}.0 T, C : 258.6 FEED RATIO, 
CATALYST LOADING, WT%t 15.1 P, psmG : 308 C01H2: 1,03 
Tl~ ON S T ~ ,  HRS t 335.0 SV, L/dHR: 2.1() 

ttttt~t~tttt~ttttttt~t"tttttt~tt~t~t~tt~t~ttt~tttttttttt~ttt~t~ttttttttt~tttttttt 

USAGE RATIO, COAt2 s 0.54 BULK ~W:TIVITY, 
%OvER/U.L CONV., CO÷H2~ 35.71 MOL SYNC~S/KG CAT/NR: 33.499 
%CO CONV. : 2q,79 S~C/FIC ACTIVITY. 
IH2 CONV, ~ ~ ,99  MOL C0/MOL eETAL/MIN: 0,093 

•••tt•••••ttttt•t•t••••t•t*tt•tt•tt•ttt•••t•t•tttttttt•tt•t•tt•••t•t•ttttt••t•••ttttttt•t•t•tt• 

WEIGHT ~ PRODUCT DI.~TRIBUTION' 

HYDROCARBONS: &.q4 H20! 11.63 
OXYGENATES ! 0.20 CO : 75.14 
C02 : 0.92 H2 ~ 3.67 

tt+ttttt~tt+tt~tttttt~tt~+~tt~tttttttt~ttttttt~tttt~ttttttttttt~ttttt~ttttttttttttttttt~ttt 

HYDROCARBON SELECTIVITY, WT~: 

CI : 19.87 CqtENE : 4.044 
C2tANE ~ 3.39 C5tC11 ~ 31.13 
C2tENE : 0.3R C!2 ~IR, 17.#i 
C3tANE ~ 2.25 0!9tC25: 7.55 
C3tENE : 5.16 C2q+3~ : 5.38 
Ch ISO+ANE: 2.64 C35+ : O.RO 

tthttttttt•••tttttttttttt•ttttttt•ttttttttt•tttttttt•tttttttttttt•tt••ttttttttttttt•t•tt•tt•tt 

FUEL F~ACT]OPI,~, WT%: 

GASOLINE (C5J(11): 31.13 
DIESEL (C9+C253 : 36.75 

ttttttttttt~ttt~tttttttttttttttttttttttt~t~ttt~ttt~ttttttttttttt~tttt~tttttttt~tt~tttttttttttt 

ELEMENTAL RECOVERY: CARBOtl : 9 2 . 5 2  
HYDROGEN: q3-2g 
OXYGEN : ~q-~5 

••tttttt•t•tt•••••••t•t•tt•••••t•••ttt•t•t•t•t••••••tt••••ttt•t•t•tft•tttt•tt•tt••tttttt•t••t•• 

ioi 



TABLE 54 

HYDRO(~ARBON PRII~C]' DISTRIBUTION 

RUN flU, 8523tqlt9 

SAMPLE NO. 36 

CARBON NO. 

I 

2 

3 

4 

5 

6 

7 

9 

IC} 

11 

12 

13 

14 

15 

16 

17 

IF~ 

19 

20 

21 

22 

NtALKANES I tALKENE BRANCHEI') 
WT • MOLE % WT • MOLE % WT % 

19.87 59.00 0.00 0,00 0,1.10 

3.39 5.36 O. 38 O. 64 U. O0 

2.25 2.43 5.16 5.84 O. O0 

2.57 2,11 q.04 3.42 0.07 

3,02 1,99 3.91 2,65 U.24 

6.25 3.45 O. 24 O. 14 O. 00 

2.80 1.33 1,10 0.53 0.22 

2.14 0,89 0,84 U.35 0.22 

2.25 O.g4 O.R8 0.33 0.37 

2.47 0.83 0.84 0.28 0.37 

2.04 0.62 ().57 g.18 0.37 

2.01 0.% 0.49 0.14 0.38 

1.97 0.51 0.39 U,IO 0.40 

2.1B ' - '  t,.b,, U.O0 (1.00 0.47 

2.01 0.45 U.OO 0.00 0.48 

1.88 0.3q U.O0 (1.00 0.47 

1.77 O. 35 0.00 0.00 0.45 

1.69 0.32 0.00 U.O0 0.41 

1,b9 0.30 C).O0 U,O0 U,30 

1.65 0,~.8 0.00 C).UO U.27 

1.33 0.21 0.00 U.O0 0.18 

1.04 0.16 0.1.}(_I O.O0 0.Ii 

] SOMERS 
MOLE 

0.00 

0.00 

u.O0 

D.05 

r).lb 

U.(JO 

0.11 

3.09 

0.14 

U.12 

U.11 

t).11 

U.I0 

U. 11 

O. 11 

O. 1CI 

[J. 09 

[).08 

U,05 

U.05 

0.03 

0.132 



h'DRUCARB~ 

TABLE 54 (Co.tinued) 

~liLXICT I)I~TRILIIIII~ 

RUN ~ .  8523t,119 

SAMPLE ~j. 36 

CARBON NO. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

3, 

35 

36 

37 

3~ 

39 

qO 

NtALKANES ltALKENE ~.NCHED 
WT % MOLE % WT ~ MOLE % WT 

0.89 0.13 0.00 0.00 U.O8 

0.79 0.11 0.00 O.O0 U.07 

0.70 0.09 0.00 U.O0 0.06 

0.62 O.OP, 0.00 0.00 0.05 

0.5~ 0.07 ( i .~ 0 ,~  U.05 

0.47 0.(~ O.OO O.O0 0.06 

0.41 tl.lJ5 0.00 U.~ O.Oil 

0.36 9.C)4 ().til) U.O0 U.03 

O. 51 0.03 t].OU 0.00 0.02 

0.27 0.i)3 0.00 0.00 O.Ol 

0.26 0.03 U.~ 0.00 O.Ol 

0.24 0()2 U.OU t}.OU O.Ol 

0.22 0.i]2 Ii.(W) t).O0 U.60 

O.lll 0.02 U.O0 U.~ U.OLi 

0.14 O.UI 0.00 0.00 U.O0 

0. I I  0.01 U.(X) ().00 U.O0 

0.08 O.Ol t),OO (J.O0 0.00 

O.Ob 0.(}1 0.00 U.O0 U.O0 

I SC~ER$ 
MOLE % 

0.01 

0.01 

0.01 

O.Ol 

0.01 

U.OI 

0.00 

D.(XJ 

O.O~ 

0.00 

O,(W] 

O.O(] 

b.OIJ 

U.OC 

O.O0 

U.O0 

LU~ 



IABLE ,5 5 

MASS BALANCE 
PROCESS CONDITIONS ANn PRODUCT SUMMARY 

~*~t~tttt~tt~tft~tt~~t~ttt~ttt~tt~t~tt~t~t~t~tt~t~tf~ft~ 

CATALYST ~ Co(CO)8/ZR/AL203 
SAMPLE NO, ~523t41t9t39 

REACTOR LOA~ING, ML~ , 450.0 T, C 
CATALYST LOAfilNG, WT%, 15.1 P, PsI~ 
TIME ON STREAM, MRS : 35~.3 SV, L/6/HR 

ftttttttttttttttttttttttttttttftttttttttttttttttftttt 

: 2RI.4 FEED RATIO, 
i 310 C0/H2~ 1.00 
, 2.10 
tttttt~tttttttttttttttttttttfttt~ttttttt 

USAGE RATIO, CN/H2 ~ 0.51 ~,LK ACTIVITY, 
%OvER~.L CONY., C0+H2, 50.92 MOL 5YNBAS/KB CAT/HRI ~7.glO 
%CE CONy. , 34.46 SPECIFIC ACTIVITY, 
%H2 CONV. ~ 67.39 MOL C0/f~L METAL/MINI 0.128 

tttttttttttttttttttttttttttttttttttttt~tttttttttttttttttttt~tttttt~ttttttttttttttttttttttt~t1 

WEIGHT ~ PRODUCT DISTRIBUTION~ 

HYDROCARBOHS~ 13.&6 H20, Ib.89 
OXYGENATES i 0.34 CO ~ 63.09 
CN2 ~ 3.78 H2 ~ 2.24 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt*ttt*ttttttttttttt~tttttttttttttttt~ 

HYDROCARBON SELECTIVITY, WT~: 

C1 . 24.71 C4IENE : 3.59 
C2tANE , 4.26 C5tC11 . 31.19 
C2tFNE . q.30 C12tC18' 16.03 
C3tANE ; 2.72 C19tC23: 4.71 
C3fENE , 4.49 C24t34 : 4.4X 
CLi I,~O+ANEt 2.1R7 C35* , 0.67 

tttttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttt1 

F~rEL FPACTIOtlS, WT~ 

GASOLINE (C5tC11)~ 31-Iq 
DIESEL (C9tC25) : 3~.02 

ttttttttttttttttttttttttttttt~tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ 

% ELEMENTAL RECOVERY: CARBON : 95.63 
HYDROGENI 96.20 
OXYGEN ! 9X.06 

ttttttttttttttttttt~ttttttttttttttt~tttt*~***ttttttttttttttttttttttttttttttttttttttttttttttt 



HYpI~CARBON 

TABLE 56 

PRUIk~T PlSTR IUUT fUN 

RUN NC. 8523~41~9 

SAMPLE N0. 39 

CARB~ NO. 

1 

2 

3 

5 

7 

(~ 

IC 

Ii 

12 

13 

14 

15 

17 

l_C 

2C 

21 

22 

N #'ALKANE S I tALK ENE 
WT • r~ZILE % WT ~. P~K.E % 

24.71 64.37 U.O0 U.UO 

4-26 5.92 0.30 0.45 

2.72 2.57 4.49 4.46 

2.82 2.03 3.59 2.67 

3.31 1.92 3.54 2.11 

4.73 2.29 0. ~9 O. lg 

2.39 O. 99 O. 73 O. 31 

2.03 0.74 0.71 0.27 

2.54 0.83 0.82 0.27 

2.19 U.64 0.~ 0.20 

1.99 0.53 0.45 0.12 

I.R4 0.45 0.35 0.09 

1.F~9 0.3~ 0.24 U.Uh 

1.73 U.37 L).OO O.00 

1.59 0.31 ~.00 O.00 

1.45 0.27 U.{~ 0.0U 

1.36 0.24 ().00 U.oO 

1.21 0.20 O.00 U.O0 

0.92 0.14 0.00 0.00 

0.86 0.13 0.00 0.00 

0.88 0.12 O.(XJ 0.00 

().R2 0.11 0.(X} 0.0O 

BRANCHED 
WT % 

0.0C 

0.00 

0.00 

U.05 

0.29 

0.00 

0.47 

0.67 

1.044 

1.03 

1.19 

U.~5 

L'.k0 

0.75 

U.67 

0.61 

0.51 

0.39 

U.18 

0.09 

0.07 

U .Of 

[ SOe'~ERS 
MOLE % 

0 .~  

O.UO 

D.O0 

0.04 

0.17 

U.I)O 

0.19 

0.2q 

0.34 

o.30 

u.32 

C.21 

C.l~ 

U.Ib 

0.13 

0.Ii 

U.U9 

0.06 

0.03 

O.Ul 

0.01 

0.01 

9~m.. 
: U P  



HYDROCARBON 

TABLE 56 (Continuedl 

Pl~tllitiCT D! ST RIBUT ION 

RUPI tL. 8523t4119 

SAMPLE riO. 39 

C~RBON ~ .  

23 

24 

25 

26 

27 

2R 

29 

)0 

31 

32 

)3 

3~ 

55 

37 

3G 

40 

NtALKANE$ 
WT ~ MOLE ~ WT 7, 

0.74 0.09 O.O0 

0.65 0.08 0.00 

U.58 0.07 0.00 

0.50 O.O6 O.(iO 

0.44 0.05 0.00 

0.38 O.O4 0.00 

0.33 0.03 0.00 

0.30 0.03 0.00 

C.26 0.02 0.00 

0.22 0.02 t).O0 

0.21 O.O2 0.00 

O.20 0.02 t~.OD 

O.IC~ 0.02 U.O0 

O. 15 0.01 O. OO 

U. 12 0.()I O.t'X) 

O.n9 0.01 ri.(yj 

U.07 O.Ol O.llO 

0.fi5 0.00 0.00 

ltALKENE 
MOLE % 

0.00 

0.00 

,.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

o.00 

0.00 

(].00 

o.(.JO 

0.00 

0.00 

O.(}lJ 

U.UO 

0.00 

BRANCHED 
WT 

O.07 

0.06 

O.O5 

0.05 

0.04 

0.06 

U.04 

0.03 

0.02 

0.02 

0.01 

O.Ol 

l),130 

u.ou 

0.00 

0.00 

U,O0 

0.00 

ISOMERS 
MOLE % 

o.ol 

O.Ol 

0.01 

U.Ol 

0.00 

0.01 

O.{X.} 

U,OO 

u.O0 

o, uu 

u,~ 

O.OO 

O.O0 

o. oo 

O.OU 

u.(}O 

u.o0 



TABLE 57 

I~ss B~ANCE 
PROCESS COND!TION~ AN~ PRommT SUMeL~Y 

•t•t•tt•••tttfttttt•••t•ttt•t•ttt•tt•tttttttttttttttttttttttttttttttttttt•tt•tttttttt•ttt•! 

CAI'N.Y.~T , CO2 ( C0 )~,J Z R/AL 21~)) 
SAMPU~ ~k~, ~q523t41*gtq2 

REACTOR LOANING, ML,~ ~ ~50.0 T, C : 2RI.6 FEEr} RATIO, 
LOADING, W"%; I_5 ~ P, PSlG , 310 C0/H2:  1.50 CAT 'Y TSTReA ,  m:O SV, = ~  ~ , 2.10 

ttttttttt•ttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttttttttt•tttttttttttttt 

USAnE RATIO, C[)/M2 t 0.53 BULK ACTIVITY, 
~OVERALL CONV., CO÷H2! 37.28 ~L SVN~SlKn CAT/MR= 34.964 
EO CONY. , 21.62 SPECIFIC ACTIVITY, 
~2  CONV. ~ f ~ . 7 R  M~. C0/I'W~. MET$'./MINI 0.0~ 

tt•tttttt•t•t•tt•tttttt•tt••tttt•tt•tttttttttt••ttt•t•t•ttttttttttt••tt••••tt•tttttt•t•tttt 

WEIGHT I PRO~ET DISTRIBHTION~ 

HYDROCAR6ONS! 7.91 H201 10.05 
0XYC~NATKS , 0-21 C0 : 77.58 
C02 ~ 2.~I H2 , I.BS 

t•tttttttttt•ttttttttttt•t•t•ttttt•ttttt•tttttttt••ttttttttttttttftttttttttttt•tttttttttttt 

UYDRDCARBDN SELECTIVITY, WT~ 

CI : 26.D3 CqtENE : q.18 
C2tANE ~ ~ .09  C5~CII : 31.5~ 
C2tENE , D.56 C12tCI~I 14.% 
C3IANE w I-QI C19tC23~ 5-I~ 
C3tENE T 5.55 C24t3q : 3.37 
C~ I~O÷ANE! 2.1R C35* : 0.46 

tt~ttttttttttttttttt~tttttttttttttttttttttttttt~tttttttttttttt~tttttttttttt~ttttttttttt~ttt~ 

F~EL FRACTIONS, WT~m 

GA~r',LINE (C5<111: 31.5q 
DIESEL (C~tC251 : 31.40 

ttttttttt•tttttttttttttttttttttttttttt•ttttttttttttttttt•tttttttttttttttttttttttttttttttttt• 

ELEMENTAL RECOVERY: CARRON I 95.46 
HYnm)c,(N, 93.75 
OXYGEN' 97.41 

I L L I &  I I I m l i i  l a i r  m i l  i i  I L l  I l l  I | I I L L I & I I I I L  I L A & & I  i . & i  i a & l  & i i i l i l l l i l i i l  m i l l  i i l l  l l i i  I i  I l l  I i  I l m i i l m  

1~? 



HYI~3,~ARBUN 

TABLE 5B 

PRUD~ T DI STR I BUT I ON 

RUN NG. 8523tqlt9 

SmFtE NO. 42 

CARBON 

1 

2 

3 

4 

5 

7 

R 

9 

IO 

ii 

12 

13 

14 

15 

1l 

IR 

20 

21 

22 

NO. 
N tALKANE$ 1 fALKENE 

WT • MOLE % WT % MOLE % 

26.03 65-20 0.00 0.00 

q.09 5.47 0.% 0.80 

1.91 1.74 5.55 5.30 

2.13 1.47 4.18 2,99 

2.65 1.47 4,33 2,48 

b-l~ 2.87 0.44 0,21 

2.65 1.06 1.11 0.45 

1.97 0.69 0.87 0.31 

1.81 0.57 0.9B 0.30 

1.81 0.51 0.83 0,24 

1.64 0.42 0.55 0.14 

1.55 0.37 0.45 U.ll 

1.4E 0.32 0.35 o.0~ 

l.b4 u.33 (}.00 (}.U0 

1.48 0.28 0.00 0.00 

1.33 0.24 {}.0C) C).00 

1.23 0.21 O.0D 0,00 

1.23 0.19 O.OO 0.00 

1.24 0.19 0.00 0.00 

1.00 0.14 0.00 0.00 

0.Z4 tJ.lO U.00 0.00 

0.60 O.Ug 0.00 0.00 

BRANCHED ]SOMERS 
WT % MOLE 

0.00 0.00 

0.UO 0.00 

0.~ 0.00 

0.05 0.0~ 

0.24 O. 13 

0.00 0.00 

0.42 O. 17 

0.44 U. 15 

0.72 0.23 

I. {~o U. 30 

U,93 O.24 

0.B9 0.16 

U.b7 8.15 

U.65 0.13 

O.60 U.11 

U. 57 O. i0 

U.54 U.O9 

0.51 0.08 

O.q5 0.07 

0.28 0.04 

U.14 0.02 

0.08 0.01 

ICC 



T.,~LE ~ (Continued) 

HYUR~ARIWJN PROL~F..,T bISTRI~IIUI~ 

RUN NO. BS23tqlt9 

SA,'IPLE NO. 42 

23 

2~ 

2 5  

26 

27 

2~ 

2 Q 

31 

~2 

33 

34 

35 

36 

37 

3~ 

3c 

N tALKANE.'; 1 tALKENE ~RANCMEn ISOMERS 
WT ~ MOLE ~ WT ~ MOLE ~ W'T ~, MOLE 

0.53 0.07 0.00 O.(KJ O.O1 {J.01 

O,Lt] 0.[~ 0.00 0.00 0.06 0.01 

0.42 0.05 0.00 0.00 0.05 D.01 

0.37 0.04 (J.~ 0.00 0.05 0.01 

0.32 0.03 0.00 0.00 O.Oq U.O0 

0.28 0.03 O.bO 0.00 0.05 0.01 

0,25 0.02 0.00 0.00 L),04 U,(JO 

U.22 0.02 0,00 O.UO 0.O} 0.00 

O. 19 0.(12 U.O0 0 , ~  U.02 U.L~) 

0,17 U.01 0.00 0.O0 0.02 0.00 

O. 16 C~,(ll L). F)O O.UO O.Ol 0.0(I 

O,1~ LJ.01 t).CC O.OU 0.01 ().OO 

~.1~ ~.01 O.00 0.00 0.0~ 0.00 

0,11 L).uI O.O0 L).O0 U.O0 0.00 

O.O~R (~,01 0.00 O.O0 0.00 0.00 

(!,06 0.00 ().(XI 0.00 O.(.W) O.UO 

0.04 O.O0 0 . ~  0 . ~  O.b~j 0.00 

0.03 O.OC 0.00 O.OO L).O0 0.00 

J, L'*.~" 



TA~E S9 

MASS BALANCE 
PROCESS CONOITIONB ANn PROBLICT SUMMARY 

ttt~tttt~t~ttt~t~ttt~tttttttttttttttttt~tttttttttttttttttttttfttttttttttttttttttttttttt 

CATALYST I Co2(CO)8/ZR/AL203 
SAMPLE NO~ 8523t41tgt47 

REACTOR I .NG, ~S ~ 450.0 T, C ~ 283.3 FEED RATIO, 
CATALYST L_ J I t lG,  WT%! 15.1 P, PSIG ~ 33B C01H2: 0.50 
TIME ON STREAM, HRS = 47R.8 SV, L/G/HR: 2-0~ 

ttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttttttttttttttttttttt 

USPGE RATIO, C0/H2 t 0.45 BULK ACTIVITY, 
XOVERALL CONV., C0÷H2s 67.25 MOL SYNGAS/KG CAT/HR! 62.458 
%C0 CONy. . 62.0~ SPECIFIC ACTIVITY, 
%H2 CONV. ! 69.84 MOL C0/MOL METAL/MINI 0.~5~ 

tttttttttttttttttttttttttttttt~ttttttttHtttttttttttttttttttttttttttttttttttttttttttttttttttt 

WEIGHT X PROI~JCT DISTRIBUTION: 

HYDROCARBON~I 24.98 H2D~ 30.19 
OXYGENATES t 0.64 CO ~ 33.70 
C02 i 6.68 H2 t 3.82 

tt~ttt~ttt~÷~~t~t~t~tttttttttttt~t~tftt~ttttttttttttttttttttttttttttttttttttt~tttt 

HYDROCARBON SELECTIVITY, WTX= 

Cl ~ 39.36 C4tENE = 3-31 
C2tANE ~ 7.79 C5tCll ~ 21.29 
C2t~NE ~ 0.17 C12tC181 4.70 
C3tANE t 7.58 C19tC23~ 3.77 
C3tENE ~ 3.60 C24t34 : 1.67 
C~ I$O+ANE~ 6-49 C35+ : 0.2B 

tttttt•ttttttttttttttttttttttttttttttttttttttttttt•t•ttttt•ttttttttttttttttttttttttttttttttt! 

FUEL, FRACTIONS, WTS{I 

GASOLINE (C5tCII)~ 21.29 
DIESEL (CqtC25) , 14.89 

tttt•tt•tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•t•t•tt•ftt••ttt•ittt 

ELEMENTAL RECOVERYt CARBON = 96.12 
HYDROGEN= 96.4R 
OXYGEN , 100.82 

•t••••t••t•t•••••••tf••••••••••t•t••••••••t•t•t••••••tf•••••••t•••••••••••••t•••••••t•••f•••• 
1!I'} 



HYDROCAkBON P~UUCT 

TABLE 60 

DISTR l BUT ION 

RUN t~. 8523talt9 

SAMPLE NO. 47 

CARBON NO. 

1 

2 

3 

4 

5 

6 

7 

8 
Q 

lO 

11 

12 

13 

15 

16, 

17 

18 

19 

2O 

21 

22 

N tA;. KANES i tALKENE BRANCHED 
WT Z MOLE % WT % I~OLE % WT % 

39.36 71.77 0.0O 0.00 0.00 

7.79 7.57 0.17 0.18 0.00 

7.58 5.03 3.60 2.50 0.~ 

6.33 3.19 3.31 1.72 0.15 

5.34 2.16 2.1B 0.91 J.59 

2.87 0.97 0.26 U.09 O.O0 

1.77 0.52 0.4[I 0.12 O.O0 

1.32 0.34 0.22 0.06 0.~8 

1.52 u.35 0.21 o.o5 U.b4 

I..35 u.28 u.I6 U.O3 u.68 

0.89 U.17 U.05 U.OI 0.38 

0.77 0.13 ().OU 0.00 0.30 

U.b4 O.lO 0.{)0 ().00 U.24 

0.5~ 0.08 U.OO O.O0 U.20 

['.45 0.06 U.OO 0.00 0.17 

0.37 0.05 0.00 0.00 0.14 

U.32 U.04 0.00 0.00 0.12 

0.32 U.U4 U.O0 0.00 O.ll 

U.55 0.06 0.00 0.00 0.15 

0.84 0.09 O.OO 0.00 U.2/ 

0.73 O.U7 O.UO U.OU U.23 

0.49 U.()5 0.00 O.O0 O.ll 

[ ',OHERS 

0.00 

0.00 

I.).00 

U.08 

0.24 

O.OO 

0.00 

0.12 

o. 15 

o. 14 

0.07 

O.O5 

0.0~ 

0.o3 

0.02 

0.02 

O.Ol 

0.01 

U.U2 

0.03 

U.02 

O.Ol 

111 



aABLE 60 (Co.tinued} 

HYDROCARBON PRODUCT D ISTR I BUT |UN 

RUN P~. 8523÷41f9 

SAMPLE NO. 47 

CARBON NU. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

32 

35 

5B 

57 

3R 

40 

NtALKANES 
WT ~ MOLE 

0.34 0.03 

0.26 0,02 

0,22 0.02 

0,18 0,01 

0,15 0,01 

(].13 q.Ol 

0 . i i  0,01 

0. I0 0.01 

O.09 0.01 

0, O7 O. O0 

O. 07 O. 00 

0.U7 0.00 

O. 06 O- O0 

0.U6 0.00 

0.05 (].00 

0.04 (].OO 

(}.04 0.00 

O.U3 0.00 

1 tALKENE BRANCHEn ISOMERS 
WT • MOLE % WT % MOLE % 

0,00 0,00 0.06 0.01 

O. O0 O. OO U. 04 O, O0 

0.00 0,00 0,03 O.UO 

0.00 0.00 0.02 U.O0 

O,O0 0.00 0.02 0.00 

U.(X) U.O0 0,03 O.QO 

0,00 0,00 0-02 U-OO 

0.00 O.OO 0-02 0,(10 

O-OU U.00 0-01 O.OU 

0-00 O.OU 0-01 O.OO 

0-00 0.00 0.01 O-OU 

b OU 0.00 U.O0 O,OU 

O- 0[) 0. O0 U, 00 0.00 

U-OU 0.U0 U.OO 0-00 

U,OO O.OU U,UO 0,00 

O, O0 U- ()(j 0, UO 0.(.}0 

0. O0 O. 00 ~'. [)0 0-00 

O.UO O.OU 0.00 O.UU 

117 



TAI~LE 61 

MAss BALANCE 
PPOCE~ CONDITION~ AND PI~)~ICT SUMMARY 

ttttttttttttt~tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt1 

CATALYST , CO2(CU)8/ZR/AL203 
SAHPtE NO: B523t41tgt53 

REACTOR LOADING, MLS , 450.0 T, C . 281.1 FEED RATIO, 
CATALYST LOANING, wT%~ 15.1 P, pr ig  : 305 C01H2~ I.CE 
TIME ~ STREAM, Hits ~ 50~.i SV, L/G/HR! I.{~5 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

URAGE RATIO, C0/H2 0-52 BULK ACTIVITY, 
%~VERALL CONV., CO'If21 55.92 MOL $YNC~S/KG CAT/MR: ~.290 
%C0 CoNv. ~ 38.27 SPECIFIC ACTIVITY, 
~H2 CONV. ~ 73.S~ MOL C0/MOL METAL/MIN~ ().071 

tt•tt•tt•t•t•tttt••tt•••t••••••••••••••••tt•••••tt•ttt••••tttt•t•t•t•••ttt•tt•tttttttt•••t• 

NEIC~T ~ PRO~ET DIRTRIBUTION~ 

HYDROCARBONS: 14.49 H20s 17.89 
0XYGENATE~ ~ 0.30 CO : 60.22 
C02 ~ 5.25 H2 ~ I.g5 

••••••••••t••t••••••••••••••••••••••••••••••••t••t•••ttt••••••ttt••t•••••t••••ttt••••••t•tt 

HYDROCARBON SELECTIVITY, wTI: 

C1 ~ 29.86 C4tENE '. 4.91 
C2tANE , 4.55 C5tC11: 32.92 
C2IENE ~ 0.49 CI2tCI~R. 10.99 
C3tANE ~ 2 .~  C19tC23. 3.24 
C3tENF ~ 6.23 C24t34 ~ 0.50 
CLI I .c;{I÷ANE T 3.28 C35 + : 0 . 0 7  

tt•tttttttttttttt••••ttttt•••tt•ttttttttttttttttttt•ttttt•tt•ttt••••t••t••••••ttt•ttt•t•tt•• 

F,~EL TRACTIONS, WT~ 

GASOLINE (C5tC11)' 32.92 
DIESEL (C9tC25) : 25.R2 

tttttl*ttttttttttttttttttttltl/tttlttlttttltlttttt t t t t t t t l t t t t l l  l t l t l t t l t t l t t t l l t t t t t t t t t l  t 

ELEMENTAL RECOVERY: CARP~N : 93.77 
HYDRO6ENt 93.R9 
OXYGEN : 97.30 

~ ÷ ~ ÷ ~ ~ ~ t ~ ~ 4 6 ~ ~ ~ ~ ~ ~ t ~  



TABLE 62 

HYDR(£ARBON PRODUCT DISTRIBUTION 

RUN NL. 8523t41t9 

SAIIPLE ~0. 53 

CAR~t; NO. 

1 

2 

3 

4 

5 

6 

7 

R 

q 

iu 

11 

12 

15 

14 

15 

17 

18 

lq 

2{) 

21 

22 

N*ALKANES i tALKENE BRANCHED 
WT • MOLE % WT % MOLE % WT % 

29.86 66.63 0.00 0.00 U.O0 

4.55 5-42 0.49 0.62 0.00 

2-96 2.40 5.23 5.30 0.00 

3.22 1-98 4.91 3.13 0.06 

3.81 1.89 4.57 2.33 0.34 

4.84 2.01 0.45 0.19 L).OO 

2.36 0.84 0.84 0.31 0.62 

2.08 0.b5 0.83 0.27 U.78 

2.52 0.70 U.~ 0.26 1.05 

2.11 0.53 U.68 0.17 0.89 

1.86 0.42 0,41 0.09 0.98 

1.68 0.35 0.27 0.06 0.62 

1,52 0,29 0.17 0.03 0.50 

1.45 0.26 D.O0 0.00 0.41 

1.21 ().20 0.00 0.00 0.33 

f).Qli 0.15 0.00 0.(]0 0.26 

0.73 0.ii 0.00 U.O0 0.19 

0.55 0.08 0.00 0.00 0.15 

O. 60 O. 08 0. O0 O. 00 {]. Ib 

0.78 O. i0 0.00 0.00 0.26 

C.60 0.07 0.00 0.00 U.23 

0.32 O. (]4 0. O0 O. O0 O. 10 

!SOMERS 
MOLE 

0.00 

0 .~  

U.O0 

0.O4 

U.17 

0.00 

0.22 

(}.24 

0.29 

U.22 

().22 

0.13 

U.IU 

(J.07 

U.Ob 

U.U4 

0.05 

0.02 

0.02 

0.03 

0.03 

0.01 

114 



HYDROCARBON P~OIJt~T 

TABLE 6Z (Continued) 

UISTRIBUTIO~ 

RUN NO. 8523~qI,9 

SAMPLE NO. 55 

CARBON NO. 

23 

24 

25 

26 

27 

28 

2q 

30 

32 

33 

3~ 

35 

37 

3R 

39 

40 

NfAL<ANES 
WT % MOLE % 

0.16 O.O2 

O.O9 0.01 

0.0? 0.01 

O.O5 0.01 

0.04 O.O0 

0.04 0.00 

0.03 0.00 

O.03 0.00 

O. 02 O.OC 

0.02 0.00 

0.02 0.00 

O.02 O.0(J 

().02 U.O0 

t.02 O.OO 

0.01 0.00 

0.01 0 .~  

O.Ol u.0o 

0.01 0.00 

ZtALKENE ~RANCHED iSOMERS 

0.(X) 0 . ~  0.04 U .~  

0 . ~  0 . ~  0.02 O.~ 

0 . ~  0.00 0.01 0.~J 

0.00 0.130 0.01 O. (.W.) 

0.00 O.OO 0.01 0.00 

0.00 O.OO 0.01 U.O0 

O. (30 O. O0 O. Ol U. 0() 

0.0(3 O.OO 0.00 O.OO 

0.OO 0.(30 U.OO C.00 

O.OO O.OO O.OO t;.O0 

0.00 0.00 9.00 C.O0 

II.(X) 0 .~  O.OO C.00 

t).OU 0.00 U.OO U.OO 

U. 0U U. O0 O. 00 (!. UU 

O. O0 O. O0 U. LX) O. 00 

(~.OO U.00 O.~ U.OO 

O. {)O O. 00 U. OO O. OO 

O.OO 0.00 U.00 O.(XJ 

"13 



TABLE 63 

MASS BALANCE 
PROCESS CONDITIONS AND PRODUCT SUMMARY 

t~tttt~t~tt~t~t~tt~t~t~t~t~tt~t~t~t~tt~t~ttt~t~tt~t~t~t~ 

CATALYST ! Co2(CO)8/ZR/AL203 
SA~IPLE ~0! R525tqltgt58 

REACTOR LOADING, Mt.S : 450.0 T, C ~ 260.1 FEED RATIO, 
CATALY3T LOADING, WT%~ 15.1 P, PSIG ~ 320 CO/H2= 1.10 
TIME ON STREAM, HR~ ! 575.1 SV, L/G/HRI 2.01 

~tt~t~t~tttttt~tt~ttt~t~tttt~tttt~ttt~tt~t~t~tttttt~tt~t~t~t~ttt~ttttttttt~t~ttt 

USAGE RATIO~ C0/H2 , 0.62 BULK ACTIVITY, 
~)'V'ERALL CONV., C0+H2~ 22.07 mE SYNr~S/KG CAT/HR! 19.816 
XCD CONy. ~ 16.20 SPECIFIC ACT|VITY, 
%H2 CONy. , 28.51 MOL C0/MOL METAL/MIN! 0.060 

~ft~t~t~t~tt~t~~f~~tt~t~ttt~t~ttf~t~~~t~t~t~ 

WEIGHT ~ PROIX;CT DISTRIBUTION: 

~!YDROCARBONSI 5.0~ H20~ 3.74 
0~GENATES 1 0.03 CO , ~5.5~ 
C02 : 0.91 H2 ~ 4.75 

t~t~t~t~t~t~tf~t~t~t~~fttt~ttt~t~t~~t~t~t~t~f~f~~ 

HYDROCARBON SELECTIVITY~ WT~: 

CI • 3q.53 C4tENE : 6-5~ 
C2tANE ' q.52 C5tC11: 3)-69 
C2fEME ~ 1.10 C12+CXR. 3.31R 
[3tANE '. 2.37 C19tC23: 1.74 
C3fEME , 8.62 C24t34 : {}.11 
C/4 ISO+AtIE ' 3.38 C35 + : 0.01 

t~f~t~t~t~t~ft~f~f~f~ff~tft~Htff~t~f~tt~t~t~tttt~f~t~tf~f~t~f~ 

F~EL F~ACTIONS, WT~ 

GASOLINE (C5tCll); 33.69 
DIESEL (C9fC25) ; 9.38 

~ttt~tttttttttttttttt~tt~tttttt~ttttttttttttttttttttttttttttttttttt~tttttttttttttttttttttttt 

ELEMENTAL RECOVERY: CARBON = 9 3 - 7 2  
HYDROGEN~ 92.09 
OX~6EN | 90.~G 

&~&&&&~&4&&&&&~&L&~L&&&&&$&&&6~&&8~&~&&&~6&&&L~6L&&8&L&66~&&8~$66&&~&~&~&~&b&~&6~6AA&~&6&& 



H~DROCARBUN 

TABLE 

~OIIICT .DISTRIBUTION 

RUN NO. 8523)41+9 

SAM~E NO. 58 

CARBON NO. 

I 

2 

3 

4 

5 

6 

? 

g 

9 

i0 

I I  

12 

13 

15 

Ib 

17 

18 

19 

20 

21 

22 

N)ALKANES I tALK ENE 
WT '~ F~OLE • WT % l~k)LE % 

34. 5~ 67.76 0.00 0.00 

4.52 4.74 l.lO 1.24 

2.37 1.69 8.62 6.44 

3.28 I.  2~ 6.53 3.66 

3.94 1.54 6.27 2.81 

9.84 3.59 0.32 U.12 

3.5~ I. 12 2.16 (].69 

2,13 0.5q 1.21 C.34 

1.38 0.3~ O.?l 0.18 

0.91 O.2U ().44 (3.I0 

0.32 0.07 U.12 0.03 

0.38 r).O7 U.12 U.O2 

0.39 ().07 0.10 U.U2 

0.39 O.0b 0.O7 0.01 

0.41 0.06 U.OO U.UO 

0.36 O. (}5 O. 0(} U. O0 

O. 32 O. 04 0. O0 (J. OO 

U.29 0.04 0.00 O.00 

C}. 28 o.03 (3. OO U. 00 

0.34 0.04 O.(XJ U.O0 

0.33 O.O4 O.O0 O.O0 

0.2~) 0.02 0.00 0.00 

BRANCHED 
w'r 

0.00 

0.~ 

0.00 

(J.lO 

0.00 

0.043 

0.25 

0.20 

0.12 

O.ll 

u.07 

0.08 

O.OR 

0.09 

O.Og 

(I.0~ 

0.07 

U.07 

O.U7 

O.ll 

U.16 

0.12 

]SOI~ERS 
MOLe % 

0.00 

0.00 

0-(30 

O.05 

0.00 

0.00 

0.0~ 

O.Ob 

O.03 

U.U2 

U.U1 

0.02 

O.01 

O.Ul 

O.Ul 

0.01 

0.01 

O.O1 

0.01 

U.02 

O.Ol 



HYUROCARB[)N 

TABLE 64 (Continued) 

PRODUCT DI,S, TRIBUTION 

RUN NO. 8523tqlt9 

S~PLE ~0. 58 

CARBON NO. 

23 

24 

25 

26 

27 

28 

29 

~0 

31 

32 

33 

34 

35 

56 

37 

3~ 

39 

40 

N tALKANES 
VIT • MOLE % 

0.08 0.01 

O.03 0.00 

0.02 0.00 

0.01 0.00 

0.01 0.00 

0.01 0.00 

0.00 0.00 

O.OO O.DO 

0.00 0.~) 

O. O0 O. O0 

0.00 0.00 

O. O0 O. O0 

O. OO O. O0 

O.O0 0.00 

u.O0 0.00 

O.UO 0.00 

o.O0 O.[)(J 

O.OO 0.00 

lfALKENE BRANCHED ISOMERS 
WT ~ YOLE ~ WT Z MOLE 

0.00 0.00 0.04 U.00 

0.00 0.00 0,01 0.00 

O.C. (J.O0 0.00 0.00 

0.00 0,00 0.00 0.00 

O.O0 0.00 U.OU O.t8 

0.00 0.00 U.O0 0.00 

O.O0 O.O0 0.00 0.(}0 

0.00 0.00 0.00 O,UU 

0.00 O.OO 0.00 O.OO 

0.00 O.O0 O.O0 0.00 

0.00 0.00 0.00 0.0(} 

O.O0 O.OO O.O0 O.O0 

0.0(! 0.00 O.O0 U.O0 

O. O0 O. O0 0 • O0 O. OO 

0.00 U.O0 0.00 O.O0 

0.00 [).00 0.00 {).0(.} 

(J.[]O 0.00 0.00 O.O[) 

O.O0 0.00 0.00 0.00 

, 1 1 ~  



TABLE &6 

HYDROCARBI~ ~ODUCT DISTRIBUTION 

RUII tl0. 852.~41~9 

SAMPLE N0. 03 

CARBON NO. 

i 

2 

3 

4 

5 

6 

7 

C 

lO 

II 

12 

13 

i. 

15 

IE 

17 

2C 

21 

22 

N'I'ALKANE S 1 I'AI. K E NE B~NC HED 
WT % MOLE % WT % ~LE % WT % 

27.46 66.4/ 0.00 (I.00 U.UO 

0.0(I O.0O 1-39 1.92 0.00 

1.67 1.47 7.27 6.70 O.00 

2-11 1.41 5.50 3.E~0 0.00 

2.54 1.36 5 ,~  3.14 O.00 

~.56 3.~5 l}.O0 0.00 0.00 

3.71 1.44 2.73 l.Og 0.16 

2.B5 U.97 2.2~) U.Tb 0.16 

2.53 U.77 I.~RI 0.56 O.12 

2.33 O.54 1.52 U.~2 U.23 

0.95 0.24 U.53 U.13 O. 17 

1.02 0.23 0.44 0.I0 o.21 

1.02 ().22 0.32 0.D7 ().12 

1.0~R U.21 0.19 ().U:4 U.13 

i .  18 0-21 O.O0 0.00 U. 13 

!.O~R O. IQ ().00 l!.O(l U.i4 

1.(;() U.I6 O.O0 (}.C)O U.15 

0.92 0.14 O.{~ 0.00 U.17 

U.~ 0.i3 U.U() 0.OO (~.19 

l.Ob O. 15 O.{)U 0.00 u.32 

1.15 U.15 U.O(J O,O(J 0.55 

0.82 O. i0 o.U() O.O0 u.4~ 

].SOrtERS 
~nLE 

().00 

U.O0 

U.(I(J 

U.UU 

U.UO 

U.Ub 

U . ~  

U.05 

U.Ub 

U.G4 

L'.05 

I~.02 

U.U3 

O. U2 

(}. o2 

0.02 

0.03 

0.03 

U.U~ 

0.07 

U.0b 

120 



TABLE 66 (Continued) 

HYOHOCARION PRODUCT UI ST R [ BIJTIUN 

RUN NO. 8523t41t9 

SAMPLE NO. 63 

CARBON NO. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

3Q 

35 

3U 

37 

3X 

39 

40 

NfALKANE$ I~ALKENE BRANCHED ]SOMERS 
WT Z MOLS % WT. % MOLE Z WT % ~LZ % 

0.43 0.05 O,O0 U.O0 U.25 0.03 

0.17 0.02 O.Oi) O.O0 0.07 0.01 

0.09 0.01 0.00 0.00 0.02 O.UO 

U.02 O.OO O.O0 0.00 0.01 U,OO 

0.00 O.O0 0.00 0.00 0.00 O.IX) 

0.00 0,00 0.00 0.00 0.00 0,00 

0.00 0.00 0,(~ 0.00 0,00 (J.O0 

0.00 0.~) 0.00 0.00 0.00 0.00 

0,00 0.00 0,00 0.00 0,00 O.O0 

0.00 0.00 0.00 O.O0 O.OU 0.0() 

0.00 0.()0 0.00 0.00 O.O0 O.t~1 

0.00 O.OO 0.00 O.O0 U,O0 O.Ou 

0.00 0,00 O.nO O.O0 0.00 0.00 

0.00 0.00 O.uo O.O0 O.O0 U.OU 

O.O0 O.UO 0.00 O.O0 0.00 U.O0 

0.00 0.00 O.OO U.(}O O.O0 O.O0 

O. OIj O.(.}O l). O0 O. O0 O. O0 O. Or) 

O.(~J O.O0 O.O0 O.O0 O.O0 O.O0 



~ 0  

Z.P 

1.0 

1.0 

Z.O 
F 

Z.O 

2 .0  

Z.O 

Z.O 

Z-O 

A.O 

Z.O 

Z.O 

I M P (  ~_...~1 

~610- l l - t l l  

il I ; i i d S !  J k t t v l l ;  
u t / ~  I m ~  Ca/ 
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TABLE 68 

MA~$ BALANCE 
PI~CESS CONDITIONS AN~ P~m(CT SUMMARY 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

CATALYST : Co2(CO)R/ZR/SI02 
SAMPLE No, 8610tllt lSt9 

R~ACTO. LOA~INn, ~S : 45n.0 T, C : 239.9 FEED RATIO, 
LOADING, w1"%~ 19.2 P, PSIG ~ 310 C0/H2: 1.0 ~ATALYSTsTREAM, HRS 1 s IM[ OW ~3.0 SV L/G/HRt 2.00 

~ttttttt~ttt~t~ttttttt~t~tttttttttttttt~ttt~t~ttttt~tttttttttt~t~ttt~tttttt~tttt~tt 

USAC~ P~TIO. COIN2 , 0-47 BULK ACTIVITY. 
,~VERALL CONV., CO+H2~ ~.B2 MOL SYNGAS/KG CAT/HRI 36.456 
~C0 CONV. : 26.1R SPECIFIC ACTIVITY, 
%H2 CONV. t 55.q6 HOL CO/MOL METAL/MIN: 0.2~q 

tttt••ttt•••tttttt•t••ttttttttt•tttt••••tttt•t••ttttttttttttttttt•tttttttt•t•ttt•t•••ttt•• 

WEIGHT % F~")~ICT DISTRIBIITION~ 

HYDROCARBONS: 12.08 H2U: 15.27 
OXYGENATES t ~.27 CO ~ 68.06 
C02 ~ 1.40 H2 ~ 2.93 

**t~tt~tt*ttttttt÷tt~tttttt~ttttt*tttttttttttttttttttttttt~ttttttttttttttttttttttttttttttt 

HYDPnCARBON SELECTIVITY, WT%; 

CI : 8.n8 C4tENE : 3.22 
C2tANE ~ 1.95 C5tC11 : 37.3~ 
C2tENE : O.DO C12tC18~ 24.93 
C3tANE t 2.29 C19tC23: B.22 
C3tENE : 3.57 C24t3q : 5.~3 
C4 ISO+ANE! }.4a C35 + : i-0~ 

t)ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttt1 

FtlEL FmACTIOH~, WT~I 

GASOLINE (C5tCII): 37.31~ 
I)I[,~EL (C9~C25) : 48.62 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt t t t t t t t t t t t t t t t t t t t t t ~  

ELEftENTAL RECovERYI CARBON : 100.71 
HYDROGEN! 100.64 
OXYGEN ~ 101.71 

tttttttttttttttttttttitttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttitttttttttti 
1.23 



HY~UC,~BBUN PRODUCT 

TABLE 69 

DISTRIBuTION 

UN NO. 86/Otllt18 

SAMPLE IX}. 9 

CARBON NO. 

1 

2 

3 

4 

5 

6 

7 

I0 

Ii 

12 

13 

14 

15 

16 

17 

19 

20 

21 

22 

N tALKANE, e, i tALK ENE BRANC HEI~ 
WT • f~K)LE • WT I r~LE • WT % 

8.08 37.08 0.00 0.00 O.O0 

1.95 4.77 0.0(] O.UU O.O0 

2.29 3. g3 3.57 6.25 O. O0 

3.35 4.25 3.22 4.22 0.09 

4.12 (~.20 3.32 3.41~ 0.31 

6.08 5.19 U.20 0.18 O.O0 

4.02 2.95 0.83 0.62 0.25 

3.35 2,16 0.7~ 0.50 0.41~ 

3.57 2.05 I}.71 n.Ol 0.52 

3.9b 2.U5 O.bO U.]I 0.50 

2.7R 1.31 (I.4~ 0.23 0.56 

3.21 1.3JR O.P(; n.UO O.b9 

3.15 1.2~ N.F~ N.UO 0.70 

3.14 1-U n.O0 ().00 0.70 

3.11 1.O:R o.o0 q).oo 0.63 

2.c37 0.91 0.0(] ().(x) 0.61 

2.7F~ 0.85 ().(X) (}.(W) 0.AF~ 

2.37 0.61~ o.~ 0.00 0.42 

2.0~ 0.56 O.O0 U.UO O. 19 

1.7~ 0.45 0.0~) {}.(X) 0.14 

1.48 0.37 0.(~ 0.00 0.Ii 

1.27 0..~0 0.00 0.(30 0.09 

]SOPIERS 
MnLE 

0 - ~  

(I.1~ 

0. I I  

0.31 

0.00 

0.1~ 

0.31 

0.30 

0.26 

0.26 

O.3O 

i;.28 

0.2~ 

0.22 

0.~() 

0.15 

0.12 

l).u5 

0.(34 

O.U3 

u. U2 



HYDROCARBON PRO~CT 

TABLE 69 

DISTRIBUTION 

(Continued) 

RUN NO. g670)II)i~ 

SA~IPLE )£. 9 

CARBON hb. 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

J, 

35 

36 

37 

3~ 

3 Q 

qO 

N fALKANES I IALKENE BRANCHED 
WT % MOLE ~, WT % MOLE % WT 

1.09 0.25 0.00 0.00 0.08 

0-93 0.20 0.00 0.00 0.05 

0.79 0.16 0.00 0.00 0.03 

0.67 0.13 0.00 0.00 0.00 

0.53 O.10 0.00 0.00 0.00 

0.~9 0.09 0.0(3 0.00 0.02 

(3.45 0.08 O.00 0.00 0.02 

0.27 0.05 0.UO 0.(30 0.00 

().q2 O.07 0.(~ 0.(}O 0.03 

0.37 0.05 0.&9 0.~  0.03 

O. 34 O. (i5 O. 0() 0. O0 O. 04 

O. 32 O. 05 n. 00 0. O0 O. 04 

0.31 0.05 [).(]0 0.0U 0.00 

(}.25 0.04 O.[}O 0.(}0 0.00 

0.20 O. 03 0. ~ 0. OO O. O0 

O. 14 0.02 0.00 0.00 0.00 

O. 13 O.O2 (].UO 0.00 0.0[) 

l).i'}5 0.01 fl.O0 0.00 0.(}0 

I SOHE RS 
MOLE 

0.02 

0.O1 

0.O1 

0.00 

0.00 

{).00 

0.00 

[).00 

0.00 

0.L~J 

0.01 

0.UI 

U.UO 

0.00 

0.00 

0.(}0 

0.00 

0.00 

IP..r- 



TABLE 70 

~S$ BALANCE 
PROCESS CONnlTIONS AND PROnUCT ~MMARY 

ttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttt~t~t~t~ttttttttttttt~ 

CATALYST ! Eo2(C0)R/Z~/SI02 
SAMPLE NO: RB70tllt18t12 

REACTOR LnADING, MLS ~ 4.~).0 T, C ~ 241.7 FEEn RATIO, 
LOADING, WT%= 19.2 ~ PSIG ~ 310 C0/H2: 1.50 ~ATALYSTsTREAM MRS 1 IMe ON , 67.0 V, L/G/MR. 2.00 

~ttttttttttttttttttttttttttt~ttttttttttttttttttttttttttt~ttttt~tttttt~tttttttttttttttttttttt 

USAGE RATIO, CO/H2 : 0.54 BULK ACTIVITY, 
~OVERALL CONV., C0+H2= 36.q3 t~L SYNGAS/RG CAT/HRI 32.520 
tC0 CONy- ~ 21.32 SPECIFIC ACTIVITY, 
7.H2 CONV. ~ 5g.o~ HOL CO/MOt MET#L/MINI 0.229 

•t••••tttt•••t•t•t•••t•t••tttt•••••••t•ttt••t••ttt••••••t••••t•••••••••tt•tt••••••t••t••t•tt 

WE I RHT ~ PRODUCT D ! .~TR I BUT I oN; 

HYDROCARBONS: ~.97 H20: 13-3q 
OXYGENATES : 0.09 CO : 74.85 
CO2 = 0.89 H2 : 1.85 

ttttttttttt~tttttttt~tttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttt~tttttttttt 

HYOROCARBON SELECTIVITY, WTX~ 

C1 , 5.72 CqtENE ~ 2.90 
C2tANE ~ 1.26 C5tC11 : 30.97 
C2tENE ~ 0.00 C12tC18, 28.66 
C3tANE ~ 0.99 C19tC23: 12.82 
C~tENE I 3.05 C24t34 : IC).0g 
C~ ]SO+ANE~ 1.59 C35+ : i.g6 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttt~ttttttt 

F~rEL FRACTION~, WTX~ 

GASOLINE (C5tCli): 30.q7 
DIESEL (C~tC25) ! 57.68 

tTttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~tttttttttttttttttttttttttttttttt 

ELEMENTAL RECOVERY: CARBON ~ 97.92 
HYDROGEN: 105.1q 
D~EN ~ 101.75 

tttttttttttt•ttt•ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 



HYDROCARBON PRODUCT 

TABL E ,7,1 

DIS.T.R_IBUTION 

RUN t~. R670tlltI8 

SAMPLE @~. 12 

CARBON NO. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

i0 

I i  

12 

13 

14 

15 

16 

17 

18 

Ig 

20 

21 

22 

NfALKANER ItALKENE BRANCHED 
WT • MOLE • WT % MOLE % WT 

5.72 ~3.07 0.00 0.00 O.(X) 

1.26 3.90 0.00 0.130 0.00 

0.99 2.08 3.05 6.72 0.00 

1.54 2.46 2.90 4.7B 0.05 

2.11 2.71 2.95 3.89 O.OR 

4.20 4.51 0.22 0.24 0.00 

2.53 2.34 i. 12 I. 06 O. 36 

2.4B 2.02 1.16 0.96 0.63 

2.91 2.10 i. i8 O. 86 0.7FI 

3.12 2.03 0.97 O.b4 0.53 

2.46 1.46 0.67 0.40 0.53 

2.59 1.41 ()-65 0.36 U.53 

2.76 I. 39 0.43 0.22 O.b7 

3.24 1.51 0.00 0,.00 0.69 

3.52 1.54 0.00 0.00 0.73 

3.76 1.54 0.00 O.O{) 0.65 

3.84 1.48 0.00 (}.(}o 0.58 

3.50 1.28 ().00 o.Uo 0.53 

3.13 1.08 0.()0 0.00 0.28 

2.71 O. ~9 u.00 o. 00 t). 19 

2.33 0.73 0.00 0.(30 0.16 

2.01 0.60 O.O0 O.O0 0.14 

[ SOME RS 
~LE 

0,00 

0.00 

0.00 

0.08 

0.10 

O.DO 

0.34 

0.51 

0.56 

0.35 

0.31 

O. 29 

0.33 

0.32 

0.32 

(}.27 

0.22 

0.19 

O. 10 

0.06 

U.05 

0.04 

1.27 



TABLE 71 {Continued) 

HYDROCARBON PRODUCT D, ;RIBUTI~ 

RtJN NO, ~70+11+I~ 

Sk~PLE ~ .  12 

CARBON t~. 

23 

24 

25 

26 

27 

2R 

2Q 

3O 

31 

32 

33 

34 

35 

36 

37 

3R 

3q 

40 

NtAL.KANES 
WT ~ Y~LE % 

1.74 0.50 

1.52 0.42 

I. 39 O. 36 

1.20 0.3O 

1.16 O. 2B 

C). 84 ft. 20 

O. 6~ n. 15 

O. 65 O. 14 

0.61 u.13 

0.47 0.I0 

0.46 0.09 

n. 46 L). 09 

{}.51 O. i0 

{}. q4 n. 08 

O. 34 O. (}G 

B.2& 0.{}5 

r). 24 O. 04 

C}.IH 0.()3 

].tALKENE BRANCHED I S(W4ERS 
WT ~ ~OLE : WT ~ MOLE Z 

0.00 0.00 (1.13 0.(}4 

(~.UO 0.00 0.I0 0.03 

0.~ 0.00 0.~ 0.02 

(J.O0 0.(.10 0.05 0.01 

O.UO 0.00 0.00 0.00 

O.UO O.OO 0.U6 O.Ol 

(~.{~ {}.00 0.06 0.01 

0.00 0.00 0.08 (1.02 

0. tk~ O. L)U O. 06 O. 01 

O.[X} O.L)O 0.06 (1.01 

O. DO F}. P,U O. 06 O. {11 

(}.{10 {).iX} 0.06 u.Ol 

O.(X} {).0~ 0.0,0 0.00 

O.uO ().~ 0.o{} 0.00 

O.{X} ().00 0.(10 {}.00 

~. LW~ (l. U(} O. O0 O. IX} 

().(l(} U.UO O.UO 0.0(} 

(l.bO (}.l)O O.FIO 0 . ~  

17~ 



TABLE 72 

MASS BALANCE 
PROCESS CONDITIONS AND PRO~CT SUMMARY 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

CATALYST : Cn2(C0)RIZR/SI02 
SAMPLE No~ ~670tllt1Rt14 

REACTOR LOADING, MLS : 4~0.0 T, C ~ 24!.4 FEED RATIO, 
CATALYST LOADING, WT%~ 19.2 P, PS~G t 31n C0/H2~ 2.0C 
TIME ON STREAH, HRS I 91.0 SV, L/G/HR! 2.00 

t~tt~tttttt~ttt~t~t~t~t~ttttttttt~ttttt~tt~ttttt~t~t~t~t~tttttt~t~tt1t~ttttttt~t~ 

USAGE RATIO, CD/H2 t 0.55 BIJLK ACTIVITY, 
ZnvERA~L CoNy., CO+H2: 30.13 MOL SYNGAS/KG CAT/HRt 26.918 
%C0 CONY. ~ 16.08 SPECI~IC ACTIVITY, 
IH2 CONY. ~ 5~.26 MOL C0/MOL METAL/HINT 0.192 

ttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttt. ' ~ t t t t t t t t t t t t t t t t t t t t t t t t t t t l  

WEIGHT ~ PRODUCT DISTRIBIITIONI 

HYDROCARBON$~ 5-19 H20~ 5.28 
OXYGENATES : 0.02 CO ~ ~7.23 
C02 ~ 0.74 H2 t 1,55 

ttttttttttttttttttttt•tttttttttttttttttttttttttttttttttttttttttttttttttttttttt•ttttttttttt• 

HYDRtXCARBON SELECTIVITY, WT~ 

t t t t t i t t t t t t t t t t t t t t  

CI ~ 6.74 C4tENE ~ 3.97 
C2tANE I 1-21 C5tC11 : 26.89 
C2tENE ~ 0.00 C12tC18. 25.02 
C3tANE ~ 0.R7 C19tC23: 15.07 
C3tENE I 4.10 C24t34 . 12.31 
r , ,  ,RO+ANE! 1.44 C35+ : 2.37 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt! 

FtIEL FRACTIONS, WTX= 

GA,~nL INE (C5tC11) : 25.~R9 
DIE.REL (C9tC253 : 52.F36 

ttttt~tttttttttttttttttltttttttttttttttttttttttttttttttttttttttttttttttttttttt t t t t t t t t t t t t ~  

ELEMENTAL RECOVERY: CARBON : 9~.19 
HYDROGEN! 79.74 
OXYGEN ~ 92.74 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttt 
I " ) ¢ 1  



HYDROCARBON PRODIICT 

TABLE 73 

DISTRIBUTION 

UN NO. 8670111118 

3AMPLE NO. 14 

CARBON NO. 

1 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 

13 

15 

16 

17 

19 

0 

21 

22 

N tALKANE S 1 tALKENE 
Wx % MOLE % Wr % MOLE % 

6.74 36.35 0.00 0.00 

1.21 3.49 0.0(} 0.00 

0.87 1.71 4.10 8.43 

1.44 2.14 3.92 6.11 

2.05 2.45 ~. 59 5.66 

~.76 4.77 0.21 0.22 

2.46 2-12 I. 23 1.08 

1.98 1.50 O.#l 0.70 

1.91 1-29 o. 74 0.50 

I.R5 1-12 (}.75 0.4(:, 

1.48 0.82 ~. 49 0.28 

1.73 O.SM (:.F,O 0.31 

1.96 0.92 (.L6 0.21 

2.57 1.12 (.00 O.{X) 

2.82 1.15 (~.t)o o.oo 

3.17 1.21 o.oo O.F~ 

3.49 1.25 ().0(} O.UO 

3.42 1.16 {J.O{} Q.L}O 

3.33 1 .~7 (}.()(: O.(lo 

3.05 0.93 o.r){) (}.Uo 

2.73 (}.RO O.OC) (}.00 

2.42 O.~J7 0.00 {}.00 

BRANCHED 
WT % 

0.00 

0.(X) 

0.U0 

{}.00 

0.07 

O.tl2 

0.21 

0.28 

0.18 

0.26 

0.48 

0.45 

0.59 

F).b7 

0.73 

O.77 

O.~3 

0.77 

0.59 

0.35 

0.27 

I). 22 

l SOMERS 
~k~.E t 

0.00 

0.00 

0 . ~  

0.00 

0.09 

0.00 

0.18 

0.21 

0.12 

0.16 

0.27 

u.23 

0.28 

0.29 

U.30 

o.29 

[). 30 

t).2b 

0.13 

O. I(~ 

0.(}8 

O.06 

130 



HYDROCARBON PRODUCT 

TABLE, 73 (Continued) 

DISTRIBUTION 

RUN NO. R670tlltl~ 

SAMPLE llO. 14 

CARBON I~, 

23 

24 

25 

26 

27 

2F~ 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

N fALKANES 
WT ~ MOLE 

2.13 0.57 

1.87 O.q8 

1.69 0.42 

1.46 0.34 

1.24 O.2B 

1.06 0.2) 

O.89 0.19 

(1.82 0.17 

0.76 0.15 

O. 53 O. 12 

0.60 0.11 

0.58 0.I() 

0.57 D.I(} 

0.55 0.09 

0.q4 0.07 

O. 34 0.06 

0.28 0.04 

0.19 0.03 

ltALKENE BRANCHED I ,~OllERS 
WT ~ P1OLE ~ WT ~ MOLE 

0.00 0.00 0,19 O.U5 

0.0~ 0.00 0.15 0.04 

0.00 0.00 0.12 0,03 

0.00 0.00 0.07 0.02 

0.00 0.00 0.05 0.01 

0.00 0.00 0.07 0.01 

0.00 0.00 0.05 0.01 

0.00 0.00 0.06 0.01 

0.00 0.00 O.U5 0.U1 

0.00 0.00 0.02 0.00 

().IX) 0.01] 0.03 0.01 

0.00 C),O(l 0.03 0.01 

0.00 0.00 0.00 O.O0 

0.00 0.00 0.00 0.00 

0.00 O.OO 0.00 0.0(] 

0.00 0.00 0.00 0.00 

0.00 O. O0 O. LX) O. 

0.00 D.00 0.00 0.00 

*}1 



[ABLE 74 

~AS~ BALANCE 
P~ocEss CONDITIONS AND PRODUCT ~fIWI~ARY 

ttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttttttttttttttttttttt 

CATALYST : Co2(C0)8/ZR/SI02 
SAMPLE NO: R670tlItIR,IR 

REACTOR LOADING. MLS , 450.0 T, C : 240.8 F~D RATIO, 
CATALYST LOADING, WT%, 19.2 P, PS]G : 310 CO/H21 2.00 
TIME ON STREAM. HRS ~ 1RR.O SV. L/G/MR! l-(X) 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

riVAGE RATIO, CO/H2 , 0.42 Bt~LK ACTIVITY, 
IOVERALL CONV., C0+H2, 3q.Ra MOL SYNGAS/KG CAT/HR~ 15.5~ 
It, CO CorN. ~ 15.3E SPECIFIC ACTIVITY, 
%H2 C c w .  , 73.R5 /~L C0/MOL METAL/MINI 0-092 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

WEIGHT ~ PPOPUCT DISTRIBIITION: 

HYnROCA~BONB: 7.93 H20, 10.5B 
OXYGENATES t 0.13 CO ~ 7R.7B 
C02 , 1.72 H2 , 0.87 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttt 

HYDROCAI~BON SELECT IvI TY, V'F% : 

C1 : 5.70 C4tENE . 3.49 
C2tANE , 1.19 C5tC11 ' 29-83 
C2tENE : 0.21 C12tC18' 22-Q9 
C3tANE '. 0.70 C19tC23, 14.90 
C3tENE ~ 3.R0 C24t34 : 14-13 
C~ ISO÷ANE : 1.15 C35+ : 2.41 

ttttttttttttttttt~ttttttttttttttttttttttttttttttt~tttttttttttttttttttttttttttttttttttttttttt 

FUEL FRACTIONS, WT~: 

GASOLINE (C5tC11): 29.~3 
DIESEL (C9tC25) : $2.41 

tttt•tttttt•tt•ttt•ttttttttttttttttttttttttttttttttttttttttt•ttttttttttt•ttttttttttttttttttt 

% ELEMENTAL RECOVERYI CARBON , 102.74 
HYnROGEN~ 99.53 
OXYGEN I 104-76 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttt 



HYDROCARBON 

TABLE 75 

PRODUCT DISTRIBUTION 

RUN NO. P,862tl,31 

SAMPLE NO. 18 

CARBDN ND. 

i 

2 

5 

4 

5 

6 

7 

8 

Q 

I0 

ii 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

N I'AI_KANES I fALKENE BRANCHED 
WT % MOLE % WT % MOLE • WT % 

5.70 32.87 0.00 0.00 O.UO 

1.19 3.67 0,21 0.68 0,00 

O. 70 I. 48 3.80 R. 33 0 • O0 

i .  11 I. 76 3,49 5.75 O. 04 

1.58 2.03 3.80 5.01 0.07 

4,90 5.25 0.21 0.23 0.00 

2.45 2,26 1.45 1.37 0.24 

2.33 1.88 1.13 0.93 0,42 

2.16 1.5B 1.33 0.97 0.60 

2.15 1,40 1.29 0.85 0.77 

l.b2 0.95 C).71 (),42 0.60 

1.70 0.92 0.62 ().34 0.42 

I.R2 0.el 0.54 0.27 0.45 

1.99 0.93 U.44 0.21 0.48 

2.55 1.11 0.0() 0.{J0 0.49 

2.85 1.16 ().00 0.00 0.45 

3.25 1.25 0.00 0.00 0.45 

3.42 1.24 ().00 0.00 0.57 

3.48 1,20 D.O0 0.00 0.15 

3.30 1.08 0.()0 O.UO 0.15 

2.70 0.84 [).00 O.UO 0.21 

2.41 0,72 D.00 0.00 0.16 

I SOHE RS 
MoLE 

O.OO 

U.O0 

0.00 

0.06 

0.09 

0,00 

u.22 
0.34 

0.43 

0.50 

0.36 

0.23 

0.23 

0.22 

0.21 

0.18 

0.17 

0.21 

0.05 

o.o5 

0.07 

0.05 

f 

° T "  



HYDROCARBON 

TABLE 75 (Continued) 

PRODUCT DI STRI BUT ION 

RUtl NO. P~2tlt31 

SAMPLE NO. IR 

CARBON NO. 

23 

24 

25 

26 

27 

2B 

29 

3D 

31 

32 

33 

34 

3S 

36 

37 

3R 

39 

4O 

NtALKANES 
W'r ~ MOLE 

2. I~R O. 62 

2.14 O. 5~ 

1.96 0.51 

1.6~ 0.42 

1.47 0.36 

1.27 0.3O 

1.0g 0.24 

0.95 0.21 

0.86 O. i~ 

n.?3 0.15 

O.6b O. 13 

0.64 O. 12 

n. b2 n. 12 

O. 53 o. i0 

0.42 O.U7 

r). 34 O. L)~ 

0.29 O.O5 

(}. 22 (1.04 

ItALKENE BRANCHED [ S~ERS 
WT ¢ MOLE ¢ WT ¢ PIOCE % 

n.00 t).@) 0.16 0 . ~  

O. O0 O. O0 O, I0 O. 03 

0.00 0.00 O.09 o.O2 

0.00 0.00 0.08 0.02 

(1.00 0.00 0.06 0.02 

n.OO 0.00 0.07 0.02 

0.00 0.00 0.06 n.Ol 

0.()() 0.00 o.u6 U.Ol 

O.~) o.O0 O.O6 o.01 

o.oo o.(x} n.o3 U.Ul 

n.oo o.00 0.(~3 ~).01 

0.00 O.(X) o.u3 O.t)l 

{).t~) O.u() O.UO ().(X) 

().(~) {~.uo o.o(~ u.uo 

().oo o.U(J 0.00 0.00 

o.t)o U.LX) 0.00 u.tx) 

n.t)o o.(lo ().ou o.t)() 

c),o() ().uo o.t)t) O.L)(J 



TARE 76 

PIAS$ BALANCE 
PROCESS CONDITIONS AND PRO~CT SUMMARY 

~ttttt~ttt~t~tt~t~ttt~ttttttttttttttttttttt~tttttttttt~ttt~ttttt~tt~ttttttt~ttt~ 

C~tALYSt , Co2(C{))R/ZR/SI02 
SAMPLE NO~ R~7ntlItlXt21 

REACTOR LOANING, t~S z 450.0 T, C ~ 237.5 FEE~ RATIO, 
CATALYST LOADING, WT%! 19.2 P, BSIG ~ 313 C0/H2s 1,5 
TIME ON STREAM, HRS ~ 211.0 SV, L/G/HRI ].00 

t•••ttt•tttttttt•••t•t•t••t••t•••••ttttt•t•••tt••••t••••••t•t••tt•tttt•••••••ttt•••t•••••• 

linAGE RATIO, C0/H2 t 0.31 BULK ACTIVITY, 
TOVERALL CONV., C0÷H2~ 31.16 MOL SYNOAS/KG CAT/HR: 13.~5 
~CO CONV. ! 12.37 SPECIFIC ACTIVITY, 
IP2 CONV. ! 59.35 HOL CO/MOL METAL/MINI 0.0~6 

t••••••••••••••••••••t••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••t••• 

WEI~MT I PRO~mCT DI~T~IBUTION~ 

HYDROCARBONSl Q.92 H20, 9.99 
0XYBENATES I 0.23 CO ~ 76.96 
CD2 I 1.21 H2 t 1.70 

~tftttttttttttt~ttt~ttt~t~tt~t~ttt~t~ttt~ttt~tt~t~t~tt~tttt~tttt~t~t~t~ 

HYbROCARBON SELECTIVITY, WT~I 

C] ' 7.00 CLItENF ' 3-17 
C2tANE I 1.44 C5tC11 ' 26.17 
C2tENE ~ 0.17 C12tC18' 20.56 
C3IANE l O. 98 C19tC23, 14.80 
C3tENE I 3.80 C2qt34 .. 16.70 
Ctl ISO+ANE I 1.43 C35+ . 3.78 

•t•tt•t••t•••t••t••t•••••••••••••t•t••••••••••••t•••••••••••••••••••tf••••••••••••••••••••• 

FLIEL FRACTIONS, wtX: 

GASOLINE (C5tClI)~ 26.17 
DIESEL (cqtc25) ~ 49.22 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt1 

ELEI~ENTAL RECOVERY~ CARBON ~ 110.9~ 
HYDROGEN~ 1(]5.51 
OXYGEN I [07.2~ 

ttt•t•tt•tt••••••t••••tt•••t•••t••t•••••tt••••t•••t••t••••••t•••••••tt•t••t••t•t•t•tttt•t•1 
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HYDROCArI~N F~O ._I~CT 

TABI.E 7,7 

blsTr l~ l l (~  

RUN I~. ~7Ut l l t l~  

SAMPLE '£.  21 

CARBUI, I qO. 

I 

2 

3 

4 

5 

6 

7 

R 
Q 

10 

11 

12 

13 

Is 

17 

IR 

D 

2n 

21 

22 

N tALKANE.C; 

7.00 3~.28 

i. 44 ~. 20 

o.gH 1.96 

1.40 2.12 

1.65 2.01 

/4.66 4.75 

2.70 2.~ 

2.12 1.6~ 

2.04 I. )9 

2,15 i.~;3 

1.4{) 0.7~R 

1.53 0.79 

I .% O.O3 

2. I i  O. 9q 

2.31 (~.'-)5 

2.5Q 1.00 

3.()2 I. i() 

3.q9 1.2(~ 

3.29 i. (}7 

2.87 I),gq 

2.72 0.~() 

2.53 ().71 

tALKENE 
WT 

0.00 

0.17 

3.RO 

5.17 

3.00 

n.lb 

o.qq 

fl.Xfi 

O.xg 

u.77 

o.37 

~.~I 

I,(~0 

(i. 00 

Ib.(l(~ 

I~.(i() 

D .(~U 

C~. (>() 

(),00 

(i.u(} 

().(x) 

t'INLE % 

O.UU 

0.54 

7.92 

4.95 

3.75 

O. 16 

0 .~  

1).67 

U-~l 

O.4g 

0.21 

O.lh 

O.OO 

o.o[) 

o.o0 

~).00 

U. OU 

O.O{) 

{}.00 

o.(}{) 

o.(}{I 

().00 

~RANCHED 
WT 7. 

0.UU 

0.0(1 

O.OO 

0.0) 

0.15 

0.00 

{).16 

0.~6 

() .{54 

0.57 

0.~4 

[).q2 

C).q7 

L) . ~  

C}.q7 

('.~9 

[].51 

i).qO 

tl.20 

(~.25 

{~.22 

().20 

| SOME RS 
MOLE 

0.(~ 

0.~ 

(J.(~ 

0,I~ 

0.35 

0.43 

0.35 

(].25 

(~.22 

O.22 

(i. 21 

0.19 

o. 19 

().19 

0.i. 

().[~7 

0.07 

().(g 

11.06 

23;- 



TABLE 77 (Continued) 

HYDROCARBON PRODUCT OISTRJ.B!ITION 

RUN N(]. g670~lltlH 

SAMPLE r£, 21 

CARB0~ t~O. 

23 

24 

25 

26 

27 

2R 

20 

3U 

} i  

32 

3~ 

35 

3~ 

37 

3R 

39 

hO 

N'I'ALKANE$ ] I'ALKENE BRANCHED 
WT % r~K}LE X ~fT % MOLE % WT % 

2.34 0,63 O.00 U.OO 0.19 

2.16 O, 56 0.00 (}, 00 O, 16 

2.15 0.54 0.00 0.00 0.12 

1.91 0.46 0.00 0.00 0,10 

1.68 0.];9 0.00 0,00 0.09 

i.  45 O, 32 O. 00 O. 00 U. 09 

1.26 0,27 O.O0 0.00 0.07 

I, 13 0, 23 0,{}0 0.00 0.06 

i .  IO O, 22 0.00 0.(}0 0.05 

l.f)7 0,21 0.00 0.00 0.(]2 

1.03 0.19 O.O0 fl.O0 (}.00 

O.q8 0.18 0.00 (].i)t} O.tlO 

O.qO 0.16 o.()0 O.uo O.uo 

o. Fxo (}. 14 O. (X} 0.00 O. 0(I 

FI. 67 (}. I I  t).00 U.00 [).(~ 

0.56 0.0q 0.00 (~.C)0 0.00 

0.4~R 0.UI~ 0.()O U.U0 0.O0 

(). 37 0.(}6 (} .0(,) (}. (}0 0.00 

ISOMERS 
MOLE 

0.05 

O.Oq 

0.03 

0.03 

O.U2 

0.02 

0.02 

().01 

0.l)I 

f].O0 

O.UO 

0.00 

O. (]0 

O. 00 

0.00 

O.(X) 

0.00 

0.00 

1 '17 



TABLE 78 

MASS BALANCE 
PROCESS CONnITIONS AND PRODUCT StmRV 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

CATALYST : Co2(C0)R/ZR/SI02 
SA~LE No, RE70tlltl8t2~ 

REACTOR LOA~IN~, MLS ~ 450.0 T, C : 239.0 FEED RATIO, 
CATALYST LOANING, WT%| 19-2 P, PSlG : 31(I C0/H2~ 1-00 
T i ~  oN STREAM, MRS ! 235-0 SV, L/G/MR! 1.00 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt`tttttttttttttttt 

USAGE RATIO, CO/H2 t 0.2R ~ILK ACTIVITY, 
~[h~RALL CONV., C0*H2~ 36-77 MOL SYNGAS/KG CATIHRI 16-40~ 
ICU CeNV. ~ 16.27 SPECIFIC ACTIVITY, 
IH2 CONY. t 57.36 MOC C0/MOL METAL/RIN! 0.073 

tttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttttttttttt 

WEIBHT X P~'or~cT DISTRIBttT1ON: 

HYDROCARBONS: 12,97 H20: 14-25 
~XYGENATES ! 0.22 CO ~ 68.17 
C02 : 1.92 H2 ~ 2.47 

tttvtttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttt•ttttttttttttttttttt•tttttttt 

14YDROCARBON SELECT IVITY, WT~: 

C1 ~ 7.~0 C4tENE : 2.~0 
C2tANE ~ I.~i C5tCII ~ 31.04 
C2tENE : 0.13 C12tC18~ 21.53 
C3tANE : 1.26 C19tC23: 12.83 
C3tENE ~ 3.51 C24t34 ~ 13-47 
C~ IsO+ArJE: 1.76 C35* : 2-25 

ttttttttttttt•ttttt•ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•tttttt 

FUEL FRACTIONS, WT~: 

C~S(~iNE (C5tC11): 31.04 
DIESEL (CQtC25) : 50.59 

ttt*ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt ttttttttttttttttttttttttttttttt 

ELEMENTAL RECOVERYt CARBON , 116o75 
HYDROGENT 106.33 
OXYGEN ~ 114-14 

t~t~tttt~tttttttt~ttt~t~tttttttt~t~ttttttt~tt~tt~ttt~t~t~ttttt~t~tt~t~t~t~tttttt~tt 



TABLE 79 

HY~R(XIARBON ~P~993.UISTRIBUTION 

RUN NO. 8670,Iit18 

SA/~PLE ~ .  24 

CARBON I~. 

1 

2 

3 

4 

5 

6 

7 

Q 

i0 

11 

12 

13 

15 

17 

IR 

19 

2(I 

21 

22 

NtALKANES i tALKENE BRANCHED 
WT X MOLE X WT % MOLE % WT % 

7.80 39.88 0.00 0.00 0.00 

1.61 4.40 0.13 0.38 0.00 

1.26 2.35 3.51 6,84 0.00 

1.72 2.42 2.80 4.09 0.04 

1.77 2.01 2.48 2.90 0.15 

5.33 5.07 0.23 0.22 0.O0 

3.15 2.58 I. 10 0.92 O. 22 

2.78 2.00 0.94 0.69 0.49 

2.91 1.86 1.06 0.69 0.70 

3.01 1.73 D.88 0.51 0.78 

2.00 1.05 ().4~ 0.23 0.61 

2.05 0.99 (].32 0.16 0.62 

2.35 1.04 ().00 0.00 0.59 

2.40 0.99 0.00 0.00 0.55 

2.52 0.97 0.(D 0.(~0 0.50 

2.65 (}.% 0.(10 0.00 0.4R 

2.R9 0.98 0.{l(J O.O0 0.48 

2.71 0.87 (},UO 0.00 0.42 

2.67 0,82 [},U(} 0.(10 (;,20 

2.56 0.74 0.00 0.(X) 0.20 

2.4(1 0.66 0.00 0.00 0.18 

2.23 0.59 0.00 0.00 0.17 

ISOMERS 
MOLe % 

0 .~  

0 .~  

0.00 

0.06 

0.17 

0.00 

0.i~ 

0.35 

0.45 

0.45 

O.32 

D.3(J 

0.26 

0.23 

0.19 

0.17 

0.16 

O. 14 

0.06 

O.0~ 

0.05 

0.(J5 

139 



HY~OCARBO~J PR(IUUCT 

TABLE 79 (Continued) 

DISTRI ~T_.I~_3~ 

RUN NO. 867(Itllt18 

S~PLE ,'~(J. 24 

CARBON NU. 

23 

24 

25 

26 

27 

2~ 

2~ 

3C 

31 

32 

33 

3Q 

35 

3~ 

37 

3R 

3Q 

40 

NfALKANES 
WT ~ MOLE 

2 . ~  0.52 

1.~9 0.46 

1.72 O.40 

1.60 0.36 

1.39 O.3O 

I. 2O O. 25 

1.04 0.21 

O. 93 O. IR 

O. 83 O. lb 

O. ~5 (). 15 

P. 7q O. 14 

(}. 71 (). 12 

P,.b3 O.iO 

l). b2 O.t]X 

0.40 O.Ob 

D.31 0.05 

n.24 ().u4 

().'16 n.O2 

ltALKENE [~RANCHED ISOMIERS 
WT ~ MOLE ~ WT ~ l~l.E 

0.011 0.(X) 0.16 0.04 

0.0(I 0.00 ().13 U.03 

0.00 0.00 0.11 0.02 

0.00 0.00 0.07 0.02 

0.(~ 0.0(} 0.06 O.Ol 

O.UO U.O0 0.06 0.111 

0.00 0.00 0.04 0.01 

0.(10 O.O0 0.03 0.01 

N.uO (}.DO F).{13 ().()I 

0.0(I (l.O0 O.IWJ ().U(} 

II.()0 {).()0 0 . ~  O.O(J 

().OO ().00 ().(.X.) (1.00 

U.O0 ().LR) ().(X) (,.ULi 

().O() ().00 (~.U() 0.00 

0.(10 O. O0 •. 0() O. O0 

D.(,)O 0.00 0.0(1 O.IX~ 

{).DO 0.00 0.(}0 O.O(J 

{i.(X) 0.00 O.(WJ L).O0 

~4 ~. 



MASS BALANCE 
PROCESS CONDITIONS At'- DRO~ICT SUMMARY 

tttttttttttttttttttttttttttttttttttttttttt~tttttttttttttttttttttttttttttttttttt~tttttt~ttt 

CATALYST ! Co2(CO)R/ZRISID2 
S,qVqPLE NO~ ~70 t l l t l S t26  

REAc'o~ LOANING, MLS ~ 450.0 T, C I 262.4 FEED RATIO, 
CATALYST LOAnINg, WT%s 19.2 P, PSIG I 310 C0/H2: 1.0 
TIME oN STREAM, MRS ! 331.0 SV, L/G/MR! 1.00 

ttttttttttt~ttittttttttttttttttttt~ttttttt.~ttttttttttttttttttttt~ttttttttttttttttttttttttt 

USAGE RATIO, C01H2 I 0.39 BuLK ACTIVITY, 
If~VERALL CONV., CD+H2t 41.54 ~oL SYNC, AS/KG CAT/HR! 18.5~ 
%CO CONy. t 23.14 SPECIFIC ACTIVITY, 
~2  CONY. ~ 60.01 MOL C~/MOL METAL/MIN, 0.104 

ttttttttttttttttttttttttttttttt~tttttttttt1~ttttttttttttt'ttttttttttttttttttttttttttttttttt 

WEIGHT ~ PROi'~ICT DISTRIT' TION: 

HYDROCARBONS ; 19.56 H2iJt 13.80 
OXYGENATES ' 0.~! C0 : $8.5! 

, 7B ' "  1C C02 5. H2~ z.~,. 
~t~t~t~t~tt~t~ttttt~t~t~ttt~tft~tttt~tttttt~t~t~t~ttttttttttttttttt~tt~t~t.~tttt~tttt~ 

HYDR~CAPBDtl SELECTIVITY, WT~: 

CI : ?.65 C4tENE ~ 2.18 
C2tANE ! 1.77 C5tC11 ~ 42.57 
C2tENE I 0.11 C12tC18: 31.93 
C3tANE I 1.21 C19tC23: 5.28 
C3tENE t 2.~9 C24t34 , 2.75 
C4 ISO+AN~} 1.61 C35+ : 0.45 

tttttttt•tttt•tttttittttttttttttttttttttttttttttttttttttttttttttttttttttttttt•t•ttt•tttttt 

FUEL FRACTIONS, WT~I 

GASOLINE (C5tC11): 42.57 
DIESEL (C9tC25) : ~I.R3 

t~tt~tt~t~ttttttttttttttttttttttittttttttt~ttttttttttttttttttttttttttttttttttttttttttttttt 

% ELEMENTAL RECOVERY: CARBON = 132.25 
HYDROGENI 127.05 
0XY~EN : 114.85 

tt~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

!41 



HYDROCARBUN 

TABLE 81 

RUN ~ .  R670tlltlF~ 

..;AMPLE NO. 26 

CARBOII )£. 

1 

2 

3 

4 

5 

B 

7 

R 

q 

11 

12 

13 

14 

15 

16 

17 

lg 

2{) 

21 

22 

N IALKANES ItALKENE 
WT = MoLE ~ wT % ~LE % 

7.65 37.06 O.O0 0.00 

1.77 ~.6~, ) . I I  0.~1 

1.21 2.19 2.49 4.71 

1.5~ 2.16 2.1R 3.09 

2.1o 2.42 2.32 2.63 

4.5~R 4.23 0.46 O.4tl 

2.b~ 2.09 P.73 0.59 

3.0R 2.15 l.(W) 0.71 

4. ?5 2.94 I. 39 0.~7 

4.98 2.7H I. 2n 0.Sk 

c~.HR 2.2~ ().q5 0.4~ 

4.L3 1.93 ().75 O.3b 

~.~i i.~, [).0() O.U() 

3.?9 L.52 {).()() I).0(I 

3.)2 1.24 (l.O0 O.(lO 

2.RR 1.()1 (I.(X} i~.(~() 

2.~ O.~l ().(J() 0.(~) 

1.93 O.h() 0.()() ().(lO 

],.HX 0.44 F).t)U ~).()U 

l.nq (l.31 ().(l() ().(jO 

().R() N.22 O.()U O.OO 

().62 F). I(~ N. c~ (). O(l 

BRANCHED 
WT ! 

0.00 

0.00 

0.L)0 

0.04 

U.19 

0.[)0 

n.59 

1.03 

I.% 

2.01 

2.(~ 

1.MH 

l.b2 

1.3~, 

1.17 

I.~ 

().HI 

().5Q 

o.51 

l).2() 

0.13 

().[IQ 

[SO~ERS 

U.O0 

U.O0 

U.O0 

o.OS 

0.21 

0.00 

O.47 

(J.72 

1.22 

1.13 

1.05 

O.Mb 

().35 

(I.27 

{). lq 

I).~)q 

ll.()h 

().()4 

O.D2 

142 



HYDROCARBON .PRIjl)tlCT 

TABLE, 81 (Continued) 

I)ISTR I BUT.LO!~ 

RUN NO, g670*IDI8 

SAMPLE li~. 26 

CARBON t~, 

23 

24 

25 

26 

27 

2R 

29 

30 

31 

52 

33 

57 

5R 

3~ 

NtALKANE,~ 
WT ~ I'IOLE 

0,49 0.12 

0.41 0.I0 

O, 36 O, 08 

0.31 0,07 

0,27 O.O6 

0.23 0.05 

o. 20 O, Oq 

f), 18 o, U3 

O.lb 0,03 

l). 14 o, 02 

N, 12 O, 02 

O, 12 r}. O2 

{).II 0.()2 

O,l{} {),O2 

{I,[}H O.ol 

O. U7 0. Ol 

0,O5 0.01 

(},(}4 [),()I 

],+ALKENE BRANCHEr} ISOHERS 
WT ~., MOLE " WT 7, ~IOLE Z 

0,00 0.0O 0.06 0.N1 

0.(X) 0,00 0.05 0.01 

0.00 O.O0 0.04 O.Ol 

0.00 0.00 0.03 0.01 

0.00 0,00 0.03 0.01 

0.00 0,00 0.02 0.00 

0.00 0.00 0,02 0.110 

o.00 0,0(I 0,02 U.UU 

o,uo 0,00 0.01 U.(.~ 

o.uo o.t)() o,01 O,CE) 

l). o() O. o0 o, O0 o. oo 

O, O0 O,t~ O,(XJ u.t)o 

0,()0 O,OL) O,(X) O,t)(~ 

(3,1X.) 0.0() (}.t}O C),(X) 

N,O() 0,00 O,(W') O.l)O 

(J. ('W) O. iX) O, U() O.(X) 

0.0(} (I.00 (),LE) U,UH 

(},(W) O.l~ 0.(10 O,l~ 

t 



TABLE 82 

PtA~$ BALAKCE 
PROCE$~ CONOITION~ AN~ PRODUCT SUMMARY 

tttttttttttttt~ttttttt~t~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

CJwTALYST ~ Co2(C0)~/ZR/SI02 
~PLE Nn~ R67Otllt1~t30 

REACTOR Lo~nINr,, n.s , ~50.0 T, C , ~ i . 0  FEED RATIO, 
CATALYST LOA~INS, WT%~ 19.2 ~ ~SIG , 310 C0/H2~ 1.50 
TIME o~ STREAM, HRS : ~$5-0 v~, L/~/MR: 1,(~ 

ttttttttttttttttttttttttttttttttttttttt~ttttttttttt~tttt~ttttttttttttttttttttttttttttttttttt~ 

U~A~E RATIO. COIH2 , 0.43 EULK AcTivitY, 
B-J')VERALL CONV., CO÷H2~ 42.119 MOL ~YN6AS/KG CAT/HRI 19.139 
~ 0  CoNv. ~ 21.45 SPScIF~C AcTIviTY, 
~H2 CONV, I 7S.06 t~L C0/MOL METAL/MINI 0.115 

ttttttt~ttttttt1tttt~ttttt~tttttt~ttttttt~t~ttttttttt~tt~t~tt~tttttt~tt~ttttttt~tt~tttt~tt1 

WEIGHT ~ BRO~I~CT DIS'I~TBHTION: 

HYI)ROCARBONB I 9.77 H20: 13. li~ 
, CO: 70.5S 

C02 '. H2 • 1.07 
t•tt•ttt•t••tt•••••ttt•tttttttttt•••tt•tttt•t•t••t•t••t••••t•tt•tt•tt••tttt•ttt•tttttt•ttttt! 

HYDROCARBON SELECTIV|T~, WT~ 

CI ~ 11.02 C~tENE : 3.49 
C2tAN~ ~ 2.25 C51C11 ~ 37.46 
C2tENE , n .23  C121CI~: 23.26 
C3tANE ~ 1.27 C19tC23~ 7.99 
C3tENE ~ 3.Q3 C2~t3~ ~ 6.47 
C4 ISO*ANE! 1.70 C35* ~ 0.93 

ttttttt~ttttit~ttttttttttttttttttttttttttttttttttttttttttttttttttt~tttttttttttttttttttttttt~ 

FI~EL F~ACTION.~, WT'Z: 

GASOLINE (Z5tCll)~ 37.46 
DIESEL (cqtc25) : 4~.80 

tttt~ttttt~tttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttt~tttttttttttt1 

ELEMENTAL RECOVERYt CARBON z 103.68 
HYDROGEN, 97.02 
OXYSEN : 109.01 

tttttttttttttttttttttttt~ttttttttttt~ttttttttttttt~ttttttttttttt~tt~tttttt~ttttttttttttttttt~ 



HYDROCARBON mol,~£T 

TABLE 8 3 

DISTRIBUTION 

RUN NO. 8670)11)18 

SAMPLE NO. 30 

CARBON NO. 

1 

2 

3 

4 

5 

b 

7 

R 
Q 

I0 

11 

12 

15 

15 

17 

lq 

2O 

21 

22 

N tALKANES ] tALKENE BRANCHED 
WT ~ MOLE ~: WT ~ MOLE ~ WT 

11.02 45.76 O.{X) 0.00 O.[E) 

2.25 4.98 0.23 0.53 0.00 

1.27 1.91 3.93 6.22 0.00 

1.67 1.91 3.49 4.14 0.04 

2.30 2.12 3.57 3.39 0.21 

5.72 4.41 O. 33 O. 26 O. O0 

3.26 2.17 1.32 O. 89 O. 58 

3.09 1.MO 1.19 0.71 O.SO 

3.27 i. 70 I. 54 O. 70 O. 88 

3.36 1.57 1.17 0.55 1.24 

2.~i ]..11 0.73 0.31 0.99 

2.57 I. 0() O.~J() 0.24 O. 72 

3.01 1.09 0.00 0.00 o.76 

2.82 0.95 ().00 U.O0 0.76 

2.63 0.£2 O.(YO 0.00 0.74 

2.47 O. 73 0.(}{} 0.(}0 (). 65 

2.32 (]. ~4 0.0[} O. 00 O. 65 

2.03 0.53 O.(X) 0.00 0.54 

i .  R2 O. 45 O. OO O. {JU (J. 24 

1.60 0.38 0.00 0.()0 0.20 

1.39 0.31 (}.0{) 0.00 0.18 

1.22 0.2b O.(X) O.(}O 0.15 

[SOMERS 
MOLE 

0,00 

0.00 

O.OO 

0.04 

0.19 

0.00 

0.26 

0,29 

(}. 4b 

0.5~ 

0.42 

0.28 

0.27 

O. 26 

O. 23 

(}.19 

U.17 

0.14 

u. O6 

0.()5 

1).04 

0.03 

1 4 , ~  , 



~ P R t ) D U C T  

TABLE 83 (Continued) 

UIST~I~I!I~! 

RUN NO. 8670~II+18 

SAMPLE Nf,. 3O 

CARBON NO. 

23 

24 

25 

26 

27 

2R 

29 

30 

31 

32 

33 

54 

35 

36 

37 

3R 

39 

4() 

N #ALKANES 
WT % MOLE 

1.06 0.22 

O.q4 (}.I~ 

0.~3 0.16 

0.73 0.13 

n.b4 0.II 

0.56 U.09 

O.L, 0.08 

~.42 0.07 

q.37 0.06 

(}.35 0.05 

C. 34 (). 05 

O. 30 O. 04 

C. 26 O. {)4 

(].21 0.03 

C.17 U.02 

C.13 n.ll~ 

(..i{] n,Ul 

o.u6 (].Of 

] fALKENE BRANCHED |SOMERS 
WT ~ MOLE 7. WT ~ MOLE Z 

o.o0 U.UU 0.13 U.U3 

O. 0o o. (X] 0.11 0.02 

0.00 O.Oe O.lO U.02 

0.00 0.00 0.08 0.01 

0.00 0.00 0.07 0.01 

¢).(XJ 0.00 0.05 0.01 

(3.00 0.00 0.04 O.UI 

0.00 0.00 0.04 0.01 

q.{)O 0.00 U.02 0.00 

U.O0 O.UU O.Ul ().t~) 

O.U() 0.0() O.UO O.OU 

0.0(! h. LW.) O.UO 0.00 

U.F)() ().00 (J.LX) 0.00 

C).(~} ().()0 U.~ ().()0 

().I)(') (}.U(~ N.L)() O.(X) 

().(X) {).UU O.UN {).UO 

(~.OU O.()U O.OU ().()() 

O. (~ O. UO O. L)O O. O0 



TABLE 8a 

MASS BALANCE 
PROCESS CONDITIONS ANn PRODUC~ SUMHARY 

tt~ttttt~t~ttttt~tft~t#~tffttt~tf~ffft~tfttt~ffttttftt~fft~t~ffffftftf~Ht~ffffHfH4 

CATALfST ~ Co2(C0)B/ZRISI(]2 
SAMPLE No: 867()tlltlgf33 

REACTOR LOADING, Mt.S t 450.0 T, C ! 260.0 FEEn RATIO, 
CATALYST LOADING, WT%: 19-2 P, Psl(~ : 310 C0/H2= 1.5( 
TI.E ON STREAM, MRS : 378.0 SV, L/G/HRI 2.~0 

t••t•t•t•tfttft÷tt••fttf•f•f•ttt••tftt•tt•••fffftffttt•t•tt•t••f•tf••••ttt••t•••t•ft••f•i 

U~AGE RATIO, CO/H2 ~ 0.15 BULK ACTIVITY, 
~OVERALL CONV., C0+H2: 25.01 MOL SYNGAS/KG CAT/HR: 22.324 
%C0 CONV. I 5,~6 SPECIFIC ACTIVITY, 
~H2 CONy. ~ 54.33 MOL C0/HOL METAL/MINI 0.059 

ttttt~tt~t~÷tt~t~tf~tt~~t~t~t~tt~ttt~tt~ttttt~~it~~t~1 

WEIGHT X PRODItCT DISTRIBUTION= 

HYnROCARBONSI 8.76 H20: 10.40 
OXYGENATES ! 0.16 CO t 76.67 
C02 i 2.23 H2 ~ 1.76 

ttttttttt~ttttttt~tttttt~tttt~tt~t~ttttttttttt~tttt~tt~ttttttttttt~tt~t~t~t~t~t~tt~1 

HYDROCARBON SELECTIVITY, WT~ 

CI ~ 12.~5 C4tENE ~ 4.23 
C2tANE = 2.79 C5tCli ~33.33 
C2tENE , 0.00 C12tC18~ 22.50 
C3tANE ~ 1.63 C19tC23: 8.98 
C3t~NE ~ 4.63 C2464 I 6.65 
C4 ISO+ANE~ 2.31 C35+ : 0.50 

~t~f~ftf~ff~fff~ff~f~ff~f~t~ff~ff~f~f~F~fft~fi~F~~ff~fff~f~1 

FUEL FRACTIONS, WT[: 

GASOLINE (C5tC11): 33.33 
DIESEL (C9tC25) = 44.65 

ttt~tttttttttttttt~tt~t~t~tt~t~t~t~tttttt~ttt~ttt~ttttttt~t~tttttttttttttttttttttt~tt~ 

% ELEMENTAL RECOVERY! CARRON ~ 117.55 
HYDROGENI 113.78 
OXYGEN ~ 11R.14 

~tttt~tt~tttt~ttttttt~ttttttttttt~ttHttttttttttttttttttttttttttt~tttttttttttttttttt~ 

1'17 



HYDROCARBON ~ODUCT 

TABLE 85 

U[STRIBUTI~ 

RUN NO. ~67U+lltlM 

SAMPLE I~. 33 

CARBOt~ NO. 

1 

2 

3 

4 

5 

7 

Q 

IO 

11 

12 

13 

14 

15 

16 

17 

l q 

2o 

21 

22 

N tALKANES l tALK ENE BRANCHED 
WT % MOLE ~ WT % M~E ~ WT % 

12.45 qT. b8 0. ~ 0.00 0.00 

2.79 5.70 O.00 0.00 0.~ 

1.63 2.27 4.63 6.7b 0.00 

2.24 2.37 4.23 4.52 0.06 

3.01 2.56 ~. 5b 3.99 0.3(I 

6.05 4.31 0.38 0.28 0.00 

2. g2 I. 7g I. 15 O. 72 O. 39 

2.25 1.21 0.89 0.4Q 0.41 

2.36 1.13 ().~8 0.43 0.53 

2.28 0.98 O.QI 0.40 0.72 

1.99 0.7~ O. 56 0.22 0. ~2 

2.()I 0.73 0.52 0.19 O.h6 

2.49 ().M3 11.(3(I (I.00 0.60 

2.50 0.77 I).(I() 0.o0 (J.71 

2.53 0.73 0,04~ 0.00 0.75 

2.57 0.7~l (I~D(~ 0.00 0.80 

2.51 0.hq o.uo o.oo ~].~2 

2.24 {1.54 (). ()0 O. O0 0.70 

2.o3 ().4h i~.(~) (I.0(} 0.37 

1.77 (). 5x ~).(K) 0.(D o.29 

1.52 ().51 (I.IIU O.~ 0.23 

1.30 0.26 0.(x) ().IX) 0.18 

[ SOe'lE RS 
MOLE % 

O.L~ 

(].(~ 

O.~  

0.07 

0.25 

0.00 

0.24 

0.22 

(I. 25 

O.31 

u.32 

O. 24 

I~.23 

O.22 

O.22 

~).22 

0.21 

D.17 

0.o~ 

t).0~ 

O. 05 

0.04 

14e 



HYDROCARBON PRODUCT 

TABL.E. BS (Continued) 

DISTRIBUTION 

RUN NO. 8670illt18 

S/~IPLE NO. 33 

CARBON til'i. 

23 

24 

25 

2B 

27 

28 

29 

31 

32 

33 

3~ 

35 

3~ 

37 

3R 

3Q 

4O 

11 fALKANE~ i t AL KE NE BRANCHEI} 
WT % r~W3LE • WT % MOLE % WT % 

1.13 O.21 0.00 0.00 0.15 

1.00 O.IFL 0.00 0.00 0.13 

0.90 O.16 0.00 0.00 0.11 

0./8 O.13 0.00 0.00 0.10 

0.68 0.11 0.00 0.00 0.08 

0.60 0.09 0.00 O.OU 0.07 

0.52 0.O~ 0.0(~ 0.00 0.06 

0.45 0.06 O.00 0.00 0.(i5 

0.37 O.05 U.CK) O.(X] 0.(]4 

0.29 (}.O4 O.(X) 0.00 0.02 

0.22 If.()3 O'IX) 0.00 0,{)1 

0.16 0.()2 ().('lO O.OO (),01 

ft. 14 (J.[i2 O.0~ O,(iO {i. O0 

0.13 C).02 O.00 0.00 0.UO 

0.09 l).Ol 0.O0 0.UO (}.00 

O. (i5 O. Ol O. (X) 0. {lO f). UO 

(}. 05 O. 01 (]. O0 O. UO O. UO 

0.03 0.00 U.O0 0.00 0.00 

ISOMERS 
rlOLE 

0.03 

0.02 

0.02 

0.02 

0.01 

0.01 

0.01 

0.01 

C).Ol 

O.UO 

0.00 

u.[~3 

O.U0 

o.cK) 

0.O0 

O.O['l 

O.(X) 

0.00 

1~.9 



TAm,,E 86 

MASS P~LAI~E 
Pm'cEss CONDITIONS AND PROm~CT ~JMMARY 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt. 

CATALYST ! Co2(CO)S/ZR/SI02 
S ~ . E  No: 8670tllt18t36 

REACTOR LOAOING, MLS : 450.0 T, C : 262.0 FEED RATIO, 
CATALYST LOADING, wT%t 19.2 P, pBIG , 315 CO/H2: 2.00 
TI~E ON STREAM, MRS , 402.0 SV, L/G/HR: 2.00 

t.ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt1 

USAge RATWn, COIH2 ~ 0.67 B~LK ACTIVITY, 
'II~VERALL CONV., C0+H2s 36.76 ~,L SYN~ASIKG CAT/HR: 32.503 
7.C0 CONV. ! 22.0~ SPECIFIC ACTIVITY, 
IH2 CoNv. r ~ . 1 6  mL C01MoL ~ET~/MZN~ 0.261 

tttt~tt~tttt~tttttttttttttttttttttttttttttttttt~tt~ttttttt~ttttttttttttt~tttttttttttttttttt1 

WEIGMT ~ PROIWICT DISTRIBIITION: 

HYDROCARBONS~ 7.04 H20~ t0.29 
OXYGENATES ! 0.09 CO : 79.54 
C02 , I.RO H2 : 1.23 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

HY~ROCAPBOtJ SELECTIVITYs WT~ 

Ci : q.39 CqtENE : 3-65 
C2tANE , 1.93 C5tCI1 : 32.96 
C2tENE ~ ().29 C12tC18~ 26.21 
C3tANE : 0.92 C19tC23: 11.18 
[3teNe ! 3.97 C24t34 ~ 7.60 
C4 I~O+ANE! 1.33 C35+ : 0.57 

t•ttttttttttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttt•ttttttttttttttttttttt 

F~IEL FRACTIONS, WT~I 

t t t t ~ t t t f t t t t t t t t ~  

GASOLINE (C5tCli)' 32.q6 
~IE.REL (Cctc25) : 53.25 

ttttttttttt,'-~tttttttttttttttttttttt ttttttttttttttttttttttttttttttttttttt 

ELEMENTAL RECOVERYI CARBON T 92.66 
HYDROGENI 96.72 
0XYC, EN ~ 95.93 

~tttttttttttttt~ttttttttttt~tt~tttttt~ttt~tttt~ttttttt~tttttttttttttttttt~ttttt~ttt~ttttttt 

150 



HYDROCAJ[BON PRODUCT 

TABLE 87 

D[STRIBUT 10~. 

RUN NO. R670+llti8 

SAMPLE l&. 36 

CARBON NO. 

i 

2 

3 

4 

5 

6 

7 

Q 

ID 

11 

12 

15 

14 

15 

17 

1R 

2f) 

21 

22 

N tALKANES ItALKENE BRANCHED 
WT • J~W3LE % WT % I~OLE .', WT % 

9.39 42.82 0.00 O.00 0.00 

1.93 4.70 0.29 0.77 0.00 

0.92 I. 52 3.97 6.90 0.00 

1.29 i .  62 3.65 4.75 O. 04 

I.R6 1.88 4-18 4.36 0.19 

q. 39 3.72 O. 35 (l. 30 O. O0 

2.40 I. 75 i. 30 O. 97 O. 55 

2.31 1.48 1.27 0.83 0.75 

2.28 i. 30 I. 43 O. 83 O. 98 

2.28 1.17 1.28 O.b7 1.26 

2.(]2 0.95 0.ilO 0.3B i.O8 

2.08 0.8q 0.70 O. 30 {}. 77 

2.17 0.Sb U.58 0.23 0.79 

2.78 1.02 I).00 O.(10 U.g4 

2.77 0.95 0.(~) O.O0 0.88 

2.94 O. 95 D. OU O. 00 I. 03 

3.oq 0.94 0.(10 O.OC 1.02 

2.84 0.82 0.LWJ O.~ 0.93 

2.55 (]. 70 O. D[) O. 00 0.50 

2.22 O. 57 (). {]0 (). (](] O. 38 

I . ~  0.46 O.00 (}.00 U.29 

I .  59 0.37 O. 00 n. OO O. 23 

ISOMERS 
MOLE 

0.00 

0.06 

0.19 

0.~1 

0.40 

U.48 

0.56 

0.65 

0.50 

0.33 

0.31 

0.31 

0.30 

0.33 

0.31 

O.27 

0.14 

(}. IC} 

0.07 

0.05 

151 



HYDROCARBOH PRU~IJCT 

TABLE,87 (Continued) 

DISTRIBUTIQN 

RUN NO. g670)IItlR 

SAMPLE )~. 36 

CARBON ~JO. 

23 

24 

25 

26 

27 

28 

2q 

5O 

31 

32 

33 

3~ 

35 

36 

37 

3R 

3Q 

4~ 

N t ALKANE ,R 

WT % MOLE % 

1.35 0.30 

1.15 O.25 

1.O2 0.21 

0.88 O.Ig 

0.77 O.15 

0.67 O.12 

O.5R 0.10  

o.5(I n.o9 

O.tI2 0.07 

O. 34 O. 05 

0.26 0.04 

O.26 O.0# 

0.20 0.O3 

O. 1~ O.(}2 

O. IU 0.(}I 

n.o6 O.O1 

0.05 0.01 

n.o5 ().IX) 

ItALKENE BRANCHED ISOtIERS 
WT 7, r'~CE % WT % MOLE 

0.00 0.00 0.19 0.04 

(}.(}0 (].00 0.15 0.03 

0.00 0.00 0.12 0.03 

O.(W] O.O0 0.II 0.02 

0.00 0.00 0.09 0.02 

().O~ 0.00 0.0~ O.Ol 

0.00 0.00 0.06 O.Ol 

O.0(} O.(~3 0.06 O.OI 

().00 O.OO 0.04 0.01 

0.00 0.00 0.02 0.00 

O.O0 0.00 0.01 O.UO 

F).O0 0.00 O.l)l l).(}O 

P.O0 0.00 O.u() U.I)O 

().()o 1}.(X) 0.00 O.uo 

O.0(} O.OO 0.00 0.00 

D.OO O.O(] 0.00 {].(X] 

O.OO O.t)o O.CX) 0.DO 

O.(X) 0.00 O.OO F).(X) 

152 



TABLr 88 

MASS BALANCE 
PROCESS CONDITIONS ANn PRODUCT SUMMARY 

ttttttttt•tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•ttttttttt•tttt• 

CATALYST ! Cn2(C0)8/ZR/Sx02 
SAMPLE NO= R670tllt lSt39 

REACTOR LOAI~ING, HI..~ : /450.0 T, C , 262.0 FEED RATIO, 
LOADING, WT%.' 19.2 P. PSIG ; 315 C0/H2, i . {  

CTATALYSTsTI~EAM, HR.q /42~-0 SV, L/C,/HRI 2.0(] lV'E ~ t 
ttttttttttttttttttt•tttttttttttttttttttttttttttttttttttttttttttttttttttttt•t•tttttttttttt• 

USAGE RATIO, C0/H2 , 0.50 BULK ACTIVITY, 
~[}VERALL CONV., C0+H2~ 50.16 MOL SYNGAS/KG CAT/HR, 44.796 
T 0  CONV. I 33.4! SPECIFIC ACTIVITY, 
%H2 CONy. ~ 66.91 MOL C0/MIOL METAL/MINI 0.299 

tt~ttttttttttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttttttt 

WEIC, MT '~ PRODUCT DISTRIBUTION: 

HYDROCARBONS| 13.~3 H20: 17.21 
OXYGENATES , 0-35 CO : 62.83 
C02 , 3.56 H2 , 2.23 

t~tttt~ttttt~tftt~tft~ff~ttt~ttt~tttttttt~tt~t~ttttt~ttttttfttt~tttt~ttt~tttttttttt~ 

HYDROCARBON SELECTIVITY, WT~! 

C1 ~ 15.55 CQtENE = 3.66 
C2tANE ! 3.52 C5tCli : 33.08 
C2tENE : 0.i0 C12tC18: 20.93 
C3tANE i 2.R8 C19tC23: 7.05 
C3tENE , 4-02 C24t34 : 5.09 
C4 ISO+ANE: 3.62 C35+ , 0.51 

ttttttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttt•ttttttttttttttttt•ttt•tt 

FUEL FRACTIONS, WTX: 

GA.~OLINE (C5tCII)' 33.08 
DIESEL (C9~C25) ' 42.43 

tttttttttttttttttttttftfttttttttttttttttttttttttttttttttttttttttt t t t t t t t t t t t t t t t t t t t t t t t t t  

% ELEMENTAL RECOVERY~ CARBON = 97.75 
HYDROGEN~ 97.10 
0XYBEN ! 100.02 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•t• 

i~3  



HY~OCARBON PRODUCT 

TABLE 89 

DISTRIBUI[.Q~ 

RUN ~ .  8670tlI~18 

SAMPLE re. 39 

CARBON 1£. 

I 

2 

3 

4 

5 

6 

7 

R 

9 

in 

11 

12 

13 

14 

15 

16 

17 

14 

19 

20 

21 

22 

N tALKANE.~ i tALK ENE BRANCHED 
WT % MOLE % WT 7, I'~_E % WT 

15.55 52.46 0.00 0.00 0.OU 

3.52 6.33 O. [[) 0.19 0.00 

2.88 3,53 4.02 5.17 0.00 

3.55 3.30 3.66 3.53 0.07 

4.21 3.16 3.64 2.~0 O.ql 

4.15 2.61 0.28 0.18 O.OU 

2.79 1.50 O.61 0.34 0.41 

2.53 1.20 0.67 0.32 0.54 

3.06} 1.27 0.73 n.31 0.~0 

3. ig I. 21 O. 6~ U. 26 U. 94 

2.33 O.gO 0.39 U.14 0.77 

2.26 D. 72 O. 33 O. I I  0.70 

2.41 0.71 (I.0() O.IK) 0.7~ 

2.51 ().b3 O.(X~ 0.® fl.77 

2.23 0.57 (].(X) ().0O 0.81 

2.1G 0.52 ().Off 0.OLl 0.79 

2.12 (}.48 I).UO n.U(I 0.7b 

i. 77 0.3~ (~. DO O. O0 (). 69 

1.55 {}.31 n.()O 0.00 [).% 

1.39 0.27 ().DO 0.00 ().24 

I. ig 0.22 (i.[)O ().I)0 ft. 19 

i.(~) 0.17 O.O0 O.OU [}. 16 

[ ,~Ot~ERS 
~LE 

0.00 

0o00 

U,UO 

0,07 

0.31 

O.CO 

O.22 

0.26 

u.34 

0.36 

U.27 

O.25 

U.22 

U.21 

0.21 

0.19 

0.17 

n.15 

0.07 

0.05 

0.U3 

0.(33 



TABLE 8g (Continued) 

HYUR~ARBDN PRDD_EC.T. DISTRIBUTI(R 

RUN NO. %70)11)18 

S~PLE )~. 3g 

CARBUN )Wl. 

23 

2~ 

25 

26 

27 

2~ 

2g 

3O 

31 

32 

5u 

35 

56 

37 

5R 

5o 

qO 

N)ALKANES 
WT I{ MOLE 

O. 86 O. 14 

{l,75 0.12 

0,67 O.ID 

0.58 0.09 

0.50 0,07 

O.~q 0.06 

0.3R 0.05 

0.33 "'.Oq 

n.27 0.(}3 

0.23 0.05 

0,21 (').02 

n. 2n O. (]2 

~I. IB n.(12 

(3.12 o.oi 

o,og 0.01 

().(}F) (1.01 

O.{)q O.C~ 

().05 0.00 

ltALKENE BRANCHED ] SOHERS 
~T ~ ~OLE ~ WT ~ ~OLE 

0.00 0.00 0.13 0.02 

0.00 0.00 0.11 0,02 

0.00 0.00 0.09 0.01 

0,00 O.UO 0.08 0,01 

0.00 O.OO 0.07 0.01 

0.00 O,UO 0.05 O.Ol 

O.~ 0.00 O.Oh 0.01 

0.00 0,(]0 O.U4 O.O0 

UJJD 0.00 0.05 0 . ~  

O.iD O,OU U.OI O.LK] 

D,O0 0.00 O.Ol O.(X) 

{}.00 O.Otl 0.[}0 (I.LKI 

0.00 o.or) o.uo o.0{1 

C).O0 0,00 O.[lO O.L)O 

(l.U(l O.[){l O.UO 0.00 

O.UO (}.(~ 0.00 [l.OO 

O,O0 0.00 0.00 O.bvJ 

O. {El O. OU (' • O0 O. 
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TABLE 90 

~S~ BALANCE 
PROCESS CONDITIONS ANP PRO~CT St~I'IARY 

ttttttttttttttttttttttttttttttttttttttitttttttttttttttttttttttttttttttttttttttttttt~tttttttt 

CAT.J~,.YST t Co2(CO)R/ZR/SI02 
SAMPLE NO: R670tlltlRt42 

REACTOR LOANING, MLS , 450.0 T, C , 281.0 FEED RATIO, 
CATALYST LOADING, WT%! 19.2 P, pSIG : 312 C01H21 1.00 
TIME ON STREAM, MRS ~ 49~.0 SV, L/G/MR! 2.00 

tttttttttttttttttttt~tttttttttttt~tttttttt~ttt~tttttt~t~tttttttttttttttt~tt~t~t~t~tttttttt 

U~AGE RATIO, C01H2 , r).55 ~,LK ACTIVITY, 
~OVERALL CONV., CD~2! 58.97 MOL SYNC~I~$1KG CAT/HR] 52.668 
~ 0  CONY- : 41.85 SPECIFIC ACTIVITY, 
%H2 CONY. ~ 76.1(! MOL CO/t1(W. HIETAL/MIN~ 0.3715 

~tttttttttttttttttt~ttttttt~tttt~ttttt~ttttttttttttttt~ttttttttttttttttttttttt~tttttttttttt 

WEIGHT ~ Pm~JCT DISTR! NITION: 

HYDROCAREON$: 17.47 H201 17.7~ 
OXYGENATES : 0.24 CO : 53.46 
C02 : 9.47 H2 : 1.5/ 

~t~ttttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

HYDROCARBON SELECTIVITY, WT~! 

C1 ! 20.47 C4tENE : 3.64 
[2tANE ~ 4.3q CStCII : 37.04 
C2tENE : 0.13 C12tCI~: 16.96 
C3tANE ~ 3.q7 C19tC23~ 3.92 
C3tENE : 3.~') C24t34 : 2.11 
C4 I~O*AtlE~ 3.R6 C35 ÷ : ().22 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~ttttttt 

Ft~EL FRACTImlS, WT~: 

GASOLINE (C5tC11): 37.0~ 
DIE.~EL (C9tC25) . 34.20 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt.tttttttttttttttt 

% ELEMENTAL RECOVERY: CARBON , 101.52 
HYDROGEN: INI.57 
OXYGEN : 101.53 

ttttttttttttttt*tttttttttttttttttttttttttttttttttttttttttttttttt~tttttitt~ttttt~ttt~tttttt~ 

I:~ 



HYDROCARB(~ PROIXET 

TABLE 91 

I.)iST~II~UT~ 

RUN NO. R670tllt18 

SAMPLE ~J. q2 

CARBON NO. 

1 

2 

3 

4 

5 

6 

7 

g 

q 

i0 

11 

12 

13 

14 

15 

16 

17 

18 

lq 

20 

21 

22 

N tALKANE.~ I tALK ENE BRANCHED 
WT % r'lOLe % W"" % MOLE % WT % 

20,47 57,96 0,00 0,00 0,()0 

4,39 6,62 0,13 0,21 O,00 

3,97 4,09 3,30 3,56 0.00 

3,83 2.99 3.64 2.94 0.03 

4,37 2.75 3.35 2,17 0,53 

5,69 3,00 1.07 0,58 0,00 

3,53 I, 60 0,60 O, 28 O. R1 

2.42 {),96 0,55 0.22 1,47 

2.~0 0.92 0.42 D.15 1.64 

2.72 0.g7 0.00 O,0O 1.70 

1.75 0,51 0.(]0 O,0() 1.80 

l.Sq 0,49 0.(](1 O.0P, 1.40 

1,71 r),~2 (}.(lt} O,00 1,30 

1.50 0,34 (].u() O.0O 1.08 

1.30 0.28 u,(}O (),0{} 0,98 

i. 14 0.23 (I. 00 (I. 0() C}. 89 

1.15 (1.22 0.00 0.00 0-M5 

1,08 0,19 0,00 O,0O 0,72 

0.'q ~.15 0.(K) ().0() 0.43 

F~.7(} (1. II  {).00 0.00 0.26 

(1,53 (},{}8 O,00 0.OU O. 13 

0.4 3 0.06 O, (}0 O. OU O. I0 

ISOHERS 
MOLE Z 

0.00 

0,{X) 

0.00 

0.02 

0.33 

0.00 

0.37 

0,58 

0,58 

0.54 

0.52 

0,37 

0.32 

0.25 

".21 

0.18 

0.16 

0.13 

n. {)7 

0.04 

0.02 

0.01 

, 1 . 5 I  



HYDROCA~(~ 

TABLE 91 (Co.~tnue(I) 

~t}DUCT _DJ STRIBIITIt}N 

RUII NO. 8670tllt18 

SAMPLE NO. 42 

CARBON I10. 

23 

24 

25 

26 

27 

2R 

29 

31 

32 

33 

3, 

35 

36 

37 

3R 

39 

40 

N tALKANES I tALKENE ~RANCHE D 
WT % ~IOLE % WT [ MOLE % WT % 

O. 36 0.05 U.~ O.t}O 0.07 

0.31 O.t~ 0.00 O.O0 O.Ob 

n.27 0.O5 0.00 0.0(] 0.05 

0.25 0.03 0.00 0.00 0.0~ 

0.20 0.02 0.00 li.O0 0.03 

0.17 0.02 I I.O0 0.0~ 0.03 

0.15 0.02 0.OO 0.0(7 fJ.02 

O. 13 0.01 0.00 O.OC} 0.02 

0. I i  0.01 0.00 ().~ 0.0.2 

C;.Ofl (1.01 0.00 ().O{] O.Ol 

0.Of O.Ol ().00 0.00 0.01 

0.07 0.()i ().00 ().00 0.00 

CI.U7 0.(~i 0.00 q.o0 o.00 

~.05 o.00 ().(,~] 0.O~ 0.00 

().04 O.U~ ().00 0.0(] O.O0 

c).O3 n.O{} ~.(X) (}.{;0 N.txo 

n.u2 o.u{) ~).(K) n.()o n.(~) 

n.()2 t).O0 ().O() 0.O0 O.~) 

[ sOrIE RS 
MOLE X 

{}.Ol 

0.01 

0.01 

0.01 

0.00 

0.00 

0.00 

I).O0 

U.O0 

0.0~ 

I).(~ 

O.IXI 

OoU() 

U.IN) 

{).LWJ 

O.O(I 

o./Y,J 

O.L~I 

157 



TABLE 92 

MASS B~LANCF 
PROCESS CONDITIONS AND PRODUCT SUMMARY 

t~tttttttttttttttttttttttttt~t~tttttt~t~tttt~ttt~ttttt~t~tt~tttttttttttttttftttttt~tttttt 

CATALYST : Co2(C0)8/ZR/SI02 
SAMPLE NO: R670~IItlRt45 

REACTOR LOADING, MLS t 450.0 T, C , 282.0 FE~D RATIO, 
CATALYST LOADING, WT%= 19.2 P, PSIG = 316 C0/H2~ 1.5 
TIME ON STREAM, MRS ! 523.0 SV, L/G/HR! 2.00 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttt• 

U~AGE RATIO, C0/H2 , 0.61 BtILK ACTIVITY, 
~'~VERALL CONV., C0+H2: 46.75 MOL SYNGAS/KG CAT/HR: 41.738 
~,CO CONV. : ~.-51 SPECIFIC ACTIVITY, 
IH2 CONV. ! 72.61 MOL C0/MOL METAL/HINI 0.317 

tttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

W~ I r,w'r Y. P~On~tCT D I STR I BLOT I ON ' 

HYDROCARBONS1 11.75 H20, 13.39 
OXYGENATES : 0.16 CO ~ 67.29 
C02 : 6.16 H2 ~ 1.24 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•ttt 

HYDROCARB~FI SELECTIVITY, WT%t 

C1 : 15-21 CqtENE ; 3.98 
C2tANE , 3.26 C5tCll I' 38.16 
C2tENE t 0.22 C12tC18: 20.38 
C3tANE ~ 2-21 C19tC23: 6.56 
C3÷ENE ~ 4.05 C2qt34 , 3.21 
C4 ISO+ANE: 2.43 C35+ ~ 0.34 

tttttttttttttt•t•ttttttttttttttttttttt•ttttttttttttttttttttttttttttttttt•tttttt•tttttttttt 

FUEL FRACTION.~, WT~,' 

GASOLINE (C5tC11): 38.16 
DIESEL (C9tC25) ~ 41.24 

ttttttt~tttttttt~tttttttt~tt~tttttttttttttt~tttttttttttttttttttttttttt~tttttttttttttt~t~t~ 

% ELEMENTAL RECOVERY: CARBON = 98.64 
HYDROGEN: 104.47 
OXYGEN : 100.63 

ttttttttttttt~ttttttttttttttttttttttttt~ttttttttttttttttttt~t~tt~tttttttttttttttttttttttt~ 

I,~? " 



HYDR~ARB~PRUDt~T 

TASLt" 93 

DISTRIBUTION 

RUN NO, B670111118 

S/VIPLE t,9. 45 

CARBON tD. 

I 

2 

3 

Q 

5 

6 

7 

8 

9 

tO 

t l  

12 

13 

14 

15 

16 

17 

t~ 

19 

20 

21 

22 

N tALKANES I tALKENE B~ANCHE I} 
WT % rw~LE % WT % MoLE % WT % 

15.21 51.67 0.00 f l .~  0.00 

3.26 5-91 0.22 (1.42 0.00 

2.21 2.73 h.05 5.24 0.00 

2.37 2.22 3.98 3.R6 0.06 

3. I0 2.34 4.12 3.19 0.32 

6.50 4.11 1 .DO O.b5 0.00 

3, IO 1.69 D,Bb (I.48 1. }4 

2.41 1.15 0.75 0.37 1.45 

2.21 0.94 O.fi7 (1.29 l.ti7 

1.97 0.75 0.65 (}.25 2.O2 

1.74 0.61 0.51 N.18 1.77 

1.6g 0.54 0.45 (;. 14 1.48 

l.b5 ().49 {~.35 0.I0 1.33 

1.e3 0.5o (t.()r~ c.uu 1.20 

1.66 0.43 (~.00 C.t)O 1.14 

1.50 o.3fi (.}.tw) (',. LW.) 1.0~ 

1.4~ 0.54 {).(~) C.u0 1 .L% 

1.46 0.31 (~.U{) C.{W) 1.00 

i. 39 U.28 ().(K) 0.LK) 0.65 

I. 16 0.22 (). X) U.~) ().46 

(}.q2 O.17 O.()() 0.()9, (J.31 

n.73 0.13 f).O0 ().L~ 0.21 

I SOME RS 
~LE % 

0.00 

0.00 

0.00 

0.06 

0.25 

0.00 

0.73 

0.69 

0.71 

0.77 

{).62 

0.47 

0.39 

~.33 

0.2_q 

[~.26 

(). 24 

0.21 

U.13 

0.09 

O.U~ 

O.Oa 

1"9 



HY.0R(W;ARBON 

TABLE 93 (Continued) 

PRODUC i_[}J S.T R I HUT I 0~I 

RUN NO. 8670tllt18 

SAMPLE ~#0. 45 

CARBUN NO. 

23 

24 

25 

26 

27 

2R 

29 

30 

31 

32 

33 

3~ 

35 

36 

37 

5R 

4U 

N tALKANES ItALKEN£ BRANCHED 
WT X rIOLE % WT % MOLE % WT % 

0.58 0.10 0.00 0.00 0.15 

O. 49 0.08 O.~) 0.00 O. i i  

0.41 0,06 0.00 0.00 0,09 

0.35 0.05 0.00 0.00 O.07 

0,30 0.04 0.00 0.00 0.06 

0.26 0.04 O.O0 0.00 0.05 

O. 22 O. 03 O. O0 O, O0 O. 04 

O. 19 O. 02 O. IX) O, l}O O. 03 

O. 16 0.02 {).DO 0.00 O. 02 

O. 14 0.U2 0.00 0.00 0.02 

O. Ii 0.01 (1.~) O.O0 0.01 

O. 09 O. Ol O. U0 (]. [)0 O. Ol 

O, 09 0.Ol I). OU O. U0 O. OO 

O.U~ 0.01 o.o0 0.00 O,(YJ 

0.06 0.01 (1.00 O.Oe, O.00 

0.(35 0.0[) 0.00 0.00 0.00 

O. 03 0, Ol) (). 0[) ().(10 O. U0 

0,02 O.CA~ O.O(} (1.00 CI.L~) 

] SOME RS 
MOLE % 

O.L}2 

O.02 

0.01 

0.01 

O.01 

0.01 

0.01 

0.00 

0.00 

0.00 

(}.00 

(1.00 

O.UO 

0.00 

o.oO 

0.00 

0.0{1 

0.00 

151 



TAI~LE 94 

MAS~ BALANCE 
PROCESS CONDITIONS AND PFt(I~!CT SUMI'ULRY 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

CATALYST ! Co2(C0)XlZR/SI02 
S~,~..E No~ RE70tlltlRt48 

RF_ACTOR LOANING, MLS ~ 450.D T, C ~ 2~0.0 FEED RATIO, 
CATAI.YST LOADING, WT~I 19-2 P, PSIG ~ 315 C01H2t 2.03 
TIME O11 STREAM, MR~ ~ 570.0 SV, L/G/HRI 2.00 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttttttttt 

II~Ac, E RATIO, CO/H2 ~ 0.66 BULK ACTIVITY, 
~C~I~RALL CONV., C0+H2: 39.55 "nL SYN6AS/KG CAT/HR~ ~5.2~2 
IZ0 CoNy. , 23.51 SPECIFIC ACTIVITY, 
%H2 CONV. : 72.11 MOL CUImL METAL/MIN, 0.282 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

WEIGHT [ PRO~ICT DISTRIBUTION: 

HYDROCARB~NSI 7.93 H20~ 10.15 
OXYGENATES ~ 0-10 CO ~ 76.U9 
C02 : 4.76 H2 : 0.98 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttttttttt 

HYDROC.ARBON SELECTIVITY, WT~ 

CI ~ 15.R~ C4tENE : 4.W6 
C2tANE i 3.26 C5tC11 ~ 37.52 
C21ENE ~ 0.36 C12tC18: 19.48 
C3tANE ~ 1.66 C19tC23~ 7.01 
C3tENE ~ 5-05 C24t34 : 3.18 
CQ I~O+ANE~ 1.79 C35+ : 0.35 

tt~ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~tttttttt 

FtJEL FRACTIONS, wT[. 

GASOLINE (C5tCII): 37.52 
DIESEL (Eqtc25) ~ ~().04 

•ttt•ttt•ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

ELEMENTAL RECOVERY: CARBON : q5.10 
HYDROGEN: 9~,9L1 
OXYGEN : 98.52 

ttt~ttt~t~t~t~t~t~tt~t~ttt~t~t~t~tt~t~tt~t~t~t~ttt~tttttt~tttttttt~tt~ttt~t~ 
~2 



HYDROCARBON .PROL~ICT 

TABLE 95 

DISTR IBU_T I.U_N 

RUN NO. ~670tlio18 

SAMPLE NO. 48 

CARBON r~J. 

I 

2 

3 

4 

5 

6 

7 

R 

9 

i0 

II 

12 

13 

14 

15 

16 

17 

1R 

lq 

2n 

21 

22 

N tALKANE,~ I IALKENE BRANCHED 
WT • I~OLE % WT % MOLE % WT 

15.88 52.57 0.0(I 0.00 O.O0 

3.26 5.75 0,36 0.67 0.00 

1.66 2.LE} 5,05 6-37 0.LIO 

1.79 1.63 4.46 4.22 0-DO 

2.44 1.79 4.45 3.37 0.24 

7.10 4.37 0.97 0.61 0.00 

3.16 1.67 1.13 0.61 1.12 

2.29 l.OB 0.92 0.44 1.25 

1.94 0.80 0.87 0.~7 1.49 

1.70 0.64 0.82 0.~i I.g9 

1.53 0.52 0.59 0.20 1.~3 

1.5() 0.47 0.53 0.17 1.35 

i.~5 0.42 0.45 0.13 1.21 

1.73 0.46 0.00 0.00 1.11 

1.5.4 0.40 0.()0 0.(!0 1.06 

1.4q 0.35 0.00 0.00 1.05 

1.43 O. 32 0.DO (~.00 1.07 

I. 37 (). 2q 0.(XD 0.00 1.08 

I. 36 U. 2 7 U. (}0 0. ()O U. 74 

I. 19 (). 22 ().00 0.00 0.58 

0.95 0.17 0.(J(i O.C)O U.40 

F).74 0.13 0.00 O.OU ().27 

l SOME RS 
MOLE 

D.O0 

0.00 

D.O0 

0.00 

O.lg 

0.00 

0.59 

0.5g 

0.62 

0.7(1 

0.55 

O.42 

0.35 

O. 3O 

0.2~ 

0.25 

O. 24 

O.23 

f~.I5 

0.I i  

O. [17 

O.U5 



HYDROCARBON ~pOt~T 

TABLE 95 (Continued) 

D..[.S TR I BUT [ ON 

I~UM NO. R670tllt18 

SAMPLE t~C. 48 

CARBON ,6. 

23 

2~4 

25 

26 

27 

2R 

29 

3n 

31 

32 

35 

34 

35 

36 

)7 

3~ 

~Q 

NtALKANES 
WT % MOLE % 

0.59 0.IO 

O.q7 0.07 

O. 40 0.06 

0.34 0.U5 

0.29 0.0~ 

0.2~ 0.03 

0.21 0.03 

0.i~ 0.02 

0.15 0.02 

0.13 O. 01 

n.ll O.Ot 

0.I0 n.O.L 

n.lo ~.Ol 

O.Og ().01 

0.06 0.{)i 

().(J5 (~.I~ 

C.O5 (l.()() 

0.1)2 ().I)O 

1 tALKE NE BRANCHED [SOMERS 
WT ~, MOLE ~ WT ~ I~W')I_E 

0.~0 O.UO 0.19 O.U3 

0.00 O.OO 0.12 0.(32 

(l.IYJ 0.00 0.I0 ().UI 

0.1W~ 0.00 0.08 0.01 

O.OO 0 . ~  0.07 0.01 

O.00 0.0~ 0.05 n.Ol 

0.00 0.00 n.04 0.01 

0.00 0 . ~  n.03 O.(X) 

0.0(I 0.(X~ 0.C13 0.00 

().UO 0 . ~  0.U2 U.O[) 

N.I)() ().00 0.01 0.00 

(~.0() r).(.)O ().01 0.00 

(~.i}O ().00 O.t~q O.00 

~I.()0 [).0(.) {).00 O.UO 

0.(~ ().00 0.(30 0.O0 

[).00 1).00 I).OO U.UO 

(].l)(I (/. (W,] (I.(XI O.O0 

(l.(X) O.OC O.OO O.tlO 

~4 



TABLE 96 

MASS BALANCE 
PROCESS CONDITIONS AND PRODUCT Sut~,~ARY 

tttt~ttttttttttttttttttttttttttttttttttttttttttttttttttttftttttttttttttttttttttttttttt~.~t 

~TALYST , Cn2(C0)81ZR/SI(]2 
SAMPLE NO, R670tlltl~t51 

REACTOR LOADING, PILS ~ 450-0 T, C ~ 278.0 FEED RATIO, 
CATALYST LOANING, WT~{ 19.2 P, PSIG ! 310 C0/H2~ 1o0 
TIME ON STREAM, HRS ~ 596.0 SV, L/G/HR~ 1.00 

tt~ttttttttttttttttttttttttttttttttttttHtttttttttttttttttttttttttttttttttt`ttttttttttt~t 

USAGE RATIO, C0/H2 s 0.52 BULK ACTIVITY, 
~OVERALL CONy., C0+H2J 61.77 mL SYNGAS/KG CAT/HRI 27.602 
~O CONV. ~ 42.07 SPECIFIC ACTIVITY, 
IH2 CONV. . 81.47 MOL CO/MOL METAL/MIN~ 0.188 

~tttttttttttttt*ttttt~t*tttttt~tttttttttttttttt~ttttttttt~tttttttttttttttttttttttttttt~tt 

WEIGHT ~ PROrWJCT DISTRIBUTION: 

HYDROCARBONS: 17.24 H20= 17.67 
NXYGENATES ! 0.22 CO : 48.67 
C02 ~ 15.09 H2 ~ 1.11 

tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

HYDROCARBON SELECTIVITY, WTX: 

C1 . t9.54 CqfENE ' 3.71 
C2tANE : 4.44 C5tC11 . 40.39 
C2t~NE : 0.12 C12tC18. 16.60 
C3tANE ; 3.88 C19tC23: 3.18 
C3tENE , 3.27 C24t34 : 1.11 
C4 I SO+ANE: 3.65 C35+ : 0.11 

ttttttt•tttttttttttttttttttttttttttttttt•ttttttttttttttttttttt•tttttttttttttttttt•tttttttt 

FUEL FRACTIONS, WTX; 

GASOLINE (C5tCll): 40.39 
DIESEL (C9tC25) : 34.54 

ttttt~tttt~tttttttttttttt~tttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttttttttt 

ELEtIEt~TAL RECOVERY~ CARBON t 109.12 
HYDROGEN~ 102.38 
OXYGEN I 113.69 

ttttt~t~ttttftttttttttttttttttttttttttttttttttttttttttttttttt~ttttttt~tt~tttttttttfttttttt 



HYDROCARBON ~O.DUCT 

TABLE 97 

DISTRIBUTION 

RUN NO. R670tll~IR 

SAMPLE NO. 51 

CARBON NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I0 

11 

12 

13 

14 

15 

16 

17 

lq 

2O 

21 

22 

NtALKANES ItALKENE 
WT % P~OLE % Wl" % T'~OLE % 

19.54 56.28 ().UO 0.00 

4.44 6.83 O. 12 0.20 

3.88 4.06 3.27 3.59 

3.58 2.84 3.71 3.05 

4.01 2.57 3.47 2.28 

7.17 3.84 0.85 0.47 

4.2~ 1.96 ,1.56 0.26 

2.77 i .  12 (1.53 0.22 

2.99 I.&R 0.40 0.15 

3. I i  I .  Ol (). O0 O. O0 

1.90 0.56 0.)9 0.12 

1.7~ ~.47 n.33 0.09 

1.57 u.3q {).25 O.(b 

1.53 0.36 ().UO O.(H) 

1.24 L).27 ().00 O.(WJ 

0.97 0.20 ().(Wl 0.()0 

n.22 {1.04 O.OU 0.0(} 

0.70 0.13 0.0() O.UO 

C). B4 F). ] 1 o.u(] O. ()U 

0.54 [].09 O.(.K) 0.()() 

0.42 [).07 O.(W) ().O(} 

I).~,2 [I.05 ().0() o.oo 

BRANCHED 
W'r % 

0.~  

0.00 

0.00 

0.07 

0.46 

0.00 

0.59 

1.40 

1.7q 

2.01 

1.75 

l.b2 

1.43 

1.24 

1 .U7 

U.~7 

1.~ 

0.54 

0.~  

0.27 

O-lq 

(,.13 

[ SO~IE RS 
TIOLE % 

0.00 

O.(X) 

0.00 

0 .~  

0 .~  

U.OO 

O.27 

0.57 

Q.b5 

O.52 

0.44 

0.36 

U.29 

U.23 

O. I~ 

0.25 

u.lO 

(). ()~ 

0.I)3 

o.u2 

166 



TABLE 97 (Continued) 

HYBROCARBDN P~ODUCT DISTRIBUIIOh$ 

RUN NO. B670+II+18 

SAMPLE ~0. 51 

CARBL~ ~JD. 

23 

24 

25 

26 

27 

2R 

29 

30 

31 

32 

33 

~4 

35 

57 

3R 

3~ 

40 

NtALKANE$ lfALKENE BRANCHED I SOHERS 
WT ~ MOLE ~ WT ~ ~OLE ,~ WT ~ MOLE 7o 

0.23 0.03 0.00 0.00 0.0~ 0.01 

0.18 0.02 0.00 0.00 0,05 0.01 

0.15 0,02 0.00 0.00 0,04 0.00 

0.12 0,01 0.00 0.00 0.03 0,00 

0.I0 0.01 0.00 0.00 0.02 O.{XI 

0.08 0,01 0,00 O.O0 0.02 O.DO 

0.07 0,01 0.00 O.UO 0.01 0.00 

0.06 O,(.Ii O.(X) 0,00 0,01 ().~ 

0.05 0.01 [).DO ().OO 0,01 O,{X) 

0.(14 O.(X) O.(X) 0.00 0,01 (].00 

O.OL~ 0.00 0.00 0.00 0.00 0 .~  

D.()4 0.0(} 0.{7) 0.00 O.O0 O.(lO 

O.t)3 0,(~ O.OD 0.00 0.00 C).t){l 

0.03 I~.O(.} 0.00 0.()0 O.t)O O.l)O 

0,02 0.00 0.(I0 0.00 O.O0 0.00 

().NI C),('~ 0.0{) 0.00 0.00 O.(X} 

{).{)I (I,00 (1,(10 0,0{I 0.00 0.0() 

i;.Ol 0.00 0,(](I O.{X) 0.00 O.{YJ 



TAm.E 98 

MASS BALANCE 
PROCESS CONnlTIONS AND PROI)UCT S ~ R Y  

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt1 

CATALYST : Co2(C0)~IZR~I02 
SAMPLE NO: 8670tllt18t54 

REACTOR LOADING, MLS ~ 450.0 T, C ~ 282.0 FEED RATIO, 
CATALYST LOADING, W'I'~! 19.2 P, PSIG : 310 C0/H2r 2.00 
TIME ON STREAM, HRS ~ 667.0 SV, L/G/MR! 1.00 

ttttttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttttttttttttt 

USAGE RATIO, C0/H2 T 0.59 BULK ACTIVITY, 
~VERALL CONV., CO+H2: 41.39 ~C SYNGA$1KG CATIHR: 18.484 
%C;0 CONV. , 23-11 %ECTFIC ACTIVITY, 
%H2 CONy. ~ 7~.01 ~ L  CO/MoL METAL/MINI 0.138 

ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt•tttttttttttttttttttttttttttt•ttt 

WEIGHT ~ PRO~JCT UISTRIBUTION~ 

HYDROCARBONS! 9.66 H20~ 10.39 
OXYGENATES : 0.15 CU ~ 71.26 
C02 ~ 7.R2 H2 : 0.73 

tttttttttttttttt~tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt~tttttttttttt 

HYDROCARBON SELECTIVITY, WT~ 

C1 ~ 13.Q9 C4fENE I 4.37 
C2tANE , 2.R5 C5tCII : 32.13 
C2tFNE ~ 0.31 C12tC18: 23.93 
C3tANE ~ 1.57 C19tC23~ 9.55 
C3tENE t 4.78 C2~t34 : 5.01 
[4 ISO+ANE~ 1.55 C35 ÷ : 0-46 

ttttttttttt~tt~ttt~tttttttttttttttttttttttttttt~ttttttttttttttttttttttttttttttttttttttttttt. 

FttEL FRACTIONS, wT~' 

GASOLINE (C5tE11). 32.13 
DIESEL (C9tC25) : 47.72 

tttttttttttttt•ttttttttttttttttttttttttttttttttttttttttttttttt••ttttttttttttttttttttttttttttt 

ELEMENTAL RECOVERY: CARBON : 102.73 
HYDROGEN~ 106.17 
OXYGEN : 105.17 

tttttttttttttttttttttttttttttttttt~tttttttttttttttttttttttttttttttttttttttt~ttttttttttttttttt 
1G8 



H Y.DROf, ARBOH PRO_UUCT 

TABLE 9g 

I]I STH I BUT 1ON 

RUN NO. ~670tlltlg 

SAMPLE P£. 54 

CARBON IX). 

1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

15 

14 

15 

17 

IR 

19 

21 

22 

IN tALKANES IfALKENE BRANCHED 
WT % M~LE % WT % MOLE X WT % 

13.49 5n.02 0.00 0.00 0.00 

2.R5 5.64 0.31 0.66 0.00 

1.57 2.12 4.78 6.75 0.00 

1.55 1.59 4.37 4.63 0.00 

2. i~ I. 79 4.60 3.90 0.20 

5.06 3.49 ().56 0.39 C).O0 

2.49 1.47 0.69 0.42 0.62 

1.92 1.0(] 0.63 0.33 n.X3 

I.X4 0.85 0.72 (}.34 1.29 

1.71 0.71 0.82 (].35 1.90 

1.6['] ().64 0.66 0.25 1.77 

I.hLL 0.57 0.61 ().21 1.56 

1.67 0.54 ().52 0.17 1.2~ 

1.7P 0.51 Ih42 ().13 1.!5 

2.!2 0.59 H.{X) ().OO l . lb 

2.17 0.57 0.0(} O.C)O 1.28 

2.17 0.54 (}.(~D ().00 I.LI~ 

I.,80 0.42 O.(X} O.UO 1.48 

1.72 0.3R U.(~ (}.L)O 0.79 

1.60 0.34 0.(~) {}.00 0.{;7 

I.~X ().28 O.O0 O.t}O 0.54 

i .  15 {).22 0.00 0.{}0 0.42 

SOMER$ 
~'~OLE 

0.[)0 

0.00 

0.00 

0.00 

0.16 

0.00 

0.3B 

(l.43 

O.bO 

0.79 

0.67 

().48 

0.40 

(~.34 

O.33 

0.34 

0.36 

{).35 

0.18 

O. 14 

0.11 

0.08 

1~g ! 



HYDROCARBON PROLIIICI 

TABLE 99 (Continued) 

O[STRJ~.UT_I£~ 

RUN NO. 8blOtlltlFl 

SAMPLE ~K ~. 5a 

C;'~B@~ NO.. 

23 

24 

25 

26 

27 

28 

29 

30 

32 

33 

3a 

35 

36 

37 

3R 

3Q 

/4O 

N tAi.," A NE S 
WT ~, IU~OLE % 

0.94 0.17 

O.77 O. 13 

0.66 0.11 

0.53 0.09 

0.45 (}.07 

P.37 n.L)6 

0.31 0.05 

().26 (I.U~ 

0.21 O.03 

ft. 17 u. 02 

n.IS n.o2 

O.l(J O.Ul 

0.11 (}.(Jl 

0. I I  (~.Ol 

().04 (~.Ol 

~).u7 fi.()1 

0.()5 (}.Ul 

0.03 o.Ou 

1 tALKENE PRANCHEII ] SOrtERS 

O. 00 0.00 0.32 0. U6 

0.00 0.00 0.25 0.04 

0.00 D.O0 0.19 0.03 

0.00 O.LWJ 0.15 0.02 

O.(W3 0.00 0.12 0.02 

o.(X] 0.00 0.I0 0.01 

0.00 O.UO U.O8 0.01 

().(w~ n.O~ O.(WO 0.01 

n.Lwi ().{~ 0.0~ {).01 

().00 O.uo 0.03 O.~K) 

o.(wj 0.90 O.u2 U.O0 

(;.nO {~.00 ~).01 O.IX) 

().IX) O.fl(1 ().(~) U.LO 

O.()O P.UO ().(k') O.UO 

().~)0 [).Oh ().UO 0.00 

().~WI fl.()O (I.UI ft.(W) 

().~K) ().()(I F~.(X) (;.[~) 

U.()O 0-0() U.(IO ().[XI 

;,C 



MASS BALANCE 
PROCESS CONDITIONS AND PRO~fCT SIIMMARY 

tt~+~t~tt~tt~t~t~tt~ttt~t~t~t~tttttttf~tttttt~t~tt~tttt~tttt~tt~t~tttt~tf~ 

CATALYST : Co2(C0)81ZR/S[02 
SAMPLE No~ 8670+11+iBt57 

REACTOR LOADING, mL$ t 450.0 T, C ~ 250,0 FEED RATIO, 
CATALYST LOADING, WT~! 19.2 P, PSl~ ~ 30B C01H2: 1.0 
TIME ON STREAM, MRS ! ~.(~-0 SV, L/G/HR~ 2,00 

~ ~ t t ~ ~ t ~ ~ ~ f ~ f ~ t ~ ~ t ~ ~ H ~ t ~ t ~ f ~ t ~  

USAGE RATIO, C0/H2 ~ 0.4R BULK ACTIVITY, 
~Ov~RALL CONy., C0+H2~ 37.3R MOL SYNGAS/KG CAT/HRI 33.3RI 
XCO CONy. = 24.25 SPECIFIC ACTIVITY, 
~H2 CONV, ! 50.51 PIOL C0/HQL HETAL/HINI 0.217 

t~t~ttttttttt~t~t~tttt+~t~t~tttttt~tttt~t~ttt~tttt~tt~t~tttttttttttttt~tttt 

WF, I GHT ~ P~ODUCT DI $TR IBUTION : 

HYDROCARBONS: 10.45 H20: 14-21 
{)XYGENATE5 ! 0,~0 CO i 70.0~ 
C02 , 1.63 H2 ~ 3.27 

••t•t••••t••••••••••t•••t+t••••••tt•••t••••t•••t••t••••••f•••••••••t•f•t••••••f•t••t•t•••• 

HYDROCARBON SELECTIVITY, '.'1"~= 

C1 : IR.31 C4tENE : 4.31 
C2tANE : 4,13 CStCII ' 37.2Q 
C2tENE : 0.00 CI2~CIR' 17.6R 
C3tANE . 3.36 ClqtC23: 5.01 
C3tENE : L~.R1 C24t34 : 0.Rn 
C4 1 $O+ANE: 4.2q C35÷ : O.D5 

ttttttttttttttttttt•ttttt•tttt•t•tttt•ttttitttttttt•tttttttttttttttttttttttttttttttttttt•t 

FUEL F~ACTIONq, WT~: 

GASOLINE (C~tCII): 37.24 
DREXEL (C9tC25) : 34.30 

ttttttttttttttttttttttttttttttttttttttttttt~tttttttttttttttt~tt~ftttttttttttttttt~tt~tttttt 

Z ELEMENTAL R~COvE~YI CARBON ~ 99-12 
HYDROGEN: i n 1 - ~  
OXYGEN ! 102.21 

ttttt*`:'tttttt~tttttttttttttttttttttt~ttttttttttttt~ttittttttttttttttttttttttttttttttt~tt 
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HY~UCAI~PON PRODU.CT 

TABLE 101 

D[ STR IBUT !1.~ 

RUN NO. ~670tlI~18 

SAMPLE NO. 57 

CARBOI~ NO. 

i 

2 

3 

5 

6 

7 

R 

I0 

11 

12 

13 

14 

15 

16 

17 

IR 

lq 

20 

21 

22 

N tALKANES 1 tALKENE BRANCHED 
WT % MOLE • WT :[ rICLE X WT % 

18.31 54.02 (J.~ O.OO 0.00 

4.i) 6.51 O.O0 0.00 0.00 

3.36 3.61 4.~I 5.41 0.00 

4.17 3.39 ~.31 3.64 O.12 

4.98 3.25 q.15 2.80 O.qR 

7.3O 4.01 0.39 0.22 0.00 

3.72 1.76 I).7q 0.3R 0.43 

2.6~ 1.11 O.66 0.2R 0.47 

2.70 1.00 O. 59 n.22 O.b6 

2.1~i (3.93 0.51 0.17 0 .~  

2.26 (}.6R C).1(} 0.03 0.92 

2.17 ().bn r).31 I).O9 U.7l 

2.23 0.57 .00 f1.l}(i O.b9 

1.gq fl,47 .(X} O.L)U ().b5 

1.16 (3.3q ().(~I (I.(XI ().b3 

1.57 l).33 ().(XJ 0.[)() ().b7 

l.q5 ().2q (~.tJO n.(~) O.TM 

1.26 0.23 qi.(~ O.(wl O.XO 

1.07 O. lq il.l}(l {).l)l) il. F,q 

{). {~ O. lq I}.I}() 0.{}O I).53 

n.59 ().(}q ().(~) ().(~) u.3~ 

().3q (}.()h (3.(10 (I.(W) I).20 

[ SOPIERS 
M(X.E % 

0 . ~  

0.130 

O.U0 

O.lO 

0.32 

0.00 

0.20 

0.20 

0.24 

0.21 

0.2~ 

I). ~.~ 

().1~ 

0.1b 

O. 14 

u.15 

0.15 

lJ.IZ 

l}.l)q 

(}.1)5 

().I)5 

172 



HYDROCARBON PRODUCT 

TABLE 101 (Continued) 

LJISTRIB.UTION 

RUN NO. R670tI1)IH 

S~IPLE ~d). 57 

CARBON t~. 

23 

24 

25 

26 

27 

2R 

29 

31 

32 

33 

3a 

~5 

16 

37 

3~ 

~q 

N tALKANE$ 
WT ~ MOLE ~, 

0.25 0.O4 

0.16 0.O2 

0.13 0.02 

0.08 0.01 

0.06 0.01 

O.04 0.01 

0.03 O.O0 

n.03 0.00 

(1.02 O.{X) 

0.02 0.00 

0.01 0.00 

n.nl 0.00 

r~.ul 0 . ~  

().01 O.(XI 

o.01 l l.(l) 

~.01 O.('w) 

().01 0.(I) 

0.01 0.00 

lfALKENE BRANCHED ISO,ERS 
W'T % ["~OLE ~ WT % rIOLE X 

0.00 0.00 0.12 0.02 

O.O0 0.00 0.07 0.01 

0.00 0.00 0.04 0.01 

0.00 0.00 0.03 0.00 

().(X) 0.00 0.02 0.00 

0.00 0.00 O.Ol 0.00 

U.O0 0.00 0.01 O.{X} 

O.tX) 0.00 0.01 0.00 

0.00 ().00 0.01 ().00 

0.00 0.00 0.00 O.O0 

{!.0(} f).()(] 0,00 O.tX) 

().()N ().(}ll q).Ot {~.UO 

(i.()i) [].DO O.O0 O.U{) 

0.00 O.i'X] I ) .~  O.(X) 

().1)0 0.13() {).l~ i}.(X) 

F). 0(1 ~. On O. iX') 0. r)o 

C).O0 {l.OD i).O() O.(X) 

O.[X) (l.Oii U.bO O.()(l 

173 



TABLE 102 

MA~S BALANCE 
PROCESS CONnITIONS ANn PRO~CT ~IMMARY 

tttttttttttttttttttttttttttttttttttttttttttt•ttttttttttttttttttttttttttttttttttttttttttttttt• 

CATALYST ~ Co2(CU)8/Z~/SI02 
SAMPLE NO! 8670tllt l~t60 

REACTOR LOANING, MLS , 450.0 T, C . 240.0 FEEn RATIO, 
CATALYAT LOAnINg, w'r%~ lq.2 P, PsZn ~ 312 C01H2~ 1.00 
TIME ON STRE,~J~, MRS 1 714.0 SV, L/G/MR: 2-0('} 

ttttttttttttt•tttttttt••••ttt•••t•t•t•tt••tttttttt•t•••ttttttt•tt•t••t••tt•tt•t•ttttttt••••t• 

USAGE RATIO, C01H2 t 0.44 ~,LK ACTIVITY, 
%DVERALL CONY., C0+H2~ 20.5R ~L SYNGAS/KG CAT/HR: IR .~ I  
IC0 CONy. ~ 12.65 SeeclelC ACTIVITY, 
%H2 CONV. : 28.51 ~OL CO/MoL. METAL./MIN: 0.113 

ttt~tttttttttttttttttttttttttttttttttttttttttttt~tttttttttttttttttttttttttttttt~tt~ttttt~ttti 

WEIGMT ~ PRODUCT DISTRIBUTIONs 

HV~ROCARBO~ 5.~9  H20: 7.54 
OXYGENATES ~ 0.22 C0 : 81.52 
C02 ~ 0.~7 H2 ~ 4.76 

ttttt~tttttttttttttttttttttt~ttHtttttttt~tttttttt~tttt~ttttttt~tttt~ttttttt~t~tttt~ttttt~tq 

HY~gOCA~RON ~ELECTlVlTY, wT~: 

Cl ,' 17"-CW~ C(4tENE : 5.74 
C2tANE ' ~.O6 C5tCI I  : 3R.17 
C2tENE , D.00 Cl2tClR, 12.85 
C3fANE ; 3.12 C19tC23: 6.21 
C3tENF : 6.5~ C24t34 .. O.7& 
CL~ I SO+ANE ; L~'S~ C3B ÷ : 0.()2 

ttttttttttttttttttttttttttt•ttttttttttttttttttttt•tttttttttttttttttttttttttttttttttttttttt•tt 

FUEL FRACTInMS, WT~: 

GA~CII. INE (CStC]I)~ 3R.17 
DIE~EL (C9tC25) : 2~.5~ 

•ttttt••t••••tttt•tttt••tt••••t•tt•t•ttt••••••t•tt•ttt•t•tt•t•t••••••t•t••t•••ttt•t•••••.•t•t! 

ELE,ENTAL RECOVERY~ CARFJON , qq.27 
HYDRO~EN~ qR.76 
OXYGEN : 1~ .73  

tttttttttt~ttttttttttttt~itttttttttttttttttttttttttttttttttt~ttttt~ttttttttttttttttttttttttt~ 
17" 



HYDROCARBON 

TABLE tO3 

~DDUCT, .D, ISTRIBtDT UIN 

RUN l~'J. P,670111118 

SAMPLE r~. b0 

CARBON HD. 

I 

2 

3 

4 

5 

6 

7 

FI 

Ill 

11 

12 

13 

lu 

15 

IS 

17 

IX 

2n 

21 

22 

N fALKANE~ I|ALKENE 
WT ~ I~OLE ~ W, ~ t'IOLE " 

17.84 51.90 O.00 t).O0 

q.L)6 6.27 O.(.W} O,OO 

3.12 3.28 6.58 7.25 

4.39 3.50 5.74 4.75 

4.90 3.15 5.48 3.62 

R.61 q.63 0.27 (). 15 

3.96 I.R4 1.27 C~.6() 

2.70 I . I0  (J.% 0.39 

2,35 0.85 0,87 0.32 

2,23 0.73 0.68 0.23 

1.52 0.~5 t).40 ().12 

i .  3q O. ~ U. 32 (!.()9 

1,2~8 0.52 l~.22 t),i)t, 

1.40 (~.33 (}.OU I).(X) 

1. ~,6 0, ~0 If. 0() t).()O 

1.5£ ().2g ().(10 L).OO 

1.3q fl.2/ ().U() L).(I(I 

1,32 0.24 {).uO t~.t}t~ 

1.22 O.21 r1.(~O u.t)() 

t.()I (h 17 (].uO n.(;() 

t}.7~ tl,12 It.iX) fl.t}t) 

I).47 (1.()7 O.OO O.OtJ 

BRANCHED 
WT % 

D.DD 

0,00 

0,00 

O.15 

O.~O 

(l,30 

0.38 

(l.qb 

0.2B 

0,27 

0.23 

0,22 

0.23 

U.29 

0.43 

c).h3 

O, 79 

l}.2g 

().20 

l).b2 

n.31 

[ ,~OP1ERS 
MOLE 

0.00 

U.00 

0.00 

0.12 

0,19 

O,O0 

(I,14 

0,15 

0.17 

0.09 

0.08 

U,Ub 

O.t)6 

(),t)5 

O.U6 

().Og 

u.12 

O.lU 

O. 14 

n.ll 

I).()~ 

0.05 
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TABLE ,103 (Continued) 

DISTRIBIIIIOH 

RUN NO. ~70+II+18 

SAMPLE tW]. 60 

CARBON NO. 

23 

2~ 

25 

26 

27 

2~ 

29 

30 

31 

32 

33 

i5 

36 

~7 

3R 

3q 

N tALKANES 

0.30 0.0~ 

O. 19 0.03 

O. 13 0.02 

0.08 O.Ol 

0.05 0.01 

0.03 0.0() 

U.02 O.UO 

0.(}2 O.O0 

t).Nl n.(~ 

O,Ol (),00 

F).OI (l.O0 

N.(ll 1!.t'1) 

iJ.O0 1].(~ 

i').()l IJ. ()11 

O, UI) O. ()(] 

N. O0 11. I.W l 

().(10 0.(.~0 

(}. {)N (J. t W) 

tALKENE BRANCHED [$OMER$ 
WT % rlOLE ~. WT Z HOtE X 

[). O0 O. IX) 0.16 O. 02 

n.O0 0.0~ 0.U9 ().Ol 

o.00 0.0o 0.05 o.oi 

O.OO 0.00 0.03 0.00 

O.~U 0.00 0.02 0.00 

t),Utl u.O0 0.01 O.UO 

0,00 O.Oq2 O,UI 0 .~  

(),00 (}.00 0.00 O.(.W} 

O.(Xl O.U(J 0.00 O.IW) 

t) .0(~ O.(W.} (].Of) O.OU 

l).l,~ 0.(~ 0.00 0.00 

t~.~.~ t!.~W.I 0 .00  0.0(~ 

().0(I O.t,l) (].ut) O.O(l 

t~.{lil ,l.O(~ (!.Ol) ').(X) 

().!W: t).U{) O.UO O.iW) 

(~.(W~ P.(X) (,].Of) (l.lW3 

t~.()(~ h.('.(i O.OO U.(X) 

i~.(W~ ll.(I) I).UO O.~i 



TAB,LE 104 

EFFECT OF ALU~IINA vs. SILICA SUPPORT ON HYDROCARBON SELECTIVITY OF Co2(CO)c/Zr(OPr)~_ 

Alumi n_____.aa Sil ica 

Run Number 8523-1-4 8670- l l- 18 

Space Velocity, NL/g cat/hr 2.0 2.0 

CO/H 2 1.0 1.5 1.0 1.5 

Pressure, psig 300 300 300 300 

Temperature, °C 240 260 240 260 

Wt~ 

C 1 7.9 7.2 8.1 5.7 

C2, 4 13,7 10.8 14.5 9.8 

C5.11 37,0 34,1 37,4 31.0 

C12.18 23.4 27.9 24.9 28,7 

C19.23 8.9 8.6 8.2 12.8 

C24 + 9.1 II,4 6.9 12.0 

C5.23 69.3 70.6 70.5 72.5 
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TABLE 105 

KINETIC RATE EXPRESSIONS 

• C a -rC0 + H 2 K l H2 CC~ 

-rCO + H 2 = KICH2 CC0 

CCO + K 2 CH20 

_- C 2 
-rCO * M 2 KICco M2 

CH20 ÷ K 2 CCO CH 2 

-rCO + H 2 • KICH2 CCO 

Coo ÷ < 2 Cc02 

-rCO + H 2 • KICH2 r ~CO 

CC0 + K 2 CC02 + K 3 CH20 
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