APPENDIX E

DETAILED DATA OBTAINED WITH
DEVELOPMENTAL CATALYSTS SG-A-4 AMD SGF-A-3
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TABLE E2

PROCESSING A H2/CO CHARGE OVER REGENERATED SG-A-4 CATALYST
AT 575°F AND 200 PSIG

{1st Regeneration: 16 Hrs, Air, 950°F, 0 psig}
(Activation: 16 Hrs, HZ/CO, 610°F, 0 psig)

Run Number CT-143-75 11 12 13 14 15
Days On Stream 1.9 3.9 5.9 6.9 8.9
Temperature, Inlet, °F _ 561 563 562 563 562
average, °F 558 556 555 556 556
Maximum, °F 574 576 575 576 576
outlet, °F 544 542 542 542 542
GHSV 582 582 580 575 580
WHSV 1.0 1.0 1.1 1.0 1.0
Material Balance, % wt 103 101 102 103 101
‘CO Conversion, % wt 65 63 65 67 67
To HC, % wt 74 74 73 72 72
H2 Conversion, % wt 6l 61 62 61 61
To HC, % wt 8l 82 . 79 8l 82
Total anversion, % wt 65 63 65 67 67
gm HC/m~ CO 244 232 236 236 244

HC Selectivity, % wt

C1 23 23 25 26 25
C2 10 11 12 12 13
C3 6 6 6 7 5
C4 12 10 9 9 8
C5 10 9 8 7 9
C6+ 39 41 40 39 42
Olefin Selectivity., % wt
C2- 9 9 8 8 7
C3 7 16 17 - o
C4 11 27 19 26 31
C5 12 20 30 37 42
C. Olefin Selectivity, % wt
1-Pentene 0 2 3 3 3
2-Pentene 20 18 17 17 18
Methylbutenes 80 80 80 B8O 79
Aromatics in C6+, % wt 41 34 26 23 18
90% OH, °F 362 343 340 342 369

0.N. (R+0) - - - - -
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TABLE E4

REGENERATION OF CATALYST SG-A-4
4 Cycles - 3 Regenerations

(Regeneration - 16 Hrs-Air-950°F-0 psiqg)
(Activation - 16 Hrs-H2/CO-610°F—O psig)

PROCESSING AT 575°F, 200 PSIG, 575 GHSV, HZ/CO

Fresh Reg 1X Reg 2X Reg 3X

Run 143- 75-1 75-3  75-11 75-13 75-18 75-20 75-21  75-23
Stream Days l.9 5.9 l.9 5.9 1.9 5.9 1.9 5.9
% Conversion

co 64 64 65 65 59 57 51 49

H, 59 58 61 62 60 59 53 58
% HC Selectivity

c, *+ ¢, 29 34 33 37 32 35 31 37

cq 54 49 49 48 52 49 52 45
% c; in ¢, Fract. 13 39 12 30 13 30 14 24
% MeC4= in c; a7 82 80 80 79 78 79 76
% c6+ Aromatics 43 21 41 26 a4 26 43 35
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TABLE E5

TEMPERATURE AND REGENERATIOQN STUDY ON CATALYST SG-A-4

{Activaticn: 16 Hrs, H_/CO, 610°F, 0 psig}
{Process Conditions: Hz/ao, 200 psig, GHSV=600)

i Number CT-143-80- 1 2 3 4 5 6 7 8
1ys On Stream 1.9 3.9 5.9 7.0 B.9 1.9 3.9 5.9
smperature, Inlet, °F 563 54¢€ 535 522 559 559 559 560
Average, °F 564 545 536 523 5560 566 563 564
Maximum, °F 575 560 545 530 575 574 575 576
Qutlet, °F 548 532 523 512 544 549 549 549
HSV 593 593 582 1:14) 610 588 568 582
HSV 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
aterial Balance, % wt 98 102 104 103 97 rR® 97 101 98
: E
Q0 Conversion, % wt 69 56 51 41 71 G 70 74 72
To HC, % wt 72 79 B2 87 G E 71 70 70
|, Conversion, % wt 59 56 57 51 61 N 62 62 60
To EC, % wt RO 72 72 66 81 E 83 82 81
R
lotal Conversion, % wt 62 56 51 42 71 A 70 73 71
m HC/rrL3 co 254 205 196 156 243 T 264 274 254
I
iIC Selectivity, % wt o}
C1 17 17 17 18 21 N 20 22 23
C2 7 g 10 12 11 3] a 10
C3 7 5 5 6 5 6 8 7
C4 14 10 11 7 9 13 15 8
C5 10 9 10 8 9 9 B 8
C6+ 45 50 47 49 45 44 39 44
Olefin Selectivity, % wt
C2 12 1?7 21 29 8 9 9 B
C3 1 11 21 33 26 1 1 12
C4 9 34 49 53 3a 5 16 12
C5 10 45 63 73 49 13 21 - 33
C. Clefin Selectivity, % wt
1-Pentene : o] 3 2 2 3 2 3 2
2-Pentene 21 16 16 1B 17 20 19 18
Methylbutenes 73 81 82 80 80 78 78 80
Atomatics in C6+, & wt 48 22 13 2 16 46 34 25
90% OH, °F 178 355 375 378 360 370 368 RIS
ON (R+0) 91 - - - - - - -

{a) Hz, 16 Hr @ 750°F; 10% Air, 1 Hr @ 75C°P; 100% Air, 4 Hr @ 850°F all at O psig.
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COMPARISON OF SYNTHESIS GAS AND CARBON MONOXIDE FOR ACTIVATION OF CATALYST 5G-A-4
{Process Hz/co at 575°F, 200 psig and 600 GHSV)

Run Number CT-143-80

Days On Stream

Temperature, Inlet, °F
Average, °F
Maximum, °F (b)

Outlet, °F

GHSV

WHSV

Material Balance, % wt

CO Conversion, % wt
To HC, % wt

H_ Conversion, % wt
To HC, % wt

Total Conversion, % wt
am HC/m? €O

ZO0HAPPOMZMNMAOMXD

HC Selectivity, % wt

1
2
3
4
Sy
6

Olefin Selectivity, % wt

0OOMN0GON0N

C5 Olefin Selectivity, % wt
l-Pentene
2-Pentene

Methylbutenes

Aromatics in C,°, % wt
90% OH, °F

TABLE EB

{a}

Pretreatment Gas — 610°F, O psig for 16 hours

(a) Catalyst had previously 41 days on stream.

{(b) 5 hours, H, at 750°F; 1 hour,

2

351

H,/CO
-
24 25 26
1.9 3.9 5.9
557 557 557
S64d 562 563
573 574 576
551 549 549
590 586 580
1.1 1.1 1.1
100 101 103
71 67 73
70 72 69
6l 59 62
B2 79 Bl
n 67 73
242 232 258
24 23 23
11 11 12
7 6 8
9 10 13
<] B 7
41 42 17
8 12 11
7 a8 5
8 24 2B
22 33 42
4 3 3
19 19 17
7 78 80
38 30 23
362 373 366
10% air, 750°F; 4 hours,

ZO-HYOM=EMNGQED

$=3]

100% air,

co
3l 32 33
1.9 3.9 5.9
557 555 555
566 562 562
574 573 574
551 549 549
580 580 580
1.1 1.1 1.1

100 26 98
80 71 75
€4 70 68
63 59 61
a4 82 81
80 71 75
264 248 246
24 22 24
12 11 12
7 6 6
10 10 9
a 9 9
39 42 40
7 7 7
1 7 a
9 24 29
22 34 44
3 2 3
18 18 18
79 80 79
36 28 21
- - 366

B50°F.



CONTINUATION OF REGENERATION STUDY ON CATALYST SG-A-=4
EFFECT OF SPACE VELOCITY AND TEMPERATURE ON ACTIVITY AND SELECTIVITY

(Processing:
Run Number (T-143-80- 27
Days On Stream 1.9
Temperature, Inlet, °F 550
Average, °F 553
Maximum, °F 560
Cutlet, °F 543
GHSV 2B0
WHSV 0.6
Material Balance, % wt (b) 100
CO Conversion, % wt R B8
To HC, % wt E 60
H, Conversion, % wt G 65
2To HC, % wt E 8g
N
Total Conversion, % wt E 88
gm HC/m3 €O R 289
A
HC Selectivity, % wt T
Cl I 23
C2 Q 12
C3 N 8
C4 11
C5+ 7
Ce 39
OClefin Selectivity, % wt
< 3
2 :
C4 2
C5 9
C. Clefin Selectivity, % wt
1-Pentene 0
2-Pentene 14
Methylbutenes 86
Aromatics in c6+, % wt 44
90% OH, °F 174
O0.N. (R+0) -

TABLE E9

28
3.9
555
558
566
547
280
0.6
102
87
6l
69
a6

87

288

24

12

15

35

@ oW

14
B6

45
3164

(a) Catalyst had previously 47 days on stream,
(b} 5 hours, H, at 750°F; 1 hour, 10% air, 750°F; 4 hours, l00% air, 850°F;

activation with H_/C0O, 16 hours, €10°F, O psig.
75C°F; 4 hours,

fc} S hecurs, H_ at 750‘%: 1 hour,

10% air,

activation with €O, 16 hours, 610°F, 0 psig.

332

29
5.9
567
571
580
560
272
0.6
100
94
55
71
91

94
292
30
13

15

25

B =W

¢
0
100

57

HZ/CO at 200 psig)

kL)
7.9
557
564
574
551
585
1.1
99
68
71
59
79

68
230

25
12
6
10
.
40

30
38

18
79

26

91

Z0H 3IFrDMmZMOM™

(c)

(a)

34
€.9
550
560
574
545
1160
2.2
103
45
8S
46
67

45
175

23
11
7
B
7
44

22
27
46
70

18
79

11
355

100% air, B50°F;

35
7.9
549
560
574
544
1160
2.2
10l
48
83
51
68

48
173
25
13
10
36
19
33

54
72

18
79

13
356

36
8.9
550
562
576
545
1160
2.2
99
50
83
51
70

50
189

18
30
53
72

18
80

13
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TABLE El2

MATERIAL BALANCES FROM FLUID BENCH-SCALE UNIT WITH CATALYST SGF-A-3

RUN NUMBER 225- 43~ 1 47=- 1 uW7- 2 47= 3 47=- 4 4g9- 3 49~ 2 4g9- 3 49~ 4
RUN DAYS-0ON-STREAM 2.9 1.4 2.4 4,3 5.3 1.4 2.4 3.4 L,k
CUM., DAYS=-0ON-STREAM 2.9 1.4 2.4 4,3 5.3 1.4 2.4 .y Fa
FRESH FEED H2/C0O RATIO 1.0 1.1 1.0 i.0 1.1 1.3 1.3 1.2 1.2
CHSY. HR-l {CHG BASIS) 1015 1010 1007 706 T04 3849 981 9B 983
RECYCLE RATIO 1.495 1.49 1.51 1.56 1.54 3. 3,85 3.83 3,91
REACT. PRESS., PSIG 201 200 200 200 201 200 203 200 200
REACT. INLET TEMP., °F 3498 4o 403 Loy Lol 426 Ll 47 31
NOM, REACT. TEMP., oF 560 560 560 560 5p0 560 560 560 560
CONVERSIONS, MOL o/e
122 B7.3 62,8 69.5 58.9 B4.5 6.8 30,6 84.0 80.8
o] 53.5% 52.8 59,0 5%.6 49,5 62.9 57.0 bd.1 59.2
H2+C0 60.5%5 57.9 6%, 3 62.3 57.3 T0.7 4,6 76.8 9.0
YIE.DS, WT o /e
HYDROGEN 2.3 2.6 2.1 2.7 2.5 1.9 1.7 1.3 1.6
wATER 11.9 11.0 11.2 9.5 8.4 21.1 22,6 22.1 20.2
co L3 L yh,1 38.4 4.6 B7.1 34,1 30.3 29.3 2B. 4
oo 25.4 26,72 29.9 29.5 27.1 20.7 21 .4 23.3 26,1
TOTAL HYDROCARBON 17.0 1i6.1 18.5 17.2 .7 22.2 24,1 23.8 23.4
HE SE_ECTIVITY, WT afe
HETHANE 23.5 25.4 22.1 ?3.5 23.4 22.8 20.8 20.5 22.4
ETHENE 0.5% 0.b 0.6 0.6 0.6 .3 3.3 0.3 0.3
ETHANE 11.8 11.2 10.7 104 1i.0 11.5 10,6 10.3 1.4
PROPENRE 0.5 0,7 0.8 0.3 1.0 0.6 g.5 0,7 0.8
PROPANE 6.2 6.4 6.2 6.5 6.0 6.3 5.7 5.3 6.5
BUTENES 1.6 1.9 2.3 2.5 2.8 1.6 1.6 1.9 2,1
I-BUTANE 9.5 6.4 6.2 5.9 5.4 5.5 5.1 4,7 b
W-BUCANE 3.7 3,8 3.9 3.7 3.9 4.0 3.8 3.0 43
TOTAZ Cu- §3.3 564 53.0 Sk, 1 54.0 52.4 48,3 47,2 52.0
TS+ PARAFFINS 13.7 12.7 1. 1ALT W) 13.4 13.% 14,5 b, 2
ZEFInS 0 4,7 4,8 8,49 2.3 5.8 1i1.0 11.6 10.3
NAPHTHENWRS 2.3 2.8 2.1 2.2 - 1.5 1.0 1.0 2.8
ARDATTCS 12.73 15.3 T, 1.7 Juld 19.1 - 16.6 12.8
OTHERS 10.9 9,1 7.7 9,3 13.0 6.8 i 3.5 9,3
TNTAZ C5+ 4b.7 43.6 47.0 45,9 45.0 L7.6 51.7 52.8 48.0
YIELDS, G/5CM CONV CO+H2
TOTAL HC 18u 181 190 182 167 189 192 191 193
5+ Bg 79 89 B4 77 90 98 101 g3
CLEFINS, WT ofe BY O NO.
2 4.2 5.4 5,4 5.9 5.9 2.8 2.7 2,3 2.5
23 Te? 9.7 11.7 1l.4% 4,3 9.3 4.8 11.0 10.%
Cy 14.6 15.8 18.8 20,7 23.0 la.4 15.1 18.72 20.2
s 20.8 21.3 26,3 29.9 30.5 20.3 21.u4 27.5 30,13
90 BT 04, RAW FROD., »F 379 - - 3g?2 - 373 371 368 363
QCTANE NO. ON RAW PROD.
R+ 0} 95,9 97.4 95.0 91,7 g3 .4 85,0 - 92.0 -
R+3 - - - - - - 98,5 - 37 .4
OXYGENATES, WT efe - - - - - 0.1 - 0.1 -
g !
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TABLE El13

MATERIAL BALANCES FROM FLUID BENCH-SCALE UNIT WITH CATALYST SGF-A-3

RUN NUMBER 225- 50- 1 50- 2 50- 3 56- 1 56- 2 56- 3 56- 4 56~ 5
RUN DAYS-ON~STREAM 2.7 4.0 5.1 1.1 2.1 3.1 L. 5.0
CUM. DAYS-ON-STREAM 8.4 9.7 i0.8 1.1 2.1 3.1 4.0 5.0
FRESH FEED H2/C0 RATIO 1.3 1.3 1.3 1.0 1.0 1.0 1.0 1.0
GHSV, HR™ i (CHG BASIS) 1003 999 1005 1010 1011 1012 1007 1003
RECYCLE RATIQ 3.91 3.86 3.86 1.9 1.98 1.99 2,00 2.03
REACT. PRESS., PSIG 200 201 200 200 200 200 200 200
REACT. IN_ET TEMP., °F 433 439 423 421 uis L4is 412 416
NOM. REACT, TEMP,, oF 560 560 560 560 560 560 560 560
CONVERSIONS, MOZ o/ ‘
H2 58.7 59.0 58,1 67.3 63.8 72,5 73.1 71.5
co 52.7 53.3 52.0 45.9 55.5 S56.4 60.3 56.0
H2+£0 56.0 56.5 55.5 56.7 62,7 64,5 66,8 63.8
YIELDS, WT o/fe )
HYDROGEN 3.5 3.6 3.6 2.2 2.0 1.9 i.8 2.0
WATER i3.8 12,4 12.3 13.8 11.5 11.9 1i1.6 11.1
-CO 43.5 42.8 44,0 50.6 41.5 40.86 37.0 41,0
ca2 — 23.3 23.6 23,6 16.9 27.1 26.1 29.0 27.3
TOTAL HYDROCARBON 15.9 17.6 16.4 16.5 i7.9 19.5 20.4 18.6
HC SELECTIVITY, WP efe
METHANE 37.7 37.8 39.4 22.5 27.3 26.8 26.8 26.7
ETHENE 0.2 0.1 0.1 0.5 0.4 0.4 o.u 0.4
ETHANE 18.9 18.5 18.6 1i1.1 12.2 i2.3 12.7 i2.7
PROFENE 0.5 0.5 0.5 i.1 0.8 i.0 1.¢ i.0
PROPANE 9.2 9.1 9.1 6.0 7.3 7.3 7.3 6.8
BUTENES 1.2 1.2 1.2 2.7 2.5 2.7 2.7 2.7
I~ BUTANE 4.5 4.2 3.9 5.8 5.5 5.4 4.9 4.7
N-BUTANE 4.5 4.y 4.3 4.0 4.0 4.1 h.1 4.0
TOTAL Cu~ 76.7 75.8 77.1 53.6 60.0 60.0 59.8 59.0
CS+ PARAFFINS B.4 8.2 7.8 15.0 i2.1 11.7 11.9 11.8
OLEFINS i.9 1.7 2.0 8.3 6.9 8.5 8.6 9.5
NAPHTHENES 0.8 0.9 .9 2.2 1.6 1.6 1.7 1.6
AROMATICS 6.0 6.0 6.4 12.9 10.0 9.3 8.0 7.6
OTHERS 5.2 7.4 5.9 8.0 9.4 8.9 10,0 10.4
TOTAL C5+ 23.3 24.2 22.9 46.4 40,0 40,0 40,2 41.0
YIELDS, G/SCM CONV CO+H2
TOTAL HC 170 183 175 193 190 200 203 ig3
C5+ 40 4y 40 90 76 80 82 79
OLEFINS, WT ofe¢ BY C NO. _
c2 0.9 0.4 0.7 4.3 3.0 3.2 2.9 3.4
3 5.3 5.0 5.3 15.1 10.3 11.6 11.6 12.4
o 11.5 i2.0 12.7 21.6 20.3 22.5 23.1 23.8
s 15.7 15.9 i6.4 29.6 27.8 30.8 31.0 32.4
90 PCT OH, RAW PROD., oF - - - 386 383 373 371 369
OCTANE NO. ON RAW PROD.
R+ 0 - - - 95.2 - 9.6 - 93.0
R+3 - 99.7 - - 99.1 - 98.5 -
OXYGENATES, WT ofs - - - 0.1 - - 0.2 -

e
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TABLE El15

MATERIAL BALANCES FROM FLUID BENCH-SCALE UNIT WITH CATALYST SGF-A-3

RUN NUMBER 225-

RUN DAYS-ON-STREAM
CIUM. DAYS-ON-STREAM
FRESH FEED H2/C0 RATIO
GHSV, HR™1 (CHC BASIS)
RECYCLE RATIO

REACT. PRESS., PSIC
REACT. INLET TEMP., oF
NOM. REACT. TEMP,, oF
CONVERSIONS, MOL o /e

H2

co

H24C0

YIELDS, WT /s

HYDROGEN

WATER

co

c02

TOTAL HYDROCAREON
HC SELECTIVITY., WT /e

METHANE

ETHENE

ETHANE

PROPENE

PROPANE

BUTENES

I-BUTANE

N-BUTANE

POTAL Cu-

C5+ PARAFFINS
OLEFINS
NACHTHENES
AROMATICS
OTHERS

TOTAL C5+
YIELDS, G/SCM CORV CO+H?2
TOTAL HC
5+
OZEFINS, WT /e 8Y C NO,
c2

&3
oy
s

90 PCT OH, RAW PROD., F

OCTARE NO. GN RAW PROD.
R+0
R+3

OKYGENATES, WT =/

61- 1
1.2
14.6
i.0
1009
2.99
200
L26
560

66.2
43.%
S4.8

2.5
15.8
57.4
12.7
11.6
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TABLE E17

MATERIAL BALANCES FROM FLUID BENCH=-SCALE UNIT WITH CATALYST SGF-A-3

RUN NUMBER 225- 67-1 &7-2 67-3 67-u4 B7-5 67-6 6&7-7 67-8 67-9
RUN DAYS~ON-STREAM 1.5 2.2 1,9 4,9 5.1 6.9 8.0 9.0 10.0
CUM. DAYS-ON-STREAM 1.5 2.2 3.9 4.9 6.1 6.9 8.0 9,0 10.0
FRESH FEED H2/C0 RATIO 1.0 1.1 1.0 1,0 1.0 1.0 1.0 1.0 1.0
CHSV, HR 1 (CHG BASIS) 1013 1014 S04 504 2004 2021 1030 103 103
RECYCLE RATIO 2,98 2,94 6.98 6.95 1,00 0.99 2,95 2.94 2.94
REACT. PRESS., PSIG 200 200 200 200 200 200 200 200 200
REACT. INLET TEMP., oF 401 420 421 423 433 419 432 418 420
NOM. REACT, TEMP,., °F 560 560 560 560 560 560 550 560 560
CONVERSIONS, MOl /s
H2 67.8 7.4 87.4 88.7 68.0 66,7 81.2 81.4 B1.9
o . 48,7 55,9 BU4. L 65.3-  55.7 55,5 67.2 69.2 71.0
H2+C0 58,3 67.1 76.0 77.0 61.9 60.9 4.2 75.3 76.4
YIELDS, WT /e
KYDROGEN 2.2 1.6 0.9 0.8 2.2 2.3 1.3 1.2 1.2
WATER 15.2 15.3 i8.1 17.3 9.9 9.8 12.9 13.8 12.8
co 48.0 41,0 33.2 32.4 41,4 41,5 30.6 2B.8 27,2
Co? 18.1 23.4 26.6 27.9 29.5 29.3 4.5 34,9 36.8
TOTAL HYDROCARBON 16.6 18.6 21.2 21.6  16.9 17.0 20.7 21.3 22.0
HC SECECTIVITY, WI e/«
METHANE 22.3 24,2 21.0 20.7 27.9 27.7 24,6 25.6 26.4
ETHENE 0.4 0.3 0,2 0,2 0.4 0.5 0.3 0.3 0.3
ETHANE 11,7 12.7 10.9 10.6 14.6 14.9 13.7 14.0 4.3
PROPENE 0.9 0.7 0.6 0.7 1.5 1.8 1.3 0.8 0.8
PROPANE 5.9 7.5 6.6 6.2 8.0 8.8 7.7 8.1 8.4
BUTENES 2.2 1.9 1.4 1.2 3.9 4.6 2.6 2.5 2.4
I-BUTANE 5.3 5.2 6.0 6.0 3.4 2.7 3.7 3.6 3.7
N=-BUTANE 4,0 b, 2 4.1 4.0 4.1 4.4 4.4 L.y 4.5
TOTAL Cu~ 53,6 56.8 50,7 49,6 63.8 65.4 £8,2 59,5 60.7
5+ PARAFFINS 13.4 13.8 15.9 17.1 10.5 9.4 12.9 13.1 12.5
OLEFINS 8.1 7.6 8.9 8.4 8,2 9,4 11.2 10.6 10,1
NAPHTHERES 2.2 2.2 2.6 3.2 1.3 1.0 1.5 1.9 1.6
AROMATICS 14,9 12.3 14,2 13.7 6.6 5,4 7.7 7.6 7.4
OTHERS 7.7 7.2 7.7 7.9 9.6 9.3 8.5 7.3 1.7
TOTAL €5+ 4.4 43.2 49,3 50.4 36.72 .6 41,8 40,5 39.3
YIELDS, G/SCM CONV CO+H?2
TOTAL HC 190 179 185 187 182 185 186 189 192
5+ BB 77 92 9y 66 64 78 77 76
OLEFINS, WT /v BY ¢ NO.
2 3,0 2.4 1.6 1.7 3,0 3.2 1.8 1.9 1.9
3 11.4 9,0 a.3 9.5 15.5 17.1 14,1 a.u B.u
fant 19.2 16.7 11.9 10.7 4.5 39.4 24,2 23.7 22.8
c 23.6 21.7 15.1 17.8 38,2 4y, 32.3 31.9 1.t
90 ACT OH, RAW PROD., oF - 388 390 383 - 321 378 376 372
OCTANE NC. ON RAW PROD.
R+ 95,2 - 93.1 - 93.1 - - - -
R+3 - 97.5 - 99.2 - 98.6 - - -
OXYGENATES, WT e/je 0.2 0.1 0.3 0.1 0.1 - 0.2 0.2 0.2
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