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A-9

A~10

A-11

A-12

A-13

APPENDIX A. Catalyst Life Test Data

Preliminary Life Tests Catalyst BASF K8-11

Preliminary Life Tests CCI Catalyst C-25-1-01,
1/16-in. Extruded Rods

Preliminary Life Tests (Girdler Catalyst G3B,
—6+8 Mesh)

Life Tests CCI Catalyst C-25-1-01

Life Tests (BASF KB~1l Catalyst, 4-mm
Extrusions}

Life Tests (BASF K8-11 Catalyst, 4-mm
Extrusions, 20 g)

Preliminary Life Tests (Girdler G51-C
Catalyst, 1/16-in. Extrudates, 20 g)

Life Tests — Effect of NH,OH on Catalyst
Activity (BASF K8-11 Cataiyst, 4—-pm
Extrudates, 20 g)

Life Tests Catalyst Evaluation {CCl C-25-1-02
Catalyst, 1/16-in. Extrusions, 20 g)

Life Tests (Girdler G--93 Comoloy High-Temperature
4 x 6 Mesh Spheres, 20.2 g)

Life Tests (Union Carbide UC-1870-46-1 Shift
Catalyst, 1/16-in. Extrudates, 21.0 g)

Life Tests (Laperte-Davison Comox 207 Shift
Catalyst, 3/16-in. Pellets, 21.0 g)

Life Tests {Shell 0il 538 Catalyst, 4 x 6
Mesh Spheres, 21.0 g)
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Reproduced from
best available copy.

HRun Nu,

Cuatalyst {C-20-6-02), g

Hasis for Analysis

Pressure, poag

Temperatwure. Furnace, °F

Temp:rature. Regdctor Entrance. "F

Tempmrature

AL ihn

LI

Ned, " F

Fluw Hote, Hys, dh=mol fr

Finw R.ntn-. Fowd, b=l /iy

Flow Hate, 1,0, Ih-mol. ! Iir

Flow Rate, C,H4,, lb-mol/hr

Temperature, Steam, *F

Temperature, Benzene, 'F

Feed Composition, mol "

co
co,
Hy
CH,
by
H,S
cos
Cyll,
1,0

Total

Product Flow Rate, lbemol./hr

Product Composition, mol =%

co

cQ,

H,

CH,

C,H;

H]S

cos

C4H,

H;0
Total

CO Consumed. lb-mol./hr

CO, Produced, lb-mol./hr

H; Produced, lb-mol. /hr

HO Used. ib-mol./hr

Space Velociwy., SCFrhr-cu 1

I N S T |

IU~4-9

Table A-2. PRELIMINARY LIFE TESTS
(CCI Catalyst C~25-1-0., 1/16-in. Extruded Rods)
5 b 7 8
25.0 25.0 25.0 25.0
Dry Wet Dry Wet Dry Wet Dry Wet
T00 700 700 700 595 595 595 595
220 720 740 740 680 680 680 680
535 535 54) 541 558 598 860 60
M 47 478 478 560 560 555 555
2000 2UUD 1850 1450 1500 100 1400 1800
u.oolu LR HINE r.0olG n.uuta thoglh G.ud16 U onth [ERITFTA
LINTRERY ) v U416 44 (LR TP BT R ERY] D027 U.04502 U.UZKT LINIZT T4
0.0y v.01% v.ul} .01 0.017 $.017 0017 V.17
- - C.002 0.00¢ .- -- 0.003 0.003
500 500 500 spe 500 500 500 500
70 70 70 70 80 a0 80 80
1
28.2 16.6 24.2 15.9 13.1 8.2 13.1 7.7
15.8 9.3 15.8 8.9 9.1 5.7 9.1 5.3
3.4 16.5 31.4 17.7 63.9 40.2 63.9 37.5
22.7 13.4 22.7 12.8 12.0 7.6 12.0 7.1
0.1 0.06 0.1 0.06 C.) 0.06 0.1 0.06
1.7 0.99 1.7 0.95 1.7 1.1 1.7 1.0
0.1 0.06 0.1 0.06 0.1 0.06 0.} 0.0k
.- - . ' . .. - 6.7
-- 41.09 . 39.53 - - - -- —_——
100.0 100.00 100.0 100.00 100.0 100.00 100.0 100,00
G.02738  0.04635 0.02738  O0.04836 0,02872 0.04%62 0.02872 0.04886
179 10.6 17.8 10.) 8.1 5.1 5,7 3.3
14.8 8.7 20.5 11.6 5.6 3.5 5.3 3.4
48.4 28.6 4315 24.4 74.85 47.1 75.42 44.3
18.0 10.6 17.5 5.9 7.5 4.7 6.) 16
a1 0.06 0.1 0.06 0.1 0.06 0.1 0.06
0.7 0.4 0.9 0.5 3.8 2.4 7.2 4.2
0.05 0.02 0.0% 0.02 0.05 0.06 0.18 1.0
- .- .- 4.2 - -- -- 6.7
-- 41.02 .- 39.22 .- 37.08 - 33.74
99.95 100.00 100.00 100.00 100.00 100.00 100.00 100.00
0.00282 .- 0.00285 - D.00144 . 0.00212 .
0.00026 +- 0.00128 .= 0.00100 -- 0.00109 --
0.00466 = 0.00322 -- 0.00314 - 0.00331 .-
0.0055% .- 0.0069 -- 0.00198 .- 0,00198 .
14.627 - 15,099 - 14,358 ee 19,387 .-
A-4
0o F G A § T ECHNDOUL O G Y
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Table A-3.

Run No.
Catalyst, g

Basis for Analysis

Pressure, psig

Temperature, Furnace, °F
Temperature, Reactor Entrance, *F
Temperature, Middle Bed. °F

aF H;5

Flow Rate. H;S, lb-mol./hr

Flow Rate, Feed, lb-mol./hr

Flow Ratc, H;0, lb-mol./hr

Flow Nate, Cgli,, lb-mal./hr
Temperatury, Steam, "F
Temperature, Benzene, ' F
Feed Composition, mol %

coO

CG,

H;

CH,

CaHe

H,5

CQOS

CeHg

N,

H,0

Total

Product Flow Rate, lb-mol./hr
Product Composition, mol %

co

co,

H,;

CH,

CHyg

H,;5

cos

CeH,

N

H,0

Total

CO Consurned, lb-mol. /hr
CO; Produced, lb-mol./hr
H; Produced, lb-mol. fhr
H;O Used, lb-mol./hr
Space Velocity, SCF/hr-cu ft

IU-4-9
PRELIMINARY LIFE TESTS
(Girdler Catalyst G-3B, —6+8 Mesh)
3 10 11 12
40.2 40.2 34.2 34.2

Dry Wet Dry Wet Dry Wet Dry Wet
5130 530 520 520 300 oo 230 230
120 720 720 720 660 660 650 650
496 496 498 498 538 538 604 604
715 715 712 712 731 73) 750 750
- -- 1280 1280 -- - 857 857

- -- 0.00¢C1 D.000C1 - -~ 0.00007 0.00007
0.0133 0.0212 0'.0122 0.01%8 0.0070 0.0186 0.0070 0.0236
0.0074  0.0079 0.0076 0.0076 0.0115 O0.0115 0.0166 0.0L66
0.0c07  0.0007 -- - .- . .- -
700 700 700 700 [ 1.74] 660 650 650
B0 80 -- - - - -- --
22.5 14.1 2l.1 13.0 23.0 8.7 23.¢ b.&
15.7 9.8 14.9 9.2 =7 6.3 16.7 4.9
34.1 21.4 42.6 26.3 35.2 13.3 35.2 10.5
21.2 13.3 20.0 12.3 1.8 8.3 21.8 6.5
0.08 0.0% 0.1 0.05 0.: 0.04 0.1 0.03
0.04 0.02 0.5 0.3 0.16 0.05 0.lé C.05
0.14 0.08 0.11 0.05 0.14 0.05 0.14 0.04
5.5 3.5 0.2 0.1 0.1 0.04 0.1 0.03
0.74 0.5 0.5 G.3 2.7 1.0 2.7 0.8
- - 37,25 - - 38.4 - 62.22 -~ 70.35
10¢.00 100.00 100.01 100.00 99.90 100.00 99.90 100.00
0,0126 0.0205 0.0119 0.0196 0.0071 0.0186 0.0072 0.0237
22.1 131.6 20.3 12.4 22.8 8.7 19.2 5.8
15.1 9.3 14.2 8.7 16.5 6.3 14.3 4.3
34.3 21.1 44.2 27.0 35.2 13.4 44.5 13.5
20.9 12.9 18.9 11.6 22.0 8.4 18.4 5.6
0.08 0.05 0.1 0.0% 0.1 0.04 0.] 0.03
0.08 0.05 0.84 0.5 0.15% 0.05 0.88 0.2
0.08 0.05 0.1l 0.05 0.13 0.05 0.12 0.03
6.66 3.9 0.8 0.46 0.6 0.2 1.0 0.3
0.7 0.4 0.5 0.30 2.5 0.95 1.4 0.4
-- 38.65 -- 18.94 - 61.9) -- 69.84
100.00 }00.00 99.95 100.00 .99.98 100.00 99.90 100,00
nil -- nil - nil --  0.0002 --
nil -- nil - nil - - -
nil -- nil -- nil -- 0.0007 -
- - - - -- -- D.000s --
2465 41590 2391 380 j6la 4273 1610 5419

Reproduced from
A=5 est available copy.
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Table A-4. LIFE TESTS
(CCI Catalyst C=-25-1-01)

Run No. 13 1la
Catalyst, g £0.0 20.¢
Dasis for Analysis Dry Wt Diry Wt
Fressure, psig 1000 100u 1000 1000
Temperatire, Furnace, "F 700 TOL 700 700
Femperatun-. Reactor Bnteranee, °F 6OV [ 530 530
Poaviprerate ey, Maddbe Hed, 1 005 1) i 73l
At Ly IT} n Aoy KU
Fiow ltaty, 1,5, Jbemal. fhr VRV 0.0004 [ENH N [PATIHA
Flow Rate, Feed, lu-inol. fhr D012 34 0.035.24 0.0} 234
Flow Hate, 11;0, 1bemol./hr 0Ny 0.0229 0.0130 0.0130
Fluw Rate, CiH,, lb=mol./hr 4] g 0.0008 0.0004
Temperature, Steam, *F 700 700 760 760
Temperature, Benzene, "F 100 100 100 100
Feed Composition, mol *

coO Jo . 6.4 18.4

co; ¢3.7 ¥.3 23.7

H, 16.7 5.8 167

CH, 37.M 13.2 it.e

C,H,' 156 0.4 2.56

;5 016 0.06 .16

cos .- -a -

Cully e .- .-

Ny ¢.6n 0.2 0.6

o - 65,149 -

Total 100.00 100.00 100.00

Product Flow Rate, lb-mol./hr 0.01211 0.03501 0.01082 0.02467
Product Composition, mol %

co 19.6 6.7 20.5 8.9

co, 23.5% B.1 24.1 10.5

H; 1.0 6.2 12.4 5.2

CH, 35.8 12.4 39.4 17.0

Gy .34 0.8 2.26 0.8

HyS 011 0.06 0.12 0.04

cos -- - 0.01 .-

C4H - -- 0.95 3.5

N> 0.59 0.2 0.26 0.1

H,0 . 65.54 -- 53.96

Total 104,00 10000 100.00 100.00

CO Consumed, lb-rmol./hr - - - --
CO,; Produced, lb-mol/hr -- - - -
H; Produced, lb-mob/hr - -e - -
Space Velocity, SCF/hr-vu ft ELLELY 13866 4257 9707
Time of Run, hr u.1 u.1 127.3 127.3

Reproduced from
best available copy.
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Table A-5.

LIFE TESTS

(BASF K8-11 Catalyst, 4-mm Extrusions)

Run No.
Catalyst, g
Basis for Analysis

Pressure, paig

Temperatire, Furnace, °F

Temperature, Reactor Entrance, *
Temperature, Middle Bed. *F

AP H;5
Flow Rate. H;5, lb-mol/hr

Flow Rate, Feed, lb-mol/hr

Flow Rate. H;O, lb-mol/hr

Flow Rate. G Hg. lb-mol./hr

Temperature, Steam, “F
Temperature, Benzene, °F

Feed Composition, mol %

co
[+{=%
H,
CH,
C:B,
Cy#
H,S
cos
CHy
N
H,©
Total

Product Flow Rate, lb-mol./hr
Product Compoaition, mol %

co

CO,

H;

CH,

CyHg

Cy+

H,S

cos

CoHe

N,

H,0

Total

CO Consumed. lb-mol./hr
COy Produced. ib-mol./hr
H; Producad. lb.-maol./hr
H;0 Used, Ib-mol./hr

Space Velocity, SCF/hr-cu {t

T F

l4a
20.0

Dry Wet
490 490
560 560
524 528
542 582
1000 1000
0.0008 0.0008
¢.00496 0.0110%
0.0058 0.005¢
620 620
MG BD
20.0 9.2
2b.1 12.0
7.8 b
42.3 19.%
1.4 0.7
0.64 0.3
0.44 0.2
i.0 0.5
.- 54.0
99.92 too.c
0.00502 0.0108
4.9 2.3
lb. i6.7
19.7 9.1
36.1 t6.7
1.4 0.6
0.5 0.3
U.4 Q.2
1.0 0.5
-- 53.6
100.0 100.0

G,00075 ~-

G.0005]) -

0.00060 -

0.00128 --
1623 363}

A-7
~ A =

TU-4-9

[

14b
20 0

Dry Wel
1000 1¢00
560 560
512 512
583 583
1200 1200
0.0008 0.0008
0.00496 0.01109
0.005% 0.0058
0.0003 0.0003
600 600
80 B0
20.0 9.2
26.1 12.0
7.8 1.6
42.3 19.5
1.6 0.7
0.68 9.3
Q.44 0.2
1.0 0.%
- - 54.0
99.92 100.0
0.00512 0.0112
9.1 4.1
35.6 16.2
17.9 8.1
33.8 15.4
1.6 0.7
0.6 0.3
0.4 0.2
.- 3.0
i.0 0.4
.- 51.6
100.0 100.0

0.00083 -

0.0005) "

©.00053 .

0.00045 -
1623 3631

B-~122-116&-(R)
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Run No.
Timse, b
Basis for Anstvels

Prsssure, paig

Temperature, Furnace, °F

Termnpersture, Reactor Intrance,

Tempersture, Middle Bed, ‘F

APH,S

H;S Flow Rate, lb-mol. /hr
Feed Flow Rate, lb-wmol. /hr
H;O Flow Rate, lb-mol. /ar
CyHy Flow Rate, 1b-mol. /hr
Steam Temperature, 'F
Bensens Temperature, *F
Feed Compoaition, mol %

co
COy
H,y
cH,
CiH,
H,$
Cy*
CoH,
N;
H0
Total

Product Flow Rate, lbemol. /hr
Product Compasition, mol %

fole]
COy
H;
CH,
CH,
H,S
Cy+
CeH,
N;
H,0
Tota)

CO Consumad, Ib-mol. /hr
COy Produced, lb-mol. /hr
H; Produced, lb-mol, /hr
H;O Used, 1b-mol. /hr

Bpaca Valocity, ECF/hr-cu it

I' N ST

IU-4-9
Table A-6, Part 1. LIFE TESTS
(BASF K8~1l1 Catalyst, 4-mm Extrusions, 20 g)
15 1% 15b 15¢
0 » st L70

Drx Vet Rey Wet Dry Wet _Pry = __Wet
0 0 630 630 980 980 1008 1000
650 650 400 500 610 tlo 600 600
680 €8n 630 630 648 448 o4 846
655 645 605 80 620 620 609 o9
- . 710 170 240 240 i00¢ 1000
- .. £.0006 0.0006 00,0003 0.0003 0.0008 0.0008
0.00467 0.01277 0.00467 0.01277 0.00467 0,01277 0.00467 0. 01107
-- 0.0081 .- 0.008¢ -- 0.0081 -- 0.0058
- - .- - - - ¢.00048 0,0006
910 910 855 LLL] 860 .101] 260 860
a5 85 as as Bs as a 80
20.0 7.1 0.0 7.3 20.0 7.3 18.0 1.6
26,1 G. % 26,1 9.5 2¢6.1 9.5 24. 6 10.4
1.8 2.8 7.8 .8 7.8 2.8 14.9 6.3
42,3 15,5 42.) 155 42.3 15.5 8.1 16.1
1.6 [} 1.6 u. 6 1.6 0.6 1.6 0.7
0. 44 0.2 0.44 0.2 0. 44 0,2 1.2 0.8
0. 64 0.3} 0, 68 0.3 0. b& 0.3 0. 869 a.3
-- .- .- .- .- .. .= 5.4
1.0 0.4 i.o 0.4 1.0 0.4 0.89 0.4
-- 3.4 -- 63,4 -- 6). 4 .- 52.3
99.92 100.0 99.92 100.0 95.92 100.0 99.98 100.0
.- --  0.0051) 0.01212 0.00876 0.01226 0,00500 0.01061
- -- 1.9 0.8 0.0 0.0 0.0 0.0
-- -- .9 16.5 36.3 20.0 36.3 17.1
- .- 17,0 7.2 24.9 13,7 25,0 1.8
- .. 42.2 17.9 .8 19.2 M4 6.2
.- - - -- 1.4 0.8 i.5 8.7
- - . - 0,é 0.3 0. 5% 0.3
- - . -- 0.6 [ L9 | 0. 56 0.3
.- .. - .- 0.01 e 0,0l 4.8
.- .- - - 1.4 0.8 1.6 0.7
I T 7.6 - 4.9 - 48.1
-- - 100.0 100.0 100,01  100.0 99.96  100.0
- - 0. uD0Ad - 0.00084 - 0.00084 .
-- .- D.00078 - 0.00124 -- 0.00067 -
- .- 0.00051 - 0.00132 av 0.00056 --
. - 8.0011 s 0.0026 - 0.0007 -
1054 S080 1849 Los0 1859 s080 1889 4404

B-23-2%1
A-8
o F G A T FCHNOLI 0O Y

T UTE
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Run No.
Time, hr
Basis for Analysis
Pressure, psig
Temperature, Furnace, "F
Temperaturs, Resctor Entrance, *F
Tempersture, Middle Bed, *F
P H5
H,S Flow Rate, lb=mol. /hr
Feed Flow Rate, 1b-mol. /hr
H;0 Flow Rate, Jb-mol. /hr
CH, Flow Rate, lb-mol. Mhr
Stearn Temperature, 'F
Banzene Temperature, *F
F ead Componsition, msol %

co

coO,

H;

cH,

CaH,

H,5

Cy+

CyH,

N;

H;O

Total

Product Flow Rate, lb-mol. /hr
Product Composition, mol %

fols]

Co,

H;

CH,

CyH,

H;S

C,*

C.H,

N,

H,0

Total

COConrumaed, lb-mol. /hr
CO, Produced, |b-mol. /hr
H; Produced, lb-mol. /hr
H O Used, lb-mol. /hr
Space Velocity, SCF/hr-cu ft

t N S T I T 1t T F

Table A-6, Part 2.
(BASF K8-11 Catalyst, 4-mm Extrusions, 20 g)

LIFE TESTS

IU~4-9

15d 15¢ rsft 15g 1sh
177 225 249 285 321 :
Dry W et Dry Wet Dry Wet Dry Wet Dry Wet !
1000 1000 1006 1000 1000 1000 700 760 700 700
600 600 605 605 605 605 6o 610 610 610
655 [11] £5] 651 H48 648 648 b48 650 650
620 t20 6l% &1 éie 13 ] 610 410 B24 624
1610 1010 1610 1010 950 950 1300 1300 1300 1300
0.0008 0.Q00D8 0.0008 ©O.DODE 0O.0008 0©,0008 0.00L a.00l 0.001 D.gol
0.00467 0.01107 0.004467 0.01242 0.00463 0. 01242 0.0043} 0.01311 D.00499 0.0)228
- 0.00%8 .- 0.007%4 - 0.0074 e 0.c088 - 0.0073

¢, 0006 0.0006 0,0003% L.0O03Y 0.0003) 0.00039 .- .- s .
11 865 a6s 865 850 860 860 860 860 860
8% 8s as 85 A5 85 80 80 80 80
18.0 .6 8.0 6.7 18.0 6.7 18.0 5.9 5.4 6.2
4.6 10.4 4. b 9.2 24. 6 9.2 24.6 8.1 9.3 7.9
14.9 6.3 14.9 5.5 14.9 5.% 14.9 4.9 1.4 12.7
38.1 16.1 8.1 4.2 38.1 14.2 18,1 12,8 29.3 1.9
l.& 9.7 l1.& 0.6 1.6 0.6 1.6 6.5 1.6 0.6
1.2 0.5% 1.2 0.4 s 0.4 1.2 0.4 1.2 G. 5
0. 69 0.1 0.69 0.2 0.69 0.2 0. &9 0.2 0.69 0.3
.- 5. 4 -- 3.1 -- .1 - - 0.0 a.0
0.89 0.4 0.89 0.3 0.89 0.3 0.89 0.3 0.89 0.4
- 52.3 - 59.8  _--  _59.8 - 67.2 - 59.5
99.98  100.0  99.98 100.0  99.98 100.0  99.98 100.0 99.98 loo.o
0.00416 ©.00577 0,00463 0.01192 0.00493 0,00779 0,0043] 0.01151 0.0049% 0.00989
0.82 0.3 a.o 0.0 3.1 2.0 J4.3 5.4 0.0 0.0
26.3 11.2 4.1 9.4 2l. 4 13,5 1.4 4.0 7.1 13.7
41. 6 17,7 4613 18.0 45. 8 8.9 28. 6 10,7 40. 6 20,5
27.3 11. 6 24.) 9.4 26.2 I6. & 1.4 11.8 28,3 14,1
1.0 0.4 1.0 C. 4 0O, b4 0.4 1.% 0.6 0.74 .4
1.4 0.6 2.5 1.0 1.5 0.9 1,2 0.4 1.8 0.9
0. 34 0.1 0.29 0.1 0.3z 0.2 0.7 0.1 0.131 0.2

0.7 55 0.69 LY 6.3 1.1 -- - - .-
0.% 0.2 U.85 0.3 0. 69 0.4 0.9 0.2 1.2 D. &
-- 52,4 -- $7.9 - 36,0 .- 62,5 . 49,4
99.96 100.0 100,03 100.@  99.95 100.0 100.0 100.0  100.05 100.0
0, 0008! -= 0.00083 -« 0.00068 -- 0.00016 == 0.00077 .-
- -- nil --  ail . nil -- D.00038 --
Q,00104 -- 0.0D14é -- 0,001% -- 0.000%9 «« D.00046 .-
- - 0.000% -- 0.004¢6 -- nil - 0.0024 -
1859 4404 1842 494! 1842 4941 1714 5215 1984 4887

B-23.25%1
A-G
n F ~ 4 € T F & H N N | n G Y
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Run No.
Tima, bhr
Basie for Analyeis
Pressure, poig
Temperature, Furnace, *F
Temperaturas, Reactor Entrance,'F
Temperature, Middia Bed.* F
AP H,S
H)5 Flow Rate, 1b-mol, /hr
Fend Flow Rate, lh-mal, /hr
H;O Flow Rate, lb-mel. /hr
CiH, Flow Rate, 1b-mol, /hr
Steam Temperature,* F
Benzene Temperature, " F
Feud Composition. mol %

co

cO,

H;

CH,

CaH,

H,S

C,‘

CeHy

N;

H; 0

Total

Produci Flow Rate, lb-mol. fhr
Product Composition, mol %

co

co,;

Hy

CH,

CsH,

H,;S

clq-

Colly

N

HO

Total
CO Consumed, 1b-mael, /hr
CO; Produced, 1b-mol. /hr
H; Produced, ib-mol. /hr
' H;O Used, lb-mol, thr

Space Velocity, SCF /hr-cu it

I0-4~9
Table A-6, Part 3. LIFE TESTS
(BASF K8-11 Catalyst, 4-mm Extrudates, 20 g)
15i 15§ 15k 158
513 561 574 609

Dry Wat Dry Wet Dry Wet Dry Wat
730 130 720 120 120 720 720 720
610 610 slo 610 610 610 610 610
645 645 645 645 bas 545 645 bas
625 625 620 620 b1k 618 625 624
12o 1ize 1120 120 1160 1160 1140 1180
0.00006  0.00006 0.00004  0.00004 0,00006 D.0OD06 0.00006 0, 00006
0.00465  0.01205 0.00447  0.001166 0. AN4SGZ 0. 01226 0. 00469 0. 00945
.. 0. 0074 .. o.0072 0. 00666 .. 0. 00419
- .- 0.0ons - 0. 00062 - 0.000357
|.T4] [-T:44] LI R60 860 a60 860 860
390 390 1%0 190 150 190 190 150
15.7 6.0 157 6.0 15.7 6.3 I5.7 7.8
19. 1 1.4 19, 1 7.3 19,1 L I TN 9.5
10.8 1.9 0.8 1.8 30.8 1.5 30.8 15,3
9.4 1.5 29,9 1.4 29.9 12,1 29.9 14.8
.o 0.4 1.0 0.4 1.0 0.4 1.0 0.5
1.2 0.5 1.2 0.% L2 0.5 1,2 0.6
G. 4 0.1 0.4 0.2 0.4 0,2 0.4 0.2
0.0 0.0 -- 1.3 .. 5.0 . L8
1.9 0.7 1.9 0.7 1.9 0.8 1.9 0.9
- 61.5 60, 4 - 54,5 - 46.5
100. 0 100.0  100.0 100,06 t00.0 100.0 100, 0 99,9
0.00465  0.01055 0.00447 0.0110 0.004%6  0.0086 0. 00469 0. 00908
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FI) 1.2 2.6 9.2 25.0 14,4  23.8 12,3
41.8 18,4 %2, 7 2.4 45. 4 26.2 47. 8 24,7
5.5 1.2 2% 8.7 25,3 4.6 23.9 12.3
1.1 0.5 0.87 0.4 i.0 0.6 0.9 0.5
1.6 0.7 0. B8 D.4 1.4 0.8 1.6 0.8
0.4 0.2 0.6 0.2 0,21 0.2 0.2% 0.1
.. -- - 1.2 0. B4 S. 1 0,87 .9
1.9 o.h 0,82 0.3 0.78 0.5 0,83 0.4
— 56,0 .- 382  _.. 37,4 - 45.0
100.0 100.0 99,97 100.0 - 99.9%  100.0  99.95 100.0
0.000713 -- 0.,00070 -+ 0,00078 -~ 0,00074 --
4. o0o40 -- 0,00015 - 0.00029 -- B0,00022 --
0. 00051 -- 0.00098 .. 0.00073 -- 0.0007T% --
0.0015% -+ 0.00080 .- 0.0D34 - 0.00032 --
1850 4794 1778 4375, 1974 4377 1868 3760

B-23-251
A-10

o F E A S T F O HNOI OCGC Y
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Run No.
Time, hr
Basin for Analysis
Pressure, poig
Temperature, Furnsce,* F
Temperature. Reactor Entrance." F
Temperature, Middle Bed,* F
AP H,S
H;S Flow Rata, lb-mol, /hr
Fead Flow Rate, 1b-mol. /hr
H;O Flow Rate. lb.mol. thr
CyHy Fiow Rate, Ib-mol. /hr
Staam Temperature, " F
Buntene Temparature, ° F
Feed Composition, mol %

co

CO,

Hy

CH,

CH,

H,5

c,’

C4H,

Ny

H;0

Total

Product Flow Rats, 1b-mol. /hy
Product Composition. mol %

co

cO,

H,

CH,

CgH,

RH,S

c,’

CJH

N

H,0

Total

CO Consumed, ib.mel. /hr
CO; Produced, 1b-mal, /hr
H; Produced. tb-mol, /hr
HyO Used, 1b-mol. /hr
Space Velocity, SCF/hr-cuft

IU-4-9
Table A-6, Part 4. LIFE TESTS
{BASF K8-11 Catalyst, 4-mm Extrudates, 20 g)
15m°© 15n 1509 15p®
841 872 915 939
Dry Wet Dry Wet Dry Wet Dry Wet
1000 1000 1000 1000 1000 1000 1000 1000
b10 L3 610 610 &10 610 610 610
b43 (18] 45 645 643 643 645 645
620 620 620 620 618 618 620 620
1420 1420 1360 1360 1400 1400 1500 1500
0.9001% 0.00015 0.00015% 0. 00015 0. 00015 0.0001% 0.00015 0,00015
0. 0049 0.01134 ~ 0.00504 0.01267 0.00498 0.01209 0.005090 0,0)324
- 0.0064 - 0.0070% - 0. 00654 .- 0,00761
- 0. 0006 .- 0. 00055 - 0,00054
a6n 860 860 860 840 B&0 860 260
390 390 190 150 3950 390 190 190
9.2 4.0 9.2 L6 9,2 3.8 9.2 3.5
16.8 1.2 16.8 6.1 16, 8 6.9 16.8 6.5
50. 4 21,8 50,4 20,0 50, 4 20.8 50, 4 19.4
9.6 8.5 19. 6 7.8 19, 6 B.1 19. 6 .5
Y} 0.08 0,18 0.0 0.18 0. 07 0.18 0.07
3.0 1.3 3.0 1.2 30 1.2 3.0 1.1
Q.06 a,n3 0.né n.n2 0.06 062 0.06 0.02
0.0 0.0 0.0 4.7 n. o “h a.n 4.0
0.6 0.3 0.76 0.3 0.76 0.3 0. 76 0.3
. 56.79 - - 55, 61 - 54,31 - 51. 58
100. 00 100.00 100, 00 100.00 100, 00 100.00 100. 00 99.97
D, D049 0,0107 0. 00504 0.01202 0. 00498 0,01170 0.00509 0.01236
0.0 oo 0.0 0.0 o.21 0.08 0. 40 0.2
18, 6 8.5 18,3 7.6 23.3 9.9 21.1 8.9
63,8 29.2 61.3 25,7 54.0 22.9 54.9 22.6
14.6 6.7 15.2 6.4 19,7 B. 4 19.86 8.1
0.12 0. 06 0.11 0.04 0. 1% 0,06 0. 14 0.06
1.1 9.5 1.2 0.5 1.1 0.5 1.7 0.7
0.08 0. 04 0.01 - 0.03 0.01 0. 04 0,02
0.03 0.0l 2.3 5.6 0. B} 4.4 ¢.75 4.1
1.6 0.7 1.6 6.7 0.68 0.3 0. 81 0.3
s 54,28 - - 53,46 .- 53,42 55.0
99, 93 99, ag 100, 02 100. 00 99, 94 99.99  100.04 99. 98
0. 00045 .- 0. 00046 - 0, 00045 - 0.00045 --
0. 00009 . 0, D000R i 0. 00032 - 0.00025 --
0. 00066 - 0. NO0SS - 0. 00018 - 0.00021 --
0. 00061 - 0. 00060 - 0, 00030 --  0.00081 -
1950 4541 2003 5040 [9R0 4810 2025 5267
H-23.251
A~11
n B [ S T F ~ H N O 0O 6t ¥
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Table A-6, Part 5.

LIFE TESTS

(BASF K8-11 Catalys;, 4-mm Extrudates, 20 g)

Run No.

Time, hr

Paals for Anslysie
Pressure, peig
Temperature, Furnsce. ' F

Temperature, Reactor Entrance, *

Temperaturs, Middle Bed, * F
4F H,5*
H,;5 Flow Rate. Ib-mol. /hr
Faed Flow Rate, lb-mol. /ar
H;O Flow Rate. lb-mol. fhr
CyH, Flow Rate, Ib-maol, /hr
Steam Temparature, ° F
Bansene Temperature,” F
Fard Composition, mol %

[s1e]

COp

H,

CH,

CiH,

H;S

-

[

CyHy

N,

H,O

Total

Product Flow Rate. lb-mol. /hr
Product Composition, mol %

co

Hy

CH,

H,;S

o

CdH,

N;

H,0

Total

CO Consumed, Ib-mol /hr
CO; Produced, 1b-mol. /hr
H; Produced, lb-mol. /hr
HO Used, Ib-mol. fhr
Space Veleclty, SCF/hr-cu ft

I' NS T I T UTE

TU-4-9

15¢ 15y 154 15¢
B —— L 10t0 1243 1343
Dry Wet Dry Wet Dry Wet Dry Wet
1000 1000 1000 1000 1000 1000 1060 1000
610 é1n 610 610 610 610 610 610
647 647 643 643 649 649 b52 652
625 62% 620 620 623 623 633 633
1400 1400 1480 1480 1080 1080 1360 1360
0.00015 0. 00015 ~0.80015 0.00015 0,000004 O.000004 0,00006 0©.00006
0. 005084 0.081256 0.00%116 0.01274 ©0.00496 0.01293 0.0095!7 ©.01757
.- 0, 00715 - 0,00104 .- 0. 00743 -~ D.0DT26
-- 0.00031¢ -~ 0,00059 . 2.00054 ««  D.00019
860 860 860 860 860 860 880 {11]
390 3ap 190 390 190 390 3430 390
9.2 3.7 92 1.7 10,0 3.8 16. 9 9.2
16. 8 6.8 16. 8 6.7 16. 17 6.4 19.7 10,7
50,4 20,4 50, 4 20.2 50.4 19.3 36,2 19. 6
19.6 1.9 19. 6 1.9 21,7 8. 25.2 1%, 8
0. 18 0,07 0.18 0.07 0.5%9 0,2 0.73 0.4
1.0 1.2 3.0 1.2 0. 08 0.03 0. 63 0.1
0. 06 0. 02 0. 06 0,02 0.04 0.01 0.04 0.02
0.0 2.5 0.0 4.6 .- 4.2 0,02 4.5
0.7 0,3 0.7% 0.3 0.47 0.18 0. 59 0.3
- 56, 97 .. 55,31 - £7.58 .- 41,38
100. 00 99, 86 100,00  100.00 99, 98 100.00  100.01 100. 00
0. 005084 0.01094 0.008116 ©0.01206 0,004%6 0.0118% 0.00952 0©0,01611
0.8) 0.4 0,0 0.0 0.18 0.08 1.2 0.7
24.5 11. 4 20.5 8.7 21.4 9.0 1.9 16.5
52.1 24.2 60,2 25.5 $9.9 24,7 46,2 27.3
20,1 9.3 16. 4 1.0 16,7 7.0 21,9 12.9
0.5 0.2 0. 41 0,17 0.5 0.2 0. &4 0.4
0.59 0.27 0.9 0.38 0.73 0.3 0.47 0.3
0,03 0.01 0.03 0.0} 0.02 0,01 0.03 0,02
0. 69 3.1 0. 47 4.7 6.7 4.2 0.77 1,6
0. 70 0.2 o, 85 0.36 0.87 0.4 0,9 0.5
- 50, 79 -- 53,58 -- 54.11 - 37,78
100, 04 99, 99 99,96 100,00 100,01 100, 00 100. 61 100, 00
06,0004} - D,.00047 --  0,00N49 <« 0,00149 --
0.00039 - 0.0a019 .- 0.00023 -.  0,00078 --
0. 00009 0, 00040 0.00042 - D0, 00095 .
o.ao1é .- n,nane2 0. 0010 LNLTRTA .
2022 4997 2015 04K 1972 6144 1778 i940
1s23224)
A-12
o F G A S T FC H NOIL OG Y
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Table A-6, Part

{(BASF K8-11 Catalyst,
Run Ne.
Timae, br

Basie for Anslysie
Prassurs, paig
Temperature. Furnace,* F
Tamperature. Reactor Entrance." F
Temperature, Middle Bed.* F
AP H,S
H;5 Flow Rate, lb-mol. /hr
Fead Flow Rate, lb-mol. /hr
HyC Flow Rate, Ib-mol. /hr
C.H, Flow Rate, 1b.mol. /hr
Stearmm Temperature,* F
Bensane Tamperature, * F
Fead Comporition, mo! %

co

co,

H,

CH,

C)H,

H)S
c,’

C4H,

N,

H,O

Total

Product Flow Rate, tb-mol. /hr
Product Camposition, mol %

co

co,

H;

CH,

CH,

H,;5
c,’

CiH

N,

H,0

Total

CO Consurned. lb-mol. /hr
CO, Produced, Ih-mol. /hr
H; Produced, 1b-mol. /hr
HyO Uaed, 1b.mol. /hr
Space Velocity, SCF/hr-cu fi

6.

LIFE TESTS

TU-4-9

" After 8 hr in NH,OH {lawing at 0. 000018 Ih-mol, /hr or equivalent to 0. 14 mol % in {eed,

b After 1} hr in NH,OH flowing at 0.0000F] lb-mal, /hr or equivalent to 0. | mol % in {eed.

€ After 3 hr in CHeON flowing at 0. DO00D4 1b-mol. fhr ar sguivalent to 0.04 mol % in feed.

9 aftar 3] hr in CyHyOH flowing at 0.000004 lb-mal. /hr or cquivalent 10 3.0} mial % in feed,

* After 55 hr in C,H,OH flowing at 0, 000004 1b-mol. /hr ar cquivalent 16 0,04 mol % in feed.

f

I ¥ € T I T 1} T F

After & hr in NH,OH fiowing at 0.000018 Ib-mol. /hr or equivalant te B, 14 mol % in (ved.

4-mm Extrudates, 20 g)
15u 15y
1447 1404
Dry Wet Dry Wel
1800 1000 1000 1000
610 é10 610 &0
6%0 650 654 654
631 631 631 613
t100 1100 1020 to20
. 00009 0. 00009 0. 00009 D. 60NDY
0, D036} a.01734 0. 00948 0.01679
-- 0. 00Ms .- 0. oueTR
o 0. 60067 .- 0. 00051
BED HKO 880 aao
300 190 390 390
18.8 10.4 18.8 10.6
22.8 12.7 22.8 12.9
26.2 14.5% 26.2 14.8
29.3 16. 3 29.3 16.5
n.271 0.4 n, 27 0.4
0,97 0.5 0, 97 0.5
0. 05 0.03 n.ns 0,03
0.0l 3.9 0. 01 3.2
1.1 0.6 1.1 0.6
—_— Ao, 67 —_ 40.47
99.50 100, 00 99.60 100. 00
0. D096} 0.01629
0,12 0.4 1.2 0.7
28,8 17,0 30,2 18,4
44,7 26,4 42.4 25.9
21,7 12,8 22.4 13,7
0,61 0.4 0, 64 0.4
1.7 1.0 1.4 0.8
0,03 D, b2 0. 02 0.01
6,79 3.9 0,81 3,7
0.93 0.5 0.95 0.6
- 37,58 - 35,79
29, 98 100. G0 100.02 100.00
0.00174 -- 0.0017 --
0. 00058 -- 0, 0007 ..
0.00178 -- 0.0015 --
0. 00095 -- 0.0013 --
3829 6898 3770 6679
1H=-23-258]
A-13
~ a4 < T F -~ W M oN n oY
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Table A-7.

(Girdler G51-C Catalyst, 1/16-Inch Extrudates, 20 g)

Run No,
Time, hr

Basis for Anaiysis
Fressure, paig
Temperature, Furnace, °F
Temperature, Reactor Entrance, *F
Temperature, Middle Bed, *F
AP H,8
H,;S Flow Rats, lb-mol. /hr
Feed Flow Rate, lb-mol. /hr
H;O Flow Rate, lb-mol. /hr
CyH; Flow Rate, lb-mol. /hr
Steam: Temperature, "F
Benzene Temperature, *§
Faed Composition, mol %

co

cO,

H;

CH,

CH,

H,5

c,*

CoHy

N,

H,0

Total

Froduc, Flow Hate, 1b-mol. ’hr
Product Compoaeition, mo! %

co

Co,

H,

CH,

C;Hg

H,$

c,*

C¢Hy

N,

H,0

Total

CO Consumaed, lb-mol. /hr
CO; Produced, Ilb-mpol. /hr
H; Produced, 1b-mol. /hr
H;0 Used, 1lb-mol, /hr
Space Velocity, SCF/hr-cu It

N ST 1 T O TEF

=-4-9
PRELIMINARY LIFE TESTS
l6a 16b
4 23

Dry Wet Dry Wet
400 400 950 950
610 610 610 610
640 640 640 640
630 630 628 628
1080 1080 1040 1040
0.00016 0.0001% 0. 00016 0.00016
0. 004866 0.01134 0. 004866 0.01134
- 0,00692 caa 0. 00692
0.0 0.0 0.0 0.0
890 890 890 890
13.9 5.9 £3.9 5.9
18,7 a.0 18.7 8.0
36.7 15,7 36,7 15.7
25.5 10.9 25.5 10, ¢
0.5) 0.2 0,53 0.2
3.4 1.5 3.4 15
0.01 - 0.01 -

0 b 0 0
1.2 0.5 1.2 0.5
o 57.1 0 57.3
99, 94 100.0 99. 94 100, 0
0. 004585 0.01106 0. 004585 0.01106
0.4 0.2 0.0 0.0
2.7 11,5 30. 6 12.7
51.5 21.3 41.2 17,1
20.4 B.5 25,2 10.4
. .- 0.52 0.2
.- .- 1.5 0.6
.- -- 0.0l -
- - 0.0 0.0
- .- 0. 95 0.4
.- 58.5 0 58. 6
100. 0 100.0 99. 98 100. 0
0.00066 -- 0,00067 --
0.00036 - 0.00049 --
0.00058 - 0.00010 -
0.00044 - 0. 00044 -
" 2498 5824 2498 5824

B-73.1011
A-14
Gt A S T ECHNGDOLOG Y
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Table A-8, Part 1.

LIFE TESTS — EFFECT OF NH,OH
ON CATALYST ACTIVITY

{BASF KB8-11 Catalyst, 4-mm Extrudates, 20 g)

Run No.

Time, hr

Basis for Analysis
Prassure, paig
Temperature, Furnace, *F

Tamperaturs, Reactor Entrance,

Temparature. Middla Bad, "F
&P H,5
H;S Flow Rata, Ib-mol, /hr
Faad Flow Rate, lb-mol. /hr
H;0 Flow Rute, 1b-mal. [hr
CH, Flaw Rate, Ih-mol. /hr
Steamn Temperature, "F
Bantene Temparsturs, "F
Feed Composition, mol §

co

O,

H,

CH,

CaH,

H:5

NH OH

CoH,

N,

H;©

Total

Product Flow Rate, lb-mol. /hr

Product Componition, mol &

co

co,

H,

CH,

CH,

H,S

NH,OH

CoHy

N;

H©

Total

€O Consumad, lbomol, /hr
€0, Produced, lbomel. /hr
H; Produced, lb-mel. /br
H;© Usad, Lb-mol. fhr
Spacs Yelocity, SCF/br-cu ft

U-4-9

A-15

}Ta 17h 17¢ 17d
81

Dey Nt Dry et Dry Wet Dry Wet
200 200 R0 940 1020 1p2o 1000 1000
590 590 580 580 SBO 560 580 580
*F 410 bl 540 b40 653 653 600 400
585 5as 613 61y 627 627 573 573
1040 1040 1040 1040 1320 1320 1040 1040
0.0001R 0. 0001A 0.000IR 0.0000n n.00018 0. 0001w 0.00017 O.000LY
o.noslib 0.0L128 0. 004K4% 0.01137 0. D04K5N 0.01224 0, D04bbn B.012K3
- 0.006)7 -n 0.006%2 - Q. 006R -- 0.007%
o fi} 3 n [T L LTA n. 000%hH n.o00s7 n,ouns?
K90 99 (LT wan Ha0 Hon Hyn LLTi}
[.13] BO 290 290 290 290 ZRN Zun
12.2 5.5 12,2 £ 2 12.2 4.8 12.2 4.4
154 1.2 15. R 67 I5. K 4.3 15. 8 5.8
48. 4 21.9 8. 4 20. 6 4B_4 19.2 48. 4 17.6
18.17 .5 18.7 .0 8.7 .4 18,7 [
0.57 0.2 0,587 0.2 0.5%7 0.2 0,57 a2
1.6 1.6 3,6 1.% 3.6 1.4 1.6 1.1
o Q 0 0 [+ 1 0 0
0 0 Q Q o 4.5 0 4
0. 68 .3 0. 68 0.3 0.68 0.3 D. &5 0.2
Q 4.0 0 57. & 0 5%, 9 o §9. 1
99.95 lgo. 0 99,95 100. 0 99,95 100.0 99.95% 1oc. 0
0.005116 0.0)108b ¢, 005030 g.olovl 0,004858 0.01126 0. 004668 0.01173
0 o o [ a a [ 0
26.9 12.7 2¢.8 11,6 24.1 10.7 25.9 10,3
49.9 235 3.4 5.1 52.3 22. 6 50.1 19. 9
la. & 8.7 17.7 8.1 19.0 8.2 20. 4 a1l
.5 0.2 0. 583 0.3 0,53 0.¢ .. 32 0.1
14 1.7 2.1 1.3 17 [ 1.% -]

1] 4] 0 [+] ] /] [+ 0,02
[+] 4] [+} [ 0. 482 4.1 c.716 4.2
0.7 0.3 Q.78 0.4 0,90 0.4 0.97 0.4

0 52,89 0 53,0 4] 53.1) [ 56.38

100. 0 190.0 10001 100.0 95,85 100. 0 99.95% 100. 00
0.000624 - 0. 000592 -- 0. 000592 - 0. 000569 .-
0, 000568 -- 0. 000481 - 0. 000432 - 0. 000471 .
0.000077 - 0.000344 - 0.0001% -- 0.00008 -
0.0004) - 0. 00084 - 0. 0008 4 .. 0. 000956 .
2035 4487 1928 4522 1932 by 1857 5097

B-73-1012a
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Aun No,
Time, hr
Basis for Apalysis
Presaure. paig
Temperature, Furnace, 'F
Tempersture, Reactor Entrancae,
Temparature, Middlie Bed, 'F
EPHS
Hy5 Flow Rate, 1b-mol. /hr
Foed Flow Rate. Ib-mol. /hr
H,0 Flow Rats, lb-mol. fhr
C4H; Flow Rate, lb-rmol. /hr
Stenm Temparature, *F
Banzere Temparaturs, *F
Fead Compesition. mole €

co

co

o,

CH,

CaH,

H,5

NH,OH

CoHy

N

H,0

Total

Product Fiow Rate, Jb-mol. /hr
Product Composition, mol ¢

CQ

€O,

H,

CH,

CyH,

H,s

NH,OH

CH,

LY

H,0

Total

CO Conwumad, lb-mol. fhr
CO; Produced, 1b-mal. /hy
H; Produced, Ib-mol. /hr
H;O Used, ib=mol. /hr
Space Velocity, SCF/hr-cu #t

IN-4-9
Iable A-8, Part 2. LIFE TESTS — EFFECT OF NHAOH
ON CATALYST ACTIVITY
(BASF K8-11 Catalyst, 4-mm Extrudates, 20 g)
17e - 17g 17h

105 125 177 20l e
980 9%0 980 980 1000 1900 950 950
590 s90 550 599 580 560 580 580
‘F 602 602 613 613 60D 600 s10 610
30 579 585 585 579 579 586 486
1180 180 1200 12c0 1320 1320 1320 1320
C. 00014 0.00018 0.00017 08,0001 0. GoOIS 0.00c1y 0.00017 0.00017
0. 004636 0.01275 0.004749 B.012R2 D.0a5052 0.01314 0. 004720 0.01302
.. 0. 0058 . 0. 00744 .- 0.0075 - 0.0077
0. 00041 0. 00061 0.0006) 0. 000681 0. 00085 0.0008% 0.00060 0. 60060
890 890 59N LT nHO L1 Ron 890
290 9 90 290 290 290 290 90
12.2 44 12.2 4.5 12.2 4.7 12,2 4.4
AR 5.7 15.5 5.9 15 K €.u 15, 1 5.7
4R, 4 11. 4 L} 119 N4 [ 4% 4 11.8
18,7 [N ] IR 7 6.9 1s.7 1.2 8.7 [
8,47 0.2 0.57 0.2 0.57 0.2 0.57 0.2
3.8 1.3 3.6 13 3.6 1.4 3.4 13
[ 0.2 [ 0.1 0 0.1 0 .3
[ 4.8 o “n [ 4.2 o 1.6
0. 68 0.3 0, 68 0,2 0. 68 0.3 0, 68 0.2
[} 58,7 0 58. 2 0 $7.3 0 54, 0
99,95 100. 0 99.9% 100.0 99,95 100.0 99. 95 100.0
0. 0046346 0.0L195 0.004749 0.6119) . 60%052 0,01182 0.004720 0.01256

[ 0 [ 0 0 0 0 0
4.0 9.1 22 6 5.0 21,8 9,4 195 7.1
53,3 0.7 58,2 22,0 58 & 23.8 £9.9 22.%
la, 7 7.2 Is.0 1 17.9 1.6 15,8 59
0.31 0.1 0.27 0.1 0,27 0.1 0. 26 o.!
2.0 0.8 2.3 0.9 2.4 1.1 2.8 1.1
. 0,02 -- 0.02 - 0.02 [} -
0.8 4.6 0.4 5.0 0.77 1.6 0,7 4.4
0.45 6.3 0.9 0.3 0.9? 0.4 0.9] 0.4
0 56. 98 [0 85, 54 0 53, 9% g 58.4
.97 160,00 99. 96 100,00 100.01 100,00 99 4% 100.0
0. 000566 .- 0.00081% . 0. 000616 .- 0000574 .-
0.0003a2 . 0.00032) .. 0. 000308 . 0.000174 .
0,000227 . 0.000322 .- 0.000364 - 0.000543 ..
0.000873 -- 0.000844 .- 0.00114 - ©.000328 .-
1844 5073 1089 5100 2009 S22 1877 BLU

B-73.30126
A-16
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Table A-3, Part 3.

LIFE TESTS — EFFECT OF NH,OH
ON CATALYST ACTIVITY

(BASF K8-11 Catalyst, 4-mm Extrudates, 20 g)

Run No.

Time. Hr.

Basis for Anslybie
Prasasure, poig
Temperature, Furaace, "F

Temperature, Reactor Entrance.

Temperaturs, Middla Bed, °F
2P H,S

H,§ Flow Rate. lb-maol. fhr
Feud Flow Rate, 1b-meol. /hr
K;O Flow Rate, lb-mal fhr
CsH,; Flow Rate, lb-moal. /hr
Sieam Temperature, °F
Benzent Temparsture, "F

Faed Composition. mol €
co

COp

H,

CH,

GH,

H,;5

NH,OH

CeH,

N

MO

Total

Preduct Flow Rate. Ib.mol. 'hr
Product Compesition, mol $

cc

co,

H,

CH,

C,H,

H,5

NH,OH

CaH,

N,

H,0

Total

CO Consumad, ib-mal. /br
€Oy Producsd, Jo-mol. /hr
H, Preducad, lb-mal. /hr
H;O Used, Ibemal, fhr
Ppaca Valscity, SCF/hr.cu ft

17i
27]

oy
{+1.1:]
580
61
“84
100
©.oool2
0.00499

*F

{.0nn8&Y
J00
290

§q
i6.
41
2.
0.
2

a D ¥ T oo™~
-

99, .94
. g 52h

23
52.
19

© 8 a0

1.2

9. 95
0.000709
6. 000422
0. 00860
0. 000648

1985

T F

TU-4-9

175 ETk 17 ¢

2R E 319 342 ——

wer bry Yat D1y Wet Dry Xer
1000 1000 1000 looo 1000 1c00 jopo
sac s80 500 S80 580 580 SRD
61% (4.1 06 614 bl4 b1p ble
588 579 by 588 S8R 593 541
1200 1téo 1180 1140 1140 1160 1160

¢ ool G .onplis 0. 000115 o 00014 0 DOQl4 0.00014 0.0C00L+4

Q,012p9 0. 004993 0 012928 0.00817 0. 0) ¥R D 00815 0.01%4
a.nory .u 0 007329 -- 2.00732 -- 0. Q0762
0, Nnnsy C DDOSHK 0. 00N5hR 8. 000453 000053 0.00059 0, 00059
400 900 900 LL 0] [Xld ang 900
210 zan 90 290 299 FL10 2n0

5 4 IV R L] 13.4 E 118 5.3
6.4 b 3 63 1t 1 t 4 Ie 3 E.3

té 2 45 0 17 4 45 0 o 4t © | B 1
L] 0. & RO 20 & B ! 20 b T.a

c 3 0 KRG 43 0. & G 3 [ c 3
0.9 27 1o 2.7 [ 3 > e
S} - 03 -- o3 - [
41 .- 4. 4 . - 4 2 - 4 4
L 0% 0.3 g.79 0.3 ¢ e [ )

57 t ue 56 1 -- 56,1 - - & &
lec. 0 89 49 100 0 90 99 100 0 99 og 100 0
0.01244 0. 004993 0.01)R9) 0 Dasiy o 0lzle o 00815 n.olzse
00 [:3:] a0 [ ] co 0.0 a.n
1¢.1 24.0 10.0 5 A ic. 9 24 0 10.2
22 1 £1 1 21.5 48 & 20 & 4R 8 00
LI} F{: ] ] a.r 21.5 81 o a0
.3 0.8 0.3 a7 o1 0. 63 0.3
[ 16 o? 1 4 [ I -] 15 [
- .- 0 06 - 0 0k -- 0 Ob

4.0 o 81 41 0 93 45 0 A: 2
0.4 1.0 0.4 10 n o4 1.3 0.5
23 R - £y 9% - 53 4% -- 5% 14
{00, 00 9.9 100. 00 99 9% 100. 00 99_8R 100. 00
.- 0. 000609 . 0.00071% - 0.000711 -

- G. 00030 - 0.00049] -- 0.00044] -

-n 0. 000304 .. b COOIN] .a 0. 000t %6 .

- 0. 000903 . 0. 006795 .. 0.000672 -
5130 1986 5143 2046 502 Wl 433}
[ WS TN

Reproduced from
best available copy.
A-17
n F f 4 € T F ¢ H N 0 n nov



4179 IU-4-9
Table A-8, Part 4. LIFE TESTS — EFFECT OF NH,, Ol
ON CATALYST ACTIVITY
(BASF K8~11 Catalyst, 4-mm Extrudates, 20 g)
Run No. 1m 17n 17 o 1p
Tima, hr. 414 438 462
Basis for Analysis Dry et Dry et Dry Ye Dry Wet
Frassure, prig 1600 1000 1000 looo 1000 1000 looe 1000
Temperature, Furnace, “F 580 580 5RO 560 580 ' 540 580 580
Temperaturs. Reactor Entrance. *F  £1% 415 614 6i4 611 £17 617 617
Temperature, Middle Bed, *F 590 5Y0 ELY] 5HR 5hy SA9 549 ETL)
&PH,S 1200 1200 iooo 100 inoo toon 1aoq leon
H,S Flow Rate, lb-mol. /hr 4.00013 n. 40013 [T 0. 00006 o 00nnG 0. 00006 0. 00006 0. 00n0k
Faed Flow Rats, lb-mal. /hr . 00499 0.at3k2 0,00%02 0. 01353 000504 0.01324 0. 00540 0.01303
H;O Flaw Hate, lb-mol. /hr -- e 00754 - 0. 007TH] - 0 00743 LxS 0.00T0%
CaBy Flow Rate, tb.mol. /hr 0.0005% 0. 000%% a.0ao0bd 0. pondk n.0o0nhd 0. 0006 0_DOD&RS [L1:1i 11
Stearmn Tempersture, *F 900 908 R90 N0 RS0 Han R3p H90
Bansene Temperature, °F 290 29N 290 2% 29t 290 290 290
Faed Composition, mol ¥
co 15.3 5 M 16 6 6.2 16 6 6.4 16 § 6.9
COy 16 7 6.4 17.2 6. 4 17.2 51 1712 7.1
H, 4l. 8 159 6.6 13.6 6.6 14.2 36. 6 15.2
CH, z2Z2 A B 7 26 o g0 26.9 104 26.9 1.2
CiHe 0. 43 0.2 0. 69 0.3 0. 6% 0.1 g &% c.3
H,5 2.5 1.0 P2 0.4 1.2 0.% P2 -1
NHOH -- 03 -- 0.2 - ¢.3 -- 0.3
CoHe .- 4.2 . 4.9 - 48 .- 4.2
N 0.40 .2 .78 0.3 €. 0.3 0.7% o |
H0 a: s — L, L 261 i 54.0
Total 99.9 190.0 99. 94 100.0 89. 94 100.0 99, 94 100. 0
Product Flow Rate, 1b-mol. /hr - -- 0. bo509 0.01231 0.00514 0.0119% 0. 00540 0.01204
Product Composition, mol §
co ©. 36 0.1 0.0 0.0 6.0 0.9 0.0 0.0
[#1=N 238 9.8 259 1o.7 261 1.2 26.7 2. e
H; 52. 7 il. 8 a0 19.9 47. 5 0.4 465 0.9
CH, 15.2 7.9 22t 9.4 2.8 G.n 232 10. 4
CH, 0.3 0.1 0.5% 0.2 0.5 0.2 L 9.1
H,5 1.8 6.t 1.0 0.4 17} 0.5 1.2 0.5
NH,OH - 0. .08 - .06 -- 0.06 S .06
CéH, 0.73 41 0.7 s 0.82 4.7 0. b2 ()
N, 11 0.4 1.0 0.4 1.1 0.5 Lo 0.4
H,0 LT 5494 . 55 44 .a 5255 - 5].55
Total 106, 00 100. 00 ”.n 100. 00 99. 95 100,00 99,99 100. 00
CO Consumed, lb-meol. /hr 0.000744 - 0. 000N 34 .- ©0.00085%4 - 0.000897 -a
CO, Producsd, 15-mal. /hr 0.000355 - 0. 000456 - 0. 00045 T - 0. 000514 -
B; Produced, l1b-mol. /hz 0.000544 .. 0. 000608 -- 0. 000561 - 0. 000535 -
HyO Used, ib-tol. thr 0. 000893 -- 0. 000979 .- 0.00113 - 0. 000832 -
Spacs Valocity, SCF/hr.cu ft L] ¥ S2ie 1998 ) 2046 3267 2150 5188
B-73-1012d
A-18
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Table A-8, Part 5. LIFE TESTS — EFFECT OF NH,OH
ON CATALYST ACTIVITY
(BASF K8-11 Catalyst, #4-mm Extrudates, 20 g)
Run No A 17q 17 172 17t
Tima, hr 484 519 537 546
Ba for Analysis Dry Wer Dry Wer Dry Wet Dry Wet
Pressure, paig 1000 1000 980 980 1000 1000 looo 1000
Temparasture, Furnace, “F 580 580 480 S80 S80 480 580 580
Temparature, Reactor Entrance, “F &7 817 b6 b2é &11 81) bla 69
Temparsgiurs, Middle Bed. *F 589 589 590 590 580 580 87 587
LP H,5 1000 oo 1440 1440 1400 1490 680 680
H,S Flow Rate, lh-mol. /by 0. 00006 ¢. 00006 €. 000302 0.000102 0. 000054 o 000094 0. 000093 0.000091
Fusd Flow Hate, lb-mel /hr 0.00539 0.01280 0. 00%39 0.0131¢ 0.00492 o.cl2ll 0. 00516 0.012%4
H;O Flow Rute, lb-mal. /br - 0. 00bEC -a 0.007M3 -- 0.CO71S e 0.00714
CH, Flow Rate, Ib.mol. /hr 0.D00S%7 0. 00057 0.0 0.a c.C 049 0.000%4 0.00054
Stearn Temparature, “F 9990 900 409 g0C 900 990 900 900
Belirane Temperature, ‘F 2940 290 2490 290 290 290 294 2590
Fend Composition, mol §
cO 16. 6 7.0 207 B.4 20 7 H 4 21.9 B4
<O 17.2 12 19 1 7.8 181 7.8 19. 4 7.8
H, 6.6 15. 4 11,9 13 % 33 & 13 8 31 4 13. 4
CH, 26. % [ 22 4 g 2 24 g1 22.1 R.B
CyH, 0. 63 0.3 12 c. 3 1.2 b s o 89 0.4
.H,S 1.2 0.5 19 [ ] 19 L8] 1.8 07
NH,OH .- 0.3 .- 0.2 -- 0.3 -- 03
CH, .e ' - .. - .. .- 4.2
Ny .15 0.3 0 80 [+ I 0.80 0.3 1 4 c.é
H,0 - - ) 2 - - 58 8 - - %9 0 - - 55. 4
Total 99. 94 100.0 lgo. ¢co lgo. 0 100. 00 100.0 9% 99 1e0.0
Product Flow Rate, Ib-mel. /hr 0.0053% 0.011R5 9.005%3% 0.61101 0.00492 g.oti0e 0.00525 0.01150
Product Composition, mol ¥
co 0.0 0.0 0.6 Q. 0.0 0.0 00 0.¢
co, 25.2 11. 5 37.% 13 4 3z.7 14.5 b 14. 4
H; 49 4 2.5 367 18.0 45.2 20.} 42.6 19. 4
CH, 217 9.9 2.0 10.8 8.7 B.} 2i. 3 9.7
C,H, 0. 54 0.2 0.8% 0.4 0.72 0.3 0. 73 0.3
H;5 1.2 n.% 0.9 0.4 1.5 0.7 0.92 0.4
NH,OH - 0. 06 .- 0.06& .- .06 .- .09
CeHy 0.8 1. - -- .- .- 074 3.9
N; 1.1 0. 1.4 0.7 1.1 0.5 2.1 1.n
H,0 _— 50 44 —_ 50. 94 - - 55 54 - - 50.81
Total 99. 97 100. 00 59.96 100. 00 99 92 100. 00 99.99 100. 00
CO Consurned, 1b-mel. /hr [ e L L] - o o0los -- 0.00102 -- €. 001909 -
CO; Produced, 1b-mol. /hr 0. 000431 -- 6. 6009% - 6. 00067 -- 0. 00065 L]
H, Produced. Ib-mol. /h 0. 000691 - 000015 -- 0.00056 -- 0. 000%0 .
HyQ Used, 1b-mol /hr 0. 000AM2 -- o 00232 - 0.00098 - 0. 00133 .
Space Velocity, SCF/hr-cu ft 2146 5093 2144 5236 1959 4216 2062 5148
B-73.1012e
A-19
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Table A-8, Part 6.

T

ON CATALYST ACTIVITY

LIFE TESTS — EFFECT OF NH, OH

(BASF K8-11 Catalyst, 4-mm Extrudates, 20 g)

Run Ne.
Tima. hr.
Baais for Anslyeis
Praasure, paig
Temperaturs. Furngcs, °F
Tempararure, Reactor Entrancs.
Tempsarature, Middle Bad, *F
AP H,S
H;5 Flow Rate, lb-mol. /hr
Feed Flow Rats, 1b-mol. /hy
H;O Flow Rate, Ib-mol. fhr
CuH, Flow Rate, Ib-mol. /hr
Seaarr: Tamperature, *F
Benzant Temparature, "F
Fead Compasition, mol £

co

co,

H,

CH,

Cl“'

H;S

NH,OH

CuH,

N,

H,0

Total

Product Flow Rate, th.maol. /hr
Produet Campenition, mol ¥

ole)

co,

Hy

CH,

CiH,

H,;5

NH,OH

CuH,

N,

H,0

Teotal

€O Consurmned, lb-mel. /hr
€O, Produced, 1b-mol. fhr
H; Produced, tb.mol. /hr
H;C Used, ib-mol. fhr
Space Yalocity, SCF/hracu it

U T F n =

17u 11y
:1.1 417
Dry Yat Diy ot
1000 1000 1000 1000
s80 L11] 5h0 SA0
‘F 61t 6lé 624 o24
586 LT 588 58H
420 420 420 420
0, 000094 0. 000094 ¢, 000049 0. 000049
0.0051¢% 0.01260 0.00486 0.01306
.- 0.00684 .- 0. 00161
0.00053 Q. 00052 0. 00054 @ 00054
F00 900 500 900
280 280 290 290
21,0 8.7 2.9 8.9
19.4 8.0 2.8 )
3.4 138 2z.3 8.3
22.) 9.1 272 10.1
0.89 0.4 0. 9% 0.4
1.8 ¢.7 l.o 0.4
-r 0.3 -- 0.3
.- 4.2 .- 4.1
1.4 0.6 1.8 0.7
-- 542 - - 58. 3
9% 99 100.0 %3 93 lop.n
0.00519 0.01153 ¢ 0051k 0.01216
o0 00 0.0 0.¢
36. 4 16. 4 1.3 ts. o
19.2 | S 35.0 18,2
2.0 9.5 2l 9 9.5
Q.78 0.4 0. 18 0.3
0. 64 6.3 0. 59 0.3
.- 0. 0% - 0.0%
Q. 84 4.4 0.3 1.4
1.1 0.5 1t 0.5
— 50, 71 —n 531.81
99. 96 160. 00 99.99 100.00
0.00109 -- 0.00116 -
0. 00086 -a 0. 00082 -
0. 00030 -- 0. 000BE -
0. 90097 - 0. 00106 -
2066 w2 1934 5196
B-T3-1012¢
A-20
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Run Na.
———

Time. hr

Baais for Analys

Preasure. payg

Temprraturse. Furnace. °F
Tempeeature,
Middie Bed. ‘F

Ext. °F

Tamparatire.
Temparature,
Fiow Rate, Hp5. lb-mol. /hr

Tlow Fead. lo-mal. /hr
Flow Hy 0. lb-mel ‘hr
Flow CHy. Ib-mesl. /hr

Temperature. Steam, *F

Raze.

Rate.

Rate.

Temperaturs. Banzene, "F

Feed Componition. mol =
[ale)

Tatal
Flow Rate,
Compoasition,

Preduct b-moi. Fhr
Product
<€Q

co,

mel "

H,

TH,

C,H,

CIHQ‘

H,5

NH,OH

Cu

L

H,©

Total

COD Consymed, 1b-mal. fhr
€S, Produced. lb-mal. /hr
H; Produced, ib-mal. /hr
H,0 Usad. lb-mol. 'hr
Space Velocky, SCF/hr-cu Rt

.l.lnn-r temperature whi dr

Reactor Entrance.

purged with Ny for 247 bours afver Run ) 7e.

IU-4-9
Table A-8, Part 7. LIFE TESTS — EFFECT OF NHAOH
ON CATALYST ACTIVITY
(BASF K8-11 Catalyst, &4-mm Extrusions, 20 g)
N
) Tw 17x 1Ty 172
tsd } &b K9 T4
Dry Wet Dey LL1N Dry Mt Lry wet
1608 1000 1000 1000 rono roon 1000 1000
590 S0 a0 %40 LTT L1133 540 £an
°F g4t 840 40 pan 816 b6 bi4 624
8t b2t b2n bl sin b6 614 b4
183 sBu sen 485 51% 17y 51y 571
9. 00008 0 ooors 0 0 ] n o o
9.004n8 0.04101 0. 008 0 2327y 0. 00499 IFLY 0. 00495 c.ol2ab
. 0.00754 - C. 00894 .- 0.00734 .- €. 00633
o 0004Y 0.0005% 0 ponsT ©0.30957 0.00059 0.0065¢  0.009548 0000848
%00 200 sco 300 200 200 anc a0
290 79c 290 232 2%0 290 282 285
239 e s T 8.0 .8 T a
2z.n 8 T s ty 1.8 121 18 2
221 54 b6 17 5. 22 5 2.3
272 12.2 oe 15 2.8 123 2o 12.1
0 a- 0.4 ) ¢4 13 0« 1 0.4
0.3 0.9: - .- . .- - .
it 0.4 o ¢ ) 6 ¢ ¢
. 0.4 - oy .- o -. 0.3
.- w3 . 1.4 - s - '
e 0.3 1y 0% S 0.6 e [
.. [SIRL] .. 34,5 . 56 1 .- 55,7
100,90 100, 00 106. 0 10c. 0 1oc. ¢ %00 100.0 100. 0
0. 0D4ax 0.01162  0.00%14 9.0111A 0 00493 ©.01160 a. 0047¢ I
6.0 c.e 0.0 nn c.6 0.¢ oon z.0
16 4 15.3 1.7 19,3 43,1 18. 4 44.¢ 19.»
"4 | 38, 3 4.0 29.0 12 8.1 P
H 9.1 1 1.6 250 1.8 4.4 i0. 4
¢ 17 0.3 0.9 6.4 G & 0.4 0.8 0.4
o4 0.2 o o ¢ o 0 0
.- 0.2 .- 0.1 .- 01 . 0.1
1.0 47 0.0 “s 2.9 4.3 69 .t
1.1 0.5 1.2 0.¢ 1.2 0. iz 6.5
- 336 - 49.2 .- 12,8 - 51.%
10¢. 00 100. 0 100, ¢ 0.0 100. 0 100.0 100.0 10c.¢
6.001e7 .- 000138 -- 2. 00140 .. 0.00138 .-
0.00047 - 0. 00072 -- ©. QD058 -- 0.00065 .-
0. 00074 . 6.00123 -- 000116 . 6.00110 .
. 00131 .- 600144 . 6.06120 .- 0. 0C118 --
1849 [IR2 2040 S04 198 5154 1969 497
D-93.139:a
d to B0°F, and the reactor was
Reproduced from
best available copy.
A-21
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Table A-8, Part 8.
ON CATALYST ACTIVITY
(BASF K8-11 Catalyst, 4-mm Extrusions, 20 g)

Aug No.
Time, hr

Basis for Analysie

Pressure, peig
Tamperature, Furnsee, °F
Temparstore, Resctor Entrance,
Temparature. Middle Bed. *F
Tempersture, Exit, *F
Flow Rate. .H,5. lo-maol. /hr
Flow Rate, Feed, lb-mol. /hr
Fiow Rate. H,0, ib-mel, /hr
Flow Rate, C,H,,
Tempersture, Sieam, °*F
Tampersture, Benzene, 'F
Feed Composition, mol %

co

€0,

H

CH,

CH,

CyH,

H,;5

KK, OH

CiH,

N,

H,0

Total

Product Flow Rats, lbemol. /hr
Product Composition, mol %

co

co,

K,

CH,

CiH,

CyH"

H,S

WH,OH

Ty

Ny

H,0

Total

b-mol.

&

€D Convurmed, 1b-mal. /hr
CC, Produced, Ib-mol. /hr
Hy Produced, lb.mol, /hr
H;O Used, b-mal. /by

Space Yelocity, SCT/ar-cu ft

Yaeactor

LIFE TESTS -- EFFECT OF NH,0H

U-4-9

tampe
136 hours bafere fesd gas was introducad,

I' N S T |

T UTE

rature was riised to 5807F whila N, flowed for

182" 18b 18c 184
140 764 188 804

Dry Wet Dry Met bry Wat Doy Wet
1000 1000 1000 1000 1000 1000 1600 w0
sS40 580 580 $80 580 380 sa0 580
42 s42 843 o3 836 636 028 628
b24 426 62% 625 418 b8 611 Bl
90 sap 590 590 san saa 58 5H)
1] 4] o 1] ] 1] 0 (1]
0. 00502 0.0128%  ©, 00519 0.07303 0. 00492 0.0129) . OnSe) 0. 02295
- 0.00727 .- 0.00726 .. 0.00737 -- 5.0011)
0.00056 0. 00056 0. 0004% Q.0008¢% €. 00038 o, 00n%a 0.000%n Q. 00058
%00 20¢ 900 900 %00 900 900 300
290 290 290 290 280 280 a0 280
.o 10.9 279 n.i 7.9 10. 6 179 10. 8
3.5 12.3% ¥i. b 12 % 3. b 12.1 3. & 12.2
5.8 2.3 5.6 2.2 5.6 2.1 5.6 2.2
1.0 12.5 2.0 12.7 32,0 12.2 2.0 12.4
11 0.4 L1 0.4 11 0.4 iy 0.4
0 0 0 o ) o 0 o
- 0.3 -- 0.1 .- 0.3 - 0.3
.a 4.4 .- 4.2 - 4.5 - 4. 4
)& 0.6 1.8 0.1 1.8 0.7 )8 0.7
. 56,3 .. 55.8 - 57t .. 6. &
100. 0 190. 0 100, 0 100.0 100 0 100. 0 100. 0 100. ¢
9. 00502 C.01090  0.0051% 0.01177 b, 00492 0.0116] 0.00801 0.01169
0.0 0.0 c.o 0.0 0.0 0.0 0.0 .o
47.9 19.8 4.0 18,9 42.2 11, 4 d42. 4 18.2
2.1 1%.0 29.4 13,0 9.8 12,6 29.1 12,8
25.9 1.9 2¢.8 109 .2 10.1 2.8 10.9
0.87 0.4 0.8 C.4 a e 0.} 0.8 .4
0 ° ) 0 0 ° ] )
. 0.1 - 0.1 -- c.1 - 0.1
0. 93 “i .84 a4 0.8 4.6 0.83 .t
1.3 0.6 1. 34 0.6 L2 0.6 537 0.6
.- 8.0 . 5).? -- £3.2 .- 52,7
100, 00 100.0 100. 00 1000 100.0 100. 0 100, 00 100.0

0.00041 .- 0.00744 -- 6.00137 - 0.00139 .-

0.00087 -- 0.00058 -- 0.00055 .- 0, 00054 -

0. 081 - 4.00124 - 0.00119% - 0.00138 -

© 0,0018 - 0.00115 . 0.00119 - 0.00115 .-
1994 3130 2063 s18% 1959 5135 1593 518)

D-93-1391b
A-29
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Table A-9, Part 1.

R o

Time. hr

Bauis_for Anaiyeis

Preasure, peig
Tempertature, Furnace, °F
Temperatute, Reactor Entrance,
Temperatura, Middle Bed, *F
Temperature. Exit, 'F
Flow Rete. H;5. Ib.mol. /hr
Flow Rate. Feed. lh-mo! /hr
Fiow Rate, H,C, lb-mgl. /hr
Flow Rate. C,H,. lb-ma! /hr
Temperatare, Stean:, °F
Temperature, Beniene, °F
Feed Composilion, mo!l '.'.‘

[={e)

co

Hy

CH,

CH”

N

H,5

NH,OH

C . H,

CH.CH

H,0

Totat

Produrct Fiow Rate. Ib-mol. ‘hr
Preduct Compositior. mol %

co

co

H:

CH,

CM*

N,

H,S

NH,OH

CoHy

CHOH

H,O

Tetal

€C Consumed, lb-mol. /hr
€O, Produced, Ib.mol /hr
K, Produced. lo-mol /hr
HyO Usec. ib-meol /hr
Space Velocity, SCF/hrecu fi

LIFE TESTS — CATALYST EVALUATION
(CCI C-20-6-03 Catalyst,* 1/16-Inch Extrudates, 20 g)

U-4-9

This eatalyst 40 also reaoumbered C25-1.02

Feud g4¢ also cootains 1.3 ppm propyl mercapian,

©. ¥ ppm thigphens, and 52 ppm COS5

19.1 19-2 19-3 19-4
Ty 24 [N 214
Dry Xer Dry et Dry Wet Der Wer
1000 1000 1o taaa 9RC 980 1000 1000
580 480 sue 540 L1 1] 580 580 580
°F 40 40 642 642 653 453 47 47
60e 06 608 804 ()3 &0% 503 L1
58% bR 1L LLE] S85 58% 484 S5B4
0.90017 9.00CL7Y b.00019 0.00014 0.0a21% 0.00013 0.00M 14 0.000)4
0.005!1 o.Db1i4! 0. 00%62 Q. 01368 0.u0s2? 0.01294 0.0057% 0.0135%9
.- a, png o .- 0. 0074A . 0 Qo718 -- 0.00%22
Q o C. 00059 €. 000%9 0. 0008 0. 00062 0, oons9 0. 0DOSw
L +10] qocC 104 WL 00 300 300 qan
FL1 L Ny Inn in0 287 LB 280
204 9 hn £0 1 Ho2 &z n LI Lo v 4
21~ g n 2. & 4.0 24 % 0 A 24 % 1G4
1o 141 w.on i3 ¢ PL a0 P2 10.%
21 1 7.7 21 L) 248 0, PN 1o on
a. e 0.4 1.1 o4 [ 04 1.1 a.b
& 0 fil v 1.8 0.7 [ (o]
345 () 1.4 1 4 Z.4 Lo 2.4 iu
o ] . 4. -- 4 h - 4
.. e - 54.7 .- 55.2 L] 53.1
18z, 80 106. 0 1pc. ¢ Joc o 1c. 0 1o 10¢ © 16C ©
0 00%)1 0.0104) D. 0005 £.0127¢ ¢. 00588 ¢ 01219 G 000%9 0. 01169
L] 0 Q o [y 0 o ]
3.7 19.C 32.2 14.2 8 3 18.2 3.0 17. 8
40. 4 2L 44 19. 5 15. 4 is. B 38,4 8.7
18 9 §5.6 18z L) 22 0 IC 4 20. & 16,9
oA 0.4 a. 17 0.} 0.4 o4 0.8 0.4
1.n 9.% 1.2 ns £33 0. & I 04
2.2 1.1 P .2 1.3 a. ¢ 1.4 0.7
o C 073 4.0 ¢ n .5 n.g LA
.- LT+ - - $2 4 « s 45 5 .- 47 2
160 0 100. 9 jean. v 100. ¢ 100.0 J00. 0 1060 150U
9 00303 -- u.0urld -- 0.0011% -- 000727 ma
0. 00047 .e 0. 60058 . 0. 0009 .- G 00CT0 .
[ e L] - 0 000b6m -- 0. gooND . ¢. conve -
g 0GIZn -- Q. bohng - U onyls .. 0.0016}Y -
2033 1537 281 fa4 nTe Shbd4 121499 3408
D-931.1392a,R)
A-23
- -~ - ”~ A e hd e ~ H N N 0 N ©n v
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Table A-9, Part 2. LIFE TESTS — CATALYST EVALUATION
(CCI C-20-6-03 Catalyst,* 1/16-Inch Extrudates, 20 g)
Run No. 395 17-6 i9-1 19-¢
Time, hr 136 Yot 378 ~40 5
Basis for Analysis Dry Wet Dry Wer Dry Wet Dry, Wet
Preasure, paig 1000 1000 1000 10660 1000 1000 1600 1000
Temiperature, Furnace, °F 580 4BO 580 580 530 $80 580 S8C
Temperature, Raactor Entrance. *F 650 &50 beB L2 1] b4l 641 840 49
Temperature, Middle Bed, °"F 604 &04 60% b0% 597 %97 605 &05
Temperature, Ewxit, °F 58y L1 SHE SHb 574 $Te LYR] 1T
Flow Rate, H,5, Ih-mol, /hr 0.000)6 0.0001 8 o, 00ty 0.0001% a.0uat7 @0001Y . 000K 4, pon e
Flow Rate. Feed. lb-mol. /hr 0.00%20 ¢. 01285 N an4ts 0.0j195 0. 00841 0.0} 342 i, 0590 tonlimn
Flow Rate, HiO, 1b-mol. /hr -- 0.00710 -- 0. 00722 .- 0.00%62 -- HOONT2H
Flow Rate, C ¢, 1b.-mel. /hr G.000%6 0.0005%¢6 0. D0D&S 0. 00n%% 4.0005) D. 0005} 0. 0005H T, 00058
Tamperature, Steam, °F 900 L1dH) 200 900 00 900 300 900
Temnperature, Benzene., °F 280 280 2ap 80 280 280 280 ZEB0
Faed Composition, mo! %
co 21,4 8.7 214 9.4 21.4 B.7 2.4 9,2
cO, 22,0 4.9 22.0 9.7 22.90 9.0 22,9 3.4
H; 27.4 H. 1 27.4 1.1 7.4 .2 214 1.7
CH, 4.1 9.6 24,1 10.6 24.1 9.8 24,1 103
CiH* 1o 0.4 1.0 0.4 1.0 0.4 1.0 0.4
N; 1.6 0.4 1.0 0.4 [} (L) l.o 0.4
H,S 3.1 1.3 LN | [} 1.1 [ ] 3.1 1.3
NM,OH -- 0.4 - 0.1 - 9.3 - 0.3
C.H, - 4.2 B by . [ - 6.2
CH,0H .- - -- -- -- .- .- .
H,©0 - 55, 1 - 51, 8 - 55. ) -- 52,8
Tetn! l00.0 100. 0 100. ¢ 100. ¢ 190.0 ing. o 190. & 100, ¢
Product Fiow Rate, lb-mol, /hr 0.0061% 0.01186 0. 000%% D.0124% ¢, 00%63 0.01278 0, 00590 0.01229
Product Composition, meot %
co 0.5 0.3 L 0.3 0.5 0,2 6.5 0.2
COy 33,4 ig. o .2 le. 9 3.4 143 3x 8 le. 1
H,; 40. % 2k, 4 40. 9 20,2 42. 6 18. 8 43,2 19.8
CH, 0.5 10.7 20.3 1.0 20,3 8.9 20.5 9.4
cut 0.8 0.4 0.4 0.¢ 0.8 0.4 o.e 0.4
N; 1.0 ¢.7 0.5 0.2 0.6 0.3 0.8 0.4
H,S 2.0 1.0 1,8 0.9 1.9 0.8 1.9 0.9
NH,OH - - - 0.1 .- 0.1 =" 0.1
CyH, 0.9 4.0 0.9 3.9 .9 4.1 0.B 4.1
C H,OH -- - - -- .- -- - .-
H;0 .- 41,5 . 41. ) - 52.1 -- 48.2
Total 100. 0 100, 0 100. 0 100.0 100, 0 100. 0 100.0 100, 0
CO Consumad, lb-mol. /hr e.06)08 - 0.00128 -- 0.00117 -- 0.00124 .-
COy Produced, lb-mol. /hr 0. 00099 - 0. 00075 - 0. 00049 .- 0, 00068 .
H; Produced, lb-mol. /hr 0. 0010 - 0. 000813 - 0. 00085 .- 4.00081 -
H,O Used, lb-mol./hr 0. 00186 - 0.00116 -- 0. 0009% - 0.00134 .-
Bpaca Valocity, SCF/hr-cu ft 2068 112 2446 5550 2239 5498 347 5490
.'I'Ho catabyst {9 aleo renumbared C24-1-02
1!‘..& gae nlso comtaing 1.3 ppm cp;?rl maercaptan,
0. § ppm thiophens, and 52 ppm .
1-41.1V92b(R)
A-24
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Table A-9, Part 3. LIFE TESTS — CATALYST EVALUATION
(CCI C-20-6-93 Catalyst,* 1/16-Inch Extrudates, 20 g)
Run No, 19-9 9-10 19-11
Time, hr S04 2R 5582
Baesis for Analysie Dry wet Dry Wet Dry Wet
Pressure, psig 1000 ionn 100¢ 19000 1000 1000
Temperature, Furnace, *F 80 580 580 SH0 580 580
Temperature, Reactor Entrance, 'F b46 646 652 652 649 649
Temperature, Middle Bed, "F b04 604 604 604 605 805
Temperature, Exiut, 'F 585 5K5 585 584 585 585
Flow Rate. H;5, lb-mol. /hr 0.00016 0.0001)6 0.000:8 0.00018 0. 00018 0.00014
Flow Rate, Feed, lb.mol. /hr 0, 00507 0.0130% 0.00579 0.013%) ©. 00546 0.01379
Flow Rate, H;0, lb-mol /hr .. 0,0073% . 0.00717 -- 0.00734
Flow .Rale, CH,. lb-mol. /hr 0. 00053 0.00051 0n.onos2 0. o052 0. 00054 0, NOQSR
Temperature, Steam, 'F 300 900 900 900 900 900
Temperature, Benzene, *F 280 280 280 280 2RO 280
Feed Composition, mol ','-'
Cco 200§ T8 20,1 . b 20.1 K5
cO, 22.2 R T 22.2 9.5 z22.2 9.4
H, 29. R 1t b 9.8 12.8 29.u 2.7
CH, 22.R Ao 22. A TH 22.4 9 7
cH’ 1.0 0.4 1.0 0.4 Lo 0.4
N; 1.9 0.4 1.¢ 0.4 1.0 0.4
H,S 3t 1.2 31 1.3 3.1 1.3
NH,OH .- 0.3 .- 0.3 -- --
CH, -- 4.0 -- 38 .. 4.2
CgH,OH -- - - -- .- 0.04
H,0 “a 56. 7 - 53. 1 - 53. 36
Total 100.0 jos. ¢ 100. 0 oo, 0 100.0 100. 00
Product Flow Rate, lb-mol. /hr 0. 00565 D.Clldo 0.0057¢9 0.01218 0. 00586 0.01238
Product Compesition, mel %
co 0.2 0.1 .13 0.1 0.12 0. 06
co, 4.8 1.1 4.8 16.5 33.6 15.9
H; 19. 6 19.5 9.5 18.8 40.8 19.3
CH, 21.0 10. 3 0.9 9,9 21.0 9.9
(o g 0.9 0.4 0.8 0.4 0.8% 0.4
N, 1.0 0.% 1.0 0.5 1.0 0.5
H,5 1. K Q.9 1.8 0.9 1.8 0.9
NH,OH .- 0.1 -- 0.05 .- .-
C.H, 0.7 3.9 i1.07 4.0 0.8} 4.t
C.HOH .- - aa .- - 0. 01
H,C - - 47.2 - A4, 45 .- 4H, 43
Total 1000 160, 0 j10C. &0 109, 00 10640 100, O
CO Consumed, lb-mol. /hr 0.00101 .- 0.0n03)1% e 0.00117 ..
CO; Produced, lb-mol. /hr 0. Go0N4 -- 4. 00074 -- 0. 00067 --
H; Produced, lbemol. /hr 0. 00072 .- 0. 00056 -- 0.0006% -
H,O Used, 1b-mol, /hr o ooied -- 0.00121 -- 0. 00] 34 .- !
Space Velocity, SCF/hr.cu It 2025 5191 2301 5376 2332 5486
D-93-1392c(R)
“This catalyst is alsc renumbered CI5-1-02
*}‘ecd gus also contatns 1.3 pprn propyl mercaptan,
0.8 ppm thiophene, and 52 ppm COS.
A-25
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Table A-9, Part 4.

Run No.

Time, hr
Basis for Analysis

Pressure, pay

Temperature, Furnace, F
Tempe rature,
Bed,

*F

Middle *F
Exit,

lo-mol. /hr

Temperature,
Temperatcre.
Flow Rate, H,S.
Flow Rate, Feed. 1b-mol. fhr
Flow Rate, H,O, lb-mol. /hr
Flow Rate, CH,. b-mol. /hr
Temperatare, Steam, 'F
Temperature., Benzene, 'F
Feed Composition, mol "

co

cCo,;

H,;

CH,

ot

N;

H,S

NH,OH

CH,

CH,O0H

H,0

Total

Product Fluow Rate,
Product Composition, mol %

co

co,

H,;

CH,

[N

Ny

H,S

NH,OH

C.H,

C,H,0H

H,0

Total

Ibemol. fhr

CO Consumed, lb-mol. /hr
CC, FProduced, lb-mol. /hr
H; Produced, lb-mol, /hr
H,0 Uwsed, lb-mol, fhr

Space Velocity, SCF/hr-cu ft

Reuctor Entrance,

* Phenol was 3dded and ammonia was discontinued.

1 H,S flow rate waa increased.

IU~4-9
LIFE TESTS — CATALYST EVALUATION
(CCI C-20-6-03 Catalyst, 1/16-Inch Extrudates, 20 g)
19-12° 19-134 19-34
37 600 624
Dry Wet Bry Wet Dry Wet
tone 1e00 tono 1000 1000 1000
5RO SHQ 540 5H0 580 580
*F 650 €50 650 650 650 650
605 6ns 605 605 605 605
585 SH5 58% 585 585 585
0. 000OH 0_0000R 4. 00009 €. 00009 0. 00009 0. 00009
0.005%) 0. 01291 0. n0569 G oL 0.00594 0.01345
-- 0.0072 - 0. 0048 -- 0.006¢
0. 00057 0. 00057 0. 00056 0. 00056 0. 00056 0. 00054
900 900 500 900 900 960
290 290 280 280 280 280
20.0 8.0 20.¢ 8.7 0.0 8.8
2.7 8.6 21.1 9.4 21.7 9.6
3z.4 13.0 32.8 14.2 2.8 14.5
22,0 B 7 22.0 9.5 22.0 9.7
0.9 04 0.9 0.4 0.9 0.4
1.0 0.4 5.0 0.4 1.0 0.4
1.6 0.6 1.6 0.7 1.6 0.7
.. ‘4 -- 42 - 42
-- 0.04 - ¢ 04 - 0. 04
- 55 86 ac §2.4¢ - 51.66
100. 0 100 OO0 100. 0 100. 00 100.0 100. 00
0.00598 0.01217 0,0054% 0.01229 0. 005%4 0.01223
0.25 0.1 0. 16 0.07 0.22 0.1
3.4 15.4 .6 16.0 35.3 17. 1
46, 6 229 41.1 19.0 41.3 20.0
17,8 8.7 203 9.4 19.1 9.3
0.58 0.3 0,78 0.4 ¢.77 0.4
1.0 0.5 L 0.5 1. 04 0.5
1.5 0.7 1.2 0.6 1.5 0.7
0,17 4.1 0.76 4.6 0.7 4.3
- 0.01 -- 0.01 - 0.0l
- 47.29 - 49.42 - 41.59
100. 60 100. 00 100. 0D 100, 00 100. 00 100. 00
0. 00101 - 0.00113 .- 0.00117 .-
0. 6076 .- 0. 00073 -- 0. cooel --
0.00110 -- 0. 00047 - 0. 00051 --
0.00146 .- 0.00078 -- 0.00114 .e
2042 5137 2262 5216 2362 5382
B-24-227a
A-26
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Table A-9, Part 5. LIFE TESTS — CATALYST EVALUATION
(CCI C-20-6-03 Catalyst, 1/16-Inch Extrudates, 20 g)
Run No. 19-15° 19-t6 19-17
Time, hr —_— 672 682
Basis for Analysis Dry Yo Dry Wet Dry Wei
Pressure, psig 1000 1060 1000 1000 1000 1000
Temperature, Furnace, "F KO 580 580 580 520 580
Temperature, Reactor Entrance, *F 651 65] 651 65) 651 651
Temperatare, Middle Bed, *F 605 605 05 605 £0S 605
Temperature. Exit. °F 5KS 545 545 585 585 585
Flow Rate. H;5, Ib-mol. /hr 0. 0001 0. 000) . 0001 0. 0041 0. 0001 0. poo1
Flow Rate. Fred, lb.mol. fhr 0.004]2 0.01289 . N0532 0.0J2R 0. 00812 0.0128
Fiow Rate, H,0. lh-mol. fhr -- 0.0072 “- 0. 00715 -- ©. 00738
Flaw Rate, €J),. ' -mol. Ihe 0, NO0nsY . AONS3 . 00054 0, 60054 0. 000530 0, 0005)0
Temperatare, Scam, I° Ywno 9o ogn 900 900 300
Temperatore, Benzene,  F 240 280 280 280 280 280
Feed Composition. mel ¥,
co 22,1 8.y 22.1 8. 83 22.) 8.7
CO, 23.1 9.2 231 9.23 23} i |
H, 26. 8 0.7 26. 8 10,71 26. 8 10. 56
EH, 24.0 9.5 4.0 9. 58 24.0 .45
M, 1.0 0.4 1.0 0. a0 1.0 0. 39
Ny 1.1 0.4 1.1 0.43 .- .-
LS 1.9 0.7e 1.9 0.75 1.9 0.75
N!1,0H - .- - -- - -
©H, -- 4.1 -- 422 .- .07
€, H.Oi - 0. 04 - 0,01 -- 03
H,0 - 56. 1 = 55. 82 - 56 52
Tolal 100, 00 100. 00 100.00 100, 00 100, 00 100, o0
Fraduct Flow Rate, ih-mol. /hr 0. 00554 0.01144 D, 00564 D, 01165 0. 00558 0.01256
Product Compositian, mol "
co 0,28 0.1 0.25 0. 12 0.13 0. 06
co, 15,6 17.3% 35,61 17,22 3%, 80 15.92
H, 9.4 19.0 319.0 18. 87 38. 80 17. 22
CH, 0.8 10.1 20.9 10. 11 211 9.37
c,H’ .90 0.4 t1 0. 53 b1 0.48
N, 1. 10 0.5 1.2 2.58 1.2 0. 53
H,5 1.20 0. & 1.1 0. 53 1.0 0. 44
NH,OH -- .- - - -- -
C.H, n 12 3.79 0. 84 0.41 0. 87 4.313
C HOH .- 0.01 .- 0.01 - ¢. 007
H,0 - 48,20 . 51,62 - 51.66
Total 100. 00 100. 00 106, 00 100, 00 100. 00 t00. 00
CO Consumed, lb-mol. /hr 0.00112 "= c.o0)12 -- 0.00113 -
CO; Produced, lb-mol. /hr 0. 00079 -- 0. 00082 .. 0.00082 .-
H; Produced, lh-mol. fhr 0. 000K) -- 0. 00081 - 0. 00077 -
HyO Used, lh-mol, /hr 0.0011Y - 0.001)4 .- 0. 00086 -
Space Velotity, SCF/hr-cu fi 2075 2124 2035 5088 203% 5088
+ Steam-to-dry gas ratio was increased. B-24-227h
A-27
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Run No.

Time, hr

Basis for Anslysis

Table A-9, Part 6.

Pressure, prig

Temperature,

Temperature.

Ternperature.

Tempeorature.

Flow Rate,
Flow Rate,

Furnace, °F

Reactor Entrance,

Middle Bed, "F
Exit, 'F

H,5. lb-mol. fhr
Fred. lb-mol. [hr

Flow Rate, H,0. lb-muol. /hr

Flow Rate,

CiH,. Tb-mnal, /hr

Temperatury, Steam, “F

Temperature,

Beunzenv., 'F

Feed Composition, mol '

co

co,

H,

CH,

c.H,'

N,

H;b

NH,OH

CH,

CH,OH

H,0
Total

Produet Flow Rate, lb-mol, fhr
Product Composition, mol %

€O Consumed,

Cco

(o] N

H,

CH,

cn,t

N,

H,5

NH,OH

C.H,

CH,OH

H;0
Total

ib-mol, /hr

CO; Produced. lb-mol. /hr
H; Produced. lb-mol. /hr
H,©O Uaed, lb-mol. /hr

Spece Velocity. SCF/hr-cu 1t

» PBoth pheno! and ammonia were added.

N § T

2

IU-4-9
LIFE TESTS — CATALYST EVALUATION
(CCI C-20-6~03 Catalyst, 1/16-Inch Extrudates, 20 g)
19.318 19-19 19-20
696 706 713
Dry Wet Dry et Dry Wer
1000 1000 1000 1000 1000 1000
580 L1.1] 580 580 580 580
651 651 651 651 054 654
605 605 605 605 605 605
585 585 585 585 585 585
0. 00010 0.00010 0. 0001 0.000] 0.00012  0.00012
0. 00515 0.0134 0.00512 6.0120  0.00521) 0.01295
- 0.0076 .- 0. 0064 -~ 0.00119
0.00059 0.00059 0. 00051 0.00051 0.0005¢  0.0005¢
900 900 900 900 900 900
280 240 240 280 280 280
22.} 8.5 22,4 3. 39 22.7 9.15
21,1 R HH 23.1! 9.81 21.2 8. 54
26,8 10, 31 26.8 11.39 28.2 1. %
24.0 9.22 24.0 10.20 23.5 9,47
1.0 0.19 1.0 0. 42 1.0 0. 40
| 0.43 1.1 0.47 1 0. 44
1.9 0.73 1.9 0.8t 2.3 0.9
.- 0.29 - 0.27 -- 0.29
= 4.44 -- 4. 26 -- 3,30
- 0.03 -- 0.03 - ¢.03
- 56 T6 .- £2.95 - 56, 5
100. 00 100, 00 100 00 100,00 i00. 00 100 00
0. 00%65 0.01227 0.005927 0.01191 0.00576 ¢.01158
6. 22 0. 10 0.2 0.11 0.30 D. 1§
35. 80 16.49 1545 17.55% 36.2 - 17.97
39. 66 18.54 39.3 19.48 39.5 19. 66
20. 40 9. 40 21.3 10. 56 20.1 10. 01
0.8 0. 37 0.8 0.4 0. 84 0.42
1.1 0. st 1.1 0. 55 1.1 0. 55
1.2 0. 5% 1, 0.55 11 0.55
.- 0.04 .. 0.04 - 0.04
582 3.79 0.R2 4.35 0.86 1. 04
- 0.01 . 0. 01 . 6.01
.- 50. 2 - 46 4 -- 41,6
100, 00 100. 00 100, 00 100. 00 100, 00 100. 00
0.001127 -~ 0.00112 -~ b.60117 .-
0. 000832 - 0.00092 -« 0.00098 .-
0. 000057 -a 6. 00096 - G.0008) -
C. 001447 -— 0. 000827 .- 0.00)67 -
2047 8326 2035 4770 2071 51471
B-24-227¢
A-28
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Table A-9, Part 7. LIFE TESTS -— CATALYST EVALUATION
(CCI C-20-6-03 Catalyst, 1/16~Inch Extrudates, 20 g)
Run No, 19-21 19-22 13-23
Time, hr 124 731 86
Basis for Ansiysis Dry Wet Dry Wet Dry Wet
Pretsure, puig 1000 000 1000 1000 1000 1000
Temperature, Furnace, °F 580 580 5480 580 580 580
Tempersture, Reactor Entrancc. F 655 65% 655 655 646 LX)
Tempersture, Middle Bed, *F 605 6os 60% 60% 605 605
Tempersture. Exit, "F 545 585 585 SHY 545 545
Flow Rate, H,5, lb-mol. /hr 0.00012 0.000j2 0.00012 0.00012 D. 00033 Q.00013
Flow Rate, Feed, lb-mol. /hr 0.00524 0.01219 0.00522 0.0118! 0.00507 0.0129
Flow Rate. H,0, lb-muol. /hr .- 0.006139 .- 0. 00602 -- 0.00718
Flow Rate, C,H,, lb-mol. fhr 0. 000352 0_Qo0482 0.00054 Q_ 00054 0.00055 0.008055
Temperature, Steam. 'F nc 900 g00 Qa0 900 900
Temperature. Benzene, °F 2HD 240 280 280 280 280
Feed Composition, maol ©
co 2.7 9.77 2z2.17 10. 00 20. 6 6.12
co, 21.2 9.12 21,2 9. 35 18.9 7.45
H, 28.2 12,14 2K 2 12. 52 36.0 14,20
CH, 234 o 11 21 5 10. 37 2003 1. 88
c,H.° 1.0 no4s 1.0 0. 44 0. K7 0. 34
N; 1.t n.47 i.t 0.48 ko1 C. 63
H,s 2 0.9 2.3 1.01 2.5 0.99
NH,OH -- 0 27 -- 0. 20 -- 0.29
CH, - 4. .26 - 4. 55 - 4 26
C H.OM .- 0.03% -- .03 .- 0.03
H,0 e 52. 41 "- 50. 99 .- 55. 81
Total 100. 00 100, 00 ioe. co §00. 00 100, ¢0 100. 00
Product Flow Rate, Ih-mci /ir 0. 00574 8.0120 0.00573 ¢, 0106 0.00562 0. 0121
Product Composition, mal *
co 0.4 .16 0.41 0.43 3.3 1.53
co, 5.0 16,75 35,1 18. 97 33,8 15. 14
H, 39.4 18, 85 i9. 4 2).26 41.9 19. 46
CH, 21.% 114 0.3 10,56 18. 02 8.82
c,H,* 0. 0. 40 0.82 0. 43 0.88 0. 41
N, 1.1 0,63 1.1 0.58 1.0 Q.46
H,;5 1.1 0.53 b3 0. 69 1.3 0.60
NH,OH -- 0. 04 .- 0. 04 -- 0.07
C.H, €. 87 4.04 1.1 3.4 - 3. 62
CHOH - 0.01 -~ 0.01 .- 0.01
H,0 - = 48. 55 == 43. 49 - - 49. B8
Tolai 100. oC 100. 0O 100. 00 100, 00 100. 00 100. 00
CO Conaumed, Ib-mol. fhr £.00117 .. 0.00114 - 0. 00086 --
CO, Produced, ib-mal. /hr . 0. 00090 = 0. 00091 - 0. DOOBB .-
H; Produced, lb-mol. /hr 0. 060079 -- 0.00079 .- 0. 00053 -
H;O Used. Ib-mol. /hr 0. 00056 -- 0,00131 .- 0.00114 .-
Space Velocity, SCF/hr-cu f1 2083 4845 2075 4694 2015 5128
B-24-227d
* Equipment was repaired after this run.
A-29
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Table A-9, Part 8,

Run No,

Time, hr

Basis for Analysia
Pressure. poig
Furnace.

Temperature, *F

Temperature, Keastor Entrance.
*F

Middle Bed,
Exat, *F

H;S5. lb-mol. /hr
Feed.
H;0,

Temperature,
Temperature.
Flow Rate,
Flow Rate,
Flow Rate,
Flow
Temperature, Steam. °F

Ibamol. /hr
Rate, C.H,. lb-mal, /hr
Temperature, Benzene, "F
Feed Componstion, mol 7
co
co,

NH,OH
C.H,
C,H,OH
H,0

Total

Product Flow Rate, lb-mol. /hr

Product Composition, mol %
co
cO,
H,
CH,
cl“a.*
N,
H,5
NH,OH
CyH,
CH,0H
H,O

Totat

CO Conaumed, lb-mol. fhr
CO; Producad, ilb-mal. /hr
H; Produced., lb-mol, fhr
H,O Used, Ib-mol. /hr

Space Velocity, SCF/hr-cu ft

it -mol. /hr

IU-4-9
LIFE TESTS — CATALYST EVALUATION
(CCL C-20-6-03 Catalyst, 1/16-Inch Extrudates, 20 g)
19-24 19-25% 19-26
889 901 913
Dry Wet Dry Wet Dry Wet
1000 1000 1000 1000 1900 1000
580 580 580 580 580 580
F 640 640 643 643 643 643
600 600 601 601 802 602
580 580 581 581 582 582
0.000t3  0.0001) 0.00012  0.00012 0.00012  0.000i2
8. 00501 0. 012A4 0.00500  0.0133 6.00562 0. 01118
- 0. 00725 -~ 000762 --  0.00588
0.00052  0.00052 0, 00060 0, 00060 0.00045 0, 00045
204 200 %00 900 900 900
250 240 2K0 280 280 280
19.3 7.6 1.5 8.12 2L, % 9,65
20.6 8.1 22.9 8. b4 2z.9 10.29
3368 132 27. 49 10. 34 2749 12.3]
2zl 6 B.43 23.1 B.94 23.7 10. 64
0. 91 0. 36 0.9l 0.4 0,9] 0.41
1.1 0, 43 1.0 ©.38 1.0 0.45
2.6 1.02 2.8 0. 94 2.5 1.12
.- 0.29 -- 0. 30 -- 0.26
- 4.04 . 4,54 -- 3.99
.- 0,03 - 0.03 - 0.03
. 56. 50 s 57. 43 P 50, 85
100. 00 100. 00 100. 00 100.00 100, 60 100, 00
0. 00542 0.0122  0.00574 0.0124 0.00570 D.0106
1.9 1.7 3.2 1.80 5.0 2.70
10.9 13,77 30, 12 14,100 4.9 18.83
42.9 19. 11 43.60 20.38 36. 6 19,78
19.0 8, 47 19.23 9. 00 20.0 10. 79
a.91 0.41 0. 79 0.37 0.87 0.47
0. a2z 0. 37 i 0.52 1.1 0,59
1.57 0.70 1.4 6. 56 1. 83 0.82
.- 0.07 .56 0.07 - 0.06
- 31,30 . 4,07 - .7
-- 0.01 - 0.01 .- 0.0l
.- 12 06 . 49 32 e 42.28
100. 00 100, 00 100.00  100.00 100. 00 100. 00
0.00077 . 0. 00089 - 0. 00079 .
0. 00064 .- 0. 00059 . 0. 00084 .-
0. 00063 -- 0.00115 -- 0. 00071 -
0. 00092 - 0.00151 -- 0. 00121 -
1999 5103 1988 $2856 1995 ‘e44
B-24-227¢
A-30
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IU-4-9
Table A-9, Part 9. LIFE TESTS - CATALYST EVALUATION
(CCI C-20-6-03 Catalyst, 1/16-Inch Extrudates, 20 g)
Run No, 19.27 19-24 19-29
Time, hr 950 976 1082
Dasis for Analysia Dry Wet Dry e Dry Wer
Pressure, paig 1000 1000 100D 1000 10800 1000
Temperatare, Furnace, °F 58N SH0 580 SHQ 540 580
Termnperaturc. Ft‘\ctor Entrancc. °F 64] (L] &44 644 646 646
Temperature, Middle Bed, °F b02 t02 603 6013 602 602
Temperature, Exn, 'F 5R] L8l 582 LLFd “80 550
Fiow Rawe. H;5. lb-meol, fhr 0. 00013 0,00013 0.00011 0.000113 0.00014 0.00014
Flow Ratc. Fered. lo-mol. /hr 0. 00526 0.0127% 000527 0.0132 0.01515 0,013}
Flow Rate, H,0, 1b-mol. /hr -- 0. 00E9E -- 0, 00719 - 0. 00740
Flow Rate., C.H,. lb-mol. fhr 0. D048 0,.0004H 0. DOG4 G 0. N0046 0. 00953 0. 00053
Temperatare, Stram, 'F 900 904 %00 900 900 900
Tempersture, Bensenc. T 2A0 24l ZHD Twn 280 FLT:]
Feed Composition. mol f
co 2.5 #, HE FA L7 4.6 1.131
CcO, 2. 9.91 24.0 3,63 24.F 9.63
H, 27.% 10. 11 26.9 10. 43 28.2 11,04
CH, 23,7 999 24.2 9.7 23.3 9. 16
. 0.9 0. 31 0.8 0, 32 1.2 0. 47
Ny 1.0 0.45 1.1 C 44 .2 0.47
H,5 Fa] 0. 94 Z.9 C. 96 2.7 1. 06
" NH,0H - 0. 28 . 0. 30 .- 0.29
CeH. -- 378 -- 1.47 .- 4.07
CH,OH - ¢ 03 .- 0.03 -- 0.03
H,0 .- 54 63 - 56.10 . 56.43
Total 100, 00 100, 00 106, 00 100. 00 100, DO 100, 00
Product Fiow Rate. (h.mol. /hr 0, %1573 0.01195 0. 00577 0.012% 0.00572 0.0118B%
Product Composition. mal %
co 1.9 1.87 4.8 2.22 4.2 z2.02
CcQo, B 8 17. %4 3.8 14. 66 2.8 15.79
H, 2.9 15. 76 42.0 19. 42 40,1 19. 5%
CH, 21.2 10. 1¢ 18. 0 8.132 1B.72 8. 71
CHS 1.0 0. 48 0.9 0.42 0. 88 0. 42
Ny 1.2 0.57 1.0 0.46 1. 0.53
H;5 1.¢ 0. 48 1.4 [N 1] 1.7 0.82
NH,OH .- 0.07 .- 0.07 - 0. 06
CH, -- 2.9 -a 2.83 - 3, 52
CuH,OH -- 0.0J .- 0. 01 .. 0.0!1
H,0 - 50. 16 -- 50. 94 .- 48.53
Total 100. 00 100, 00 100. 00 100. 00 100, 00 100 oo
CO Consumed, lb.mol, /hr 0. 0009) au 0. 00086 - 0. 00072 -
CO; Praduced, ib-mol. fhr 0. GO0B3) - 0, 00056 -- 0. 00063 -
H; Producod, fe-mel. /hr Q. 00052 .. 0.0010% .- 0. 00088 -
H;O Used, lbemaol, fhr 0. 00097 -- 0.00104 - 0.00163 .-
Bpace Velocity, SCFrhr-cu i 2090 5068 2103 5247 2047 5207
B-24-2271
A-31
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Run Na.

Time, hry

Table A-9, Part 10.

LIFE TESTS — CATALYST EVALUATION

(CCI C-20-6-03 Catalyst, 1/16-Inch Extrudates, 20 g)

Basis for Analysis

Pressure,

P

¥ig

Temperature, Furnace, ‘F

Temperature.

[
Temperature, Middle Bed, °"F

Temperature, Exil, °F
H;5. 1b.gqcl. /hr

Flow Rate.
Flow Rate,
Flew Rate,
Fiow Rate,

Feed, lb-mol. /hr

H;C. lb-maol, /hr
C,H,, lb-mol. /hr

Temperature, Sieam, °F

Temperature, Benrenc, “F

Feed Composition, mol =

co
co,
H,;

CH,

Lo
Ny

H.S
NH,OH
CH,

CH,OH

H,0

Total
Produet Flow Rate, lb-mol. /hr

Product Composition, mo! %

co
CO,

H,;

CH,
.M,
N

M;S
NH,OH
C.H,

C H,OH
H,O

L4

Total

€O Conaumed, lb-mol. /hr
CO; Produced, lb-mol. /hr
H; Produced, lb-mol. /hr
Ilb-mol. /hr

Space Velocity, SCF/hr-cu ft

H;O Used,

N § T

T U TE

u-4-9

Reactor Entrance,

19-30 17-11 14-32
1101 —126 — 1257
Dry Wet Dry Wet Dry Wet
1000 1000 1900 1000 1000 1000
580 $80 580 580 580 580
646 646 646 647 647 b4
603 603 603 603 603 603
580 580 582 582 58} 58)
0.000}4  0.000(4 0.G0014  9.00014 0.00012  0.00012
0.00515  0.012H4 0.8005G  0.0119) G.00508  ©.0129
--  0.00707 . 0. 00623 . 000720
0.000%%  0.00059 0.00044  .00046 0.00053  0.0005}
900 900 300 900 900 900
280 B LT 28p Z80 280 280
18.6 7.47 19,0 7.97 24.03 9.55
2408 9.413 24.1 to. 1t 22.9 9. 04
28.2 1.3z 2.6 11.9¢ 250 9.87
AT 9.135 3.3 9. 71 23.8 9. 40
1.2 0. 44 i 0. 46 0.77 0.10
1.2 0.48 1.2 0. 50 1.2 0.47
2.7 .08 2.8 L1 2.4 D. 95
- 0.28 -- 0.28 -- 0.29
. 4.57 -- 186 . 4.1
.- 0.03 -- 0.03 - 0.03
- 55, 1) .- 53. 86 -- 55. 97
10¢. 00 100.00 100. 00 100. 00 100.00 100. 00
0.00%%3  0.01197 0.00560  ©0.01190 0.0D589  0.01141
4.2 134 2.6 1,22 4.6 2.38
2.9 15.19 35.0 16,417 330 17,08
41.0 15.93 9.6 18, 62 381 19. 73
18.2 4.40 18,7 8. 80 20.2 10. 46
0. 90 0.42 0.9 0.43 0.8 0.41
i 0.5] 1.0 0.47 1.0 0. 52
17 0. 74 2.2 1.04 1.9 0. 58
-- 0.07 - 0,07 .. 0.06
- .01 -- 3.5 0.4 2. 90
-- 0.0l -- 0.01 .- 0.0
.- 50. 74 == 49. 37 -- 45.47
100, 00 100, 00 100, 00 100. 00 100. 00 "109. 00
0.00071 -- 0. 00045 .- 0. 00096 --
6. 00056 -- 0.00075 -- 0.00078 --
0. 00081 - 0. 00069 - 0. 00098 --
0. 000999 .- 0. 00056 .- 0. 00200 -
2047 5140 1988 4742 2019 5127
B-24-227g
A-32
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Table A-9, Part 1l. LIFE TESTS — CATALYST EVALUATION
(CC1I C-20-6~03 Catalyst, 1/16-Inch Extrudates, 20 g}
Run Na, 19-33 19-34 19-35"*
Time, hr 1411 —1300 1409
Basis for Analysis Dry Wet Dry Wer Dry Vet
Prewsure, prig 1000 1000 1000 1000 1000 1000
Temperature, Furnace, °F 580 580 SBO S80 580 $80
Temperature. Reactor Entrance. 647 647 647 647 652 652
Temperature, Midélc Bed. *F 603 603 402 602 605 605
Temperature, Exit, *F 581 E1:3] 580 580 582 582
Flow Rate. H,5. Ib-mol. thr 0.900012 0.00012 2.00032 0.00012 Q.00922 0.00022
Flow Rate. Feed, Ih-r:\nl..fhr 0. 0D%0A v.0t2¢% 0.060%08 0.01%0 0.00967 0.02473
Flow Rate. H;O. Ib-mo!. /ht .. C. 00717 . 0.00724 s 0:0138
Flow Rate. C.H,, lb-mol. /hr 0. 00859 0. 00059 0.00062 0. 00062 0.00118 0. 00118
Temperature, Steam, "F 900 900 900 J00 900 R0¢
Temprrature, Benrcne. °F 280 2K0 280 280 2AD 280
Feed Composition, mal *
cQ 24 03 4. 514 24 .03 9. 46 5.2 9. 85
CCy 2 9 ¥ 02 22.% H, 9% 21.0 8.99
H, 25.0 9. 85 25.0 9.77 24.3 9.50
CH, 21 K 9. 37 234 9. 30 23.1 9.03
c.H' Q.77 0 0 0. 77 6. 30 0.9 0.135
N, 1.2 0.47 1.2 G 47 1.2 047
H,S 2.4 0.94 2.4 0. 94 2.3 0.90
NH,OH .- 0.29 -- 0.29 -- 0.29
C.H, -- 4. 5% . 477 -- .77
CH,OH -- 0.03 .- 0. 04 -- 0. 04
H, O -- 55,65 - 55. 71 == £, 81
Total 300. 00 140. 00 i00. 00 100. 00 100. 00 100,00
Product Fiuw Rate, ib-meol. /hr 0.0059) 0. 0124¢ 0. 00588 b.0J26 0.0105 0.0231
Product Composition, moi %
[ofe] [ 2.0 4.2 1. 96 6.4 2.91
co, 33.0 15. 74 z.o 1496 iz. ¢ 14, 85
H; 38.7p 18. 46 40.9 19. 11 40.7 18. 50
CH, 200 9. 54 19.0 1.1 18,00 B. 68
k' oK 0. 40 0.8 0.37 0.8 0.40
N, .o 0. 44 (] Q.47 1.0 0. .45
H,5 1R 0. 46 1.8 0. 84 1.1 0. 50
NH,OH .- n.06 .- 0.07 .- 0.06
[RIR 04 4,15 0.3 4.81 - 4.09
€ H,OH .. 0.0l - 0.01 .- .01
H,0 =- 44.30 == 48.50 = 49.85
Total 100. 00 100, 00 100. 00 100. 00 100. 00 100. 00
CO Consumed, lb.mol. /hr D. 00098 - 0. 000983 .- 0.00177 -
CO, Produced, lbomol. /he 0.00D019% ae 0.000718 - 0.00113 -
H; Produced. lb-mal, /hr 0.00101% - 0.00114 .- 0.00192 -
H;O Used, lb-mol. /hr 0.001i4 .. 0.0011% - 0.00232 .-
Bpace Velocity, SCF/hr-cu ft 2018 s127 2019 5167 3844 9810
* Total space velocity was doukled. B-24-227h
A-33
I N § TI T UTE o F G A S T E CHNOL OG Y



4/79

Table A-9, Part 12.

"Run No.

Time, hr

Banis {or Analysis
Pressure. prig
Tempersture, Furnace, °F
Temperature, Reacéor Entrance,
Temperature, Middle Bed, *'F
Temperature, Exit, 'F
Flow Rate, H,S5, 1b-mol /hr
Flow Hate, Feed, Yb-mol. /hr
Flow Rate, H,0, lb-mgol /hr
Flow Rate, C H,. lb-mol, 'hr
Temperature, Steam, 'F
Temperatore, Benzene. °F
Feed Composition, mal %

co

co,

H,

CH,

CH®

Ny

H;S

NH,0OH

C4H,

CH,.OH

H; 0

Total

Product Flow Rate, lb-mol. /hr
Product Camposition, mal %

co

co

H,

CH,

C,H,*

Nz

H,5

NH,OH

CeH,

CHOH

H;0

Total

CO Corsumed, lb-mol. /hr
COy Produced, lb-maol. fhr
H; Produced. tb-mol. /hr
H;O Used. Ib-mol. /hr
Space Veloclty, SCF/hr-cu It

F

IU-4-9
LIFE TESTS — CATALYST EVALUATION
(CCI C-20-6-03 Catalyst, 1/16-Inch Extrudates, 20 g)
19.36 19-37 19.18
1472 e 1496 1575
Dry Wet Dy Wet Dry Wet
1000 1000 1000 1000 1000 1000
540 SHO 580 560 580 589
654 654 655 655 655 655
605 60% 605 605 605 605
LTS 584 585 585 585 535
0.00024  D.00024 0, 0002 0. 0002 0. 60025 0. 00025
0.0D977 0. 0266] 0. 01003 00248 0. 01041 0.0256)
- 0.01543 - 0.0136 - 0.01397
0.00131  0.0013) 0. 00107 0. 00107 0.001147 ©0.001147
900 00 360 300 900 900
280 280 280 280 280 280
24.8 9.1] 23.1 9. 35 24.9 10. 12
23.0 H. 45 22.6 9, 14 23.0 9. 35
25.0 9. 18 28.0 11.33 25.1 10. 20
2.8 u. 38 2z 4 9. 06 22.6 9. 16
0.9 0.3 0.9 0. 37 0.9 0. 137
1t 0.40 1.0 ¢. 40 1.1 0. 45
2.4 0.88 2.0 0.82 2.4 0.98
-- 0. 30 .- 0.28 -- 0.28
.- 4.9 .- 4.30 .- 4.48
-- 0. 04 - 0. 01 .. 0.03
- 5. 00 .- 54, 92 - 54, 56
100. 00 100. 00 100. B0 100. 00 100. 00 1G6. 00
0.0112 a.0270 0.0107 0.0226 0.01134 0. 0249
6.7 2.8 7.0 LM 7.0 3,19
26.4 11. 80 10.8 14.58 30,7 13.97
42.¢6 37,710 39.5 18. 70 40.0 18. 21
18. 94 7.81 19.2 9.09 19.0 b. 65
0.86 0.36 0.8 0.38 0,79 0. 36
1.0 0. 42 11 0,52 1.1 0. 64
1.5 0.62 1.6 0.76 1. 41 0. 50
.. 0.07 - 0. 0é . 0, 06
.- 4.0 - 3.92 - 4.15%
.- 0.02 .- 0.0) .- 0.01
. 54.42 .. 48,07 .- 50. 26
100, 00 100. 00 100. 00 100, 00 100, Q0 100, 00
0.00167 .- 0.00157 - 0. 001798 -
0.00093 .- 0.0010} .- 0. DO JO8E --
0. 00233 .- 0. 00142 . 0. 001924 .
0. 00766 - 0. 00262 -- 0.0014%0 .
3881 16577 31987 9458 4138 10, 104
R-24-22T1
A~34
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Table A-9, Part 13. LIFE TESTS — CATALYST EVALUATION
(CCI C-20-6-03 Catalyst, 1/16-Inch Extrudates, 20 g)
Run Ne_ 18-39 19-.40 19-41
Time. hr 1591 —1630 1663
Basis _for Analysis Dry Wet Dry Net Dry Wet
Pressure, polg 1000 1000 1000 1000 1000 1000
Temperature, Furnace, 'F 580 SAD 580 580 580 580
Temperature, Reactor Entrance, *'F 655 £55 655 655 655 655
Tempersture, Middle Bed, "F 605 604 L0% 605 605 605
Temperature, Exit, *F SA5 545 1.1} ELL) X% 585
Flow Rate. H,§. Ib-mol. /hr n, 00025 ©.00025 0. 0400246 O 000246 0. 000244 0, 000248
Flow Rate, Feed, lb-mal. /hr 0.01037 0.025HK] 0.01024 0.02744 0.01037 0. 02550
Flow Rate, H,O. lb-maol. /hr -- 0.01422 .- 0. 01582 - 0. 01149
Flow Rate, CH,. tb-meol /hr D.00i134 0.001134 0.003252 0.00)252 0.00j158 Q.CD]IS8
Termpersture, Steam, *F 900 900 900 900 900 900
Temperature. Benzene. °F 2B0 280 ZB0 F4.10] 280 280
Feed Composition, mol %
co 24.9 10.0 24.9 g9. 32 24.9 10. 13
Oy 23.0 9 24 23.0 8.6! 23.0 9. 35
H, 25.1 10 CB 25.] g 40 251 10, 21
CH, 22. 6 9.0 2Z2.6 6. 46 22.6 9. 1%
CH* 0.9 037 0.9 0. 34 0.9 0.37
N 1.1 G 44 1.1 0.41 1.1 d. 45
H;5 2.4 a. 96 2.4 0.90 2.4 0. 98
NH, OH - 0.8 -- ¢ 30 . 0.28
CeH, -- 4.39 -- 4.56 .- 4,54
CH OH - D 03 - 0.0s -- .03
H, O .e 58,13 . 57 6% -- 54 47
Total 100. 00 100 00 100. 00 100, 00 100. B0 100. 00
Product Flow Rate, Lb-mol. /hr 0.0114 0.02190 D.0109 0. 02543 0.01123 D. G234
FProdurt Composition, mol %
ce 1.5 1.61 6.7 2. 84 7.7 1.7
co, 10. 6 14.72 ZB. 1 11. 6 30.0 14.4
H, 1962 19.05 40. 7 17.28 .5 18 48
CH, 9.0 9. i 21.0 8.90 20.8 9.99
CH* 0.58 0.42 0.8 0. 34 0.8 0.38
N; 1.0 0. 48 .l 0. 68 11 0,53
H;5 1.4 0.7 1.6 C. 47 1.1 0.53
NH,OH .- a.06 -- 0. 07 - 0.06
CyH, - 4.04 .- 357 .- 4.27
CHOH .- .01 - 0.02 .- 0. 01
H, O . 47.80 - 53 95 -- 47, 65
Total 100. 00 100. 00 100, 00 100. 00 100. 00 100. 00
CO Consumed. lb-mol. /hr 0.00)724 -~ 0.0010836 -- 0. 002006 -
€O, Produced. lb-mal. /hr 0. 00111 -- 0. 000647 - 0. 0009813 -
H, Produced, lb-mol. /hr 0.001930 -- 0.00180% - 0.001720 -
H;O Usad, 1b.mo). /hr 0. 002845 --  0,002100 - 0.002743 -
Space Velocity, SCF/hr-cu ft 4122 10,259 4086 10907 4122 10r36
B-24-227;
A-35
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Table A-9, Part 14.

Run No.

Time, hr

Basis for Analysis

Presgure, peig

Temperature, Furnace, *F
Temperature, Reactor Entrance,
Temperature, Quarter Bed, °F
Middle Bed, *F

Exit, °F

Temperature,
Temperature,
H,;$, 1lb-mol, /hr
Feed, lb-mol. /hr
H,0, ib-mol. fhr
C H,. Ib.mol, /hr
*F

Flow Rate,
Flow Rate,
Flow Rate,
Flow Rate,
Temperature, Stean:,
Benzene, 'F

Feed Composition. mol %°

Temperature,

co

[atel}

H;

CH,

c,H,*

N,

H,S

NH,OH

C.H.,

C H,0H

H,G

Total

Product Flow Rate, le-mol. /hr
Product Composition, mol T

[afa)

co,

H,

CHy

C.H*

Ny

H,5

NH,OH

CyHy

CHOH

H,0

Total

CO Consumed., lk-mal. /hr
€O, Produced. lbo-maol /hr
H,; Produced, lb-mol. /hr
H,© Used.
Space Velocity,

lb-mol. /hr
SCF/br-cu {t

IU-4-9
LIFE TESTS — CATALYST EVALUATION
(CCT C-20~6~03 Catalyst, 1/16-Inch Extrudates, 20 g)
20-1 20-2 20-3
9 33 57

Dry Wet Dry Wet Dry Wet
1000 1000 10¢0 1000 1000 1000

580 580 S5H0 580 580 580

‘F 646 b4b 647 647 645 645
653 653 655 655 653 653

645 645 646 213 645 645

620 620 621 621 620 620
0.D00050  0.000050 © 000030  ©.000050 0. 000052 0.000052
0.004966 0.012037  0.005044  0.0§2177 0.005151 0.012246
-- 0.007076 -- 0. 007051 .- 0.007¢99

Q00 Rl 900 900 900 900

280 280 280 280 280 F4:14]

3.8 9. 82 23. B 10. 613 23,8 16, 01
231.0 9. 48 23. 0 4. 54 23.0 9, 68
20.6 8. 46 o6 4,49 20.6 a.62

2B, 4 1.7 28. 4 11. 70 28.4 11. 9%

1.2 .50 1.2 0. 50 1.2 0. 51

2.0 0.383 2.0 0.83 2.0 0. 394

1.0 0.41 1.0 0.41 .o 0,42

- RE. 710 .- 57. 90 .- 57.97

100. 30 100, 00 100. 0o 100. 00 100. 06 100. 00
0.005721 0.0]]1048 0. 009%6Y 0. 012022 0. 005650 0,011212
9.1 2C. 20 ig. 0 17.95 7.4 18. 72
23,4 17,30 15. % lo. 44 16.4 18,22
24.5§ 12,69 23. 2 10. 74 22,8 11.53

1.0 0,52 0.9 0,42 ¢.9 0. 45

i.3 C. 36 [ ] 0,45 1.5 0. 76

0.7 .67 .2 0. 47 1.0 ¢.51

- 48, 26 ‘- 33,33 == 49.8)

100. 00 100.¢0 100. 00 109, 00 100. 00 100. o0
0.001182 -~ D.001295 -~ 0.00122¢6 -
0.001050 --  0.001025 -~ 0,000948 -
0.000892 == 0.000943 --  0,00)1001 -
D.001477 --  0,D00640 -- 0.001537 --
2843 S54RR 2766 5972 2807 5570

The {eed gan contpins about 1.} ppm propyl mercaptan, 0,8 ppm thiophene, and 52 ppm COS.
B-44-604a

N < % I T I T F

T [ [l [+ [ V] n ]
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Table A-10, Part 1. LIFE TESTS
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)
Bun No. 20-1 n-2 20-3
Time. hr 4 3 5%
Basis for Analysis Dry Wer Dry wet Dry Wet
Presaure. pag 100p 1000 1060 oan {000 1000
Temperature, Furnace, °F 5K0 540 5k0 580 580 SRN
Temperature. Reactor Entrance, °F bib bdb Y hi “47 645 Y ES
Ternperature, Quarter Bed, “F 651 851 655 555 653 £31
Temperature, Middle Bed. 'F £45 b45 bab s b3 645
Termperatare, Exit, *F 620 620 621 62) 620 627
Flow Rate, H,5, lb-mol fhr 0. 000050 0. 004050 0. 000030 ¢ 000050 0. 000052 rognans2
Flow Rate. Feed, lbh-mol. /hr ¢ Q0495c 0.c312017 0. 005044 D 012177 0.005151 a.01224
Flow Rate. H,C, Ib-mol. hr . 0.007074 .- 0 007051 . LRIkt
Flow Rare C.H,, 15-mol. /hr - - e - - -
Temperature, Steam. °F ag? apn nn 900 9090 J0-
Temperature. Benzene, °F 287 Z80 Zan ZHO F3.18 -
Feed Cormpos:tion, mol o *
co 2 an2 24.8 B 24w R
~O, I 9 4= PN 3 34 2y ' oan
H, n e oA 20 n n 47 2 - LI
CH, in 4 nn P 1T 2n g o
M, o2 QLD bl 050 [ Y
Ny ML LA P 0 &3 2. n ToAA
H,S 1o C 41 P2 n 41 I o a2
NH,OH -- -- . - .- .-
CH, -- .- - . . .
€ H.OH . .- .- .. .- ..
H,O .- aw T . =7 Q0 .- 57 0F
Torai A 1020 190 nc 170 nf Taz or ;oo
Frod.ct Flow Rate. iv-mel “hr f.oogste [T P R ] LR S P2 T puapst aonpra1
Procact Compositien, mol %
co -- -- -- -- --
CGC; ER Zn 20 i 2 IR Tog b= T2
H, o4 17 an 15 1s 43 1.4 1= 22
CH, 24 5 12 83 21! 10, T4 22 n 10,058
.M, HE a2 Ao fo42 o [
N, ] T b4 TRl 1% noTe
H,$ noT oot 13 "4t 14 DS
NH,OH -- -- e .- wa -
C.H, .. -- -- - -- --
C H,OH . - - .- - .
H,C -- iz 2= - Sy - 4481
Total 10¢. 20 ipr o jon n» I of 100 00 [N
CC Consumed. lb-mol hr S Milne -- n aglass -- 0 2irde .-
CO, Produced. 15-moi “hr Q.op3nan .- BLOnInIE --  © N0S4n -
H; Produced. lb-moi ‘hr Q. Ngn=0y EELLN tLUEL B .- roungan) .-
H,G Lased. lo-mol 'hr a.r0KT? -- 0. 00 bl - N1y -
pary Velocatv, SCF hre.ca M1 Nt R L6 27en 502 2any S370
T ee {e=7 gae contains abour 1 1 pp propy¥l marcaptar. 0 & ppr. thiophene, and 52 ppm (O
B.4d 0044

n T £

A-37
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n o



4/79

Table A-10, Part 2.

(Girdler

Bap Mg

Time. &T

Basis for Analvs:s
Pressure, psig

Temperaiore. Fornace. °F

Temperat:re. Reactor Erntrance.
Termperat.re, Quarter bed, °F
Termperature. Middle Bed. T

Temperaiite, Ixit, F

Rate, H,5. hr

Flaw

Hate, Feed. in-mol. hr
- Rate. K0, l5-—o B
B Rate, C.H. lb-mol. "hr
Temperat.re. Steam T
e Senzene °F
-"
€ ™7

R ]

“r

T - ies= fat :-ntains azcit 1. : pprn preoyl rrevcaptan. 2. & pprrn thivphene, and 52 ppm COS.

IU-4-9
LIFE TESTS
G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)

MARE ] 203 20-6

— B! 147 -— 1%
Dryv Weg Dry Wet Dry Wet
1000 1909 1200 L1000 1000 1000
A 330 FLI 330 550 &40
043 pid [ 5] oi5 643 545
il e3l 631 obl 052 6352
643 b43 b43 ot} o4 644
627 old 27 220 Bld 619
W0 207003 Q. 000251 0. 000251 3. 000050 0. 000086
05142 0.012310 Q. 005305 ¢ 012430 0.N00503%n 0.0k2R78
.- TLICTIER .- 0. 097343 - 3.007226
-- -- -- .- - Q. 000337
EN 330 agn 960 900 4900
237 240 2sC 250 280 280
23 3, 94 23.3 @73 23.0 3,03
3.2 9, 60 £3.0 R 226 5. 88
Vo 8. 3¢ i o 3,13 20,1 7.93
2% 4 11. 89 24,3 Il.82 25,9 11. 33
1.2 ¢. 30 1.2 o437 1.2 0. 47
2.0 G. 594 2.0 3. 82 2.4 0,
1.9 0.41 1.0 0.4} .7 G. o7
-- -- - -- - 4.64
au 5. 20 .e 53. 12 - L. 10
172,00 19C. 00 3,90 132. 00 190. 00 100, 20
TIATaN ~.ni1azs 0. 0555823 C.01291e A NN5515 0. 012837
T4 15,18 L. 87 17.83 377 17. 08
de. 4 17. 72 3T 10 17 3% 35. 4 lo. 04
3.2 1. 1= 23.9n 11.65 234 17, 3%
7.3 0. 44 1.390 2.48 noa 0,41
1.3 063 1.490 SLome I. 9. 3%
. )4 a.m 1. 34 1.9 2. 45
-- -- -- -- 0.3 3.3
- - 51. 33 - 51.64 - 50. 8%
100, a 100. 00 100,00 1o, oo 100. 00 100. 00
. nN1223 - 0. 0¢1210 - 0.001163 ..
1 ONNRA2 -~ 0090973 - 0.001049 -
Lapng --  D.O0OI1LY - 0.001637 .-
.a2011n4 --  D.001144 . 0. 000694 --
2s34 3873 233 5367 2889 h377

B 446040

N § T I T UTE

A-38

T ECHNOLOGY



_be el vas contains abput 1. 3 ppm propyl mervcaptan, 0, & ppm thiophene,

(1] T I T 11T =

and 32 ppn. COs.
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4179 IU-4-9
Table A-10, Part 3. LIFE TESTS
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)
Run_No. 20-7 20-8 20-9
Time, hr 203 218 242
Basis for Analysis Dry Wet Dry Wet Dry Wet
Pressure. peig 1000 " 1000 1000 1000 1000 1000
Temperature, Furnace, *F SBO 580 540 580 580 580
Temperature, Reactor Entiance, 245 645 640 646 645 b4b
Temperature, Quarter Bed. °F 652 652 653 653 655 655
Temperature., Middle Bed, ‘F 644 b4d 645 hd5 G443 644
Temperature, Exit, °F 620 620 62l 621 LY 3 621
Flow Rate, H,5. lbh-mol. /hr ¢. GOOOBS 0. 600085 . 000084 0.000084 0, 0000685 7. 000085
Flow Rate, Feed. ib-mol./hr 0. 004980 0.012875 4.0049€7 0.012753 0.004993 0. 0128133
Flow Rate, H,0, lb-mel. /hr -- 0.007315 -~ 0.007240 -- 0.007246
Flow Rate, C,H,, M-mol. /hr -- Q.000579 -- 0.000547 -- 0. 000545
Temperature, Steam. °F 900 300 900 300 900 300
Temperature, Benzene. °F 2H0 280 280 280 280 280
Feed Composition, mol «*
[ote] 230 8.89 23.0 5.95 23.0 B. 9%
cO,; 22. ¢ 8. 75 22.6 8 81 22.96 .79
H, 292 T.81 20.2 7.8b 20.2 7.85%
i, 286 11. 1w 2B.9 1. 20 28, % 11. 24
ot 1.2 n.47 1.2 .47 1.2 0.47
N, 24 n. 93 z. 4 0.93 2.4 0. 94
H,5 (- J. 66 1.7 0. 66 1.7 G. 66
NH,OH . - R . - ..
CLUH, -- 4.49 -- 4.29 -- 4.25
C.H.OH - -- - - -. -
H,O - - 54,82 -- 5617 - - 56.BS
Total 100, 00 100, 00 100, Q0 100, 00 160. 00 100. 00
Product Fiow Rate, lbh-mol. /hr 0. 008925 n.0812069 0,005950 0.012212 0.005826 0.011967
Product Composition, mol ©
co - -- - - - .
Co; 37 i8.55 5T.7 18.37 378 18. 40
H, 34.9 17. 14 35.1 17,1t 34 9 16. 99
CH, 235 £1.53 25, 4 L1. 40 23.5 1. 44
<R 5.7 0. 34 6.7 0.4+ 0.8 0.39
Ny 1.8 0, 69 1. & 0. 78 1.7 0.63
H.s 10 0.49 1.0 0.49 1.0 0. 18
N1,OH - .. - .- - .-
C H, 2.3 304 0.3 1m0 0.3 378
C H,OH b i -- .- -- --
H,O .- 47. 52 - 47, B - 47.69
Total 100. 00 106G, 0O 100. 00 120.00 100, 00 100. 00
CO Corsumed. ib-mol. /hr 0. 001145 -~ LO0L14Z .. 0.001148 --
CO; Produced, lb-mol. /hr 6,.001111% -- o,001120 -- 0.001074 .-
H; Produced, lb-mal. /hr 0, 001062 -« 0.0010806 .- 0.031025 .-
HsO Uied. lo-rmol. /hr 0.001628 -- 001402 .- 0.001543 .-
Space Vrelocity., SCF/hr-cu f1 2943 5995 235, onbh 2894 3343

R o3i-nddc

L. o G Y



4/79

Run Neo.

Time, hr

Basis for Analysis

Pressure, peig

Temperature, Furnace, "F
Temperature. HReactor Entrance, *F
i L]

F

“F

Quarter Died,
Middie Bed,
Exit, “F
h-mol, /hr
lb-mal. /hr

Temperature,
Temperature,
Temperature,
Flow Rate, H,S.

Flow Feed,

Flow

Rate,
Rate, H;O, lb-mol. /hr
Rate. C,H,. b-mel. /hr
*F

Benzene.

Flow
Temperature, Steam,
Temperatuyre, ‘F
Feed Composition, mel *

co

<O,

H,

CH,

c,H.*

N,

H,S

NH,OH

C.H,

C.H.Ol

H,O

Teotal

‘hr

FProduct Flow Rate, Ib-moul,

Product Compasition. mel

co

co,

H,

CH,

CaLt

N

H:S

NH,OH

C.H,

C,H,OH

H.O
Total

€O Consumed. |b-mol. 'hr
€O, Produced,
H; Produced.

H;O Used,

th-mol. ‘he
Ib-meol. /hr

ls-mol ‘hr

IU-4-9
Table A-10, Part 4. LIFE TESTS
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)
20-10 20-11" 20-12
314 323 331
Dry Wet Dry Wer Dry Wet
1000 1000 1000 1000 1009 1600
SkD 580 SHi} 480 580 580
hdb 646 645 645 645 645
656 656 h56 313 654 654
b44 644 644 644 644 644
20 620 621 621 £20 £20
0. 000045 0. 000045 0. 000045 0. 000085 0. 0000BS 0. 000085
0.004987 0.01264% 0, 005004 0.01287] ¢. 004995 ¢.0128%1
-- 0. 007055 -~ 0.007248 -- 0.007272
-- 0. 000603 - 0. 00061% -- 9. 000565
900 900 300 900 900 900
280 280 280 280 280 280
231.0 9. 07 23.0 4,95 23.0 8.95
2Z2. 6 8 91 22. 6 8. 79 22.6 4. 80
20.2 7. 96 20.2 T.86 20.2 7. 86
2H. 9 1a.4) 28.9 11,24 28.49 11,258
1.2 0.47 1.2 0,47 1.2 0.47
2.4 Q. ag 2.4 0.93 2.4 0,94
1.7 0. 67 1.7 0. 66 1.7 0. 66
- 4. 17 - 4. 78 -- 4. 40
- 5.9 -- 56. 32 - - 56,67
100 a0 100, 00 . 104. 00 190, 00 106, Q0 100, 00
0. anan ]9 0.01112% fi. ODS7HS 0.012248 0. 005833 0.012076
IT.A 19, 42 in. N 17.95 37.7 16.21
LE ] 17. 93 3.9 te. 48 34,3 i6. 58
23,5 2. 07 3.4 11. 08 23. 8 11.49
a4 0,42 a.n 0.8 0.9 0.43
1.t 0. 82 1.6 0.78 1.9 a, 92
1.1 0. 57 1.0 0. 47 I.o 6. 48
Ny 3.5 0.3 4. 37 0.4 3. 87
-- 4527 - - A5, 54 - - 7.9q2
100. g0 100. 00 130, v 100, G0 100. 00 100. 0¢
0.001147 . 0. 00MY52 - D. 001149 -
2. 003072 - 0.001l0é66 - . 001070 .-
¢. 001024 - 0.001677 -- 0. 000992 -
9.001927 - 0. 001303 -- 0.00149485 -
2890 Sl 2474 hiing MoEE 5Qaq

Sprece Velocity, 877 'hr-cu ft

The ferd cas containg avaent 1. % ppm preapyl mercaptan. 0. 8 ppm thivpheav. e 32 ppin COS.

T: e reactor was purged with N, before this run far about |30 hours.

F NS T I T UTE
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(Girdler G-93 Comoloy High~Temperature Shift Catalyst,

Rup Ne.

Time, hr

Table A-10, Part 5.

Basis_for Analysis

Pressure, prig

Temperature,
Temperature,
Temperature,
Temperature,

Temperature,

Furnace, 'F

Reactor Entrance,

Quarter Bed, "F
Middle Bed, *F
Exit, °F

Flow Rate. H;5. lb-moal. /hr
Flow Rate, Fered, ib-mol. /hr

Flow Rate. H,;

O. ib-mol. /hr

Flow Rate, C,H,. lb-mol. /hr

Temperature,

Temperatare,

Steam. *F

Benrenre. ¥

-
Feed Composition, mol %

co

co,

H,

CH,

C,H,”

N

H,5

NH,OH

€,H,

€ H,0H

K0
Total

Product Flew

Rate. I9%-molk, ‘hr

Product Composition, mol =

cO

Oy

H,

CH,

c.B”

N:

H,;5

NH,OH

c.H.

C,H.OH

H,0
Toral

CO Lonsamed,
C3, Proadiced.

H; Prediced,

th-mol. /hr
b-mal fhr

is-mgl. /kr

H,0 " sed. l..mal ‘hr

SpaTr ety

SCF'kr-cu It

LIFE TESTS

4 x 6 Mesh Spheres, 20.2 g)

IU-4-9

20-13 20-14" 20-15°
343 469 475
Dry Wet Dry Wet Dry Wet
1000 1000 1000 1000 1000 1000
580 580 580 580 580 580
*F 645 645 645 645 b45 645
655 655 644 654 654 654
645 645 645 649 644 644
621 62} 621 621 620 620
0.000085 0. 000085 0.000086 Q. 000086 0, 000075 0. 000075
0.00500% 0.012919 0,00503& 0.CJ2772 0.00503) G. 012937
-- 0 007349 -- 0.407)39 -- 0.007320
--  0.000%65 -- 0.000598 -- 0. 000559
900 904 900 00 900 900
280 280 280 2BO 280 280
231.0 8.9z 23.0 9.07 21.8 8.48
2. & a.75 22,6 8. 4] 23.6 9.18
0.2 7.8 20.2 7.96 25.0 9.73
28 @ 11.19 28.9 1], 39 26.4 10. 26
1.2 0.46 1.2 0. 47 0.5 0,1%
2.4 0.9} Z.4 3. 9% 1.2 0.4%6
1.7 0.66 1.7 0,67 1.5 0.58
.- -- -- -- .- 0.21
- 4.7 . 4. 68 .- 4,31
- - 3u. 89 -- 53.80 -- 56. 58
1on. 20 ton. 0o 100, 00 100. 00 100, 00 100, 00
N, 003845  0.012113  ©.005483 0.012050 ©.005813] 0.812312
- - .- - 0.1 0.05
37 A Ie. 24 7.7 18. 41 15. 4 16. 76
42 16. 50 1.1 ib. 65 38. 13 18.15%
239 1153 241 .77 230 10. 89
n.3 0. 44 0.9 0. 44 0.4 0.19
1.6 - .8 0. 88 1.1 0. 52
1.0 0,48 1.0 0.49 1.3 0. 62
-- -- -- -- -- 0.16
0.4 3.9 0.4 4. 17 0.4 3.82
-- 47. 35 .- 4119 o= 49. 04
100. 00 100, 00 100, 0o 100. 00 100, 00 100. 00
n.N911s] -~ 0.00115K ~-  0.001091 .-
A NH1NTY -- 0, 0019He -- 0. NQ04TT --
1. 000K% -- 000077 --  0.000975 -
4.NN154) --  N.00)43] -+ N.00|282 .-
2704 6N17 2322 R L1A 2847 &116
[te Tees rad contains about 1.3 ppm propyl mercaptan, 0.d ppr thiuphene, and 5¢ ppm COS. B-44_-604e

+

N 5 T

AT yonta san adidest wafore this

T UTE

TR eprnent was repaired alter this run.

r.n.

o F

A-41
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Bup No.

Time, hr

Basis for Analysis
Presaure, peig

Temperature, Furnace, *F

Reactor Entrance, °F
Quarter Bed, "F
Middle Bed, °F

Exit, *F

Temperature,
Ternperature,
Temperature,
Temperature,
Flow Rate, H,5.
Flow Rate, Feed, lb-mol. /hr
Flow Rate, H,0, lb-mol. /hr
Flow Rate. C.H,., lb-mol. /hr

Temperature,

lo-mol, /hr

Steam, *F
Tempersture, Benzene, °F
Feed Composition, mol %°

co

co,

H,

CH,

C;H®

N;

H,5

NH,OH

C.H,

C,H,0H

H, O

Total

Product Flow Rate, lb-mol. /hr
Product Composition, mot %

co

co,

H,

CH,

CoH*

N;

H,S

NH, OH

CoH,

C H,0H

H,0

Total

CO Consumed, i1b.mal. /hr
CO; Produced, lb-mol. /hr
H; Produced, ib-ro). /hr
HyO Uwed. lb-mol. /ny

Space Velocity, SCF/hr-cu ft

Iy-4-9
Table A-10, Part 6. LIFE TESTS
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)
20-16 20-17 20-18
RS VY1 —_— 572 5496
Dry Wet Dry Vet Dry Net
1000 1000 1000 1000 1600 1000
580 580 580 580 550 580
646 846 645 645 13 646
655 655 55 655 655 855
645 bhes 644 644 645 645
621 621 621 621 622 622
0.00007 0. 000076 Q. 000076 0. 000076 D. 000074 o Q00076
0.005038 0.012847 0.005042 0.012972 0. 005041 0,013015
-- D. 007218 -- 0.007314 - 0. 007349
- 0. 000565 - Q. 000589 -- 0.000548
900 900 900 900 900 300
240D 2HO 280 280 280 280
2).8 8. 55 2.8 8.47 21.8 B. 53
23,6 9.26 3.6 9,17 23,6 9. 24
2% 0 o, 80 25.0 9.72 25,0 9. 78
26.4 10. 35 26. 4 10.26 26.4 10, 33
8.5 0.13 G.5 0,19 0.5 0.19
1.2 0,47 1.2 0,47 1.2 0.47
.5 0.59 1.5 0.59 1.5 0. 58
- 0.21 - 0.2] -- 0.20
-- 4. 40 .- 4. 54 - 4.2}
- 56, 18 - 5536 -. 56,47
160. 00 100. 00 100, 00 100. 00 100. 00 1200, 00
0. 005846 o.012210 0. 005876 Q.011548 G. 005888 0.012398
0.1 Q0. 05 0.1 0. 05 ¢.1 0.05
35,5 16. 91 35.7 18. 16 35,7 16,95
38,5 18. ¥4 38. 4 19. 54 38.5 18,27
22.8 10. 8% 22.8 11.60 22.7 10.78
0.4 0.19 n. 4 0. 21 0.4 0.19
10 0. 47 Lo 0.51 1.0 0. 48
1.1 0. 62 1.2 0. 61 1.2 0.57
- 0. 15 -- 0.15 .- 0.16
0.4 3.8% 0.4 4. 10 0.4 3,60
.- 48,57 . 4501 - 149, 95
10¢. 00 100, 00 100, 00 100. 00 100, 00 100. 00
{.0¢1092 - 0.001093 - 0.001104 -—-
0. 0008Bé - 0. 000908 - ©¢. 000900 -
0. 000992 - 0.000997 - 0. 000994 -
Q. 001257 - 0. 002109 - 0.001280 -
2904 6095 2919 5737 2925 6159
B.44.6041

The ieed gas contains about 1. 3 ppm propyl mercaptan. 0.8 ppm thiophene, and 52 ppm COS,

N S T 1 T UT E

A-42
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Table A-10, Part 7. LIFE TESTS
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)

Run No. 20-1% 20-20 20-21
Time, hr —— 68 —597 733
Basis for Analysis Dry Wet Dry Wet Dry Wet
Presasure. pug 1000 1000 1000 1000 1000 1000
Temperature, Furnace, °F 580 580 580 580 580 580
Temperature, Reactor Entrance, °F 644 644 644 bd4 645 645
Temperatyre, Quarter Bed, °F 65% 655 654 654 655 655
Temperature, Middle Bed, *F 644 44 643 643 646 646
Temperature, Exit, 'F 618 618 618 518 617 617
Flow Rate, H,;S, lb-mol. /hr 0. 000076 0. 000076 3. 000076 0.000076 0. 000078 ¢, 000076
Flow Rate, Feed, lb-mol. /hr 0. 005075 0. 012860 Q. 005040 0.012888 0. 005035 0. 013020
Flow Rate, H;O, ib-mol. /hr -- 0.107196 -- 0.007242 - 0.007349
Flow Rate, C.H,. lb-mol /hr -- 0. up0562 -- 0. 000578 -- 0. 000609
Temperature, Steam. "F 900 900 900 900 900 900
Temperature, Benzene, *F 280 2B0 280 280 2B0 280
Feed Composition, mol "% '
co 21.8 8. 60 21.8 4.53 21.8 B.43
CO, 216 9,32 2y b 9.21% 23.6 3. 12
H, 25,0 9. K7 25,0 3. 78 25.0 9, 68
CH, 26.4 10. 42 26, 4 10, 13 26.4 10.21
cHY 0.5 0.19 9.5 0.109 0.5 0.19
N, 1.2 0.47 1.2 0.47 1.2 0. 46
H,S 1.5 0.59 1.5 Q. 59 1.5 0.58
NH,OH - .21 -- 0.21 -- 0.21
€ H, .- 4.17 . 4.48 -- 4.68
C,H,OH -- -- - -- -- .
H,O - 55.96 -~ 56. 19 == 56. 44
Total 100. Q0 10000 100, 0C 100. 00 300. 00 100, a0
Product Flow Rate, Ib-mol. /hr 0. 005989 0.012439 0. 005980 0. 012486 0. 005886 0.01245!1
Produet Composition, mol %
co 0.1 0. 0% 0.1l 0. 05 0.1 0. 05
CcO, 5.6 16. 92 is. 5 17. 00 34.3 16. 22
H, in. b 18. 13 B4 18, 39 40.0 18. 91
CHy 22.5 10, 69 2.8 10. 32 22.2 10, 50
CH* 0.3 0.19 0.4 0. 19 0.5 0. 23
N, 1.1 0. 52 1.1 0.53 1.6 ©.75
H,$ 1.3 0.62 1.3 0. 62 0.9 0. 43
NH,OH - 0.16 -- 0.15% -n 0.15
CoHe 0.4 4.02 0.4 4. 64 0.4 4. 25
€ H,O0H - -- - - - --
H,0 - - 48. 50 - - 47. 5] ~-- 48. 51
Total 100, 00 100.00 100, 00 106, 00 130. 0O 100. 00
CO Consumed, lb-mol. /hr 0.001100 -- 0.001909) -=- 0.001092 -
CO, Produced, lb-mol. /hr Q. 000906 --  0.000933 --  0.000831 --
H; Produced. lb-mol. /hr 0.00)012 - 0.00103s - o. 001095 -
H,O Uused, lb-mol. /hr 0.001164 -- 0.001310 - 0.00t309 --
Space Velocity, SCF/hr-cu ft 2935 6119 2971 6203 2924 6185
The feed pas contains about 1. 3 pprn propyl mercaptan, 0.8 ppm thiophene, and 52 ppm COS. B 44-604
} ~44-6043

A-43
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Bun Ng.

Time, hr

Basis for Analysis
paig

Pressure,

Temperature, Furnace, °F
Reactor Entrance,
°F

*F

Temperature,
Temperature, Quarter Bed,
Middle Bed,

Exit, "F

Temperature,
Temperature,
Flow Rate, H;5, h-mol. /hr
Flow Rate, Feed, tb-mol. /hr
Flow H;O, lb-mol. /hr
Flow CH,. 1b-mol /hr

Temperature, Steam,

Rate,
Rate,
‘F
Benzene, °F
Feed Compasition, mol %"

co

co,

H,

CH,

c,H,”

N,

H,S

NH OH

CH,

C H,ORH

H 0

Total

Product Flow Rate,

Temperature,

Ib-mol. /bt
Product Composition, mol %

co

CO;

H,

CH,

ot - s

N,

H,5

NH,OH

CH,

C H,O0H

H;0

Total

CO Consumed, lb-mol. /hy
CO, Produced, lb-mol. /hr
H; Produced, lb-mol. /hr
H;O Used, lb-mol, /hr

Space Velacity. SCF/hr.cu ft

1U-4-9
Table A-10, Part 8, LIFE TESTS
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)

20-22" 20-23 20-24

— 757 184 808
Dry Wet Dry Wet Dry Wer
lo00 jooo 1000 I Lols] 1000 1000
580 580 580 580 580 580
*F 643 643 656 656 659 659
65) 651 &51 651 649 649
b45 645 643 643 644 644
616 616 615 618 614 614
0. 000075 0. 000075 Q. 00007 0. 000075 0. 000075 0. 000075
0. 004995 0.012794 0.005011 G. 012790 ¢, Q05005 0.012858
-« 0,007213 - 0.007200 -- 0. 007260
-- 0. 00058) - 0, 60057% - 0. 000590
300 900 900 900 900 900
280 280 280 289 280 280
21.8 8.51 21.8 8. 54 21.8 8.48
23. 6 G, 22 23. 6 9,25 23.6 9. 18
25.0 9. Th 5.0 9, HO 25.0 9.73
2b. 4 10. 31 26.4 0. 34 26.4 10,29
0.5 0.20 0.5 0,20 0.5 d.19
1,2 0. 47 1.2 0.47 | 0,47
1.5 0. 60 1.5 @. 59 1.5 0_58
- 4. 54 - 4.50 - 4. 59
-a 0,03 - 0,03 - 0.0}
- - 56. 36 - 56. 28 -- 56. 46
100, ¢O §00. 00 1040, 90 109Q. 00 100, 00 EQD. GO
0. 005813 0.012235 9. 005806 0.012336 0. 005%83 0.012070
0.1 0.05 0.1 0. 05 0.1 0.05
34.5 16, 44 14.5 16.24 34.4 15. 92
39.5 18,83 19.6 18. 63 40.0 18. 60
22.4 10, 68 i2.5 10, 59 22.1 10.22
0.5 0.24 0.4 0.19 0.5 0,23
1.6 0,76 1.6 0.75 1.6 0,74
1.0 0.47 9.9 0.42 0.9 C.41
0.4 4,48 0.4 4,32 0.4 4.47
- 0.02 - 0.02 - D.02
- 48,03 - 48, 79 -- 49, 44
100, 00 i0g. 00 100, 00 100. 00 100, 00 100,00
0, 001082 - 0. 00)08e - 0.001085 -
Q. 000833 -m 0, 000820 - 0. 000740 -
0.001055 --  0.001046 --  0.000982 -
0,00]348 - 0. 001108 - 0.001292 -
2894 6078 2884 6128 2773 5996
B-44-604h

The feec gas contains about 1. 3 ppm propyl mercaptan, 0.8 ppm thiophene. and 52 ppm COS,

* Phenol was added before this run.
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Both phencl and ammonia were added before this run.

A-45

4/79 TU-6-9
Table A-10, Part 9. LIFE TESTS
(Girdler 6-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)
Bup No. 20-25 20-26" 20.27
Time, hr 231 903 370
Basin for Analysis Dry Wet Dry Wet Dry Wet
FPressure, peig 1000 1000 L0060 1000 1000 1060
Temperature, Furnace, *F 580 580 580 S80 580 580
Temperature, Reactor Entrance. “F 660 660 665 665 664 864
Temperature, Quarter Bed, *F 650 4490 650 650 650 650
Temperature, Middle Bed, *F 643 643 644 bd4 b4l 641
Temperature, Exit, 'F 615 b15 615 615 615 615
Flow Rate, H,S, lb-mol. /hr 0. 000075 0. DDOOTS 0.000075 Q. 000075 Q,000075 0. 6O007S
Flow Rate, Feed. lb-mol. /hr .¢. 005007 0.012746 0.035016 0.013019 0. 005025 0.012429%
Flow Rate, H;O, lb-mol. /hr -- 0.007174 -- 0.007389 -- 0.006782
Flow Rate, C.H,, lb-mol, /hr .- 0. 000561 - 0. 000584 -- 0. 000594
Temperature, Steam, 'F 900 900 300 900 900 960
Temperature., Benzene, *F 280 280 280 280 280 280
Feed Composition, mol ot
[ste] 2.8 8. 57 2i. & 8. 40 21.8 a.8)
CO, 2.6 927 231.6 q9.09 2.6 9. 54
H; 25. 0 9. B2 5.0 9.63 25.0 1. 11
CH, 26.4 10. 37 2b6. 4 10.17 2b.4 10. &8
CH,* 0.5 0,20 0.5 0,19 0.5 0. 20
N; 1.2 0.47 .z 0. 46 1.2 0. 48
H,5 1.5 a. 59 1.5 0. S8 1.5 0. 40
NH,OH -- -- -- 0.21 -- 0.20
C.H, - 4.40 -- 4.48 . 4.78
C HOB -. 0.03 - 0. 03 -- 0.03
H,0 - - 56. 76 - 56. 76 e 54.57
Teotal 100, 00 160. 00 10¢. 00 100. 00 100. 00 180, o0
Product Flow Rate, lb-mol, /hr ¢. 005933 0.0123% 0.005892 D.012488 0.005843 0.0)2022
Product Composition, mol %
co ot 0.0% 0.2 0. 10 0.2 0,09
cO; 4.3 16, 44 34.1 16. 18 4.2 16.63
H; 39 9 16,13 9.7 1B. 1 19,3 19.10
CH, 22.3 10. 69 22.1 10. 52 2.8 11.08
CHS 0.5 0.24 0.% 0.23 0.5 0. 24
I, 1.6 0. 77 1.7 0. 80 1.8 0.73
H,;S 0.9 D, 43 0.9 0.42 1.1 0.53
NH,OH -- . - 0. 16 -- 0.17
CH, 0.4 4.27 0.4 4.09 0.4 4.23
C.H,OH - Q.62 - 0.02 -- ¢.02
H0 - 47,96 . 48. 75 - 47.18
Total 100. 00 100. 00 100, 00 100. 00 100, 00 100, 00.
CO Consumed, lb-mol. /hr 0. 001086 -~ 0.001081 --  0.00]1089 —u
CO, Produced, lb-mol. /hr 0, 000853 -- 0.000837 -- 0. 000818 -
H, Produced, lb-mol. /hr 0.001115 .- G.001085 - 0. 001040 --
H;O Used, lb-mol, /hr 0.001237 -~ 0,001306 -~ 0.001110 .-
Space Velocity, SCF/hr-cu ft 2947 bG48 2929 6204 2901 5972
" The feed gas contains about |. 3 ppm propyl mercaptan, 0.8 ppm thiophene. and 52 ppm COS. B-44-604i
- - 1
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Table A-10, Part 10. LIFE TESTS
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)
Run No. 20-28 20-29 20-30
Time, hr —— 398 1070 111 B
Basie for Analysis Dry Wet Dry Wet Dry Wer
Pressurs, peig 1000 1000 1000 1000 loq0 tooo
Temperature, Furnace, *F 580 S80 s8p 580 580 580
Temperature. Reactor Entrance, *F 663 663 665 665 614 674
Temperature, Quarter Bed, "F 650 650 650 650 664 bo4
Temperature, Middle Bed, *F 541 641 642 642 655 655
Temperatare, Exit, °F 615 615 615 615 625 625
Flow Rate, H,S, Ib-rmol. /hr 0.000076 0. 000076 0.000076 0. 000076 0. 000076 0. 000076
Flow Rate, Feed, lb-mol. /hr 0.005034 0.01293) 0. 005045 0.012990 0. 005045 9.012990
Flow Rate, H;O, lb-mol, /hr -- 0.007308 -- 0. 007349 -- 0,007373
Flow Rate, C.H,, lb-mol. /hr == ).000558 -+ 0.0005b65 -- 0. 000555
Temperature, Steam, °*F 900 900 300 900 900 900
Temperature, Benzene, *F 280 280 280 280 P4:1s) 280
Feed Composition, mol 7"
<o 21,8 B, 48 21.8 8.47 21.8 8.47
CQ, 23. 6 9.19 23. 4 9,17 23. 6 9,17
H; 25.0 9. 74 25.0 9. 71 25,0 9. 72
CH, 26.4 10. 28 26. 4 10. 2% 26. 4 10.25
C;H,* 0.5 0.19 0.5 0.19 0.5 0.19
N; 1.2 Q. 46 1.2 0. 47 1.2 0. 47
H,S 1.5 0, 59 1.5 0.59 1.5 0,59
NH,OH .- 0.21 -- 0.21 -- 0.21
C4H, -- 4,32 - 4.135 - 4,33
C,H,OH - 0.03 -- 0.03 -- 6. 03
H;0 -- 5651 - 56. 56 - 56, 58
Total 100, 00 100. 00 100. 09 100, 00 100. 00 100. 00
Product Flow Rate, lb-mol. /hr 0.005822 0.012545 0, 00584) 0.01260} 0. 005977 0.013876
Froduct Composition, mol %
co 0.2 0. 09 0.2 0.09 0.2 0.08
CO, 4.2 15.90 34,2 15.90 34.1 4. 70
H, 39.3 18,22 38.8 17.98 19.5 17. 0]
CH, 22.8 10. 58 23.1 10. 7} 22.1 9,77
C,R* 8.5 0.23 0.5 0.23 0.5 0.22
N, 1.5 0. 69 1.5 8. 69 1.5 0. 65
H;5 1.1 0.35] 1.2 0. 56 1.1 0. 4§
NH,O0H -- Q.16 -- 0.16 .- 0.16
CH, 0.4 3.85 0.4 3,82 0.4 .19
CH,OH .- 0. 02 - 0,02 -- 0.¢01
H,0 - 49, 75 -- 49. 84 - 53,13
Total 100, 00 100. 00 100. 00 100. o0 100, oD 100, 00
CO Consumed, lb-mol. ‘hr 0. 00109] - 0, 001094 - 0,001094 -
CO; Produced, lb-mol. /hr 0. 000809 -- 0. 000818 - 0. 00-0853 --
H; Produced, ib-mol. /hr 0. 001029 - 0. 001005 -- 0. 001100 -
HyO Uaed. lb-mol. fhr ©. 001067 .. 0. 001069 - 0, 000655 --
Soace Velocity, SCF/hr-cu ft 2892 6232 290) 6260 2969 6893
The feed gas contains about 1, 3 PPmM propyl mercaptan. 0.8 ppm thiophene, and 52 ppm COS. B-44-604;
A-46
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Table A-10, Part 11.
(Girdler G-93 Comcloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)

Bun No.
Time, hr

Basis for Anslysis

Preasure, psig
Furnace, °‘F
Reactor Entrance, "F

Temperature,
Temnperature.
Temperature, Quarter Bed, "F
Midele Bed, *F
Temperature, Exit, *F

Flow Rate, H;S. lb.mol. /hr
Flow Rate, Feed. lb-mol, /hr
H; O, lb-mal. /hr
C.H,, lb-mot. /hr

Temperature,

Flow Rate,
Flow Rate.
Temperature, Steam, °F
Temperature., Benpene, °F
Feed Composition, mol '

o

cQ,

H,

CH,

C,H,”

N

H,S

NH,OH

C.H,

C H,0H

H,0

Tatal

Product Flow Rate, lb-mol, /hr

Product Composition, mael %

co

CcO

H,

cH,

CH

N

H,5

N, OH

CuH,

C H;COH

H,;0
Toral

CQO Consurned. lb-mol. /hr
CO, Produced, lb-mol. /hr
H; Produced. lb-mol. /hr
Hz© Used, lb-mol. /hr

Space Velocity, SCF/hr-cu ft

0.
Q.

0.

LIFE TESTS

TU-4-9

o o o 9

The feed gzas contains about 1. 3 ppm propyl mercaptan, 0.4 ppm thiophene, and 52 ppm COS.

A-47

20-31 20-32 20-33

1143 1162 1234
Dry Vet bry Wet Dry Wet
1000 1000 1000 L1000 1000 1000
580 580 580 SB0 580 580
66] 661 653 658 659 659
649 649 649 649 649 649
642 642 641 b4l 642 642
614 bl4 614 614 615 615
oao007Ts £. 000075 0. NODo7s 0. D00A7S a.0000?s 0. 000078
a05029 0. 013067 0, 005025 0.012965 0. 005035 0.013069
- Q.00744] -- 0.007345 -- 0.007349
-- 0. 000565 .- 0.D00564 - 0. 000655
900 900 900 900 900 900
240 280 280 280 280 280
21.8 8. 39 21.8 8. 45 21.8 8. 139
23.6 9. 08 23.6 q.15 23. 6 9. 09
5.0 9. b2 25.0 9. 6% 25.0 9. A3
26. 4 10, 17 26.4 10, 24 26. 4 10.17
Q.5 0. 19 0.5 0,19 0.5 0,19
1.2 0. 46 1.2 0. 46 1.2 0. 46
1.8 0. 57 1.5 D. 58 1.5 0.57
.- 0.21 -- 0.21 -- 0.20
- +.32 - 4. 135 .- 5.01
-- 0.03 -- 0.03 -- 0. 04
-- 56. 96 -- 56. 65 -- 56,25
100. 00 100, 00 100. 00 100, 00 100. DO 100, 00
G05809 G. 012512 0. 005881 0.012495 0.005843 0.012391
0.1 ¢.05 0.2 0.09 0,2 3.09
34.3 15. 92 34.3 16. 1% 34.3 16,18
39.5 18. 34 39.5 18. 60 39.5 18. 63
22.17 10. 54 22.7 i0. 68 22.6 10. 66
0.5 0.23 0.5 0.23 0.5 0,23
1.5 0.70 1.4 0. 66 1.4 0. 66
1.0 0. 46 1.0 0.47 k.1 0. 51
-- 0.16 -- 0.l6 -- 0.16
0.4 4.08 0.4 3. 79 0.4 4. 62
-- 0.02 - 0,02 - 0.02
- 49, 50 —- 49. 14 - 48. 24
100. 00 }00. 00 100. 00 100, 00 100. 00 100, 00
. 001090 - 0. 001089 -- 0. 001091 -
000805 -- 0.000B38 -- 0.000822 .-
. 001038 -- 0.001068 -- 0,001049 -
. 001248 -- a, 003208 - 0.001372 --
28485 6216 2922 6207 2902 6156
B.44-604k
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Table A~10, Part 12.
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,

Bup No.

Time, hr

Basis for Analysia

Pressure, psig

Temperature, Furnace, *'F
Reactor Entrance,
Quarter Bed, °F

Middle Bed, "F

Temperature,
Temperature,

Temperature,

Temperature, Exit, °F
Flow Rate, H,S, lb-mol. /hr
Flow Rate, Feed, lb-mal. /hr
Flow Rate, H,0, lb-rmol /hr
Flow Rate. C.H,, 1b-mol. /hr
Temperature, Steam. °F
Temperature, Benzene, 'F
Faed Composition, mol ot

coO

co,

H,

CH,

C,H,”

N

H,S

NH,OH

CeH,

€,H,0H

H,0

Total

Product Flow Rate, lb-mol. /hr

Product Composition, mol %
co
o,
H,
CH,
C;H*
NZ
H,S
NH,OH
CH,
C.H.OH
H,O

Total

CO Consumed, lb-mol. /hr
CO; Produced, !b-mol. /hr
H; Produced., lb-mol. /hr
H;O Used, lb-meol. /hr

Space Velocity., SCF/hr-cu ft

LIFE TESTS

4 x 6 Mesh Spheres, 20.2 g)

IU-4-9

20-14 20-35" 20-16

—_]234 ——1263 1309—
Dry Wet Dry Wet Dry Wet
1000 1000 1000 1680 1000 1900
540 580 580 580 580 580
'F 655 655 660 660 660 660
649 649 653 653 654 654
643 643 641 643 642 642
615 6158 613 611 £16 616
0.000076 0.000076 0.000106 0.000106 O, 000106 0.000106
0. 005032 0.012977 0, 005053 0.013%58 0. 005029 0.012374
--  0.007349 .- 0.00791) -- 0.027349
-- 0. 000565 - 3. DOOSEL -- 0, 000565
900 900 900 300 900 960
280 280 F4:14 280 280 280
21.8 B, 45 24,1 8.98 241 9.34
23,6 9.15% 24.7 9.20 24.7 .57
25.0 9. 69 i6. 5 &. 16 16.5 6. 40
26. 4 10,23 ELER | 11,22 30.1 11.67%
0,5 0.19 0.6 0,22 [ Q.23
i.2 0. 46 1.9 0.71 1.9 0. 74
1.5 0. 59 2.1 0.8 2.1 0.82
-- 0. 21 -- 0.21 -- 0.21
- 4.35 - 4. 14 -- 4.18
-- 0.03 -- 0.0} - 0.03
== 56, 65 -- 58. 3% -- 56. 64
100. 00 100, 00 100, 00 160, 00 100, 00 100, 00
0. 005839 a. 012952 0. 005945 0.012696 0,00%501 0.012266
0.2 0. 0% 6.3 0.09 0.3 0,10
141 15. 46 39. 4 18. 49 39.13 18,95
319.2 17. 68 30. 5 14.28 30, & 14.73
22,8 10,28 26. 6 12, 46 26. 6 12.79
0.5 0.22 &4 0. 19 D.4 0. 20
1.5 0. 68 1.3 0.6t 1.3 0. 63
1.1 0. 49 . 1.2 a, 56 1.2 0. 58
-- 0.16 -- 0. 16 .- 0,16
0.4 4.33 0.3 3. 97 ¢.3 4.20
- 0,02 - 0.0) -- 0. 02
== 50, 59 -- 49. 18 -- 47, 64
100, 00 100, 00 100.00 10¢. 00 100, 0¢ 100. oo
0. 001067 -- €. 001206 -- 0,001200 -
0. 000815 -- 6. 001100 -~ 0. 001083 -
0. 00103] -~ 0.000879 - 0.000976 --
0, 600796 -~ D.001667 -= 0.081505% -
2900 6434 2453 6307 2931 6094

The feed gas contains about 1. 3 ppm propyt trnercaptan. 0.8 ppm thiophene. and 52 ppm COS.

B-44.46041

* The inlet foed systern was cleaned after this run. The flow rate of the feed g+3 was doubled.
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Table A-10, Part 13. LIFE TESTS
(Cirdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g}
Bun No. 20-37 20-18 20-319
Time, hr 1341 1365 1391
Basis for Analywsis Dry Wet Dry Wet Dry Wet
Pressure, ptig 1000 1000 1000 1000 1000 1000
Temperature, Furhace, 580 580 580 580 580 580
Temperature, Reactor Entrance, °F 677 6?7 bB1 681 676 676
Temperature, Quarter Bed, °F 661 661 b6l 662 659 659
Temperature, Middle Bed, °F 664 664 665 665 662 b62
Temperature, Exit, °F 636 636 634 534 636 636
Flow Rate, H,5, lb.mol. thr 0, 000206 0. 000206 0. 000207 0.000207 6. 000203 0.000203
Flow Rate, Feed, lb-mol. /hr 0, 009806 0.025220 0, 009861 0.025521 0., 009489 0.02%5091
Flow Rate. H;O0. lb-mol. /hr .= 0.014362 - 0.01461& .- 0.014349
Flow Rate, C.H,. lb-mol. /hr .- 0, 000992 -- 0.00098% .- Q. 000993
Temperature, Steam, °F 900 900 900 900 300 900
Temperature, Benzene, 280 280 280 280 2RO 280
Feed Composition, mol "
co 24.1 9.37 Z4.1 %.31 24, 9. 31
COy 25.0 9.2 25.¢ 9. 66 25.0 9. 65
Hy i6.3 6. 34 16.3 6. 30 16.3 6.29
CH, 310.0 11. 66 0.0 Fi. 59 30.0 11,59
CHS 0.6 0,23 0.6 0.23 0.6 0.23
N,; 1.9 0.74 l.9 0.73 1.9 0.73
H;5 2.1 0. 82 2.1 0.8t 2.1 0.81
NH,CH -- 0.2t -- 0.21 .- 0.21
C.H, -- 3.93 -- 3. 88 -- 3. 96
CH,OH -- 0.03 -- @, 03 -- 0. 03
H,0 - 56. 95 -- 57.25 -- 5719
Total 10G. 00 100. Hi 100. 00 100. 00 100. 00 104. 60
Product Flow Rate, lb-mol. /hr 0.011)MN 0. 62417} 0.011270 0.024265 0.011190 0.024140
Product Composition, mol 0
co 0.7 0,32 0.6 Q.28 0.7 0.32
[ 67) 19. 5 18. 26 39.5 18,15 39.5 18.32
H,; 29. 8 13,77 30.0 13,92 29,9 13.86
CH, 26.9 12. 43 26.7 12,40 26. 7 12. 38
C,H,* 0.4 0.19 0.4 o.19 0.4 0.19
N, 1.3 0. 60 1.3 .61 1.3 0. 60
H,S 1.1 0.51 1.2 0. 56 i.2 0. 586
NH,OH -- 0. 17 -- 0.16 -- 0.17
CuH, 0.3 3. 87 0.3 3.26 0.3 LR
€, H,OH -- Q.02 -- 0.02 -- 0.02
H,0 .- 49.B6 - 50. 24 o 49.86
Total 100. 00 100. 00 100. 00 104. 00 100,00 160. 00
CQ Consumed, lb-mol. /hr Q. 002185 - 0,002309 -~ 0.002257 .-
CC; Produced, lb-mol. /hr 0.001961 -- 4. 001987 - 0.001998 --
H, Produced, lb-mal. /hr 06.001731 - ¢. 001774 --  0.0017467 -
H;0 Used. lb-mol. fhr 0.002310 -- 0. 002420 -- 0. 002311 -
Space Velocity, SCF/hr-cu ft 5550 12,008 5599 12,005 5559 11.993
The feed gas contains about J. 3} ppm propyt mercaptan. 0.8 ppm thiophene, and 52 ppm COS.
B -44-604m
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Table A-10, Part 1l4. LIFE TESTS
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 20.2 g)
Run_Ng. 20-40 2041’ 20.42
Time, hr — 1415 — 22— 1487
Basis for Analysis Dry Wet Dry Wet Dry Wet
Pressure, psig 1000 1000 1000 1000 1000 1¢00
Temperature, Furnace, 'F 580 580 580 580 580 580
Temperature. Reactor Esntrance, *F 677 677 680 &80 676 616
Temperature, Quarter Bed, "F 661 661 670 670 670 670
Temperature, Middle Bed, °'F 643 663 680 680 677 477
Temperuture, Exit, °F 636 (313 656 656 656 656
Flow Rate, H;S, lbh-mol. /br 0.000201 ©.00020) C.00027S 0.000275 0, 000269 0. 000269
Flow Rate, Feed, lb-mol, /hr G. 009580 0. 024481 0.012479 0. 033087 0.01224] 0. 034424
Flow Rate, H,0, lb-mol./hr .= 0, 013804 --  0.019127 - 0, 020635
Flow Rate, C.H,, lb-mol, /hr -- 0,001038 - 0.001276 -- 0.001339
Temperature. Steam, "F 900 900 900 900 900 900
Temperature, Benzene, °*F 280 280 2ao 280 280 280
Feed Composition, mol %°
co 24.1 9. 43 24.4 9.20 24.4 8. 68
CO, 25.0 9. 78 24.8 5.35% 24.8 B. 82
H; 16.3 6. 348 11,0 6.41 17.0 6. 05
CH, 3g. 0 11.75 30.1 11.35% 0.1 10. 70
oM 0.6 0.23 0.6 0.23 0.6 6.2
N, 1.9 0. 74 1.9 0,72 1.9 0. 68
H,;§ 2.1 0.82 2.2 0,83 2.2 0.78
NH, OH - 0.21 . 0. 21 -- 0.22
CH, -- 4.24 -- 3. 86 - 3. 89
CHOH -- Q.03 -- 0.03 -- 0. 03
H;O .- 56,39 == 57.8] e 59, 94
Total 100. 00 100. 00 10¢. g0 100, 00 100. 06 100. 00
Product Flow Rate. lb-mol. /hr 0.0J0897 0.023672 0.015%14 0.033014 0.014752 0.033636
Product Composition, mol %
co 9.7 0. 32 1.4 Q.66 i.5 0. 66
COy 39,5 18.18 19,4 18, 62 39. 4 17.28
H; ino 11,82 30.0 4. 10 30.0 13. 16
CH, 26.7 12. 29 26.0 12,22 26.0 11. 40
CaH,* ¢.4 0.19 0.5 0.23 0.5 0.22
N, 12 0.55 1.2 0. 56 1.2 0.53
H,;5 1.2 0. 55 1.1 Q.51 1.0 0, 44
NH,OH -- 0.17 -- 0.16 -- 0.17
C.H, 0.3 3.74 0.4 3.81 0.4 4.16
C H,OH -- 0. 02 - 0,02 .- 0.02
H,0 e 5017 - 49. 11 - 51.89
Total 100. 00 100. 00 100, 2C 100, 00 100. 00 100, 00
CO Consumed, lb.mot. ‘hr 0.002233 - 0. 002828 -- 0. 002766 -
CO; Produced, lb-mol. /hy 0. 001909 -- 0.002918 -- 0.002776 --
H; Produced, Llb-mgol. /hr 0. 001707 -—- 0. 000253 -- 0, 002345 --
H;O Used, lb-mol. /hr 0. 001926 -a 0, 002941 -- 0, 001155 -
Space Velocity, SCF/hr-cu It 5414 11,761 1783 16,562 1401 16,874
The feed gas contains about 1.3 ppm propyl mercaptan, 0,8 pprn thiophene, and 52 ppm COS. B-44-604n0
T Tota! space velocity was tripled.
A-50
N & T 1T NT E [ ~ & = ¥ F A~ H N A1 N nrV
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Table A-10, Part 15.

(Girdler G-93 Comoloy High-Temperature Shift Catalyst,

LIFE TESTIS

4 x 6 Mesh Spheres, 20.2 g)

Ruo_No.

Time, hr

Basis_for Analysis

Pressure, psig

Temperature, Furnace, *F

Tempersture, Reactor Entrance.

Temperature, Quarter Bed, "F

Temperatute. Middle Bed, *F

Temperature, Exit, *F

Flow Rate, H,S,

lb-mol. /hr

Flow Rate, Feed, lb-mol. /hr

Flow Rate, H;0,

ib-mol, /hr

Flow Rate, C,H, lb-mol, /hr

Temperature, 5t

eam, °"F

Temperature, Benzene, °F

[ 3
Feed Composition, mol %

co

co,

Hy

CH,

o H*

N

H,S

NH,OH

C,H,

€ H,OH

H,0
Total

Product Flow fate, lb-mol. /hr

Product Composition, mol %

cO

CO,;

H;

CH,

CH*

N

H,S

NH,OH

CeH,

C4H,0H

H,0
Total

LA

€O Consumed, lb.mol, /hr
CO; Produced, lb-maol. /hr

H; Produced. lb

-motl. /hr

H;O Used. 1b-mol. /hr

Space Veloeity,

SCF/hr-cu ft

‘F

" The fred gas contains about L. 3 ppm propyl mercaptan,
0.8 ppm thiophene, ard 52 ppm COS.

A-51

20-43

—— [HEY
Dry Wet
1000 1000
580 580
676 676
470 b0
678 678
b%6 656
0 000268 0, 000268
0.012192 0. CI4BE4
-- 0. 020984
.- 0. 001498
500 900
F4-14] 280
4.4 8. 51
24 8 B &b
7.0 5. 94
30.1 10, 51
0.6 0.2)
1.9 0. 66
2.2 0.76
- a, 22
-- 4.29
- - ¢, 03
.- 6017
100. 00 100. 00
0. 015080 0.034212
1.5 0, &b
19. 5% i7.4}
29.9 1y 18
26.0 11. 46
0.5 Q.22
1.2 0.53
i.0 0. 44
.. 1. 17
0.4 4. 02
-- 0.902
-- 5). 89
100, 00 100, &0
0. 002749 -
0. 002934 --
0. 002437 -
¢. 003233 .
7565 17,208

B-44.6040

IU-4-9
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Table A-10, Part 16.

IU-4-9

LIFE TESTS

(Girdler G-93 Comoloy.High-Temperature Shift Catalyst,
4 x 6 Mesh Spheres, 29.2 g)

Bun No.

Time, hr

Basis for Analysis

PRE
Temperature,

Presaure,
Furnace., "F
Reactor Entrance. “F
*F .

Temperature,

Tenperature, Quarter Red,

Temperature, Middle Bed, 'F
Temperature, Fxit. 'F
Flow Rate, H;5, ls-maol. /hr
Flow Rate, Feed, Ih-mol. /hr
Flow Rate, H,Q. Ilh-mual, ‘thr
Flow Rate. C.H,. 1b-mol. /hr
Temperature, Steam, °F
Temperature, Benzene, °F
Feed Composition, moi *°

co

CO,

M,

CH,

cH*

Ng

H,S

NH,

C.H,

C,H.OH

H,O

Total
Product Flow Rate,
Product Composition, mol %
ce
cO,
H,;
CH,
CH,*
Ny
H:S
NH;
CH,
C,HOH
H;0
Total

r-mol, fhr

CO Consumned, lb-mei. /hy
COy; Produced, lb-mol. /hy
Hy Produced, lb.mol. /hr
H;O Used., lb-mol, /hy

Space Valocity. SCF/hr-ca fi

20-44 20-45
LSRR iol}
Dry Wer Dry Wet
jana Toow 1000 100n
70 T 70 730
ns THs 765 TS
ERLOS 40 "7 H1T
w{hY MO HOU ROQ
114 T 774 775
U, 000270 #0270 ot a a2
O, 01288 0 ays020 0012zt LR NI ER
-- 0 u2ings . Q 0Xam2|
-- 0 pojs]2 - 0 0gl7ly
o 900 Ho Q00
280 240 280 F4.14
4.4 H 55 24 4 8 51
24 8 4 0 24 8 847
16 0 5 tf I 0 5 94
o1 10. 54 3001 1¢ 53
a6 021 o6 9 21
(] 0 67 1 3 0 6b
22 0?7 22 [
-- 0.22 -- o 23
-- 4 32 - 4 91
.- 0.0} .- Q.04
-~ 60. 04 -- 59.51
o0 o . lo0 o Hon 0 100 ¢
0. Or4K24 0 034053 0 014732 0 0343183
| | o H 1K .77
1o 4 17 1% 9. 6 16 97
29 7 12 93 29 & 12 b4
59 11. 28 26.0 11,14
0.5 0.22 0.5 .22
13 0.57 12 0 5]
[ 0 43 10 0.43
.- 0.17 -- 0.17
04 4 %4 0 4 4.67
-- 0.02 -- 0.02
-- 52.21 == 52 46
100. 0 100.0 t00. ¢ 100 0
0. pO2730 -- 0.0D2719 -
0.00279% -- 0. 002801 --
0.0021315 -- ¢ 002287 -
0,003246 .- 0 902783 -
73613 16,913 7317 17,017

* 1he feed cas contsins abour ). 3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm

carbonvl sulfide

I T U T E 0 F

A-52

B -84-1064a

T ECHMNOUL OG Y



4179

BRun Ne.

Time, hr

Table A-10, Part 17.
(Girdler G-93 Comoloy High-Temperature Shift Catalyst,

4 x 6 Mesh Spheres, 20.2 g)

Basis_for Analysis

Pressure, peig

Temperature, Furnace, 'F

Temperature, Reactor Entrance,

Temperature,

garter Bed, °F

Temperature, Middle Bed, *F

Temperature, E
Flow Rate, H,S.

xit. "F
Ib-mol. /hr

Flow Rate, Feed, lb-mol. /hr

Flow Rate, H,;O

. lb-mal. /hr

Flow Rate. C,H,. lb-mol, /hr

Temperature, Steam, °F

Temperature. B

enzene, ‘F

Feed Cotmposition, mol "

co

[ste

H,

CH,

CH,”

Nz

H;S

NH;

CiH,

T H,OH

H,O

Total

Produc¢t Flow R

ate, Ib-maol. /hr

Product Cumposition, mo! %

co
co,
H;

CH,

C,14,*

hF

H,S

NH,y

CoH,

C HOH

H,0

Total

CO Consumed.
CO, Produced,

Ib-mol. /hr -~
Ip-mol. /hr

H,; Produced, lb-mol. /hr
H;O Used. 1b-mal. /hr

Space Velocity.

SCF/hr-cu ft

LIFE TESTS

20-46 20-47
1637 1647
Dry Wet Dry Wet
1000 100¢ 1000 1000
710 730 730 710
°F .. - - .
316 H16 KiO H10
H00 400 791 91
775 715 65 55
0 000252 0 boo2s2 0 ano1os o OnOt0S
o 012030 0 034A84 0 005012 ¢ 0]30]6
-- 9 020943 -- ¢ 007344
-- 0 00l701 -- ¢ Q00575
900 200 300 900
280 280 280 280
25 0 8 62 25 0 4 60
24 7 8 52 4 7 9 5]
15 4 5 bk 15 4 & 32
10 1 10 4% 3003 1 67
Q9 & 0 2 06 Q21
1.9 Q 66 9 o 73
21 9 72 21 0 81
.. 022 -- 9. 21
.- 4 &8 .- 4. 43
.- o 04 -- [}
-- 60 02 -- 56 4t
160 9O 100. O 100 © 100 0
¢ 0l49l10 a. 034267 o OD4BOS 0. 012505
18 0 TH o7 0 33
19 3 i7 10 32 5 18 )4
0.0 13 0% 29 9 131 48
25 7 11 18 26 B 12 44
0s 0.2z 0 4 a 1A
10 ¢ &7 11 0. 60
13 o 43 13 0. 51
. D17 -- a 16
0.4 4 b5 a3 4 24
- n ooz .- Q9 02
- = St 81 - - 4% 30
100 © 100. 0 log 0 100.0
0 002740 -- o onj212 .
0 002888 - 0 001055 --
0 Q02500 -- 0 000904 --
0 QOIINY . -- 0 ONIIBs -
7405 i7.020 2ME3 6211

* The feed cas contains aboul | ) ppm propyl mercaptan, 0. ppm thiophene. and 52 ppm
carbonvi sulfide

A-53

B-b4-1064b

IU-4-9
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Table A-11, Part 1. LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16~Inch Extrudates, 21.0 g)

Rin Ne. 21-1 -2 21.3
Tirme, hr 1 —2 4
Basis for Anslysie Dry Wet Dry Wet Dry Wer
Fressure. paig 1070 1000 1001 1000 1000 1000
Temperature, Furnace, °F 580 80 80 580 580 580
Tempersture, Reactor Entrance, "F b4t 643 655 656 653 453
Temperature, Quarter Bed, *F b4n b4y 640 640 b4} 64}
Tempersture, Middie Bed, *F &0 6lo 6} 613 6l5 615
Temperature, Exit, *F 64 g &0s 0% 605 605
Filow Rate, HiS, lb-mol, /by 0. 000Ukl 0 OMORE n. D 0nRe 0 0000HE 0. 007" 85 0. 00pCB6
Flow Rate, Feed, lb-mol. /hr D 005046) 0. 012350 ¢ 0050413 0.7)23%0 0 015063 0.01235¢
Flow Rate, H,0, lb-mel. /hr -- 0 NpT28T -- 0 007287 - 0. 07287
Flow Rate. C.H,, Ib-mol. /hr -- .- -- - .- ..
Temperature, Steam, 'F M0 900 900 900 900 900
Tempersture, Benzene, *F 281 28n 280 280 280 280
Feed Compasition, mol . ®
co 20 4 LT 20 4 4 14 20. 4 8.36
CC, 23 1 v 4K 23 1 9 4K 23 3. 48
H, 20 & 8 45 20 b H 4% 20. 6 8 45
CH, 12. 4 11, 24 12 4 i} 28 32 4 13.28
C,H,* °os 0 20 e 5 ¢ 20 0.5 0.20
N, 13 0 53 1.3 ¢ 53 1.3 0.53
H,5 17 0.70 17 070 17 0.70
NH, .- -- .- . .- .-
C.H, e .- .- . - .-
CH,OH - - - .- - --
H;0 -- 59 00 - 59.0" - 59 00
Total 000 100. 0 F00. 0 190 n ton. 0 100. 0
Produet Flow Rate, lb.rnol. /hr 0. 0usbIA 0012558 0- 904787 0.012444 0. 005804 9 .012319
Product Composition. mol =,
co 1l & 5 17 T T 44 y 5 1 68
CO, n oy 12 8] i ? 14 44 18 7 16 51
H‘- 2% & 11 7% 2h R 12 b .7 14. 42
CH, FLINY 14 M) 27t 15 i5 4.0 13 85
cH?* 0.4 ¢ 19 0 4 019 U4 ¢ 19
N, 12 0 &6 1.2 057 .2 a.5%8
H;5 15 0. 69 15 0.70 I s 0 72
NH, .- .- ~- . _ - -
CH, - - -- .- .- --
CiH,OH .- - .. .. .- .-
H;0 =~ 53 B2 -- 52 82 .- 52 05
Tota) 100.0 100. 0 1000 100 a 100. 0 100. 0
€O Consumed, lb-mal. fhy 0. 00034} - LS 0 0D"594 - 0. 000824 -
CO,; Produced, lb.mol. /hr 0.000482 .- 0.000661 - 0. cooas2 e
H; Produced. lb-mel. /hr 0.000472 .- 0.00055¢ .- 0.000747 =
H;O Used, lh-mol. /hy 0. 000349 -- 0 000609 - 0. 000830 -
Space Velocity, SCF/hr-cu it 2261 5062 2320 won7 2359 4957

*1ne teed pas contains ahout 1. 3 ppm Propyl mercaptan, D K ppm thiophenc, and 52 PP™M carbonyl sullide,
B-64-1065%a

A-54
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Table A-11, Partc 2.

LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)

IU-4-9

Run Ne. 2i-4 1.5 Y 1 1 T
Time, br & 30 198
Bagis for Annlyais Dry Wer Dry Wet Dry Wer
Pressure, psig 1100 jooo 100 1407 170 170
Temperature, Furnace, *F 580 580 580 580 S8O 581
Tempearsture, Reactor Entrance, *F 653 653 66l 66) 641 641
Temperature, Quarter Bed, 'F 642 642 645 645 644 644
Temperature, Middle Bed, *F 617 617 621 621 625 625
Temperature, Exit, "F 606 o 605 605 607 L0T
Flow Rate, H;5. lb-mol. fhr 0. 000086 0. 00008 ¢ (MDoR? ¢ 000087 [T RISE 3 0. 000049
Flow Rate, Feed, lb-mol. fhr 0. 005063 0 012350 0 Gn5100 0 011087 0 004890 0.010987
Flow Rate, H;O, Ib-mol. /hr -- 0 _00T2HT -- 0 0n5967 .- o 006097
Fiow Rate, CH,, lb-mol. /hr - -- . .- - .
Temperature, Steam, *F 900 99 qnn 0N 900 900
Temperature, Benzene., °F 280 280 2A0 24N 280 280
Feed Composition. mol ="
CcO 20 4 8 36 20 4 o 40 23 4 10 41
COy 231 9 448 23 1 10 b4 2b 2 11 b6
H, 20 & & 45 206 9 50 11 0 4 90
CH, 3z 4 3 28 12 4 14 92 b 3 1617
(o g 05 0 20 0 s ¢ 23 06 a0 26
Ny 13 0 53 I3 0 60 1.5 g 66
H,;S 1t 0 70 17 0. 79 10 0. 45
NH, - .- -- .- -- .-
CH, -- - -- .- -- -
C H,0H .- - .. .- . -
H,0 .- 59 00 -- 53 92 -- 55 49
Total e 9 100. 0 100 Q 160 O 100 © 100. 0
Product Flow Rate, lb-mal. 'hr 0 005965 g p1z23s 0 005997 0 011)84 0.005!87 ¢. 009894
Product Composition, mol %
coO ? 3 0 ]S o2 g 10 i2 o 63
co; iT % {8 25 177 2023 19 6 20 44
H; 3i.8 15 &6 i1 8 17. 85 27. 5 14 4]
CH, 27.6 11 3@ 275 14 b4 9.4 15. 74
CH,* 04 020 0 4 ¢ 21 0 4 0.21
Ny 11 0 54 1t G. 59 12 0.63
H,;S 1.3 0 64 13 ¢ 10 g7 0 34
NH, .- .. - . .- .a
CH, -- .- -- .- -- .
CH,OH .- .- - -- .- .-
H;0 .- 5¢ 97 -- 46 48 - 47 58
Total 100 0 1¢0. 0 lau 0 100. 0 1co0. 0 Jog. ¢
£O Consumed, lb.mol. /hr 0 001015 -- 0 001028 -- ¢ 001082 --
CO, Produced, lb-mol. /hr 0.071067 -- 0.001077 -- a.000873 --
H; Produced. lb-meol. /hr 0 DOYAAE - £ 0008%6 -- 0. 00n882 -
HyO Used, 1b-mol. /hr 0 0M)03o - 0.000762 - o D013B8 .-
Space Velocity, SCF/hr-cu Nt 2400 4923 2413 4500 2087 3982
* The {ecd gas contains about 1. 3 ppm propyl mercsptan, 0 R ppm thiophene. and 52 ppm carbonyl sulfide
B-44-10652
A-55
I N & T I T 1t T E o ] A e T = r [V Y ] ~oo~ v
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1U-4-9
Table A-11, Part 3. LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)

Rup o 2}1-17 21-4 21-9

Time, hr 222 246 268
Basir_for Analysis Dry Wer Dry Met Dry Wer
Pressure, psig 405 100 501 RN& 510 6nn
Temperature., Furnace, F 550 LETY) LT L1 580 580
Temperature, Reactor Entrance. F LU 63N £33 651 “47 647
Temperature, Quarter Bes, *F bd~ [ 1) 64 hat [TT] 648
Temperature, Middle Bed. F el 9219 6H24 623 621 621
Temperatare, Exit. °F bny [FEADY [AUs A0 L2 65
Floa Rate, H;5. Ib-mo!, 'hr g 40 g U angT U 0 .47 0 ann 41 0.00°043
Flow Rate. Feed, lb-mc! ‘hr ORI aoAae N 004To 0" ek N o0T4u0d 0.011329
Flow Rate, H,0 ib-mei. hr -- t Dosd7T -- ¢ 4776 - 0 096595
Flow Rate. C,H.. lb-mol. ‘hr -- - -- .- -- .-
Temperature. Steam, 'F aen G 30 A apQ 90N
Temperatare. Benzene. F R RN nT a0 24n 280

Feed Composition, mel =
co L | 1t 24 25 3 11 3k 23 2 G 18
co, e 0 12 oo n N 13 x4 26 10 96
H, 122 AR ] 1 = LI 120 5 05
CH, jo O OB Y in i7. 01 LN | 15 22
C,H" n e n x4 "8 n 25 Q3 0 2]
N, 13 (AT 13 6 43 13 0 54
H,;5 0o a4y 10 T4 09 Q. 38
NH, .- -- -- .- -- .-
C.H, .- -- .- -- .- .-
C,H,OH -- .- . -- .- --
H,0 - - )N - - 51 1k - - 57 86
Total 1an 100 0 1nson 100 7 1670 199 ¢
Produet Flow Rate, lb-moj.  hr n 08728 [EEN IS R N A-aTEr 0 003304 0 005401 N0I1CT47
Product Composition. motl ©

[ofe] 1= (LT 1 ¢ noTh L] 0 43
cQ, L 2200 L] 22 A4 3% 4 2} 24
H, 2T Is a3 2n le 43 ZT 5 14 83
cH, 30 17 6% 20k 17 00 16 26
C,H* a 49 no24 a4 0 23 0.4 [
Ny 12 07 12 ro70 1 0 55
H,S o7 Ly o7 0 40 07 0 38
NH, .- -- . -- - --
C,H, .- - .- .- .- .-
C(H,OH o o o o nT o
H,0 - 3] 1o -- 4] =& a- 46. 00
Total ior o 1no o len o ton o 100 0 e
CO Consumed. lh.mol. 'hr Tonto2? -- o 50102 -- T 0N 1090 --
CO, Produced, !b-moal. /kr RN -- noonir o4 .- 0. 001037 .-
H; Produced. ib-mol. /hr LU R .- 0 atjrag .- L) P 2N .-
H;O Used. lb=mol. /hr LIRS Latetg .. 00 [na7 - C 0nIT4 -
Space Velocity, SCFfRr-cqy it 2n3 7 2310 FELTS 21145 4324

-
H

I' N § T 1

T U T E

A-56

T feed gasx containg atrout |y ppm propyl mercaptan, 0 ~ ppm thiophens. and 52 ppn: carponyl sclfide

R.b4-1065¢

T ECHNOLOG Y



Table A-11, Part 4., LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16-1nch Extrudates, 21.0 g)
Bun _Ng. 2)-10 21-11 21-12
Time, hr 340 — 366 a4
Basis for Analysis Dry Vet Dzy Wet Dry et
Pressure, paig BOD 800 1000 1000 1007 1000
Temperature. Furnace, "F 580 580 580 580 S8¢ 580
Temperature. Reactor Entrance. *F 642 642 660 660 660 660
Temperature, Quarter Bed, 'F 648 b48 642 642 643 643
Temperature, Middle Bed, °F 623 623 624 624 623 623
Temperature, Exit, °F 60 609 605 605 607 607
Flow Rate, H;S, lb-mol. /hr 0.000089 0. Q00069 0.0000T9 0 00IN79 0 0OOCTI O 00B0TY
Flow Rate, Feed. ib-mol. fhr 0.004958 0. 011694 0.0°5249 0 012454 0. 05280 0 011477
Flow Rate, H;O, lb-mol. /hr - 0 006TIE - 0.D007205 --  D.026192
Flow Rate, C.H,. lb-mol. /hr - -- -- -- -- --
Tempersture, Steam, 'F a0 qan 900 900 400 900
Temperature, Benzene, 'F 280 180 2H0 k0 280 280
Feed Composition, mol %~
co 2] 4 5 07 211 g. 90 21 2 9 15
co, 3} 9.79 23 0 3 48 23 0 10 58
H, 19 2 B L4 19 9 8 39 19 8 5 b
CH, 33 3 14 13 3z 9 13 87 iz 9 15 113
cH} 0.5 6 Zi 05 0. 21 05 0. 23
N, 1l 0 47 11 o 47 11 0 5]
H,5 1.4 0 59 15 0 b3 15 C.69
NH, -- .- .- .- .. -
CH, -- -- - -- -- .-
C,H,0H .- -- .- -- - .-
H; O - - 5% &0 - - 57 B5 - - 531 95
Total 106. 0 100. 0 100. ¢ 100 © 100 0 100. 0
Product Flow Rate, Ib-mol. /hr 0 005846 0 011653 0 (30164 0.01199% 0. 005657 0 010522
Prodact Composition, mol T
co’ 0.2 0.10 0! 0.05 . .
COy 7 18 4] 6 9 18 37 36 7 19 13
H, 26 16 36 2 4 16 65 i3 6 17. 52
CH, 26 ) 1410 28 2 14 48 273 15 22
CH?* 04 0 20 04 0 21 04 022
N, oo o 45 09 6 46 09 0.48
H.5 11 055 [ | 0. 57 1.1 0.59
NH,y -- .- -- -- - --
CeH, =" " =" i T -
CHOH . n " TT =T -
H,0 s 49.8) .- 48 61 .- 46 24
Total 100 16¢0. oQ 1000 100. 00 100 ¢ 100. 00
CO Consumed, Ib-mol. /hr 0. 001049 -- o.o001102 -~ r.oooll13 R
€O, Produced, lb-mol. /hr 0.001000 .- 0.001068 -~ 0. 000862 --
H; Produced, lb-mol. /hr Q. 000954 -- 0. 007952 - n 009850 -~
H;O Used. lb-mol. /hr 0. 000929 .- 0.00]08% -- 0.001085 --
Space Velocity. SCF/hr.cu fi 2352 4689 2480 4826 2276 4233

* The feed gas contailns sbout | 3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide.

4+ Concentrations of carbon monoxide less than 0. 1% cannot be accurately detected by the present instruments:
they are not reported,and equilibrium conversion is assumed

B-64-1065d
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Ben.No-
Time, hr
Baeis for Anslysis

Pressure, paig
Termperature, Furnace, 'F

Temperature, Raactor Entrance,

Ternperature, (Quarter Bed, *F
Middle Bed, *F
Temnperatyre, Exit, *F

Flow Rate, H;5, lb-mol, /hr
Flow Rate, Feed, lb-mol. /hr
Flow Rate, H;0. ib-mol. /hr
Flow Rate, C.H,, lb-mol. /hr
Temperatare, Steam, *F
Bentene, °F

Temperaturs,

Tamperature,

mol %°

Feed Composition,

co

cOo;

H;

CHy

i

Ny

H,S

NH,

C.H,

C H,0H

H,0

Total

Product Flow Rate,
Produet Composition, mol %

cot

co;

H,

CH,

CH*

N,

H,5

NH,

CeHy

CH,OH

H,0

Total

lb-mol, /hr

CO Consumed, lb-mol. /br
CO; Produced, 1b-mol. /hr
H; Froduced, lb-mol, /hr
H;O Usad, lb-meol. /hy

Space Valocity, SCF/hr-cu ft

1U-4-9
Table 4-11, Part 5. LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)
21-13 21-14 21-15
438 607 702
Dry Wet Dry le_t Dry Wet
1000 1000 1000 1000 1000 1000
580 580 580 580 580 580
°F 660 660 656 656 651 51
ba4 &d4 643 643 645 645
620 622 618 618 623 623
606 [1e29 &06 606 b06 606
0 nN¢ogso 0. 000080 0. 00082 0. 000082 0.000087 0. go0087
0 005339 0.011656 ¢. 004818 0.012128 0. 004842 0. 012087
- 0. 006312 -- 0 007310 . 0. 007250
900 900 900 90¢ 5100 %00
28 280 280 280 280 280
2). 2 g 71 20.2 8.02 19.1 T &5
230 10 54 21! 18 2117 8 &5
19.8 9. 11 21.0 314 24 3 9 74
32.9 15 0b 322 12.79 312 12.5¢
0.5 9. .23 05 .20 0.5 0.20
11} Q.51 113 D.52 1 4 0. 56
1.5 0. &9 1.7 D 68 | ] 0 72
. 54 1% .. 60 27 - 59. 98
100.0 100. 00 100 ¢ 100. 00 t0n. 0 100. 02
0. 00SB&D 0 DInE12 0. N05724 0.012013 0 005623 0 011798
16 & 19. 86 vt 7 17 986 4 6 6. 50
33 b 17 &% il n 14 bR i6 3 17. 30
27 4 15 19 27 b 1y &) 26 1 12. 44
04 9.2) 04 0.19 0.4 0 19
0.9 0 49 12 D.57 1.2 0.57
11 0. 59 1.3 . 62 !4 0. 67
-- 45 77 - 52. 35 .- 52 33
100 © 100. 09 100. 0 100. Q0 100. 0 100. 00
0.001126 - 0. 070967 - 0. 001925 .
0.000917 - 0. 001045 -- 0 000995 --
0. 000307 - 0. DoDBNS - 0. 060804 -
0. 00t225 .- 0. 001021 - G.001078 -
2358 4350 2303 4831 2262 4744

* The feed g8 s containa aboat 1. 3 ppin propyl mercaptan, 0.8 pprn thiophene, and 52 ppm enrbonyl sulfide.

T Concentrations of carbon monoxide l4ss than 0. !% cannot be sceuratel

they are not reportad and squilibriam conversion is assumed,

I' N § T+ T UTE
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Table A-11, Part 6. LIFE TESTS
(Union Carbide UC-1870-~46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)

Bus No. Z1-16 2)-47¢ 2)-18
Time, hr 726 750 7174
Basis for Analysis Dry Wet Dry Wet Dry Wet
Pressure, paig 1040 lo"o 10060 Lo00 1000 1000
Temperature, Furnace, 'F 580 580 S80 580 SR 5§80
Temperature, Reactor Entrance, 'F 651 651 649 649 649 649
Temperature, Quarter Bed, “F 646 646 645 645 648 648
Temperature, Middle Bed, 'F 624 624 624 624 625 625
Temperature, Emit, °F s0b 606 606 606 609 609
Flow ‘Rate, H,S. lb.mol. /hr 0. QO00BT 0. Q00087 0 0000E6 0. 000086 . 000087 ©. Q000RY
Flow Rate, Feed, lb-mol. /hr 0. 004837 0. 012067 0. 004800 0.012590 0 Q04825 0. o12782
Flow Rate, H,0. Ib-mol. /hr - 0.007230 -- ¢ 007196 - § DA7349
Flow Rate, C,H,. lb-mol. /hr -- -- -- 0. 000594 - 0. 000608
Temperature, Steam, °*F Ier $00 960 900 900 900
Temperature, Bentene, °*F ZBD 280 280 280 280 280
Feed Composition, mol =° '
co 9.2 770 19 2 7 32 19 2 T 24
CcO,; 21 b B &6 2t 6 ¥ 1k 21 & 8 15
H, 243 9 74 24 3 9 24 43 9. 20
CH, 31.2 12 50 31 2 11 .90 1.2 1t 76
CH,Y ¢.5 9. 20 0.5 0.19 05 0.19
Ny . 1.4 0 56 1.4 053 1 4 ¢ 52
H,S 18 0 72 1B 0. 68 1 & 0. 68
CH, .- -- -- 472 -- 476
CH,OH .- -- - .- -- -
H,0 .- 5¢ 92 -- 57,26 - 57 50
Total 1000 100 00 0o o 100 Q0 100 0 10C. )0
Product Flow Rate, lb-mol, /hr 0.0N6063 0. 012347 0.005744 0.012319 0.005781 0. 012540
Product Composition, mol %
co' b e - = =" b
co, 4.3 16 43 33 8 15 76 34.0 I5. 67
H, 36 5 17 84 B 0 17 72 B0 I7 51
CH, 6.2 12.8)% 24 9 1} 61 24.7 1] 38
c,H,* 04 819 04 019 0.4 0.18
K, 12 6. 59 1.2 Y 12 0.55
H,S 14 0 69 1.3 0 6! 173 0. 60
NH, -- - -- -- .- --
CH, - .- 04 4,29 0.4 4 69
CH,0H o - o T o o
H,0 -- 5) 43 - 49 24 s 49 42
Totzl 100.0 10¢. 00 100. 8 o0 00 100.0 100. 00
CO Consumed, lb+mol. /bt 9. 000929 - ¢. 000922 -- o DO092Z6 --
CO, Fpoduced, lb-mol. /hr 0.001037 -- 0. 000904 - o 000924 .-
H; Produced, lb-mol. /hr 0. 001040 - N 00017 -- o 001025 -n
H;O Uwmed, lb.mol, /hr 0 090961 .- 0.00112¢6 -- ¢.001149 --
Space Valocity, SCF/hr-cu ft 2442 49568 2111 4356 2326 504%

-
The feed gas containe about 1 3 ppm propyl mercaptan, 0. B ppm thiophene, and 52 ppm carbenyl sulfide

+ Concentrations of carbon monoxide less than 0. 1% cannot be accurately detected by the present instruments:
they are net reported.and equilibriom conversion is assumed

% Benzene was added at the start of this run
B-b4-106%¢

A-59
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Table A-11, Part 7. LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16~Inch Extrudates, 21.0 g)

Run No. 21-19 21-20 21-21
Time, hr 21 —8T0 m— BG4
Busis for Analysis Dry Wet Dry wet Dry Wet
Prassure, psig 1000 1000 1000 1000 1000 1000
Temperature, Furnace, °F 580 %80 580 580 580 . 580
Temperature, Reactor Entrance. 'F b4 {48 649 49 647 [y )
Temperature. Guarter Bed, *F L4 b4R b48 bas 213 bak
Temperature, Middle Bed, °F 625 b25 625 h25 625 625
Temperature, Exit, °F bO¥ 508 609 509 609 60%
Flow Rate, H,;5, lb.mol, /hr 0. 000087 0. 000087 0. 000088 0. 000088 0. 0N008T 0. 000087
Flow Rate, Feed, lb-mol. /hr 0 004841 0.012740 0.004370 0 012751 0.004839 0.012195
Filow- Rate, H,0, lb-mol. /hr -- 0 007349 -- 0.007345 .- ©. 007386
Flow Rate, CH,. Ib-mal. /hr -- 0. 00018 . 0. 000600 - 0 060570
Temperature, Steam, *F 900 900 W0 W0 90 %00
Temperature, Bentene, °F 280 260 2680 280 280 280
Feed Composition, mel %"
co 19.2 729 a2 T 33 19.2 7 26
coy 21 b B 21 2t o 8. 35 21 6 8 18
H, 241 9?23 24. 3 9.28 24.3 % 19
CH. 3l 2 11 85 32 11 91 3l 2 11.80
cH* 0.5 019 05 019 0.5 019
Ny ] 4 [ ] 1.4 ¢ 53 1.4 0 53
H,S 18 0 68 I B 0. 69 1 & 0 68
Lk, -- -- -- - .- --
C,H, -- 4 85 - 4. 71 -- 4.45
CHOH b .- - e b ==
H,0 - 57 17 -- 51.01 .- 57 72
Tota! 100.0 100 00 100. 0 100. 00 100.0 100 00
Produet Flow Rate, lb-mol, /hr ¢ 005790 0.012617 0.005818 0.0)2407 0. 005806 0 01249
Product Composition, mol %
co® . -- - -- .. .-
co, 33 4 15.33 137 15 81 337 15 66
H, i8 2 1T 53 38t 17 87 1.7 17.51
CH, 24.9 11 43 24 8 11 63 2% 0 11 53
CZHB‘ G.4 o 18 0.4 0.19 0.5 0.2}
Ny t 3 0 59 113 ¢ &l 3 0 60
H;5 1. 4 0 b4 1.3 0. 60 14 0. 65
NHy -= == =" TT == -T
C.H, 0.4 4.48 0.4 474 o4 4.28
C HO0H - o o n 0T 0"
H,0 -- 49.82 - 48 55 - 49 54
Total 100. 0 100 00 100 0 100. 00 100.0 166 00
CO Consumed, lb.mal. /hr ¢ 000929 .- 0.0093% -- 0. bovd29 e
CO; Produced, lb-mol. /hr 0. 000B9E -- 0. 00909 -- 0.000917 --
H; Produced, lb-mol. /hr 0.001036 .- 0.001034 -- 0.001024 -
H;O Used, lb-mol. /hr 0 001064 - o 06n)32% - D.00)549 --
Space Velocity, SCF/hr-cu ft 2329 5076 234 4992 2336 5025

* The f¢4d gas contains about 1 3 ppm prepyl metcuptan, 0. B ppm thiophene, and 52 ppm carbonyl sulfide

tConcentrations of carbon monoxide less than 0. 1% cannot be accurately detected by the present instruments;
they are not reported. and squilibrium conversion is sssumaed.

B-64-1065g

A-60
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Rup Ng-
Time, hr

Table A-11, Part 8.

LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,

1/16-Inch Extrudates, 21.0 g)

Banis for Anslysis

Pressure, poig

Temperature, Furnsce, 'F
Temperature, Reactor Entrance, ‘F
Temperature, Quarter Bed, °F
Temperature, Middle Bed. ‘F
Temperature, Exat, *F

Flow Rate, H;5, lb-mol. /hr

Flow Rate, Feed, lb-mel. /hy

Flow Rate. H,

0, ih-mol /hr

Flow Rate, C¢H,. lb-mol. /hr

Temperature,

Temperature,

Feed Composition.

co

CO;

H,

CH,

c.H,~

X,

H,S

NH,

C.H,

¢ H,0H

H,©

Total

Product Flow

Produst Componition,

cot

cOp

H;

CH,

C.H?

Ny

H,;5

NH,

C.H,

C,H,OH

H;O
Total

CO Consumaed,

Steam. *F
Benzene. “F

.-
mol

Rate, lb-rrol. /hr

mol T

lb-mel, fhr

€O, Produced, lb-mol. /hr

H; Produced,

15.mel. /hr

H3;O Usad, lbemol. /hr
Space Velocity, SCF/br.cu ft

TU-4-9

+ Where values are not given, concentrations are below 0. 1%,

21-22 2.2} 2]-24

918 942 JUNNDRES [ ]. 1. PR—

pry Het Dry Wet Dy Wet
1000 10600 1000 1000 1200 1000

580 580 580 580 580 580

649 649 448 648 649 &89

648 648 T3 £48 650 650

625 625 625 62% 624 624

608 608 608 608 606 606

0. 000088 0. 600088 0. 000088 0. 000088 . 000081 0.000081
0. 004879 0.0)2666 0. 004897 0 012598 0 004775 0.012705
- O 007144 - 0.0072286 - 0. 007349

-- 0 00ubl? -- © 000S31t -- 0. 000577

Q00 5¢0 900 300 a0 900

ZHC 2RO 280 280 280 280

19 2 1. 40 19.2 T.40 21.2 7.97

21 & B. 32 21 b B. 34 24 5 9.21

24 3 9 3t 241 9 37 311 11. 68

3] 2 12.02 3102 12 1% 19 & T3
0.5% 0. 19 0.9 0.1% L] 019

1.4 Q.94 1.4 0. 54 1.4 6. 53

1.8 ¢ 69 18 0. 69 It 0. 64

e 0. 21 -- 0. 20 - -

- 4 87 .- 4. 21 - 4 54

-- - - - -- 0.03%

- 56 40 -- 56 91 - 57. 84

100. 0 100. 0 100. 0 100. © 100.0 00 0

0. 005806 0.012415 0.005794 0. 012521 0. 005794 0.01234%5
33. 6 15 61 313 b 15 8% 39.2 18. 34
37.7 17. 53 7.7 17 44 40 3 18. 85

25 1 11. 64 251 11 61 17.1 B. 00
0.5 0.23 05 Q.23 0.4 0.19

13 0. 60 1.3 0. 60 1.2 Q.57

1.4 0. 6% 1.4 0. 65 1.4 0. 65

- 0. 14 - C. 14 -s -

0.4 4 55 04 3 88 0.4 3. 93

.- .- - -- - 6. 02

- 49,05 -- 49. 90 - 49. 45

100. 0 1o0. 0 100.0 100. 0 100.0 100. 0

0. 000937 .- 0. 000940 .- 0.001012 -
0. 000697 - 0. 000889 - ©.001185 -
¢. 001003 .- 0. 000994 .- 0. 000950 .
0.001020 - 6. 000980 -- 0.001225% .
2336 4995 2331 %038 23M 4983

*The feed gas contains about 1. 3 ppm propyl mercaptan, 0.6 opm thiophene, and S2 ppm carbonyl sulfide.
B-%-1769a
A-61
- - -~ a - - = ”~ [¥) i [al [al (3
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Table A-11, Part 9. LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)
Rup No. 21-25 2126 21.27
Time. hr 1682 1152 s —_— 1%
Basis for Analysis Dry Wet Dry Wet Dry Wer
Pressure, paig 1000 1000 1000 1000 100¢ 1000
Temperature, Furnace, 'F 580 S840 Sk 580 580 580
Temperature. Resctor Entrance, °F 21 646 b4+ b4 b 649 649
Temperature, Quarter Bed, "F 650 650 551 651 650 650
Température, Middle Bed, 'F 625 625 625 625 626 (Y11
Temperature, Exit, *F b6 606 610 610 606 606
Flow Rate, H;S. lb-mol. /hr 0. 0000682 0. DDOOB2 0. 0000K3 0. 00DOR3 0. 000082 0. 000082
Fiow :Rate, Feed. lb-mol. fhr 0. 094643 0 012597 0.004664 0 0129614 0.004515 0 0128462
Flow Rate, H,0. lb-mol. /hr - 0 007140 -- 0 007488 . 0.N07419
Fiow Rate, C.H,. lb-mol. /br - 0.000810 .- 0. 000604 .- 0. 00058)
Temperature, Steam, °F 900 900 900 900 LL] 900
Tamsperature, Benkene, *F 280 280 280 280 280 280
Feed Composition, mol vt
co 2.2 B 15 2.2 1.96 21 2 7.95
CO, 245 3 42 4.5 9.20 4.5 9. 18
H, 311 11 96 311 il 67 1 11. 66
CH, 19. 6 7. 53 19 6 736 19. 6 7,35
C.H,” 0.5 0 19 0.5 a. 19 [ 019
N, 1.4 0 54 14 0.53 04 0. 52
H,S$ 17 0. (5 17 0. 64 1.7 0 64
NH, -- -- - -- . .21
€.H, - 4 B4 -- 4 b6 .- 4.53
C HOH -- C.04 -- 0.03 . 0 03
H;0 - 56. 68 e 57.76 - 57. 74
Tatal 100. 0 100. © 180 o 100. © 100. 0 100. 0
Product Flow Rate, Ib-mol. /hr 0.00585  D.012215 0. DPO5R47 ¢.012636 0. 005804 0.012499
Product Composition, mol %
cot .- - .- -- - -
co, 39,3 1. 82 9.9 18. 48 39 8 18. 48
H, 40,3 19, 30 34,8 18. 43 39.9 18. 53
CH, 17.0 619 16.8 7.78 16. 8 7. 80
CH," 0.4 1% 0.4 19 0.4 0.19
Ny 12 .51 2 a. 56 1.2 0. 56
H;$ 1.4 0.67 1s 0.69 18 0. 70
NH, e .- . .- - 0.1%
CoH, 0.4 4.14 0.4 3. B0 0.4 1.80
CH,OH - 0.03 .e 0. 03 . 0.03
H;0 - 48.09 - 50, 04 - 49.76
Total 10¢. 0 100. 0 100. 0 106. 0 100. 0 100. 0
€O Consumed, lb-mol. /hr 0.001027 -- 0. 001011 - 0. 00t02]) .-
€O, Produced, Ib-mol. /hr 0.0051)13 -- 0.001141 - £.00r130 -
H, Produced, lb-mal. /hr 0. 000852 -~ 0.000814 .- 0. 000818 -
H,0 Used, ib-mol. /hr 0. 001267 - 0. 001169 -- ¢. 001199 .-
Space Velocity, SCF/hr-cu ft 2354 4914 2352 5004 2339 5029

*The {eed gas contains about 1. 3 ppm propyl mercaptan, 0. s Ppm thiophene, and 52 ppm carbonyl sulfide.
* Where values are not given, concentrations are below 0. 1%,

I' N &5 T 1|
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Bun Neg.
Time, hr

Bagis for Analysis

Preasure, psig
Temperature, Furnace, °F
Temperature, Reactor Entrance,
Temperature, Quarter Bed, 'F
Middle Bed, *F
Temperatore, Exit, 'F

H,S.
Feed,
H,0,
C¢H,, lb-mol, /hr

Temperature,

lo-mol, /hr
I1b-mol. /hr
lb-mol, /hr

Flow HRate,
Flov Rate,
Flow Rate,
Flow Rate,
Temperature, Steam, “F
Temperature. Benzene, *F
Feed Composition. mal -*

co

CO,

H,

CH,

c.u’

Ny

H,S

NH,

C.H,

C HOH

H, O

Total

Product Flow Rate, lo-maol. /hr
Froduct Composition, mol %
cot
CO,
H,
CH,
CH*
N,
H,S
NH,
CuH,y
CH,OH
H,0

Total

CO Consumed, lb.mol. /hr
C0O; Produced, lb-mol. /hr
H; Produced. lb-mol. /hr
H;O Used., lb-mol. /hr

1U-4-9
Table A-11, Part 10. LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)
21-28 21-29 21-19
1200 1248 1320

Dry Wer Dry Wet Dry Wet
10400 1000 510 510 519 510

580 L1 580 580 580 530

646 646 641 541 652 652

650 650 652 652 660 660

62% 525 627 627 641 b4l

609 609 §1¢0 610 6l4 614
0.0000813 0.000083 0.00007 % 0.00007 % 0.000073 0. 000073
0.004905 0.0129823 0.004864 0.0128002 3.004854 0,01275%
- 0,007456 - 0.007349 —- 0.00732)

.- 0.0005%0 -- 0.00057¢ -- 0. 000550

900 900 900 900 900 900

280 280 280 280 280 280

21.2 8.01 4.3 9,22 24.3 9,25
24.5 .26 22.4 8.50 22.4 8.52

3t 1 1'. 715 19.9_ 7.55 19.9 7.57
19,6 T.41 10.1 11,42 30.1 11,45

8.8 0.19 0.5 0.19 0.8 0.19

1,4 0.53 1.3 0. 49 1,3 0.49

1.7 0. 64 1.% 0.57 1.8 c.57

-- 0.21 - 0.2l -- 0.21

-- 4,54 -- 4.49 -- 4.31

.- ©.03 - 0,03 -- 0.0}

- - 5. 43 - 57,33 -~ 57.41

100.0 100, 0 100. 0 100.0 100.0 109, 0
0.005830 0.012641 0,00586) 0.012632 0.005883 0.012259
-- -- 0.3 0,14 0.3 0,14
19.8 18,13 3.8 16 15 3.7 16.65
40.0 18.59 3.5 16,94 3.6 17,52
6.8 T1.89 25.1 11.74 25,3 12. 14

0.4 0.18 0.4 0. 19 0.4 0.19

L2 0.55 1.2 0.56 1.2 0.58

1.4 0.6% 1,1 0.5! 1.1 0.53

. 0.15 -- 0. 15 - 0.14

o.4 3.82 0.4 3,65 0.4 1. 68

.- 0.03 . .03 - 0.03

-- 50.01 - 49,94 - 48.40
100.0 100.90 100.0 100.0 100.0 100.0
0.001040 - D.001164 -- 0.001161 -
6.001089 -- 0.000950 .. 0. 000954 --
0.000825 . 0.001172 - 0.001180 -
0.00)133 - 0.001041 - 0.001388 -
2346 5014 2359 5077 2367 4932

Space Velocity, SCF/hre-cu ft

¢ The feed gas containe about 1.3 ppm propyl mercaptan, 0.8 ppm thicphene, and 52 ppm carbonyl sulfide
¢ Where values are not given. concentrations ate below 0, 1%,

A-63

B-94-1769c
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Table A-11, Part 11.

Bua lip-
Time, hr

Basis for Analysis

Pressure, prig

Tamperature. Furnace. °F

Tempersture. Reactor Entrance,

Temperature, Quarter Bed, *‘F
Middle Bed, 'F
Temperature, Exit, *F

Flow Rate, H,5, lb-mal, /hr
¥low Rate, Feed, lb-mol. /hr
Flow Rate, H;O, lb-rol. /hr
Flow Rate. C,H,. lb-mol. /hr
Temperature, Steamn, *F

Temperature,

Temperature. Benzene., °F
Feed Composition, mol o

co

cOy

H,

CH,

(o

Ny

H,S

NH,

C.H,

C H,OH

H,0

Total

Product Flow Rate, lb-mol, /hr
Product Compositian. mol T

co

Cy

H;

CH,

L HS

By

H,S

NHy

CuH,

C H,OH

H,0

Total

CO Consumed, lbemol. /hr
CO, Produced, lb-mal. /hr
Ry Produced, Ib-maol, /he
H,0 Used, lb-mol. /hr
Space Velocity, SCF/hr-cu fit

LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)

21-3t 21-32
1344 1368
Dry Wet Bry Wet
510 510 510 510
Tic 7130 750 150
*‘F 765 765 794 794
77% 77% 803 803
751 751 183 7813
736 736 764 764
0.000073 0.000073 0.000073 0, 000073
©.004858 0.013071 0.004849 D.012808
- 0.007496 .- 0.007352
- 0.008685 -- 0.000577
900 900 900 900
280 280 280 280
24.3 9,03 24,13 9.20
22,4 8,33 22.4 B.48
19,9 7.490 19,9 7.53
0.t 11,18 30,1 1t 40
0.5 0.1% 0.5% 0.19
1,3 0.48 1.3 0.49
1.5 0.56 1.5 0.57
-- 0.2l -- 0.21
-- 5.24 -- 4.50
- 0. 04 .- 0,03
.. £7,33 -- 57, 40
100.0 100.0 100, 0 100, 0
0.005879 0.01271% 0.005819 0.012338
0.2 0.09 0.3 0. 14
35,0 16. 18 4.9 16. 46
36,3 16. 79 36,2 17,07
25.3 11.70 25.4 11,98
0.4 0.18 [ ] .19
1.2 0.5% 1.2 0.57
1.2 .58 1.2 0.57
- 0,15 -- 0. 18
o.4 4.60 0.4 1,87
.- 0.04 -- 0.03
-- 49,17 .- 48.97
160.0 100.0 100,0 lgc.0
0.00E 168 -- ¢.001161 -
0.000970 . 0.00094% --
0.001167 - 0.001140 -
0.001244 .. 0.001308 -
2365 51le F31) 4964

*The feed gas contains about 1. 3 ppm propyl mercaptan, 0,8 ppm thiophene, and 52 ppm carbanyl sulfide,

I T U T E
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LIFE TESTS

Table A-11l, Part 12.

(Union Carbide UC-1870-46-1 Shift Catalyst,

Run No.

Tirme, hr

Basis for Analysis

Pressure, psig

Temperature, Furnace, "F
Temperature,
Temperature, Quarter Bed, "F
Middie Bed, °F

*‘F

Temperature,
Exit,
lb-mol. /hr
1b-mol, /hr
lb-rnol, /hr

Ternperature.
Flow Rate, H,S.
Flow Rate, Feed,
Flow Rate, H;O,
Flow Rate. CyH(, le-mol. /hr
°F

Temperature, Steam,

Temperature., Benzene, °F
Feed Coamposition, moi o ®

co

€O,

H;

CH,

c,H°

Ny

H,S

NH,

C,H,

CH,0H

H,O

Total

Product Flow Rate,

Product Composition.

ib-mel. fhr
mol %

co

CO;

HZ

CH,

cuS

N,

H,S

NH,

CH,

C Hy,OH

H,0

Total

CO Consumed, lb-mol. /hr
CO; Produced, lb-mol. /hr
H; Produced. lb-mol. fhr

H,O Used. lb-mol. /hr
Space Valocity, SCF/br-cu ft:

2]1-33 2)-34 2]1-35
1416 1486 1510
Dry Wet Dry Wet Dry Wet
510 510 510 510 500 500
750 750 740 750 750 750
*F 793 753 775 75 181 781
802 Bo2 91 791 787 787
780 780 715 115 8% 781
T 766 61 761 772 772
0. 000074 0. 000074 0.000073 n, 000073 4. 000130 0. 006130
¢ 004352 0.013496 0 004842 0. 012983 0.009250 0.072416
-- 0.007516 -— 0 007512 - 0.012003
.- 0. 000694 - 0 000597 -- 0.001149
900 900 900 900 900 900
2B0 280 28C Z2BO 2680 280
2413 g a2 24 1 9 06 26 13 10 86
22 4 B 22 22 4 4 3p 27 4 11 23
19 § T 30 19. 9 T 42 1T s 719
30 1y 0% in. 1 1123 2% b 10 49
D5 01K 0.5 D19 [ 0 25
[} 0 48 [ 0 48 1.2 0 50
I & 0 5% s 0. 56 1.4 0 5B
- 0.21 -~ 0 2] -- 0 lg
- 5 14 - 4. 60 -- 5 13
.- ¢ 04 - 0 03 -- 0 04
- 57.9] -- 57 B& . 53. 54
1000 log. 0 100. 0 100, 0 100.0 100 0
0. 00597} 0.013091 0. 005821 0.012367 0. 010179 0.021075
03 0. la C 4 019 6.2 2 99
351 J6.D2 4.6 16.29 421 20.133
361 16 47 36 16. 99 26 0 12. %6
253 11,54 25 7 12 10 22 2 10.72
0.4 0. 18 0.4 0 i9 0.5 0.24
1.2 0.55% bz 0 56 11 0.53
1.2 0. 55 12 0 56 1.3 0 63
.. g 15 - 0 4 -- 0.14
0.4 4.70 0.4 4 30 06 4 94
- 0. 04 -- ¢ .03 .- 0. 04
- = 49, 66 - 48 65 -- 46 B8
100. 0 i00. 0 100. 0 100. © 100. 0 100. 0
0. 001185 - 0.00]1]54 -- 0. 601804 --
J. G009ss -- v. 000913 - 0.001767 -
0.001170 .. 0.001i137 -- 0. 001036 -
0. 00133 - 0.001437 -- 0.00212)3 -
2400 5¢67 2124 4977 4095 8480
The fred gas containe about 1. ) ppm propyl mercaptan. 0. 8 ppm thiophene, and 52 ppm carbonyl sulfide.
B-94-176%e
A-65

Reactor Entrance,

1/16-Inch Extrudates, 21.0 g)
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Bun Ne.
Time, hr

Basis _for Analysis

Presaure, paig

Temperature, Furnace, *F
Temperature,
Quarter Bed, °F
Middle Bed., *F
Ewit, 'F
Ib-mol. /hr

Ib-mol. /hr

Temperature,
Temperature,
Temperature.
Flow Rate. H,S,
Flow ‘Rate, Fred,
Flow Rate, H,0, lb-mol. /hr
Flow Rate, C,H,. lb-mel, /he
Temperature, Steam, °F
Temperature. Benzene, °F
Feed Composition, mel ©.°

co

Oy

H,;

CH,

CHS

N,

H;5

NH;,

C.H,

C, HOH

H,0

Total

Product Fiow Rate, lb-mol. /hr
Product Composition. mol 5

cot

co,

o,

cH,

C,H*

N,

H,S

NH,

CH,

CH,OH

H,O

Total

CO Consumed, lb.mol. fhr
€O, Preduced, lb-mal. /hr
#Hy Produced, lb-mol. /hr
HyO Used, lb-mol. /hr

Reactor Entrance,

1U-4-9
Table A-11, Part 13. LIFE TESTS
(Union Carbide UC~1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)
21.36 2t.37 21-38
1554 1578 —_— 1626 e——
Dry Met Dry Mt Rry Het
1000 1000 1400 jooD 1000 1000
580 580 490 490 500 500
°F 640 640 561 561 568 568
650 50 564 64 567 567
626 14 476 476 480 480
611 611 4m9 419 476 476
0.000064  0.000084  0.0000B2 0 GGOOB2  0.000082 0. 000082
0. 004952 0.012982 0. 0C4834 0 012581 0. 00486234 0.01278]
.- 0.007409 -~ 0.007159 - 0.007349
- 0. 000590 -- 0. 000558 - 0. 000568
00 900 900 00 900 900
280 280 280 280 280 280
246 9 338 24 6 9 45 24 b 9. 30
25 4 9. 69 25 4 9. 76 25 4 9. 61
22 7 8 bb 22 7 8 72 22.7 B. 59
231 8 9. 08 23 B 9. 15 23.8 9. 00
) 0.23 06 0.23 0.6 023
| 4 0.44 12 0. 446 1.2 0. 45
1.7 0. 6% 1.7 0. 65 1.7 0. 64
. 0. 21 . 0. 20 -- 0. 21
- 4. 54 - 4. 44 - 4. 44
- 0.03 .- 0. 03 - 0. 03
-- 57, 07 .- 56, 9] .- 57,50
100.0 100, © 100.0 190. © 100.0 100. 0
0. §057%9 0.01245) 0.0053]12 0.0211907 0. 005316 0.011953
-- . £ 8 2. 59 5 8 2. 58
7.6 17. 39 37.2 16. 60 3.0 16. 46
8.3 111 31.8 4 19 a2z 14 32
209 9. 47 219 9.17 216 9. 61
0.4 .18 0.3 0.22 0.5 022
1.0 0. 46 10 0.45 11 0.49
14 0. 88 14 0. 62 14 0. 62
- 0. 1% - Q.15 - G. I5
0.4 4.33 04 419 0.4 429
- 0.03 -- 0 03 - 0. 03
- 45 43 - - 51 19 - 51.23
100.0 100. 0 100 0 100. 0 100.0 ton. o
D. 001218 -- 0. 0D0BA) - 0. 00088} -
0. 000907 - 0. 000748 - 0. 300739 -
0. 001082 - 0. 0D0&92 - 0. 000415 -
6. 001252 0.001083 .- 0 001125 -—
2317 L1 ] 2137 4790 2139 4809

Space Valoctty, BCF/hr-cu ft

* The feed gas contsina about 1. 3 pprn propy] mercaptan, 0.5 ppm thiophene, and 52 ppm carbonyl sulfide
t Where values are not given. concentrations are below 0. 1%

I N 5 T I
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Bsa Ne.

Time, hr

Basis for Analysis

Pressure, paig

Tamperature, Furnace, *F
Temperaturs, Ruacter Entrance,
Temperature, Quarter Bed, *F
Tempersture, Middie Bed, °F
Temperature. Exit, *F
Flow Rate, H;5. lb.mol. /hr
Flaw Rate. Feed, lb-mol. /hr
Flow Rate, H;O. lb-mol, /hr
Flow Rate. CH,. b-mol, /hr
Temperature, Steam, °F
Temperature, Benzene. °F
Feed Composition. mol «*

co

co,

H,

CH,

cHY

N,

H,;$

NH,

C.H,

C H,OH

H,0

Total

Product Flow Rate, lb-mol. /hr

Product Compoaition, mol T
cot
co,
H,
CH,
CH”
Ny
H,S
NH,
CoH,
CH;OH
H,;O

Total

CO Consumed, lb-moi. /hr
COy Produced, lb-mol. /hr
H, Produced, lb-mel. /hr
H;O Usad, lb-mol. /hr

Space Velocity, SCF/hr-cu ft

Table A-11, Part 1l4.
(Union Carbide UC-1870-46-1 Shift Catalyst,

1/16-Inch Extrudates, 21.0 g)

LIFE TESTS

2i-39 2] -4¢
L1646 — 1650

Dry Wet Dry wet
1000 1000 o000 1009
490 490 580 580

'F 567 867 &41 4]
565 565 647 47

416 476 627 627

475 475 610 610

¢. 000083 0. 000083 Q. 000083 0. CO00B3
0. 004851 D.012796 0. 004851 0.0127%6
- 0. 007349 -- 0. 007349

.- 0.00056% .- 0. 000565

900 900 900 %00

280 2R0 280 280

24. 6 9.1 4.6 9.33

25. 4 9. 63 25 4 9. 63
22.7 8 61 22 7 8. 61

23 8 9.02 21 8 9.02
0.6 0,23 0.6 0.23

L2 0.45 1.2 0 45

1.7 0. o4 1.1 0. &4

- 0.21 - 0 2!

-- 4. 42 -- 4. 42

-- 0.03 -- 0.03

- 57.4) - 57. 43

to0. 0 100, © 100. 0 100 0

0. 005254 0.012306 0. COSBRY 0.0124B6
5.1 Z.18 .- -

37.0 15. 80 13. 9 15. 50
6. 0 15,37 4.5 21. 06
18.2 LM 18.G 8.48

0.5 0. 21 o.4 0.19
1.4 ¢ &0 1.4 0. 66
1.4 0. 60 1.4 0. 66
-- 0. 16 .- 0.1%
0.4 4.53 0.4 398
- 0.0 -- 0.03
.a 52. 75 .u 42 29
100.0 100. © 100.0 100. ©

a. 000925 -- 0. 001193 -
Q. 000712 - 0. 000703 .
0. 000791 - -
0, 000857 - 0.001194 -
2}14 4951 2367 $023

IU-4-9

21-41
1674 e
Pry Wet
990 990
580 580
651 453
663 663
649 49
624 624
0.001370 Q.001370
0.003554 0.024709
- 0. 015065
- 0. 001028
900 900
280 280
24.7 8 55
25. 0 8_65
23.3 8. 07
23. 6 a 17
0.6 0.21
1.2 0. 42
1.6 0.55%
- 0. 22
.. 4. 16
-—- D.03
100. ¢ 100. ©
0.010845 0.025215
0.3 0 12
17.% 15. 13
16. 1 13. 63
2.1 9. 18
0.4 0.18
1.0 0. 44
1.4 0. 62
- 0.17
0.6 4.3%
-- 0. 03
.- 55. 80
100.0 100. ©
0. 002082 -
Q. 001390 -
0.001255 -
0. co2058 an
4363 9381

*This feed gas contains about 1. 3 ppm propyl mercaptan. 0.8 ppm thiophene, and 52 ppm carbonyl sulfide.
* Where values are not given, concentrations are below 0.1%.

A-67

B-94-1769g
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Table A~11, Part 15.
(Union Carbide UC-1870-46~1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)

Bun_HNo.

Time, hr

Basis for Aralysis
Pressure, psig
Temperature, Furnace, °F
Temperature, Reactor Intrance, *F
Temperature, Quarter Bed, °F
Middle Bed, *F
Temperature, Exit, 'F

Flow Rate. H,5. lb-mol. /hr

Fiow Rate, Feed. lk-mol. /hr

Flow Rate, H;0, lb-mol. /kr

Flow Rate, C,H,, lb-mol. /hr

Temperature, Steam, 'F

Temperature,

Temperature, Benzene, *F
Feed Composition, mol o *

co

cQ,

Hy

cH,

CH,”

Ny

H,S

NH,

C.H,

CH.OH

H,0

Total

Product Flow Rate, lb-mol, /hr
Product Compesition, mol

co

co,

H,

CH,

CH,~

N

H,5

NH,

CH,

C,H,0H

H,0

Total

CO Consumed, lb-mol. /hr
CO; Prodused, lb-mol. /by
H; Produced, lb-mol, /hr
H,0 Used. tb.mol. /by
Space Velocity, SCF/hr-cu Kt

IU-4-9

LIFE TESTS

21-42 2)-43
1698 1132

Dry et Diy Wet
10G0 3000 1000 1000
580 580 500 500

b62 662 610 610

675 675 617 617

64 [-1:2] &05 6065

b4 641 574 LY
0.000215% 0.000218 0.000216 0. 000216
0.013458 ¢ 033162 0. G13523 0.034269
- 0.0l8167 - 0. 019031

. 0.001480 - 0. 001635

904 300 900 900

280 280 280 280

15. 7 6317 15.7 & 20
25.2 10.23 25.2 9. 94
32.58 13. 19 2.5 12. 42
23.2 9. 42 23.2 9.15
0.6 0. 24 o0& 0. 24

1.2 0. 49 1.2 0.47

1.6 0. 65 1.6 0. 63

- 0. 20 - 0. 20

- 4. 40 - 4. 77

- 0.03 -- 0.03

- 54. 78 > 55, 15
100.0 100. © 100. 0 100. ©
D.0)574) 0.031396 0.01569& 0.03327%
d.4 0.20 4.0 2. 00
36.% 18. 31 4.5 16. 11
39.0 19, 58 iy & 17.71
0.7 10. 33 20. 6 9.7l
0.4 0.20 0.4 0. 19

1.0 0. 50 1.0 0. 47
1.4 0. 70 1.4 0. 66

-s a.13 - 0. 14

1 b 4.45 0.6 4. 78

- 0.03 - 0. 04
- 45 59 - 49. 1%
100. 0 10o. © 100. 0 loo. 0

0. 002050 .- 0. O0L4 63 -
0.00235% .= 0.001790 -
0. 001865 -- 0. 001476 .-
0. 003837 - 0. 003015 -a
4333 12. €32 £31% 13,388

*The feed gas contains about 1. 3 ppr propytl mercaptan, 0.8 ppm thiophene. and 52 ppm carbonyl sulfide.
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Table A-11, Part 16.

LIFE TESTS

(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16~Inch Extrudates, 21.0 g)

Bun Ne

Time, hr

Basis for Analysis

Pressure, psig
Temperature, Furnace, ‘F
Temperature, Reactor Entrance, 'F
Temperature. Quarier Bed. °F
Temperature, Middle Bed, *F
Temperature, Euxit, °F
Flow Rate, H;5, lb-mol. /hr
Flow Rate, Feed. lb.mol. /hr
Flow Rate, H,0. b-mol. /hr
Flow Rate. C.H,. lb-mol. /hr
Temperature. Steam, “F
Temperature, Benzene., °F
Feed Composition. mol o "

co

co,

H,

CHy

cH”

Ny

H,S

NH,

CH,

C,H,OH

H,C

Total

Product Flow Rate, ib.mol /hr
Product Composition, mol %

co

CQ,

H,

CH,

C.H,”

N,

H,S

NH,;

CH,

C4H,CH

H,©

Total

CO Consumed, lb-mol. /hr
CO, FProduced, lb-mol. fhr
H, Produced, lb-mol. /hr
HyO Used., lb-mol. /hr

Space Velocity, SCF/br-cu It

s The fead gas contains about 1. 3 ppm propyl mercaptan, 0. 8 ppm thiophene, and 52

21-44 21-45
1842 — 1866

DPry Wet Dy Wet
510 510 210 210

500 500 500 500
576 576 560 560
576 576 565 565

560 560 553 553

534 534 538 538
0.970076  0.000076  0.000079  0.00D007%
0. 004898 0.004308  0.012940
--  0.007620 - 0.00747T1

_- - 0.000530

900 900 900 900

280 280 280 280

5. 6 5.86 16.4 6. 22
25.2 947 25.7 9 15
2.7 12.29 311 1180
231 8. b8 234 8.88

0. & 6. 23 0.6 0 23

1.2 0.45 32 0.46

1.6 0. 60 1.6 0. 61

- 0.2) -- 0.2}

-- 374 -- 4.10

. 0.03 -- 0.03

-- 5B 44 -- 571.7)
100.0 p00. 0 100. 0 100. O
0.006973  0.012918  ©.005700  ©.01291)
3.0 1.40 a1 117

31,8 16, 51 32,1 14. 39
37,0 17.31 31.7 16. 60
20.7 9. 58 22.3 9. 80

0.4 0.1% 0.4 0.18
1o 0.46 10 0. 44

1.4 0. 6% 1.4 0. 62

-- 0.15 -- 0.1%

0.4 137 0.4 3 B4

-- .03 -- .03

-- 0. 35 . 52.18

0.0 150 ™58 1% v
0. 000728 - 0.000577 -
0. 000946 -- 0. 000597 --
9.00072 - 0. 000617 --
0. 300725 - 0. 000735 -
2403 5200 2293 5195

A-69

ppm carbonyl sulfide,

B.94-176%i
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Bun Ne.
Time, hr
Basis_for Analysis

psig
Temperature,

Fressure,

Temperature,

Furnace, "F
Reactor Entrance,

Temperature, Quarter Bed, °F
Middle Bed, 'F

Temperature,
Temperature, Exit, *F

Flow Rate, H;5, lb-mol. /hr
Flow Rate, Feed,
Flow Rate, H,0,
Flow Rate, C,H,. Ib-mol. /hr

Temperature,

lb-mol. /hr

Stearn, *F
Temperature. Benzene, °F
Feed Cemposition, mol ="

co

co,

H;

CHy

Tl T

Nz

H,%

NH,

C.H,

C H,OH

H;0

Total

Product Flow Rate,
Product Camposition, mel

co

co,

H,

CH,

CK,*

N

H,5

NH;

CH,

CH,CH

H,0

Total

CO Consumed,
CO; Producad, lb-mo). /hr
H; Produced, lb-mal. /hr
H;O Used. lbemol. /hr

lbamol. /hr

Ib-mol. /hr

Ib-moli. ‘hr

TU-4-9
Table A-11, Part 17. LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16~Inch Extrudates, 21.0 g)
21.46 2147 21.48
1890 1914 1934
Dry Wet Dry Wet Dry Wet
210 210 200 200 200 200
580 580 500 500 580 580
*‘F 630 &30 565 565 628 628
637 837 61 56] 631 631
630 &30 556 556 626 626
3% ] 61% 540 540 614 614
0. 000078 0. 030078 0.0001 3 0. 000134 0.000134 Q. 000134
0. 004880 0.0:282% 0. 008361 0. 021697 0. 008353 0. 021656
- 0.007349 - 0. 012248 - 0.012248
-- 0. 000465 -- 0.001036 - 0.001003
200 400 900 900 900 S00
280 2B0 180 280 280 280
16,4 6. 24 15. 7 6.0% 157 6. 06
25.7 9. 78 25.1 9 67 25.1 9. 68
311 11. 83 12.6 iz.56 2.6 12, 87
23 4 8. 90 23. 2 8.94 23.2 B.95
[ a. 23 0.6 0.23 0.6 0.23
1.2 0 46 1.2 0. 44 1.2 0. 46
1.6 0 6) [ 0. 62 1.6 0. 62
.- 0.21 -- o, 20 - o 20
- 4 4] - 4.78 - 4, 63
- 0 03 .- 0.03 - 0.03
- 57,30 - 56. 46 - - 56. 57
180.0 100. 0 1000 100. 0 100. 0 100, 0
0. 005837 0.013204 0. 009097 0.022063 G. 009089 0.02)135
2.9 128 1.6 4.78 8.4 3. 6l
337 14. 90 28.% 1178 30.2 12. 99
3n. 4 16. 97 34.3 14 14 36.9 15, 87
2].8 9. 64 22.1 9.11 1.0 9 03
0.4 0.18 C. 4 o 16 0.4 4. 17
Lo 0. 44 1.1 0. 45 1.1 0. .47
1.4 D. &2 1.4 C. 58 1.4 0. 60
-- 0.1% -- 0.16 - 0.16
0.4 4.19 0.6 4 & 0.6 4. 04
.- ¢ .03 - 0.03 - 0.0}
-- 5160 -- 54. 24 -- 53,03
bl 1.7 o 1 el €[ o Y. 1. e .
0. 00063) - 0. 000258 - 0. 000548 -
0. 000713 - 0. 000494 - 0. 000648 --
0.00072) - 0. 000354 .- 0. 000631 -n
0. 000536 .- 0. 000285 - 0.001041 -
2348 5312 1660 8877 3687 B504

Space Velocity., SCF/hr-cu ft

*The feed gas contains about 1. 3 ppm propyl mercaptan, 0. B ppm thiophene. and 5% ppm carbonyl sulfide.
B-94-1763)
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Table A-11, Part 18. LIFE TESTS
(Union Carbide UC-1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g}

Run No. 21-49 21-50 z]-51
Time. br 1978 2005 202 %
Basis _for Analyeis Dry Wet Dry Wet Dry Wet
Pressure, psig 290 200 1000 1000 990 930
Temperature, Furnace, *F 750 750 750 T80 750 150
Temperature, Reactor Entrance. °F 753 753 782 782 116 176
Tempetature, Quarter Beg, 'F 164 T64 175 1% 781 781
Temperature, Middle Bed. 'F 762 T62 157 757 170 770
Temperatare, Exit, "F 750 750 743 743 153 753
Flow Rate. H,5, ib-mok. /hr 0.000134 0. 000134 ¢. 000062 ¢ 0000612 0. 000114 ©. 00014
Flow Rate, Feed, lb-mol. /hr 0.008371 0.021277 0. 004814 0.014191 0. 008753 0. 024142
Flow Rate, H;0, lb-mol. /hr -- 0 DLlbH3} -- 0. 008804 -- 0.014586
Flow Rate. C.H,. lb-mol. thr .- 0. 001172 -- 0. 000527 - 0. 000745
Temperature, Steam. °F 900 900 %00 900 900 900
Temperature, Benzene. ‘F 280 Z80 280 280 280 280
Feed Composition, mel L
<o 15 7 6. 13 17.0 5 76 17.0 b. 16
CO; 25. 1 9. B8 20.7 703 207 1.51
H; 326 12.81 26.7 9 0& eb. 7 9. 68
CH, 23.2 9.13 30. 0 1018 3.0 10 88
C.H,~ b 0.24 0.8 0.27 0.8 0.29
Ny .2 0. 47 .5 1.18 1.5 1.27
H,5 1.6 0.63 1.3 0. 44 1.3 0. 47
NH, -- 0. 20 - 0. 23 -- 0.22
C,H, -- 5.51 .- 378 - 3. 09
C H.OH -- 0. 04 -- .03 -- D.0%
H,0 .- 54. 9] - b2. 04 -- 60. 4
Total 100. 0 100. © 100 © 100. O 100. 0 100, ©
Product Flow Rate, lb-mol. /hr 0. 009502 o 021038 0. 005789 0. 014096 0.010178 0. 023728
Product Composition. mol ©.
cot 5.3 2.39 -- -- 0.8 0. 34
co, 3.4 14.18 31.9 13,17 .0 1% 30
H; 9.7 17,93 364 .95 36.3 15. 57
CH, 20.2 9. 12 Zb 5 10. 88 26 & 11. 41
C,H,” 0.4 6. 18 0.7 0.23 0.7 0.30
N 1.0 0. 4% 5.1 1.27 31 1.33
H,S 1.4 0.63 1.¢ 0.41 0.9 0.3
NH, -- 9.15 -- 0 16 -- 6. 16
CH, 0.6 4_48 0.4 317 0. b 2.7
C,H,OH -- Q.04 -- Q.03 -- 0. 02
H,O - 50.45 -- 55 73 == 54. 45
Total 100. 0 100. O 100.90 100. O 100.0 100. o
CO Consumed, lb-mal. /hr 0. 000810 -- 0. 000818 - 0.001407 .-
CO, Produced, lb-mol. /nr 6. 000813 -- 0. 000850 -- 0. 001343 --
H, Produced, 1b-mol. /hr 0. 001044 .- D. 000822 -- 0. 0012357 -
H,O Usaed, l1b-mol. /hr 0.001072 - 0. 000948 -- 0. 001670 --
Space Velocity, SCF/hr-ca ft 3ig23 B46% 2324 567} 4095 9546

““he feed gas contains sbout 1.3 ppm propyl mercaptan, D. 8 ppm thicphene. and 52 ppm carbonyl sulfide.

+ Where values &Te not given, concentrations are below 0 1*..
3 B-94-1T69k
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Table A-11, Part 19.
(Union Carbide UC~1870-46-1 Shift Catalyst,
1/16-Inch Extrudates, 21.0 g)

Bun Ne-
Time, hr

Basia for Analysis

Pressurs, psig
Temperature, Furnace, °F
Temperature, Reactor Entrance, °F
Temperature, Quarter Bed, *F
Middle Bed, °F
Temperature, Exit, *F

Flow Rate. H,S. lb-mol. /hr

Flow Rate, Feed, lb-mol. /hr

Flow Rate, H;O, lb-maol. /hr

Flow Rate. C.H,. lb-mol. /hr
Temperature, Steam, 'F

Temperaturs,

Temperature. Benzene., 'F
Feed Composition, mel *. *

co

co,

H,

CH,

CH,*

Ny

H,§

NH,

CH,

‘C H,OH

H,0

Total

Product Flow Rate, ib.mol. /hr
FProduct Composition, mol *

co

cO,

H;

CH,

CsH*

N

H,5

NH,

CeH,

C H,OH

H;O

Totatl

CO Consumed, lb-mol. /hr
CO; Produced. lb-mol. /hr
H; Produced., lb-mo!. /hr
H,0 Used, lb-mol. /hr
Space Velocity, SCF/hr-cu it

LIFE TESTS

21-52 2)-53
20717 2221
Dry Wet = pry Wet
1000 1000 1000 1000
750 T 750 750 750
TH: 790 736 736
790 790 716 776
786 186 758 758
763 76% 746 46
0.000175 0.000175 0. 0000464 0. 000064
0. 014579 0.036226 0. 004894 0. 012883
- 0,020277 .- 0.007471
- 0.001288 . 0. 000837
200 900 900 900
280 280D 280 280
17.0 6. 84 17.0 b 46
210 8.45% 20.7 7.86
26.5 10. 67 26.7 10. 1%
30.0 12. 07 30.0 11. 39
0.8 0.32 0.8 0. 30
3.5 1.41 35 1.33
1.2 0, 48 1.3 0.50
.- 0.20 -- 0.2}
.- 3.55 .- 4.17
. 0.03 - 0. 03
u- 45 98 —- $7. 50
160.0 100, © 100.0 100. ©
0. 017295 0.03531) 0. 005912 0.01276}
1.9 0. 93 0.1 0.0%
313 15. 33 31.7 14, 68
3. 7 1t. 00 36. 4 16. 86
26,1 13.08 26. b 1233
0.7 0.3 D.7 0,32
3.1 1. 52 31 1.43
0.9 0. 44 1.0 0. 46
- 0. 14 e 0 14
0.7 3. 40 0.4 378
-- 0.03 .- 0.03
-- 47.79 - 49,92
100. 0 190, 0 100.0 100, ©
0.002150 .- 0.300426 -
0. 00235]) - 0. 0O08&IL -
0. 002140 - 0. 000H45
D 003402 - 0 001102 -
6959 14, 204 2378 5135

TU-4-9

*The [eed gas contains about 1. § ppm propyl mercaptan, 0.8 ppm thiophene. and 52 pprn carbonyl sulfide.
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Table A~12, Part 1. LIFE TESTS
(Laporte-Davison Comox 207 Shift Catalyst,
3/16-Inch Pellets, 21.0 g)

Bun Ne. 221 22-2 22-3
Tima. ht 2 5 ?
Basis for Analyeis E:-lr Wet Dry Wet Dry Wet
Pressurs, peig 1009 1000 1600 1020 1000 1000
Temperature, Furnace, °F 580 580 580 580 580 580
Temperature, Resctor Entrance, *F 6185 615 615 b1% bl% 615
Temperature, Quarter Bed, °F 630 430 £30 630 63D 630
Temperature, Middle Bed, 'F 620 620 620 620 620 620
Temperature, Exit. °F 590 590 590 5%0 590 530
Flow Rate. H,5, lb-mol. /hr 0 QDODS4 0. 000054 D 000054 0 DODOS4 5 0OOD54 0. 000054
Flow Rate, Feed, lb-mol. /hr 0 004860 0 012680 0. 004860 0 012680 0. 0048560 0. 012680
Fiow Rate, H;O. lb-moi. /hr -- 0. 007820 - o 907820 - D. 007820
Fiow Rate, C,H,. lb-mal. /hr .- -- -- .- . --
Temperature, Steam. 'F 900 900 900 900 900 900
Temperature, Bentene 'F 280 280 280 280 280 280
Feed Compusitson. mol -
co 202 T.74 20 2 T.74 20.2 T 14
coy 22 3 a.55 22 3 8.55 22.13 55
H; 23 9 .16 23 9 9. 16 23 9 16
CHy 29 % 11,31 29.5 11 31 29.5 11.31
C,H,~ o8 0 31 o8 0.31 08 0 31
N, 2.2 0. .84 2.2 0.B4 22 . B4
H,5 1.1 0. 42 11 0.42 i1 .42
NH, -- . .- -- -- -
CH, -- .- .. .- “. -
€ H,OH -- - - .- - .-
H,;0 .- 51.67 -- 61 67 -- &1.67
Tatal oo 0 100. 00 106 0 tpo 00 100.0 100.00
Product Fiow Rate, lb-mol. /hr 0 005832 0.0128355 0.00%832 ©.012635 0.005891 0. 012694
Product Cemposition. maol %
coc 3.2 1 48 08 0 37 o1l 0.05
coy 2.9 1% 19 34.2 15.79 34.9 16. 20
H, 34 3 15.83 361 16 66 3 b 16.99
CH, 25.9 11.96 25.5 11.77 25.0 11.60
C,H* o7 032 06 0 28 0.6 0.28
N; N 0.92 1.9 C. B8 19 c.886
H,5 1.0 0. 46 0.9 0.42 0.9 0.42
NH, .- -- -- -- -- -
CH, .- - .- "= -- --
C H,OH e b =" - - -
H,0 - 53.84 . 531 83 == 53 58
Tatal 100.0 100 0¢ 100 G 100 00 100.0 100 00
CC Consumed, lb-mol. /hr 0. 000795 .- 0.000934 - 0. 000976 --
€O, Produced, 1b-mol. /hr C. 000B2E - ¢.000911 -- 0.000972 -—-
H; Produced, lb-mol. /hr o 000819 -- 0 Q00%44 - 0.000994 -
HiO Usad, lb-mol. /hr o.oploia - 0.001018 - o.001018
Space Valocity, SCF/hr-cu It arer 6060 2797 6060 282% (111

* The feed gas contains about |. 3 ppm propyl mercaptan, 0.8 ppm thicphene, snd 52 ppm carbony) sulfide.
B-15-36a
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Bua Ne-

Time, hr

Basie for Anzlysie

Pressure, phig

Temperature, Furnace, *F
Temperature. Raactor Entrance,

Temperature, Quarter Bed, 'F

Temperature., Middle Bed, *F
Temperatare, Exit, °*F
Flow Rate, H,;5, lb-mol, /hr
Flow Rate, Feed, lb-mol. /hr
Flow Rate, H;O. lb-mol. /hr
Flow Rate. C,M, Ib-mol, /hr
Temperatare, Steam, "F
Temperature, Benzene, 'F
Feed Composition. mol 7"

€o

co,

H;

CH,

C,H*

Ny

H,5

NH,

CH,

C,H,OH

H; O

Tatal

Product Flow Rate. lb-mol. /hr

Product Composition, mol %

CO-*

CO,

H,

cH,

c,H*

K;

H,5

NH,

CQHI

CH,OH

H,0

Totsl

€O Consumed. 1o-mol. /hr
CO; Produced, lb-mol. /hr
H; Produced, lb-mol. /hr
H;O0 ULaed, tb-mo), /hr

IU-4-9

Table A-12, Part 2. LIFE TESTS
(Laporte-Davison Comox 207 Shift Catalyst,
3/16-Inch Pellets, 21.0 g)
£2-4 il-5 22-6

rer—— 2 T — 15 | e
Dry Wet Dry Wet Dry Wet

a0 1000 1000 1000 1000 1000

580 580 580 580 580 580

*F 615 6158 615 [ %) 4lé 311
630 630 622 622 625 625

620 620 619 619 620 620

592 592 $92 592 591 591

G. 000054 0.0000%4 0 0000%)3 0.000053 0.000053 0. 000053
0. 004862 0. 0lle28 0.0C4855 0 011921 0.004782 0.012437
.. 0. 006765 -- 0.007066 - D.007042

. -- -- -- --  0.000612

900 900 900 900 900 900

280 280 286 280 280 280

2.2 8.45% 20.2 §.23 20.0 7.649
22.3 9 33 2z.3 .08 2l.z 8.15
23.9 9.99 23.9 9 73 29 6 1i.38

29 5 12. 34 29.5 12.01 25. 6 9.84

c.8 0.33 0.8 0.33 0.7 0. 27

2.2 ¢.92 2.2 0.9¢ 1.8 0. 69

1l 0.456 1.1 0. 45 1.1 [ ¥4

- -- - -- - 4.92

-= 58. 18 -- 9. 27 - - 54, b4

100.0 10¢. 00 106.0 100.00 t00. ¢ 100 ©0

0 00%E&3 D 011690 0.005761 0 011790 0.005632 0. 012169
34.4 17. 24 34.5 16 .86 334 15. 46
3.8 1B 44 3.8 17.98 6 19. 28

25. 4 12.73% 251 12. 36 21.6 10.00

0.6 0.30 0.6 .29 0.6 9.28

19 0.9%5 1.8 0.88 k.6 0.74

c9 0. 45 1.0 0.4% 0.9 0. 42

- .- - -- 0.3 4.7

- 49, 89 - 51. 14 e 49. 15

106.0 160,00 ioo.o L0000 100.0 100,00

0. 000981 -- 0. 600981 - 0.000956 -
0.000930 - 0. 600905 - 0.000847 -
0.000994 - 0.000960 - 0. 000928 -
0.000933 -- o 001036 .- 0.001062 --
2809 $607 278613 5654 2701 5836

Space Velocity, SCF/hr-cu ft

* The feed gas contains about 1.3 ppm prepyl mercaptan, 0.8 ppm thiophene, snd 52 ppm carbonyl sulfide.

? Where values are not given, concentrations are below 0 17,
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Bun No.
Time, hr
Basis_for Analysis
Pressure, phig
Temperature, Furnace, ‘F
Temperature, Reactor Epntrance,
Temperature, Quarter Bed, °F
Temperature, Middle Bed, °F
Temperature, Exat, *F
Flow Rate. H,5. le-maol. fhr
Flow Rate, Feed, lb-mol. /hr
Flow Rate, H;O0, lb.mol. /hr
Flow Rate. C.H, lb-mol. /hr
Temperature. Steam. 'F
Temperature. Benzene, °F
Feed Composition, mol «*

co

CcO,

Ha

CH,

¢,H,'

Nl

H,S

NH,

C.H,

€ H,OH

H O

Total

Product Flow Rate, Ib-mal. /hr

Ll

Product Componitien, mol
co
co,
H,
cH,
C,H*
K2
H,S
NH,
CH,
C H,OH
H,0
Total

CO Censumed, lb-mol. /fhr
CQ; Produced, lv-mol. /hr
H,; Produced, lb-mol. /hr
HyO Uwsed, lb-mol, /hr

Space Vealocity, SCF/hr-cu ft

* The feed gas contains about 1.3 ppm propyt

1U~4-9
Table A-12, Part 3. LIFE TESTS
(Laporte-Davison Comox 207 Shift Catalyst,
3/16-Inch Pellets, 21.0 g)
22-7 22-8 22-9 .
170 —— 193 —_—t7
Dry Wet Dry We Dry Wet
1000 1000 1000 1000 le0o 1000
S80 Y80 580 580 580 580
°F 616 616 616 (31 615 615
628 628 626 626 624 624
620 620 620 620 621 621
590 590 594 594 591 591
0. 000053 0.000053 ©.000057 0. 000057 0.000057 0 000057
0. 004801 0.011670 0. 004741 0 011297 0.004740 0.0119%¢
-- 0. 006124 -- 0. 005841 - 0. 006624
-- ©. 000745 .- 0.000696 - 0. 060565
900 900 900 900 900 900
280 280 280 280 280 280
20.0 8.23 20.1 8. 44 20.1 7.97
21,2 8.72 20.8 §.73 20.8 8.25
29.6 12.19 30.2 12.68 0.2 11,98
25. 6 10.53 25.3 10,62 25.3 11.04
0.7 0. 29 0.7 0,29 0.7 0.28
1.8 0.74 1.7 o.M 1.7 0.67
1 .45 1.2 0.50 1.2 0.48
-- . -- 0,16 -- 0.18
-- 6.38 -- 6. 16 . 4.7
- . 52.47 - 51.71 -- 55 42
100.0 100.00 100.0 100. 00 i0o.0 100. 00
0.005737 0.0i1681 0.005659 0.011142 0.005643 0.011717
0.1 0.05 0.1 0.05 0.1 0.0%
1.6 16.5¢ 329 16.71 32.9 15. 84
41.5 20 19 41,3 20.98 4.1 19.719
215 10. 56 22 4 11,38 22.6 10.88
6.6 0. 29 0.6 0.30 0.6 0.29
P 5 0.74 1.6 0.8} 1.6 0.77
0.9 0. 44 0.8 0. 41 0.8 .39
0.3 b.04 6.3 5 62 0.3 4.20
.- .- - 0.1l .- 0.12
-- 44.99 - 43.63 - 47.67
100.0 100 00 100.0 100. 00 100.0 10000
0.000954 . 0.000947 - 0.000947 .-
0. 000210 .- 0.000875 -~ 0.000871 -
0.000960 .- 0.000905 - 0.000888 -
0.000869 -- 0.000980 -- 0.00103% .-
2782 8602 2714 5344 2706 620
mercaptan, 0.8 ppm thiophene, and 52 ppnr carbony] sulfide.
B-15-36¢
A-75
() = ~ a e g = Lad [F) al ~ 1) ~ (a4 wr
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Bup No.

Table A-12, Part 4.

LIFE TESTS

(Laporte~Davison Comox 207 Shift Catalyst,
3/16-Inch Pellets, 21.0 £)

Time, hr
Basis for Analysis

Pressure, paig

Tempersture, Furnace, *F
Temperature, Reactor Entrance,
Temperature, Quarter Bed, "F
Temperature, Middle Bed, *F
Temperature, Exit, *F
Flow Rate, H,5, lb-mol. /hr
Flow Rate. Feed, lb-mol. /hr
Flow Rate. H;O0. lb-mol, /hr
Flaw Rate, C,H,. lb-mol. /hr
Temperatare, Steam. *F
Temperature. Benzene, *'F
Feed Cormpesition, mol .t

co

co,;

Hy

CH,

c,H*

Ny

H,;5

NH,

CH,

C,H,OH

H, 0

Total

Product Flox Rate, ib-mol. /hr
Product Composition, mol %
co
co,
H,
CH,
CoH,
Ny
H,5
NH,
C.H,
€ ,H,OH
H,0
Total

-

CO Consumed, lb-mol. /hr
€O, Produced, lb-mol. fhr

H; Freduced, lb-mol. /hr
HiC Ueed. Ib.mo). /hr

Space Velocity, SCF/hr-cu ft

IU-4-9

22-10 22-11 g2-12
—_— 241 ‘ 33T, — T
Dry Wet Dry Wet Dry Wet
1000 1000 1000 1000 1000 1000
580 580 580 580 580 58D
°F b15 61% 615 615 615 615
625 62+ 625 625 625 625
6z0 620 620 620 621 62t
59¢ 590 590 590 590 590
0. 0000s? 0. 000087 0, 0000sY Q. 003057 0. 000088 0. 000058
0, 004751 0.011898 0. 004736 0, 012429 C. 004846 0.013627
-- 0. 006556 -- 0, 007101 -- 0.008]14
- 0. 000565 - 0. 000565 -- 0, 000636
900 900 900 900 00 900 .
280 280 280 280 280 280
20,1 8.02 20.1 7. 66 20.1 7.15
20.8 B, 3t 20.8 7.93 208 7.40
0.z 12. 08 30.2 11, 31 30.2 10, 74
25.3 19,10 25.13 9, 64 25.3 9. 00
0.7 0.28 0.7 0,27 0.7 Q.25
1.7 0. 68 1.7 0.46 1.7 0. 60
1.2 0. 48 1.2 Q. 65 1.2 0. 43
.- D.18 -- .18 -~ 0.19
.- 4.75 -- 4. 55 -- 4. 67
-- G. 04 .- 0.03 .- 0,03
-- 55. 10 .- 57.12 == 59, 54
100, 0 1G0. 00 100, 0 100. 00 1og. 0 10000
0, 005672 0.011758 0.005645 0.012320 0.005832 0.01347
0.1 D, 05 0.1 0. 05 0.2 0.09
30 15,92 332 15.22 30 14.29
41.0 19.78 40.8 18. 70 40,8 17.67
22,6 10,90 22,5 10,31 22.6 9.78
0.6 0.29 0.6 0.27 0.6 0.26
1.6 .77 1.6 .73 1.6 0, 6%
0.8 0.39 0.9 0.4! 0.9 G, 39
-- 0,02 -- 0,13 - 0.13
6.3 4.22 0.3 4,11 0.3 4.17
- 0,12 -- 0.02 .- 0.02
-- 47. 54 -- 50,05 -- 52,51
oo 0 100. 00 100. 0 100, 00 100.0 100_ 00
0. 000949 -- 0, 000946 -- 0. 000963 -
0. 0008483 - 0. 000E8Y -- 0.000916 -
0. 000890 . 0.000874 - 0.000916 -
0. 000965 “- 0. 0009137 -- 0. 001041 -
2720 5639 Z708 5909 2797 6461
® The feed gaa containe about 1.3 ppm propyl mercaptan. 0.8 PPm thiophene, and %2 ppni carbonyl sulfide.
B-15-36d
A-76
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Bun bie-
Time, hr
Basis for Analysie
Pressure, pILg
Temperature,
Temperature,

Furnace, “F

Rescter Entrance,

Temperature, Quarter Bed. °F
Termnpersture, Middle Bed, °F
Temperature, Exit. °F
Filow Rate, H,5. lb-maol. /hr
Flow Rate, Feed, lb-mol. [hr
Flow Rate, H,0, lb-meol, /hr
Flow Rate, C.H,. lb-mol. /hr
Temperature, Steam, 'F
Temperature, Benzene. °*F
Feed Composition, mol A

[ate]

<O

H,

CH,

C.H*

Ny

H,5

NH,

C,H,

C H,OH

H,O

Total

Product Fiow Rate, lb.mol. /hr

Product Composition, mol
co
CO,;
H,
CH,
CH*
Ny
H,S
NH,
CJH,
C,H,OH
MO

Total

CO Consumed, lbemol. /hr
€O, Produced, lb-mol /hr
H; Produced, lb-mol./hr
Hy;O Used, lb-mol. /hr

T

Spacs Velocity, SCF/hr-cu fi

Table A-12, Part 5.
(Laporte-Davison Comox 207 Shift Catalyst,
3/16~Inch Pellets, 21.0 g)

LIFE TESTS

IU-4-9

22-13 22-14 22-15
no AT L1 [ —
Dry Wet Dry Wet Dry Het
1000 1000 1000 1000 1000 1000
580 580 580 580 580 580
*F 615 615 616 616 614 6l4
623 623 623 LY+ 620 620
62l 621 620 620 618 618
591} 591 599 590 590 590
0.000058 0. 000058 0.0000%8 0 QCo058 0. 0005E G. 000058
0. Q04869 0.012855 0. 004846 0.011545 0.004662 0.012534
- 0. 007430 -~ 0.006211 -~ 0.0070813
-- 0.000528 -- 0. 000464 - 0 000562
900 300 300 900 900 900
280 280 280 280 280 280
17.2 6. 52 17 2 T.22 17.2 .67
213 8.07 213 B. 94 21.3 8.26
32.3 12.23 323 13. 56 32.3 12.54
25. 6 9.70 25 b 10.76 5.4 9 93
0.7 0.27 0.7 0.29 0.7 a.27
17 0. .64 17 0.71 1.7 0. &6
1.2 0.45 1.2 0.50 1.2 0. 47
- .18 - .17 -~ 0.18
-- 4.10 .- 4. 02 .- 4.48
-- o 03 -- 0.03 - 0.01
- 57,81 -- 53. 80 .- 5. 51
100.0 100. 00 1000 100.00 100 0 100. 0C
0.00%817 o 012670 0 005832 0.011597 0.005731 0.012303
9.4 o.18 0.5 0.25 o.4 0.19
2.3 14.45 3z.3 1&. 14 32.3 15.0%
42.3 19.61 2.2 21,32 42.3 19.70
21.6 9.92 21.6 10. 86 21.6 10.06
0.6 o 28 0.6 6.130 0.6 0.28
1.5 0.69 1.5 0.75 1.5 ©.70
.o 0. 46 1.0 0. 50 .o 0.47
.- .13 - 0.12 -- 0.12
0.3 3.68 0.3 3.5 6.3 4. 24
.- 0.02 -~ 0.02 -~ 0.02
- 50. 38 -- 46. 18 == 49,17
100.0 100.00 106.0 100. 00 100.0 190.00
0. 000853 .- 0. 000844 .- 0.000852 --
0.000861 - 0.000870 -- 0. 0008 4b -
0. 000908 -~ 0.000916 -- 0. 000860 -
0.001045 -- 0.000857 - 0.0G01033 -—
2799 6077 2797 5562 2749 5900

® ‘The feed gas contains about 1.3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide,
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Table A-12, Part 6. LIFE TESTS
(Laporte-Davison Comox 207 Shift Catalyst,
3/16-Inch Pellets, 21.0 g)

Run No. 22-16 22-17 22-18
Time, hr 522 546 510
Basis for Anaiysiy Dry Wet Dry Wet Dry Wet
Pressure, psig 1600 1000 1000 1600 1000 0o
Temperature, Furnace, "F 580 580 580 s8¢ 580 - 580
Temperature, Reactor Entrance, *F 618 615 613 [3%] [37] 614
Temperature, Quarter Bed, °F 620 [:F4) 618 618 621 bzl
Temperature, Middle Bed, *F 6l7 &7 618 618 617 617
Temperature, Exit, 'F 592 592 594 594 592 592
Flow Rate, H,5, lh-mol. thr 0. 000058 0. 000058 0 opposa 0.000058 0. 000058 ¢. 000058
Flow FRate, Feed. lb-mol. /ar 0. 004869 0.012714 0 004862 0.0lz822 0.004863 0.012994
Fiew HRate, H;C. Ib-mol. /hr - 0.007234 .- 0.007349 .~ 0.007502
Fiow Rate. C.H,. lb.mol. /hr -- ¢ 000584 .- 0. 000584 -- 0.000601
Temperature, Steam, 'F 900 900 900 900 900 900
Termperature, Bentene, 'F 280 280 280 280 280 280
Feed Composition, mol % °
co 17.2 5.5% 17.6 6.67 17.6 6.59
CCy 21.3 a.16 21,7 8.23 21,7 8,13
H, 2.3 12.37 32 0 12.13 32.¢ 11,98
CH, 25.6 9. 80 5.3 9.59 25.3 9.47
cH,' 0.7 0.27 7 0.27 0.7 0.26
N, [ 0. 6% 1.5 a. 57 1.5 0.5
H,S 1.2 C. 46 1.2 0. 46 1,2 0. 45
NH, .- 0.18 -- 0. 18 - 0.18
C4H, -- 4.59 -- 4, 56 .- £ 62
C H,OH -- 0.03 -- 0.03 .- 0.03
H;0 - 56.90 = 57.31 -- 57.73
Total 160.0 100. 00 lon. o 100. 00 100.0 i00. 00
Product Flow Rate, Ib-wmol. /hr 0.005804 C.01254% 0. 005755 0.012830 0. DOSTBS 0.012814
Product Composition, mol %
[ads] 0.5 0.23 0.6 Q.27 0.6 0,27
co, 122 14. 80 32.17 14,467 L 14. %0
H, 42.2 19.61 42.0 18. 64 41.6 18. 78
CH, 21.7 10. 04 21.5 9.64 21.6 9.75
CH* 0.6 0.28 ¢.6 0. 27 0.6 0.27
N, 1.5 0.69 1.3 0.58 1.3 0.59
H,5 1.0 0. 46 1.0 0. 45 1.0 0.45
NH, .- 0.13 - 0.13 -- D.13
C.H, 0.3 412 0.3 4.00 0.3 4.30
€,H,0H .- 0.02 -- n.02 - B0z
H,0 -= 49. 61 ~- 51.13 - 50 54
Total 100.0 i00.00 100.0 100.00 100.0 100. 00
CO Consumed, lb-rnol. /hr ; 0.00847 -- ¢ oQus2l - 0.000821 -
CO; Produced, lb-mol. /hr €. 00851 -- 0.000827 - 0.Q00854 -
H; Produced. Ih-mol, /he 0. 00896 .- 0 000861} -- 0.000850 -
H;O Used, ib-mol. /hr ¢.01013 L D 000790 -- Q.001026 -
Space Velocity, SCF/hr.cu ft 2784 6014 2760 6153 2775 5145

* The feed gas contains about 1.3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 pprn carbony] sulfide.
B-15.34f
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Table A-12, Part 7. LIFE TESTS
(Laporte-Davison Comox 207 Shift Catalyst,
3/16-Inch Pellets, 21.0 g)

Run Ng. 22-19 22.20 22-21
Time, hr 660 682 106
Basis for Analys:s Dry Wet Dry Wet Pry Wet
Pressure, poig 1000 1000 1000 todo 1000 1pgo
Temperature, Furnace, *F S&0 580 580 580 580 580Q
Temperature, Reactor Entrance, °'F 620 620 b22 622 625 625
Temperature, Quarter Bed. °F 63?7 637 637 637 647 647
Temperature, Middie Bed, °F 625 625 626 626 630 630
Temperature. Exit, *F 31 610 612 bl2 625 625
Flow Fate, H;5. lb-meol. /hr 0.0000%E 0. 00C058 0.000058 0 000058 0.000104 D.000104
Flow Rate, Feed, lb-mol. /hr 0.00B0O5 !} 0 Q23376 0.008139 0.023454 0.013037 0.034242
Flow Rate, H,0, lb-mal /hr -- 0.014244 .- c.0l4238 -- 6.019719
Flow Rate, C.H,. lb-mol, /hr - 0.001028 .- 6.001025 .- C.0014231
Temperature, Steam, °*F 90C 900 900 900 900 900
Temperature, Benzene, °F 280 280 280 280 2BO 280
Feed Composition, mol *
co 18.0 6.20 18.0 &.25 18. 4 7.01
CO,; 2z.2 7.6% 22.2 7.70 22.7 B.64
H; 30.7 19,57 307 1o, 65 29.4 1. 19
CH, 25.% 8.92 25.9 8.%99 26.5 10.09
C,H,” 0.7 0.24 0.7 0.24 0.7 0.27
Ny 1.5 0.52 1.5 0.52 ¢.3 Q.87
H;S 1.0 0.34 .o 0.35 1.5 0. 30
NH, -- 0.19 -- 0.19 -- 0.18
C.H, -- 4.40 .- 4,37 .- 413
CHOH -- 0.03 7 -- 0.03 .- 0.03
H0 -- 60. 94 = 60.71 - 57,59
Total 100.0 100. 00 100.0 100, 00 0.0 100. 00
FProduct Flow Rate, lb-mel. /hr 0.0091360 0. 023127 0. 009539 0.023126 0.018172 0.013926
Product Composition, mol %
co 1.3 0.53 1.2 0.49 2.2 0,58
cO, -3 13.44 33 2 13.76 33.0 14.76
H; 40 1 t6. 19 40.1 b6, 68 w9 17.40
CH, 22.2 9.07 22.2 9.1% 22.7 10. 15
c,H,* ) 0.24 06 0.125 0.6 0.27
N, 1.3 0 %3 1.3 0 54 1.1 [<L1-)
H,;S 0.9 0.36 09 0. 37 07 0.3l
NH, -- .19 .- 0 14 -- 0.13
CoH, 0.5 4.4 0.5 4.12 [ 3.98
C,H,0H - 003 -- 0 92 .- 0.02
H,0 - 55 08 - 54 48 - 51 42
Total 100.0 100 00 100.0 100 GO 100.0 100.00
CO Consumed, lb-mol, /hr ©0.001327 -- ¢.001351 -- 0. 002065 .-
€O, Produced, Ib-mel, /hr 0.01321 - ¢.00135%8 - $.002048 -
H; Produced, lb-mol. /hr 0.00)319 -- ©. 001383 -- 0.00206% -
H;O Used, lbemol. /hr Q.001506 .. ¢, 001592 .- 0.002278 -
Space Velocity, SCF/hr-cu f 4488 11090 4574 11, oss 6930 15,490

* The feed gas contains about 1. 3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide.
B-15-363
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Bun No.

Time, hr .

Basis for Amalysis
poig
Temperature,
Temperature,
Temperature, Quarier Ped.
Middle Bed,
Exit, °*F

Pressure,
Furnace, 'F
Reactor Entrance,
‘F
Temperature, *F
Temperature,
Flow Rate. H,5, lb.mol. /hr
Feed, lb-mol, /hr
H;O. lb-mol. /hr
CH,. lbemol. /hr

°F

Fiow Rate,
Flow Rate,
Flow Rare,
Temperature, Steam,
'F
mol %.*

Temperature, Benzene.
Feed Composition,

co

<O,

H;

CH,

C.H,”

NZ

H,5

NH,

COHA

€H,0H

H,0

Total

Product Flow Rate, ib-mol. /hr
Product Compoaition, mel %

Co

CO;

H;

CH,

C,H>

N,

H,5

NH,

CH,

CyHyOH

H; 0

Total

CO Consumed, lb-mol. /hr
CO; Produced, lb-rnol. /hr
H; Produced, lb-mol. /fhr
Hj;O Usad, lb-mol. /hr
Space Velocity, SCF/hr-cu it

IU-4-9
Table A-12, Part 8. LIFE TESTS
(Laporte-Davison Comox 207 Shift Catalyst,
3/16~Inch Pellets, 21.0 g)
22-22 22-23 22-24
730 )] S 718
Dry Wet Dry Wat Dry Wet
1000 1000 1000 1000 1000 1000
750 150 750 150 750 T50
“F 750 7150 750 750 T5¢ 758
78% 785 170 770 178 175
710 170 759 159 763 763
765 765 50 750 750 750
0.000106 0.000106 2 000057 0. 000057 0.000080 0.000080
p.oliiay 0.03402) D.004754 0.01255] D.007981 0.023139
-- 0.019351] - 0.007205 .- 0.013881
- D.00L413 .- 0.000%65 - 0.0G1225
900 900 Q00 200 900 900
280 280 280 2890 280 280
18_4 7.13 17. 6 6.67 18.0 6.21
22.7 B BO 2.7 B.22 22.2 T.66
29. 4 11. 29 2.0 12.12 30.1 10.59
6.5 10.27 25.3 9.58 25.9% B.93
e.7 0.27 0.7 0.27 0.7 0. 24
¢.B 0.58 1.5 0.57 1. S o.52
1.5 0.31 1.2 0, 45 1.0 0. 34
-- a.18 e 0.18 - 0.19
- 4. 15 - 4,50 -- .29
-~ 0.0l -- 0.03 .- 0.04
“ = 56. 85 . 57,41 - 59.99
i00.0 t00. 00 100. ¢ 100. 00 100.0 100.00
Q. 05659 0 033983 0.0055484 0.012219 0.009647 0. 022738
1.2 0.55 0.3 0.14 0.5 0.21
339 15. 62 0 15.08 33.4 1417
39.2 18. 06 42.0 19.19 40.9 17.3%
22.5 to. 37 2l.8 9.82 1.9 9.29
0.6 o.28 0.6 0. 27 0.6 0.25
1.3 0.60 1.3 ¢.59 1.3 0.55
0.7 9. 32 1.0 0.46 0.9 0.238
- 013 - 0.13 -- .13
0.6 3.95 0.1 4,06 0.5 s$.02
- 0.02 -- 0.02 .- 0.0}
- 50.10 - - 50. 24 == 52.62
100.0 100. 00 100. 0 160, 0o 100.0 100. 0p
©.002238 . .- ©.000820 - 0.001338 -
0.00231% - ¢.000811 - 0.001450 -
0.002262 -- 0.000824 -u 0.0014%6 -
0.002127 .- 0.00i066 - 0.001919 --
71%0 15,500 2550 5581 4406 10, 386
* The feed gas containg about |3 ppm propyl mercaptan, ¢. 8 ppm thiophene, and 52 ppm carbonyl sulfide.
B-15-36h
A-80
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Table A-12, Part 9. LIFE TESTS
(Laporte-Davison Comox 207 Shift Catalyst,
3/16-Inch Pellets, 21.0 g)

Bup Ne- 22-2% 22-26 o 22-27
Time. hr [ 1)) V— 827 —
Basis for Analynis Dry Wet Dry Wet Dry Wet
Pressure, peig 500 500 500 500 200 Z00
Tempersture, Furnsce, °F 7%0 750 750 50 %0 50
Temperature. Reactor Entrance, °F 740 140 740 740 T46 T4
Temperature, Quarter Bed, °F 755 7558 768 768 755 1558
Temperature, Middle Bed, "F 150 750 756 756 750 750
Temperature, Exit, °F 736 736 T45 T45 37 131
Flow Rate. H;5. lb-mol, /hr 0. 000044 0.000044 0. 000092 0.000092 0.00004% 0.00004%
Flow Rate., Feed. lb-moal. /hr 0. 004859 0.0)3609 0.009193 0.023934 0. 004857 0.014120
Flow Rate, H;O, lb-mol. /hr -- 0.008128 - 0.013740 - 0.00B647
Flow Rate. CH,. b-mol. /hr -- 0.00059! - 0.000951 - 0. 000584
Teraperature, Steam, °F 900 900 900 800 900 990
Ternperature, Benzene, °F 280 280 280 280 280 280
Feed Composition, mol 7.'
co 8.2 b.50 18.1 6.9% 18.1 6.23
cO; 22 .4 8.00 22.3 8.57 22.3 7.67
H, . 30,1 10.75 30.4 11.68 30.4 10, 45
CH, 26.2 9.36 26.0 9.99 26.0 8.94
ol T 6.7 0.25 0.7 0.27 0.7 0.24
N, 1.5 0.54 1.5 0,58 1.5 0.52
H,S 2.9 0.32 1.0 0.38 1.0 0.35
NH, - 0.1% - 0.18 - o, z0
CH, .- 4. 34 -- 3.97 -- 4. 14
C,H,OH .- 0.03 -- ©.03 - 0.03
H,0 - 5972 - 57. 40 -- §1.23
Total 100.0 100. 00 100.0 100, 00 100.0 100. 00
Product Flow Rate, ib-mel, /hr 0.005720 0.013350 0.010716 0.023%90 0 00564 0.013472
Product Compositicn, mol %
co 0.6 0. 26 1.3 0.59 1.3 o. 54
co, 34.0 14.57 33.1 15. 04 33.1 13.86
H; 40,2 17. 22 40.1 18.22 40.2 16.83
CH, 22.2 9.51 22.2 10. 08 22.3 9.3
R 0.6 .26 0.6 0. 27 0.6 o.25
N, -3 0.5 1.3 0.59 1.3 0.54
H,;S 0.8 0.34 0.9 0.41 0.9 0. 38
NH, .- 0. 14 - 0.13 - 0.13
C.H, 0.3 1.5 0.% 3,87 0.3 3. 56
CHOF -- ¢.02 -—- 0.02 - 0.02
H,0 -- %3, 37 - 50. 78 —- 54 55
Total 100.0 100.00 100.0 100.00 100.0 100. 00
CO Consumed, lb.mol. /br 0. 000850 -- 0.001528 - 0.000806 -
€0, Producsd, lb-mol. /hr 0. 000856 : - 0. 00149% e 0.000784 -
H; Produced, 1b-mol. Inr 0. 000836 - 0.001502 - . 000790 -
HyO Used, 1b-mol. /hr 0.001002 - 0.0017%9 - 0.001299 --
Space Velocity, BCF/hr-cu ft 2613 6098 4894 Lo, 778 2576 6183

* The feed gar contains about 1.3 ppm propyl mercaptan, 0.8 ppm thiophane, and $2 ppm carbonyl sulfide.
B-15-36i
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Table A-12, Part 10. LIFE TESTS
(Laporte-Davison Comox 207 Shift Catalyst,
3/16-Inch Pellets, 21.0 g)

Rup No. 22-28 22-29 22-30
Time, he 876—. %00 950
Basis for Analysie Dry Wet Dry Wet Dry Wet
Pressure, pag 200 200 500 500 %00 500
Temperature, Furnace, °F sBo LLT] 580 580 580 580
Temperasture, Reactor Entrance, *F 60% 609 415 615 630 630
Temperature, Quarter Bed, °F 613 613 623 623 640 640
Temperature, Middle Bed, "F (314 610 618 b£18 633 633
Temperature, Exit, °F 590 590 597 597 614 Gl4
Flow Rate, H,5. lb-mol. /hr 0. 000049 0. 000049 0.000054 ©. 000054 0.000082 0. 000082
Flow Rate, Feed, Ib-mol. /he 0. 004866 0.013085 0.Cco4874 0.012815% &. 008148 C.022122
Flew Rate. H;O. 1b-mol. /hr -- 0.007724 -- 0007349 .- 0.012738
Fiow Rate, C.H, lb-mol. /hr -- 0 000467 - 0. 000565 .- 0.001187
Temperature, Steam, °F 900 900 900 900 900 900
Temperature. Benzene. *F 28¢ 280 280 280 280 280
Feed Compositien, mol . *
co 181 673 17.8 677 8.0 [ X
cO, 22.3 8.29 22.0 B. 37 22.2 8. 18
H, 30.4 11. 31 il 4 1i.94 30.7 11.31
CH, 26.0 9.67 25.5 % 70 25.9 9.5¢4
C,H,” 0.7 0. 26 0.7 0 27 0.7 0. 26
Ny 1.5 0. 56 1.5 0.57 - 0 5%
H,;S 1.0 ¢ 37 1.1 0. 42 t.0 0. 37
NH, - 0.19 -- ¢.18 -- 0. 18
C.H, -- 3587 -- 4.41 - 5. 37
C, H,CH - 0.03 - 0.03 - 0.04
H; ¢ -- 59.02 - 57.34 -~ 57. 587
Total 100. ¢ 100. 00 l0G. 0 100. 90 160.0 100. 00
Product Flow Rate, lb-mol, /hy 0.005%561 0.012566 0. 005660 0.012468 0. 009469 0.021244
Product Composition, mol T
co 3.2 1.42 1.2 0. 54 1.5 Q.67
co, 3z 1 . 14. 21 3.0 14, 98 330 14.71
H, 1’9 17.22 40.8 18,52 40.1 17.87
CH, 22.7 10. 0% ¢1.9 9. 94 22.1 9.85
C,H,* 0.6 0.27 0.6 c. 27 0.6 0.27,
N, 1.3 0.58 1.3 0.%9 .3 0.58
H,S 0.9 o 40 0.9 0.41 0.9 0 40
NH, -- 0.13 .- 0.13 “ 0.13
CH, 0.3 3 o4 0.3 3. 84 0.5 5. 22
C,H,OH -- c.02 - 0.02 - c.03
H,0 == 52.66 -- 50. 76 - S¢.27
Total 100. 0 16000 100.0 100. 00 180.0 - 100.00
CO Consumed, lb-mol. /hr 8.000703 - 0.000800 -- 0.00132% -
€O, Produced, lb-mal. /hr 0.000698 -- 0.000795 .- 0.001316 -
H; Produced. lb-moel. /hr 0. 000684 -- 0.000778 .- 0.00129% -
HyO Used, 1b-mol, /hr 0 001103 .- 0.ool020 .- 0.002057 --
Space Velocity, SCF/hr.cu ft 2540 5739 2585 5695 4325 8592

* The fead gas containe about 1. 3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 pprmn carbonyl sulfide.
B-15-36)
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Table A-13, Part 1. LIFE TESTS
(Shell 0il 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)
Bun No. 23-1 23-2 23-3
Time, hr 2 5 ]
Basis for Analysis Dry Wat Dry Wet Dry Wet
Pressure, psig 1000 1000 10c0 1900 1000 1000
Tempersture, Fornace, °F $80 580 $80 580 580 580
Temperature, Reactor Entrance, °F 626 626 626 626 626 626
Temperature, Quarter Bed. °F 610 610 610 610 610 610
Temperature, Middle Bed, °F 615 615 615 615 615 615
Temperature, Exit, °F 593 593 591 593 593 593
flow Rate, H,;5. 1b.mal. /hr . 000069 0. 000069 0. 000069 0. 000069 6. 000069 0. 000089
Flow Rate, Feed, lb-mol. /by 0. 004924 0.012426 0.004924 0.012426 0. 004924 0. 012426
Flaw Rate, H;0. lb-mol. /hr - 0. 007502 .- 0. 007502 -- 0, 007502
Flow Rate, C,H,. lb-mol. /hr - an -- -- -- .-
Temperature, Stesm, °F 300 900 900 900 900 900
Temnperature, Benaene, °F 280 280 280 280 280 280
Feed Composition, mol "
co 17.2 6,82 17.2 6,82 17.2 6.02
<O 21.2 8,40 z1.2 8.40 2i.2 8,40
H, 33,4 1124 33,4 13,24 33.4 13.24
CH, 24,7 9.79 24.7 %.79 24.7 7.97
¢, H' 0.7 0.27 0.7 .27 0.7 0.27
N 1.4 0. 56 1.4 0. 56 1.4 0.56
H;5 1.4 0. 56 1.4 0. 56 1.4 0.56
KM, .- .- - .- - .
CH, -- .- -- .- . .-
C H,OH - - .- .- . .-
H,0 - 60, 16 - 60. 36 . 60,36
Total 100, 0 {00, 60 100, 0 100. 00 100.0 100, 00
Product Flow Rate, lb-mol. /hr 0. 005929 0.012436 0,005796 0,012303 0. 005790 0.012297
Product Composition, mol %
co 2.4 1.42 0.5 0. 24 0.2 0.10
co, 31.3 14.82. 32.5 15. 31 32,7 15.39
H, 42,0 20. 00 42,8 20.17 43.1 20.29
CH, 21,3 10.13 21.2 9.99 21.0 9.89
C,H* 0.6 0,29 0.6 0.28 0.6 0. 28
N, 1.2 0.57 1.2 0.5 1.2 0.5%6
H,S 1.2 0.57 1.2 0.57 1.2 0.56
NH, .- - - -- -- .-
C.H, - -- .- .- -- --
C,H,OH .- - -- - - .-
H,;0 - 52.20 -- 57.87 - 52.93
Tol 100.0 100, DO 190, 0 100, 00 100.0 100, 00
€O Consumed, 1b-mal. /hr 0.000705 - 0.000818 -- 0. 000835 -
CO, Produced, lb-mol. /hr 0.000812 -- 0, 000840 .- 0, 000849 .-
H,; Produced, lb.mol. /br 0, 000745 . 0.00083] .- 0. 000850 -
H© Ussd, Yb-mel. fhr 0. 000998 - 0. 000995 . 0. 000995 .-
Space Valocity, SCF/hr-cu ft 2525 297 2468 5240 2466 £327

® The feed gas contains about 1.3 ppm propyl mercaptan, 0.8 pprn thiophene, and 52 ppm carbonyl sulfide.
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Run_Ne.

Time, hr

Bagis for Analysis

psig
Furnace, 'F

Pressure,
Temperature,
Temperature,
Temperature, Quarter Bed, *F
Middle Bed, *F
Exit, "F

Temperature,
Tempetature,
Flow Rate, H;S. lb-mol. /hy
Flow Rate., Feed, lb-mol. /hr
Flow Rate, H;0, lb-mol, /hr
Flow Rate. C;H,. lb-mal. /hr
Temperature, Steam, "F
Temperature, Benzene, °F
Feed Composition, mol .

co

co,

H;

CH,

c,H,”*

N,

H,S

KH,

C,H,

C,H,OH

H,0

Total

Froduct Flow Rate, lb-mol. /hr
Product Composition, mal %

co

cO,

H,

CH,

C.H*

Ny

H,S

NH,

C.H,

CH,OH

H,0

Total

CO Consumed. lb-mol, /hr
€O, Produced, lb-mol, /hr
H; Produced, lb-mol, /hr
H;O Used, lb-mol. thr

Space Velocity, SCF/hr.cu ft

Reactor Entrance,

# The feed gas containes about 1.3 pptn propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide.
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I0-4-9
Table A-13, Part 2. LUIFE TESTS
(Shell 0il 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)
23-4 23-5 23-6
73 95 114

Dry Wt Dry Wet Dy Wet
200 200 500 500 L1ol] 500
580 580 5BO 580 b1:14 580
*F 624 624 625 625 625 625
611 611 610 610 611 31
624 624 621 62! 621 621
576 516 560 560 560 560
0, 000044 0. 000044 0.000043 0. 000043 0, 000044 0. 000044
0.004906 0.012867 0. 004786 0, 012485 0. 004857 0,012871
.- 0. 007961 .- 0.007699 --  0.0074B%
- - - - - 0. 000525
go0 300 900 960 900 900
280 280 280 280 280 280
18.3 6.98 18,1 7.02 18.3 6.%1
22.4 8.5¢ 22.4 a.59 22,4 B.45
30.0 11,44 30.0 11,50 30.0 11,32
26,2 9.99 26.2 10,04 26.2 9.89
0.7 0.26 0.7 0.27 0.7 0.26
1.5 0,58 1.5 0. 58 1.5 0,34
0.9 0.34 0.9 0. 34 0.9 0.57
- - - .- - 4.08
- 61,87 .- b1.66 - 58. 18
1060.0 1040, 00 100.0 100,00 100.0 100, 00
0. 005762 0. 012697 0. 005645 0.012346 0. 00S6B7T 0. D124465
0.9 0.41 0.4 0.19 0.4 0.18
13,7 15,30 34.0 15.54 M. 1 15,56
40.1 18,33 40.8 1B. 65 40. 6 1852
22.4 10. 14 22.1 10,11 22,0 10, 04
0.6 0.28 0.6 0.28 0.& 0,27
1.3 0.59 1.3 0. 59 1.3 0. 59
0.8 0.36 ¢.8 0.36 0.8 0. 36
.- am - - 0.2 3.86

=z 54. 569 - £4.28 .- 50,62
100.0 100. 00 100. 0 100,00 te0.0 100. 00
0. 000845 .= D.000B53 - 0,000866 -
0. 000830 - 0.000837 - ©. 000833 -
0. 000819 .- 0.000867 .= 0.000850 --
0, 001041 .- ©.000998 -- 0. 001181 .
2454 5369 2404 5258 2422 5309

TECHNOLOGY
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TU-4~9
Table A-13, Part 3. LIFE TESTS
{Shell 0il 538 Shift Catalyst, & x 6 Mesh Spheres, 21.0 g)
Bun po- 23.1 23-8 23-9
Time, hr 140 162 —— 234
Basia for Analysis Dry Wet Dry Wet .EEY !i'
Pressure, plig 1000 1000 1000 1008 1000 1000
Ternperature, Furnace, *F 580 B0 580 58 580 SBO
Termnperature, Reactor Entrance, °*F 630 630 625 625 626 626
Temperature, Quarter Bed, °F 609 609 408 608 609 609
Temperature. Middle Bed, °F 620 620 620 620 b22 622
Tempetature, Exit, °F 483 483 450 490 485 485
Flow Rate, H;S, lb-mol, fhr 0, boboéd 0. 000068 0.0D0CR) 0, 000083 0. 000083 0, 000083
Flow Rate, Feed, ib-mol. /hr 0, 004849 0. 013087 G. 004910 0, 012834 0. 004909 0. 01304
Flow Rate, H,O., lb-mol. /br e 0. D07 642 .. 0, 007349 - 0. 007424
Flow Rate. C,H,. lb-mol. /hr - 0. 000596 -- 0. 0005758 - 0. 000683
Temperature, Steam, 'F 900 900 00 900 900 900
Temperatore, Benzene, 'F 280 280 280 280 280 Z80
Feed Composition, mol «*
co 171 6.13 16,5 6.31 16.5 6.21
jate 2y Zl. 4 7.93 20. 6 7.88 20. 6 7.75
H, 33.3 12.34 35. 4 13.54 5.4 13.32
CHy 24.7 9.1% 2.8 9.1 23.8 8.95
o, 6.7 0.26 0.7 0.26 0.7 0.26
Ny 1.4 0.52 1.3 0. 50 1.3 0.49
Hy5 1.4 0.52 1.7 0,65 1.7 0. 64
NH, .- - -- -- . 0.18
C.H, - 4.55 -- 4.48 . 5.24
C.H,0H . .- - -- .- 0.04
H; O - - 58. 40 .- 52.27 - - 56.92
Total 106.0 100,00 100, 0 100, 00 100.0 100.00
Product Flow Rate, lb-mol. /hr 0,005791 0.012769 0.005778 0,0127583 0. 005619 0.0127%
Product Composition, mol %
co 0.2 0.09 0.4 0.i8 0.4 0.17
co, 32.7 14.83 31.% 14,27 3.5 13.84
H, 42.7 19.41 44.2 20.03 .3 19.46
CH, 21,1 9.57 20. 5 9.28 20. 4 8,96
CH,* 0.6 0.27 0.6 0.27 0.6 0.27
Ny 1.2 0. 54 1.1 0,50 1.1 0.48
H,;S 1.2 0. 54 1.5 0. 68 1.5 0. 66
NH, .- -- .- -- - D. 14
C.H, 0.1 4,22 0.2 4.05 0.2 4.12
C4H,0H -- .- .- -- - 0.03
H,0 -- 50,53 -- 50, 74 - 5] 07
Total 100, 0 100, 00 100, 0 100,00 100,0 100,00
€O Consumad, 1b-mol. /hr 0.000617 -- 0. 000787 .- 0. 000788 --
CO; Produced, lb-mol. /hr 0. D00BSH -- 0. 000809 -- 0. 000759 -
H; Produced, lb-mol. /by 0. 0008 64 .. 0. 000816 - D. 000751 -
H;O Uwed, lb-mal. fhr Q0,901191 - D, 600978 - 0. DODBY3 -
Space Valocity, BCF/hr.cu ft 2466 5438 2461 5431 2393 5447
* The feed gas contains about 1. 3 ppm propyl mercaptan, 0.8 ppnthiophene, and 52 ppm certonyl suifide.
B-15-35¢
A-85
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Rug No.
Time, hr

Basis for Analysis

Pressure, psig

Teamperature,
Temperature,
Temperature,
Temperature,
Temperature,
Flow Rate,
Fiow Rate,
Flow Rate,
Flow Rate,
Temperature,

Temperature,

Feed Campositior,

co

co,

H,

CH,

CH*

Ny

H,5

NH,

C,H,

C H.OH

H,O

Total

Product Flow

Furnace, "F
Reactor Entrance,
Quarier Bed. *F
Middle Bed, *F
Exit, *F

H;5. 1b~-mol. /hr
Fead,
H,0,
CH,. lb-mol. /hr

lb-mosl. /hr
tb-mol. /hr

Steam. 'F
Berntene, °F

L3
mol 7.

Rate. Ib-mol /hr

Product Composition, mol %

co

Co,

H;

CH,

CaH,"

Ny

H,S

NH,

C.H,

C,H,OH

H,;0
Total

CO Consumed,

1b-mol. /hr

€Oy Produced, ib-mol. /hr

H; Producad,

lb-mol. /hr

H;O Used, lbemol. fhr
Space Valocity, SCF/hr.cu &t

Table A-13, Part 4.

*F

LIFE TESTS

I0-4-9

* The feed gas containa about 1.3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide.
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B-15-35d

(Shell 0il 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)
23-10 23-11 23-12
256 Fa 400
Dry Wet Dry Wet Dry Wes
1000 tooe 1600 1000 1000 1000
530 580 580 80 580 %80
627 627 630 [S14) 627 627
609 609 610 610 609 609
620 62¢ 420 620 619 619
485 485 485 465 485 465
0. 000084 0.000084  0.0U0083  0.000083  0,000083 0, 000083
0.004914 0, 012955 0. Q04887 0.012317 0. 004696 0,0)2877
- 0. 007387 -~ 0,006859 -~ 0.007277
- 0. 000645 --  0.00056% .- 0.000676
900 900 400 900 900 900
280 280 280 280 280 280
16.5 6.26 16.5 6.54 16.5 6.27
0.8 7.81 20.6 8.18 0.6 7.84
315.4 13.33 35. 4 14.03 35. 4 13,46
23.8 5.00 23.8 9. 42 23.8 9.05
0.7 0.26 0.7 0.28 0.7 0.26
1.3 9.49 1.3 0,52 1.3 Q.50
1.7 0. 65 1.7 0. 67 1.7 0. 64
-- 0.19 -- 0.18 e C.18
- 4.95 -- 4.58 - 5.25
- 0, 04 -- 0,03 -- 0.04
-- 57,02 .- 55.57 -- 56,51
100, 0 100. 00 100, 0 100. 00 100, 0 160. 00
0. 005685 0.012612 0. 005668 0. 0122313 0.005694 0, 012842
0.3 0.13 0.3 0.14 0.3 0.13
31,4 14.15 3.4 14, 55 31,6 14.01
4.4 20. 01 4.5 20. 62 442 19. 64
20.5 9.24 20.4 9,45 20.4 9.05
0.6 0.27 0.6 0.28 0.6 0.26
| P 0.50 1.1 0.51 1.1 ¢. 49
1.8 0.67 1.5 0. 59 s 0. 66
- 0.13 -- 0.13 -- 0.13
0.2 4.84 0.2 434 0.2 4.95
-- 0.03 -- 0.02 -- 0.03
-- 50,03 - - 49.27 .- 50. b5
100.0 100. 00 100, 0 160. 60 100.0 100. 00
a. 000794 .- 0.000789 - o0, 000791 -
0.000773 -- 0. 000772 .- 0. 000802 --
0.000784 -~ 0.000792 --  0,000763 .
0. 001080 .= 0.000833 -~ 0.00077% --
2421 5372 2414 s210 2425 5469
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Table A-13, Part 5. LIFE TESTS
(Snell 0il 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)
M. 23-13 23-14 23.15
Time, hr 520 600 660 e
Baais for Analysis Dry Vet Dry Wet DPry Wet
Pressure. paig 1000 1900 1000 1000 1600 10060
Temperature, Furnace. °F S80 580 580 580 580 S80
Temperature, Reactor Entrance, °F 629 629 640 640 645 bds
Temperature, Quarter Bed, "F 610 610 610 610 610 6lo
Temperature, Middie Bed, *'F 621 621 621 621 620 620
Temperatore, Exat, "F 495 495 490 490 490 490
Fiow Rate, H;S, lb-mol. /hr 0. 000083 0. 000083 0.000084 0. 000084 0.000083 0, 000083
Flow Rate, Feed. ib-mol /hr 0, 004897 0.012976 0.004315 0.013154 0. 004867 0.012798
Fiow Rate. H,0. lb-mol. /hr -- 0. 007460 -- 0. 007594 - 0. 007373
Fiow Rate. C,H,. lb-rmol. /hr -- 0. 000591 -- 0. 000616 -- 0. 000531
Temperature, Steam, 'F 900 900 200 500 900 900
Temperature, Benzene, 'F 280 280 80 B0 BO 80
Feed Compesition, mol . *
co 16,5 6,23 16,8 6.16 16.5 6,27
co, 20.6 7.78 20,6 7.69 20,6 T.84
H, i5.4 13,36 5.4 13,23 35.14 13,46
CH, 23,8 .98 23.8 6,89 23.8 9,08
c,H,* 0.7 0.2% 0.7 .26 0.7 0.26
N, 1.3 ¢, 49 1.3 0.49 1.3 0. 4%
H,S [ Q. 64 b7 D, 64 17 0,65
NH, .- 0. 18 - 0.18 -- 0.18
C H, - 4,56 -- 4,68 -- 4.15
€, H,oH -- ©. 03 -- 0. 04 - 0.03
H,0 - - 57.49 - 57, 74 .- 57, b2
Total 100.0Q 100, 00 100.0 100. 00 100.0 100, 00
Product Flow Rate, lb-mol. /hr 0. 005700 0.012797 D, 005684 0.012951 0, 005645 0.012713
Product Composition, mol %
co 2.3 0.13 0.4 G. 18 o4 0.18
cO,; 31.8 14,17 31.9 14. 00 3.z 13.85
H, 43.8 19 sl 4.1 19, 36 .6 19,81
CH, 20.7 9.22 20.2 B.86 20,4 9. 06
C,H,”* 0.6 0.27 0.6 0. 26 0.6 0,27
N, i1 0,49 1.1 0.49 1.1 0.49
H,;S 1.5 0. 67 1.5 0. 66 1.8 0. 67
NH, -- 0. 14 - 0. 14 _ 0.14
CH, 0.2 4,22 0.2 4,58 0.2 4.28
C . H,OH -- 0.0z -- 0.03 - 0.02
H;0 - 51.16 - 51. 44 - 51,28
Total 100.0 100, 00 100.0 100, 00 100.0 100, 00
€O Consumed, lb-mol. /hr 0. 000784 --  0.000788 -~ 0.000170 --
CO, Produced, lb-mol. /hr 0. 000804 .= 0, 000801 - 0, 000758 -
H; Produced, lb-mol. /hr 0. 000763 - 0.000767 Prs 0.000793 -
H;O Used, lb-mol. /hr 0. 0009113 - 0.000913 -- 0. 000857 --
Space Vslocity, SCF/hr-cu ft 2427 5450 2421 5515 2404 5414
* The feed gas containa about }. ) ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide,
B-15-35¢
A-87
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Run_No.
Time, hr

Basis for Analysis

Pressure, psig
Temperature, Furnace, *F

Temperature,

Temperature, Quarter Bed, *F
Middle Bed, *F

Temperature,
Exit, *F
lb-mal. /he

Temperature,
Flow Rate, H,S.
Flow Rate, Feed,
H,O.
C.H,, lb-mol. /hr

lo-rol. fhr
Flow Rate, lb-mol, /hr
Flow Rate,
Temperature, 5Steam. °F
Temperature. Benzene, °F
Feed Composition, mol - *

co

co,

H,

CH,

c.H’t

Ny

H;S

NHy

C.H,

C,H,OH

H,0

Total

Product Flow Rate,
Produet Composition, mol %

co

cO,

H,

CH,

CcH*

Ng

H,S

NH,

C,Hg

C,H,OH

H,0

Total

CO Consumed,
CO; Produced, lb-mol, /hr
H; Produced. lb-mol. /hr
H,O Used. lb-mol. /hr

lb-mol. /hr

Reactor Entrance,

lb-mol. /hr

IU-4-9
Table A~13, Part 6. LIFE TESTS
(Shell 0il 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)
23-16 23-17 23-18
684 724 ——— 728 ———
Dry Wet Dry Wet Dry Wet
1000 1000 1000 t00D 1000 iogo
580 580 580 580 580 580
°F 645 645 653 653 653 653
6l 610 625 625 625 625
620 620 628 628 628 628
.- -- 510 510 513 513
0.000n84 0.000084  0.000119  0.000119  0.000119 0.000119
0.005163 0.013157  0.007958 0.022745 0.007541 0.022726
-- 0.007441 - N.0E3717 -- 0.013684
- £0.000525 - 0.001018 -- 0.00lol0
900 900 900 900 900 900
80 80 80 80 80 80
16.5 6.47 17.1 5. 98 17.1 6.03
20.6 8.09 2l 7.35% 2t.0 7.32
5.4 13.89 35.1 12,28 35.1 i2.30
23.8 9.37 23.3 8.17 23.3 8.24
0.7 0.27 0.7 0.25 0.7 0.25
1.3 0.51 1.3 0.45 1.3 0.46
1.7 0. 64 1.5 9,52 1.5 0.53
- 0.18 -- 0.19 -- 0.19
-- 3,99 -- 4.48 -- 4,43
-- 0.03 -- 0.0% -- 0.03
. 56,56 - 60,30 -- 80.22
100.0 100. 00 100.0 100.0¢ 1000 100. 00
£.005833 0.012659  0.009413  0.022471 0.009425 0.022493
0.4 o.18 n.8 0.33 0.8 0.33
311 14.26 31.2 13.07 31,1 13,00
14,9 20. 49 44.8 18.79 44.8 18.80
20.2 9.31 19.8 8.29 19.9 8,35
6 0.28 0.6 n.2s .6 0,25
1.1 0.51 1.1 0.46 1.1 0.46
1.5 0.69 1.3 0.54 1.3 0.54
-- .13 - 0,14 -- 0.14
0.2 3.95 n.4 4.19 0.4 4.16
- 0.02 .- 0.02 . 6.02
-- 50.18 -- 53,92 .- 53.95
100.0 100. 00 100.0 100. 04 100.0 100.00
0.000829% -- 0.001286 --  0.001280 --
0.000750 --  0.001266 -~ 0.001251 --
0.000791 - 0.001424 - 0,001449 -
6.000524 -« 0.001600 -~  0.001544 --
2484 5391 4009 9570 4014 9579

Space Velocity, SCF/hr-cu ft

* The feed gas contains about 1.3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide.
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Table A-13, Part 7. LIFE TESTS
(Shell 0il 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)

Run Ng. 23-19 23-20 23-21
Time, hr T32 748 752
Basis_for Analysis Dry Wet Dry Wet Dry Wet
Pressure, psig 1000 1000 1000 1000 1000 1600
Temperature, Furnace, °F S80 580 580 580 580 580
Temperature, Reactor Entrance, °F 652 652 652 632 652 652
Temperature, Quarter Bed, 'F 626 626 627 627 627 627
Temperature, Middie Bed, °F 629 629 630 430 630 630
Temperature, Exit. 'F 515 515 515 515 515 515
Flow Rate. H,5. lh-mol. /hr 0.000118 0.0nol118 0.nnnL18 0n,000118 0.000118 0.000118
Flow Rate, Feed, lb-mol. /hr 0,007950 0.022731 1.007964 0.022760 n.007943 0.022611
Flow Rate, H,0, i2-mol. ‘hr -- n . nk3esl - 0.0135690 -- n.013609
Flow Rate. C.H,. 1b.-mol. /hr - 7.031018 - n.00INnI8 -- 0.0n1005
Temperature, Steam, 'F a0n 900 Elihl ano ann 900
Temperature, Benzene °F a0 8n B0 80 80 80
Feed Compoesition, mol «*
co 171 b.24 17.1 6 04 17.1 .01
<O, 21.0 7.34 2l.0 7.36 Zi. 0 7.39
H, 5.1 12.15% 5.1 12 28 35.1 12.36
TH, 231.3 g8.31 23.3 8 .25 23.3 B. 18
C.H,~ 0.7 0.25 N7 n.25 a7 0.24
N; 1.3 .47 1.3 n.46 1.3 0.46
H,5 1.5 034 1.5 £.53 1.5 0.52
NH, -- 0.19 -- n.19 - n 19
C.H. -- 4.50 .- 4.45 -- 4.44
C.H.OH -- 0.03 -- 0.03 -- 0.03
H,0 .- 59,498 .- 60.16 -- 60.18
Total 1o0.0 10¢.00 163.0 103.00 100.0 100.00
Praduet Flow Rate. lz-moal. ‘hr 0.009416 f.022481 0.009441 0.022438 0.009446 0.022444
Product Composition, meol %
[aln] 0.8 0.34 A 0.33 n.8 0.34
CO, 3f.2 13.05 31.1 13,03 31.0 13.85
H, 44,7 18.7 44.9 18,90 45.0 18.94
CH, 19.9 8 37 19,8 8.37 19.8 8.33
C.H” .6 0.25 n,é 0.25 0.6 0.25
N, 1.1 0 46 1.1 n.46 1.1 0.46
H,S 1.3 N.54 1.3 0.55 1.3 0.55
NH, -- 0.14 -- 0.14 -- 0.14
C.H, 0.4 4.25 0.4 4,21 0.4 4.20
C H,0H - 0 02 -- 0,02 -- D.02
H,;0 -- 53.88 -- 53.74 .- 53.72
Totral 1060.0 100 00 100,0 100,00 100,90 too. 00
CO Consumed,. lb-mel. ‘hr 0.001284 -- 0.001279 -- 0.001283 --
CC, Produced, lb-mal. /hr 0.001265 - 0.001250 - 0.001258 -
H; Produced, lb-mol. /hr 0.001451 -— 0.001443 -- 0.001463 -
H;O Used, lb-mol. ’hr 5001547 - 0.001539 -- 0.001552 .-
Space Velocity, SCF/hr-cu ft 4010 9574 4021 9556 4023 9558

« The feed pa< conta:ns about 1.3 ppm propyl mercaptan. 0.8 ppm thiophene, and 52 pprn carbonyl sulfide.
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Run No.
Time, hr

Basis for Analysis

Pressure, psig
Temperature, Furnace, 'F
Temperature, Reactor Entrance, "F

Temperature, Quarter Bed. "F
Middle Bed, *F
Exit, *F
lb-mol. /hr
lb-mol, /hr
tb-mol. /hr

Temperature,
Temperature,
Flow Rate. H,S,
Flow Rate, Feed,
Flow Rate, H,O,
Fiow Rate, C,H,, lb-mol. /hr
Temperature, Steam, °F
Temperature, Benzene, 'F
Feed Composition. mol F..'

co

CO;

H,;

CH,

C.H"

Np

H,;S

NH,

CHy

C,H,OH

H,0

Total

Product Flow Rate,
Product Cormposition,

coO

co,

lb-mol, /hr

mol %

H,S

NH,

CH,

C, H,OH

H,0

Total

CO Conaumed,
CO, Produced, lb-maol, /hr
H; Produced, lb-mel, /hr
H;O Used, 1b-mol. /hr

lb.mol. fhry

IU-4-9
Table A-13, Part 8. LIFE TESTS
(Shell 0il 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)
23.22 23.23 23.24
e B 72 e 880 —— 890 ——
Diy Wet Dry Wet Dry Wet
1000 1000 1000 1000 1000 1000
580 580 580 580 580 580
653 653 653 653 654 654
635 635 634 634 635 635
637 637 637 637 637 637
520 520 520 520 520 520
0.000224 0.000224 0.000224 0.000224 0.000223 0. 000223
0.013180 0.034782  0.013186  0.034778  ©.013178  0.034765
-- 0.020209 -- 0.020206 -- 0.0202t12
-- 0.001319 - 0.001324 .- 0.00l1316
gc0 900 900 900 900 900
B0 80 BO 80 80 80
16.3 6.13 16.3 616 16.3 6.16
z21.0 7.96 21.0 7.95 21,0 7.91
37.0 14.03 37.0 14.0¢ 37.0 13,96
22.0 8.34 22.0 8.35 22.0 8.41
0.7 0.26 0.7 0.26 9.7 0.26
1.3 D.49 L3 0.49 1.3 0.49
1.7 0. 64 1.7 0. 64 1.7 0. 64
- 0.18 -- 0.18 -- 0.18
-- .79 - 3.74 . 372
-- G.03 - G.03 -- 0.03
-- 58,10 -- 58.15 -- 58,24
100.0 100.00 100,90 100.00 100.¢ 100, 00
0.015512 0.034491  0.015506  0.03448]1  0,015520  0.034489
.3 Q.58 1.3 0.58 1.3 0.58
29.9 13.45 29.8 13.39 29.9 13,48
45.9 20, 64 45,9 20. 67 45,9 20, 65
19.0 8.54 i9.1 8. 60 19.0 8.56
0.6 0,27 0.6 G.27 0.6 0.27
1.1 0.50 1.1 0.50 1.1 0.50
t.6 0,72 1.6 0.72 1.6 0.72
-- 0.13 -- 0.13 - 0.13
0.6 3. 66 0.6 3.68 0.% 3.65
.- 0.02 -- 0.02 - 0,02
-- 51,49 - 51.44 -- 51,44
io0.0 10¢. 00 100.0 100.00 1006.0 1p0.00
0.001947 -- 0.001939 - 0.001923 -
0.001870 --  0.001859 --  0.DDIB4b .-
0.002243 - 0.002236 - 0.002228 -
0. 002450 - 0.002444 .- 0.002425 --
6606 14689 6604 14685 6610 L4688

Space Velocity, SCF/hr-cu f

* The feed gas contains about 1.3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide.
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n_No.

Time. hr

Basis for Analysis

Pressure, pig

Temperature, Furnace, *F

Temperature., Reactor Entrance,

Temperature, Quarter Bed, °F
Temperature, Middle Bed, °F

Temperature, Exit.

Flow Rate. H,5

Flow Rate, Feed,

Flow Rate, H;QO.

3
, lb.maol. /hr
lb-mol. /hy

ib.mol. /hr

Flow Rate. C,H,. lb-mol. /hr

Temperature, Steam. °F

Temperature, Benzene, ° F

teed Composition,

co
co,

NH,
C.H,
€, H,0H
H,0

Total

-
mol .

Product Flow Rate, lb-moal. /hr

Preduct Composition, mal %

cOo

co,

H,

CH,

C.H,”

Ny

H,S

NH,

CoHe

C,H,OH

H,0
Total

CO Consurned,

ib.mol. /hr
CO, Produced, lb-mol. /hr
H,; Produced. lb-mol. /hr
H,0 Used, lb-mol. /hr

°F

IU-4-9
Table A~13, Part 9. LIFE TESTS
(Shell 011 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)
2325 23-26 23-27
894 896 — 525
1000 1000 19000 1000 1000 1000
S80 580 580 S80 750 750
653 653 653 653 760 760
635 635 635 6315 775 775
6317 637 637 637 773 773
520 520 520 520 524 524
0.000224 0.000224 0.000224 n._pno224 0.o00223 0.000223
0.013169 0 013172 0.013180  ©0.034782  0.013166  0.034342
-- 0.020208 -—- 0.007441 -- 0.0E9596
- 0.001314 - 0.000525 -- 0.031507
900 200 900 300 900 500
80 80 80 80 80 80
16.3 6.12 16.3 6. 14 16.3 6.10
21.0 7.86 21.0 7.86 21.0 7.78
17.0 13.97 37.0 13.92 31.0 13.84
22.0 8.46 22.0 8.44 22.0 8.46
0.7 0.26 0.7 0.26 0.7 0.26
1.3 0.49 1.3 0.49 1.3 0.49
1.7 0. 64 1,7 Q. b4 1.7 0, 64
- 0.18 -- 0. 18 - 0.18
-- 3. 17 - 3.74 —- 3.80
-- 9.03 -- 0.03 -- .03
.- 58.22 - 58. 30 - 5B.42
100.0 100.00 100.0 100.00 100.0 100.00
0.015534 0.034496 0D.015531 0.034506 Q0.015634 0.034116
1.3 0,58 1.3 0.58 1.1 0.50
30,1 13.61 29.8 13. 41 0.1 13.79
45.8 20.44 45.9 20,65 46.1 21,13
18.9 8.47 19.1 8. 60 18.9 8. 66
0.6 0.27 0.6 0.26 0.6 0.28
1.1 0.50 11 0.50 1.1 0.50
1.6 .72 1.6 0,72 1.8 b.69
-- c.13 .- 0.13 -- 0.13
9.k 3.74 0.6 3.67 0.6 4.28
-- 0.02 -- 0.02 - 0,02
-- 51,62 - €1.46 - 50.02
100.0 100.00 100.0 100. 00 100.0 100.00
0.001941 -~ 0.001940 -~ 0.001974 -
0.001852 -~ 0.001872 - 0.001942 --
0.002236 - 0.002234 -= 0.002135 ~-
0.002438 -- 0,002441 - 0,002351 -
6615 14691 2484 5391 6650 14530

Space Velocity, SCF/hr-cu ft

» The feed gas contains about 1.3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 opm carbonyl sulfide.
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Bug No.

Time, hr

Basis_for Analysis

Pressure, peig
Temperature, Furnace, *F
Temperature, Reactor Enirance. *F
Temperatare, Quarter Bed, *F
Temperature, Middle Bed, *“F
Temperature, Exit, *F
Flow Rate, H,;S, Ib-mol. /hr
Flow Rate, Feed, lb-mol. /hr
Flow Rate. H,0, lb.mol, /hr
Flow Rate, C,H,, Ib-mol. /hr
Temperature, Steam, °F
Temperature, Benzene, "F
Feed Composition, mol . *

co

co,

H,

CH,

CH”

Ny

H,S

NH,

C.H,

C,H,OH

H,0

Total

FProduct Flow Rate, lb-mol, /hr
Product Compesition, mol %

coO

co,

H;

CH,

CH*

Ny

H,S

NH,

C.H,

CH;OH

H;0

Total

CQ Contumed, ib-mol. fhr
CO; Produced, lb-mol. /hr
H; Produced, Ibemol. /hr
MO Used, tb-mol. /hr

IU-4-9
Table A-13, Part 10. LIFE TESTS
(Shell 041 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 B)
23-28 23-29 2330
929 93) ' 1088

Dry Wet Dry Wet Dry Wet

1000 1000 1000 1000 1000 1000

750 750 750 750 750 750

760 760 760 760 157 757

71% 775 775 775 768 768

774 174 774 774 767 767

524 524 524 524 520 520
0.000223 0.000223 0.000223 0.000223 0.000127 0.000127
0.013162 0.03433¢ 0.01315]1 0.034317 0.007952 0.022873
-~ 0. 019532 -- 0.019%88 -- 0.013881

-- 0.001503 --  0.001508 - 0.000989

900 900 900 900 400 900

80 &0 80 80 80 80

16.3 6,13 16.3 6.13 17.0 5.92
21.0 7.74 21.0 7.78 z1.3 7.40
ir.0 13,80 37.0 13.74 36.5 12.69
22.0 .46 22,0 B.44 21.6 7.52
0.7 0.26 0.7 0. 26 0.7 .24

1.3 0.49 1.3 0.49 1.3 0.45

1.7 0. 64 1.7 0.64 1.6 0.56

-- 0.18 -- 0.18 -- 0.19

-- 3,82 -- 1.76 -- 4.32

. 0.03 -- 0.03 -- 0.03

m— 58.45 -- 58,55 -- 60.68

100.0 100.00 100.0 100. 00 100.0 100, 00
0.015648 0.034127 0.015642 0.034140 0.009560 G.022720
1.1 0.50 1.1 0.5%0 0.9 0,38

0.2 13,86 36,1 13.72 - 30.5 12,87
16,0 20,98 46,0 21.03 46.5 19,83
18.9 8,69 19.0 8.77 18.5 7.79

0.6 0.28 0.6 0.28 0.6 0.26

1.1 0.50 1t 0.50 1.1 0.47

1.5 0.69 1.5 0.69 1.5 0.64

-- 0.13 -- 0.13 - 0.13

0.6 4.24 0.6 4.19 0.4 4.07

-- 0.02 - 0.02 -- 0.02

- 50,11 -- 50.17 -- 53,84

100.0 100,06 100.0 100.00 100.0 100.00
0.001981 - 0.001969 -- 0.001266 -—
0.001947 - 0.001952 -- 0.001231 --
€.002326 -a 0.002332 - 0.001434 -
0.002344 -- 0.002339 -- 0.001642 --
6588 14534 6646 1452} 4071 9506

Space Velocity, SCF/hr-cu ft

* The feed gas contains about 1. 3 ppm propyl mercaptan, 0.8 ppm thiophene, and 52 ppm carbonyl sulfide.
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Run No.

Time, hr

Batis for Analyais

Pressure,

pPsig

Temperature,
Temperature,
Temperature,

Temperature,

Furnace, °*F

Reactor Entrance,

Quarter Bed, °F
Middle Bed, *F

Temperature, Exit, °F
Flow Rate, H,5, lb-mol. /hr
Fiow Rate, Feed, lb.mol. /hr

Flow Rate, H,0,
C¢Hg. 1b-mol. /hr

Flow Rate.
Temperature,
Temperature,
Feed Composa

co

CO,

H,

CH,

C,H,~

Ny

H,S

NHi

C.H,

C,H,0OH

H,©

Total

FProduct Flow

Ib-mol. /hr

Steam, °F

Benzene, °F

- "

tion, mol %,

Rate, lb-mol. /he

Product Composition, mol 7

co

co,

H,

CH,

C.H,*

N

H,5

NH,

C.H,

CyH;OH

H,O
Total

CO Consumed,
CO, Produced,
H; Produced,

H;O Used,
Space Velocity

“ The feed gas contains about 1.3 ppm propyl

I N s

Ib-mol. /hr
Ib-mol. /hr
lb-rnol, /hr

lo-mol. /hr

I7-4-9
Table A-13, Part 11. LIFE TESTS
(Shell 0il 538 Shift Catalyst, 4 x 6 Mesh Spheres, 21.0 g)
23-31 23-32 23-33
10942 ——— 1096 —r —_ 1099

Dry Wet Dry Wet Dry Wet
1000 1000 1000 1006 1000 1600

750 750 750 750 750 750

757 757 756 756 757 757

768 768 768 768 768 768

767 167 167 767 167 767

520 520 520 520 520 520
0.000127 0.000127 0.000126 0,000126 o.000127 0.000127
0.007946 0.022868 0.007957 ¢.0022877 0.007947 0.022869
-- 0.0138B9 -~ 0.013BBé - 0.013876

-- 0.000976 -~ 0.000987 .- 0.000982

900 900 900 900 900 900

80 80 B0 80 80 g0

17.0 5.89 17.0 5,93 17,0 5.95
21,3 7.39 21.3 7. 4t 21.3 7. 40
6.5 12.62 36.5 12.65 36.5 1z. 7t
2l.6 7.54 21,6 7.58 21,6 7.53
0.7 .24 0.7 0,24 Q.7 0. 24

1.3 0.45 1.3 0. 45 1.3 0,45

1.6 0.56 1.6 0.56 1.6 0.56

-- 0.19 - 0.19 -- 0.19

.- 4. 34 - 4,135 -- 4.35

- 0.03 -- 0.03 .- 0.03

-- 60,75 - 60,61 -- 60,59
—Imn.o 100. 00 100.0 100. 00 100.0 100. 00
0,009571 0,022790 0.009562 0.022740 0.009564 0.022740
0.9 0.37 0.9 0.38 0.9 0,38
30.5 12.82 0.6 12.82 30.6 12.70
46.6 19.74 46.5 19,70 46.4 19.64
18,4 7.69 18. 4 7.65 18.5 7.88
0.6 0, 26 0.6 0.26 .6 0.26

1.1 0.47 1.1 0.47 1.1 0,47

1.5 0.63 1.5 0.64 1.5 0. 64

-- 0.13 -- 0.13 -- 0.13

0.4 4,09 0.4 4.05 0.4 4.04

-- 0.02 - 0.02 -- 0.02

-- 53,78 - 53.88 -- 53.84

100.0 100,00 100.0 100.00 100.0 100. 00
0.001271 - 0.001262 - 0.001263 .-
0.001234 -- 0.001230 -- 0.o001225 --
0.001429 -- 0.001427 - 0.001437 -
0.00 1638 -- 0.001632 . 0.001640 --
4074 95135 4072 9514 4070 9514

., SCF/hr-cu ft

T I T n T

mercaptan, 0.8 ppm thiophene, and 52 ppm carbony! sulfide.
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Table A-13, Part 12. LIFE TESTS
(Shell 0il 538 Shift Cacalyst, 4 x 6 Mesh Spheres, 21.0 g)

Run_No. 23 -34 o 23-35
Time, hr —— 16— — 117
.Bll‘i.l for Analysis Dry Wet Dry Wet
Pressure, psig looo 1000 1000 1000
Temperature, Furnace, °F 750 750 750 750
Temperature. Reactor Entrance, °‘F 755 755 75% 755
Temperature, Quarter Bed, *F 765 765 765 765
Temperature, Middle Bed, °F 765 765 765 765
Termperature. Exit, °"F 520 520 520 520
Flow Rate. H;5. lb-mel, /hr 0. 000083 0.000083 0.000043  ¢,000083
Flow Rate, Feed, lb-mol. /hr 0. 004869 0.012748 0.004B72 0.012760
Flow Rate, H,0, lb-mol, /hr -- 0.4007279 -~ 0,007290
Flow Rate, C,H,. lb-mol. /hr -- 0.000573 -~ 0.000575
Temperature, Steam, °"F 300 900 900 900
Temperature, Benzene., *F B0 80 80 :11)
Feed Composition, mol ..t
Co 16.7 6. 36 16,7 6. 38
co, 21.0 8.03 21,0 §.02
H, it.2 14,24 37.2 14, 24
c 2t. 4 8.24 21.4 8.19
C,H* 0.7 0.27 0.7 0.27
N, 1.3 0.49 1.3 0.49
H,S 1.7 0,65 1.7 0.6%
NH; -- 0.18 -- 0.18
C.H, .- 4,49 -- 4,49
€ H,0H - 0.03 -- 0.0}
H,C .- 57,02 -- 57.06
Total 100.0 100.00 100.0 100. 00
Product Flow Rate, lb-mol, /hr 0, 005854 0,012710 0.005852 0.012701
Product Composition, mal %
co 0.3 0.14 0.3 0. 14
O, 31,1 14, 33 31,2 14, 40
H, 47.0 21.66 46.9 21,56
CH, 18,2 8. 39 18,2 8.41
c,hn* 0.6 0.28 0.6 6. 28
Ny 1.1 0.50 11 0.50
H,S 1.5 .69 1.5 0.69
NH, -- 6.12 -- 0.12
C.H, 0.2 4,04 0.2 4.08
CH,OH -- 0.02 - 0.02
H;0 -- 49,83 .- 49, 80
Total 100.0 100,00 1¢0.0 100. 00
CO Consumed, ib-mol. /hr 0.000795 - 0. 000780 -
CO; Produced, lb-mol. /hr 0.000799 -- 0.000798 --
H, Produced, Ib.mol. fhr 0.000941 - 0, 000952 .-
H;O Used, Ib-mol. /hr 0.0G0945 -- 0.000961 --
Space Velocity. SCF/hr-cu ft 2494 5413 2494 5413

* The feed gas contains about 1.3 ppm propyl mercaptan, 0.8 pprm thiophene, and 52 ppm carbonyl sulfide.
B75030430g
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