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ABSTRACT

The Morgantown Energy Technology Center (METC) has conducted a test program
to develop a zinc ferrite-based high temperature desulfurization process
which could be applied to fuel gas entering downstream components such as
molten carbonate fuel cells or gas turbines. As a result of prior METC work
with iron oxide and zinc oxide sorbents, zinc ferrite evolved as a candidate
with the potential for high capacity, low equilibrium levels of H2S, and
structural stability after multiple regenerations. The program consisted of
laboratory=-scale testing with a two-inch diameter reactor and simulated
fixed-bed gasifier gas; bench-scale testing with a six-inch diameter reactor
and actual gas from the METC 42-inch fixed bed gasifier; as well as
laboratory-scale testing of zinc ferrite with simulated fluidized bed
gasifier gas. Optimum operating parameters for zinc ferrite such as
temperatures, gas compositions, and space velocities are discussed. From
the test results, salient features of zinc ferrite were derived and
discgssed in regard to system implications, issues raised, and technical

requirements.
An assessment of the technical and economic implications of the zinc ferrite

process is presented as well as suggested programs for potential

commercialization.
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APPENDIX A

Method for Preparing Zinc Perrite Sorbent

Screened (~-60 mesh, 250 micron) equimolar amounts of Fisher "Certified"
ferric oxide and Sherwin-Williams "High Surface Area'" zinc oxide were mixed
dry with 1 percent of Fisher "Laboratory Grade" bentonite powder in a split
sleeve mixer for 30 minutes. The dry mixture was placed in a small cement
mixer and sprayed with water from an atomizer until the "plastic" state was
reached. The wet mixture was extruded through a pipe with a die face plate
using a ram rod pushed with a hydraulic jack. The resulting sorbents were
dried at 200°F for several hours then baked at 1,500°F for 3 hours.

-183-



APPENDIX B

Process Modeling and Equilibrium Calculations

Process modeling consisted primarily of the calculation of equilibrium H3S
levels for various sorbents at high temperatures. . This can be done either
by minimization of the GIBBS free energy function for a group of reactants,
or by direct calculation of the equilibrium constant for a specified
reaction. The former method is more complex and allows for the interaction
of all possible reactions among the specified components, whereas the latter
is .simpler and requires that a reaction be specified in terms of products
and reactants. The ASPEN system, using the RGIBBS routine, was utilized for
the more complex GIBBS free energy minimization calculations. A code
(THERMOG) was written for the simpler equilibrium constant method of

calculation.

A. ASPEN_- RGIBBS

The RGIBBS routine computes the phase and/or chemical equilibrium
compositioné at a user specified temperature and pressure when any
number of feed streams are mixed. The output consists of one vapor
phase and any number of liquid and solid phases. The method of
calculation is minimization of GIBBS free eﬁergylusing an extension of
the Rand algorithm (Gautram and Seider, Part I 1979). After the
equilibrium compositions are computed, an overall energy balance is
performed to compute the heat duty. Since the sulfidation reaction was
the primary area of interest, and it is expected that this reacction is
essentially isothermal, heat effects were not considered at this point.
Heat effects will be an important parameter, however, when regeneration
reactions are studied. Sulfidation reactions of zinc oxide with a
Lurgi-type gas were simulated and the results compared with other
sources. In addition, the effect of equilibrium at ambient pressure on
major components was simulated. Of primary interest at this point was
the level of H2 and CO, since these make up the Molten Carbonate Fuel

Cell (MCFC) useable fuel.

=184~
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Equilibrium values of H)S were obtained for the reaction of H2S with
Zn0. A Lurgi air-blown gasifier gas was used in the input file, and
one atmosphere pressure specified. Runs were made for temperatures of
500 to 650°C in 50°C increments; and for a feed gas with 25 percent

steam and no steam (H2S at 2.7 percent).
Attempts were made to run ASPEN on the METC DEC/VAX-11 without success.
Due to time limitations, the runs were not repeated and reliance was

placed in calculations from equilibrium constants.

THERMOG -.A code that calculates equilibrium values of the components

of the sulfidation reaction of any metal oxide

As mentioned previously, the simpler method of calculating equilibrium
values of a reaction of known components is by the equilibrium constant
method. The equilibrium constant of any reaction can be calculated
from the thermodynamic properties of the reactants and products of the .
reaction with proper accounting of the stoichiometry of the reaction.
Once the equilibrium constant is calculated at a given temperature,
equilibrium values of the components of the reaction can be readily
calculated in terms of known values of the remaining components of the

reaction.

A Fortran code written to carry out this calculation on fhe METC VAX-11
is currently operational. Input requirements include the thermodynamic
properties of all components in the reaction, and the reaction itself
has to be specified. The output is displayed in tabular form as in

Table 1.

Initially, the code was used to determine the effects of various
sources of thermodynamic data on the equilibrium constant for the zinc
cxide reaction. Figure 1 shows the equilibrium constants obtained
using various sources of data. It was generally found that small
discrepancies in thermodynamic data affected the results: however,

results remained within a reasonable range. The user can choose input

.—185"
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N );n . . ‘o .
data felt to be most accurate and obtain equilibrium values based on

this chosen input data.

The effect of steam on the H2S equilibrium level is shown in Figure 2.
This plot indicates that sufficiently low levels of H2S (below 1 ppm)
can be obtained at up to approximately 7 percent steam at 1,000°F. As
temperature increases, the equilibrium H2S level increases. Additional
calculations using two different sets of data were made to determine
the effect of small variations in the thermodynamic properties of zinc
oxide and zinc sulfide on H2S equilibrium values. Tha results, shown
in Tables 1 and 2 indicate differences in the H2S levels obtained, with

larger discrepancies at higher temperature and steam levels.

The equilibrium code for calculating equilibrium levels of H2S with
zinc oxide was generalized to allow equilibrium calculations for any
gas-solid reaction. This was done primarily to determine equilibrium
levels of H2S with V203. Tables 3 and 4 show the results of
equilibrium calculations using two different values for the heat of
formation of V253. Using the National Bureau of Standards' heat of
formation value for V253, of 230 Kcal/mol, equilibrium calculations
indicate that H3S levels far below 1 ppm can be achieved. However, if
a correlation by Mills is used to obtain the heat of formation of V2S3
of 125 Kcal/mol, the results indicate that no desulfurization will take
place. This discrepancy makes it difficult to draw conclusions as to
the capabilities of V2S3 in low level desulfurization. This must be

determined experimentally.

In conclusion, two methods have been used to calculate the equilibrium
H2S values expected at Hot Gas Desulfurization conditions. Results are
reasonable for the most part and come reasonably close to experimental
data obtained in this project and others. Additional calculations for
simultaneous shift/methanation equilibrium calculations based on |
equilibrium constants were conducted for various temperatures. These

are included in the third section of Appendix B.
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QENERAL GAS-SOLID EQUILISRIUM cope  (Zn0)

-061-

THERODYHARIC DATA DATA SOURCE
ZNS HEAT OF FORNATION (8BS C) » =-40.000  KCAL MOL-{ nILLS
H20 HEAT OF FORNATION (BG C) » =-57.796  KCAlL MOL-1 KUBASCIENSXT
- 2HO MEAT OF FORMATION (BG C)} = -03.829 KCAlL moL-1 KUBASCHEUSKT
H2S HEAT OF FOKMATION (35 C) »  -4.030  XCAL MOL-} KILLS
INS ENTROPY (RS C) = 13.808 CAL K-1 MOL-1 nILLS
H2O ENTROPY (36 C) = 45,168 CAL K-1 ROL-1 KUBASCHEMSK
2110 ENTROPY (25 C) » 10.432 C€AL K- nOL-{ KUBASCHEUSKT
H2S ENTROPY (25 C) » 40.168  CAL K-i Mol-t nILLS
HEAT CAPACITY EQUATION IS CP oA ¢ BT ¢CT2+DT3+ ET-2 CAL -1 MOL-1 -
HEAT CAPACITY COEFFICIENTS A T c D € " SOURCE
o 11.71 0.001225%0 9.082323009 0.602800C69 -218¢99.00 UBASCHEUSK]
Has 7.81 0.00206000 0.0teco008ed 0.0865300830 -46039.00 nILLS
ZNS 11.77 0.99126020 0.903338210 0.03006032% -116690.09 RILLS
H20 .17 0.00256800 $.058043000 9.600800330 8600.00 KUBSASCHEVSKI
TEIPERATURE DELTA G EOUILIIRIUN EQUILIBRIUN H2$ LEVEL 1IN PPM
DEGREES € CAL/CHOLE COHSTANT PERCEKT STEAN
1 1% 15% 20x 2s5% aex
290, -17802.21 16.80E+07 29.8E-¢5 50.5E-05 B9.3t-05 11.9E-04 14.9€-04 17.06-64
259, -17778.15 26.05E496 18.6E-04 37.2E-04 55.0C-04 74.5E-04 S3.1E-04 11.26-03
33.. -lm3.l7 590045"5 84.75'“ 16095‘03 35.45’.3 3309:".3 420:".3 5..82—.3
350, -17726.84 1G.54E+05 30.2E-¢3 69.5E-83 $6.7t-93 0.12 0.15 e.18
400, ~17658.901 S5.00E+94 89.4E-93 0.18 9.B7 0.36 0.45 0.54.
450, ~17669.21 21.03E+04 9.23 9.48 9.68 e.91 1.1 1.4
500, -17637.63 96.96E+03 e.52 1.9 1.6 2.1 8.6 3.1
550, ~17604.13 47.20E+83 1.1 2.1 3.2 4.2 5.3 6.3
600, ~-17568.67 a5.01E+03 e.e 4.9 6.9 8.0 TR 1e.
650. -17631.23 14.1GE+63 3.6 7.1 1. 14, 18. ai.
703, -17401.03 84.80E¢02 5.9 12, 18, 84. e9. 36.
750. ~17460.44 53.4CE403 0.4 19. 28, ar. 41. 6.
800, ~17407.11 35.11E403 14, 88. 42, 67. . 5.
850. -17361.84 £3.02E+03 Bt. 42, é3. 4. 10.5E008 18.5E488
FORTRAN STOP ' )
TABLE 2
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THERMODYHANIC DATA

URSINEAT OF FORMATION (8
HO HENT OF FORRATION (8
V303IHEAT OF FORRATION (8
HUS NEAT OF FORMATION (A

U2SIENTROPY (
H20 EMTROPY (
V203ENTROPY (
H2S EMTROPY (

HENT CAPACITY EQUATION IS

HEAT CAPACITY CCEFFICIENTS

TENPERATURE
DECREES C€

200,
259.
%0,
ase.
R
4se.
540.
550.
600,
650,
700.
750.
880.

- 859,

;ORTRAN sToP

anonon
-~
o000

DELTA G
CAL/GIOLE

-95308.06
-£5252.88
~9§5114.52
-94001.42
=94852.61
-94737.55
=~946¢5.95
~04407.60
-94372.78
-94261.82
-04183.16
~-04948.74
-03948.02
~93651.87

GEMERAL 0A8-SOLID EQUILIBRIUA CODE

KCAL noL-t
KCAL hoL-i
KCAL noL-%
KCAL MOL-2

crl K-1 not-4
¢nl XK-1 noi-4

cnl X~

not-1

1
cnl. X-1 NOL-§

CP o n

29.35
7.81
28,80
T.47

EQUILIBRIUN
CONSTAIT

11.97E¢43
BI.SBE+IQ
18,94E+435
20.85E+32
63.37€420
43.04E+37
55.99E+42B
12.,33E424
42.19E422
£9.84E+24
14.05E420
13.JE6E+40
13,8GE+18
10.38E+47

(V,05)
DATA §OURCE

NRg
KUSASCHEUSKI

KUBNSCHEUSKI-JARAF 1075

niLLs

nItLs
KUZASCHEUSK]T

KUPNSCHEUSKI~JANNF 1075

niLLs

¢ IT 4+ CT2 ¢ DTI ¢ ET-2

0.0047C209
0.008296800
0.01850000
0.832568¢0

18.1E-11
27.0E-10
40.4E-99
39.1E-28
27.9E-07
14.32-05
€8.7E-06
21.6€-95
€6.7E-95
18.DE-94
44,6E-94
19.06-93
09.5€-03
49.8£-92

c

9.00C000000
9.93090£002
0.030030692
9.035900200

EQUILIBRIUN H2S
PERCEN

10x
20.3€-11
54.¢E~10
B80.8E-09
78.3E-080
54.0E-07
28.5€-06
12.1€-85
43.3e-05
13.3E-04
38.3E-04
89.3E-04
89.16-03
41.8E-43

TABLE 3

cAL K-1 nOL-1

D

9.000033800
0.00000€000
®.900¢C0000
0.000309390

E

-542000,80
-46¢990.069

SOURCE
8. OF NINES
RILLS

HILLS(AVC)
KUBASCHEWSK]

81,6E-6¢3

15%
39.4E-11
8L.CE-10
i2.1€-en
11.7e-07
B1.1E-07
42.8E-06
18.2£-05
64,9€E-05
20.6E-04
54.6E-04
13.4E-03
30.1E-03
62.8E-8)
.18

LEVEL IN PPH
T STEAN

29x
40.6E-11
10.8E-99
16.2E-08
15.7e-97
10.8E-66
57.1E-¢6
34.JE-05
86.GE~05
26.7E-04
73.7E-04
17.9E-03
49.2€-93
83.7€-03
e.18 '

25%
50.7€-11
13.5E-09
20.2c-08
19.GE-97
13.5E-0G
71.3E-66
30.3£~05
19.8€-94
33.3E-64
99.8E~04
23.3e-93
59.26-03
e.10
0.29

Jox
69.9E-11
18.2E-99
24.2€-08
23.5€-07
16.E-06
8S.6E-¢G
36.4E-05
13.06-04
40.0E-04
10.9E-0J
£6.8E-03
69.2E-03
.13
0.24
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CEMERAL €AS-80LID EQUILIBRIUA CODE (V203)

THERIODYNANLC DATA : DATA SOURCE
VOSIUEAT OF FORMATION (BS C) » <1E5.000 KCAL MOL-1 MILLS (CORRELATION)
HEO HEAT OF FORIIATION (86 C) ~67.706 KCal, noL-1 KUBAJCHEUSK]
UROMNIEAT OF FORNATION (05 C) = -RDL.J350 KCal NOL-t KUBNASCHEWSKI-JANNF 107S
‘HBS MEAT OF FORMATION (85 C) »  —4.988  KCAL HoL-1 RILLS
URS3ENTROPY (26 C) = 31.060  CAL K~1 MOL-1 nILLsS
20 ENTROIMY (@6 C) = 45,106 CAL K-1 MOL-~1 KUBASCHEWSK]
UROJENTHROPY (g6 C) = B83.440 CAL K-1 HOL-} - KUDNSCHEWSXI-JANAF 1075
M35 EMTROPY (35 C) » 40.360 CAL K~1 NOL-{ nILLS
HEAT CAPACITY EQUATION 1S CP oA+ BT +CT3¢DTI+ET-2 CAL K-§ mOL-1
HEAT CAPACLTY COEFFIGIENTS A > ¢ D E SOURCE
V203 £9.35 ©.0047€009 0.6080002000 0.0039££020 ~542090,09 B. OF RINES
HaS 7.81 9.90296¢€39 9.49C802009 0.0¢96C0322 -4G000.00 BILLS
vas3 £8.098 8.91645390 ' 0.962006000 0.890563990 0.03 AILLStAVC)
Hao - 7.17 0.GCREGEID - 9.462HC5ed 0.883552900 8000.09 KUBASCHEUSK]
TENPERATURE DELTA Q EQUILIBRIUN : EQUILIBRIUR H2S LEVEL 1M PP\
DECREES G CAL/GNOLE CONSTANT PERCENT STEAR
5% 10x 15% 2ex 25x 30x
200, 9501.94 36.6¢6-95 | 15.10465 3JO.1E485 45.2E495 ©3.2E¢0S 7S.JE4E5S 99.4E0S
2se. 9747.14 84.52E-06 11.4E405 22.0E4G5 34.2E+495 45.GE465 S57.0E405 68.4E4QS
309, 9085.48 16.97E-95 $0.3E¢04 18.1E405 27.1E405 36.1E405 4S5.2E485 54,2495
3se. 16918.58 39.59E-95 . 74.2E404 14.BE4C5 22.3E405 B9.7E4CS 3I7.1E485 A44.5E44S
40, 10147,.39 50.60E-65 62.7E404 12.5E485 1B.GE+AS 25,1405 31.4E495 37.6E+eS
459, 18272.45 78.5C€-05 S4.2E¢64 19.BE40S 16.3E+405 21.7E405 27.1E405 32,.5E46S
529, © 10304.05 “11,626-94 47.7E404 95.4E404 14.3E495 10.1E465 BI.OE405 28.GE+05
554, 10552.91 . 16.16E-04 - 40.6E404 B5.2E404 18.BEHCS 17.CE+0S 21.3E495 25.6E405
co9, 18827.24 " 21.86E-04 38.CE404 T7.1E484 $1.6E:0S 15.4E465 19.3E405 23.4E+05
659. 10738.78 £8.6GE~04 36,6404 70.4E4B4 10.6E405 14.1€485 17.GE4Q6 B1.3E405
7€0. 10840.84 36.G2E-04 J2.4E¢404 B4.0E+84 9OT.3E434 33.CE+956 15.2E+Q95 19.5T+085
759, 10951.29 45.T6E-94 " 33.1E404 60.2E484 DO.4E04 I1B.CE+05 15.3E405 18.31E465
BC3. 110651.98 56.16E-04 BS.1E494 66.3E+34 84.4E404 311.JE405 $4.1E405 16.0E+8S
869, 11143.77 67.66E-04 83.4E404 53.0E404 TU.JE+64 10.6E+85 $3.BEOE 35.0E40S
;M‘IRM sTOP

TABLE 4



EVALUATION OF EQUILiBRIUM CONSTANTS AS A FUNCTION OF TEMPERATURE
FROM BASIC THERMODYNAMIC PRINCIPLES FOR THE ZINC OXIDE SYSTEM

The reaction is:

The equilibrium constant can be expressed in terms of the free energy change
(Hougen, Watson and Ragatz part II p. 983) as follows:

- AG®

. R
KeQ = e

The equilibrium constant can therefore be calculated by finding the value of

4 Go, the standard free energy change for the above reaction. The standard

free energy change for the above reaction is the difference between the sum of

the 2 G° fer the products and the reactants, at a specified temperature.

© [-B
86p59c = Z4 GppapycTs 8 GREACTANTS

The standard free energy change for the products and reactants have been taken
from the CRC Handbook of Chemistry and Physics 615C edition 1980-81 pages
D-71, D-76, and D-78. The values quoted in the CRC Handbook are from circular
of the National Bureau of Standards 500, “Selected Values of Chemical
Thermodynamic Properties", issued February 1, 1952.

Products Reactants

86,:0.  Kilocal/gmole . BG,c0. Kilocal/gmole
ZnS -47.4 Zn0 -76.05
Hyo | -54.64 H,S -7.892

-102.04 ~ -83.942
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- 2102.04 - (-83.942) = -18.1 Kilocal
gmole

8850¢

This is the standard free energy change for the above reaction at 25°C. 1In
order to get the 260 at higher temperatures the procedure in Hougen, Watson
and Ragatz part II p 986-987 is used. This procedure utilizes the heat
capacities, heats of formations, and entropies of the reactants and products
at a known temperature to calculate two integration constants. Once these are
known aG° can be calculated at any temperature using the following equation
(HWR pt II p. 986 equation 14).

2 G° =1, + (aa -1s) - aa Int - abT - acT? -adT - te (1)

T T - 2 6 12 2712

where I, and I, are the integration constants to be calculated. Iy s
calculated from the following equation (HWR part II p 986 equation 12)

aHP= T+ saT + 1 ab12 + 1 acTd +1 adT® - ge (2)
2 3 4 T

where a, b, ¢ are the coefficient "deltas” in the empirical expression for
heat capacities of products less reactants. ‘

-c;+a+bT+cT2+dT3+ e
2

-t

these coefficients are réquired for each of the products and reactants in the
reaction, and are listed in Table 1.

In0 + HZS —>7nS + HZO

- (-] ° .
8 Hpsoc = zAHppopycTs - I HpeacTawTs

The standard heat of formation for products and reactants was obtained from
the CRC Handbook of Chemistry and Physics 61° edition 19Y80-8i pag D-71,
D-76 and D-78.
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Table 1

Source

c

Range

n0

ZnsS

Bulletin
324

u.S.
Bureau
of Mines
p. 39

6.63

11.26 x 1073

-47.22 x 10”7

0-1300°C

7.05

15.15 x 10°3

-9.17 x 1077

0-1000°

HZO

Hougen
Watson &
Ragatz
pt 11
Table D
Appendix

7.07

0.3128 x 10°%

0.1364 x 10~

5

0-1527°C

0.04594 x 10~

2

0.2521 x 10>

0-1527°C

4 a

Ab

A c

14.75 - 13.7 = 1.05

1.56 x 1072 - 1.4388 x 1072 = 1.2214 x 10~
1.608 x 1078 - (-3.358 x 107%) = 4.962 x 10~

3
6
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Products Reactants -

Myc0p Kilocal/gmole aHp5oe kilocal/gmole
ZnS -48.5 Zn0 -83.17.

-106.3 -87.985

tHy50. = -106.3 + 87.985 = -18.315 Kilocal
gmole

This value can now be used in equation (2) to find the integration constant I,.

y = -(-18,315)+1.05(298.16)+1.2214 x 1073(298.16)2+4.962 x 10"8(298.16)3 +

1
2 | 3
1 6d1% - ge
4 T
1, = -18,726

The second integration constant.comes from the éntropy equation (HWR pt. II p.
986 equation 13) '
a5t = Ig + a2 InT + abT + 1 acT™ + 1 adT

‘ 2 3

N - (3)
21

- a -] .
85259¢ = ISppopucTs = ISREACTANTS

The entropy of the products and reactants of the reaction are from the CRC
Handbook of Chemistry and Physics 615t edition 1980-81 pages D-71, D-76 and
D-78. : ‘

Products Reactants

555°c cal/degmole 52°5°C cal/degmole
inS 13.8 n0 10.5
HZO 45.11. HZS 49.15
‘ 58.91 59.65

-]
ASZS°C = 58,91 - 5§9.65 = -0.74 cal/degmole
-196-



using equation (3) above

-Ig = -(-0.74)+1.05 1n (298.16)+1.2214x1073(298.16)+ 4.962 x 10° x (298.16)2

2

I = -7.3072

Having calculated the two integration constants:

-18,726
-7.3072

Iy
Ig

The free energy change at any temperature can now be calculated using equation
(1) '

AG® = I, + (Aa - Ig) - 8a InT - gbT - acT? - AdT> - pe
T T - 2 6 12 - 21°

multiply by T |

86% = I + (8a - I)T - 8aT 1T - AbTZ - ACT® - pdT® - e
| | 2 6 12 2T
8G; = -18,726 + 8.3572T - 1.05 T InT - 6.107 x 107472 - 8.27 x 1071°  (4)

Using equation (4) the free energy change of the reaction can be calculated
for any temperature within the valid range of the heat capacity values. Table
2 lists the Aé’f calculated in this way.

A comparison was then made of this data with other published data to compare
equilibrium constants. Table 3 shows the data calculated here, the data
calculated by Gibson (Louisiana State University, Ph.D. thesis 1977, ®"Kinetics
of the reactidns of hydrogen sulfide and carbonyl sulfide with spherical zinc
oxide particles"), and data from ICI published in the catalyst Handbook (1970).
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Table 2

OC OK AGO KeQ
cal/gmole

200 473 ~18,056 2.20 x 10°
250 523 -18,078 ..3.58 x 107
300 573 -18,114 8.10 x 10°
350 623 -18,166 2.36 x 10°
400 673 -18,232 8.31 x 10°
450 723 .18,313 3.43 x 10°
500 773 -18,410 1.60 x 10°
550 823 218,524 8.29 x 10°
600 873 -18,653 4.67 x 10%
650 923 -18,800 2.83 x 10
700 973 -18,964 1.82 x 10°
750 1023 -19,145 1.23 x 10°
800 1073 -19,346 8.71 x 10°
850 1123 -19,564 6.41 x 10°
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Tabfe 3

°. SAI GIBSON ICI

Keq Keq Keq
200 | 2.20 x 108 2.08 x 108
250 | 3.58 x 10’ 5.77 x 10’ 3.48 x 107
300 | 8.10 x 106 1.20 x 107 7.12 x 106
350 | 2.36 x 10° 3.21 x 10° 2.04 x 10°
400 | 8.31 x 10° 1.04 x 10° ' 6.65 x 10°
450 | 3.43 x 10° 3.97 x 10° 2.64 x 10°
500 | 1.60 x 10° 1.71 x 10° 1.15 x 10°
550 | 8.29 x 10° 8.18 x 10%
600 | 4.67 x 10% 4.25 x 10%
650 | 2.82 x 10 2.37 x 10°
700 | 1.82 x 10% 1.40 x 10%
750 | 1.23 x 10° 8.72 x 10°
goo | 8.72 x 103 5.67 x 10°
850 | 6.42 x 10° 3.82 x 10°
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Table 3 indicates some small differences in the equilibrium constants
calculated by the three sources. These are probably due to different heat
capacity values used in the calculations. Heat capacities can be found in the
literature from various sources, and some differences do exist in the numbers
obtained and the form of the empirical equation used. Figure 1 is a plot of
the three sources of equilibrium constants in the form of an arrhenius plot.
The relative differences of the equilibrium constants can be seen in the plot
by the differences in the slope of the curves and their absolute values. The
Gibson data appears to have a larger slope than either the SAl,data or the ICI
data, however it coincides with the SAl data at about 550°C. The ICI values
almost match the SAI values at low temperatures (200-250°C) but deviate from
both the Gibson and SAI values at higher temperatures.

Since it is difficult to assess the impact of these discrepancies in
equilibrium values on the actual H,S level to' be expected without actually
calculating these values this was done in Table 4.

Table 4 shows that the largest discrepancies bétween the SAI values and
Gibsons values are at the higher temperatures and at higher steam levels. In
the temperatures range of interest for Hot Gas Desulfurization (approximately
550-650°C), the largest discrepancy is 2.02 ppm. " The ICI values, which are
not available above 500°C, would indicate larger Qiscrepancies if extrapolated
to higher temperatures.

Since experimental data at METC have verified tﬁe levels predicted by Gibson
and SAl, it is felt that thase values are valid, and can be used in
experimental data analysis and process simulation. The calculation sequence
outlined here provides a means of calculating equilibrium constants at any
temperature based on heat capacity, free energy, heat of reaction, and entropy
data, using basic thermodynamic principles. The accuracy of the results
obtained are therefore directly related to the accuracy of the data used. The
source of the data used here was specified, and is believed to be accurate.

In order to represent the HpS equilibrium values at varying temperatures and

steam levels graphically, figure 2 was drawn. This plot was drawn using the
equilibrium constants calculated here. It can be seen in the plot that at
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Table 4

| Equilibrium H,S Values in PPM

SAI Gibson IC1
°c Steam Steam Steam
5% - 15% 30% 5% 15% 30% 5% 15% 30%

250} .0014 .004 .008 | - .0008 .0026 .005 | .0014 | .0043} .0086

350] .0212 063 . 127 |  .0155 .0467 .093 | .0245 |.0735 | .1470
| 450 .1457 ) .437 8757 T.1259 .3778 .755 ;1892 .56751.135 -

550 .6031] 1.809 3.618 .6112 | 1.83 3.667

65011.773 | 5.319 }10.63 2.10 6.33 12.65

7501 4.064 | 12.19 24.39 | 5.73 17.20 34.40

85017.79 23.36 46.?2 13.08 39.26 78.53
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temperatures up to 450°C equilibrium HZS levels are talow 1 ppm for all steam
levels up to 30%. As temperatures increase atove 450°C there is an
accelerated increase of H,S with temperature, with a large increase between
550°C-650° at the high steam level. This plot can be used to determine the
tradeoff between steam level and temperature in order %o stay below 1 ppm HZS'

A computer code has been written to carry out the calculations outlined
here and to produce a table containing the informatior. shown in Table 2 and 4.
The required input includes the following:

o Heat of formation of products and reactants at 25%
o Entropy of products and reactants at 25°¢C
o Heat capacity coefficients for products and reactants

Using this input data the code calculates the free energy change at
various temperatures, the equilibrium constant, and equilibrium HZS levels at
various steam levels.” This code can now be used to test the effect of various
sources.and values of thermodynamics data and their effect on the equilibrium
HZS levels calculated. A sample output is shown in Table 5.
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THERMCG CODE

THIS PROGRAM CALCULATES THE EQUILIBRIUM CONSTANT FOR THE
REACTION: ARSOLID + BRGAS GOING TO CPSOLID + DPGAS

AT ANY TEMPERATURE WHERE A, B, C, D, ARE STOICHIOMETRIC
COEFFICIENTS. RSOLID IS REACTANT SOLID, RGAS IS REACTANT
GAS,PSOLID IS PRODUCT SOLID, AND PGAS IS PRODUCT GAS.

READ STOICHIOMETRIC COEFFICIENTS A,B,C,D

READ HEAT OF FORMATION OF PRODUCTS AND REACTANTS IN UNITS OF
CALORIES/GMOLE AT 25 DEGREES CENTIGRADE.

READ ENTROPY OF PRODUCTS AND REACTANTS IN UNITS OF CAL/DEGMOLE
AT 25 DEGREES CENTIGRADE.

OO0

IMPLICIT REAL*8(A-H,0-2)
CHARACTER*80 SRCHPSOLID,SRCHPGAS,SRCHRSOLID,SRCHRGAS
CHARACTER*80 SRCSPSOLID,SRCSPGAS,SRCSRSOLID,SRCSRGAS
CHARACTER*80 RSLD,PSLD
CHARACTER*80 SRC1,SRC2,SRC3,SRC4
REAL DELTAH,DELTAS,IH,1S,DELA,DELB,DELC,DELD,DELE
REAL*S8 KEQ
EXTERNAL LIBSEMULATE
DIMENSION TEMP(20),DELG(20),POWER(20), KEQ(ZO)
DIMENSION H2S5(20), HZSlO(ZO) H2$15(20) H2S520(20) ,H2525(20) stao(zo)
CALL LIBSESTABLISH{LIBSEMULATE)
= READ(9,*) A,B,C,D
READ(9,*) HPSOLID,HPGAS,HRSOLID,HRGAS
READ(9,*) SPSOLID,SPGAS,SRSOLID,SRGAS
o SPECIFY SOURCE OF THIS DATA
READ(9,5) SRCHPSOLID,SRCHPGAS,SRCHRSOLID, SRCHRGAS
READ(9,5) SRCSPSOLID,SRCSPGAS,SRCSRSOLID,SRCSRGAS

5 FORMAT(ABO)
READ(9,6) RSLD,PSLD
6 FORWAT(ABOY

WRITE(S6, 500)
. 500 FORMAT(T40 'GENERAL GAS-SOLID EQUILIBRIUM cous I/

1 Ti0, 'THERMODYNAMIC DATA' ,T80, ‘DATA SOURCE',/)

NRITE(G,SO) PSLD,HPSOLID,SRCHPSOLID,HPGAS,SRCHPGAS,RSLD,HRSOLID,

1 SRCHRSOLID,HRGAS,SRCHRGAS
50 FORMAT (5X ,A5,T10, '"HEAT OF FORMATION (25 ¢) = ',1X,F8.3,3X,
‘KCAL MOL-1°,T65,A60, / 5x 'H20 HEAT OF FORMATION (25 C) =
,1X,F8,3,3X, 'KCAL MOL-1 T65 1A60, /,5X,A5,T10,
"HEAT OF FORMATION (25 C) = ,1X, F8. 3,3X, '"KCAL MOL-1" ,T65,A60,/,
sx,'vzs HEAT OF FORMATION (25 ¢C) = ' 1x F8. 3,3X, 'KCAL MOL-1' ,T65
A60
WRITE(G 60) PSLD,SPSOLID,SRCSPSOLID,SPGAS,SRCSPGAS ,RSLD,SRSOLID,
SRCSPSOLID SRGAS, SRCSRGAS
60 FORMAT(//, 5X ,A5 TlO 'ENTROPY (25 C) = *,F7.3,3X, 'CAL K-1 MOL 1',
T65,A60,/,5X,'H20 ENTROPY (25 c) = ',F7. 3 3X, 'CAL K-1 MOL-
T65,A60,/,5X ,A5,T10, "ENTROPY (25 C) = ' F7 3,3X, 'CAL K-1 MOL- 1',
T65,A60,/,5X, 'H2S ENTROPY (25 C) = ',F7.3,3X,'CAL K-1 MOL-1',
T65,A60) _

[ = b pd b b

P et s Pt
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READ HEAT CAPACITY COEFFICIENTS FOR PRODUCTS AND REACTANTS
USING THE FOLLOWING CORRELATION: CP = A+BT+CT2+DT3+E/T2
ASSIGN SUBSCRIPTS AS FOLLOWS: '

RSOLID Al Bl Cl1 DI El
H2S A2 B2 C2 D2 E2

PSOLID A3 B3 C3 D3 E3
H20 AA B4 C4 D4 ES4

READ(9,*) Al,B1,C1,D1,El

READ(9,*) A2,B2,C2,D2,E2

READ(9,*) A3,B3,C3,D3,E3

READ(9,*)  A4,B4,C4,D4,E4

READ SOURCE FOR HEAT CAPACITY COEFFICIENTS

READ(9,69)  SRC1

READ(9,69) SRC2

READ(9,69)  SRC3

READ(9,69)  SRC4

FORMAT( A80)

WRITE(6,70)

FORMAT(//,5X, 'HEAT CAPACITY EQUATION IS

CP = A+ BT + (CT2 + DT3 + ET-2',10X, 'CAL K-1 MOL-1")

WRITE(6,80)

FORMAT(//,5X, ‘*HEAT CAPACITY COEFFICIENTS',12X,'A',13X,'B',13X
,'C',13X,'D",13X, E",15X, "SOURCE ') __ )

WRITE(6,90) RSLD,Al,B1,C1,D1,E1,SRC1,A2,B2,C2,D2,E2,
SRC2,PSLD,A3,83,C3,D3,E3,SRC3,A4,B4,C4,D4,E4,SRC4
FORMAT(//,15X,A5,T41,F5.2,5X,F10.8,5X ,F11.9,5X ,F11.9,5X ,F11.2,5% ,Al2
,/,15X,'H2S ',21X,F5.2,5X,F10.8,5X,F11.9,5X,F11.9,5X,F11.2,5X,A12
,/,15X ,A5,T41 ,F5.2,5X,F10.8,5X,F11.9,5X ,F11.9,5X,F11.2,5X ,Al12,/,
15X, 'H20 ',21%,F5.2,5X,F10.8,5X,F11.9,5X,F11.9,5X,F11.2,5X,A12)
CALCULATE DELTA A ,DELTA B DELTA C, DELTA D,DELTA E

PRODUCTS MINUS REACTANTS

DELA = ({C*A3)+(D*A4))-((A*ALl)+(B*A2))
DELB = ({C*B3)+(D*B4))-((A*B1)+(B*B2))
DELC = ((C*C3)+(D*C4))-((A*C1)+(B*C2))
DELD = ((C*D3) +(D*D4))-((A*D1)+(B*D2))
DELE = {(C*E3)+{D*E4))-((A*E1)+(B*E2))

CALCULATE DELTA Hl FOR THE REACTION FROM INPUT DATA
DELTAH = (((C*HPSOLID)+(D*HPGAS))~-({A*HRSOLID)+(B*HRGAS)))*1000.

CALCULATE INTEGRATION CONSTANT IH USING EQUATION 12 IN
HOUGEN WATSON AND RAGATZ PART Il P. 986

"IH = DELTAH - DELA*(298.16) - (DELB/2.)*(298.16**2) - (DELC/3.)*

(298.16**3) - (DELD/4.)*(298.16**4) + DELE/298.16
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CALCULATE DELTA S FOR THE REACTION FROM INPUT DATA
DELTAS = ((C*SPSOLID) + (D*SPGAS)) - ((A*SRSOLID) + (B*SRGAS))

CALCULATE INTEGRATION CONSTANT IS USING EQUATION 13 IN
HOUGEN WATSON AND RAGATZ PART II P. 985

IS = DELTAS - DELA*L0G(298.16) - DELB*(298.16) - (DELC/2.)*
(298.16**2) - (DELD/3.)*(298.16**3) + DELE/(2.*(298.16**2))

HAVING CALCULATED INTEGRATION CONSTANTS IH AND IS
CAL.CULATE DELTA G FOR THE DESIRED TEMPERATURE RANGE
20C TO 850 CENTIGRADE

DO 10 1=1,14
TEMP(I) = 473 + (1-1)*50

DELG(I) = IH + (DELA - IS)*TEMP(I)-DELA*TEMP(I)*LOG(TEMP(1))
-DELB*((TEMP(1)**2)/2.) - DELC*((TEMP(1)**3)/6.)

-DELD*( (TEMP(1)**4)/12.)-DELE/(2.*TEMP(1))

CONTINUE

CALCULATE EQUILIBRIUM CONSTANT

DO 20 I=1,14

POWER(I) = -DELG(I)/(1.9872*TEMP(1))
KEQ(I) = EXP(POWER(1))

CONTINUE

CALCULATE EQUILIBRIUM H2S COMPOSITIONS WITH VARIOUS STEAM LEVELS

DO 25 I=1,14

H2S5(1) = (((0. OS**D)/KEQ(I))**(l/B))*(lEG)
H2510(1)= (((0.10**D}/KEQ(I))**(1/B))*(1E6)
H2S15(1)= (((0.15**D}/KEQ(I))**(1/B))*(1E6)
H2520(1)= (((0.20**D)/KEQ(I))**(1/B))*(1E6)
H2S25(1)= (((0. 25**D)IKEQ(1))**(1/8))*(1[6)
H2530(1)= (((0.30**D)/KEQ(I))**(1/8))*(1E6)
CONTINUE

CONVERT TEMPERATURE FROM KELVIN TO CENTIGRADE

DO 30 I=1,14
TEMP(1) = TEMP(I) -273.
CONTINUE

PRINTOUT TABLE OF DELTA G AND EQUILIBRIUM CONSTANTS GENERATED

WRITE(6,200)

FORMAT(IH »//,T4,11HTEMPcKATURE ,T20 ,7HDELTA G,T37 llHEQUILIBRIUM,
173 28HEQUILIBRIUM H2S LEVEL IN PPM/lH T4, OHDEGREES c,T20,
9HLAL/GMOLE T37 ,8HCONSTANT , T80, 13HP'RCENT STEAM//1H, T62 2H5
T70,3H10%, T80 3H15% 790, 3H20% T100 3H25%,T110 3H30%/)
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D0 40 I=1,14
WRITE(6, 300) TEMP(1) DELG(I) ,KEQ(1) ,H2S5(1) HZSlO(I) »,H2S15(1),
1 HZSZO(I) H2S25(1), H2$30(I) :
300 FORMAT(lH T8,F4.0,720,F10.2,737,2PG10.3,757,6(2PG10.2),/)
40 CONTINUE
STOP
END-
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Simultaneous Shift/Methanation
Equilibrium Calculations

Reference:

H.P. Meissner, C; L. Kusik, W. H. Dalzell
Equilibrium Compositions with Multipie Reactions

Note: The fol]owing.are results obtained from a computer code used to
calculate simultaneous shift/methanation equilibria
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APPENDIX D

Laboratory~Scale Test Summary*Sheeté and Data Curves

TEST SUNMMARY SHEET

TEST NO. 4 001

DATE STARTED ¢ 7,300,809
DATE ENDED ' ?/31s80
TOTAL HOURS ¢ 28

TYFE s SULFIDATION

SORBENT' TVP{IUEI”NTI IRON OXIDE/936 G

SORBENT NO. B1IX3-1X1

SORBENT COHPOSITIO"! 42% 1ROM OXIDE (YOUNGSTOUN SHEET & TUBE)
ON SILICA

SORBENT SIZE 8 1/4 INCH DIAMETER EXTRUSIONS

FRETREATHENT 1 NONE

SULFUR LOADING 1 4.7 % (GM SULFUR/CH FRESH SORBENT)

TO 420 PPN BREAKTHRQUGH

CPERATING CONDITIONS

TENPERATURES 1000 F(538C)
PRESSURE 3 ANBIENT
SPACE VELOCITY1 800 HOURLY

FLOW RATE MOLE
H2S (Q.07DNI/MIN) ©.14 SCFH  ©.7%
H20 . ' "9,52 CRI/NIN X
AlR
co2
co
K2  (1.38DM3/MIN) 2.92 SCFH  15%
CH4

N2 (7.43DMM3/01IN) 15.41 SCFH T?7.3%

PURPOSE

SULFIDATION OF IRON OXIDE EXTRUSIONS FOR
REGENERATION TESTS TO VERIFY AIR PRODUCTS
TEST RESULTS IN UHICH ELEMENTAL SULFUR UAS
PRODUCED DURING REGENERATION

AHALYSIS?

BEFORE AFTER
TOTAL SULFUR (XU/U)1 0.05 6.42 (EXIT)
SURFACE FAREA ¢ M2/G)t Q.75 1.07
DENSITY (G/CMI)2 3.15 3.37
PORE UOLUIE 1NN3/G) 0.4 2.5

RINERAL ANAL¥YSIS 8

SEE APPENDIX
ELEMENTAL ABALYSIS

SEE APPENMDIX = Note: Please disregard

references to Appendix
for all Test Summary

Sheets included herein.
DATA: ¢ DETEZTOR TUBE Y

EXIT H2S: ~ 200-400 PPN PLATEAU :
. 3600 PPN AT BREAKTHROUGH -
EXIT 5023 -
ExIT 523
EXIT HEs
RERARKS

1. SULFUR LOADING CORRESPONDS TO BREARKTHROUGH
FRCM PLATZAU.

2. REACTOR TENMPERATURE PROFILE UAS NOT
PAINHTATHED UITHIN SO DECREES OF 1000 F.

J. THIS TEST SERVED TO SHAKEDOVN THE TEST
EQUIPNENT. OHLY OME MALFULCTION UNS
EXFERIENCZD (H2S REGULATOR REPLACED).

CONCLUSIONS

1. IRON OXIDE CAN REDUCE THE SULFUR LEVEL
IN A HOT GAS STREAM FRON 73Ce PP TO
203-4C0 PPN IN THE PRESENCE OF 7X UATER,
2. SULFIDED IRON OXIDE IS READY FOR
REGENERATION.
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TEST NO. ] 002

DATE STARTED 1 10/16/80
DATE EN"ED [ 10/24/80
70TAL HOURS ¢ 39

TVPE ' REGENERATION

SORBENT TYPE/UEJGHT: IRON OXIDE/936 €
SORBENT 811X3-1X1

TEST SURMARY SHEET

ND. ]
SORBENT COMPOSITION: 42% lRONQOXlDE (VOUNGSTOUM SHEET & TUBE)

ON SILIC

SORBENT SIZE t 174 INCH RIAMETER EXTRUSIONS
PRETREATAENT ' HONE .

SULFUR RENOVED ! ' ‘

OPERATING CONDITIONS
TEMPERATURE ¢ 1000 F (S38C)
PRESSURE ANBIENT

SPACE VELOCITY: €80 HOURLY

FLOU RATE MoLE
H2s

H20 4.24 CNIMIN 95 N
AIR (.28 DMI/NIN) 0.588 SCF/HR S ¥
co2

co

Ha

CH4

n2

PURPOSE
VERIFICATION OF AIR PRODUCTS TEST RESULTS

IN UHICH ELEMENTAL SULFUR UAS PRODUCED
DURING REGEMNERATION.,

ANALYSIS

- : BEFORE AFTER
TOTAL SULFUR (XU/M) - 6.42 (EXIT) ©,16 (EXIT)

SURFrCE AREA (M2/G)8 1.07

DENSITY (G/CM3) 3.371

PORE UOQLUME (HMnJsG)s 2.5

NINERNAL ANALYSIS 1 SEE APPENDIX
ELENENTAL ANALYSIS SEE APPENDIX

DATA1 (TUTUILER BETHOD)
EXIT H2se 7.2 %
EXIT 502t NONE BY TUTUILER (AVG)

EXCEPT AT END OF RUN
EXIT s2: 122.1 G '

CEXIT W21

RENARKS

1. DESIRED TEMPERATURE UAS NOT MAINTAINED
2. ESSENTIALLY COMPLETE REGENERATION WaS
ACHIEVED AS CALCULATED BY NATERIAL

BALANCE, AND SHOUM BY ANALYSIS.

CONCLUSIONS

$. MICH ELENENTAL SULFUR YEELDS ARE
ﬂgglEURgti YITH STEAN/AIR RECENERATION
{ X/ ).

2. 76.8 % OF THE SULFUR REMOVED UAS IN THE
FORN OF ELENENTAL SULFUR.
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TEST SUNRARY SHEET

TEST NO. s 63
DATE STARTED ¢ 1173780
DATE ENDED ¢ 1173780
TOTAL HOURS o 8.5
TYPE $ SULFIDATION

SORBENT TYFE/UEIGNYI IRON OXIDE~/936 G
SORBENT MO, . 811x3-1x1
SORBENT COHPOSIYIONO 423 {sgg OXIDE(VIUNGSTOUN SHEET & TuBe)

SORBENT S12€ ! 164 INCH DIANETER EXTRUSIONS

PRETREATMENT
SULFUR LOADING 4.47% (GN SULFUR/GR FRESH SORBENT)
70 400 PPR SREAXKTHRGUGH

OPERATING CONDIT]IONS

TEMPERATURE ! 1000 F (538 C»
PRESSURE ¢ ANBIENT
SPACE VELOCITV: 1013 HOURLY

FLOY RATE NOLE
H2S (0.26 DMI/NIN) 9.545 SCFH 2.7%
H20 0.52 CRI/NIN 6.9%
AIR
co2
co
H2 (1.38 DNI/NIN) 2.82 SCFH 14.6%
CH4

N2  (7.313 DM3I/NIN) 315.11 SCFMH 75.8%

PURPOSE

SULFIDATION OF IROM OXIDE EXTRUSIONS FOR
SUBSEQUENT RECENERATION TESTS USING 90%
STEAN AMD 10X RIR.

ANALYSIS!

TOTAL SULFUR (xU/U)s
SURFACE AREA (H2/G)
DENSLYY {GH/CAT) 3
PORE VOLUME (MnJ/G)s
RINERAL ANALYSIS 1
ELENENTAL ANALYSIS 8

BEFORE AFTER

DAtTAtl (DETECTOR TUBE)

EXIT H251 UP T0 1900 PPN PLATEAU
11600 PPt AT BREAKTHROUGH

EXIT SO2¢

EXIT ses

EXIT H2?

REMARKS .
1. REACTOR INLET TEMP LOU BY 75-1600 F DURING RUN.

.

CONCLUS 1OMS

1. AT SU<1913 AND 2.7% H25 INLET CONCENTRATION
IN THE PRESENCE OF 6.9% UATER, STEADV STATES
DESULFURIZATION LAS MAINTAINED FOR 6 HRS.,

2. SULFIDATIDON CAN BE COMPLETED IN ONE DAY.
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YEST NO. ' 004
DATE STARTED ¢ 11/05/80
DATE EMDED 1t 11706/,80
TOTAL HOURS ¢ 20.5
TYPE t RECENERAT]JON

TEST SUMMARY SHEET

SORDENT “'P(NEIGM‘N JRON OXIDE-/936 G

SORBEN 811X%J3-1X1

SORDENT COﬂPOSlf!OﬂI 42X JRON OXIDE (YOUNGSTOUM SHEET L& TUSE)
ON SILICA

SORBENT S1ZE ' %;zmcn DIAMETER EXTRUSIONS

PRETREATNENT 8
SULFUR REMOVED '

OPERATIHM G CONDITIONS
TERPERATURED 1000 F (538 C)

PRESSURE ¢ ANBLENT
SPACE VELOCITY! 622 HOURLY

FLOY RATE

- M2

H2o 4.2 CRI/NIN
AIR (9.56 DMI/NIN) 1,18 SCF/HR
co2
co
Ha
CH4
N2

ROLE

29 %’
19 %

PURPOSE

REGENERATION oF IROM OXIDE EXTRUSIONS USIMNC 99X
STEAN AND 10X AlR.

ANALYSIES

BEFORE AFTER

TOTAL SULFUR (XU/UN
SURFACE AREM (N2/G)t

DEUSL
PORE

TY (G-CRN3) @
UOLUNE (MN3/G) ¢

NINERAL ANALYSIS @
ELERENTAL ABALYSIS

DaTar
ExIT

EXIT
EXIT
EXIT

(TUTUILER NETHOD)
H2S1  5000-6000 PPN (DY DETECTOR TUBES)

$021 GREATER THAN 3000 PPR (BV TUTUILER}
s2¢t 19.41 G
N2s

REMARKS

2.

CONCLUSIONS

1.

2.

ELEMENTAL SULFUR YIELDS ARE SIGNIFICANTLY LOGER
UITH 99%/10% STEAN-AIR RECERERATION,
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TEST MO. ]
DATE STARTED 3
DATE ENDED
TOTAL HOURS ¢
TYPE !

TEST SUNNMARY SHEET

00S
1/28/81
1/28/814

e.5
SULF IDATION

SORBEN? TY‘?E/UEXG N‘H IRON OXIDE~-1990 G

SORBENT

811X3-1X3

SORBENT COHPOS"’ION& 42% IRON OXIDE(YOUNGSTOUN SNEEY ) WiE)

SORBENT SI12E
PRETRERTRENTY
SULFUR LOADING

~ ON SILICA
] 174 INCH DIANEFER EXTRUSIONS
t  NONE

8 10.4 % (GR SULFUR/CN FRESH SORBENT)
T0 409 PPN BREAKTHROUGH

OPERATING CONDITIONS

TERPERATURE S 1e90 F (538 C)
PRESSURE ¢ ANBIENT
SPACE VELOCITYVS 900 HOURLY

FLOU RATE NOLE

H2S (.26 DNI/NIN) 0.545 SCFN  2.7%

H20
AIR
co2
co

0.52 CR3/AIN  6.9%

HZ2 (1.38 DNI/AIN) 2.92 SCFH 14.6%

CHe

N2 (7.13 DMI/RIN) 1S.11 SCFH 75.8%

PURPOSE

SULFIDATION OF IROM OXIDE EXTRUSIONS FOR
SUBSEQUENT RECENERATION TESTS USING Sox
STEAN AND SO% AIR,

ANALYS1SS

TOTAL SULFUR(XU/U)S
SURFACE @REAIN2/G)?
DENSITY (G/CMI) 1
PORE VOLUNE (MNI-/G)1e
NINERAL AMALYSIS 8
ELERENTAL ANALYSIS

BEFORE AFTER

DATAS (DETECTOR TuBE)

EXIT H2St 6 PPN PLATEAU FOR 3 HOURS
BREAKTHROUGH AT 4 HOURS UITH 160 PPR

EXIT S023 .

ExlT sy

EXIT K2

REMARKS

1. TENPERATURE CONTROL VITHIN 40 F OF ABSORBER
OPERATING YENPERATURE.

CONCLUSIONS

1. AY TEST CONDITIONS IRON OXIDE CAN REDUCE EXIT W23
;gnsgmogus‘ag PPR FOR 3 HOURS AND BELOU 1000 PPH FOR
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YEST NO. ¢ 906

DATE STARTED ¢ $/,29/88
DATE ENDED ' 1729/81
T07TAL HOURS ¢ 7.5

TYPE ' REGENERATION

SORBENT ‘I'VFEIIEIGHN
SORBENT N 81iX3-1x
SOREENT COHPOSIY!ON(

TEST SUNMARY SHEET

IRON OIIMIIOOB G
42x IRON OXIDEIYOUNGSTOUN SHEET & TUBE)

_ ON sILIcA
SORBENT SIZE 1 174 INCH DIAMETER EXTRUSIONS
PRETREATRENT +  HONE

SULFUR REMOVED ’

_OPERATING CONDITIONS

TEMPERATURES 1000 F <538 C)
" PRESSURE ¢ AMBIENT
SPACE VELOCITY: €00 HOURLY
FLOU RATE
Has
H20 2.49 CPI/RIN

AIR (3.11 DRI/MIN) €.58 SCFM
co2
co
"
CH4
na

MOLE

5on

sex

PURPOSE

REGENERATION OF JRON OXIDE EXNTRUSIONS
USIHC SOX STEAM AND SOX AIR.

ANALYSISE

BEFORE AF
TOTAL SULFUR: (Xxu/u)s o
SURFACE AREA (H2/G)3 9
DENSITY (GN-CNI) J
PORE YOLUNE (MN3/G)t 1
MINERAL ANALYSIS ¢ SEE APPENDIX
ELERENTAL ANALYSIS & SEE APPENDIX

DATAt (DETECTOR TUBE)

EXIT H2ST  1000-1200 PP
EXIT S028  4-7 %

EXIT 21 £.514 @

EXIT H21

RERARKS = - '

1. TERMPERATURE UAVE REACHING aPPROX. ISOO F
UAS OBSERVED.

CONCLUSIONS
1. ELEMENTAL SULFUR PRODUCED 1S CREATLY DECREASED
UITH STEAN LEVEL REDICED T0 50 %.
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IRON OXIDE SULFIDATION

TEST 005
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ST HO.

TES e0?
DATE STARTED

TEST SUMNARY SHEET

PURPCSE

]
s $730/8¢

DATE ENDED 1/30/81 SULFIDATION OF ZINC FERRITE EXTRUSIONS
TOTAL HOURS 1.5 T0 DETERSINE SORPTION €EFFICIENCY AND SUBSEQUENT
TYPE t sm.nmnon REGENERATION CHARACTERISTICS.
SORBENY TVPEMIGNN C(ZINC FERRITE)/300 G ANALYSIS:
SORBEN BATCH 81/} BEFORE AFTER
SOR]EN‘I comostﬂom S9 MOLEX IRON OXIDE (FISHER CERIFIED) TOTAL SULFUR (xu/U)t

50 MOLEX ZINC OXIDE (SHERUIN UILLIANS HSA) SURFACE nREA (M2/G) S.84

: DENSITY (G/CMI) 3 S.19

SORBENT SI2E 8 - §/4 INCH DIAMETER EXTRUSIONS PORE VOLUNE (MN3/6G) ) 12.2
PRETREARTNENT ] Dnltn m OVEN AT 200 F OVERNIGHT NINERAL ANALYSIS ¢ SEE APPEHDIX

SULFUR 1.OADING § 21.3 X (GR SULFUR/GN FRESH SORBENT) ELENENTAL AMALYSIS @

T0 10 PPR  BREAKTHROUGH

OPERATING CONDITIONS

TENPERATURE S 1030 F (538 ©)
PRESSURE ¢ ANBLENTY

SPACE VELOCITY: 1620 HOURLY

FLOU RATE MOLE
H2S (9.25 DMI/AIN) .528 SCFH 2.7%
H20 . 9.51) CHI/NIN  6.9%
AIR
co2
co

H2  (1.35 DRI/NIN) 2.88 SCFH 14.6%
cH4
N2 - (7.02 DNI/NINM) 34.87 SCFH 75.8%

i DATAt ¢ DETVECTOR TUuBE)

EXIT H2St 2 PPN PLATEAU FOR 7 HRS
BREAKTHROUGH AT 8 HRS UITH 10 PPR
EXIT So023

EX1Y S2:
EXIT H2t

RERMARKS

1. ABSORBER YEMPERATURES CONTROLLED VITHIN SO F.

2. PRENEATER CRADUALLY PLUCCED DURING RUN .

3. ANALYSIS OF PLUG MATERIAL DY X-RAY DIFFRRCUON
SHOUS THAT THE PREHEATER TUBIMNG (304 S$/8) UAS
CORRODING DUE TO H2S AND HIGH TEWP.

CONCLUSTONS

1. ZINC FERRITE AS TESTED CAN REDUCE A GAS STREAN
CONTAINING 2.7% H25 TO @ PPN H2S IM THE PRESENCE
OF 6.9 & UATER AT 1000 F.

2. ZINC FERRITE AS TESTED CAM REDUCE A CAS STREAR

. CONTAIHING 2.7% H2S YO LOUER LEVELS THAN POSSIBLE
VITH JROM OXIDE AND UILL TAKE APPROXIMATELY TUICE
RS LONG TO REACH BREAKTHROUGH.
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TEST NO. ] 608

DATE STARTED 1731784
DATE ENDED : e/1/84
s

SULFUR REMOVED s

OPERATING COMDITIONS
TERPERATURES 1000 F (538 ©)
PRESSURE ¢ ANBIENT

‘SPACE VELOCITYV: 600 HOURLY

FLOU RATE NOLE
Has
K20 2.23 CRI/AIN BoN
AIR (2.78 DMI/NIN) 5.88 SCFH Sox
<oz
€0
He
CH4
na

TEST SUMMARY SHEET

PURPOSE
REGENERATION OF ZINC FERRITE EXTRUSIONS

*YOTAL KOURS 12.5 FROM TEST @07 USING 50x AIR AND 50X STEAM,
TYPE RECENERATION .
ORBENT mzluxcu‘rl (ZINC Fsmxtcvaee 3 ANALYSISS

SORIEN NO. BATCH 81/ BEFORE AFTER

SORBENT conrosrnom 50 MOLEX mou OXIDE (FISHER CERTIFIED) TOTAL SULFUR (XU/V)3 90.37 (AVG)
S0 MOLEX ZINC OXIDE (SHERUIN UILLIANS HSA) SURFACE RREA (N2/G)1 2.65 (AVG)

DENSITY (G/CN3) 3 5.22 (AVG)
SORBENT SI2E 3t 174 INCH DIAMETER EXTRUSIONS PORE VOLUHE K(ItN3/G)t 7.9 (RVG)
PRETREATHMENT [} DRIED IN OVEN AT 200 F OUERNIGHT(BEFORE TO0?) MINERAL ANALYS]SE SEE APPENDIX

ELERENTAL ANALYSIST  SEE APPENDIX

DATAT (DETECTOR TUBE)
EXIT H25t 2500 PPN
EXIT S02t 4-9 %

EXIT s2@ 7.88 G
EXIT H23

RENARKS

i, TEMPERATURE UAVE UP TO 1780 F OBSERVED.

2. AFTER CORPLETION OF THIS REGENERATION, ADSORBER
TENPERATURE UAS MAINTAINED AND SULFIDATION REPEATED

CONCLUSIONS

$. RECENERATION TIMNE APPROXIMATELY THE SANE AS
FOR IROM OXIDE.
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TEST NO. ]
DATE STARTED
DATE ENDED o
T0TAL HOURS 3
TYPE '

909
2793814
2s03/81

12.75
SULF IDATION

SORBENT TV?EIUEIGNYl Zme FERRITE)/BQ. 6

SORBENT M0

SORBENT COHPOSXTIONI

SORBENT SI12E
PRETREATHENY
SULFUR LOADING

BATCH 8171

TEST SUMNARY SHEET

i

50 NOLEN IROM OXIDE C(FISHER CERTIFIED)
59 MOLEX ZINC OXIDE (SHERUIM UILLIANS HSA)

¢ 174 INCH DIANETER EXTRUSIONS
t  DRIED IW QUEM AT 200 F OUVERNIGHT(BEFORE TOQ7) MINERAL ARALYSIS!
t  18.7 % (GN SULFUR/GN FRESH SORBENT)

70 13 PPR BREAKTHROUGCH

OPERATING CONDITIONS

TERPERATURE Y 1000 F (538C)
PRESSURE ¢ ANBIENT
SPACE VELOCITYS 1000 HOURLY

FLOV RATE FOLE

HeS (9.25 DMI/NIN) 90.529 SCFH 2.7%

Hao
AIR

R

cv

0.513 CRI/BIN  E€.9%

H3 (1.35 DMI/MIM) 2.86 SCFH 14.6%

CH4e

N2 (7.82 DMI/NIN) 14.87 SCFH 75.8%

PURPOSE

SULFIDATION OF ZINC FERRITE EXTRUSIONS

TO DETERNINE SORPTION EFFICIFY"7 AND SUBSEQUENT
REGENERATION CHARACTERISTICS. THIS IS THE SECOND
SULFIDATION CYCLE OF THIS BATCH OF SORBENT.

AHALYSIST

TOTAL SULTUR(XU/U)S
SURFACE ARENIN2/G)t
DENSITY(G,CNI) ¢

PORE VOLunmE (MM3/Ge

BEFORE AFTER

ELERENTAL ANALYSIS?

DATAL (DETECTOR TUDE?
EXIT H2S1 2-4 PPN PLATEAU FOR 6 HOURS

BREAKTHROUGH AT 7 HCURS UITH 13 PPH
EXIT so028

EXIT s21
EXIT H2e

REMARKS

1. PREHEITER TUBE UAS REPLACED PRIOR TO THIS RUM
UITH 3HOTHER 304 S-S TUBE.

CONCLUSIONS

3. DESULTURIZATION UAS ACHIEVED TO THE SANE LEVEL
AS DURING THE FIRST CYCLE OM THIS SORBENT,

2. BREAKTHROUGH OCCURRED ONE HOUR SOONER DURING THE
SECOND CYCLE.
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TEST SURNARY SHEET

TEST NO. ' 010 PURPOSE
DATE STARTED 1 2,381 ,
DATE ENDED o 2/3/81 REGENERATION OF ZINC FERRITE EXTRUSIONS
T0TAL HOURS o 12.5 FRON TEST 009 USING SOX AIR AND 50% STEAM.
TVPE . REGEMERAT JOM
SORBENT rvr:zuzncuta (ZINC FERRITE)/890 G ANALYSISS
SORBENT N }  BATCH 8173 SEFORE  AFTER
SORBENT conposxvxouu 59 NOLE% IRON OXIDE (FISMER CERTIFIED) . TOTAL SULFUR(XU/U)S »

69 MOLEX ZINC OXIDE (SHERUIN UILLIAMS HSA)  SURFACE AREA(N2/G)1

. DEHSI‘I’V (C/CNI)s
SORDENT SIZE ¢ 174 INCH DIAMETER EXTRUSIONS PORE UOLUME(NN3/G)s
PRETREATAENT ' DRIED IN ou:u AT 200 F OVERNIGHT (BEFORE TO@7MIKERAL ANALYSISS .
SULFUR REMOVED s ELERENTAL ANALYSISS _
OPERATING CONDITIONS , DATAt (DETECTOR TUBE)
TEMNPERATURES 1000 F (538 C) } EXIT H251  2000-3008 PPR
PRESSURE  § AMBIENT .- EXIT SD21  4-10 %
SPACE VELOCITYS 600 HOURLY . EXIT SRt 4.4796 O
' ‘ EXIT H21
FLOVU RATE WOLE
Hes ‘
H20 ‘ 2.23 CRI/RIN  So%
, REMARKS
AIR (2.78 DA3/NIN) 5.88 SCFH sox b
co2 ) g | 1. TEPPERATURE UAVE UP TO 1730 F ODSERVED.
co ) .
4 ‘. 2. AFTER COMPLETION OF THIS RECENERATION, ABSORBER

Ha < TERPERATURE UAS MAINTAINED AND SULFIDATION REPEATED
CH4 ' CONCLUSIONS
"2 , A 1. THIS UAS THE SECOND RECENERATION OF THE SANE

BATCH OF SORBENT. RECENHERATION APPEARS NORMAL.

i 2. UIDE SCATTER IM S02 DATA DURING REGENERATION



=£€c-

TEST SUNMRARY SHEETY

TEST N . ot1h
Dn‘lt STRRTED ’ 2/05/84
DATE ENDED 3 3/06/81
TOTAL HOURS 0.5
TYPE ! SULFIDATION

SORlENT TWEMXMI (2INC FERRITE)/800 G
SORBENT NO. BATCH 811
SORUENT COHPOSIYIDHO S0 NOLEX IRON OXIDE (FISHER CERTIFIED)

S@ NOLEX ZINC OXIDE (SHERVIN UILLIANS HSR)

SORBENT SI2€E. § 174 INCH DIARETER EXTRUSIONS

PURPOSE

SULFIDATION OF ZINC FERRITE EXTRUSIONS

TO DETERNINE SORPTION EFFICIENCY AND SUBSEQUENT
RECEHERATION CHARNCTERISTICS. THIS IS THE THIRD
SULFIDATIOF CYCLE OF THIS BATCH OF SORBDENT,

ANALYSIS!?

TOTAL SULFUR(XU/Y)8
SURFACE ARELAIN2-G)s
DENSITY(G/CN3)8

PORE VOLUNL(NNJ3/G)t

BEFORE AFTER

PRETREATHENT 8t DRIED IN OVENM AT 200 F OVERNICHT(BEFORE T407) WINERAL AMalvSiSt

SULFUR LOADING s

OPERATING CONDITIONS
TENPERATURES 1090 F (S38C)
PRESSURE ¢ ANBIENT
SPACE VELOCITYS 1000 HOURLY

FLOU RATE MOLE

H2S (0.25 DRI/NIN) 0.529 SCFH 2.7%

N20 0.513 CRI/NIN  6.9%

AIR '

co2

co

M2 (1.35 DNI/MIN) 2.86 SCFM 14.6%
cHe

N2 (7.02 DMI/NIN) 14.87 SCFH 75.8%

ELERENTAL aNALYSIS?

DATAS (DLTECTOR TURE)
EXIT H2Ss
EXIT S02t
EX1Y Sas
EXIT H2s

RERARKS

I« DURING HEAT UP.FOR THIS RUN THE ABSORDER UAS
INADVERTENTLY EXPOSED TO APPROXIMATELY JOx H2S
FOR J@ MINUTES. THIS OCCURRED AT APPROX. 1000 F.

2. THE RUH UAS ABORTED AFTER 1T UAS DETERNINED THAT
THE H23 HAS BROKENTHROUCH, AND REGEMERATION
INITIATED.

CONCLUSIONS
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TEST SUIWMARY SHEET

TEST NO. ' (2131 ]

DATE STARTED t 2706781
DATE ENDED 2/06/81
TOTAL HOURS 12.75 )
TYPE ] SULFIDATION

SORBENT TVPEIUEIGNTI
SORBENT NO.
SORBENT CON‘OSIYION!

SORBENY SIZE ]
PRETREATRENT s
SULFUR LOADING '

OPERATING CONDITIONS

(ZINC FERRITE1/809 G
DATCH 81-/1
S0 ROLEY IRON OXIDE (FISHER CERTIFIED)

SO MOLEX ZINC OXIDE (SHERUIN UILLIAMS HSA)

174 INCH DIARMETER EXTRUSIONS

DRIED IN OVEN AT 200 F OVERNIGHT(BEFORE TO97)

231.38 X (Gt SULFUR/GN FRESH SORBENT)
TO 11 PPR BREAKTHROUGH

TERPERATURE S 1000 F (538 C)
PRESSURE ANBIENT
SPACE VELOCITYSs 1000 HOURLY

FLOU RATE ROLE

H2S (9.25 DINI’NIN) 0.529 SCFH 2.7

H20 0.51
AIR

co2

co

J Cna/nin 6.9%

H2 (1,35 DM3/NIN) 2.86 SCFH 14.6%

CH4

N2 (7.¢2 DNI/NIN) 14.87 SCFH 75.8%

PURPOSE

SULFIDATION OF ZINC FERRITE EXTRUSIONS

TO DETERNINE SORPTION EFFICIENCY AND SUBSEQUENT
REGEHERATION CHARACTERISTICS. THIS 15 THE THIRD
SULFIDATION CYCLE OF THIS BATCH OF SORBENT.

ANALYSISS

: SEFORE AFTER
TOTAL SULFUR (XU/U)2 26.42 (AVG)
SURFACE AREA (M2/G)3 1.4 tauG)
DENSITY (G/CR3I )3 4.42 (AVG)
PORE VOLUME (11H3/G)t 2.9 (AVG)

NINERAL ANALYSISS
ELERENTAL ARALYSISS

SEE APPENDIX
SEE APPENDIX

DATA? (DETECTOR TUBE)
EXIT H25t 2-6 PPN PLATEARU FOR 7 HOURS

BREAKTHROUGH AT 8 HOURS UITH 11 PPA

EXIT so21
EXIT S21
EXIT H21

RERARKS

1.

2.

PRIOR TO THIS RUN (RUN 911A), THE SORBENT UAS
INADUVERTENTLY EXPOSED TO APPROXINATELY 30% H2$
FOR 3@ RMINUTES AND THEM IMMEDIATELY RECENERATED.

AFTER REGEMERATION THE SORBENT SEENS TO MHAVE
RECOVERED 1TS ACTIVITY AS SEEM BV THE TEST DATA.

CONCLUSIONS

‘l

SORBENT DESULFURIZATION ACTIVITY APPEARS TO
DUPLICATE THE ACTIVITY OF RUN €97 ¢ FIRST CYCLE)
AFTER A SLICHT DECLINE IN ACTIVITY IN RUN €09
(SECOND CVCLE).

ZINC FERRITE APPEARS TO BE A GOOD REQGENERASLE
SORBENT FOR H2S AT 1000 F. THIS TEST CONCLUDES
THE THIRD SULFIDATION 1N THIS SERIES.
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TEST SUMMARY SHEET

TEST NO. ] o

DATE STARTED ¢ 2/5/814

DATE ENDED ] 2/5/81

TOTAL HOURS ¢ 1.5

TYPE L] RECENERATION

PURPOSE

REGENERNTION OF Z2INC FERRITE EXTRUSIONS

FROM TEST 011A USINGC S0k AIR AND SOX STEANM,

THIS REGENERATION [S CARRIED OUT TO REMOVE THE WICH
LEVEL OF H2S INADVERTENTLY ABFCTDED IN RUM O81A.

SORDENT YVPE/UEIGNTI (ZINC FERRITE)/BCO G

SORDENT

SORBENT COHPOSITIOND

SORBENT S1ZE ]
PRETREATMENT ]
SULFUR REROVED J

BATCH 81/1

50 MOLEx IRON OXIDE (FISHER CERTIFIED)

S0 MOLEX ZINC OXIDE (SHERVIN UILLIANS HSA)
174 INCH DIAMEFER EXTRUSIONS

32.9 X (GM SULFUR/CA FRESH SORBENT)

OPERATING CONDITIONS

TENPERATURE
PRESSURE

SPACE VELOCITYS

Hes
H20

' 1609 F(S38 ©)
L] ANBIENT
600 HOURLY
FLOU RATE noLE

2.23 onI/nin Sox

AIR (2.78 DMI/NIN) 5.88 SCFH Sox

co2
co
Ha
CH4
N2

ANALYSIS?

TOTAL SULFUR(XU/U)?
SURFACE NREA(N2/C)1
DENSITY(G/CNI )

PORE VOLUME (NNM3/G) ¢

BEFORE AFTER

DRIED IN OVEN AT 200 F QUERNIGHT (BEFORE TOO7)NINERAL ANALYSIS!H

ELENENTAL ANALYSISS

DATAT  (DETECTOR TUBE)

EXIT H2S: 2000-3000 PPN
EXIT 5021 4-10 %

EXIY s2t

EXIT H2?

REMARKS
1. TENPERATURE UAVE WP TO 1730 F OBSERUVED.
2. AFTER COMPLETION OF THIS RECENERATION, ADSORDER
TENPERATURE UAS RAINTAINED AND SULFIDATION REPEATED
CONCLUSIONS
1. THIS UAS THE SECOMD RECEMERATION OF THE SANE
BATCH OF SORBENT, REGENERATION APPEARS NORMAL.

2. VIDE SCATTER IN $02 DATA DURNING REGCEMERATICHN
POSSIBLY DUE YO H2S INTERFERENCE IN DETECTOR
TUBE READING.
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. 7INC FERRITE SULFIDATION
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19-MAY-81 10:02:17
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ZINC FERRITE SULFIDATION

TEST 0118 (THIRD CYCLE ON SANE SORBENT)
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TEST SUAMARY SHEET

TEST NO. [ ] o1)

DATE STARTED 3705781

DATE ENMDED : 3706781
]

TOTAL HOURS 13
TYPE SULFIDATION
SORBENTY TYPilUE!GHTl ZINC OXIDE/1600 G

SORBENT NO HARSHAU ZNQ401- E3ll$ (SARPLE)
SORBENT COHPOSX?XONI 160 % 2NO

SORBENT SI2E 8 3716 INCH DIAIMETER EXTRUSIONS
PRETREATRENT 8 DRIED AT 320 F FOR 2.5 HOURS
SULFUR LOADINGH 8 18.7 X (GN SULFUR/GH FRESH SORBENT)

T0 9 PPR BEFORE BREAKTHROUGH

OPERATING CONDITIONS
TERPERATURE ¢ 1000 F (538 C)

PRESSURE ANBIENT
SPACE VELOCITY: 1000 HOURLY

FLOU RATE noLE
H2S (0.24 DNI/AIN) 0.516 SCFH  2.7%
H20 9.500 CRI/NIN 6.S%
AIR

co2

co .

H2 (3.32 DMI/NIN) 2.79 SCFHW 14.6%
cHe

N2 (6.84 DAI/RIN) 34.50 SCFH 7S.8%

PURPOSE

SULFIDATION OF ZINC OXIDE EXTRUSIONS
70 DETERAINE SORPTION EFFICIENCY AND SUBDSEQUENT
REGENERATION CHARARCTERISTICS.

ARALYSIS?

BEFORE RFTER
TOTAL SULFUR (xU/U)8 €
SURFACE AREm (M2/G)3 3.2
DENSITY (G/CH3) 13 6.39
PORE VOLUME (MN3/CG): 6.5

HINERAL ANALYSISt  SEE APPEMDIX
ELEREHTAL ANALYSIST SEE APPENDIX

DATAT  (DETECTOR TUBE)

EXIT H2Ss 5-9 PPM PLATEAU FOR 9 HOURS
BREAKXTHROUGH AT 1@ HOURS UITH 960 PPM

EXIT So023

EXIT Sa2:

EXIT H2t

REMARKS

1. H2S LEVEL REDUCED TO APPROXIMATELY THE LEVEL
OBTAINED UITH ZINC FERRITE.

al

CONCLUSIONS
1. S:g{;s A GOOD SORBENT AT HIGH TEMPERATURES VITH 6.0%

2. THIS TE5SY DATA VERIFIES THERMODYNANIC CALCULATIONS
INDICATING APPROXIMATELY 1 PPR H2S ACHIEUABLE VITH
6.9 % UATER AT 1009 F.
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91 NO $ 014
nnT: 5103120 t 3706/83%
DATE ENDED ] 3706/81
TO0TAL NOURS o ¥
TYPE [ ] REGENERATION

SORBENT WPEI\EXGN?I ZINC OXIDE/1i000 G
SORBENT HARSHAU ZNO401-EX/16
SORBENT COHPOSITION! 102 x ZNO

TEST SUNMARY SHEET

PURPOSE

REGEMERATION OF ZINC OXIDE EXTRUSIONS
TO DEVERMINE REGENERATION CHARACTERISTICS.,

CSAMPLE) . ANALYSIS:
BEFORE
: TOTAL SULFUR(XU/U)t AFTER
SURFACE NAREA(NS/G)?

: DENSITY(G/CR3)¢
SORDENT SIZE $ 3716 INCH DIAMETER EXTRUSIONS PORE VOLUME (NMJ/G)3
PRETREATRENT s DR!ED AT 320 F FOR 2.5 HOURS (DEFORE ?0!3) NINERAL ANALYSIS!
SULFUR REMOVED J "ELERENTAL aMALYSISS

OPERATING CONDITIONS
TENPERATURE S 1000 F 538 C)

PRESSURE ANBIENT
SPACE VELOCITYT 600 HOURLY

FLOV RATE MOLE
u2s

H20 2,17 CNI/NIN  Sen
AIR (2.71 DMI/RIN) §.735 SCFH son
co2

co

"2

CH4

("]

paTA (DETECTOR TUBE)
EXIT H25: UNABLE TO READ DUE TO S02 IMTERFEREMCE

EXIT S02t J-14%
EXIT S2t 0.1687 ¢
EXIT H2t

RENARKS
1, TERMPERATURE UAUE REACHED 1709 F.

@. S$02 LEUELS ARE WICHER CONPARED TO ZIMC FERRITE
MUCH LESS ELERENTAL SULFUR PRODUCED.

CONCLUSIONS.

1. 1T APPEARS THAT 2MHO RECENERATES lN ﬂ! SﬂﬂE UAY THAT
IRON OXIDE AND ZINC FERRITE DO,
TERPERATURE UAVE 1S OBSERVED , RS EXPECTED-

2. IN SPITE OF A 50% STEAN LEVEL IN THE FEED, THE
RECENERATION REACTION IS SUFFICIENTLY EXOTHERNIC T0
PRODUCE & 793 F RISE IN PROCESS CAS TEMPERATURE.
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TEST SUMMARY SHEET

TEST NO. s
AT

[ ]
€ STARTED 3710/84
DATE ENDED ¢ /11788
TOTAL HOURS 1 14
TVPE ' SULFIDATION

SORBENT TYPE/UEICHTS  ZINC OXIDE/1802 Q
SORBENT NO. $  HARSHAY ZNO491-E3/16 (SANPLE)
SOQRBENT CONPOSITION: 100 % ZNO

SORBENT SIZE 8 3716 INCH DIAMETER EXTRUSIONS

PRETREATHENT 8 DRIED AT 320 F FOR 2.5 HOURS

SULFUR LOADINGAH 3 18.8 (GN SULFUR/GA FRESH SORBENT)
T0 t4 PPR BEFORE BREAKTHROUGH

OPERATING CONDITIONS
TERPERATURE S 1000 F (538 ©)

PRESSURE 1 ANDIENT
SPACE UELOCITYS 1009 HOURLV

FLOU RATE " moLe
H2S (0.24 DMI/MIND 0.516 SCFH 2.7%
20 9.500 CRI/MIN  6.0%
AIR
coa
co
H2  (1.32 DRI/NIND B.79 SCFH 14.6%
cH4
M2 (6.84 DAIMIN) 14.59 SCFH  75.8%

TOTAL DRY GAS FLOW RATE = 17.89 SCFH
TOTAL UET GAS FLOW RATE = 19.13 SCFH
L J

PURPOSE

SECOND SULFIDATION OF ZINC OXIDE EXTRUSIONS
TO DETERNINE SORPTION EFFICIENCY.

ANHALYSIS?

DEFORE AFTER
TOTAL SULFUR (sU/Y)s

SURFRCE AREA (B2/G)1 1.1
DENSITY (G/CRI N .82
PORE UOLUNE (MARJ/G)s 2.9

NIHERAL RHALYSIS?S
ELERENTAL ANALYSISH

DATAT  (DETECTOR TUBE) )

EXIT H25t 2-7 PPR  PLATEAYU FOR 9 NOURS
BREAXTHROUGH AT 19 HOURS UITH 14 PPR

EXIT S02!

EXIT Ss2s

EXIT H21

RENARKS
1. THIS 1S THE SECOND SULFEDATION OF THIS SORBENT.

2. EXIT H2S URS SLIGHTLY LOUER THAN THE FIRSY
SULFIDATION.

CONCLUS]ONS
1. ZNM0 1S REGENERADLE AT THESE CONDITIONS,

2. MO LOSS IN ACTIVITY CAN BE DETECTED. A SLICHT
INPROVERENT IN SULFUR ABSORPTION IS OBSERVED.



-16¢~-

P

19-MAY-81 09:47:13

"PPM HzS (Dry Basis)

100

90

80 =
70

60 =

S0

40

30 =

20

ZINC OXIDE SULFIDATION

TEST 013 (HARSHAW ZN-(0401)

Time (hours)



AY4A

TEST NO. s 016

DATE STARTED J720/81
DATE ENDED J/20-/81
TOTAL HOURS 1.5 .
TYPE ' SULFIDATION

SORDENT TVPEIUEIGNT! (ZINC FERRITE)/643 G
SORBENT NO. BATCH 82/

TEST SUNMMARY SHEET

SORBENT COﬂPOSlTlOﬂI 60 MOLEX [RON OKIDE (FISHER CERTIFIED)

50 NOLEX ZINC OXIDE (SHERUIM UILLIANS HSA)

3/16_INCH DIARETER EXTRUSIONS

DRIED IN OVEN AT 200 F OUERMIGHT

3 HOURS AT 1500 F »
14.1 X (GM SULFUR/GR FRESH SORBENT) |

SORBENT SIZE
PRETREATNENT
SINTERING
SULFUR LOADING

TO 10 PPN BEFORE BREAKTHROUGH

DPERATING CONDITIONS

TERPERATURE 3 1088 F (538 C)

PRESSURE ANDIENT
SPACE VELOCITY:  20Q0 HOURLY

= 26.6¢ SCFH

FLOV RATE NOLE

H2S 19,47 DR3/MIN) 0.9963 SCFH 2.mM
Heo 3.872 CRI/NIN 27.66%
AIR
COo2 (1,70 DNI/RIN) I.6 SCFH 9.68%
CO (2.93 DRI/AIN) 4.3 SCFH 11.91%
HZ (2.97 bﬂ3/HlN) 6.3 SCFH 17.12%
CH4 (0,58 DNI/NIN) .87 SCFH 2.91%
H2 (4,88 DNI/AIN) 10.34 SCFH 33.09%

TOTAL DRY GAS FLOU RATE

TOTAL UET CA5 FLOU RATE

e 37.790 SCFH

PURPOSE

SULFIDATION OF ZINC FERRITE EXTRUSIONS

70 DETERNINE SCRPTION EFFICIENCY AND SUBSEQUENT
REGEMERATION CHARACTERISTICS, USING LURGI AlR/H20
GAS CONPOSITIONS AND INCREASED SPACE VELOCITIES.

ANNLYSISE
. BEFORE AFTER
TOTAL SULFUR (xU/U¥):
SURFACE AREA (M2/G) S.1
DEMSITY (G/CNhI)s 5.58

PORE VOLURE (NH3/G)s 10.9
RINERAL ANALYSISS SEE APPENDIX
ELENMENTAL ANALYSISS

DATAL ¢ DETECTOR TUBE)

EXIT H2S1 9-13 PPN PLATEAU FOR 2.25 HRS
BREAKTHROUGH AT J.25 HRS UXTN 925 PPR

EXIT S023

EX1IT Sas

EXIT H2s

REMARKS

1. LURCE! CAS COMPOSITION DOES NOT APPEAR TO PRODUCE
A DIFFEREHT RESULT 1IN THIS SULFIDATION.

CONCLUSIONS

1. ACCELERATED TEST CONDITION OF SVU+2009 REDUCED TINE
T0 BREAKTHROUGH ABOUT AS EXPECTED. TESTS CAN NOMW BE
COMPLETED IN OME SHIFT., -

2. H2S LEVEL AT EXIT ONLY SLIGHTLY HIGHER THAN THATY
OSTAINED AT SV « (008,
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TEST SUNMARY SHEET

TEST MO, ‘. o1?

DATE STARTED 3 3-24/8%
DATE ENDED ¢ 3, 24/81
10TAL HOURS ¢ ]

TYPE ' REGEMERATION

gglEN} TVPE/UEIGNN (zzr‘ig“rtgnntum Q
SOADENT conposx*rxom 59 MOLEX JROMN CXIDE (FISHER CERTIFIED)

50 NMOLEX 2INC GXIDE (SHERUIN VILLIAMS #H5A)
SORIENT SIZE $ 3716 INCH DIAMETER EXTRUSIONS
PREIFEATNENTY | B
SULFUR REMOVED ]

OPERATING CONDITIONS

TERPERATURE 1000 F (538C)
PRESSURE ANBIENT
SPACE VELOCITYT 1260 HOURLY
FLOU RATE MOLE
Hs
K20 4,19 CMI/NIN  Sex
AIR (6.23 D1I/MIND 21.07 SCFW 50%
coz2
co
H2 .
CH4 :
" .

PURPOSE

REGENERATION OF ZINC FERRITE EXTRUSIONS
FROM TEST 016 WSING SOx AIR AND SO% STEAN,
AND ACCELERATED SPACE VELOCITY OF 1200 NOURLY.

ANALYSIS? .
BEFORE AFTER

TOTAL SULFUR (XU/U)1

SURFACE AREA (N2/G)1 1.4

DEHSITY (G/CRIDL 8

PORE VOLUNE (NN3/G)s
RINERAL ANALYSIS!
ELENENTAL aMalYSIS?

3.7
SEE APPENDIX

DATAT (DETE:TOR TUBE)

EXIT H2SY

EX1IT soe2s 8-13 %
EXIT S ,7.7081 ¢
EXIT H2s

RERARKS

1. TEMPERATURE UAVE UP TO 1919 F OBSERVED AT IMLET,
1400-156€ THROUGHOUT THE REACTOR.

2. AFTER REMOVING THE EXTRUSIONS 1T UAS OBSERVED TW\T
SONE ACCLOMERATION (SINTERING) HAD OCCURRED.
COATING (¥ MEMATITE AND ZNO UAS DETECTED ON soa: OF
THE EXTRUSIONS.

CONCLUSTONS

1. SV-1200 MAY BE TOO HIGH A SPACE VELOCITY FOR
REGENERATION. 1T [S SUSPECTED THAT 1T CAUSED
SINTERING IN THIS RUN, REDUCING SORPTION ACTIVITY,
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TEST NO. t 018

DATE STARTED ¢ . 3/27/81
DATE ENDED 1 3728781
YOTAL HOURS 6

TvPE ' SULFIDATION

SORBENT TYPE/UEIGHTS (ZINC FERAITE)/643 G
SORBENT NO. '
SORBENT CONPOSITIONS

BATCH 8273
59 NOLEX JRON 'OXIDE (FISHER CERTIFIED)
60 ROLEN ZINC OXIDE (SHERUIN UILLIANS HSA)

TEST SUMMARY SHEET

SORBENT SIZE 8 3716 INCH DIAPETER EXTRUSIONS
PRETREATHENT §  DRIED 1M OVEN AT 200 F QUERNIGHT
SULFUR LOADING s % (GM SULFUR/GM FRESH SORBENT)

OPERATING CONDITIONS
TENPERATURES 609 F (315 C)

PRESSURE ¢ ANBIENT
SPACE VELOCITY: 2000 HOURLY

Has
H20
RAIR
coa
co

Ha

CH4

FLOU RATE
(0.47 DN3I/NIN) 0.9963 SCFH
J3.872 CHA/NIN

(1.70 DNI/AINY 3.6 SCFH
(2.03 DNI/AIN) 4.3 SCFH
(2.97 DRI/ARIN) 6.3 SCFH
(0.63 DNI/NIN) 1.07 SCFH
(4.88 DNI/NIN)Y 10.34 SCFH

noLe
a.”
27.686%

9.€8x%
11.91%
317.12%
2.91%
33.909%

PURPOSE

SULFIDATION OF ZINC FERRITE EXTRUSIONS AT 600 F
TO DETERNINE SORPTION EFFICIENCY AND SUBSEQUENT

REGENERATION CHARACTERISTICS, USING LURGI AIR/H20
GAS CORPOSITICNS AND INCREARSED SPACE UELOCITIES.

ANALYSLS)

TOTAL SULFUF:(XU/Y)?t
SURFACE AREAIN2/C)3
DENSITY(G/CHI )
PORE VOLUME(MN3/G)s
RINERAL ANALYS1S!
ELERENTAL AHALYS1SS

BEFORE AFTER

DATAS  ( BETECTOR TUBE) .
EXIT H2S1 6000 PPN IMMEDIATELY :

EXIT S021
EXIT S2¢
EXIT Mt

RENARKS

.

2.

AFTER IMNEDIATE BREAKTHROUCH UAS OBSERVED, TEMP.
UAS INCREASED TO 1009. AT THIS TENP. 100 PPA UAS
DETECTEDP. REGENERATION UAS CARRIED OUT & RUN

MADE AT 1009 F. BREAKTHROUCH OCCURRED AFTER SO NIN.

CONCLUSIOnS

SULFIDATION ACTIVITY APPEARS TO BE UERY POOR AT
620 F, HOUEVER, IT IS SUSPECTED THAT THE EXTRUSIONS
QGUEagslﬂ SINTERED IN YHE LAST REGENERATION AT

. R .
THE BREAKTHROUGH OBTAINED AT 1000 F AFTER ONLY
zégbcégllCRIES THAT SORBEMT ACTIVITY HAS BEEN
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"TEST SUMNARY SHEET

TEST NO. L 19

DATE STARTED @ 4/7/81

DATE ENDED ] 4/8/81%
TOTAL HOURS 1@ 3,75

TYPE s SULFIDATION

SORBENT TVPE/UEXGN?! (ZIMC FERRITE 643 C
SORDENT MO. BATCH s2/2
SORBENT COHPOSXT!ONO 50 NOLEN IROM OXIDE (FISHER CERTIFIED)
0 MOLEX ZINC OXIDE (SHERUIM UILLIANS HSA)

SORBENT SIZE $  J/16 INCH DINMETER EXTRUSIONS
PRETREATRENT 8 DRIED IN OUVEN AT 200 F OVERNICHT
SULFUR LOADING : X (GN SULFUR/GA FRESH SORBENT)

OPERATING CONDITIONS

TENPERATURE S 1000 F (538 ©O)
PRESSURE ANBIENT

SPACE VELOCITY: 2000 HOURLY

FLOV RATE HOLE
H2S (0 47 DNI/MIN) 0.9963 SCFH  2.7%
H20 3.872 CRI/NIN 27.66%
AIR

€02 (1,79 DAI/NIN) 3.6 SCFH 9.688
€O (2.93 DRI/NIN) 4.3 SCFH 11.91%
H2 (2.97 DMI/NIN) 6.3 SCFH 17.12%
CH4 (9.5 DNI/NIND 2.07 SCFH 2.91%

. N2 (4,83 DRI/NINY 19.34 SCFH 33.00x%

PURPOSE

SULFIDATION @F ZINC FERRITE EXTRUSIONS

YO DETERNINE SORPTION EFFICIENCY AND SUBSEQUENT
REGERERATION CHARACTERISTICS, USING LURGI AIR/H20
CAS COMPOSITIONS AND IMNCREASED SPACE VELOCITIES.

ANALYSIST
BEFORE AFTER
TOTAL SULFUR (XU/VU)3
SUPFACE ARER (2/G)s 4.4
DENSITY (G-CMI)! 5.72

PORE VOLUNE (fiN3/G)s
NINERAL ANALYSISS
ELERENTAL ANALYSISS

8.5
SEE APPENDIX

DATA? ( DETECTOR TUBRE)

EXIT H2St J3-10 PPN PLATEAU FOR 2.5 HRS
BREAKTHROUCH UITH 60 PPM AFTER 2.5 HOURS

EXIT so02¢ '

EXIT S23

EXIT H2t

RENARKS

1. PREHEATER PLUCGED AFTER t MOUR INTO THE TEST.
TEST UENT OM HOT HOLD OUER NICHMT, AND PREHEATER
COIL REPLACED.

2. THIS RUN UAS STARTED WITH A FRESH BATCH OF SORPEMY

CONCLUSIONS

1. NORMAL ACCELERATED SULFIDATION TES+ IN TERNS
OF OUTPUT DATA.
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TEST NO.
DATE STARTED
DATE ENDED
TOTAL HOURS
TYPE

SORSENT TVPEIUEIGN!! (ZINC FERRITE)/643 G

SORBENT N

SORBENT CONPOSI?!ON!

SORBEMT SIZE
PRETREATHENT
SULFUR REMOVED

TEST SUNMARY SHEETY

029 PURPOSE
4/10/84
4/19/8% REGEMERATION OF ZINC FERRITE EXTRUSIONS FROM TEST 019
6.75 USING SPACE VELOCITY OF 6990,
REGENERATION
ANALYSIS:
PATCH 82/2 BEFORE AFTER
50 MOLEX JRON OXIDE (FISHER CERTIFIED) . TOTAL SULFUR: -

59 NOLEX Z2INC OXIDE (SHERUIN UILLIAMS HSA) SURFACE AREA:

OPERATING CONDITIONS

TEMPERATURE S 1000 F (538 C)
PRESSURE ¢ ANBIENT
SPACE VELOCITYS 609 HOURLY

FLOW RATE MOLE
Has
H20 2.23 CI/NIN SO
AIR (2.78 DNI/NIN) §.88 SCFH 71
co2
co
H2
CH4
e

DENSITY

8 3716 INCH DIANETYER EXTRUSIONS - NINERAL nNAL*SISl

ELCMENTAL ANALYVSISS

DATAs  (DETECTOR TUBE)
EXIT H2ss

EXIT 5021 B-12 %
EXIT 521 4.1643 G
EXIT H2s

REMARKS
1. TENPERATURE UAVUE UP TO 1600 F OlSERUED AT INLET
AHD 1400 F THROUGHOUT THE REACTOR

2. AFTER CONPLETION OF THIS REGEMERATION, ABSORBER
TENPERATURE UAS MAINTAINED AND SULFIDATION REPERTED

CONCLUSIONS
1. HORMAL RECENERAION FOR BRSELINE VERIFICATION.
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TEST SUMNARY SHEET

TEST NO. s 021

DATE STARTED 1 413/81
DATE ENDED 4/13/84
TOTAL HOURS ¢ 3.75

TYPE ' SULF IDATION

ggggENt 7VF£/UEmcn7|
SORBENT COﬂPOSlT!ONl

SORBENT SIZE t
PRETREATNENT
SULFUR LOADING ]

(ZINC FERRITE)/G43 G
PATCH s2/2
50 MOLEX IROM OXIDE (FISHER CERTIFIED)
S0 MOLEX ZINC OXIDE (SHERVIM VILLIARMS HSA)

3716 INCH DIAMETER EXTRUSIONS

12.51 % (CH SULFUR/GN FRESH SORBENT)
10 3 PPN BEFORE BREAXTHROUGH

OPERATING CONDITIONS

TEMPERATURE s 10
PRESSURE ¢ AN
SPACE VELOCITYS 20

FLOU RATE

90 £ (538 C)
BIENT
09 HOURLY

MOLE ;

H2S (9.47 DNI/NIN)Y 0.9963 SCFM 2.7%

H20
AIR
€02 (1.70 DNI/NIN)
€0  (2.03 DAI/MIN)
H2 (2.97 DAI/NIMY
CH4 (0.51 DRI/RIM)

N2 (4.88 DRI/NIN) 10.34 SCFH

J.872 CNI/NIN B7.66%

2.6 SCFH

4.3 SCFH 11.91%

6.3 SCFW 17.12%

$.07 SCFH 2.91%
33.09%

PURFOSE

SULFIDATION OF 2INC FERRITE EXTRUSIONS
TO REESTABLISH IBASELINE AFTER REGENERATION.
THIS 15 TKE SECOND SULFIDATION OF THIS BATCH.

ANALYSIST

TOTAL SULFUR®
SURFACE AREAE
DENSITY ¢

PORE VOLUNE r
NINERAL ANALYS1S:
ELERENTAL ANALYSIS!

BEFORE AFTER

DATAL ¢ DETECTOR TUBE)

EXIT H2S1 J3-5 PPN PLATEAU FOR 2 MR
PREAKTHROUGH UITH 1100 PPA N’Ttﬂ 3 HOURS

EXIT 5023

EXIT s2:

EXIT H2!

RERARKS

1. SECOND SULFIDATION OF THIS BATCH OF SORBENT
2. LURGI CAS COMPOSITION USED.

CONCLUS10NS

$. NORMAL ACCELERATED SULFIDATION TEST IN TERMS
OF OUTPUT DATA.
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TEST SWMNARY SHEET

TEST NO. ) 922 PURPOSE

DATE STARTED 1 4-14/81

DATE ENDED 3 4/14/81 RECENERATION OF ZINC FERRITE EXTRUSIONS FROM TEST 021
TOTAL HOURS 3 6.75 USING SPACE LELOCITY OF 600.

TYPE ' REGENERATION

SORBENT YVPE/UEIGNYI (ZINC FERRITE)V643 (- ANALYS]SS
SORBENT NO. CH 82s2 BEFORE AFTER
SORBENT CONPOSITION' 50 MOLEX XRON OXIDE (FISHER CERTIFIED) TOTAL SULFURs

S9 ROLEX ZINC OXIDE (SHERUIN UILLIAMS HSA) SURFACE AREA:

DENSITY '
SORBENT SIZE : 3716 INCH DIAMETER EXTRUSIONS

PORE UOLUNE:
PRETREATHENT AINERAL ANALYSISS
SULFUR REROVED ]

OPERATING CONDITIONS i DATAT  (DETECTOR TUBE)
TEMPERATURE ¢ 1000 F (538 C) EXIT H2S1
PRESSURE 1 ANBIENT EXIT s02: 3.5-12.8 %
SPACE VELOCITYS 600 HOURLY EXIT s21
EX1IT H2s
FLOU RATE MOLE
H2s
_H20 . 2.23 CNI/MIN  Sex
AIR (2.7 DN3/NIN) 5.88 SCFM sex REnARKs
co2 ‘ 1. ACTUAL FLOWS VEREI2.17 CA3/MIN UATER,5.735 SCFH AIR.
co
. | R A T e R e
CH4 CONMCLUSIONS
N2 1. NORMAL REGEMERATION.
s
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TEST SUMMARY SHEET

TEST NMO. ' 023

DATE STARTED 1 4/15/81
DATE ENDED t 4,15/81
TOTAL HOURS ¢ 6.75

TYPE ' SULFIDATION

SOR'ENT TVPEIUEIGNTI (ZINC FERRITE)/643 O
SORBEN BATCH 82/2
SOR'ENT COHPOSRTION! S0 MOLEX IRON OXIDE (FISHER CERTIFIED?
S0 MOLEX ZINC OXIDE (SHERUIM VILLIANS HSA)

SORBENT SIZE t  3/16 INCH DIAMETER EXTRUSIONS
PRETREATIIENT s
SULFUR LOADING ' 1.56 % (G SULFUR/GM FRESH SORBENT)

70 5 PPN BREAKTHROUGH

OPERATING CONDITIONS

TENPERATURE 800 F (427 ©)
PRESSURE 1t ANBIENT
SPACE VELOCITY! 2000 HOURLY

FLCU RATE fnoLe
H2S (8.47 DMI/RIN) 0.9963 SCFH 2.7
HEOo J.872CMI/NIN  27.656%
AIR
€02 (1.70 DMI/NIN) 3.6 SCFH 9.63%
CO (2.03 DMI/NIN) 4.3 SCFH 11.91%
H2 (2.97 DRI/NIN) 6.3 SCFH 17.12%
cHe

N3 (B.76 DM3/RIN) 12.20 SCFH 35.03%

PURPOSE

SULZIDATION OF ZINC FERRITE EXTRUSIONS

TO DETERMIHE EXIT H2S COMPOSITION AT SORPT NPER
OF 80@ F (427 C), Ton Te ATURE

ANALYSISS

TOTAL SULFUR:
SURFACE AREA?
DENSITY '

PORT VOLUNE:
MINERAL ANALYS1IS?
ELERENTAL ANALYSISS

BEFORE AFTER

DATAL ( DETECTOR TUBE)

EXIT H2S5t JNITIALLY S PPR
900 PPN BREAKTHROUGH AFTER 30 MINM.
EXIT S02¢
EXIT 528
EXIT M2t
RENARYS

1. ﬁF;EQ BREMCTHROUCK AT 8e0 F TERP. INCREASED YO
90
2. AT 900F BREAXTHROUGH HAD OCCURRED QLSO. (998 PPR
. READING)., REGENERATION FOLLOUED.
3. NO METHANE , N2 INCREASED TO COMPENSATE.
CONCLUSIONS

t. SORPTION ACTIVITY OF ZINC FERRITE AT 800 F IS NOT
SUFFICIENTLY HIGH FOR FUEL CELL APPLICATION.

2. APPARENTLY THE KINETICS ANE TOO SLOU AT TMIS TENP
TO LOUER THE H2S TC BELOY 19 PPAH.

3. THIRD SULFIDATICH OF TMIS BATCH OF SORRENT.
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TEST SUMMARY SHEETY

TEST NO. 1 924
nn‘rt STARTED 4/16/814
DATE ENDED (] 4/16/814
YOTAL HOURS 3.25
TYPe s SULFIDATION

SORBENT TKPEIKlGNﬂ (ZINC FERR!TE’:-'f;JaG
R V]
SOORUENI’ COIPOSITIONS 59 MOLEX IRON OXIDE (FISHER CERTIFIED)

SO MOLEX ZINC OXIDE (SHERUIN UILLIANS HSA)

SORBENT. SI2E * 3,16 INCH DIANETER EXTRUSIONS
PRETREATRENT s A
SULFUR LOADING ' 15.6 X (GM SULFUR/GN FRESH SORBENT)

TO 15 PPN BREAKTHROUGH -

OPERATING CONDITIONS
TERPERATURE ¢ 1200 F (649 O)

PRESSUFE ANBIENT
SPACE VELOCITY: 2600 HOURLY

FLOW RATE noLeE
H2S (9.47 DMI/NINIG.9963 SCFH 2.7
H20 © 3.872 CMI/MIN  27.66%
AIR ‘
€02 (1.70 DRI/AIN) 3.6 SCFH 9.68 %
€O (2.93 DMI/AIN) 4.3 SCFM 11.91 %
H2 (2.97 DN3/NIN) 6.3 SCFH 17.12%
CH4 (9.11 DH3/MIN) 1.07 SCFH 2.91 %

N2  (4.38 DMI/MIN) 19.34 SCFH 33.99%

PURPOSE

SULFIDATION CF ZINC FERRITE EXTRUS

I10NS
TO DEVERHINE EXIT H2S COMPOSITION AT SORPTION 'IEHPERATURE
OF 1200 F (649 C) .

AHALYS]SY

TOTAL SULFUR:s
SURFACE AREAS
DENSITY t
PORE VOLUME?
HINERAL ANALYS1SS

SEFORE AFTER

DATAY ( DETECTOR TUBE)
EXIT H2S:  9-13 PPt PLATEAU

DREAKTHROUGH VITH 15 PPN AT 2.5 HRS
ExXIT So2t

EXIT Sa3s
EXIT Has

RENARKS

CONCLUS IONS.

1. :ss‘lEUEL AT 1200 F ABOUT TUICE THE LEVEL OBTAINED
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TEST NO. ' 025

DATE STARTED 4/17/81
DATE ENDED 1 4/17/81
TOTAL HOURS 1 5,25

TYPE ' RECENERATION

SORBENT TYPE/MEICGHIS
SORBENT NO. '
SORBENT COMPOSITIONS

TEST SUMMARY SHEET

(ZINC FERRITE)/64] G
BATCH s2/2
€9 MOLEX IRON OXIDE (FISHER CERTIFIED)

SO MOLEX ZINC OXIDE (SHERVIN VILLIANS MSA)

SORDENT S1ZE '
PRETREATFENT .1
SULFUR REMOVED '

OPERATING CONDITIONS

TERPERATURE s 1600 F (538 C)

PRESSURE 1 ARDIENT

SPACE VELOCITY: 500 HOURLY
FLOV RATE

Has

H20 2.23 cma/min

AIR (2.78 DRI/NINY 5.88 SCFH
coa ‘
co

W

CHa

Ne

3716 INCH DIAMETER EXTRUSIONS

MOLE

50%
Sox

PURPOSE

RCGENERATION OF ZINC FERRITE EXTRUSIONS FROM TEST ¢24
USING SPACE VELOC]ITY OF 6eeo,

ANALYSIS?

TOTAL SULFURS
SURFACE AIEA!
DENSITY ]

PORE VOLUMEs .
NIHERAL AIALYSIST
ELEMENTAL ANItALYSIS?

BEFORE AFTER

DATAL  (DETECTOR TUBE)
EXIT Hase
EXIY so02t
ExIT sas
EXIT H2t

305“3-8 %

REMARKS
3. ACTUAL FLOUS UERE12.17 CMI/RIN UATER,S.735 SCFH AIR.

2. AFTER COMPLETION OF THIS REGENERATION, ABSORBER
TENPERATURE UAS MAINTAINED AND SULFIDATION REPEATED
CONCLUSIONMS

1. HORMAL RECENERATION,
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TEST SUMMARY SHEET

TESY HO. 1 026

DATE STARYED 1 4-20-/81
DATE EMDED 3 4/20-8%
TOTAL HOURS 2 2.5

TYPE s SULFIDATION

SORBENT TYPE/JEIGHT: (ZINC FERRITE!/64) G
SORBENT NO. 3 BATCH 82-2
SORBENT COMPOSITIONs 50 MOLEX IROMN OXIDE (FISHER CERTIFIED)
$9 NOLEX ZINC OXIDE (SHERUIM VILLIANS HSA)

SORBENT SIZE t 3716 INCH DIANETER EXTRUSIONS
PRETREATRENT '
SULFUR LOADING ! 9.4 X (CM SULFUR/GN FRESH SORBENT)

T0 2 PPN BREAXTHROUGH

OPERATING CONDITIONS
TENPERATURE S 1400 F (760 C)

PRESSURE 1 ANBIENT
SPACE VELOCITYS 2000 HOURLY

FLOU RATE NOLE
H2S (0.47 DAI-RIN) 0.9963 SCFH  2.7%
H20 3.872 CRI/AIN  27.66%
AIR
CO2 (1,70 DMI/NIN) 3.6 SCFH 9.68 %
CO (2.03 DA3/NIN) 4.3 SCFH  11.91 ¥
H2  (2.97 DA3I/NIN) 6.3 SCFW 17.12%
CH4 (.51 DMI/NIND 1.97 SCFH 2.91 %

N2 (4.88 DRI/NIN) 18.34 SCFH 33.09 %

PURPOSE

SULFIDATION OF ZINC FERRITE EXTRUSIONS

TO DETERNINE EXIT H2S COMPOSITION AT TURE
OF 34€0 F (750 C). SORPTION TENPERA

ANALYSIS!

TOTAL SULFUR3
SURFACE ARER?
DENSITY s

PORE UVOLUNE:
RIHERAL ANALYSISS
ELEKENTAL ANALYSISS

BEFORE AFTER

DATAS ¢ DETECTOR TUBE)

EXIT H2Ss 1-3 PPR  PLATEAU

EXIT SoRS BREAKTHROUGH UITH 26 PPM AT 2 KRS
EXIT S2¢

EXIT H23

RENARXS

1. FOURTH SULFIDATION OF THIS SORBENT.

CONCLUSIONS

$. EXIT H2$ 1S LOUER AT 1400 F THAN AT 1200F, INDICATING
BETTER KINETICS AND DIFFUSION AT THIS TENFERATURE.
THIS LEVEL OF ACTIVITY NAY NOT BE REPEATASBLE OVER

2 NANY CYCLES DUE TO THE EFFECT OF SINTERING.
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TEST SUMMARY SHEET

TEST NO. ] e27?

DATE STARTED ¢ 4,21/8%

DATE ENDED ] 4,21/8%

TOTAL HOURS ¢ 6.5

TYPE s REGENERNTION

SORBENT TYPEXUEIGHT: (2INC FERRITE)r643 C

SORBENT NO, : BATCH $2/2

SORBENT COMPOSITIONS SO MOLEX JROM OXIDE (FISHER CERTIFIED)
SO NMOLEX ZIHC OXIDE (SHERUIN UVILLIANS HS5A)

SORPENT S12E ] 3716 INCH DIANETER EXTRUSIONS

PRETREATNENTY ] DRIED IN OVEN AT 200 F OVERNIGHT

SULFUR REMOVED ]

OPERATING CONDITIONS

TEMPERATURE S 1000 F (538 C)
PRESSURE ¢ ANBIENT
SPACE VELOCITYI €90 HOURLY

FLOU RATE noLE
Has )
H20 2.23 CRI/MIN  SON
AIR (2.78 DNI/NINIS.B3 SCFH Sex.
co2
co
"2
CH4
N2

PURPOSE

REGENERATION OF ZINC FERRITE EXTRUSIONS FRON TEST €26
USING SPACE UELOCITY OF 609,

ANALYSIS?

TOTAL SULFUR?
SURFACE AREAL
DENSLTY t

PORE UVOLUNE!
NIrERAL ANALYSIS?
ELERENTAL AALYSISS

BEFORE AFTER

DATAr (DETECTOR TUBE)
EXIT Hes:
EXIT so2:
EXIT s2¢

EXIT H2s

3.5-12.8 %

REMARKS
1. FOURTH REGENERATION OF THIS SCRBENT.

2. AFTER COMPLETION OF THIS REGENERATION, ABSORRER
TENPERATURE UAS MAINTAINED AND SULFIDATION REPEATED
CONCLUSIONE '

1.
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TEST SUMMARY SHEET

TEST NO. ! 028
D“TE STARTED ¢ 4/22/81
DATE ENDED ¢ 4,23/8%
TOTAL HOURS ¢ 1.5
TYPE s SULFIDAT1OM

SORDEN? ?YPE/UE!GHT. (2INC FERRITE)/643 G

SORBENT NO

BATCH 8272

SORBENT COHPOSI?IONI 6¢ MOLEX IRON OXIDE (FISHER CERTIFIED)

S@ MOLEX ZINC OXIDE (SHERUIN UILLIANS HSA)

SORBENT SI2E 8 3/16 INCH DIRMETER EXTRUSIONS
PRETREATEENTY ' : '
SULFUR LOADING 3 6.26 X (CN SULFUR/GM FRESH SORBENT)

T0 4 PPN BREAKTHROUGH

OPERATING CONDITIONS
TEMPERATURE! 1500 F (816 C)

PRESSURE ¢ ANBIENT
SPACE VELOCITY: 2000 MOURLY

RIR
coz2
co

CH4e
N2

FLOU RATE MOLE
(0.47 DN3/NIN) 9.9963 SCFH 2.7%
3.872 CN3I/NIN  27.€6%
(1.70 DNI/NIN) 3.6 SCFM- 9.€8 %
(2.03 DNI/NIN) 4.3 SCFH  11.91 %
(2.97 DA3/NIN) 6.3 SCFH 17.12%
(0.:51 DRI/NIND 1.07 SCFH 2.91%
(4.88 DM3/NIN) 10.34 SCFH  33.09 %

. PURPOSE

SULFIDATION OF ZINC FERRITE EXTRUSIO

NS
T0 DETERNINE EXIT H2S COMPOSITION AT SORPTION ¥ "
OF 1500 F (816 C), ION TERPERATURE

ANALYSIStT
BEFORE AFTER
TOTAL SULFUR (XU-/U)3
SURFACE RREA (N2/G) 0.5 (SEE NOTE )
DENSITY (G/CA3I)t 4.99

PORE VOLUNE (MRJ/G)¢
NINERAL ANALYSISH SEE APPENDIX
ELEMENTAL AHALYS]ISS

DATA: ¢ BETECTOR TUBE) ]
EXIT HaSs 4 PPN PLATEAU FOR 0.5 HR

BREAKTHROUGH AT 1 HR UITH 16,000 PPN
EX1T 5021 _

EXIT Sa:
EXIT H2s

RENARKS

1. FIFTH SULFIDATION OF THIS BATCH.

2. SORBENT OVERHEATED AT REACTOR EXIY TO 3620 F
DURING OUVERNIGHT HOT HOLD.

3. PELLETS FUSED TOGETHER AT MID BED BETUEEN T/C §
AND T/C 4 , DUE TO OVERHEATING.

CONCLUSIONS
1. SINTERING CARUSED REACTOR TO PLUG.

2. SULFIDATION AT 1509 F CAUSES MORE RAPID BREAKTHROUGH
FROBABLY DUE 10 SINTERING CAUSING LOSS OF
RCTIVE SURFACE RREA.,
3. l:}f!ak :25 LEVELS AT 1508 F ARE STILL FAIRLY LOV
4 FPA,
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" YENPERATURE!

TEST SUMMARY SHEET

EST NO. ] 029
nntt STARTED 1 4/24/84
DATE ENDED ] 4/24/81
T0TAL HOURS ¢ 9.6
TYPE J SULFIDATION

SORBENT TVPE/UE!GN?I (ZINC FERR!TE)/GC3 ]
SORBENT NO. TCH 9273
SORBENT COHPOSITIONI S0 NOLEX IRON OXIDE (FISHER CERTIFIED)

59 MOLEX ZINC OXIDE (SHERUIN UILLIANS HSA)Y
SORBENT SIZE t 3716 INCH DIRNETER EXTRUSIONS
PRETREATHENT !

SULFUR LOADING ] 1.56 % (LN SULFUR/GH FRESH SORBENT)
. 70 2 PPN BEFORE BREAXKTHROUCH

OPERATING CONDITIONS
1500 F (816 C)

PRESSURE v ABIENT
SPACE VELOCITYs 2009 HOURLY .

'FLOV RATE BOLE
HES (9.47 DMI/NIND 0.9963 SCFH  2.7%
H20 3.872 CRI/MIN  27.66%
AIR

€02 (1.7¢ DMI/MIND 3.6 SCFH 9.68 %

€0 (B.03 DM3/MIN) 4.3 SCFH 11.91 %
H2 (2,97 DNI/MIND 6.3 SCFH  17.12%
CH4 10,51 DM3I/NIN) 1.07 SCFH "2.91%
N2 (4.88 DIMI/NIND 10.34 SCFH  33.09%

PURPOSE

SULFIDATION OF ZINC FERRITE EXTRUSJONS
T0 DETERMINE EXIT H2S CONPOSITION AT SORPTION TERPERATURE
OF 1509 F (816 C).

ANALYS1SS

TO0TAL SULFURS
SUPFACE AREA:
DENSITY !
PCRE VOLURE?!

- MINERAL AKALYSIST
ELENENTAL ANALYSIS?

BEFORE AFTER

DATAL ¢ DETECTOR TUBE)

EXIT H2St 2 PPR  INITIALLY

extr sogs 7O PPM AFTER 30 minuTes
EXIT s2t

EXIT W2t

RENARKS

1. THIS TEST 1S TO REPEAT TEST 028 IN UMICH OVER-
HEATING UAS EXPERIENCED UITH EXCESSIVE SIMTERINMNG,

2. BREAKTHROUGH IN TM1S lN 7597 UAS FASTER THAN 1M
TEST 028 ALSO AT 1509 F

3. HEU BATCH OF SORBENT.

CONCLUSIONS
f. RAPID BREAKTHROUCH INDICATES POSSI’!L!TY OF
SINTERING OF SORBENT AT THIS TENPERATURE.

2. 1500 F APPEARS Y0 BE THE UPPER LIAIT OF OPERATION
FOR ZINC FERRITE.
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TEST SUMMARY SHEET

130 PURPOSE

TEST NO. '

DRTE EPTCD“E;E” : :/gzlg: REGENERATION OF ZINC FERRITE

DAT 724/ NERA NC FERR] EXTRUSIONS FROM TEST
TOTAL HOURS 1.25 . : USING SPACE VELOCITY OF 699. 929
TYPE .8 REGENERATION

SORBENT TVPE/UEIGH?U (ZINC FERR!TE }7643 G ANALYS1S)

SORBENT NO. ATCH 8273 BEFORE AFTER ’

SORBENT CWOSIYION! Se ﬂOlEt IRAN OXIDE (FISHER CERTIFIED) TOTAL SULTUR:
S0 MOLEX ZINC OXIDE (SHERVIN VILLIANS HSA) SURFACE AREAT

DENSITY '
SORBENT SIZE t 3716 INCH DIRMETER EXTRUSIONS PORE VOLUKE®
PRETREATHENT 3 " NITNERAL AMALYSISE

SULFUR REMOVED ] ELENENTAL ANALYSISS

OPERATING CONDITIONS pATAt (DETECTOR TUBE)
TERPERATURE ! 1009 F ¢538 C) . EXIT H2S)
PRESSURE ANBIENT EXIT So21 4.0-5.0 %
SPACE VELOCITYS 600 HOURLY EXIT sat
EXIT M2y
FLOY RATE MOLE
H2s )
H20 2.23 CNI/NIN SOn
) ' REMARKS
AIR (2,78 DMI/NIN)IS.B3 SCFH soN
co2 L. THIS TEST IS YO REGENERATE TWE LAST SULFIDATION
AT 150C F FOR ANOTHER BASELINE TEST AT 1002 F TO
co DETERNINE IF A PERMANENT LOSS OF ACTIVITY OCCURRED.
2. AFTER CORPLEYION OF THIS REGENERATION, ABSORBER
H2 TEMPERFTURE WAS MAINTAINED AND SULFIDATION REPCATED
CH4 CONCLUSIONS
N2 1. THIS RECENERATION UAS SHORTER DUE TO THE SHORT
SULFIDATION DURING TEST ©29.
s
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TESY
DATE
DATE
10TR
TYPE

NO. J 031
STARTED ¢ 4/24/81
ENDED ] 4/24/81
L HOURS 1@ 0.9
J SULFIDATION

SORBENT TYPE/VUEIGHTS (ZINC FERRITE)/643 G

SOR3E

NT NMO. BATCH 823

TEST SUMMARY SHEET

$
SORBENT COMPOSITIONS: 50 NMOLEX 1ROM OXIDE (FISHER CERTIFIED)

50 MOLEX ZINC OXIDE (SHERUIN UILLIANS HSA)

SORBENT SI1ZE 8 3716 INCH DIARETER EXTRUSIONS
PRETREATIIENY ]
SULFUR LOADING L] % (GH SULFUR/CA FRESH SORBENT)

OPERATING CONDITIONS
TEMPERATURE 1009 F (5238 C)

PRESSURE RNSIENT
SPACE VELOCITY: 2000 MOURLY

H2S
H20
AIR

4

#2&8

FLOU RATE NOLE
(0.47 DNI/NIN)ID.UIEI SCFH 2.7x
3.872 CNI/NIN  27.66%

(1.70 DNI/RIN) 3.6 SCFH 2.68 %

(2.03 DRI/NIN) 4.3 SCFH 11.91 %
(2.97 DNI/NINY 6.3 SCFH 17.12%
(9.51 DNI/RIN) 1.67 SCFH 2.91%

(4.88 DMI/AIN) 10.34 SCFH 33.09 %

PURPOSE

ggL;égg;;?NEOE f%ﬂc FERRITE EXTRUSIONS
NE EXIT H2S COMPOSITION AT SORPTION T T
OF 109 F (538 C) ERPERATURE

AMALYSISY

TOTAL SULFUR (XU/u):

SURFACE AFEA (H2/G )3

DENSITY (C/CMNI)?

PONE VOLUPE tM13/C)s

MINERAL AMALYSIST SEE  APPENDIX
ELERENTAL ANALYS]SS

BEFORE AFTER

nan

DATA! C DETECTOR TUBE) '
EXIT H2Se €00 PPN INMEDIATELY

3600 PPN AFTER 30 MINUTES
EXIT s02:

EXIT S28
EXIT H23

RENARKS

1. THIS TESY 15 TO DETERMINE IF PERRANENTY LOSS OF
ACTIVETY OCCURRED AT 1533 F DURING TEST @29.

CONCLUSIOKS

t. PERMANENT LOSS OF ACTIVITY HAS OCCURRED AS SEEN BY
&gngglﬂTE BREAXTHACUGH OF €09 PP AT THE FIRST
ADING.

2. 1500 F APPENRS TO BE PAST THE UPPER LIAIT OF
OPERATION FOR ZINC FERRITE.
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TIUH-G1 110212

ZINC FERRITE REGENERATION

ey

4
o
A
4

TEST 017

T1 AT 0.11 OF REACTOR LENGTH
T2 AT 0.33 OF REACTOR LENGTH
T3 AT 0.55 OF REACTOR LENGTH
T4 AT 0.77 OF REACTOR LENGTH

12
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ZINC FERRITE SULFIDATION

TEST 024
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ZINC FERRITE SULFIDATION

TEST 026
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" TEMP = 1400 F (760 C)
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TEST SUNNMARY SHEET

YEST NC. ) 032 PURPOSE
DATE STARTED 1 4-27/81 ,.
DATE ENDED @ 4727784 SULFEDATION OF ZINC OXIDE EXTRUSIONS
TOTAL HOURS # 3 ~ T0 DETERNIME EXIT H2$ COMPOSITION AT SORPTION TEMPERATURE
TVPE v SULF IDATION OF BOO F (427 C).
SORBENT TYPE/VEIGHTI (ZINC OXIDE)/1000 G AMALYSIS!
SORBENT NO. ! HARSHAU ZHO 0401 €316 LOTYS DRUM A1 BEFORE  AFTER
SORBENT COMPOSITION: 106 X ZIMC OXIDE TOTAL SULFUR:
: : SURFACE ARCA®

, DEHSITY '
SORBENT SI1ZE 8 3716 INCH DIAMETER EXTRUSIONS : PORE_UOLUNE '
PRE TREATRENT ' MINERAL ANALYSISY
SULFUR LOADING 8 €.84 X (G SULFUR/GM FRESH SORBENT) ELENENTAL ANALYSIS!

TO 7 PPA BRZAKTHROUGH

OPERATING CONDITIONS paTasr ( DETECTOR TURE?
TENPERATURE® 800 F (427 €) EXIT H2Sv " J PPN PLATEAU FOR § HR
PRESSURE o ANBIENT ' EXIT S021 BREAKTHROUGH UITH 7 PPN AT 1.5 HRS
SPACE VELOCITV: 2000 HOURLY EXIT s21
EXIT H2s
FLOU RATE MOLE
H2S (0.47 DNI/KIN) €.996] SCFM 2.m™
H20 3.872 CNI/NIN 27.66% :
AIR REMARKS
co2 (1.70 DMI/MIN) 3.6 SCFH 9.63 % 1. THIS IS THE FIRST SULFIDATION OF THIS SORBENT.
€O (2.03 DRI/NIN) 4.3 SCFH 11.91 % 2.
H2 (2.97 DMI/RIN) 6.3 SCFH 17.12%
CH4 19,5t DRI/NINY 3.07 SCFH 2.91% CONCLUSIONS
N2 (4.u38 DNI/AIN) 10,34 SCFH 33.09 X : 1.
2.
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TYPE

TEST SUANARY SHEET

TESY NO. ' 033
DATE STARTED 3 4-30/8%
DATE ENDED ' 4/30/81
TOTAL HOURS 6
. L] RECENERATION

SORBENT TYPE/UEIGHT: (ZINC OXIDE)/1600 G
SORBENT NO. 1 HARSHAU ZNO 0401 E37/16 LOT 95 DRUN A/l
SORBENT COMPOSITION: 100 % ZINC OXIDE

SORBENT SIZE t
PRETREATHENT ’
SULFUR REROVED '

3/16 INCH DIANETER EXTRUSIONS
% (CN SULFUR/GM FRESH SORBENT)

OPERATING CONDITIONS

TERPERATURE S 1800 f (538 C)
PRESSURE 1 ANBIENT
SPACE VELOCITYS 620 HOURLY

FLOV RATE noLE
Hes :
H2o : 2.23 CNI/AIN  Sex
AIR (2,78 DMI/NIN) 5.88 SCFM Sex
co2
co
Ha
CH4
N2

PURPOSE

REGENERATION OF ZINC OXIDE EXTRUSIONS F
USING SPACE VELOCITY OF Gea. ROR TESY 032

ANNLYSISE

TOTAL SULFUR:
SURFACE NREAS
DENSITY ]

PORE VOLUNE ¢
NINERAL ANALYSISS
ELENENTAL ANALYSISH

BEFORE AFTER

DATAT (DETECTOR TUBE)
EXIT H2S:
EXIT so2s
EXIT Sgt
EXIT H2s

J.5-12.8 %

REMARKS

t. TERPERATURE UAVE REACHED 1540 F (838 C).

2. AFTER COMPLETION OF THIS RECENERATION, ADSORBER
TERPERATURE WAS MAINTAINED AND SULF IDATION REPEATED

CONCLUSIONS

1. THIS IS THE FIRST RECENERATION ON THIS BATCH OF
SORBENT.
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TEST SUHMARY SHEET

TEST NO. ] 034

DATE STARTED 1 5/01/81
DATE ENDED t 5/01/81
TOoTAL HOURS 4

TYPE ] SULFIDATION

SORBENT YPE/URIGHT: (ZIHC OXIDE)/1008 G

" SORBENT 0. 1 HARSHAU ZNO 9491 E3/16 LOT95 DRURN n/i
SORBENT “OMPOSITION® 1090 % ZINC OXIDE

SORBENT SIZE 3 3716 INCH DINSETER EXTRUSIONS
PRETREATHENT

SULFUR LOADING 8.0 X (GY SULFUR/GR FRESH SORBENT)

TO 3 PPt BREAXTHROUGH

OPERATING CONDITIONS
TENPERATURES 1000 F (538 C)

PRESSURE ¢ AMBIENT
SPACE VCLOCITY: 2008 HOURLY

FLOY RATE noLE
H2S (0.47 DMI/MINIG.PIEI SCFH 2.7%
H20 3.872 CRI/NIN  27.66%
alR

€02 (1.70 DR3I/NIN) 3.6 SCFH 9.68 %
€O (2.03 DMI/MIN) 4.3 SCFH 11.91 %
H2 (2,97 DRI/NIN) 6.3 SCFH 17.12%
CH4 (0.52 DNI-AIN) 1.97 SCFH 2.91%

N2 (4.88 PNI/NIN) 1€.34 SCFH 33.29 X

PURPOSE

SULFIDATION OF ZINC OXIDE EXTRUSIONS

TO DETERMINT EXIT H25 COMPOSITION AT SORPTIOM TEMPERATURE
OF 1000 F (538 C).

AIBALYSIS?

TOTAL SULFUR1
SUNFACE AREA!
DENSITY '

PORE VOLUNRE 1
RIBERAL ANALYSISS
ELENENTAL ANALYSISS

BEFORE AFTER

DATA! ¢ DETECTOR TUBE)
EXIT H2St @-3 PPN PLATEAU FOR 2 HRS

BREAKTHROUGH AT 2.5 HRS UITH 23 PPN
EX1T €028

EXIT S21%
EXIT H2!?

RENARKS

1. THIS 1S THE SECOND SULFIDATION OF THIS BATCH OF
SORBENT . :

CONCLUSIONS
1. H2S CAPECITY AT 1800 F 15 BETTER THAN AT 802 F.

2.
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No.
SORBENT CORPOSITIONS

TEST NO. s 03s

DATE STARTED t 5/04/81

DATE ENDED 8 5/04/81
TOTAL HOURS 1 7.5

TYPE ' REGENERATION

TEST SUMHARY SHEET

SORBENT TYPE/UEIGHTI (ZINC OXIDE)}~1008 G

SORBENT

SORBENT SIZE ]
PRETREATNENT ]
SULFUR REROVED '

OPERATING CONDITIONS

TENPERATURE ® 1002 F (538 C)

PRESSURE t ANBIENT

SPACE VELOCITYs 600 HOURLY
FLOW RATE

Hes

H20 2.23 CNI/NIn

AIR (2.78 DMI/NIN) S.838 SCFH
co2
(4]
He
CH4e
N2

§  HARSHAU ZHO 0491-E3716 LOT 95 DRUN Arl
100 X ZINC OXIDE

/16 INCH DIAMETER EXTRUSIONS
X (CM SULFUR/GM FRESH SORBENT)

noLE

Sex
Sox

PURPOSE
RECENERATION OF ZINC OXIDE EXTRUSIONS FROM TEST 034

ANALYSIS:

TOTAL SULFUR1
SURFACE AREAI
DENSITY 1

PORE VOLUNE 1
NINERAL ANALYSIS?
ELENENTAL ANALYSISH

BEFORE AFTER

DATA: (DETECTOR TUBE)
EXIT H2St
EXIT S02:
EXIT ses
EXIT H2:

3.7'1.-‘ ]

REMARKS
1. THIS IS THE SECOND RECENCRATION Gf 7Y [ATCH OF
SORBENT.

2. AFTER COMPLETION OF THIS REGENERATION, ABSORBER
TEMPERATURE UAS RMAINTAINED AND SULFIDATION REPEATED

CONCLUSIONS
1. NORRBAL REGENERATION,
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TEST SUNMARY SHEET

T NO. 3 036 PURPOSE
nnre STARTED ¢ 5/05/81
DATE ENDED 8 5,@5/81 v SULFIDATION OF ZINC OXIDE EXTRUSIONS
70TAL HOURS ¢ 3 10 DETERMINC EXIT H2S COMPOSITION AT SORPTION TEMPERATURE
TYPE ' SULF IDATION OF 1290 F (649 C).
SORBENT TYPE/UEICHT! (ZINC OXJDE /1000 G ANALYSISH
SORBENT NO. ' HARSHAY ZNO 0491 E3/16 LOTIS DRUN A/1 BEFORE  AFTER
SORDENT COMPOSITIONS 300 % ZINC OXIDE TOTAL SULFUR?
. SUPFACE AREAt
DENSITY ]
SORBENT SI2E ! 3716 INCH DIMIETER EXTRUSIONS : FOIIE VOLUME ¢
PRE TREATMENT ' NIKERAL ANELYSIST
SULFUR LOADING t 8.8 X (CM SULFUR/GN FRESH SORBENT) ELEMENTAL ANALYSIS?
T0 11 PPN BREAKTHROUCH
OPERATING CONDITIONS : DPATAT ¢ DETECTOR TUDE)
TENPERATURE 1200 F 1649 ©) EXIT H2S1  6-15 PPM PLATEAU FOR 2 HRS
: BREAKTHROUGH UITH 184 PPN AT 2.5 HRS
PRESSURE ¢ AMBIENT EXIT S02t
SPACE VELOCITYS 2000 HOURLY A ExIT S21
EXIT H2t
FLOU RATE noLE
H2S (.47 DRI/NIN) 0.9963 SCFH  2.7%
Hao 3.872 CNI/AIN  27.66%
REMARKS
AlR .
€02 (1.70 DMI/MIN) 3.6 SCFM 9.68x% 1. ;H!S 16 THE THIRD SULFIDATION OF THIS BATCH OF
ORBENT.
€O (2.03 DNIMIN) 4.3 SCFH 11.91 % 2.
H2  (2.97 DNI/NIN) 6.3 SCFH 17.32%
CH4 (9.51 DIYI/AIN) 1.97 SCFH 2.01% CONCLUSIONS _
N2 (4.88 DWIAMIN) 10.34 SCFH  33.29% 1. H2s CAPACITY AT 1280 F [S LOMER THAN AT 1600 F.
' a,

P



TEST SUMMARY SHEET

TOTAL HOURS
TYPE

TEST NO. ' 037 PURPOSE

DATE STARTED ) 5/07/81 :

DATE ENDED ¢ 5/02/81 REGEHERATION OF ZINC OXIDE EXTRUSIONS FROM TEST 036.
! .

6.75
REGENERATION

-08¢~-

SORBENT TYPE/UEICHT:
SORBENT NO. '
SORBENT COMPOSITIONS

(ZINC OXIDE)/1009 G
HARSHAY ZNO 9401-E£3/16 LOT 95 DRUN A/
109 X ZINC OX1DE

ANALYSISS

TOTAL SULFURI
SURFACE AREAL
DENSITY ]

BEFORE AFTER

SORBENT SIZE 8 3716 INCH DIAMETER EXTRUSIONS PORE vOLUME 1
PRETREATHENT ' NILERAL ANALYSISS
SULFUR REMOUVED 3 X (CM SULFUR/GM FRESH SORBENT) ELERENTAL ANALYSISH

CPERATING CONDITIONS

DATAY (DETECTOR TUBE)

TEMPERATURES 1900 F (S38 C) EXIT H254
PRESSURE L ANBIENT EXIT S02:3 3.7-14.8 %
SPACE VELOCITVS 600 HOURLY EXIT 52t
EXIT Hes
FLOU RATE ROLE
H2s
H20 2.23 CRI/NIN 50N
' ' RENARKS
AIR (2.78 DMI/NIN) 5.88 SCFH ({2 )
co2 ' ' 1. THIS IS TME THIRD RECEMERATION oé THIS BATCH 6'
o ’ SORBENT., :
2. AFTER CONPLETION OF THIS RECENERATION, ABSORBER
H2 - ' TCNPERATURE UAS RAINTAINED AND SULF IDATION REPEATED
CH4 CONCLUSIONS
N2 N §. NORNAL RECENMERATION.
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TEST SUMMARY SHEEY

TEST NO. ' 038 PURPOSE
DATE STARTED 1 568,81
DATE ENDED 1§ 5.08/81 SULFIDATION OF ZINC OXIDE EXTRUSIONS
TOTAL MOURS 1 1.5 : 70 DETERMIME E<UT H2S COMPOSITION AT SORPTION TEMPERATURE
TVPE ' SULFIDATION OF 1400 F (760 C).
SORBENT TYPE/UEICHTI (ZINC OXIDE)/1009 G ANALYS 161
SORBENT NO. ! HARSHAU ZHO 0401 EJ/16 LOTYS DRUM As1 - BEFORE  AFTER
SORSEMT COMPOSIVIONt 10@ X 2IMC OXIDE TOTAL SULFUR:
A SURFACE AREA!
: DENSITY '
SORBENT SIZE t  3/16 INCH DIANMETER EXTRUSIONS . PORE VOLURE 1
PRETREATHENT ' MINERAL ARALYSIS!
SULFUR LOADING t 2.0 X (GM SULFUR/GM FRESH SORBENT) ELEMENTAL ANALYSIS!
T0 2 PPN BREAKTHROUGH .
OPERATING CONDITIONS DATAT  ( DETECTOR TUBE)
TEMPERATURE $ 1400 F (760 C) EXIT H2S1 2-3 PPR PLATEAU FOR 30 MINUTES
: EREAKTHROUGH WITH 27 PPR AT 8§ MR
PRESSURE 1+ ANBIENT EX1T S021
SPACE VELOCITY: 2008 HOURLY EXIT S21
: EXIT H21
FLOV RATE noLEe
H2S (0.47 DNI/MIN) 9.9963 SCFH 2.7%
K20 3.872 CRI/NIN 27.66%
REMARKS
AIR
002 (1.70 DRI/MIN) 3.6 SCFH 9.68 % : © 1. IHIs IS THE FOURTW SULFIDATION OF THIS BATCH OF
o L ]
CO (2.03 DM3/MIN) 4.3 SCFM 11.91 % a.
K2 (2.97 DNI/NIN) 6.3 SCFR 17.12%
CH4 (0.S1 DM3I/NIH) 1.07 SCFH 2.91% CONCLUS I0MS
N2 (4.88 DNI/MIH) 10.34 SCFH  33.09 % ' 1. H25 CAPACIFY AT 1400 F 15 LOUER THAN AT 1200 F.
2.

e - et ——
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I . TEST SUMMARY SHEET-

TEST NO. s 039

DATE STARTED ¢ 6715/84

DATE ENDED 1 $715/84
TOVAL HOURS 19

TYPE. ' RECEMERATION

SORDENT TYPE/UEIGHTI (ZINC OXIDE)/100¢ G
SORBENT MO, 3 HARSHAU ZNO 0401-E3/16 LOT 95 DRUN A/i
SORBENT COMPOSITIONS - 100 % ZINC OXIDE

SORBENT SIZE ¢ 3716 INCH DIARETER EXTRUSIONS
PRETREATRENY '
SULFUR REROVED ' % (GN SULFUR/GM FRESH SORBENT)

OPERATING CONDITIONS
TERPERATURES 1000 F (538 C)
PRESSURE ¢ AMDIENT

SPACE VELOCITYVY 600 HOURLY

FLOU RATE AnOLE
H2S
Ha20 2.2) Cna/nIN  Sex
AIR (2,78 DMI/NIN) S.88 SCFH 590%
coe
co
H2
CH4
N2

PURPOSE
REGENERATION OF ZINC OXIDE EXTRUSIONS FROM TEST €38,

ANALYSIS)

TOTAL SULFUR:
SURFACE AREAR!
DENSITY L

PORE UOLUNE 1t
NINERAL ANALY$SISS
ELENENTAL ANALYSISS

BEFORE RFTER

DATAt (DETECTOR TUBE)
EXIT H2S1
EXIT s023
EXIT se»
EXIT H23

RENARKS

1. ;»g‘ng&x‘? THE FOURTH RECENERATION OF THIS BATCH OF
2. REGENERATION ABORTED. '

CONCLUSIONS
‘.
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TEST SUMMARY SHEEY

TEST NO. ' 040

DATE STARTED o S-14/81
DATE ENDED ¢ S~s14/81
TOTAL HOURS 1

TYPE U SULFIDATION

SORBENT TYPE/UEIGHTI (ZINC OXIDE)/1020 G
SORBEMY NO, t  HARSHAU ZHO 940§ €3/16 LOTYS DRUM A2
SORBENT CONPOSITIONT 100 X ZINC OXIDE

SORBENT S12E 1 3716 INCH DIARMETER EXTRUSIONS
PRETREATHENT !
SULFUR LOADING ] 1.0 %X (GN SULFUR/GN FRESH SORBENT)

70 2 PPR BREAKTHROUGH

OPERATING COMNDITIONS
TEMPERATURE S 150 F (816 C)

PRESSURE AMBIENT
SPACE VELOCITY: 200 HOURLY

FLOU RATE MOLE

H2S (9.47 DMI/MIND 0.9963 SCFH  2.7%
W20 3.872 CM3I/RIM 27.66%
AIR

€02 (1,70 DWI/NIN) 3.6 SCFH 9.68 %

€O (2,93 DRI/NIN) 4.3 SCFH 11.91 %
H2 (2.87 DNI/AIN) 6.3 SCFH 17.12%
CH4 (9.51 DMIZAIN) 1.07 SCFH 2.91%
H2° (4.88 DNI/NIN) 10,34 SCFH 33.09 %

PURPOSE

SULFIDATION OF ZIHC OXIDE EXTRUSIONS
70 DETENRMINE EXIT H2S COMPOSITION AT SORPTION TEMPERATURE
Of 1509 F (816 C).

ANNLYSISH

TOTAL SULFURS
SURFACE AREATL
DENSITY '

PORE YOLUNE ¢
MINERAL ANALYS1SE
ELENENTAL AMNALYSISSE

BEFORE AFTER

paTAt ¢ DLTECTOR TusE?
EXIT H2St e PPR INITIALLY

FREAKTHROUGH UITH B1 PPR AT 30 NINUTES
EXIT s023

EXIT sat
EXIV H2s

REFARKS

f1. NEU BATCH OF SORBENT.
SORPENT-,

CONCLUS 10018
1.

2.
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TEST NO.
DATE STARTED
DATE ENDED
TOTAL HOURS
TYPE

SORBENT NO.

TEST SUMMARY SHEEY

04t
5/20-81
s/20/81

HRS
RECENERATION

'SORBENT TYPE/UEIGHN (ZInC OXIDE)/1000 CH

HARSHAY ZNO 0401-E3/16

SORBENT COHPOSXTION! 1090 % ZINC OXIDE

SORBENT. PELLET SIZE! 3716 INCH DIAMETER EXTRUSIONS

PRETREATNENT
SULFUR LOADING

l X (CH SULFUR/CN FRESH SORBENT)
AT THE START OF RECENERATION.

OPERATING CONDITIONS

TENPERATURE 1
PRESSURE ¢
SPACE VELOCITY?S

Has
Heo
AIR
coa

1000 F
ANBIENT . .-
€00 HOURLY

FLOV RATE MOLEN

2.23 co/mIN  Sex
5,88 SCFH sex

PURPOSE
REGENERATION OF ZINC OXIDE PELLETS FROM TEST 040

ANALYS]SS

TOTAL SULFUR:
SURFACE AREA!
DENSLTY 4
POROSITY 1

X-RAY DIFFRACTIONS

BEFORE RFTER

DATAI  (DETECTOR TUBE)
EXIT H2ss

EXIT S021  APFROXIMATELY X
EXIT s21

EXIT W21

RENARKS

1. s‘h;gg 15 ﬂ{ FIFTH RECENERATION ON mxs BATCH OF

CONCLUSIONS
t.
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{ . SORBENT PELLET SlZEl

NO, ] 042R
DATE STARTED 8/19/81
DATE ENDED ! 8/19/81
TOTAL HOURS ¢ 3.5 HRS
E [ SULFIDATION

SORIENT TYPE/UEIOHTI (ZINC OXIDE)/1000 GH
SORBENT NO. HARSHAW ZNO 0401 E3-/16 LOTSS DRUM A
SORBENT COHPOStTIONt 168 X ZINC OXIDE

3716 INCH DIAMEITER EXTRUSIONS

% (GH SULFUR/GH FRESH SORBENT)
HOLE S/MOLE 2NO

PPETREATREN
SULFUR LOﬁDlNO . l

OPERATING CONDITIONS
TENPERATURE: 1000 F (537 &)

PRESSURE ¢
SFACE VELOCITY:

ANEIENT
1442 HOURLY

FLOUW RATE ROLEX

HBS . 0.S963 SCFH ~  3.7x
HE0 . )

AIR T

coa 3.6 SCFH 7 13.53 %
co 4.3 SCFH  16.16 %
na 6.3 SCFH 23.6%
cHe 1.97 SCFH 4.08
na 16.34 SCFH 38.87 %

TEST SUMMARY SHEET

PURPOSE

SULFIDATION OF ZINC OXIDE PELLEYS

TO DETERMINE EXIT H2S COMPOSITION AT SORBTION TEWMPERATURE
OF 1008 F (537 €) USING DRY (NO UATER) LURGI GAS
COMPQSITION .

ANALYS1S:
BEFORE AFTER
TOTAL SULFUR:
SURFACE AREA: 50 n/G
DENSITY : Gs¢C

POROSITY 3
X-RAY DIFFRACTION:

DATAL (By DETECTOR TUBE)
EXIT H2ss 1.6 PPH STEADY STATE

BREAKTHRU WITH 3.3 PP AT 2.5 HOURS
EX1T Soa:

EXIT S2s
EXIT Has

RENARKS

ggég&ﬁ? THE FIRST SULFIDATION ON THIS LOAD OF
2. COMPOSITION OF EACH OF THE FEED GASES UAS ADJUSTED
70 REFLECT REMOUAL OF W20 FROM FEED GAS.

CONGLUSTIONS
1. H2S LEVEL AT EXIT IS LOUER BY 66 X AS COMPARED TO
TEST 034 UITH 27.66 X H2O

2. MNEASURED EX!T H2S OF 1 PPN 18 CLOSE TO THE ‘
gngg%ATtD EQUILIBRIUN VALUE OF .35 PPR (USINQ
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ZINC OXIDE SULFIDATION

TEST 034 (HARSHAW ZN-C401)
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~ ZINC OXIDE SULFIDATION

TEST 035 (HARSHAW ZN-0401)
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YEST SUMMARY SHEET

TEST %0. H 043 ’ PURPOSE

DATE STARTED : 9/21/81

DATE ExCtD 9/21/81 . SULFIDATION OF ZINC FERRITE PELLETS

TJOTAL HOURS : 3.75 MRS T0 DETERMINE EXIT M2S COMPOSITION AT SCRBYION TEMPERATURE
TYPE : SULFIDATION - : 07 1000 F (537 C) USING DRY (KO WATER) LURGI GAS

COMPUSITICH

SORBENT YYPE/WEIGHT: (ZINC FERRITE)/S43 CM ANALYSIS:
SORBENT NO. s NMIX 21 BATCH § 3 ) BEFORE = AFTER
SORBENT COMPOSITION: 50 MOLE % IRON OXIDE (FISHER CERTIFIED) - TOTAL SULFUR:
50 MOLE S 2INC OXIDE (SHERWIN WILL1AMS) SURTACE AREA: - $Q M/G
DENSITY s G/cC
SORSENT PELLEY SIZE: 3/16 IKCH DIAMETER EXTRUSIONS POROSITY :

PRETREATMENT
SULFUR LOADILG

, X-RAY DIFFRACTION:
12.53 3 {GM SULFUR/GM FRESH SORBENT) :
MOLE S/MOLE 2KO
(AFTER 2 KOURS OF RUNNING)

OPERATING CONOITIONS DATA: (BY DETECTOR TUSE)
TEMPERATURE : 1000 F (537 C) . EXIT H2S: 0.7 PPY STEADY STATE
' ' ' BRIAKTHRU KITH 2 PPY AT 2.5 HOURS
PRESSURE AMBLENT . - EXIT S02:
SPACE VELOGITY: 1442 HOURLY ’ £XIT S2:
T O mar e

FLO4 RATE HOLED

s 0.9363 SCFH - 3.72
420
REMARKS
AR . .
02 3.6 SCPH - 13.53 % : 1. THIS IS THE FIRST SULFIDATICH ON THIS LOAD CF
. - SORSERT. .
@ 43 scH 16063 2. S STROXES USED ON DETECTOR TU2E SAPLE PuP.
K2 6.3 SCFW ;s , '
o 1.07 SCFH a.cs ' CONCLUSIONS
K2 103 SCFH 38.87 % : 3. ZINC FERRITE CAN REDUCE A DRY GAS STREAM TO LESS
. THAN 1 PPM.

2. 2INC FERRITE REDUCES THE H2S LEYEL DOWN TO THE SAME
’ . LEVEL AS ZINC OXIOE AY THE SAMI CONDITIONS.
TOTAL ORY GAS FLOW RATE = 26.6 SCFH 3. 2IKC FERRITE RZDUCES THE H2S LEVEL CLOSE T0 THE
ZINC OXIDE EQUILIBRIUM LEVEL OF 0.25 PPM

-290-



TEST 0.
DATE STARTED
DATE ENDED
TOTAL MOURS
17PE .

0 os eo

TEST SUMMARY SHMEET

044
8/14/81
8/14/81

3 HRS
SULFLDATIUN

SORBENT TYPE/WEIGHT:

SORBENT 9.

SORSENT COMPQSITION:

SORBENT PELLET SIZE:

PRETREATMENT
SULFUR LOADING

OPERATING CONDITIONS
1000 F {537 C)

TENPERATURE:

PRESSUPE
SPACE VELOCITY:

33
K20
AIR
o2
to
K2
s
N2

(ZINC FERRITE + VANADIUM)/619 GM

49 MOLE % IRON OXIDE (FISMER CERTIFIED)
49 MOLE 3 ZINC OXIDE {SHERWIN WILLIAAMS)
1.36 MOLE % INV20s (MEYC)

3/16 INCH DIAMETER EXTRUSIONS

2 {GM SULFUR/CM FRESH SORBENT)
HOLE S/MOLE 280

NBIENT
2000 HOURLY
FLOW RATE HOLES:
SCFH CC/MIN .
1.0 SCFH n
3.88
3.6 scrH 9.68 3
4.4 scry 1.9 3
6.3 SCPH 1nazs
1.1 SCFH 2.9 3%
12.2 SCFH 31.09 3

-291-

PURPOSE

SULFIDATION CF ZI5C FERRITE EXTRUSIONS MWITH VANAOIUM
T0 DITEAYINT EXIT h2S CGMPOSLTION AT SOR3TION TEMPERATUAZ
OF 1005 F (537 C} LURGL GAS COMPOSITION

ANALYSIS:
BEFOARE MTER
TOTAL SULFi2:
SURFACE 2REA: SQ M/G
DENSITY : G/CC

POROSITY :
X-RAY OIFFRACTICN:

DATA: (6Y DETECTOR TusE)
EXIT H2S: 1.2 70 7.0 PPM  STEAOY STATE FOR 1.5 HRS
BREAKTHRU WITH 11.6 PPM AT 2 HOURS
EXIT sd2:
EXIT §2:
EX1T K2:
REMARKS

3. THIS IS THI FIRST SULFIDATION ON THIS LOAO OF
$0R3ENT.

* CONCLUSICNS . .
1. KO DSTECTA2LE EFFECT CF YAYADIUM 1IN THE SORYENT



TEST 50, :
DATE STARTED :
DATE EnOED  :
TOTAL HOURS

TYPE :

TEST SUMMARY SHEET

04S
8/21/81
8/25/81

10 HRS
REGENERATION

SORBENT TYPE/WEIGHT:
SORBZNT KO. :
SORBENT COMPOSITION:

SORBENT PELLET SI2E:

(ZInC OXIDE)/10C0 CM
HARSHAW ZNO US01 E3/16 LOT 95 LRUM A/1
100 % 2IKC OXIOE

3/16 INCH DIAMETER EXTRUSIONS

PRETREATMENT
SULFUR REMIVED

: L (CM SULFUR/GN FRESH SORSENT)

OPCRATING CONDITIONS

TEMPERATURE:
PRESSURE ¢

SPACE VELOCITY:

H2s
K20
AR
€02
co
H
‘CHe
K2

1000 F (538 C)
MMBIENT

€00 HOUALY

FLOW RATE MOLES

2.23 CC/uIN 503
$.88 SCFH 503

PURPOUSE

REGENERATION OF ZINC OXIDE PELLETS FROM TZST 042
USING SPACE VELLCITY OF 600.

ANALYSIS:

BEFORE ATER

TOTAL SULFUR:
SURFACE AREA:
DENSITY :

PORE YOLUMSZ ¢
PINERAL £%ALYSIS:
ELEMENTAL ANALYS1S:

DATA: (DZTECTOR TUBE)
EXIT H2S: '

EXIT S02:  9.14 3 (AVG)
Qr s2:

EXIT K2:

REMARKS
1. NORMAL PIGEMERATION

2. AFTER COMPLETION OF THIS REGENERATION, ASSORSZR
TEMPEPATURE WAS MAINTAINZD AND SULFIDATIUN RESZATED
" CONCLUSIONS

3. THIS IS THE FIRST REGENERATICN ON THIS BATCH OF
SORBENT.
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TEST SUMMARY SHEET

JEST NO. : 046

DATE STARTED : 8/28/8)
DATE EKDID  : 8/28/81
TOTAL KOURS : 4 MRS
TYPE : SULFIDATION

SORBENT TYPE/WEIGHT: (ZINC OX1DE)/1000 GM
SORBEHT KO. :  HARSHAW 210 0301 E3/16 LOT9S DRUM A
SORBENT CCMPOSITION: 100 3 2IKC OXIDZ

SORBENT PELLET SIZE:  3/16 INCH DIAMETER EXTRUSIONS

PRETRZATMENT :

SULFUR LOADING : 8.03 = {GM SULFUR/GM FRESH SORBENT)
MOLE S/MDLE 2ND

OPERATING COKDITIOMS

TEMPERATURE: 1000 F {537 C)

PRESSURE = AMBIENT

SPACE VELCCITY: 721 HOURLY

FLOW RATE MOLES

s 0.5 SCRH 3.7
K20

AIR

to2 1.8 SCFH© 13533
w0 2.2 SCFH 16.16
2 : 3.2 seRm 23.63
Cié ‘ .53 SCFH 503
N2 : 5.17 SCFH 38.687 3

-293-

PURPOSE N

SULFIDATICN CF ZINC OXIDE PELLETS

Y0 DETERMINE EXIT 25 COMPOSITION AT SORBTION TEMPERATURE
OF 1000 F {537 C) USIKG GRY (KO WATER) LURGI GAS
COMPOSITICN AT REGUCED SPACE VELOCITY (721 HOURLY)

ARALYSIS:
BEFORE KFTER

TOTAL SULFUR:

SURFACE AREA: SQ M/G
DENSITY H c/cc
POROSITY ¢

X-RAY DIFFRACTION:

DATA:  [BY DETECTOR TUBE)
EXIT H2S: 0.2 PPM  STEADY STATE FOR & HOURS

EXIT $02:
EXIT S2:
EXIT H2:

" REMARKS

1. THIS IS THE SECOND SULFIDATION ON THIS LOAD OF
SORBENRT. .

2. DUZ TO THE LOWER SY USED, BREAKTHROUGH WAS NOT
REACHED WITHIN 4 HOURS. THE STEADY STATE H2S
LEVEL ¥AS THE PRIMARY DBJECTIVE. . :

CONCLUSIONS
2. THE EXIT E2S OF 0.2 PPM (AVG) COMPARES WELL WIThH
THE CALCULATED EQUILIBRIUM VYALUE OF 0.35 PPM.

2. THIS SPACE YELOCITY (720 HOURLY) APPEARS TO ACHIEVE
EQUILIERIUM H2S AT 1000 F,



JEST X0. : 037

DATE STARTED 9/ 1/81
DATE ENDED ¢ 9/ 1/81
TOTAL KQURS ¢ 4 HRS
TYPE : SULF IDATION

SORBENT TYPE/MEIGHT: (ZIKC FERRITE)/643 GM
SORBENT KO. s MIX #1  BATCK #2

SORBENT COMPOSITION: 50 MOLEZ JRON OXIDE (FISHER csméxto)
50 KOLES ZIMC OXIDE (SHERWIN WILLIAMS HSA)

TEST SUMMARY SHZET

SORBENT PELLET SIZE:  3/16 IKCH DIZMZTER EXTRUSIONS

PRETREATMZNT :

SULFUR LOADINKG : 12,53 % (GM SULFUR/GM FRESH SORBINT)

(FOR 2 KOURS OF RUKNING)

OPERATING CCNDITICNS
YEMPERATURE: 1000 F

PRESSURE AM3TERT
SPACE VELOCITY: 2000 HOURLY

FLO4 RATE HOLES

H2s 0.5963 SCAH  2.7%
H20 3.872 CC/RIN  27.66%
AR

co2 3.6 SCPM 9.68 3
co 4.3 SCPH 1.9 2
K2 6.3 SCFH . 1.2
o "1.07 scPu 2.91%
2 10.34 SCFR 33.09 3

TOTAL DRY GAS FLOW RATE = 26.6 SCFH
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PURPOSE

SULFIDATION CF 2INC FERRITE PELLETS '
T0 PRZPARZ FCR RIGENTRATION AT 753 AIR AKD 25 S STEAM
FOR RZSOX COMPAT[3ILITY

AKALYS!S:
BEFORE NIER

TOTAL SULFUR {Sw/#):

SURFATE AREA (M2/G):

DENSITY (G/CC) o

POPE VOLLMZ (MM3/G):

MIKERAL ANALYSIS:

ELEMENTAL ANALYSIS:

DATA:  ( DZTECTOR TU3E)

EXIT w2S: <5  PPH FOR 2.5 WOURS

55 PPN AFTER 3 HOURS
EXIT s02:

" OEXIT S2:

EX1T n2:

REMARKS

1. THIS TEST IS TO PREPARE FOR RIGENERATION AT 75% AIR
251 STZ:M FCA RESOX COMPATIBILITY EVALUATION.

CONCLUSICNS
1. STANDARD SULFIDATION COMPLETED,



. TEST NO.

DATE STARTED
DATZ ENDED
TOTAL HOURS
TYPE

s 00 00 as e

048 :

9/ 2/61

9/ 2/81

S HRS
REGENERATION

SORBENT YYPE/WEIGHT: (ZINC FERRITE)/643 GN

SORIENT NO.

SORBENT CO~POSITION:

SORBENT PELLET SIZE:

PRETREATNENT
SULFUR REXUVED

s MIX #1  BATCH #2

OPERATILG CONDITIQNS

TEMPERATURE:
PRESSURE ¢
SPACE VELOCITY:

K2s
K20
AR
€02

H2
CHS
K2

1000 F
RISLENT
600 HOURLY

FLO4 RATE HOLED

1.11 CC/MIN  25%
8.8] SCFH 5%

TEST SUMMARY SHEET

50 MOLET IROM OXIDE (FISHER CERTIFIED)
S0 MOLES ZINC OXIDE {SHERWIN WILLIAMS HSA)

3/16 INCH DIAMETER EXTRUSIONS

PURPOSE

REGEKERATION OF Zlhf FERRITE PZLLETS FROM TEST 047
USIKG 75 & AIR AND 25 S STEAM.

ANALYSIS:
BEFORE AFTER
TJOTAL SULFUR:
SURFACE AREA:
DENSITY H
PORE VOLUMZ:
MINERAL £NALYSIS:
ELEMENTAL ANALYSIS:

DATA: (DETECTOR TUBE)
£XIT H2S:
€XIT S02:
EXI7 s2:
EXIT H2:

9.8 % (AVG)

REMARKS
3. THIS TEST IS TO PECENERATE USING 75 % AIR 25% STEAM
Y0 1EST COYPATIBILITY WITH RESOX PROCESS

2. TEMPEPATURE WAVE AT INLET REACHED 1820 F. SINTERING
DNWAGED SOMZ OF THE PELLETS AS O3SERVED VISUALLY.

‘CONCLUSIONS

3. 75 3 AIR OURING REGEMERATION AT SY = 600 HOUALY
. CAUSES T00 HIGH A TEMPERATURE MAYE.

2. LOWER AIR LEVELS SHOULD BE USED.



TEST SUMMARY SHEET

TEST 0. : 049 PURPOSE

DATE STARTED 9/11/81 _

DAYE ENDZD @ 9/11/81 : SULFIDATION OF ZINC FERRITE PELLETS TO CHECK FOR AwY
TOTAL HOURS : 1 M L0SS OF ACTIVITY AFTER RZGENERATION WITH 253 AIR AND 25 3
TYPE : SULFIDATION STERM FOR RISOX COMPATIBILITY

SORBENT TYPE/MEIGHT: (ZINC FERRITE)/633 CM . ANALYSIS:

SORBENT £O. s HMIX § 1 BATCH 72 . BEFORE  AFTER

SORBENT COMPOSITION: 50 MOLEY IRON OXIDE (FISHER CERTIFIED) JOTAL SULLFUR (3w/W): .

50 MOULES ZINC OXIDE (SHERWIN WILLIAMS HSA) SURFACE #RTa (M2/G):
DERSITY (G/CC)

SORBENT PELLET SIZE:  3/16 INCH DIAMZTER EXTRUSIONS PORE YOLUSE (MGO/G):
PRETREATMENT : ’ MIKERAL 2NALYSIS:
SULFUR LOADIKG ¢ 3.13 3 (GM SULFUR/CM FRESH SORBENT) ELEMENTAL ANALYSIS:
OPERATING CCHOITIONS ) : DATA:  { DETECTCR TUBE)
TEMPERATURE: 1000 F DXIT H2S: 6 PPN FOR 1/2 HOUR STEADY STATE'
A : 3150 PPM AFTER 1 HOUR
PRESSURE  : RBIENT EXIT S02:
SPACE VELCCITY: 2000 HOURLY £XIT S2:
EXIT H2:

FLOW RATE HOLES

12 0.9953 SCFH  2.73
H20 3.872CC/MIN  27.66%
: : REMARKS
AR
co2 3.6 SCFH 9.68 3 1. RAPID G2EACTHROUGH DSSERYED WITH MIGH INITIAL
H2S CONCENTRATICH (6PPH).
0 ) 43 SCR 11913 .2
2 6.3 SRR 37a2t
) 1.07 SCFH 2.91% . CONCLUSIONS
N2 10.3¢ SCFR 33.09.3 : 3. LUSS CF ACTIVITY OSSERVED IS DUZ TO REGENERATION

WITH 7S 3 AIR IN TEST U4B CAUSED BY SINTERING AT
EXCESSIVE TL.“.PERATURLS.
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TEST SUMMARY SHEET

TEST K0, : 050

DATE STARTED : 9/22/81

DATE ENDED ¢ 9/23/81

TOTAL MOURS ¢ 8.25 HRS
TPE e REGELERATION

SORSENT TYPE/WEIGHT:
SORIENT 0. :
SORBENT COMPOSITION:

$0RSENT PELLET SIZE:
PRETREATMINT :
_SULFUR REMOVED ¢

OPERATING CONDITIONS

(ZINC FERRITE)/643 GM

MIX #1 BATCH ¢3/

50 MOLEYL IRON UXIDE (FISHER CERTIFIED)

$0 MOLES ZINC OXIOE (SHERWIN KILLIAMS MSA)

3/16 1NCH DIAMETER EXTRUSIONS

TEMPERATURE: 1000°F
PRESSURE @ AMSTENT
SPACE VELOCITY: 600 HOURLY
FLOW PATE  MOLES
ws
H20 2.23 CC/MIN 503
AR 5.88 SCFH 502
€02
c
]
CHe
N2
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PURPOSE
REGENERATION OF 2INC FERRITE

ANALYSIS:
BEFORE

TOTAL SULFUR:
SURFACE ARZA:
DENSITY :

PORE VOLUNME:
MINERAL ANALYSIS:
ELEMENTAL ANALYSIS:

OATA: (DETECTOR Tugt)
EXIT H2S:
£X1T S02:
E£X1T s2:
EXIT H2:

10.6-162

REMARKS

3. KORMAL REGENERATION

_ CONCLUSIONS

PELLETS FROM TEST 043

AFTER



TJEST SuMMARY SMEET

051 ' PURPOSE

TEST NO. :

DATE STARTED : 9/30/81

DATE ENDED 9/30/81 SULFIDATION OF ZInC FERRITE PELLETS

TOTAL HOURS 4.0 MRS T0 DETEFMINT EXIT HMZS COMPOSITION AT SORBTION TEMPEPATURE

TYPE : SULFIDATION OF SUO F (452 C) USIKG ORY (KO WATER) LURG] GAS
COMPOSITICN AT RICUCED SPACE VELOCITY OF 721 MR-1.

SORBENT TYPE/MEIGHT: {ZINC rERRITE)/643 GM ANALYSIS:

SORBENT ND. : MIX #) BATCH ¢ 3 . BEFOHE FFTER

SORBENT CCMPOSITION: 50 MOLE % IRON OX1DE (FISHER CERTIF[ED) TJOTAL SULFUR:

50 MOLE 3 ZINC OXIDE (SHZRWIN WILLIAMS) SURTACE ARtA: SO M/G

DENSITY H G/cc

SORBENT PELLEY SIZE:  3/16 INCH DIMETER EXTRUSIONS POROSITY :

PRETREATMENT

X-PAY DIFFPACTICN:
7.87 3 (GM SULFUR/GM FRESH SORBENT) -
MOLE S/MOLE ZKD

SULFUR LOADIKG

OPERATING CONOI1TIONS ‘ DATA: {ay CZTEZCTOR TUBE) . -
TEMPEPATURE: 900 F (482 () EXIT H2S: 0.75 PPM AT  STEADY STATE FOR 2.5 MAS
' BREAKTHRU RITH 53 PPN AT 3.5 MIURS
PRESSURE  : NBIENT : © EXIT $02:
SPACE VELCCITY: 721 HOURLY £X1T S2:
£XIT H2:

FLO4 RATE MOLES

H2s 0.5C0 SCFH 3.
-H20
REMARRS
AIR . .
co2 1.8 SCFH 13.53 3 1. THIS IS THZ SECONL SULFIDATION ON THIS LOAD GF
o 2.15 SCFH  16.16 3 2. SORERT. '
K2 3.15 SCFH 23.6%
cHe ‘ 0.535 SCFN  4.0% CONCLUSIONS
N2 5.17 SCFR 38.87 3 .1 :‘zi :;:a SPPROACHES INO EQUILIBRIUM LEVEL OF

TOTAL DRY GAS FLOW RATE = 31,3 SCFM

2. W2S LEVEL IS LOMWER THAN TEST AT 1000 F , MOWEVER
BREAXTHROUGH IS 2 HOURS SCONER.

3. KINETICS APPEAR SLOWER THAN AT 1UCOF, ALTHOUGH
EQUILIBRIUM FAVORS LOWER HeS.
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TEST SUMMARY SHEET

TEST NO. : 052 PURPOSE
DATE STARTED : 10/01/81
DATE ENDED, ¢ 10/01/82 ' RECENERATION OF Z2InC FERRITE PELLETS FROM TEST USL
TOTAL HJURS @ 9.75 HRS
T1YPE H REGENERATION
SORBENT TYPE/WEIGHT: {2IXC FERRITE)/643 GM ’ ) . ARALYSIS:
SORBENT NO. ¢ MIX #1 BATCH ¢#3/ BEFORE RFTER
SORBENT COMPOSITION: 50 MOLEZ JROM OXIOE (FISHER CERTIFIED) TOTAL SULFUR:
SO MOLES 2INC OX10E (SHERWIN WILLIAMS HSA)  SURFACE AZA:
. DENSITY :
SORSENT PELLET SI2E:  3/16 INCH DIAMETER EXTRUSIONS PORE VOLUME:
PRETREATMENT H MINERAL ANALYSLS:
SULFUR REMOVED H ELEMENTAL ANALYSIS:
OPERATING CONDITIONS DATA: (DETECTIOR TUBE)
TEMPERATURE: 1000 F EX1T M2S:
PRESSURE RMBLIENT EXIT S02: 10.8-13.4 2
SPACE VELOCITY: 600 HOURLY EXIT s2:
EX1T H2:
FLOW RATE - MOLES
H2S
N20 2.2 CC/MIN  SU3
. ’ REMARKS
AIR 5.88 SCFM 502
€02
co
uz .
Cis CONCLUSIONS

H2
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TEST KO,
DATE STARTED
DATE ExDED
TOTAL HIURS
TYPE

SOR3IENY TY?E/&'IGHT

SOPBERT NKO.

SORBENT COMPOSIT IO‘(

SORBENT PELLEY SI ZE

PRETREATMENT
SULFUR LOADING

TEST SUMMARY SHEET

0S3
10/14/81
10/14/81
5.0 MRS
SULFIDATION

(ZINC FERRITE)/643 GM

MIX #1 BATCH 7 3

SO MOLE % JRCN OXIDE {FISHER CERTIFIED)
§) POLE 3 ZINC UXIDE (SHERWIN WILLIAMS)

3/16 INCH DIAMZTER EXTRUSICHS

16.16 3 (GY SULFUR/GM FRESH sonaam)
MOLE S/"ou: N0

OPERATING CCHDITIONS

TEMPERATURE:

PRESSURE ¢

SPACE VELCCITY:

K28
H20°
AIR
co2
o
K2
(a1
N2

1000 F  537C)

A3 TENT

721 HUURLY

FLOW RATE  MOLES
0.5C0 SCFH - 3.73
1.B SCFH  13.53 3
2.15 SCFH  16.16 %
3.15 SCFH  23.6%
0.535 SCFH 4.0
5.17 SCFW ~ 38.87 3
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PURPOSE

SULFIDATION OF ZINC FERRITE PELLETS

TO DTTERMINE EXIT HZS COMPOSITION AT SORBTION TeMPERATURE
OF 1000 F (537 C) USING ORY {NO WATER} LURGL GAS
COMPOSITION AT REDUCED SPACE VELQCLITY OF 22l MR-1.

ANALYSIS:

TOTAL SULFUR:

SURFALE AREA:

DENSITY : -
POROSITY =

X-RAY DIFFRACTION:

BEFORE NTER

DATA: {BY DETECTOR TUBE)

EXIT H2S: 2.1 PPM AT  STEADY STATE FOR 4.5 KRS
BREAKTHRU WITH 43 PPM AT 5 HOURS

EXIT S02:

£XIT s2:

EXIT W2:

REMARKS

1. THIS IS YHE THIRD SULFIDATION ON THIS LOAD GF
SORBENT.

CONCLUSIONS
3. M2S LEVEL SLIGHTLY HIGHER THAN AT SUO F BUT
BREAXTHANUOK 1S 2 KOURS LATER,

2. LOWER 5.¥. INCREASES BREAKTHROUGH TIME BY 2 RGURS
AS COMPARED IO S.¥. 1442 HOURLY (T033).
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-

ZNC FERRITE SULFIDAT/ON

TESTS AVG(!G 21,47),043,051,053

= 27 PERCENT STEAM,

1000 F, Sv=2000

(AVG OF TESTS ' 16,21,47)

4 = DRY FEED GAS, 900 F, SV=720 , (T051)

«
I

£}
I

DRY FEED GAS,1000 F,Sv=720, (1053)

DRY FEED GAS,1000 F,SV=1440, (T043)

H2S NORMALIZED TIME (Pours) 1 ..
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PPM HzS (Dry Basis)

HOT GAS DESULFURIZATION

ZING FERRITE AND 2INC OXIDE

= ZINC FERRITE _27.66 PERCENT STEAM
AVG OF TESTS 16,21,47

SULFUR LOADING -= 12.53 PERCENT

$ = ZINC OXIDE  27.66 PERCENT STEAM
(T034) SULFUR LOADING = 8.0 PERCENT

= ZINC OXIDE DRY GAS '
(TO42R) SULFUR LOADING = B.0 PERCENT

0= (NC FERRITE  DRY GAS
1043) SULFUR LOADING = 12.83 PERCENT

TEMP = 1000 F
PRESSURE ‘= AMBIENT
'SV. DRY GAS = 1442 HOURLY .

/S.V. WET GAS = 2000 HOURLY
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ZINC OXIDE SULFIDATION

TESTS O42R, 046 (HARSHAW ZN-0401)
| Temp = 1000 F
H2S = 3.7 PERCENT

® - DRY FEED GAS Sv=1442 HOURLY (TO42R)

& — DRY FEED GAS SV= 721 HOURLY (T046)
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TEST SUMMARY SHEET

TEST NO. : 054

DATE STARTED : 10/16/81
DATE ENCID ¢ 10/16/81
TOTAL HCURS : 3.25 HRS
TYPE : SULF IDATION

SORBENT TYPE/WEIGHT: ZINC OXIDE/500 GM
VANADIUM CATALYST/474 OM
SORBENT n0. ¢ HARSHAW ZKO 0401 E3/16 LOTYS DRUM A
HARSHAY YANADIUM CATALYST v-0701
SORBENT COMPOSITION:

J3/16 INCH DIAMZITER EXTRUSIONS

PEDUCE VANADIUM CATALYST FOR 1 HOUR

4.0 2 (GM SULFUR/GM FRESH SORBEINT)
MOLE S/MCLE 28O

SORBEXT PELLET SIZE:
PRETREATNINT :
SULFUR LOADIXG :

OPERATING CCHNOITIONS

TEMPERATURT : 1200 F (649 C)
PRESSURE AMZTENT
SPACE VELOCITY:  1UCO KOURLY

FLOW RATE MOLES
K2s 0.500 SCFH 2.7%
K20 1.93 CC/MIN 27.66 3
AIR ’
€02 1.8 SCFu 9.79 %
o 2.15 SCFH 11.69 %
"2 3.15 SCFH 17.13%
cHe 0.535 SCFH 2.913
N2 ’ S.17 SCFH 28.12 3

TOTAL DRY GAS FLOW RATE = 13.3 SCFH
TOTAL WET GAS FLOW RATE = 18,30 SCFH
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PURPOSE

DEYERMINE THE CAPABILITY OF A VANAUIUM CATALYSY
T0 LOWSR THE H2S LEVEL BELOW 10 PeM AFTER A ZINC
0X10E BEO.

ANALYSIS:

BEFORE FFTER
TOTAL SULFUR:

SURFACE AREA:

DENSITY :

POROSITY ¢

X-RAY DIFFRACTION:

(BY DETECTOR TUBE)
PPM FOR

DATA:
EXIT H2S: 100 STEADY STATE
BREAXTHRU WITH 126 PPM AT 1.75 KRS

2 HRS

EXIT S02:
EXIT S2:
EXIT N2

REMARKS

1. FKALF THE REACTOR 1S FILLED WITH X0 AND MALF %1TH
¥ANADIUM CATALYST.

}2. REDUCTICN WILL BE CARRIED OUT CN THE GASES AND

FLUWS SPECIFIED AT LEFT wITHOUT H2S.
3. FIRST SULFIDATION

CONCLUSIONS
3. VANADIUM CATALYST DOES KOT REDUCE H2S BELOW 10 PPM.

-



TEST NO. 055

DATE STARTED : 10/16/81
DATE ENDeD H 10/14/81
TOTAL KUURS 3.5 MRS
1YPE : SULFIDATION

SORBENT TYPE/JEIGHT:

SORBENT K0.

TEST SUMMARY SHEET

2IKC OX1DE/SOO GM

T HARSHAW ZX0 0401 E3/16 LOTIS DRUM A

SORBENT COMPOSITION:

SORBENT PELLET SIZE:

PRETREATMINT
SULFUR LOADING

3/16 1NCH DIFMETSR EXTRUSIONS
6.07 % (GM SULFUR/GM FRESM SORBENT)

HULE S/MCLE 28D

OPERATING CONDITIONS

TEMPERATURE: 1200 F { 649 C)
PRESSURE  : AMIIENT

SPACE VELOCITY: 2000 KOURLY

FLOX RATE  KOLES

ws 0.500 SCFH  2.7%
o 1.93 co/MIn 27.65 %
AIR

co2 1.8 SCAH 9.79 3
o ‘2.15 SCPM 11,69 8
H2 .15 ScRE 17133
e 0.535 SCFR  2.912
N2 5.17 SCFM 28.12 3

YOTAL CRY GAS FLOW RATE = 13.3 SCFM
TOTAL WIT GAS FLOW RATE = 18.33 SCFR
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PURPOSE

DETERMINE TrE CAPZ3ILITY OF KHALF A ZINC OXJDE REC
T0 LOWER THE ¥2S LEVEL BILQW 10 PPN

RNALYSIS:

BEFORE NTER
TJOTAL SULFUR:

SURFACE AREA:

DENS1TY H

PORGSITY

X-RAY DIFFRACTIUN:

DATA: {BY DZTECTOR TUSE)

EXIT W2s: 7 PPM FOR 1.5 MRS STZADY STATE
BREAXTHRU WITH 13 PPN AT 1.75 HRS

EXIT S02:

EXIT S2:

EXIT H2:

REMARKS

1. HALF THE RZACTOR IS FILLED WITH 2:0

2. THIS TEST IS TO VERIFY TE EXIT LEVEL OF H2S USING
WALF A BED CF ZNG.

CONCLUSIONS

1. 250 LOWERS K2S BELOW 10 PP¥ FOR 1.5 ¥AS AT 1200F .



TEST SUMMARY SHEET

TEST NO. : 056

DATE STARTED : 10/23/81
DATE EnDED @ 10/23/81
TOTAL HOURS : 4.75 HRS
TYPE : RECENERATION

SORBENT TYPE/WEIGHT: Z.%¢ OXIDE/S500 GM
¥niADIUM CATALYST/374 OM
SORBENT NO. = HARSHAW 2KD C301 E3/16 LOT9S DRUM A
RARSHAY YANADIUM CATALYST v-0701
SORBENT COMPOSITION:

SORBENT PELLET SIZ2E:  3/16 INCH DIAMITER EXTRUSIONS

PRETREATMENT ¢ NONE
SULFUR REMOVED
OPERATING CCNDITIONS
TEMPERATURE: 1000 F
PRESSURE  : AMBIENT

SPACE VELCIITY: 600 HOURLY

FLOW RATE  MOLES
K2s
H20 2.23 CC/MIN  50%
AIR 5.88 SCFR 503
co2
c
K2
e
H2
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PURPOSE

REGELIPATION CF 2INC OXIDE  AND VAKADIUM CATALYST
PELLEYS FAL2 TZST 054.

ANALYSIS:

BEFURE AFIER
TJOTAL SULFLR:
SUPFACE ARZA:
DERSITY H
PORZ VCLUME:
HINERZL ANALYSIS:
ELEMERTAL ANALYSIS:

DATA: (DETECTOR TUBE)
EXIT K2S:

EXIT S02: 9.2 - 14.2 3
EXIT s2:

EXIT k2

REMARKS

1. FIPST PEGENERATIUN OF VANADIUM CATALYST.

CORCLUSIONS



TEST SUMMARY SHEET

TEST NO. : 0s?
DATE STARTED 10/26/81

DATE ENOED ¢ 10/26/81
TOTAL KOURS @ 3.5 HRS
TYPE i SULFIUATION

SORBENT TYPE/WEIGHT: 2INC OXI10E/SC0 GM

YANADIUM CATALYS[/474 GM

SORBENT NO. H
HARSHAW VANADIUM CATALYST v.0701

SORBENT COMPOSITION:

SORBENT PELLEY SI128:  3/16 INCH DIAMITER EXTRUSIONS
PRETREATMINT
SULFUR LOADING

( MOLE 3/MOLE I¥Q

OPERATING CONDITIONS

TEMPERATURE: 1200 F (649 €)
PRESSURE  : ASIENT
SPACE VELOCITY: 1000 KOURLY-

FLOZ RATE  MOLES
H2s 0.500 SCFH  2.7%
H20 1.93 CC/HIN  27.66 3
AIR .
co2 18 scrn 9.9 3
co 2.5 SCRH- 11.69 3
K2 305 SCFH 17.13%
e 0.535 SCFR  2.91%
K2 ' 5.7 scH 28123

TOTAL DRY GAS FLOW RATE = 13.3 SCFM
TOTAL WET GAS FLOW RATE = 18.33 SCFH

HARSHAW ZNO 0401 £3/16 LOT9S DRUM A

s REDUCE YANADIUM CATALYST FOR 1 HOUR
s 5.19 3 (GM SULFUR/GM FRESH SORJEINT)
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PURPOSE

DETERMING TNS CAPASILITY OF A VANAOIUM CATALYST
70 LOWER ThE H2S LEVEL BELOW 10 PPM AFTER A ZINC
OX1DE E2D.

ANALYSIS:
BEFORE  AFTER
TOTAL SULFUR:
SURFACE AREA:
DENSITY
POROSITY :
X-RAY DIFFPACTION:

DATA:  (BY CETECTOR TUBE)

EXIT H2S: 11-23 PPM FOR 2.5 HAS - STEADY STATE
BREAXTHRU WITH 35 PPY AT 3 KRS

EXIT $02:

£XIT S2:

EXIT M2:

REMARKS

3. HALF THE PEACTOR 1S FILLED WITH 280 AND HALF W1TH
VANADIUN CATALYST.

2. RECUCTION WILL BE CARRIED OUT CN VHE GASES AND
FLOWS SPECIFIE0 AT LEFT WITHOUT H2S.

3. BOTH 250 AND VANADIUM HAVE BZEN REGENERATED.

4. SECCND SULFIDATION.
CONCLUSLIONS

1. VANADIUM CATALYST (V-0701) DUES XOT FEDUCE K2S
BELGW 10 PPN,



TEST SUMMARY SHEET

TEST MO. : 058

DATE STARTED : 10/30/81
DATE ENDED ¢ 10/30/81
JOTAL HOURS @ 6 HRS
TYPE : REGENERATION

SORBENT TYPE/WEIGHT: 2INC OXIDE/500 CM
VANADIUM CATALYST/474 GM

SORBENT KO. s KARSHAW ZNO 0301 E3/16 LOT9S DRUM A
HARSHAW YANADIUM CATALYST Y-070)

SORBENT COMPOSITION:

SORSENT PELLEY SIZE:  3/16 INCH DIAMETER EXTRUSIONS
PRETREATMENT s KOKNE
SULFUR REMOYED :

OPERATING COKDITIONS
TEMPERATURE : 1000 F
PRESSURE  : AMBIENT
SPACE VELOCITY: 600 HOURLY

, FLOY RATE MOLES
K2s
H20 2.23 CC/MIN 50%
.AXR 5.88 SCFH 503
co2 . )
co
(]
He
Nz
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PURPO5Z

REGENTPATION CF 2IKC OXIDE AND VANADIUM CATALYST
PELLETS FaC TEST 057.

ARALYSIS:

BEFURE FFTER
TOTAL SULFUR:
SUPFALZ ARIA:
DEKSITY :
POPE VoLUME:
MIKERAL ANALYSIS:
ELEMESNTAL ARALYSIS:

DATA: (DZTECTOR TUBE)
EXIT H2S:

EXIT $02: 5-13213%
EXIT S2:

EXIT h2:

REMARKS

1. THIS IS THE SECOND REGENZRATION ON THIS SORBENT.

- COKCLUSIONS



TEST SUMMARY SHEET

TEST KO. : 059 ’ PURPOSE
DATE STARTED : 11/03/81 : .
DATE ENDED 11/03/81 : . DETERMINE THE CAPASILITY OF A VANADIUM CATALYST
JOTAL HOURS : 3 HRS 70 LOWIR THZ H2S LEVEL BELOW 10 PP¥ AFTER A ZINC
TYPE : SULF IDATION OXIDE E2D. (SECOND TIMZ)
SORBENT TYPE/WEIGHT: ZINC OX1DE/500 GM AKALYSIS:
VAYUADIUM CATALYST/474 CM
SORBENT KO. :  PARSHAW ZNO 040} E3/16 LOT95 DRUM A ) BEFORE  AFTER
HARSHAN YANADIUM CATALYST V-0701 .
SORBENT COMPOSITION: TOTAL SULFUR:
: SURFACE ARZA:
: DENSITY :
SORBENT PELLET S1ZE:  3/16 IKCH DIAMETER EXTRUSIONS POROSITY :
PRETREATMENT ¢ REDUCE YANADIUM CATALYST FOR 3 HOUR X-RAY DIFFRACTION:
SULFUR LOADING : 2 {GM SULFUR/GM FRESH SORBENT)
POLE S/MOLE Zn0
OPERATING CONDITIONS DATA: (8Y DETECTOR TUBE) )
TEMPERATURE: 1200 F {649 C) EXIT H2S: 1000-20U00 PPM DURING REDUCTION
PRESSURE  : PMBIENT ’ : ‘ EXIT $02:
SPACE VELOCITY: 1000 HOURLY ’ EXIT S2:
EXIT H2:
. FLOW RATE MOLES
H2S 0.500 SCFH 2.7:
K20 1.93 CC/MIN  27.66 %
o REMARKS
AIR . .
€02 "1.8 SCFH 9.79.3 C 1. MHALF THE REACTOR 1S FILLED WITH ZND AND HALF WITH
] . VANADIUM CATALYST. :
€0 : 2.15 SCFH .11.69 3 2. REDUCTEON WILL BE CARRIED OUT ON THE GASES AND
. L . o FLOWS SPECIFIED AT LEFT WITHOUT M2S.
H2 3.15 SCFH 17.133 . 3. BOTH ZND AND YANADIUM HAVE BEEN REGENERATED.
m . '0.535 SCFH 2.913
¥4 §.17 SCFH 28.12 % CONCLUSIONS
" YOTAL DRY GAS FLOW RATE = 13.3 scn{ 1. H2S LEVEL TOO HIGH (1000-2000) BURING RZLUCTION.
TOTAL WET GAS FLOW RATE = 18.38 SCFH 2. TEST A3ORTED.
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VANADIUM  SULFIDATION

TEST 054 (v-0791)

Temp = 1200 F

S.V. = 2000 Hourly
H2Q = 27.6 PERCENT

H2S = 10 PPM
(NOTE: 1 HOUR REDUCTION)
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" ZINC OXIDE SULC/DATION

TEST 055 (HARSHAW ZN-0401)
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VANADIUM  SULFIDATION

" TESTS 057, 054 (V-0701)
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PPM HaS (Dry Basis).

VANADIUM  SULFIDATION

TEST 057 (v-0731)
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JEST SUMMARY SHEET

TEST KO, : 060
DATZ STARTED : 11/05/81
DATE ENDEQ 11/05/81

JOTAL HOURS @ 1.5 HRS
TYPE : SULFI0ATION

SORBENT TYPE/WEICHT: FRANLINITE ORS/1027 GM

SORBENT NO. : MIX 2 BATCH ¢}
FRANLINITE ORE SEPARATED MAGNET
FROM ZINC ORE

SPHERES LESS THAN 1/2 INCH OIAY
KONE
3 (GM SULFUR/GM FRESH SOR3
MOLE S/MOLE 2N

SORBENT COMPQSITION:

SORBENT PELLET SIZE:
PRETREATMERT :
SULFUR LOADING :

OPERATING CONDITIONS

TEMPERATURE : 1000 F (537 C)

PRESSURZ AMBLENT

SPACE VELOCITY:  20U0 HOURLY

MOLES

. FLON RATE
M2s 0.500 SCFH.  2.7%
H20 1.93 CC/MIN  27.66 %
AIR '

co2 1.8 SCFH 9.79%
t0 2.15 SCFH  11.69 %
K2 315 SR 17.13%
e 0.535 SCFH 2,913
N2 5.7 SCFH 28.12 3

TJOTAL DRY GAS FLOW RATE = 13,3 SCFH
TOTAL WET GAS FLOW RATE = 18.38 SCFM

HIRR |

ENT)
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PURPUSE

DETERMING THE C2ZAZILITY OF HALF A BED CF FRANLINITE
ORE T0 LORZR THE ¥2S LEVEL BELOW 1U PY

AHALYS1S:
BEFO2E

-

AFTER

TOTAL SULFLR:

SUPFACE ARZA: ’ 8533 5 »/6
DENSITY H : 5.4 G/
POROSITY ¢

X-RAY DIFFRACTIGN:

DATA:
EXIT n2s:

(8Y DZTECTOR TU3L)

4080 PPM AT 15  MINUTZS STEAZY STATE

BREAXTHRY IMMIDIATE
EX1T $02:

EXIT S2:

-EXIT W22

REMARKS

f. HALF THE PEACTOR 1S FILLED WITH FRANLINITE €

2. BED HIGHT IS 9 1/8 INCH.

CONCLUSIONS
1. FRANKLINITE ORE IN THIS FORM 1S KOT A GDOD SCA3ENT.
2. SUSPECT LOW SURFACE AREA A PRUBLEM.




Institut
Frangais
du
Pétrole

Department of Energy
- Mergantown Energy Technology Center °
P.0O. Box 880

national {1) 749.02.14 Collins Ferry Road
, {J' international +33 1 749.02.14 Morgantown, West Virginia 26505
poste 2974 _—0' O&,} R
N/REf. AD/fm = 7910
DIRECTION PHYSICO=-CHIMIE APPLIQUEE July 6, 1982

Object : Your letter TG-dp-S512h

Dear Mr. GRINDLEY,

Thank you very much for the sample of IFP desulfurization sorbent MEP-
682 and the draft report on the tests you have performed on it.

Concerning your tests and the comparison of the performances of our sorbent
with those of Harshaw catalyst we have the following comments and questi:zns:

- the IFP sorbent is designed for the removal of the. bulk of the H.S from
a gazifier effluent before using it in a gas turbine for electricity proéuction
by combined cycles. It is not intended for the removal of traces of H_S. ™=
selection criterion used in our work was the sorbent capability to Perform
a great number of cycles with a good mechanical strength, a sulfur capacity
in the range of 8-15 % weight and a st concentration level in the treated
gas of less than 300 ppm Vol., A

- you said that Harshaw sorbent is not intended for regeneration and contains
no strengthening agents. Are the results on Harshaw sorbent presented in figures
3 anu O vuiained wilul 1resn samnples or atter severai regenerations ¢ We would
appreciate if you c¢ould send us a copy of your report IR-N°1133 in which the
results of these tests are related in detail and other reports which could
be available on this subject,

- we do not believe that the degradation of IFP sorbent could be attributed
to its sulfidation at 649°C. We have performed ourselves several sulfidations
up to 800°C without noticing any detrimental effect on the further runs at
S00°C or 6C7°C. We agree that the .Lests results are obtained in the 5CU‘L -
600°C temperature range but we consider that the drop of the sulfur capacity
versus temperature given in figure 6 is not representative of the performances
of our sorbent when utilized for waat it is Jesigned,

- according to our experience the performances and the duration of a regenera-
ble sorbent are closely related to the conditions used for its regeneratinon.
In your tes. the low inlet tem;-rature of the oxidizing _as 238°C) favorizes
the formation ¢of zinc sulfate which is later reduced in the sulfidation step
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with emission of SO _.,. This emission increase with the temperéture of the sulfida-
tion step and affects the level of desulfurization.

In addition, the high oxygen content of the oxidizing gaz (10 %) allows
the sorbent to reach a temperature far higher than the reported 816°C, inducing
sintering.

In our tests we use an inlet <temperature of 700°C and an oxygen content
of 2 % wvol. (maximum temperature 900°C). With these conditions we observe a
rapid decrease of the sulfur capacity during the firsts cycles corresponding
to the chemical stabilization of the binder (formation of Ca SO ,and Zn Al 04)
and then stable performances over 50 cycles (sulfur capacity about 10 % weié%t
for breakthrought at 200 ppm vol. HZS’ at 600°C and GHSV 1000),

- the analyses of IFP sorbent presented in table 6 are not consistent with
the statement that the IFP sorbent "has been irreversibly damaged during the

AMar e semne S e -~ b 1NN T T < - el abn 1., - —~vyomon el o -~ YV avem ~L 1 C N e e e e L)
ek As s ke sad - P ) . - - Mo s ay ~ i wae - - ~ - as 2~.¢ AN s v e raa

at which you consider that there is breakthrought,

- could you specify if the very surprising figures obtained for zinc carry-
over are specific to the IFP sorbent or not.

We hope that these comments will lead you to modify some negative aspects
of your conclusion on our MEP-682 sorbent.

In fact we do not intend to commercialize this sorbent, mainly for zinc
entrainment problems due to Zn S and Zn, vapor pressures. We have recently restarted
our researches in this field and we are working on iron and calcium based sorbents
with the target of defining the bases of a regenerative hot fuel gas desulfuriza-
tion process.

In this view we are very interested in keeping in contact with you and
exchanging informations.

Sincerely,

A. DESCHAMPS
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TEST %0. :
DATE STARTED :
DATE EROED
TOTAL HIURS
TYPE

TEST SUMMARY SHEET

061

11/9/81
11/9/81

2.5 HRS
SULF IDATION

SORBENT TYPE/WEIGHT: (ZIN™ IXIDE)/B92 GM

SORBENT X0.

IFP 7' MZP 682

SORSENT COSMPOSITION: 70 T ZINC OXIDE

SORBENT PELLET SIZE: 3 MM DIAMETER TXTRUSIONS

PRETREATMINT
SULFUR LCADING

¢ RONE

: 6.77 $ {GM SULFUR/GM FRESH SORBENT)

OPEFATING CONDITIONS

TEMPERATURE:

PRESSUPZ
SPACE VELOCITY:

H2s .
H20
AIR
co2

CHe
N2

1000 F {538 C)

AMSITENT
2000 KOURLY

FLOW RATE MOLES
0.9363 SCFH 2.7
3.872CC/M1N 27.66%

3.6 SCFH 9.68 3
4.) SCFH 11.91°3
6.? SCFH 17.12%
'1.07 SCFH 2.91%

10.34 SCFH 28.13
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PURPOSE

SULFIDATION CF IFP 2INC OXIOE PELLETS
T0 DETEPMINE EXIT H2S COMPOSITION AT SORPTION
TEMPERATURE OF 1000 F

KHALYSIS:

TOTAL SULFUR:
SURFACE AREA:
DENSITY H

PORE YOLUMZ H
MINERAL ANALYSIS:
ELEMERTAL ANALYSIS:

BEFORE KFIER

DATA: { CETECYOR TUBE)
EXIT H2S: 30 PPM PLATEAU FOR 1.5 HR

BREAXTHRU WITH 232 PPM AT 2 KRS
EXIT $02:

EXIT S2:
EXIT H2:

REMARKS

. WIS IS THE FIRST SULFIOATION ON THIS SORBINT.
2. 60 F TEMP WAYE RECORDED AT INLET, AT START 7 RUN.

CORCLUSIONS
1. K2S LEVELS ASOYE EQUILIBRIUM LEVILS.



TEST NO.
DATE STARTED
DATE ENOED
JOTAL MOURS
TYPE

s 00 04 a8 00

SORBENT TYPE/WEIGHT:

SORBENT XO.

SORBENT COMPOSITION:

SORBENT PELLET SIZE:

PRETREATMENT
SULFUR REMOYED

TEST SUMMARY SHEET

062

11/11/81
11/12/81
4.75 HRS
REGENKERATION

2INC OXIDE/892 GN
: IFP 2K0 MEP 682
70 3 ZINC OXIOE

3M4 DIAMETER EXTRUSIONS
RONE

QPERATING GNNNTTIONS

TEMPERATURE:
PRESSURE 3
SPACE VELOCITY:

H2s
H20
AR
€02

CHe
L

1000 F
AMBIENT
600 HOURLY

FLOW RATE MOLES

2.23 CC/MIN  S0%
5.88 SCFH 503
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PURPOSE
REGENERAT1ION OF IFP ZINC OXIDE FROM TEST Q61.

ANALYSLS:
BEFORE AFTER

TOTAL SULFUR:

SURFACE ARZA:

DENSITY H

PORE VOLUMEZ:

MINERAL ANALYSIS:

ELEMENTAL AMALYSIS:

DATA: (DETECTOR TUBE)
EXIT H25S:
€XIT S02; 8.8 - 14.4 %
EXIT 523

EXET H2:

REMARKS

2. THIS IS THE FIRST RfGENERATlOH 08 THIS SORBENT.

.

" CONCLUSIONS

1. NORMAL REGENERATION.



TEST SUMMARY SHEET

TEST NO. : 063 PURPOSE
DATE STARTED : 11/13/81
DATE. ENDED ¢ 11/13/81 SULFIDATION OF 1FP ZINC OXIDE PELLETS  SECCSD TIME
TJOTAL HOUPS : 3.5 HRS J0 DETEPMINE EXIT H2S COMPOSITION AT SORPTIGN
TYPE H SULFIDATION . TEMPERATYRE OF 1000 F
SORBENT TYPZ/WEIGHT: (2IKC OXIDE)/892 GM : ANALYS1S:
SORBENT NO. s IFP INO MEP 682 ’ SEFORE AFTER
SORBENT COMPOSITION: 70 = ZINC OXIOE TOTAL SULFUR:
SURFACE AREA:
DENSITY H
SORBENT PELLET S1Z2€: 3 MM DIAMETER EXTRUSIONS =~ . PORE VOLUME H
PRETREATMENT : KOKE MINERAL ANALYSIS:
: 9.04 3 (GM SULFUR/GM FRESH SORBENT) ELEMERTAL AMALYSIS: -

_SULFUR LOADING

OPERATING CONDITIONS DATA: { UEIECTOR TUBE)

TENPERATURE: 1000 F (538 C) EXIT H2s: S PPN PLATEAU FOR 2 MRS
) . . BREAXTHRU WITH 20 PPN AT 2.5 KRS
PRESSURE  : A!'.BICN‘I' EXIT S02:
SPACE VELOCITY: 2000 HOURLY EXIT S2:
EXIT H2:.

FLOW RATE  KOLES :

s 0.9963 SCFH  2.73
. K20 3.8720CMIN  27.66%

n | REMARKS

02 3.6 SCRM 9.68% ' 1. THIS IS THE SECOND SULFIDATION ON THIS SGRBINT.
co 43 seru .93 ' '

K2 €3 s

o 1.07 SCFH 2.913 ; CONCLUSIONS

N2 10.33 SCFH 813 1. LESS THAY 10 PPN K2S FOR 2 WRS.
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TEST NO. :
DATE STARTSD :
DATE ENOED

TOTAL HCURS
TYPE H

SOABENT TYPE/WEIGHT:

SORBENT NO.

SORBENT .COMPQSITION:

SORBENT PELLET SIZE:

PRETREATMENT
- SULFUR REMOVED

TEST SUMMARY SHEET

064

11/17/81
11/17/81

7 HRS
REGENERATION

ZIKC OXIDE/892 GM
s IFP 2N0 MEP 682
70 3 ZINC OX1Dz

I DIAMETER EXTRUSIONS
s NONE

OPERATING CONDITIONS

TEMPERATURE :
PRESSURE
SPACE VELOCITY:

H2S
H20
AIR
co2
co
He
CH3
N2

1000 F
AMBIENT
6U0 HOURLY

FLOW PATE KOLES

2.23 CC/MIN 502
5.89 SCFH 503
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PUR?QSE

 REGENSRATICN CF IFP ZINC OXIDE FR0M TEST 063.

ANALYSIS:
BEFORE ATER
TOTAL SULFUR:
SURFACE AREA:
DENSLITY :
PORE YOLUNME:
MINERAL ANALYSIS:
ELEMENTAL ANALYSIS:

DATA: (DETECTOR Tu3E)
EX1T h2S:
EXIT 02; 5.6 - 11.6 %
EXIT S2: .

EXIT 2:

REMARKS

3. THIS 1S THE SECOND REGENERATION ON THIS SORBENT.

CONCLUSLICNS
1. KORMAL REGENERATION



JEST SUMMARY SHEET

TEST KO. : 065 PURPOSE
DATE STARTED : 11/18/81 }
DATE EXDED  : 11/18/8! SULFIDATICS CF IFP ZIKC OXIDE PELLETS  THIZY. TDVE
TOTAL HOURS 3 HRS 0 DITEAMING EXIT H2S COMPOSITION AT SORPTICS
T1PE : SULFI0ATION YEPPERATURE OF LGCO F
SORBENT TYPE/WEIGHT: (Z1.. OX1DE)/892 GM ANALYSIS: .
SORBENT MO, + IFP INO MEP 682 BEFORE  AFTER
SORBEKT COMPOSITION: 70 3 ZIKC OXIOE TOTAL SULFUR:
SURFACE ARZA:

, DEKSITY :
SORSEKT PELLET SI2E: 3 MM DIAMETER EXTRUSIONS PORE VOLUMZ :
PRETREATMENT s KNOKE MINERAL RNALYSIS:

SULFUR LOADILG : 9.03 3 (GY SULFUR/GM FRESH SOPDENT) ELEMENTAL ANALYSIS: -

OPERATING CONDITIONS patA:  { DETECTOR TUBE}
TEMPERATURE : 1000 F (538 C) EXIT H2S: 9 PPM PLATEAU FOR 2 KRS
. . BRCAXKTHNRU WITH 200 PPM AT 2.5 KRS
PRESSURE - AMBIENT EXIT $92:
SPACE VELOCITY: 2000 HOURLY EXIT S2:
£X1T H2:

. FLOW RATE MOLES
HS 0.9963 SCFH  2.73

H20 3.BI2CC/HIN  27.66%

‘ REMARKS

AIR

co2 3.6 SCFu 9.68 L. THIS IS THE THIRD SULFIDATION ON THIS SOR3ENT.
) e3 st 1aLs '

We o 6.3 P 17.a2

T 1.07 SCFH | 2.913 - CONCLUSIONS _

N2 0.3 SCFH 2813 3. IFP ZKD CAN PEDUCE H2S TO BELUY 10 PPM.

2. KO APPARENTY LOSS OF ACTIVITY AFTER 2 CYCLES.

TOTAL DRY G5 FLOW RATE = 26.6 SCFH
TOTAL WET GAS FLOW RATE = 36.8 SCFH
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TEST SUMMARY SHEET

" TEST NO. : 066
DATE STARTED : 11/20/81
DATE ENOED = 11/20/81

TOTAL HOURS : 7.0 HRS
TYPE : REGENERATION

SORBENT TYPE/WEIGHT: ZINC OXIDE/892 GM
SORBENT NO. : IFP 2NO MEP 682 .
SORBENT COMPOSITION: 70 ¢ ZINC OX10E

SORBENT PELLET SI2E:

PRETREATMENT :
SULFUR REMOVED :

M DIAMETER EXTRUSIONS
QPERATING CONDITIONS

TEMPERATURE: 1000 F

PRESSURE ¢
SPACE VELOCITY:

RMBIENT
600 HOURLY

FLO4 RATE  MOLES

nes

W20 2.23 cC/MIN 50
AR 5.88 SCFH 503
co2 )

©

H2

e

K2
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PURPOSE
REGENERATION CF IFP ZINC OXIDE FROM TEST 06S.

ARALYSIS:
BEFORE  AFTER
TOTAL SULFUR:
SURFACE AREA: 11.6
DENSITY :
PORE VOLUME:
MINERAL ANALYS1S:
ELEMINTAL ANALYSIS;

DATA: ({DETECTOR TuBE)
EXIT H2S:

EXIT S92: 7-15%
17T s2:

EX1T W2:

REMARKS

k. THIS IS THE THIRD PEGENERATION ON THIS SORIINT,

CONCLUSIONS
3. KCRMAL REGENERATION.



JEST K0. :
DATE STARTED :
DATE ENDED
TOTAL KJURS
TrPE H

TEST SUMMARY SHEET

" 067
11/23/81
11723/81

3 HRS
SULFIDATION

SORBERT TYPE/WEIGHT: (21NC OXIDE)/892 GM

SORBENT 10.

: IFP ZKO ¥ZP 682

SORBENT COMPOSITION: 70 3 ZINC OXIDE

SORBENT PELLET SIZE: 3"3MEDlA-“.ETER EXTRUSIONS
\ON|

PRETREATMINT
SULFUR LOADING

P 6.78 3 (GM SULFUR/GM FRESH SORSENT)

OPERATING COMDITIONS

TEMPERATURE:

PRESSUPZ
SPACE VELOCITY:

wes
K20
AR
€02
co
K2

N2

1000 F (538 )

AVSIENT
2000 HOURLY

FLOW RATE  MOLES
0.9963 SCFH  2.73
3.872CC/MIN  27.662

3.6 schu 9.66 3
43 schy 1n.913
6.3 S 1az;
1.07 sScPH 2,91
10.38 SCFH 2813

PURPOSE

SULFIDATION OF JFP 2IKC OXIOE PELLEYS  FOUATH TIME
10 DETERVINZ EX!T K2S COMPOSITIGH AT SORPTION
TEMPERATURE C€F 3500 F

ANALYSIS:
BEFORE AFTER
TOTAL SuLFuR:
SURFACE RREA: 11.6
DENSITY : '

PORE YOLUME :
MINERAL ANALYSIS:
ELEMINTAL ANALYSIS:

DATA: { DETECTCR TuBE)
EXIT H2S: 12 PPM PLATZAVU FOR 1.5 HRS

BREAXTHAU WITH 26 PPHAT 2 Ias
i soz: |

EXIT S2:
EXIT H2:

REMARKS

3. THIS IS THE FCURTH SULFIDATION GN THIS SORBENT.

CONCLUSIONS

1. POSSIELY A SLIGHT DETERIORATION IN ACTIVITY AS
SHOWN BY SLIGHTLY EARLIER BREAXTHAOUGH.
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TEST SUMMARY SHEET

TEST %0. : 088 PURPOSE
DATE STARTED : 11739/81 . : :
DATE ENDED 11/30/81 REGENERATION CF 7P ZINC OXIDE Fa.M YEST 087,
TOTAL HOURS 7.5 HRS
TYPE : REGENERATION
SOABENT TYPE/WEIGHT: ZINC OXIDE/892 GM ANALYSIS:
SOR3ENT NO. : 1FP ZNO MEP 692 BEFCRE  AFI[ZIR
SORBENT COMPOSITION: 70 3 ZIKC OXIDE JOTAL SULFUR:
SURFACE AREA:
DENSITY :
SORBENT PELLET SIZE:  3MM  DIAMETER EXTRUSIONS PORE YOLUME:
PRETRCATHENT M MINEPAL ANALYSIS:
SULFUR REMOVED : ELEMERTAL ANALYSLS:
OPERATING CONOITIONS BATA: (ODZTECTGR TUBE)
TEMPERATURE: 1000 F . EXIT M2S:
PRESSURE ¢ AMBIENT EXIT $02: 7.5-143%
SPACE YELOCITY: 600 HOUALY EXIT S2:
EXIT H2:

FLOW RATE POLES

2e o
W0 2.23 comm S0z

AIR ' 5.83 SCFH 503 REnARKS

2 ' . : 1. THIS IS TMZ FOURTH REGEKERATICN ON THIS SOR3ENT.
¢ -

W2

the ' COKCLUSIONS

N2 , ' 1. KORMAL REGENERATION.
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TEST KO. :
DATE STARTED :
DATE -EnDZID :
TOTAL KQJURS
TYPE

SORBENT TYPE/WE
SORBEZNT KO.

TEST SUMMARY SHEET.

069
1273781
12/3/81

2.0 MRS
SULF IDATION

1CHT:  {2IKC OXIDE)/852 GM
P INO KIP 682

SORBENT COMPOSITION: 70 % ZINC OXIDE

SORBENT PELLET SIZE: 3 MM DIAMETER EXTRUSIONS

PRETREATMENT
SULFUR LOADING

i 4.515 % (GM SULFUR/GM FRESH SSRBEKT)

OPERATING CONDITIONS

TEMPERATURE :

PRESSURZ

SPACE VELOZITY:

H2S
H20
AIR
co2
co
K2
tHe
N2

800 F (538 ¢)

AMSTENT

2330 HOURLY

FLOW PATE  MOLES
0.9963 SCFH 2.7
3.872CC/MIN  27.66%

3.6 SCFH 8.68 %
4.3 SCFH 11.91
6.3 SCFM 17.123
1.07 SCFH 2.913
10.54 SCFH 28.1 %
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PURPOSE

SULFIDATIGN CF 17P ZINC OXIDE PELLETS FIFTH TIME
Y0 DETEPMINZ EXIT K25 COMPOSITION AT SORPTION
TEMPERATLRZ CF &CO0 F

ANALYSIS:
BEFORE RFTER
TOTAL SuLFul:
SURFACE A2TA:
DEXSITY :
PORE voliME B
HINERAL AN2LYSIS:
ELEMINTAL ANALYSIS:

DATA: { DETECTOR TUBE)
EXIT K2S: 14 PPM PLATEAU FOR 0.5 KR

BREAKTHRU WITH 25 PPM AT 1 ER
EXIT $02:

EXIT S2.
EXIT H2:

REMARKS

3. THIS IS THT FIFTH SULFIDATION ON THIS SORBENT.

2. ZIKC PITAL ANALYSIS UF CONDENSED WATER INDICATES
© 324 PP ZINC.

. CONCLUSIONS

3. RAPID BREAKTHROUGH AT BOU F INDICATES SLGWER
KINETICS AT THE LOWER TEMPERATURE.



TEST SUMMARY .’;HEET

TEST X0. : 070

DATE STARTED : 01/7/82
DATE ENOZD @ 01/6/82
TOTAL MOURS @ | 7.75 HRS
TTPE : REGENERATION

SORBENT TYPE/MWEIGHT: ZINC OX10£/892 GM
SORBENT KO. "3 IFP INO MEP 682

SORBENT COMPOSITION: 70 % ZINC OXIDE

SORBENT PELLET SIZE: I™M DIAMETER EXTRUSIONS

PRETREATMENT :
SULFUR REMOVED :

OPERATING CONDITIONS
TEMPEPATURE: 1000 F
PRESSURE PMBIENT

SPACE VELOCITY: 600 MOURLY

FLOW RATE = MOLES
H2s
H20 2.2} CCI'AﬂN A 0%
AIR 5.68 SCFM 592
co2
co
H2
CHS
K2
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PURPOSE
REGENERATICY CF IFP ZINC OXIOE FROM TEST 069.

RRALYSIS:
BEFORE JFIER

TOTAL SULFUR:
SURFACE RASA:
DENSITY H

PORE VOLUME:
MINERAL ANALYSIS:
ELEMENTAL ANALYSIS:

DATA: ({DETECTOR TUBE)
EXIT K2S:
EXIT 502: 9.6-15.2 %

EX1T s2:

EXIT H2:

REMARKS

CONCLUSIONS

1. NORMAL REGERZRATION.



TEST XO.

DATE STARTED :
DATE [ND20
TOTAL KJURS
TYPE

SORBENT TYPE/WEIGHT:

SORSEZNT KO.

SORICNT COMPOSLTION:

SO23ERT PELLET SI2E:

PRETREATVENT
SULFUR LOADING

TEST SUMMARY SHEET

071
01/12/82
01/12/82
1.0 HRS
SULF IDATION

(ZInC OXIDE)/B92 GN
s IFP ZND MEP 682
70 T 21INC OX1DE

3 MM DIAMETER EXTRUSIONS

: 1.12

OPERATING CONDITIONS

TEMPERATURE:

PRESSURZ

SPACE VELCIITY:

1200 F

(649 C)
AV3IENT
2000 HOURLY
FLOW RATE  HOLEZ

0.9963 SCFH .

3.872CC/MIN  27.66%
3.6 SCFH 9.68 3
4.3 SCPH 1.9l s
6.3 SCPH 1.2y
1.07 SCPH 2.913
10,36 SCFH 2613

3 (GM SULFUR/G FRESM SDRBENT)
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PURPOSE
SULFISSTICN €7 17P 21NC OYIDE PELLETS

TEMPZRATRE CF 1200 F

ARALYSIS:
BEFCRE AFTER
TOTAL SULFUR:
SURFACE AREA:
DENSITY .
PORZ YOLUME H
MINZPAL ANALYSIS:
ELEMINTAL RRALYSIS:

DATA: { CZIECTOR TUST)
EXIT K2S: 15  PPM PLATZAY FOR 0.5 kR

BREAXTHRU WITH 590  PPM AT

EX17 so2:
EXIT $2:
EXIT H2:

REMARKS

SIXTH Tivz
T0 DITIAMING EXIT ¥2S COVPOSITICN AT SORPTION

0.5 HR

1. THIS IS TME SIATH SULFIODATICN CN THIS SOR3ENT.
2. ARALYSIS GF CONDENSED WATER - 92.25 PPM ZINC

CONCLUSICNS

3. LOSS OF ACTIVITY AT HIGMER TEMPERATURS. POSSIBLE

SINTERING.



TEST SUMMARY SHEET

TEST KO. : 072
DATE STARTED @ 01/14/82
DATE ENDID @ 01/15/82

TOTAL ROURS ¢ 1.5 HRS
TYPE : REGERERATION

SORSENT TYPE/WEIGHT: ZINC OXIDZ/892 GM

SORBEKT NO. s IFP ZHO MEP 682

SORBENT COMPOSITION: 70 3 ZINC OXI0E

SORSENT PELLET SIZE: MM DIAMETER EXTRUSIONS

PRETREATMINT H
SULFUR REMOVED :

OPERATIKG COKDITIONS
TEMPERATURE: 1000 F
PRESSURE @ AMSTENT
SPACE VELOCITY: 600 HOURLY

FLOJ RATE  KOLER
w2s A
H20 2.23 CC/MIN 50t
AR 5.69 SCFW 502
coz
co.
H2
cHe
K2
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PURPOSE

REGENIRATICS CF IFP TINC OXI10E FROM TEST O71.

ANALYSLS:
BEFORE
TOTAL SULFUR:
SURFACE AREA:
DENSITY :
POPE VOLUME:
MIKERAL ANALYSIS:
ELEMERTAL ANALYSIS:

DATA: (DZTECTOR TUBE)
EXIT M2S:

EXIT S02: 9.0 - 12.4 3
£x1T s2:

EXIT K2:

REMARKS

CONCLUSTIONS
1. NORMAL  PEGENERATION.

AFTER

U



TEST SUSMARY SHEET

TEST KO. : 073

DATE STARTED : 1/21/82
DATE ENDID 1/21/82
TOTAL KJURS 0.25 HRS
TIPE : SULFIDAT 'K

(ZINC OXIDE)/8532 GM
1IFP 7060 MzP 632
70 % ZINC OX1DZ

SORBENT TYPE/WEICHT:
SORBENT MO. :
SORITNY COMPOSITION:

SOASENT PELLET SI12£: 3 MM DIAMETER EXTRUSIONS
PAZTREATMINTY : KOKE

SULFLR LCAIKSG : 1 (OM SLFUR/GN FRESH SORICNT)

CPERATING CONDITIONS

TEMPIRATURE . 1000 F (533 ¢)

pPrLsSsuriz AMITENT

SPACE VELLIITY: 2000 HOUPLY

FLOJ RATE  MOLES
K2s 0.9963 SCAH  2.73
%20 37200/ 27,668
AIR .
co2 3.6 SCFH 9.68 3
co 4.3 SCRM .93
K2 6.3 scru 17.123
tHs 1.07 SCFH 2.913
N2 10.3% SCFH 28.13

PURPOSE
SULFIDATION CF §7? ZINC OXIDZ PELLETS  SEVENTH TIMZ

T0 DETEPMINE EXIT H2S COMPOSITION AT SO2PTION
TEMPEPATURZ OF JULO F ATTER SULFIDATION AT 1200 F,

ANALYSIS:
BEFORE

11.¢

AFIER
TJOTAL SULFUR:
SURFACE ARIA:
DENSITY :

PORE VOLuME H
MINERAL 2NALYSIS:
ELLAENTAL ANALYSIS:

TOTAL SULFER = 38.74

DATA: { DITECTCR TLBEC

EXIT ¥2S: 23300 PPH AFTER 15 MIKYIES

EXIT S02:
EXIT S2:
EXIT H2:

REMARKS

3. THIS 1S5 THE SEVENTH  SULFIDATION CN TH!S SORBENT,

CONCLUSIONS

1. IMMEDIATE BRZAKTHROUGH INDICATES SOR3ENT PROBABLY
BAS SINTERED 1% THZ 1200 F DEGREE RUN (YEST 071).
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TEST SUMMARY SHEET |

TEST NO. : 074 PURPOSE
DATE STARTED : 2/8/82 _
DATE EnDED 2/11/82 : REGEMERATION CF IFP 2INC OXIDE FROM TEST 073.
JOTAL HOURS @ 12.75 HRS
TYPE : REGENERATICH
SORBENT TYPE/WEIGHT: ZTINC OX]DE/892 GM RNALYSIS:
SORBENT KO. s IFP ZNO PEP- 682 . BEFORE AFTER
SORBENT COMPOSITION: 70 3 ZINC OX1DE TOTAL SULFUR:

SUPFACE ARZA:

' . DENSITY H

SORBENT PELLET SI12€: 3 DIAMETER EXTRUSIONS PORE VOLUMZ:
PRETREATMENT : HINERAL ANALYSIS:
SULFUR. REMOVED : ELEMENTAL ANALYSIS:
OPERATING COMDITIONS . DATA: ({DITZCTOR Tust)
TEMPERATURE: 1000 F . EXIT H2S:
PRESSURE AMBLENT Ext7T S92 14 - 16 %
SPACE VELOCITY: 600 HOURLY EXIT S2:

EXIT H2:

FLOW RATE MOLED

H2s

H20 2.23 cemiv oS

AIR 5.8 SCFH S0

€02 '

co

K2

che . . CONCLUSIONS

REMARKS

K2 3. NORMAL REGENZRATION
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N

TEST KO. H
DATE STARTED
DATE ENDED ¢
TOTAL KOURS ¢
TYPE :

SORIENT TYPE/WELIGHT:

SOR3INT KO.

SORIENT COMPOSITION:

075

4713/82
4/13/82
4.25 HRS
SULF IDATION

{ZINC FERRITE)/643 GN

s MIX #2 BAICH 71/}

71.4 MOLES IRON OXIDE (FISHSR CERTIFIED)
28.6 MOLEZ ZINC OXIDE (SHZRWIN WILLIAMS HSA)

TEST SUMMARY SHEET

SORSENT PLLLET SIZE:  3/16 INCH DIAMETER EYTRUSIONS

PRETRIATHENT
SULFUR LOADING

17.24 ¢ {CM SULFUR/GM FRESH SORSENT)

OPERATING CONDITIONS

TEMPERATURE:

PPESSURE
SPACE YELOCITY:

K2S
20
AR
to2
o
N2

o4
K2

1000 F

AMSTENT
2000 HOURLY

FLON RATE
0.9963 SCFH
3.872CC/MIN

3.6 SCFH
4.3 scrH
6.3 ScrH
1.07 SCPH
10.34 SCFH

KOLEE
2.73
27.66%

9.68 3
11.91 2

17.12%

2.513
28.1 3%

PURPOSE

SULFIDATION CF ZINC FERRITE PELLETS WITH LOWER ZINC
OXIDZ COMTINT.

ANALYSES:

TOTAL SULFUR (Sw/M):
SURFACE #RZA {M2/G):
DENSITY (G/CC) :
PORE VOLUME (#243/G):
HINERAL ANALYSIS:
ELEMENTAL ANALYSIS:

BEFORE  AFTER

DATA: { DETECTOR TUSE)
EXIT H2S: 7 PPM PLATEAU FOR 2.75 ¥RS,

EREAXTHRCUGH WITH 32 P2M AT 3.5 KAS.
EXIT So02:

EXIT 32:

" EXIT H2:

REMARKS

CONCLUSIONS
1. LOWERING Tz ZINC OXIDE CONTENT OF 2INC FERRITE

c

DOES .NOT APPEAR TO AFFECT )TS PERFORMANCE APPRECIASLY



TEST SUMMARY SHEET .
TEST KO. : 076 PURPOSE
DATE STARTED : 4/21/82 . ‘
DATE ENDED @  4/29/82 : : REGENERATION CF 2IKC FERRITE PELLETS FROM TEST 075
TOTAL HIURS @ HRS -
TYPE : RECENERATION
SORBENT TYPE/WEIGHT: (ZINC FERRITE)/633 GM ANALYSIS:
SORIENT KO, : MIX ¢#1 BATCH #1/1 SEFORE  AFTER
S0R3ENT COMPOSITION:  71.4 MOLET IRGY OX10E {FISHER CERTIFIED) TOTAL SULFUR:
28.6 MOLEZ ZINC UXIDE (SHERWIN WILLIAMS HSA} SURFZZE A2tA:
DENSITY :
SORBENT PELLET SIZE:  3/16 INCH DIAMETER EXTRUSIONS PORE YOLUME:
PRETREATMENT : . MINERAL ANALYS!S:
SULFUR REMOVED : ELEMENTAL 2NALYSIS:
OPERATING COKOLTIONS DATA:- (DETECTOR TUEE)
TEMPERATURE: 1000 F EXIT K25: o
PRESSURE AMBIENT ’ EXIT $32: 12 -15%
SPACE VELOCITY: 600 HOURLY £X1T S2:
' EXIT K2:
, FLOW RATE  MOLES
r2s
WO 2.23 CC/MIN 505
REMARKS
AIR 5.88 SCFH 503
to2
o
H2
cHs ' CONCLUSIONS
N2
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TEST SUMMARY SMZET

TEST KO. H 017 PURPDSE

DATE STARTED : 5/12/82

OATE ENDED : $/12/82 SECCND SULFIDATICN OF 2INC FEPRITE PRLLETS KITH LOWER
TOTAL MQURS : 1.5 HRS ZIhe OXILD CONIENT.

1P H SULFIDATION

SIRSENT TYPE/WEIGHT: (ZINC FERRITE)/643 GM . ANALYSIS:

SORSERT KO, ¢ MIX #2 BAICH 21/1 BEFURE AETER

SORIENT COMPOSITION: 71.4 POLES JRON OXIDE (FISHER CERTIFIED) TOTEL SULFUR (2W/u):

SORSENT PELLET SIZE:
PPETREATMINT :
SULFUR LOADING :

OPERATING CONDITIONS

28.6 MOLET ZINC OXIOE {SHERWIN WILLIAMS HSA) SUMFAZE 22:ia (M2/G):
GEKRSITY (G/CCY :

3/16 INCH DIRMITER EXTRUSIONS POPZ ¥OLLMI (M41/5):
MINERAL ANALYSIS:
1.57 T (GM SULFUR/CN FRESH SORBENT) ELEMINTAL ANALYSIS:

DATA: { DETECTCR TubtE)

TEMPERATURE: 1000 F EXIT h2S: 3.0 PPN FOR .25 HOURS

BRIAKTHROUGH WITH 20 PPM AT .75 KOURS

PRESSUPE : FMITENT ) €X]1T £22:
SPACE vuotm: 2000 HOURLY EXIT S2:
EXIT h2:

FLOW RATE HOLES

s . 0.9963 SCFH 2.13
H20 3.872CCMIN 27.653
REMARKS
AIR
€02 3.6 SCPR 9.68 3
cc ‘ " 4.3 SCPM 1.91 3
H2 6.3 SCFH 1732
014 1.07 SCFH 2.91% CONCLUSIONS
N2 10,34 SCFR 28.1% 1. POOR PERFCAMANCE G SECOND SULFIDATION.POSSIBLY DUE

T0 INCOMPLETE REGENERATION.

-339-



TEST KO. :
DATE STARTED :
DATE ENDED
TOTAL HOURS
TYPE :

078

5/19/82
5/25/82

18.5 HRS
REGENERATICN

SORBENT TYPE/WEIGHT: ZINC FERRITE/643 GM

SORBENT NO.

SORBENT COMPGSITION:

SORBENT PELLET SIZE:

PRETREATMENT
SULFUR REMIVED

MIX #1 BATCH #1/1

.
H
.
H

"OPERATING CCNCITIONS

TEMPERATURE:
PRESSURE
SPACE VELOCITY:

H2s
H20
AIR
co2
co
H2
o
N2

1000 F
AMBIENT
600 HOURLY

FLOX RATE HOLES

2.23 CcC/MIN 503

' 5.88 SCFH s0s

71.4 MOLET JAON OXIDE
28.6 MOLET ZINC OXI0E

TEST SUMMARY SHEET

(FISHER CERTIFIED)
{SHERWIN WILLIAMS HSA)

3/16 INCH DIAMETER EXTRUSIONS
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PURPOSE
REGEKERATION C7 2INC FERRITE PELLETS FRLM TZST 072

ANALYSIS:
BEFORE ATER
JOTAL SuLFuR:
SURFACE AREA:
DENSITY 2
PORT VOLUME:
MINERAL SNALYSIS:
ELEMINTAL ANALYSIS:

DATA: (DETECTCR TUBE)

EXIT H2S:

EXIT SD2: 13.7 PEZRCENT PAX 100 PPM AT END CF IZST
EXIT S2:

EXIT H2:

REMARKS

1. STEAM ¥AS SSUT OFF AFTER PASSAGE OF TEMP WAVE.

2. AIR FLOW RATE ¥AS INCREASED U? TO 32 SFM, IN CROER
Y0 ATTEMPT LOAERING EXIT $02.

CONCLUSIONS

1. S02 LOMZRED TO 100 PPM 3Y RECUCING STEAM AND
INCREASING AIR FLOW RATES.



TEST ‘SUMMARY SHEET

TEST KO. : 079 PURPOSE
DATE STARTED : 5/25/82
DATE £MOID  : 5/25/82 THIRD SULFIDATION OF ZINC FERRITE PELLETS WITH LOWER
TOTAL HOURS : 2 HRS o ZIKC OKIGE CONTEMT,
TYPE : SULFIDATION
SORBENT TYPE/WEIGHT: Z1NC FERRITE/643 CM ; ANALYSIS:
SORIINT KO, 1 MIX 2 BATCH #1/1 . : BEFORE  AFTER
SORBIKT COMPOSITION:  71.4 MOLED IRON OXIDE (FISHTR CERTIFIEN) TOTAL SWLFUR (3u/4):
28.6 MOLEZ ZINC OXIDE (SHZAWIN WILLIZMS MSA) SURFACE #Ria (M2/G)

' DENSITY (G/CC) :
SORIENT PELLET SIZE:  3/16 INCH DIAMETER EXTRUSIONS PORE YOLUME (M3/G):
PRETREATSINT : . BIKERAL ANALYSIS:
SULFUR LOADIKG : 7.84 3 (CM SULFUR/GM FRESH SORSENT) ELEMELTAL ANALYSIS:
OPEFATING CONDITIONS : - DATA:  { DITECTOR TUBE)

, .
TEPPERATURE : 1000 F ' EXIT H2S: 9.8 PPN AVG FOR 1.5 MAS
) BREAKTHROUGH WI1TH 1050 PPM AT 2 HRS.

PRESSURE AMBTENT , . £X1T $92:
SPAZE VELCCITY: 2000 MOURLY ' ;v s2:

‘ EXIT H2:

FLOW RATE  MOLES

r2s 0.9953 SCFH  2.73 . :
%20 3.B72CC/MIN  27.663%
, REMARKS
AIR .
o2 3.6 SCFH - 9.6B 3
€0 4.3 SCFH 1.9 %
K2 ‘6.3 SCPM 17.123 ’ .
o1 1.07 SCFH 2.913 CONCLUSIONS
N2 10.34 SCFH 28.1% : 3. 10SS OF SULFIDATION CAPACITY O3SERVED IN COMPARISON

Y0 FIRST SULFIDATION.
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TEST M. : 080

DATE STARTED : 6/2/82
DATE EXNOED ¢ 6/2/82
TOTAL KOURS @ 2.75 MRS
TYPE H SULFIDATION

(TEST SUMMARY SHEET

SORBEINT TYPEL/WEIGHT: (ZINC FERRITE}/643 GM

SORBENT K], T L-1442

SORIENT COMPOSITION: SO MOLEY IRON OX1OE
50 MOLES ZINC OXIDE

SORSENT PELLET SIZE:  3/16 INCH DIAMZTER EXTRUSIONS

PRITREATMENT :

SULFUR LOADING : % (CM SULFUR/CM FRESH SORBENT)

OPERATIKG CONDITIONS
TEMPERATURE: 1000 F

PRESSURE  : ABLENT
SPACE VELOCITY: 2000 HOURLY

FLOW RATE

ws 0.9963 SCPH
H20 3.872CC/MIN
AIR

€02 3.6 SCFH
€0 43 st
H2 6.3 SCPH
o1 1.07 SCFH
K2 10.34 SCFH

MOLES
.n
27.663

9.68 3
11913
17.122
2.912

R

" PURPOSE
FIRST SULFLOATITION OF UNITED CATALYST L-1442

-346-

ARALYSIS:

- YOTAL SULFUR {%4/4):
SURFACE AREA {M2/G):
DENSITY (G/CC) :
PORE vOLUME (#243/G):
HINERAL ANALYSIS:
ELEMENTAL RMALYSIS:

BEFORE AFTER

DATA: { DETECTOR TuBE)
EXIT H2S: 330 PPN AT 15 MINUTES, DECREASING TO 74 PPM.

EXIT s02:
EX1T s2:
EXIT W2:

REMARXS

CONCLUSIONS

1.

SUSPECT IPON SULFIDES IN SJ23INT QUS TO IMPURLTY
1N IRON OXIDE USED BY UNITED CATALYSTS.



TEST SUMMARY SHEET

081 PURPOSZ

TEST %I, :
DATE STARTED : 6/04/82
DATE ENDED 6/7182 REGENZRATICS €7 ZINC FERRITE PZLLETS Fa0M TIST (b0
TOTAL HIURS : 8.25 MRS
TYPE : REGENERATION
SORBENT TYPE/WEIGHT: UNITED CAYALYSTS ZIMC FERRITE/643 GM 1YS!S:
SORBEKT KO. : L-1442 BEFORE AFTER
SORBENT COMPOSITION:  50.0 MOLEY IRON OXIDE , TOTAL SULFuR: :
50.0 MOLED ZINC OXIOE SURFACE 2RfA:
DENSITY :
SORBENT PELLET SIZE:  3/16 INCK DIAMETER EXTRUSIONS PORE 'YCLUME:
PRETREATMINT : MINZRAL ZNALYS!S:
SULFUR REMOYED Lo . ELEFTRTAL ANALYSIS:
OPERATING CONDITIONS ' DATA: (DETECTCR TUBE)
TEMPERATURES 1000 ' EXIT H2S:
PRESSURE AMBIENT EXIT S02: 15.8 PERCENT PAX, 350 PP¥ AT EWD G TEST
SPACE YELOCITY:  6D0 HOURLY EXIT S2:
' EXIT K2:
FLON RATE MOLES
H2s
K20 2.23 CC/MIN SCT
REMARKS
AIR 5.88 SCFM 502
o2 '
o
N2
tHe B " CONCLUSIONS
K2 ‘ 1. SORCINT REGENFRATED.
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TEST SUMMARY SHEET

JEST %0. : 082

DATE STARTED 6/14/82
DATE £x050 @ 6/14/82
TOTAL HOURS 3.5 HRS
TYPE : SULF IDATION

SOR3ENT TYPE/WEIGHT: UNITD CATALYSTS 2IKC FERAITE)/643 G
SORSENT KO. - L1442
SORAINF COMPOSITION: SO MOLET IPON OXIOE (PFIZER CX-6139)

50 POLET ZINC OXKICE (FRENCH PROCESS A2085)

AMERICAY SMILTING & RTFINING CO.

SORIENY PELLET S12&:  3/16 INCH OIAMITER EXTRUSIONS
PRETREATMINT :
SULFUR LOADING : 3 {GM SULFUR/GM FRESH SOR3ENT)

GPERATING CONOITIONS
YEMPERATURE : 1000 F

PRESSURT @ AMIGENT
SPACE VELOCITY: 2000 HOURLY

FLCW RATE MOLES

s 0.9953 SCFH 2.7% -
H20 3.872CC/MIN 27.68%
AIR

co2 3.6' SCFH 5.68 2
co 4.3 SCFH. 11.91 %
H2 6.3 SCFH 17.122
s, 2] 1.07 SCFH 2.91%
N2 10.34 5CFR 8.13%
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PURPCSE
SECOND SULFIDATIION OF UNITED CATALYST L-14€2

AALYSIS:

TOTAL SULFUR (%u/W):
SURFAZE ARZA (M2/G):
DERSITY (G/CC) ¢
PORE VOLUMI (¥M3/G):
MINEPAL AMALYSIS:
ELEMERTAL ANALYSIS:

BEFORE FFTER

DATA: ( DETECTCR Tuee)
EXIT K2S: 10.25 PPM AVG FOR 2 KCUAS.

EX1T $02: 200 PPM INITIALY O AFTER 45 MINUTES
EXIT S2:
EXIT H2:

REMARKS

CONCLUSIONS
1. PERFOPMANCE SIMILAR TO MITC ZINC FERRITE.



TEST SUMMARY SHEET

TEST K. : 083 PURPOSE
DATE STARTED 6715782
DATE £10:C @ 6/16/82 REGEKIRATION CF ZINC FERRITE PELLETS FROM TEST 082
YOT2L HUURS ¢ 6 MRS
TYPE : PEGENERATION
SORBENT TYPE/WE1GHT: (ZINC FERRITE)/643 GM ARALYSTS:
STRIENT KO, : L-1442 BEFORE  AFIER
SORBENT COMPOSITION:  50.0 MOLED JRON OXIDE  (PFIZER CX-6139) TOTAL SULFUR:
§0.0 MOLEZ ZINC OXIDE (FRENCH PROCESS A2066) SURFACE ARZIA:
AHERICAN SMELTING & REFINIYG CO. DENSITY, :
SOPSENT PELLET SI12E: 3716 INCH DIAMEYER EXTRUSICHS PORE VOLUME:
PPRETREATMINT : MINSRAL ANALYSIS:
SULFUR RIMOVED : . ELEMIRTAL ANALYSIS:
OPERATING CONDETIONS ' DATA: {DITZCTCR TUBE)
YEMPERATURE : 1000 F EXIT K2S:
PRESSURZ  : NBIENT EXIT 502: 16.4 PERCENT MAX, §000 PPN AT EKD OF TEST.
SPACE YELOCITY: 600 HOURLY EXIT S2: -
EXIT K2:

FLOA PATE  MOLES

H2s
K20 2.23 CC/MIN 508

. = REMARKS
AIR 5.88 SCFK 503
co2
to
2 .
tHs : CONCLUSIONS

N2 1. SORBENT RZGEKIPATED.
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TEST NO. :
DATE STARTEO
DATE ENCED ¢
TOTAL HIURS &
TYPE :

>

SQRIINT TYPE/WE
SOR3ENT KO.

SORBINT COMPOSITION:

SORBENT PELLET SI2E:

PRETAEATMINT
SULFUR LOADING

084
6/17/82
6/17/82
3.25 HRS

SULFIDATION

TEST SUMMARY SHEEY

IGHT:  (ZINC ;ERR!TE)/64J (4]
: b

-144

S0 MOLEZ IROM OX10% (PFIZER CX-61139)

S0 MOLET 2INC OXIDE (FRENCH PROCESS A2066)

3/16 1NCH DIAMETER EXTRUSIONS

: % (GM SULFUR/GM FRESH SORBENT)

OPERATING CONDITIONY

TEMPERATURE:

PRESSURZ ¢
SPACE VELOCITY:

H2S
H20
AIR
co2
o

CHY
N2

1200 7

3 1ENT
2000 HOURLY

FLOW RATE
0.9963 SCFH
3.872CC/MIN

" 3.6 SCFM
4.3 SCFH
6.3 SCFH
1.07 SCFH

10.34 SCFH

HOLES
2.7
27.66%

9.68 2
1.9 =
17.12%

.91
28.1 %

-350-

PLRPOSE

SULFIDATIION CF UNITED CATALYST L-1342
AT 1200 F.

ARALYSIS:
BEFORE AFTER

TOT2L SULFUR {%4/W):
SURSATE ACA (M2/G):

DENSITY (G/CC) ¢

PORZ VOLUMZ (MM3/G):

MIKIPAL ANALYSIS:

ELEMINTAL ANALYSIS:

DATA: { DETECTOR TU3E)
EXIT H25: 10 PPM AVG FCR 1.75 EIURSTH

BREAKTHROUGH AT 2.2S HZURS WITH 27 rrPu
ExiT $02:

EXIT S2:
EXIT K2:

REMARKS

CONCLUSIONS

1. PIASCHASLE PEPFORMANCE AT 1200 F. SLIGHTLY
FASTER BRIAXTHROUGH AS CCMPARZID TQ SULFIDATION
AT 10OOF { AS EXPECTED).



TEST SUMMARY SHZET

TEST 0. : 08% PURPLSS
DATE STARYED :  ~ 6/18/82
DATZ 523D @ 6721782 REGEMERATION CF ZINC FERRITE PELLZTS FRGM TEST Cae
TOTAL KRS 10 MRS
1YPE : RECENERATION
SORATNT TYPE/WEIGHT: UM'TED CATALYSTS 2IKC FERRITE/633 G4 ANALYSLS:
SORIENT %), : L-1442 ) BEFORE K TER
SOR3ENT CCMPOSITION:  50.0 MOLES IPON OXIDE  (PFIZER CX-6139) TOTAL SULFLR:

50,0 MOLES ZIKC OXIDZ (FRENCH PROCESS AZ066) SUPFACT A2IA:

AVERICAY SMILTING & REFINING CO. DELSITY :
S0R3THT PILLET SI2E:  3/16 INCH DIAMITER EXTRUSIGHS PORE YoLUME:
PRETRIATMINT : MINIPAL ANALYSIS:
SULFLR PRIMOVED : ELEMINTAL ASALYSIS:
COERATING CODITIONS DATA: (DZTECTCR TuBS)
TEPPERATULE : 1000 F £XIT E25:
PRESSUZE  : RSLENT EXIT S02: 8.4 PERCENT KAX ,925 PeM AT END OF TEST
SPACE VELOZITY: 600 MOURLY EXIT S2:

EXIT H2:

FLOW RAT-E MOLES
K2S
H20 2.23 CC/MiIN 503
REMAPKS

AIR 5.88 SCFR 50%

o2

co

H2

CHE ‘ CONCLUSI{J-\S

K2 1. SORSENT RECENERATED.

~-351-



YEST 10,
DATE STARTED
DATZ ENDED
TOTAL KOUkS
TYPE

5 e 4 ss o

SOP8ENT TYPE/WE
SOR3ENT NO.

SORSENT COMPOSITION:.

SCRAENT PELLET SIZE:

PRETAEATMINT
SULFUR LOADING

1CHT:

086

6/22/82
6/22/82

3.6 KRS
SULF [DATION

T L-1482

50 MOLET IRON OXIDE
S0 MOLES 21NC OXIDE (FRENCH PROCESS A2065}

TEST SUMMARY SHEET

UNITZD CATALYSTS 21KC FERRITE/643 GM
(PFIZER CX-5139)

AMERICARI SMELTING & REFINING CO.

3/16 INCH DIAMETER EXTRUSIONS

: 2 (GM SULFUR/GY FRESH SORBENT)

DPERATILG CONOLTIONS

TEMPERATURE :

PRESSURE @
SPACE YELOCITY:

K2s
H20
AIR
€02
co
n2
cHe
w2

1200 F

AMSIENT
2000 HOURLY

FLOW RATE
0.9963 SCFH
3.872CC/MIN

3.6 SCFH
4.3 SCFH
6.3 SCFY
1.07 SCFH
10.34 SCFH

MOLES

2.72

27.66%

9.68 %
1.9 3
17.a2

2.91%
8.13

~-352-

PURAPOSE

SECO:0 SULFIDATIICN OF UNITED CATALYST L-1442
AT 120 F.

ANALYS!S:
BEFORE N TER

TOTAL SULFUR {2%/4):

SURFACE AREA (M2/G):

DENSITY (G/CC) = .

PORE VOLU™Z (vM3/G):

MINERAL ANALYSIS:

ELEMERTAL ANALYSIS:

DATA:  { DETECTCR Tuet)
EXIT H2S: 9 PPM FOR 1 KGUR

BREAK THROUGH WITH 200 P28 AT 2 KOURS
EXIT S02:

EXIT 52:
EXIT H2:

REMARKS

CONCLUSICHS

1. SECONO SULFICATION RESULTED IN MORE PAPID BREAXTHROUGH
PAY BE AN INDICATION OF SINTVERIMG CAUSING A DROP OFF
IN PERFORMAMCE .



TEST KO, :
DATE STARTED
DATE EN2I0
TOTAL ESURS
TYPE

08?7

6/23/82
6/26/82

7.25 HRS
REGENERATION

SORSENT TYPL/ZLIGHY: (TINC FERRITE)/643 GM

SOR3ENT I,

: 11442

SORSENT CCPOSITICN:  50.0 MOLES IRCH OX1DE

SORBENT PELLET S1ZL:

PRETREATMINT
SULFUR REMIVED

50.0 MOLEL ZINC OX1DE

OREMATING CONDITIONS

TEMPERATURL:
PRESSURZ

SPACE VELCIITY:

H2s
K20
AIR
co2
co
K2
CHe
K2

1000 F
AMBIENT
600 HOURLY

FLOX RATE MOLEY

2.23 CC/MIN 503
5.88 SCPH 501

TEST SUMMARY SHEET

3/16 INCH DIAMETER EXTRUSIONS

~353~

PURPOSZ
REGIRIRATION CF ZINC FERRITE PELLETS FROM TEST C38

RNALYSIS:
BEFORE NTER
TOTAL SULFUR:
SURFACE AREA:
DENSITY :
PORE VOLUME:
HINZRAL SNALYSLS:
ELENINTAL ANALYSIS:

DATA:  (UZIRLIUR WUBE)

€XIT H2s:

EXIT S02: 6.6 5 MAX 1200 PPM AT £nD
EXIT S2:

EXIT H2:

REMARKS

CONCLUS!IONS
1. SORBENT REGENERATED.



TEST NO.
DATE STARTED
DATE €250
TOTAL MOURS
TYPE

038

6/25/82

6/25/62
1.75

SULFIDATION

TEST SUMMARY SHEET

SORBENT TYPE/WEIGHT: (ZINC FERRITE)/643 GM

SORBERT MO,

SORBENT COMPOSITION:

SORBEKT PELLET SI2E:

PRETREATMINT
SULFUR LOADING

s L-1442

-
.

50 HOLES IROY OXIDZ
50 MOLE% ZINC OXIDE

3/16 INCH DIAMETER EXTRUSICNS

: 3 (GM SULFUR/GM FRESH SOR3ENT)

OPERATING CONDITIONS

TEMPERATURE:

PRESSURZ  -:
SPACE vELCCITY:

2s
H20
AlIR
co2
co
W
(e, 0]
N2

1200 F

AMBIENT
2000 HOURLY

FLOYW RATE
0.9963 SCFH
3.872¢C/MIn

3.6 SCFH
4.3 SCFH
6.3 SCFM
1.07 SCFH
10.34 SCFH

MOLES
2.7%
27.66%

9.68 2
1191
17.123

2.91¢
28.1 %

=354~

PURPOSE

THIRD SULFIDATIION OF UMITED CATALYST L-1s8
AT le2Cu 7.

ANALYSIS:
BEFORE ~TER

TOT2L SULFUR (SW/W):

SURFACE ARthA (M2/G):

pEusITY (G/CC)

PORE yoLuMz (#43/G):

MINERAL ANALYSIS:

ELEMINTAL ANALYSIS:

DATA: { CITECTOR Tu3L)

EXIT H25: 10 PPM AT 15 MINUTES

BREAXTHAOUGH AT 1.3 ESUSS WITH 520
EXIT S02: 1C0 PPH AT 15 MILUIES G304 10 L P24
1.5 H’S.

3
|

EXIT s2:
EXIT H2:

REMARKS

CONCLUSIONS

1. 10SS OF PEAFORMANCE OSSSRYED AS COMPARZO TO
FIRST TWO SULFIDATIONS. SUSPECT LOSS Ou: 10
SINTERING AT 1200 F.



JEST SUMMARY SHEET

TEST NO. : 089 PURPOSE
DATE STARTED : 6/29/82
DATE ENDED 6/29/82 DETERMINE THE CAPASILITY OF NICKEL TO REDUCE M2S
TOTAL HOURS 2 HRS LEVEL EZLCW 1 PPM.
TIPE - : SULFIDATION
SORBENT TYPE/WEIGHT: (ZINC OXIDE)/S00 GM ANALYSLS:
{HYDROGENATION CATALYST}/333 GM
SORBENT KO. s G-720 ZINC OXIDE . BEFURE K TER
G-65PS HYDROGENATION CATALYST
SORBENT COMPOSITION: 90 WEIGHT % ZK0 (G-72D) TOTAL SULFUR {%@/H):
27 WEIGHT 2 NI (G65RS) SURFACE ARZA (M2/G):
: DENSITY (G/CC) =
SORBENT PELLEY SIZE:  3/16 INCH DIAMETER EXTRUSIONS PORE VCLUMEZ (M43/G):
PRETREATMINT H MINERAL ZNALYSIS:
SULFUR LOADING : 2 (GM SULFUR/GM FRESH SORBENT) ELEMENTAL ANALYS]S:

OPERATING CONDITIONS DATA: { DETECTOR TUBE)
TEMPERATURE: 1000 F EXIT K2S: 16 PPM IMITIALLY
PRESSURE AMBIENT EXIT $S02: UNDEVECTASLE
SPACE VELCCITY: 1000 HOURLY FOR ZKD AND G-65RS (APPROX) EXIT S$2:

' EXIT H2:

FLOW RATE MOLES

H2s 0.9963 SCFH .2.7%
H20 3.872CC/MIN 2).653
REMARKS
AIR . .
co2 . 3.6 SCFH . 9.68% : 1. BOTH SCR3ENTS USED ARE MANUFACTURED BY UNITED
. = ’ CATALYSTS. .
co . 4.3 SCFH 11.91 % )
H2 6.3 SCFH 17.12%
(=) 1.07 SCFH 2.91% CONCLUSIONS
N2 10.36 SCFH 28.1 % 1. SULFUR LEVELS WERE NOT REDUCED BELOW 1 PPM.

SUSPECT POSSIBLITY OF SULFUR IN THZ NICKEL CATALYST
AND/OR SULFUR PICKUP FROM REACTOR WALLS. '
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TEST SUMMARY

TEST KD,

: 030
DATE STARTED : 1/2/82
DATE EXNOED : 1/2/82
TOTAL HQURS @ 10 HRS
TYPE : SULF IDATION

(ZINC OXIDE )/500 GM
(HYORGGEMATION CATALYST}/500 €M
G-720 ZINC OXIOE

G-65RS HYDROGENATION CATALYST
90 WEIGHT = 280 (G-720)

27 WEIGHT ¢ M1 (GSSRS)

SORBENT TYPE/WIIGHT:
SORBENT KO. :
SORBENRT COMPOSITION:

3/16 INCH DIAMETER EXTRUSIONS
% (GM SULFUR/GM FRESH SORBENT)

SORBENT PELLET SIZE:
PRITREATMENT :
SULFLR LOADING :

OPERATING CONDITIONS
TEMPERATURE: 1000 F
PRESSURE  : FMBIENT

SPACE VELCCITY: 1000 HOURLY FOR ZKO AND G-6SRS (APPROX)

FLOW RATE  MOLES
K2s
K20 3.872CC/MIN 27663
AR
co2 3.6 SCFH 9.68 3
co 8.3 SCFH 1191 %
K2 6.3 SCFH  17.12%
CHa 1.07 SCFH 2.913
K2 11.33 SCFH 0.8 %

SHEET

~356-

L

PURPOSE

DETERMINE IF DESULFIDING OF NICKEL CATALYST
OCCURS IK A LURG! GAS WITHOUT H2S.

ARALYSIS:

BEFORE FFTER
TJOTAL SULFUR {%w/M):

SURFACE ARZIA (M2/G):

DENSITY {G/CC) @

POPE VOLUMZ (MM3/G):

MINZRAL ANALYSIS:

ELEMENTAL ANALYSIS:

{ DZTECTOR TUBZ)

DATA:

EXIT H2S:  30-40 PPM
EXIT S02: UNDETECTABLE
EXIT $2:

EXIT K2:

REMARKS

3. BOTH SOR3ENTS USED ARE MAKUFACTURED BY UNITED
CATALYSTS.

CONCLUSIONS

DESULFIOING OF NICKEL CATALYST AND/OR

REACTCR WALLS CCURRED. SUB PPM LEVEL

TESTING WILL REQUIRE DEDICATED “LOW SULFUR™
SYSTEM, OR QUARTZ REACTOR Y0 ELIMINATE
POSSISILITY OF SULFUR PICK UP FROM REACTOR WALLS



TEST SUMMARY SHEET

TEST KO, : 091 PURPGSE
DATE STARTED : 7/20/82
DATE ENIED H 7/20/82 REGERIPATICN CF EMPTY RIACTOR PRICR YO EMPTY REACTQOR
TOTAL KILZS ¢ 5.5 RS TEST.
TYPE 2 REGENE..TION :
SORIENT TYPE/WEICNT:  KONE RNALYSIS:
SORIENT 1. : BEFORE AFYIER
SORILNT €IP0SITION: TOTAL SULFUR:

SURFACE AlZa:

DENSITY :
SORBENT PELLEY SI2E: PORI voLLMme:
PRETREATNINT : HINZRAL ENaLYSIS:
SULFLa Rovevee : . ELEMENTAL ANALYS!IS:
OPERATING CONDITIONS DATA: (DETECTOR TUBE)
YEMPERATURE: 1000 F EXIT MzS: BOTL PPM MAX, 360 PPM AT £XD OF TESTY.
PRESSURE : RMBIENT EXIT $02:
SPACE vELCIITY: EXIT S2:

EXIT E2:

FLOW RATE MOLES
n2s
H20 2.23 CC/MIN S0

REMARKS

AIR 5.88 SCFH 50%
€02
o’
K2
o8 CONCLUSIONS
K2 - 2. RIACTOR UWALLS DESULFIDED.
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YEST SUMMARY SHEET

TEST KO. : €92
DATE STARTED : 7/21/82
DATE £%0€U 7/21/82
TOTAL WOURS ¢ 5.5 HRS
TYPE : SULF IDATION
" §0R3EXT TYPE/UCIGHT:  NONE

SORIENT %0. :
SORBENT CONPOSITION:
SORBENT PELLET SIZE:
PRETREATMENT :
SULFUR LOADING : 3.52% GM S2
OPERATING CONDITIONS
TEMPERATURE: 1000 F
PRESSURE . @ AMBLENT
SPACE VELCCITY:

FLO4 RATE  MOLES
H2S 0.036 SCFH 0.1 %
H20 3.872CC/MIN  27.65%
AIR
02 3.5 SCFH 9.68 %
co 4.3 SCFH 11.91 ¢
K2 §.3 SCh 17123
oi4 1.07 SCFH 2.912
N2 11.3 SCFH

0.7 %
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PURPOSE
SULFIDE £¥27Y RIACTOR

ANALYSIS:
8EFQRE AFTER
TJOTAL SuLFuR {3474):
SURFATE 22314 (»2/G):
DENSITY (45/2C) ¢
POPI VOLLVE (#M3/G):
MINERAL ANALYSIS:
ELEMENTAL ANALYSIS:

DATA: { OSTECTGR TUBE)

EXIT H2S: 200 PP INITIALLY, BRIAXTHA0UCH
CCPLETED IN 4.5 MOURS,

EXIT $02: 1% PeM INITIALLY | DICREASED YO UNDITECTA3LE
AFTER 1.5 HOURS.

EX1T S2:

EXIT H2:

REMARKS

3. 48 < CF INLET H2S PICKED UP BY REACTOR WALL.
2. H2S PICKED L? 3y REAZTOR WALLS EQUIVALENT 10
3.52% GM S2.

concLusIensS

1. SIGNIFICAST SULFUR PICK-UP BY STAINLESS STEEL
REALTOZ.



TEST SUMMARY SHEET

TESTHO. oz 093 PURPOSE

DATE STARTED @ 7/22/82 :

DA ENDTY 1 1/22/82 DETERMINE KZS LEACKING FROM SULFIDEU EMPTY REACTCR
Tota HouRs i 4.5 HRS

T1PE :

SOR3ZNT TYPE/HEIGHT: NIALYSIS:

SOR3ENT KO. : BEFORT FFTER

SORBENT COMPOSITION: TOTAL SULFUR (%%/+):
SURFACE AREA (M2/G):
DENSITY (G/CC) @

SORSENT PELLET SIZE: : PORE VOLUME (#M3/G):
PRETREATNINT : MINERAL ANALYSIS:
SULFLR LCADIAG : ELEMENTAL ANALYSIS:
OPERATING CONDITIONS - DATA: [ DETECTOR Tuef)
TEMPERATURE: - 1000 F EXIT H25: 335 PPM AVERAGE
PRESSURE 3 M31ENT EXIT S02:
SPACE VELCCITY: EXIT S2:

EXIT K2:

FLOW RATE MOLES

K2S
K20 3.872CC/MIN  27.66%
REMARKS
RIR
oz’ 3.6 SCFH 9.66 3
¢o 4.3 SCFH 11.91 3
K2 6.3 SCFH 17.12%
cHa 1.07 SCFH 2.912 COKCLUSIONS

K2 11.3 SCFH 30.73 ’ . 1. H2S LEACKING APPEARS TO BE NEAR EQUILIBRIUM LEVEL
’ 335 PPY AVERAGE. o



TEST SUMMARY SHEET

TEST %O. : 094 ’ PURPOSE

DATE STARTED :  1/23/82
DATZ fx0f0 & 7/23/82 REGENIRATION CF E¥PTY REACTOR
ToTAL KRS ¢ 5.75 RS : Test
112 :  REGEGERATION
SORBENT TYPE/SEIGHT:  KONE ANALYSIS:
SORSENT CCNPOSITION: : JOTAL SULFLR:
. SURFACE AREA:

: : o DERSITY  :

SORBENT PELLET SIZE: PORE YOLUNE:

FINERAL ANALYSIS:

PRETRIATHINT
ELEMENTAL ANALYSIS:

SULFUR RIMOVED

e oo

OPERATIKRG CONDITIONS - : DATA: (DETECTOR TUEE)
TEMPERATLRE: 1000 ¥ EX1T H2S: UNDETECTASLE
PRESSURE ¢ AMBIENT - EXIT $02: 7 % PAX, 70 PPM AT END OF TESY
SPACE VELOCITY: . : EXIT S2:
EXIT H2:

FLOW RATE MOLES
H2$ A
K20 2,23 CC/MIN S0%
BIR’ 5.88 SCFH 503

REMARKS

€02
co

2 A

.1 . ’ ’ CONCLUSIONS

N2 ' © 3. RSACTOR DESULFIOED.

-360~



~~

TESY SUMMARY SHEET

TEST M. : 095

DATE $TARTID : 7/26/82
DATE 5070 7726/%2
JOTAL MIURS @ 5.75 HRS
TYPE :

SORBENT TYPL/WEIGHT:
SARIENT NO. :

SORBENT COMPISITION:
SORDENT PELLET SI2E:

PRETRIATNENT
SULFUR LCADING

GPEPATING CCROITIONS
TEMPERATLAL: 1000 F

PRISSLRL ANSLENT

SPACE vELOCLIY:

FLOW RATE MOLES

"33
¥20 3.8720C/MIN 27.66%
AlK

€02 3.6 scrH 9.68 =
¢o , 4.3 SCPH 11913
W2 6.3 SoFH 17.12%

o 1.07 SCFH 2.9

K2 11.3 5CFH 30,7 =

-361-

PURPOSE
DETERMING N2S LEATHING FROM REGENZPATIO EMPTY REACTOR

ANALYSIS:
BEFURT K TER

TOTAL SulLFUR {=W/d):
SURFACE £2EA (M2/G):
pENSITY (G/CC) :
PORE VOLLMI (MM3/C):
MINZRAL BNALYSIS:
ELEMINTAL ANALYSIS:

DATA: { DETECTOR Tusk)
EXIT h25: 150 - 200 PPM INITIAL