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Returning to the earlier discussion regarding poteatial involve-
ment of kinetic and catzlvtic phenomena, another interesting cbvservation
dealt with the form taken by the breakthrough curve. For illustration
purposes, In Figure 4.6 are plotted omly a fracrion of the total number of
data points taken. (In additienn, those pointe taken upon daily resumption
of the run, when transieat effects are most pronounced, weré not imcluded.)}
Discounting the first period (E) when breukthrough was first manifest and
effluent levels reached 110Z during the first & hours of breakthrough prior
to temporary shutdown, the remaining three pericds (F, G, and H) were
generally characterized by periods where the effluent levels (as Z of H3S
concentration in feed gas) remained at relatively simflar levels within
each period. (The fluctuations within a given period, as shown In Figure 4.6,
were not reasonable 1f, among other things, one realizes that, for a feed
level of 20 ppm H2S, for example, a difference of only 1 ppm in measured
effluent resulted in a 5% absolute change in effluent levels as plotted.)
Each of these periods was characterized by a reduction in reactor pressure
{at the same volumetric flow condition) and, thus, an increase in superficial
velecity, or decrease in bed residence time, (as well as a change 1in
concentrations and/or partial pressures of feed gas constituents, and
possibly increased fouling of the bed itself). It becomes nearly an
impossible task to attempt to predict the influence of each of these on
this highly complex system. However, viewing the approximate step~like
effluent levels noted, a highly simplistic analysis in terms of response
only to residence time change leads to the observaticn that the step-like
appearance in the breakthrough curve is qualitatively correlated with a
change in this parameter, which lends some support to the involvement of
kinetie and catalytic phenomena.

4.2.6 Methyl Mercaptan in
Synthesis Gas

Experimentation directed at evaluation of metal-impregpated (Cu
and Cr oxides) activated carben for removal of methyl mercaptan (CH3SH) was
conducted. Initizlly, three parallel beds were charged with 0.8, 1.6, and
3.2 gm of impregnated carbon (Katalco 7-2, equivalent to Pittsburgh FCA)
representing bed depths ranging from 3.2 to 12.8 cm. Metrthyl mércaptan, in
CO-free simulated synthesis gas (CO balence made up with N3) was biended
into sulfur—-free simulated synthesis gas in the usual manner to provide
feed gas to the reactors at 6.9 MPa (1000 psig). A superficial veloeiry

of 1.36 cmfsec (equivalent to the current 72 TPD pilot plant design value)
: was maintained fIn each reactor. .- --. —

v oadma

Shortly after mercaptan~containing ges feed to the reactors was
begun scme problems were experienced. First of all, the primary pressure
regulation system used in the sulfur~-compound srmored rotameter feed system
was not funetioning properly and prevented mainterance of a constant flow of
mercaptan-rich gas for blending with mercaptan-free bulk feed gas. This
problem was overcome by by-passing the primary pressure control system and
using the pressure regulator on the gas cylinder itself to maintain desired
feed pressure for this system. Concurrertly, gas chromatograph problems
developed which initially led to the erronecus belief that breakthrough
of CH3SH had occurred in the shallow bed reactor. Disgnosis and correction
of the problem indicated this was not the case. Because of the uncontrolled
nature that characterized the first 2-3 hours of the run, it was decided to
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discontinue feed to both the shallow and deep bed resctors, and keep only
the intermediate bed reactor (Reactor 2) on~stream for the remainder of
the day. This would minimize consumption of the mercaptan-rich gas used
to prepare the reactor feed gas, and, depending on whether breakthrough
did or did not ocenr during the day, would dictate the strategy regarding
resumption of the run invelving the other reactors.

Breakthrough did -ot occur, and a rough estimation of the CHaZH
fed indicated it to be 3.5 wt Z of carbon charged. This figure, coinciden-
tally, is approximately equal to the CH3SH adsorption capacity expected
(based on the isotherm equilibrium data of Grant, et al (8)) for unimpregnated
Pittsburgh BPL carboa (essentislly unimpregnated FCA) if allowed to equilibrate
with pure CH45H at a total pressure equal to the average mercaptan partial
pressure used in the run. Because great dissimilarities existed between
our system and such an idealized system, utilization of such available data
to predict performance in our system 1s speculative, at best.

Since breakthrough had mnot occurred, it was decided to resume the
run the following day by continuing to feed Reactor 2, which had been locked
in overnight, and initiating flow to a freshly charged shallow (3.2 cm) bed
(Reactor 1). This approach was followed since we had established that the
6.4 cn bed removed CH3SH to 2 level below detectable limits (20.2~0.3 ppm)
vhile allowing appreciable run time to accumulate. Furthermore, CH3SH capacity
level was not known, and, given the limited supply of mercaptan-rich gas,
& more conservative consumption rete was believed warranted.

Approximately 12 additional hours of run time were logged during
the day before overnight shutdown and reactor lock-in was done. No breakthrough
for either reactor occurred. Methyl mercaptan removal levels had now reacked
approximately 132 of carbon charged for Reactor 1 and V10X for Reacror 2. Both
reactors were put on stream the next day. After “8 hours of run time, Reactor
2 was shut down. A rough calculation indicated removal levels of “23% of
carboeu charged for Reacter 1 and 152 for Reactor 2, without any indication
of mercaptan breakthrough. These facts, coupled with our diminishing supply
of high pressure mercaptan, dictated such an sctiom.

Feea to Reactor 1 was continued for an additionmal 5 hours that day,
followed by en additional 26.5 hours over the two foliowing days for a cumu-—
lative total run time of 51.2Z houre. Beginning at approximately 33 hours,
reduction in reactor pressure below 6.9 MPa (1000 psig) was instituted because
pressure in the mercaptan c¢cylinder had dropped to a point where maintenance of
original reactor pressure was not possible. A total of three step reductiouns
in teactor pressure were done with the final one, carried ocut after 44 hours
of run time, resulting in a reactor pressure of 5.2 MPa (V750 psig) over the
lasc 7 hours of the run. During all but the final 3 hours of the run, the
volunecric feed (SIP) to the reactor vas held constant. Thus, resultant super-
ficial welocity increased when the sbove pressure reductions were instituted.

Various considerations dictated that termination of the run be made.
As & Yesult, it was decided to merkedly increase the loading to the system in
an attempt to cause mercaptan breakthrough to occur. Thlsz consisted of more
than doubling the volumetric feed to the reactor which was equivalent tc a
superficial wvelocity roughly triple the inirial run value. In addition, the
Cd3SH concentration in feed gas, which averaged 32 ppm for the entire rum,

b
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was also increased such that when the detectable mercaptan in reactor effluent
was finally noted after 50 hours of total rum time, the feed level had reached
48 ppm, while at the termination of the run, one hour later, it was 56 ppm.
During the brief one hour period over which detectable breakthrough effluent
was monitored, no abrupt increase in effluent levels was noted (an increase

of from 0.4 ppm to 1.0 ppm occurred).

A gummary of run conditions and results for the run involvinug
Reactor 1 is given in Table 4.6. As shown, the CH3SH capacity to breakthrough,
calculated by summing the total feed to Reactor 1 during the appropriate period,
amounted to 63.5 wt ¥ of original carbon charged. When the amount removed
during breakthrough is alse included, the figure increases to 67.5 wt Z of
carbon charged.

Such enormous pickup was surprising. It was spoculated that various
Teaction mechanisms were operational that might be converting the mercaptan
to other species such as HpS or elemental sulfur. In Section 4.2.2, dealing with
removal of HsS via the same metal-impregnated carbon, very high H2S removal
levels were also noted. In that particular case, total sulfur analysie of the
Tecovered bed actually indicated a somewhat higher suifur pickup than that
which had been calculated using feed gas rates and concentrations.

With this in mind, total sulfur analysis was done on the reccvered
bed from Reacter 1. It was recognized that the result should be lower than
the originally calculated value because most of any sulfur in the form of
sorbed CH3SE would have been desorbed from the carbon at atmospieric pressure.
The level found, however, was considerably lower than expected. A level of
only 9.54% S was found, which, after deducting for original sulfur present
in fresh impregnated carbon (0.69%), converting to an equivalent CH3SH basis
as well as a carbon charged basis, amounted to an equivalent CH9SH pickup of
only 16.0 wt % of carbon charged. (Subsequent sample analyses also confirmed
the original sulfur apalysis.) Thus, only 25Z% of the CH3SH calculated as
having been removed was accounted for.

It 1s possible that under the experimental conditions used, auf-
ficiently high sorption (physical and possibly chemical) of CH3SE may have
occurred, followed by subsequent degorption after system depressurizing, *o
account for the results. Unfortunately, no monitering of effluent was done
when the experimental unit was depressurized prior to discharging the reactors.
The possibiliry of conversion of CH3SH to non-adsorbed sulfur specles isg
unlikely as these would bhave appeared as large extraneous peaks in the g.c.
chromatograms. Such were not noted.

One additional item is worth noting. This involves the bed recovered
from Reactor 2 whose operaticn was prematurely terminated. As indicated
earlier, a CH3SH pilekup of 15.0 wt 2 of carbon charged was calculated for
the period during which the reactor was fed. Total sulfur analysis of the
recovered bed (again confirmed by additional analysis) indicated a level of
9.38% sulrur, wnich, wher the game equivalency exercise was applied as
mentioned earlier, resulted in a CH3SH pickup of 15.4 wt X of carbon charged.
Thus, agreement was Temarkably close. In addition, this result is essentially
identical to the 1€.0% figure obtained with REactor 1. Whether or not this
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TABLE 4.6

REMOVAL OF METHYL MERCAPTAN IN SIMULATED SYNTHESIS GAS
USING METAL-IMPREGNATED ACTIVATED CARBON (RUN 3, 4231-386)

Carbon: Katalco 7=-2 (12~30 mesh); 0.53 g/ml
Inpregnants (as mecals) = B.0Z Cu; 2.7% Cr

Feed Gas: " 31.7 ppmv CBBSﬁi}in Simulated Syathesis Gas (H, ™ 45%;
Co v 12.1%; CI-I4 ~v 357 CO2 " 1%; CZHG " 1% N, Vv5,.9%;

HZO " G.06 -~ 0.09Z

Carbon Charged (gm)

Bed Recovered (gm)

Bed Diameter {cm)

Bed Depth (cm)

Temparature (°C, + 0.3)

Initizl Pressured (MP3)

Initial Vol. Feed Ra:ég)(std ml/sec)

Initial Superficial Velocity<d) actual (cm/sec)
Initial Space Veloci i, STP (h:s'l)

Time ro Breakthrough (hrs)

Total Run Time (hrs)

Effluent CH,SH Before Breakthrough (ppm)
CH3SH Removed at Breakthrough (wgt Z of Cﬂg
CH,SH Removed at End of Run (wgt % of C)

Vol. Gas Fed (STP)/Vol. Carbon @ Breakthrough

Reactor 1

0.800
0.952
0.775
3.
32.

.

F

6
1.
1.36
99,500
50.
51.2
<0.2 - 0.3
63.5

67.5 6
5.25 x 10

WWL-JWOWoKN

l. Represents time-averaged feed concentratiocn prior to breakthrough.

2. CO 2nd N, levels are slightly lower and higher (2.9% absolute),

by
3. Changes during run were as follews:

respectively, than target synthesis gas levels due to dilution
€
O-free, Np- supplemented, CH4S5H carrier gas.

Time Interval Pressure Gas Feed Superfic. Vel. Space Vel.
hrs. MPa (psi std. ml/sec cm/sec hrs =1
0 -32.6 6.9 (1000) 41.7 1.36 99,500
32.6=-37.9 6.4 ( 928) w 1.46 "
37.9-43.8 5.7 ( 826) b 1.64 "
43.8-48.4 3.2 ( 754) " 1.79 "
48.4=49.2 " " 92.8 3.99 221,000
49.2-51.2 " "o 98.3 4,22 235,000

4. See digcussion in tex:.
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rasuit might be indicative of a sulfur removal mechanisn which is limited,
at V16% pickup, and irreversible with respect to desorption of the sulfur

vhen presscy: is reduced to atmospheric, is ast known. BEad Beactor 2
begn operated longer, additionsl evidence of this possibility may have
accrued.

The results indicate that the impregnoted carbon is quite effective
in reducing saximum methyl mercaptan concentrations expected down to target
levels when present as the &ole sulfur species in simulated aynthesis gas
processed st conditions consistenr with those plamned for the 72 TFD pilot
plent. PFurthmimore, the capaciry data obtained indicates CH3SH to be the most
strongly adsorbed of the sulfur spacies examined (825, coS, thiophene, and
CE;SH) as single component contaminants. hccordingly, one would nor expect
methyl mercaptan to strongly impact or the design of a carbon adsorption
sytten.

4.2.7 Carbon Disalfide in Synthesis Gas

Experimentatrion using wetal-impregnated (Cu and Cr oxides) activated
carbon for removal of CS; in simulated synthesis gas was carried out. Cs2,
contained in CC-free simulated synthesis gas (CO balance made up with Np) uas
fed via the arvored rotameter sulfur feed system intc water—saturated, sulfur-
free sizulated synthesis gas at a blend ratio of *1/10.

=wo series of runs were made with impregnated carbon (same material
1ot currently plamned for use at the SYNTHANE 72 TPD pilot plant; nzmely,
Katalco 7-2, which is equivalent to Pictsburgh FCA) at a superficial velocity
and pressure equal to the SYKTHANE design values.

In the first series (Run 9), beds containing 0.8 g (3.2 e depth) and
1.6 g (6.4 cm depth), respectively, were used. Various reascns prompted initial
use of such shallow beds, with the main one based on our iniria®l crude estimate
of possible high bed capacity and long run duration. Since we were notr auare
of any published dats regarding performsnce applicable to our specific system
snd needs, use wvas made of the publighad isotherm equilibrium data for CS2 on
ap unimpregnated activated carbon (Graut, R. J., et a1 (8)) as a guide to
possible performance. This wes dome in recognition of the fact that such data
have, in general, mot proven to be 2pplicable in much of our work. Based on
chese data, ball-park estimates of potential breakthrough capacities in the
range of 5 wt X of carbon charged, or higher, were thought possible for feeds
of V12 ppm CS, at 6900 kPa (1000 psig). Such capacities translate into potential
run times on the order of 7 hours (or higher) and 14 hours (or higher) for the
two beds in question. When the beds were rum, breakthrough iz both cases
occurred in less than 1.5 hours. Because of poteatisl system transient effects,
guch short break-hrough times can lack desired accuracy. Coupling this with
the sensitivity of capacity to an accurate measure of breakthrough time, the
reliability of resuits (especially for the shallower bed) brsed on such ghort
breakthrough times uas questionable.

¥. & second run series (Run 11) was made using beds of
3.2 g (12.8 cm depth) and 6.4 g (25.6 cm depth). (As an aside, another run
ser:l.n(hmlO)mnde.hntmmequliudvehmtu:emdutvedn
apmmmmdmmmwm&nm.) For the Rm 11
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series, CS; average feed level prior to breakthrough =as 3 ppm to an
average level of 12 ppm for Rum 9. Breakthrough times of V3.4 hours and
6.3 hours were found for the two beds run.

Operating conditions for both series of runs are summcrized in
Table 4.7. Tranzient histories of CS; effluent levels are shown in Figure 4.7.
In all cases, no detectable CS; (<0.1 ppav) was found in erfluents prior to
breakthrough. TFor the 12.8 em and 25.6 cm beds wscod in Run 11, capacity
levels at breakthrough were approximately 0.7 wt % of carbon charged. Bed
capacities were put on 4 common bagis by estimaring the dynamic equilibrfum
capacity of a fully saturzted bed by using the idealized techn_que previously
dircussed. This involves adjusting the breskthrough capacity vy the ratio
0% total run time for effluent to reach 50% of feed level to the time to
reach breakthrough. Use of this approximate method resulted in mex{mwm
adsorptive capacities (in theory, approachsble in very long beds) of 0.95
and 0.80 wt X of carbon charged for the 12.8 cm and 25.6 cm beds, respectively.
Taking into account the concentration of CS2 fed, these maximm capacities
translated ixto approximuate maximum volume of gac (STP) treated/volume of
carbon charged of 109,000 and 95,000, respectively.

The above capacities were lower than those reported in the past
for HpS, CH3SH, and thiophene. However, the maximum vol. gas treated/vol.
carbon charged parameter was spproximately twice the 57,000 figure found
for COS run at an average 150 ppm feed concentration in a 49 em bed. It
should be pointed out that a 150 ppm COS level is nearly twice the estimates
of maximum levels expected. Eowever, reducing COS feed levels by SOZ would
not be expected to double the volume of gas treated in as much as adsorption
capacity is generally proportional to partial pressure of adsorbate, and
much of the benefit gained by suchk 2 reduction could be cancelled.

In summary, the experimental rezults indficated that the impregnated
carbon is capable of removing expected maximum CS2 concentrations down to
tazget levels when it is present as the sole-sulfur species in simulated
synthesis gas procesgsed at a pressure and superficial velocity equal to that
eventually planned for the 72 TPD pilot plant. In terms of maximum volume of
gas treated/volume of carbon charged, its capacity 1s less than that found for
B,S, CH3SH, and thiophene, but greater than that found for COS, which remains
as the sulfur specles which would be expected to limit adsorption tower
sexrvice time. Multiromponent sulfur specile experimentation, discussed next,
providec the crucial test for the impregnated carbon system, and information
on the influence of combined suifur species on the removal of individual components.

4.3 Multicomponent Adsorpticn Data

The true capacity of the metal impregnated carbon adsorbent for the
sulfur compounds of interest can only be deiermined by tests using the full -
spectrum of compounds simultaneously. Thus, multicomponent adsorption tests
wvere made and are discussed below.

4.3.1 Four Component Sulfur Blerds - Carbonyl Sulfide,
Carbon Disulfide, Thiophene, Methyl Mercaptan

Experimentation was carried out directed at simltansous removal
2Z COS, CS2, C4H4S (thiophene), and CH3SH in simulated synthesic gas using

GG
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TABLE §.7

REMOVAL OF CS; IN SIMULATED SYNTHESIS GAS

USING METAL-IMPREGNATED ACTIVATED CARBON (RUN 9, 5277-7; RUN 11, 5277-12)

Carbon: Eatalco 7-2 (12-30 mesh); 0.53 g/ml
Ippregnants (as metals) = B.0% Cu; 2.7% Cr

Simulated Synthesis cadd: HyW45Z; CH,V35%; COMI3.2~13.5%; Novh.5-4.8%;
CON1X; CpHEMIZ; ByOn0.05-0.07%

Pressure: 6900 kPa (1000 peig)

Temperature: 33.2 + 0.4°C
Superficial Velocity: 1.36 cm/sec (at run conditions)

Vol. Feed Rate: 41.7 std. ml/sec

Bed Diameter: 0.775 cm

Run p Run 11

) React. 1 React. 2 React. ]l React. 2
CS, Avg. Feed (ppmv) 10.9 11.1 14.3 13.9
Carbon Charged (g) 0.80 1.60 3.20 6.40
Bed Recovered (g) 0.82 1.64 3.48 7.00
Bed Depth (em) 3.2 6.4 12.8 25.6
Space Velocity, STP (v/v/hr) 99,500 49,700 24,900 12,400
Breakthrough Time (hrs) 1.05 1.38 3.37 6.30
Stoich. Breakthrough Time (hrsp 1.70 2,22 4.39 7.65
Effluent CS2 Before Brezkthrough (ppmv) <0.1 <0.1 <0.1 <0.1
CSz Capacity @ Breakthrough (wgt T of C) 0.6 - 0.46 0.73 0.66
Approx. Max. CS; Capacity (wgt % of C)© 1.12 0.75 0.95 0.80
Vol. Gas (STP)/Vol. Carbon @ Breakthrough 104,400 68,800 83,700 78,300
Approx. Max. Vol. Gas (STP)/Vol. Car‘bon© 169,000 111,000 169,000 95,100

1. CO and N2 levels are slightly lower and higher {(»1.7% absclute) than target levels
due to d{lutfion by CO~free, Nz-supplemented, CS; carrier gas.

2. Run 9 results, especially for Reactor 1, judged less reliable than Bun 11 resuics
due to short bed used (see discussion in text).

3. Time-averaged feed concentration prior to breakthrough.

4. Time for effluent concentration to reach 502 of concentration in feed gas
(see, e.g., Lukchis, G.M., Chem. Eng'g., Jure 11, 1973, p. 111).

5. Calculated by multiplying breakthrough result by Stoichiometric Breakthrough
Time/Breakthrough Time (see reference cited in footoote 4 for further details).
Rasult represants approximats saturation lawvels, or losdings expected in an
infinitely long baed.



T et LT 0 O e

. :
(*3y) syl uny ‘ .‘
6 8 L 9 S Y € z T 0 |
N | { ! I
+ : g -t 0
- 5
=107 m
a
-0y W
y N
Q
h
oy
~{ 09
| g
2 ]
i
B -1 08 m.
g
(peq m 9°¢7) o
z uomowax ‘IT Uny @ t
B Peq w2 g°z1) Y
T 303083y ‘T uny ¢ 001 W
o (peq wd y'g) 7 103080y ‘4 uny g
v (Poq wd Z°g) T 1030way ‘¢ uny @
! — | 1 i | A | 0z1
” (8Tye3eg uny 103 /'y BYqeY 338) ZI-44TS'TT uny $/- :2 6 _uny
NOBUYD GALVAILOV nﬁéemxaﬁaiaﬁ VIA SVO SYISAHINAS QALVINWIS NI ¢50 40 IVA::

L'y N1



et maaa

metal-impregnated activated carbon. The four sulfur compounds were contained
in an Ny carrier gas vhich was fed via the armored rotameter sulfur feed
system into water-saturated, sulfur-frze simulated synthesis gas at a blend
~atio of ~1/15. TFor wvarious reasons, previcusly discussed, malticomponent
sclfur gpecie experiuentation was first carried cut using 4-component (no
HpS) sulfur feeds, with S5~compoment work to be done subsequently.

The metal-impregnated carbon used was Eatalco 7-2 (equivalent to
Pictsburgh FCA) which is the same material planned for the SYNTHANE 72 TFD
pilot plant. Conditiovns of pressure (6900 kPa (1000 psig)) and superficiel
velocity (1.36 cm/sec) were maintained at levels eventunlly plamned £or the
SYNTHANE facility. Concentration of three of the four sulfur compounds in
synthesis feed gas was within target levels. In the case of methyl mercaptan,
levels approximately twice the target feed levels were used.

Twe parallel beds were charged with impregnated carbon at levels of
3.2 g and 9.6 g, resulting in bed depths of 12.8 and 38.4 em, respectively.
Because considerable time (V25 minutes) is required to aualyze & single ssmple
containing all of the above sulfur compounds viz the flame photometric g.c.,
experimentation wes limited to two beds only. This allowed monitoring of feed
and effivent levels to be manageable, =ud minimized the possibility of "missing"
all or part of a breakthrougk, as rell as increased our response time with
respect to making necessary corrections tc maintain feed concentrations at
desired levels.

Run conditicons and results are summarized in Tabie 4.8. Transieat
histories of the effluent levels for each of the suifur compounds for the two
beds are shown in Figures 4.8 and 4.9, respectively. Prior to breakthrough,
effluent levels were below detectability limits of the g.c. which were <0.1~
0.2 ppr for most of the sulfur speciles.

The order of breakthrough found was COS firar, then CS; and thiophene.
No breakthrough was noted for CH3SH during the entire period each bed was kept on
atrean. The above order was that expecied based on results obtained with the
above compounds 28 single sulfur specie feeds. The capacitice (as wt % of
carbon charged) at breakthrough are given in Table 4.8. Since concentrations
of each sulfur compound differ with respect to each other, a nore direct
measure of relstive system capacity is the quantiry Volume of Gas (STF)
Treated/Volume of Carbon Charged. The values of this parameter obtained at
breakthrough, for the two beds run, are given in Table 4.8 for the three
species for which breakthrough was observed. They range from 22,000 for
C0S to 230,000 for thiophene. . .

Another point of interest to note from the breakthrough curves
depicted in Figures 4.8 and 4.9 18 the maxima exhibited by some cf the
component breakthrough curves. Such & phenomenon is not uvnusual, however,
wvhen nultiple adsorbates are present in a fuel. The observation can be
explained in terms of some dispiscement of a small portion of adsorbed CSz
or thiophene by other adsorbing gases in the gas mixture.

In order to eliminate the influonce of bed length, 4t is alsc
possible to estimate the dynsuic equiiibrium capacity of a fully saturated
bed, or the capacity approachable ip an infinitely long bed. The technique,
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used for both CS; and thiophene, has been discussed &nd involves multiplying
the breakthrough capacity result by the ratio of Stoichiometric Breakthrough
Time/Breakthrough Time. For both of these species, the incresse in break-
through capacity ranged only from ~10-25%. This follows since the breakthrough
curves were quite steep indicative of very short mass transfer zomes for

each of these compounds at the conditions run., Thig approximate technique

is itself only applicable to cases vwhere the bed used is of sufficient length
to contain the specie "mass-transfer zone" (see reference cited in footnote 5
of Table 4.8). A bed meets this criterion 1f the time for a breakthrough
curve to fully develop (i.e. the time from iniziation of breakthrough to the
point where effluent = feed concentration) 1s less than twice the bed break-
through time. As shown in Pigures 4.8 and 4.9, this wag the case for CS,

and thiophene, but nor the case for COS whick, although breaking through very
rapidly, displayed very s8lowly developing breskthrough curves, or long
"wasse~transZer zones", )

effluent COS fro. the cumative feed COS, from the beginning of the run up

to the ;.fat waer: feed cunuverrration = effluent concentration. This exercise
resulted in - value of Mu. mun (i.e. saturation) Volume of Gas (STP) Treated/
Volume of Cu son {hrvoed ot v159,000 for COS and the deepest bed used, compared
to the 23,000 breakt ough .. .~uvie found for COS at the conditions adcressed.
The »¢t. 31 value obtarnable {n . fiuilte-size, commercial scale bed would be

lesas _hzn  ais 150,00 fiure, and -~ uld depend on the length of the bed, as
well as the length »f che “mp: y~txzasier zome. This latter quantity is
cifficult vo e<timat. ‘zun “xpirimentation based on beds whose length 18 less
tkan the mass~ cans’fer Q7. . as wer the came in our work. Bowever, it would
appear, based cn rough approxima‘fups .nd the results obtained with the 4-

corr; ment feeds, cnat oreaxtbre:;. of botn COS amd CSz could occur at approx-
im.tely cumparable times when fed at €0 aad 8 ppmv levels, regpectively, to a bed
vihoee lens h was equal ro the 5.7 w» €17 £1.) plerced for the SYNTHANE pilot plant.

Tt summary, the iuperiaental results with the four sulfur componeat
feed indZi ute that the impregnered carbor. ‘s capable of removing expected
toximm (WS, CSa, thiophen~, aud CE3SY concantrations down to target levels
when they are prescct toge ber In LIrnlsved synthesis gas processed at a
Presiire and superficiol vwelocity ove? =g that planned for the SYNTHANE
pilct ‘tart., Capacity leveir, a: 7<liume gas treated/volume of carbon charged
for the thres cpecies for wilch breakttrough was observed (cos, CSy, and
thiopl s} we. 2 similar to *y-o> “ommd during single specie experimentation,
except £ir COS. 1In this ci._, the saturution capacity level waa higher than
previour:y found for tk . siagi.- “Smponent work, and is of such a magnitude
kst OGS und €Sy, &L their expectsd levels, could have approximately equal
b eakthtwich times In g bed of ieugth equal to that Planned for SYNTHANE .
Bétter predictions ef gysten performance will be possible based on the five
sui fur componcnt work ciscussed next.

4.3.2 ¥ive C-emonent System ~ Carbonyl Sulfide,
Caxpon Uirulfide, Thiophene, Methyl

Mercaptan and Hydrogen Sulfide

Experimentation was conducted involving simultaneous rewoval of cos,
CS2. C4H4S (thiophene), CH3SH, and 535S in simulated eynthesis gas using

T
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metal-impregnated activated carbon. Dynamic blending of three gas streams
in association with the use of two armored rotameter sulfur feed systems
was done to obtain the ultimate feed gas stream. Four of the five gulfur
compounds (211 except HzS) were contained in a CO-free, Ny-supplemented
simulated synthesis gas, while the H3S was fed in a 45X H/55% N; carrier
gas. These, in turn, were mixed with water-saturated, sulfur-free simulated
synthesis gas. The blend diastribution used was 2 parts of the four sulfur
compound stream, 1 part of the HyS-containing stream, and 16 parts of the
sulfur-free synthesis gas stream. Four of the five sulfur compounds were
essentially at target concentrationx levela. Merhyl mercaptan, however, was
fed at approximately twice its target level.

The metal-impregnated carbon used was Katalco 7-2 (equivalent to
Pittsburgh FCA) which is the same material planned for the SYNTHANE 72 TPD
pilot plant. Operating pressure (6900 kPa (1000 psig)) and superficial
velocity (1.36 cm/sec) were keprt at levels eventually planned for the
SYNTEANE pilot plant unit.

Two parallel beds containing 3.2 g (12.8 cm depth) and 9.6 g
(38.4 cm depth) of metal-impregnated carbon were run. Run conditicns and
results are summarized ip Table 4.9. Transient histories of effluent
concentrations for each of the sulfur compounds for the two beds are shown
in Figures 4.10 and 4.11, respectively. Prior to breakthrough, effluent
levels were below 0.1-0.2 ppmv for most of the sulfur species.

Since feed concentrations of each sulfur compound differ with
respect to each other, the most direct measure of relative system capaciry
is the quantity Volume of Gas (STP) Treated/Volume of Carbon Charged. The
values of this parameter obtained at breakthrough for each sulfur specie
and both beds are given in Table 4.9. In addition, an estimate of the
maximum value of this parameter, or the value expected in an infinitely
long bed, is also shown. This was calculated using techniques previcusly
discussed (and footnoted in Table 4.9). 1In essence, it approximates the
dynamic equilibrium capacity in a fully saturated bed, and thus, in theory,
eliminates the influence of bed length for comparative purposes.

When this saturation parameter is compared, with respect tec both
beds, for CO5, CS2, and thiophene, relatively good agreement was found, as
indicated in Table 4.9. For both CH3SH and HyS, agreement was not very good.
Since Tesults obtained with a deeper bed are generally more reliable, and,
in this particular case alsc tend to be more conservative, they will be taken
as the more accurate measure of removal capacity for both CH3SH and BoS.

As shown in Table 4.9, for the deeper bed (38.4 cm) run, the
treatment capacities for COS and €Sy, at the concentrations fed, were
approximately equal, being on the order of 90,000 volumes of gas (STP)/
volume of carbon. Similarly, thiophene, CH3SH and H;S had saturation
capacities ranging from 180,000 to "210,000 volumes of gas (STP)/volume
of carbon. Thus, COS and CS;, when fed at the concentrations addressed,
would be expected to represent the limicing species in very long beds.
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One of the more swrprising and interesting rasults obtained with
this five sulfur compound work involves the large difference noted regarding

lmrthminthesinglecmtwrk. 1t would appear that the conversion
mechanisms “hat were speculated as being responsible for the very high remcval
1mlnfmdmtheuruerwrkucmt operative in a multicompodent sulfur
specie feed mode.

Differences between single sulfur component and five suifur component
capacity estimates with raspect to the other sulfur cospounds are much less
drastic. Yor thiophene, the 214,000 vol. gas/vol. carbon saturation paraseter
giw;!.ntuble&.QfochBmfeedlmlinthefivtculfurco-pomdblmd
contrasts with a 298,000 value obtaiped for a 52 ppmv feed level in the single
sulfur specie work. For CS2, the 90,600 figure of Teble 4.9 {at 10.5 ppmv
feed) contr.ste with a 94,800 figure (at 14.0 ppev faed) cbtained in the
single component work. Both of the above are indicative of the capacity
losges dus to compericive adsorption present in the five sulfur component
system. Yor COS, the 92,000 figure glver in Table 4.9 (for 80 ppmv feed)
compares witl a 57,000 saturarion value (at 150 ppmv) obtained in the
single component work. Such an "apparent” rise in saturation capacity,
given the fact that COS feed coucentration in the present work was approx-
imatelr half that used in the single sulfur component work, presumably
reflects the fac: that the adsorption is less than first order but greater
i:hnnurootd-rincoslnrthlpremre.

The data obtained with the five sulfur component feead were uged
to predict performance and cost of the SYNTHARE towers. The results of
this ccat sanalysis are briefly discussed in Section 5 of this report.

4.4 Analysis of Repreducibility of
Sulfur Compound Adsorption

hpltuuulfuwdmp:icndaumobuindua
general rule. This was dope by using severzl different adsorbent bed
lengths in each set of experiments, which also aided 41n establishing

making such runs. However, since process experimental test conditions
Were identical for the various resctors containing different lemgths of
Getal impregnated activated carbon, the resulte from the different
length sdsorption reactors provided a mesns of estimating the precision
of the experimental results. This can be done by comparing the estimated
saxinum volume of gas (at STP)/Volume of carbon that can be treated
before breakthrough takes Place for that specific gaseous component .

As indicated in reference (14), this quantity represents the spproximate
saturstion level of a specific adsorbed component that would be expected
in an infinitely long bed and is thus independent of adsorption bed

length.

Table 4.10 susaarizes the results of the precision analyeis
made on specific sulfur compound adsorption datas resulting from single,
four and five component adsorption runs Tespectively. "Repl cations"
correspend ts runs made at identical process conditions using adsorption
Tanctors of Giffcrent lenetrhs.

P
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TABLE &.10

TRACE SULFUR COMPOUND ADSORFTION DATA

Approximate Meximuw Volume Gas

___ st (ESENOM Carbon
Irace ur t

nzs cos cs, C“H{‘S cxasn
Five 473,000 | 78,300 85,800 201,000 | 307,000
186,000 | 92,400 90,600 214,000 | 184,000
= 320,500 | 85,350 88,200 207,500 | 245,500
s 202,900 9,970 3,400 9,192 86,973
Average precision ’
[ . for five componeat
—i-x 100 622 11.72 3.92 4. .42 35.42% ran 23.5%
P not 145,000 {120,000 257,000 {no break-
eus present |151,000 |109,000 | 242,000 |chru
occurred
x - 148,000 | x14,500 249,500 -
= - 4,243 7,778 10,607 - Average precision
for four component
-2 . 100 - 2.9z | 6.82 4.37 - rua 4.7%
x
101,00¢ | 51,300 |169,000 319,000 ! insuf-
Single 140,000 | 35,300 }111,000 212,000 | ficient
80,000 | 57,100 |109,000 298,000 { data
85,300
= 107,000 | 47,900 |121,000 276,330
s 30,447 | 11,295 32,756 56,637 Average precision
. for singie component
—21 100 292 24% 27T rak Tyn 25.32

Overall average precision of all runs - 17.8%
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Rormalized experimental precision was obtained by dividing the
standard deviation of each run population (i.e. results for each component
in single, four and five component runs respectively) by the mean value
of that pcpulation. Though the sample population was quite small, (two
to four replicstions) the results can give an estimate of the experimental
rrecision involved in the experimentation during this program. The average
Tun precision was observed to vary from about .72 for the four component
run, to 23.52 for the five component run to 25.3% for the single component
run. The overall average precision (obtained by taking the arithmetic
sverage of all the individual results for one, four and five component
tuns respectively 1s 17.8I.
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5. ECONOMIC AND ENVIROKMENTAL AS3ESSMENT

This section briefly discusses the cost of the sulfur guard
process and some of the environmental considerations resulting frow its
uge.

5.1 Sulfur Guard Process Costs

Based or the present size of equipment to hold the metal impreg~
nated activated carbon in the SYNTHANE 72 TPD pilot plant, the sorbenmt anonual
requirements would be about 113,000 1bs base? upon replacement every five
days, l.e., one day before the estimated breakthrough of COS. Based on
present costs for Katalco 7-2 metal impregnated carbon, this would trans-
late into an annual sorbent cost of about $150,000/year (fob Pitesburgh)
not including labor and turnaround costs. See attached letter of quotation
in Appendix B.

5.2 Enviroamental Considerations —--
Sorbent Disposal Options

It has been estimated that :ihe sorbent will contain approximately
4% sulfur shortly before the anticipated COS breakthrough (i.e., about five
days of running atr the SYNTHANE facility). This will be 1in the form of a
mixture of adsorbed COS, CS,;, and thicphene and sulfides of the impregnated
metals (CuS) formed from HyS and CH3SH. A few possibilities exist for
disposal/reclamation of the spent sorbent material. These include:

® Regeneration of Sorbenr

The feasibility of regeneraring spent zorbent for reuse in this
application has not been evaluated experimentally. However, this does
present a possible approach which should be explored. Regeneration
theoretically invelves careful calcining followed by treatment with a
reducing gas. This could be done by the sorbent wanufacturer or conceivably
on-gite at the SYNTHANE Facility. It is recommended that the practical

feasibility of sorbent regeneration be evaluated in continued studies of
this area.

® Burning as a Fuel

The spent sorbent would contain mostly carbon, about 4 wt %
sulfur and metal oxides. The high heating value of the carbon makes use
as a fuel & possibility. However, because of the relatively high suliur
level, a SO; scrubber would be needed downstream of the furnace/beiler
to iimit this effluent to acceptable levels (i.e., to less than 1.2 1b
802/105 BTU's). Also, because of the relatively high coet of the sorbent

(Katalco 7-2), one can only recover about 1% of the initial cost of the
sorbent through use of its fuel value.

"y




® Re-Sale to Sorbent #Manufactyrers

Even 1if the sorbent cannot be regenerated for use in this
application, it may still heve value after treatment as a sorbent for
another application. Thus, this oprion should be evaluated if the
identified sulfur gusrd process is used.

In addition to sorbent disposal, atother potential environmental
problem 1s "flashing” of some of the adsorbed sulfur gases during
depressurization of a resctor. Oxidation of the effluent to SO0; and
subsequent removal with an existing SO7 tai: gas process is a possible
approach to this problem. Since the SYRTHANE process utilizes oxygen,
this may be a viable approach. However, additional experimental work
would be required to esrablish feasibility.

5.3 Rectiscl vs. Benfileld Processes

Vendor quotations were received for gas purification plants
from Lotepro Corporation (Rectisol Process) and from Benfield Corporation
on their process. Thase quostaticrs, presented in Appendix €, indicarte
that the Rectisol process ig about 30% more expensive than the Benfield
procass for units applicable to the 72 TPD SYNTHANE pilot plant. This
comparison is made without including offsite stegm or power generation,
cooling water, compressed air, etc.
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6. SUMMARY AND CORCLUSIONS

The development of a viable large scale methgnation process
could make an important contribution to our future energy needs.
However, before catalytic methanarion can be used for the commercial
production of synthetic natural gas from synthesis gas, the problem
of merhanatjon catalyst deactivation must be solved. The nickel
catalyst used is easily poisoned by suifur compounds. It was the
purpese of this program, conducted under DOE Contract No. E(36-2)-0059,
to identify and develop a viable and effective pre~methanation
purification system to protect the methanation catalyst and thereby
promote viable coal gesification by the SINTHANE process.

During this program, & reviev and aralysis was made of
state of the art gaseous sulfur compound removal processes. Frocesses
for the removal of both bulk and trace sulfur compounds were analyzed,
and evaluated as to their applicability for use in a premethanation
purification subsystem for the DOE SYNTHANE gasification precess.
On the basis of this extensive review, a system was selected for a
detailed laboratory evaluation to obtain needed design data.

A copper-chromium oxide impregnated activated carbon was
selected as the test sorbent and evaluated for its ability to remove
specified levels of H,S, COS, CS; mercaptans and thiophenes. The
levels used of these Tespective sulfur compounds was dictated by the
anticipated performance of the Benfield Bot Potassium-Carbonate Process
selected for bulk removal of acid gases in the Synthane Process.

Experimental runs were made using single component and multi-
component sulfur compound gasecus mixtures in a simulated synthesis gas.
adsorption breakthrough curves were evaluated and estimates were aade
of the time for breakthrough to occur, and the approximate maximum
values of volume of gas that could be processed/volume of carbon used.
Using this data, estimates of sorbent requirements, costs and environ-

mental handling constraints were made for a system to be used in the
72 TPD SYNTHANE pilot plant.

Based on the results of this study, the foliowing conclusions
may be drawn: .

® Essentially target purity levels (0.1 ppmv) are achlevable
for each compound at processing conditions using metal
impregnated activated carbon Kataleo 7-2 (same as Pittsburgh
Chemical Co. FCA adsorbent). .

® Projected sorbent bed Zife for the SYNTHANE pilot plant
would be about 6 days based on present planned processing
condirions. Carbonyl sulfide is expected to be the limiting
impurity with regard to bed life, followed closely by carbon
digulfide. Projected cost of sorbent would be about
$150,000/year based on replacement every 5 days.
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Katalco 7-2 metal impregnated activated carbon shows relatively
high capacity for H»S adsorption followed by CH;SH,
Thiophepe, CS; and COS in that order.

Physical adsorption is probably the dominant mechanism in
removal of COS, CS, and thiophene; adsorption and chemical
copversion mechanisms probably are the dominant mechanisms
in B,5 and CRB3SE removal.

A drastic reduction in removal capacity of H2S and CH3SH
was found in the five component species feedwork compared
to that found in the single sulfur component work. Some
reduction in CS; and thiophene was also observed in the
multicomponent runs relative to eingle sulfur component
work.

Further work is required to:
— Demonstrate that the identified metal impregnated
activated carbon sulfur guard system can pretect a

catalytic methanator for the projected time.

~ Develop & regeneration technique for the metal
impregnated activated carbon.

— Evaluate environmental effects of sorbent disposal/
regeneration.

~ Investigate other sorbents and/or catalysts for
improved multlicomponent adsorptiun characteristics.

L,
b

V:E.
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