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SUMMARY AND CONCLUSIONS

1. A schematic diagram and a description of the aﬁparatus are presented.

2. Five runs were made using gas having a hydrogen-carbon monoxide
= ratio of about 2:1 and sulfur concentrations renging from #il to 1.53 grains
per 100 std, c.f. ' ' AR
3. At constant space velocity of synthesis gas the product of the sulfur
. Feoncentration end days of operation, with conversion of Hz + CO above 97 per-
feent, was constant., With a gas containing 0.0k grain of sulfur as carbonyl
1" Fsulfide per 100 std, cu.ft., the conversion of B2 + CO remained over 97 per-
" cent for 40 days. During that time the heating value of the product gas {(on
8 COp-free basis) rémained relatively constant at 940 B t.u, per e.f., based
on dry gas messured st 60° ¥, and 30 inches Hg. o e "

: %Y. In all runs in which sulfur vas present in the gas, catalytic
sactivity decreased as soon as approximately 0,58 gram of sulfur had been
2 absorbed per 100 grams of nickel, o ' '

- 5. An attempt was made to regenerate the spent catalyst from one run by
burning off the sulfur with alr at 900° C. The catalyst, when again place
in operation, gave an initial conversion of Hp 3 CC of 91.8 percent, :

INTRODUCTION

© Until recently there has been marked lack of interest in using the .
synthesis of methane for the production of domestic and commercial pipeline
gas, This lack undoubtedly existed because of the apparently large reserves

of naturel gas in the gas fields of the Southwest., Because of this indifference
?Blatively few studies have been made in this- country of catalysts whose prime
fﬁhction is the formation of methane from synthesis gas., Tha use of sulfur-
resistant molybdenum catalysts for the methsnation of carbon monoxide at
Btmospheric pressure has been investigated by J. J. 3. Sebastiank 5/. However,
Some producers and distributors of natural gas believe that eventually it will
be necessary to augment deliveries of naturael gas in the northern markets of
this country by developing a more or less comparable synthetic gas from cqal.éf

;7 Sebastian, J. 7. 8., Study of Catelysts for the Hydrogenation of Carbon
- Monoxide: D. Se, -thesis, Carnegie Inst, Technol., May 1935, 71 pp.
3/ Sebastian, J. J. S., The Catalytic Reduction of Carbon Monoxide to Methane
at Afmospheric Pressure: Coal Res, Leb, Contrib. 35, C8rnegie Inst,
¢ . Techmol., March 1936, 8 pp. ' S
a/ Breck, ¢, R,, The Timing of an Initial "Pipeline Gas from Coal” Enterprise;
. Paper pres. at annual meeting of Am. Inst, Min, end Met. Eng., New York,
Februayy 1952: '
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a substitute for 0il, Much resesrch work on catalysts for the synthesis ofp
methene has been done by the Qus Research Board.?_/)(

In this country, the Southern Natural Gas Co, has been actively engaged
in a program of investigating the practicability and cost of producing pipe.
line gas from coal, In 194k o cooperative pgreement was arranged with the .
Bureau of Mines for rerforming experimental work at the Pittsburgh Station on
the preduction of synthesis gas from coal ». Using the Gerran Lurgl Process 8/
After the completion of this experimental program in 1950, the coacperstive”
ggrecment was extended to cover pilot plant studies at the Bureau's Morgantown
Station on the purification of synthesis gas, Tncluded in this purification
brogram was ths investigation of processes for removing organic sulfur GO
pounds, hydrogen sulfide, and carbon dioxide from the synthesis gas which is
produced directly from coal, Some of the results from this work are described

in an earlier Bureau of Mines report .

To make its cost estimates as realistic as possible, the Southern Natural
Gas Co. (later joined by the Tennessee Ges Transmission Corp.) extended
further its agreement with the Morgantown Stztion to deternine the economic
factors involved in the nethane-synthesis step, using a catelyst that had
already been developed for such a procesa, After s literature survey, the
most promising catalyst appesred to be that developed and tested in Bngland
by the Ges Research Board.ﬂ?

It was desired +o maintain g conversion of not less than 97 percent of the
hydrogen end carbon monoxide in the Taw gas, using a ressonaebly high space ve.
locity end feed €8s contalning varying concentrations of carbonyl sulfide, The
specific object was to confirm the thsory thet a nickel catalyst would give the
desired conversion for g long emough time so that catalyst cost would not be g
prohibitive factor in connection with the practicability of the methanation step,

The Buresu of Mines was especially interested in such a program, as this
afforded it the opportunity of studying the applicability and efficiency of :
its gas-purificdtion systen in rendering synthesis gas sulteble for methanmation
processes, The tests were made using carbonyl sulfide, as exXperience had shown:
it to be the organic sulfur compound most likely to be present In purified
synthesis gas produced from coal, oxygen, and steam. It is believed, however,
that most sulfur compounds, organic and inorganic, would affect the catalyst
to sbout the same degree, ' '

7/ Dent, ¥, 7., axd Hebden, D, The Catelytic Synthesis of WMeifana as 8 Method

- lc:f <nrichuent in Town-Cas Menufecture: Gau Res, Board Comm. GRB 51, 1949,
1 pp. - . S 7 :

8/ Cooperman, d., Davis, J, D., Seymour, W., and Ruckes, W, L., Lurzi Frocess:

- Use for Complete Gasification of Cozls With Steam and Oxygen Undsr
Pressure: Bureau of Mines Bull, 498, 1951, 38 pp. '

9/ Welnwright, z, Y., Egleson, G. C,, Brock, C. M., Fisher, J., and Bands, A.
E., Removsl of Hydrogen Sulfide and Carbon Dioxide from Synthesis Gas, -
Using Di- and Tri.ethanolamine: Bursau of Mines Rept. of Investigations
4891, 1952, 19 pp. '

10/ Work cited in footnote T
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IXFPERTMENTAL APPAPATUS

Figure 1 is & schematic dldgram of the apparatus used in the methanation
sxperiments, Synthesis gas from a manifold of five ¢ylinders flows through a-
rotameter that measures the fresh feed flow to the system and joins the re-.
cycle gas that contains 18 to 20 percent gteam, {(This amount of steam, as
explained later, is added to similate plant-scale conditions), The total gas
stream then flows: through a short length of tubing, heated and insulated to
prevent condensation of the steam, and passes into the synthesis reactor.

. Thermocouples are placed close to the top and bottom of the catalyst bed to

- measure the temperature of the gaes as it enters and leaves the catolyst. FPresa
. sure taps are installed before and after the reaotor to measure the pressurs

" drop through the catalyst bed. :

Flgure 2 is a photograph of the reactor parts before.assembly. The varicus
. individual parts fit into each other in the seguence. shown., The outer shell
 of the reactor, on the extreme left, is closed by means of a pressure head and
an outside cap closure, shown on the ‘extreme right, A spirsl-wound stainless..
steel gasket effects a gastight seal between them, Within the reactor is a-
3/4 inch-diameter and 6-inch-long steinless-steel. catalyst container having a
stainless.steel meshed.wire support for the catalyst at its bottom, An alundum
tube with en erbedded heating coil surrounds the catalyst container, and a
Pyrex tube forms an 1nsulating outer gacket " ‘The partly assenbled reactor
is shown in flgure 3. : : x :

“In operation, the gas enters the reactor et the top through gn inlet tube )
inserted in the hole shown on the curved sids of the cap {(fig. 3} and passes
through the catalyst bed. As the catalyst cccupies only part of the reactor
volume, the remaining space is used Ffor preheating the incoming gas. Thse gas.
leaving the catalyst bed in ths ractor pesses through a water-cooled condenser,
wheye the steam from the reaction condenses and flows to & trap, After leaving
the condenser, & portion of the product gas flows through a pressure-reducing
regulator, through a wet test meter, and is discharged from the system.

A greater nart of the product gas leaving the condenser is. recirculated
through the system by means of a controlled proportioning pump. It would have
been desirable to recirculate the gas while hot, but this was not feasible.
Before 'the recycle gas mixes with fresh raw- feed gag, it is measured with 2
rotameter ond then passes through a water saturator, where a quantity of steam,
squal to that removed by condensation, is added to the ges. The recycle gas
leaving the saturstor joins the raw inpui gas and passes to the reactor,
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The saturator is equipped with a liguid-level gage. Whenever additiona]
vater is needed in the saturator, s valve connecting the saturator with s
water-makeup container is opened; and water, pressurized with hydrogen gas,
flows slowly from it into the saturator. B -

Sample connections are placed before and after the reactor for sempling
the "input" (mixture of fresh inlet and recycle gas) end product gases,
Another.sample connectlon is placed in the line leaving the manifels for deter.
mining the sulfur content as well ss the composition of the fresh "imlet! gas,

ANATYTICAT, METHODS

The composition of the inlet and outlet gases wes determined by using
standard velumetric procedures. The total sulfur content of the fresh feed
gas was determined by employing a hot platinum Spiral as e catalyst and
utilizing the hydrogen content of thel%as to effect conversion of organic ..
sulfur compounds %o hydrogen sulfide 1/ The hydrogen sulfide then was deter. =
mined colorimetrically using the methylene blue method.l2/ Standard gravi.-
metric methods were used for determining sulfur in the spent catalyst,

OPERAT ING PROCEDURE

- The catelyst was made by precipitating alunivum-manganese.promoted nickel .-
salts on china clay with potassium earbonate solution from a solution con. -
talning nickel, manganese, and aluminum nitrates, with ching-clay perticles
6dded, The weight broportions of these materials were: 100 rerts of nickel
nitrate, 20 parts of ranganrsse nitrete, 13.6 parts of aluminum nitrate, 25
parts of c¢chins clay, and 97 parts of potassium carbonate, After drying, the ..
rav catalyst was crushed to 8-y 10.mxesh. No analysils was wade of the exact .-
catalyst composition either after preparation or reduction, The catalyst _
reactor was charged with 30 co, (approximately 29 grams) of catalyst, end the ;
system was purged with hydrogen, . : T o

Several preliminary tests in which the hydrogen reweining in the system -
after reduction was replaced by either nitrogen or methane were totally un-
SBuccessful, Catalyst activity dropped to virtuelly zero at the end of only 12
hours of opsration, For successful Cperation it was essential that the system
be filled with hydrogen when the flow of fresh feed gas was started, The best
conditions were as follows: Tha bressure in the system was raised $o 300 PeSat’
i.g. with hydrogen; ana the recycle-gas flow was adjusted to give a space ve- .
locity of approxirately 2,000 std. cu. ft, FPer cu. fi, per hr. Enough fresh
hydrogen was fed into the system to maintain the Eressure. The external heater
around the cetalyst was then turned on, end the temperature of the catalyst
was brought up to k00O to Loso C., as measured by the thermocouples at the top

i1/ Sands; A, E., Walnwright, H, W., ang Egleson; G, C,, Orgenic Sulfur In

- Synthesis Gas: Oeccurrence, Determination, and Removal: Bureau of Mines
Rept, of Investigations 4699, 1950, 51 pp. -

12/ Sands, A. E., Grafius, M. A., Weinwright, E, W., and Wilson, M. W,, The

- Determination of Low Concentrations of Hydrogen Sulfide in Gas by the
Methylene Blue Method: Buresu of Mines Rept. of Investigations k5hy,
1949, 19 pp. : - .
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znd hottom of the bed, The system was kept at thls temperature for L hours,
after which the tempereture was lowered to 300° €., the hydrogen was shut off,
end the eddition of fresh simulated Lurgi gas was started at a rate of 2.1
std. cu.ft, per hr. (30 inches Hg, 60° F., dry). This gas flow gave the
desired space velocity of 2,000 std, cu.ft, per cu,ft, per hr.

The simulated s;nthe51s gas (a voluretric mixture of approximately ZHp:(Q)
used in the expsriments was prepared by the Mathieson Co. and was delivered
in carbon-steel ecylinders compressed to 1,400 p.s.l.g. pressure, The gas, as
purchased, conformed closely to specifications. :

Owing to initial catalyst activity, all of the carbon ronoxide, as mell as
the carbon dioxide in the feed gas; was converted to methane. After about &
hours, as the activity of the catalyst decreased, a smaell amcunt of carbon
ponoxide appeared in the product gas slong with carbon dioxide from the feed
gas and the uater-gas shift reactlon,

. .As the synth551s reaction is’ strongly exothermic, temperature control of
the catalyst bed was maintained by recycling part of the outlet gas., The re-
cycle gas, befors mixing with the fresh gas, was bubbled through the water
saturator with the water temperature sc controlled as to give a gas containing

18 to 20 percent steam, The space velocity of dry gas plus water vapor was
' 26,000 std, eu,ft, per cu.ft, per hr,, resulting in the predetermined recycls
ratio of 12:1 over the catalyst. L

The cylinder gas gensrally contained more carbonyl sulfide than was

- specified for the itests. The desired sulfur content was obtained by passing s
~ portion of the fresh feed gas through activated carbon, and then mixing this
gas, Iree of sulfur, with gas that hed bypassed- the carbon,

RESULTS

In addition to preliminary tests, five separate experimental runs were
mde, Table I lists thoss operating conditions that wers held constant through-
cut the five runs, and the sulfur content of the fresh feed gas (1nlet gas )
in each rum,

TABLE 1. - Qperating conditions for methene synthesis tests

Space velocity, fresh feed g8S..eesvsevsa.std. cu,ft./eu.ft, /br, 2,000
Space velocity, fresh feed plus "recycls gas plus steale,eiececsae
I..l.‘.'.llllllll.-ll.lll;&lllll'..".'.std cuft/cu ft /hrl 26’000
Cas temperature entering catalyobt..eeescecsscesesascarcsssneals 300
Ga's tEIIpeI‘a.'turB lES-vj.ng Catalys‘tr--;-...--....o.......-......-o{;a I lI-OO

Sulfur in inlet gas, gr. /100 std, cu.ft.:
le 1.-..‘..l.l"..""..'l.."'.'..'.."I'I."-......-...' . 0‘12 .
Bun 2‘.l‘.I..‘.'.....IQ..lI.l..Il.'l.l..l“.‘al..'.'l'..... ) .Nll

Kot

Bml '.".....-..-...'..AD-I.d...l“.lll.“l.ill._.l..l'.l'.. * ‘1'53

Ru'n 3......‘.lIG'U'IIl.ll.'l’".'l!l‘C.Il.‘....vl..ll..'..‘.

R.I-m 5-'plI'cuctvtUt-tt'.ot..C‘I.tt..nll.l.tl.-.toall-alllll 11‘9
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Figure & summarizés the
the percentage conversion of

value of the product gas,

indicates conversion to net

calorific value hag

results of four runs by showing,
hydrogen and carbon monoxide and
It must be understood that percentage conversion
hane and carbon dioxide,

also been plotted as an indicati
The celorific valus shown is the.

from day to day,
the calorific

For this reason, the
on of catalyst activity,

gross heating value based on dry gas neasnred
at 60° F. and 30 inches of mercury, assuming a carbon dioxide-free gas con-
taining 3 percent nitrogen, ' '

The fifth run {run 2), mede with no sulfur in the feed gas, was discon-
tinued after 23 days. Throughout this period no-deterioration inm catalytic
activity was observed, with 98 percent conversion continually wmainteined, Tt
was assumed that the high activity of the catalyst would have contimued for a
long period, ' '

Feed-gas apalyses for the entire series of five runs are given, along
with typical product-gas epalyses, in table 2, The reader's ettention is
called to the definition of "inlet" gas as fresh feed gas, as was stated previ.

ously.
TABLE 2, - Gas apalyses
Fun 1
Days from start
_ I T e C 3= 17 1318 18
Percent -| Inlet | Outlet | Inlet |Outlet Inlet | Cutlet
CO2.uun. ! k4,9 20.5 5.0 19.8 5.7 21,7
02l A% 4 8a 16 ce |? Q6 lh‘ .1
Im, ... 2 N 1 ) .0 .2
Hoveunat 52,6 2.7 52.6 k.0 53,0 8.4
COvueuse | 23.9 .9 2h .1 1.5 2k .9 2.5
CEl,.... | 12.9 67.1 | 12.8 648 |12 | 6.k
Nooeieanl 4.9 8.2 L7 8.8 3.6 ¢ 5.7
Bun 2
Days from start
e T B T B S ™3 i e S 23
Percent inlet | Cutlet | Inlet | Outlet Inlet | Qutlet ! Inlet | Qutlet
COouvsnuannal 5.0- 1231 {50 | 25,0 L | 2390 45 | 23,7
02--|-¢|otn- --3-" '-3 ) ne : .3 ,2 -g3" '2 02'
11, ceeveed 7.3 R e .5 b w5 .1 3
Hg-ta vana LI ) 53.;3 ‘ 3-9 52! 302 53 !5 : 3‘1 gl 53 l3 3'2
COvuvvnnnnes] 2000 1.0 127,11 5 1 26,3 1 k.4 269 5
CElevvevecnd) Ih7. 0 B4.6 | 23,777 "65.6 .| 13.6 '] 69.3 .| 13.5 69.1
Hoeeivannaad 24,167 b T A 1.k | 2.7 1.5 | 3.0
5949 : -6 -




4 980
o
L
ouw
440 . . = T
e Py ~ T
23 h \ R
L =900 Y ~
z . L]
o @o
at — _
i
© 880 =
0 8 12 18 20 24 28 32 38 40 44
DAYS OF OPERATION
. loo
j=]
O
+N
= — — Do
. 98 =
5 LY N " N
= af N LLFUR N FEED GAS, ﬂ\
O \ GRAINS PER 100 STD.C.E \
% 96 X h
x o Q.04
Lt \
> g . 2
% a A
) 24 4 1.53
111 | |
0 8 12 i6 20 24 28 32 36 40 44
DAYS OF OPERATION
Figore 4. - Daily variations in Hy + CO conversion end zalorific velue of product gas.
22100
|-
2]
w o
g N
m
L= 4
S
= Y
2 N
5
z
5 N
[
z \\
T 10 Y
3
T N
= N
k3
g
-
X N
i N
o
N
& N
o
3 N\
=
0.0l 0.9 LO 10

COS iN FEED GAS, GRAINS S PER 100 8TD.C.E

Figure 5 - Effect of sulfur content of feed gus on catolyst activity.




TABIE 2. - Cas analyses (con,)

- Bun 3
Deys from start
15 5T oIl T IT 12718, 18 TI0-23 23
Percent Inliet |Qutlet Inlet | Qutlet Inlet | Cutlet Inlet | Cutlet
C02uvenennasl B,5 2k .0 4.6 23,3 L.5 23.4 4.7 25.3
Oet_‘oocv-uo.u .2 ol 03 .3 -2 .1" l2 -3
Ill- LRI I al |3 cl -3 gl .3 .0 ll
Hleevosvenes|33.3 3.2 53.1 2,6 53.3 3.0 52.0 3.1
COvrrvnnneedi 6.9 5 26.6 R 26,9 L 28,0 "1
CHlernnenersll3.5 68.2 | 12,7 68,7 | 13.3 £9.1 | 13,2 g 67 .1
F2esesnecaas) 1.5 37 1 26 ¢ WA D oag7 0 o3k i oig i 3
oN2g T 29 30-37 1 37 385 n
Percent Inlet | OQutlet Inlet Outlet Inlet . Cutled
CO0Bvrrvesea| b5 23.7 ka1 21.9 b5 |o22.7
025...00:-. .ll' nh‘ .5 cl n3 I v3
Illo eveasal -0 v3 ol -3 ao i .3
Bgeesraceas | 52,5 2.4 53.0 3.1 53.3 k.6
COuevneneesi 27.3 6 25,k T 26.3 2.3
CHyeennveaa. ] 13,6 ' 68,6 ! 15.3 707 151 66 .8
Meveeneened 17 4 ko © 16 0 32 ' T 130
~ Fun L
Days from start
i2 | B
Percent | Inlet ! Qutlet
CO2ivue. | k.2 25.2
OE.---.- nl |3
Til. ... L R.1
H2ueies. | 52.3 L.3
CO-....- 27.8 2.3
CEh..ou. | 12.2 6k .5
Neoov'-. 3*3 3-0
Run 5
Days from start
R 3} g 9
" Percent . iInlet Outlet Inlat Outlet
CO2...... k1l ¢ 27.0 b3 2kg
.OEQOOUIII' -O 02 'l .3
111, ... 7 .3 1 A
Hoiveavee) 51.0 3.1 52.1 4.3
COvevaneel 27.8 1.0 27.7T | 2.3
CHAvyusuui 24,2 64,1 13,0 €% .0
. . I '. Nzlllllotli, 2.2 ,"'IB 2-? 'E‘l'co
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During each run operetion was comtinuous and, before the catalyst failed,
a 97-to 98-percent conversion of the hydrogen ard carbon monoxide in the feed
- gas vas obtained in all instances, Figure 5 correlates the results of the
runs by showing catelyst life as & function of the sulfur content of the feed.
gas. It is felt that extrapolations of the curve to sulfur concentrations as
iow as 0.0l grain of sulfur per 100 std. cu, ft. are justifiable, .

A% the conclusion of each of the tests, the catalyst was removed and S
examined. The catalyst particles were quite herd, and there was no evidence *
of disintegration, Chemical analysis of the used catalyst showed not more
than 0.15 percent carbon, ' I ' ' R

. Bole of Sulfur

. It was planned to make the first run with epproximately 0.03 00,05
grain of sulfur as carbonyl sulfide per 100 std. cu, ft. of fresh feed gas
and to rmaintain this concentration throughout the run, However, at the con- -
clusion of the run, en analysis of the catelyst showed that it conteined about
three times the amount of sulfur anticipated from the inlet-gas analysis. To
ascertain the source of the excess sulfur, the tap water added to the saturator
for imparting steam to the recycle gas vas analyzed, This water was found to
contaln, in the form of sulfates, 10 times the smount of sulfur required to
complete the sulfur balance, Accordingly, it was assumed that entrained water
from the saturator was carried by the recycle gas to ths heated tube, where i1t
vas vaporized and thence carried to the catalyst. This resulted in an eX-
cesslve sulfur concentration in the input gas, eXpressed on fresh inlet-gas
basis as 0.12 grain of sulfur per 100 std. cu, ft., instead of the intended

0.03 to 0.05 grain, To eliminate this source of contaminating sulfur, all
subsequent runs were made by injecting sulfur-free, triply distilled water

into the saturator. s N '

Table 3 gives the length of sach run and shows the results of sulfur
analyses, The activity of the catalyst decreased in mll instances when ahout
0.58 gram of sulfur per 100 grams of nickel had been ebsorbed,

: . i

The second yun was mede with the feed ges 25 nearly sulfur-free as possible,
Before entering the apparatus all gas was passed through active carbon, The 3
main purpose of this yun wes to establish that the loss of catalyic activity
‘after the 13 days' operation of the previous run was directly attributable to
sulfur poisoning. After 23 days of operation with no 1loss in activity, this
run was discontinued,

Effect of Shutdowm on Catelyst Activity

In view of the necessity of meinteining certain conditions during re-
duction and the early stages of metharation, as explained under "Cperating
Procedure,”" there was some question as to whether a catalyst, once on stream,
might not lose sctivity during s shutdown. Accord@ingly, at the end of this
second run the gas in the systen was purged out with hydrogen, after which the
bressure vas reduced and the catelyst cooled, Five days later the same catalyst
vas again employed as previously described, Methanation was then coptinued 2
days more. During this period the catalyst behaved in all respects exactly
as 1t bad before the shutdown, giving a conversion of 97.8 percent of the _
hydrogen and cerbon monoxide and a product gas having a calorific value of Shh
B.ta. per cu, ft,
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Variation of Space Velocity and Peuwperature

A sulfur concentration of 0.0 grain per 100 std. cu.ft. was used for
run 3. The hydrogen and cerbon monoxide conversion dropped below 97 percent
between the fortieth and forty-first days. On the Forty-third day the inlei.
gas temperaturs was increased 25° C. in an attempt to incresse the activity
of the catalyst, This failing (see fig. %), the space velocity was reduced
50 percent on the forty-fourth day. As expected, this reduction of space
velocity was followed immediately by & period of increased conversion of
hydregen and carbon monoxide, after which, however, the psrcent conversion
continued to fali,

Cetalyst Regeneration

Foliowing the third run, sn atbempt was made to regenerate the catalyst,
Air at stmospheric pressure was passed over the cetalyst while its temperature .
vas graduslly increased. Negligible sulfur dioxide was evolved until 80C° ¢
was reached at the top of the catalyst bed; it was necessary to increase the
temperaturs to 900° ¢, to burn off the major portion of the sulfur., This
catalyst, vhen again placed in operation, gave an initial conversion of -
hy&rogen and carbon monoxide of only 91.8 percent, not enough for producing
a 900-B.t .. gas.

Further work in this direction wey be indicated when cost calculstions
are completed, Even if no better activity can be obtained after regeneration,
the possibility of using two beds in series might merit consideration., The
first bed, while not active enough to produce 900.B.t.u. gas, would remove
sulfur compounds and provide protection for the second bed, However, if
enough catalyst life is obtained in single.stage operation, so that catalyst
cost per unit of gas is small, it may be more expedient to discard the
cetalyst. :
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