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ABSTRACT

This paper outline the major develcpments in
catalys*ts for water-gas shift, methanation and ammonia
synthesis since 1950's, especially in 1970's. The HT
shift catalyst characterized by its lcw sulnhur content
is improved or its physical strength in reduced state.
The thermostability of LT shift catalyst is increased,
and the reduction propverty of this catalyst has been
studied in detail. A novel methanation catalyst having
both high activity and high stability hzs been develo-
ped by adding 2 svecial promotor and adopting a suit-
able manufacturing method. In the r2search c¢f ammcnia
synthesis catalyst, the catalyst activity 2t low termpera-
ture has been increased successfully and the cause cof
This nas bteen discussed on the basis of fundar atal
resz2arch data.
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Along with progress of ammonia production and cataly-
tic technique, the catalysts used in ammonia plants were
develoved continuously toward the direction of more var-
iety, high efficiency and longevity fcr the last scventy
years. =4 So far, ten categories or more of catalysts
have been considered to be available for water-gas shift,
methznation and ammonia synthesis (See Table 1).

Table 1, Main varieties of water-gas shift,
methanation and ammonia smthesis
catalysts

Shift catalyst: Iron-chromium, Iron-molyhdenum and
cobali-molybdenum syvstems, etc;
Coppoer=-zinec, codper-zinc-chromium
and coprer-zinc-a2luminium systems,

etc.
methanation Zigh and low nickel content tyves,
oy Y apm e I3
caraLyss dre-reductic.: tyre.

Ammonia synthe- Low temper2ture, medium temperature,
b1 atalyg+ : . R
S13 CBIALYSY *. nheat resistance and nre-reduction

types.

In our country, iron-chromium high temverature shift
catalyst and iron-based ammonia synthesis catalyst have
been produced since 1950's, and the corper-based low
temperature shift catalyst and nickel-bzsed methanation
catalyst were develoved in 1960's., Along with further




improvements of these catalysts sulphar resistance shift
catalysts were developed in 1970's. The indus*rial
applications manifest that these catalysts can satis-
factorily meet the requirement of ammonia plants.

1. HT Shift Catalyst

The HT shift catalysts produced originally and used
widely in our country were B104, B106 and B1C3 (See
Tablis 2 ).

Table 2. Components and adaptatle temperatures
and pressures of 2104, B1C6 and B103

Adaptalhle Adaptable
+
Catalyst Component Temp.(Bc Pressure
2104 F9203 Cr203 Vg0 38C=-52C stmosnheric
2,0 Ca® sic, ete. Pressure
B1iCS Fe, 0z Cry03 &40 3€C-4€C it:, pressure
MeC  0a0  sta. or arder
A = Fressure
3109 39203 Cr233 KZC 520-45C Ve
ete.

The sulphur contert of these catalysts is generally
aroune G.1 - C.4 %, If the requirement of sulphur con-
centration in inlet gas of the subsequent units is below
1 ppm, the outlet gas from the nigh temperature conver-
ter should be purged about one week. In order to shor-
ten the sulphur releasing time, catalyst B110 was deve~
loped in 1970's in our country. Its characteristics
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are low sulphur content in its body, S < 0.06% (by wei-
ght);

quickness in releasing of -sulphur (usually to complete
it within 2 days); and gccd strength in situ ( catalyst
side crush strength being maintained above 25 kg/cm.
before and after reduction). Under normal conditiom,
catalyst life can last more than two years.

The actual cordition of sulphur release of catalyst
BllC in a large-scale ammonia plant is shown in Pigure
1, from which we find that tfk- concentration of Hés in
the outlet gas is reduced to less than 1 ppm within 48
hours.
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Pig. 1. Curve showing the releasing of sulphur from

Catalyst 3110 in a large-scale ammonia plant

It is apparent from ocur experiment that to raise
temperature, steam/gas ratio and operating pressure




would shorten the time of sulphur release.

2. LT Shift Catalyst

In our country, catalyst B201 (ccpper-gzinc-ehromium
system) was developed in 1965 and afterwards catalyst
B202 (copper-zinc-aluminium system ) was manufactured
successfully for the purpose of avoiding chromium poison,
expanding raw material source and redneing production
cost. Cperating data obtainéed from ammonia plants de-
monstrate that catalysts B2Ct and B 202 are good in
activity and stability. The lives of doth catalysts
are usually more than twc yeers. In order to prolong
the catalyst life by improviang its stability, we got
another achiewvement in preparing catalyst 2204 in 1970°'s
with ocur ten years' experiences. The Chemical ccmpo-
siticons 02 these coi2l73%3 are listed in Table 3.

The characteri~tive sf catalyst B2C4 are a3 follows:
{1) The crystals of rz2duced copper a2re fine and stable
(see Tasla 4); (2) its activity and s*ability are better
than catalysts 3201 and 3202 and can compete with the
game Kind of supericr catalyst in the intermational
market; (3) it is good in mechanical streangth; and (4)
the degree of shrinkage of volume is small. According to
customer's practice, the predicted life of catalyst B2C4
may be 3 years or more under normal operating condition.




Table 3. Compositions of LT shift
catalysts in industrial

production

Catalyst  CuO (%) 200 (%) C=y05 (%) 41,05 (X)

B201 39.7 7.5 26.3
B202 29.7 41.2 8.4
B204 37.3 38.0 | 8.6

Table 4. Coprer crystallite datz
of LT shiit catalyst

o
Cu crystollite size, A

Ca%zlyst after After neat resistance
feduczion tas*t
3%94 7C 80
z 73 102

¥ Commerzial catalyst in the intermational market.

It is well known that suitable reduction of LT shift
catalyst which may give full play to the activity of
catalyst is very important. In order to facilitate
customers to master the reduction rroperty cf catalyst
B204, it=s reduction nature has been stiudied in our la-
boratory. The result of in-vestigation is shown in




rigure 2. The inveatigation indicatea that under con-
start low temperature and low H, concentration, the
reduction displays thrce stages - induction period,
acceleraticn period amd deceleration period. It also
indicates that the Iower the temperature and H, con-
centration,. the longer the induction period. The

rate of reduction is obvious at 150-160°C and is
hastened over 200°C,»and it is advisable to add hydro-
gen gradually into inert gas stream to perform reduc-
tion at 175-190°C. A good. result is obtained from
the reduction data by adopting the following relation.
This chows that reduction has its self-catalyzed
property. Thus, the activaticn energy of reduction
is calculated as 10.2 Kcal/g mol.

where, & = degree oI reducticn: +t = time,
Z = specific ra‘te constant

In 196C's the davel?s -menu of sulphur resistant
cobalt molysdate shif® catalyst operned 2 new way %
convert high sulphur content fsed gas directly. Since
197C's the overating temperafture cf this king of c
lyst has exiended to a range cf 200-475°C without upper
limitati~n of sulphur content., JIn i97C's, both sulphur
resistant iron molybdate and cobalt molybdate shift
catalysts were developed in our country.
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3. Methamation Catslyst

Methanation catalyst J101, which is widely used
in synthesis gas purificatiocn process characterized by
employing LT shift-methanation, was developed in 1966
in our country. To further improve the catulyst ther-
mostability, catalysts JiC4 (cement as support) and
105 (A1203 as support) were produced successfully in
the last few years. ‘

J105 is similar to other commercial cata., sts in
active constituent (Ni) and support, but is a novel
methanation catalyst having both higzh activity and
thermostability because of adding a spvecial promotor
and adopting a suitsble manufacturing method. Table 5
shows its experimental results as.compared with other
methanation catalysts being used in large scale plants.

Table 5. Comparison of 2xperimental results
of methanation catalysts

Catalysts =1 =2 ] v 4 J104 J1C5 x

initial
ictivity activizy

.10-4II 705 900 800 6.0 5.2 9‘0 900
after
nverneating

5.5 7.5 7.4 6.0 5.8 9.C 3.0
et
INLET (002) hr_1

=537 ° 1

outlet (COZ)

An effect on the activity of 7105 by pressure and
temperature is shown in Pigure 3.

x Q-1, Q-2, R,V,U are commerc_.al catalysts in inter-
national market .
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It is shown by practice in ammonia plants that J105

is rather adaptable to high space velocity, over-heating
and carry-over of liquid. Under normal ccndition, the

predicted life of J105 may last more than five years.
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Fig 3. Zffact on activity of S105 oy
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4. ~mmonia synthesgis Catalyst

Anmonia synthesis catalyst has been vrcduced in our
country since the first period of 195Q's., A great amount
of catalysts A102, A104, A106, A109 and A110, etc. have
been adopted by ammonia synthesis plants and +he activi-
ties of these catal;sts have been improved one aftar
another. At present, the last three have been widely
us2d. In addition, pre-reduced ani spherical catalysts
are also in production. The dates put into preduction




11~

of these ca*alysts are as follows:

Catalysts: A102 A 104 A1C6 A109 AllC

Time of 1953 1956 1856 19M 1977
production:

Table € shows the characteristics of main catalysts,

Table 6. Characteristics of main catalysts
of our country

Reducing temp. (°c.) Operating
Catalysts  avigent Rapid max.  Temp. °C
A106 37C-385 450-475 525 395~56C
A1CY 33C-340 4C0-430C 5CC-51IC 380=530
4110 300-350 4C0O 500 360-510C
41101 30C-350 4C0O 5CC 35¢=-51C

P
-

’ .—‘ - (ad
(see Tanle 7).

ths lattice parameters are 4iffsre .
la++tice na2rimeter of

The larger the deviation of the
+he main phase in the catzlyst from thzat of raw magne-
tite, the better the catalyst activity. This not only
signifies the effect of the improverent ¢f promotor
distribution on the lattice rarameter of magnetite, but
also implies th: ¥ the defective structure in oxidized
from might be favourable for raising the energy state
of =~ PFe in reduced form, thus causing the improvement
of catalyst activity. Besides these, from Table 7 we
can see that Al09 and 4110 are provided with more PeC




which may be the cause of easy reducing of these two
catalysts.

Tavle 7. Main phase and Its Lattice Parameter
Deviation of Series "A" Catalysts in

Oxidized Form

Sample A102 4106 A109 A110

“ain phase  Magnetite Magnetite Magnetite Magnetite

Deviation of
lattice

pacameter(l) -0.001  +C.C04  +0.009 +0.01%
Fhases in '
small amounts Po0 6™ o -Pe,0, o Fe,05

FeC22 FeC 404

X Lattice varameter deviation = Lattice parameter
of main-phase in catalyst - lattice parameter of
raw magnetite

xx The more of & represents morsz the guantity.

Table 8 shows scme physicochemical data of several
catalysts in reduced form. The result of studying 4110
indicates that the excellent activity of 411C seems to
be in relation to the uniform distribution of potasaium
which is favourable for the activation of ¢ -Fe.
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Tabla 8. Physico-Chemical Data of Series "A"

Catalysts
.. Bulk Surface  Alkali  Specific pore
Catalysts density Arga ace Volume

S
(kg/1) (m¢/g) (m“/g) (ml/g)

4109 2.7-2.9 13 4,7 0.09,

A110 is a kind of catalyst having high activity at
low temperature, good reducibility, E ther :ostability
and mechinical strength. Its activity at low tempera-
ture is superior to other cizmercizl cztalysts of the
same kind as shown in Fig. 4. as the catalrst body
contains 3-5 ppm of water solublzs anleride (calculated
as chlorine ion), it completely satisfies the require-
ment of large-scale ammonia plants.

The investigaticn of intrinsic kinetics of ammenia
synthesis reartion cr cata.lyst AllC was carried cut under
the operating cond.itions similar to these of commercial
ammenia plants. (6) The cutcome of the treatment of ex-
perimental iata through computer proves that the modifi-
ed expression of Temkin-Pyzhev equation is valid for in-
trinsic kinetics of ammonia synthesis on 4110. To take
the value of 0.5 for kinetic parameter is suitable and
the activation energy measured is 40+4S Kcal/g mol. It
is clear from Pigure 4 that A110 has a higher catalytic
activity, especially in the lower temperature range, in
comparison with other commercial catalysts.
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Fig. 5. Catalyst life calculated with computer




(1)

(2)
(3)

A110 can.meet the demand of catalyst life expected
by users. From Figure 5, it can be predicted that the .
life of Al1.0 may last more than five years under normal
operating conditions in the large-scale ammonia plants
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