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The development of new typcs of industrinal catalysts is unthinkable today without a

copprehensive stucy of thkeir phrsico-chemical properties, and » wide variety of new

physico-chemical methods of studying chtalysts 1is therefcre considered.




Modern technical progress in nitrogen industry as one
of the leading branches of chemizal industry is determined
by the development of highly efficient large proauction lines
bagsed mainly on catalytic processes, and making use of a
large number of highly reactive and selective catalysts,
Development of modern technology for the production of
ammonia, nitric acid, methyl alchohol znd such likc preducts
in large capecity reactors was made possible through carrying
out physical-chemical, technological, experimental and semi-
industrial research aimed at development and commercialization
of new catalysts for hyirogenation and absorption of sulfuruous
conpounds from natural gas, stieam and steam-air hydrocarbon conve;
rsion, low tempereture carbon nonoxide conv-rsion, methanation,

ammonia oxidation with is lower platinoid content, nitrogen

d 51
oxides decomposition,g%ogggiugiogases from nitric acid pro-

duction as well as at development and commercialization of ammo-
nia synthis granulated catalyst,including non-column catalyst

reduction,and low temperature methanol synthesis catalyst.
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Scientitic research aimed at improving the catalysts produ-
ced by the industry were carried out in order to raise their
activity, selectivity, svability, therwal resisJ.ance and mecha-
nical strength and were based on comprehensive physical-chemical
investigations of catalyst properties, better selection of raw
materials and promoting additives, and on process and equipment
improvement,

Bxtensive resmearch carried out in Soviet nitrogen industry
resulted in the development of new catalysts; basic technical
data of these catalysts being cited below.

CATALYST FOR THE HYDROGLNATION OF ORGANCSUIFUR
COMPOUNDS

The presence of organocsulfur compounds .pa.rticularly‘
disulfides in the natural gas in the USSR necessiteted
dcvelopingt%erocesa of organosulfur compound hydrogentaion to
hydrogen dissulfide in order to pravide fine purification from
sulfur. Nickel-molybdenum, molybdenum and cobalt catalysts on
alunina support are mainly used in this process as contacts.

Kew nickel-copper catalyst on alumina support has been developed
in the Soviet nitrogen industry for the hydrogenation of

organosulfur compounds. Propertywise this catalyst excels the
other known catalysts ( table N I ),

Almost 100% hydrogcnation with the volume velocivy of

-1 (m7(gas)
2000 =3000 hour . (3 AE38/7_ ] .
;3 (catalyst) hour’ 2% 250°-300°C 18

obtained through the utilization of a new catalyst,
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the
Application of ‘new catalyst makes it possible to cut

down the hydrogen amount for hydrogenation to 2=5%.

The catalyst manufac ture sechnology is very simple,
broduction cost of this catalyst i less than thege of Similar
application. The catalyst is sufticiently strong, reliable
in operation and can be Successtully used for the purilication

of natural gag usegd in emuonia angd methanol production,

CATALY3T~ABSOKBER FOR FINE PURIFICATION
OF NATURAL GAS FROM SULFUR

Hydrogen disulfide formed as & result of hyarogenation
of organosulfur compowds is usually absorbed on a zink absor-
ber. 1t should Po8sess high specific sSurtace and optimum poroug
structure, Only in this cage can hign purificoetion degree be achje
eved, and the absorber has considerbale sulfur capacity,
A new, highly active absorbey distinguished fo, itc high strength
and possessin; high specific surface has been developed by the
nitrogen industry of the USSR. In contrast to the other known
absordbers this one absorbs practically total amount of hydrogen
disulfide as well ag all sulfurous compounds, contained in
natural gas, thus making it possible to carry out purification
from sulfur in one stage without hydrogenation. The catalyst
has been tested on & semi-industrial Plant,
Working condistiong:
Pressure - 25-35 a¢p
Temperature - 280 -300%
Volume velocity -~ 1000 =2000 hour-1




Sulfur content ian nutural gas io cut down in this case from
2,0-14 mg/normal cubic meters to U,0 - (,3 mg/normal cubic meters
(table 2), YPurification s;.ien making uwse of the mentioned cata-
lyst is distinguished for the equipment simplicity. The catalyst
is available in th: shape of 4x5mm tablets. Service life depends

upon natural gas composition,

CATALYST FOR HYDROCARBON CONVEZRUION

New, original methods have been devdoped for the preparation
of nickel containing catalysts for the sonversion ( reforming) of
hydrocarbons mixed with various oxidsnts ( water vapour, carbon
dioxide, oxygen and air).

Une of the catalysts obtained through the new method can de
successfully used in the plants making nitrog¢en-hydrogen and
hydrogen an¢ hydrogen monoxide mixtures, pure hydrogen, inert
gas-e8 anc reducing paseous mixtures at pressures up to 150 atm.
By a large number of properiies new catalysts excell considerably
all known catalyst types used for the similar purposes ( table 3).

Equilibrium of methane converiion reactions with the volume

1

velocity on dry initial methane up to 400C hour ' and initial

mixture composition correspoding to the ratio of CHA:HtO = 113
can be practically obtaired on one ofggieam reforming catalysts
working over 600-900°C temperature range at 30 atm pressure,

In contrast to the other known catalysts, activity of this
catalyst practically does not chonge with 1t8 considerable over=

heating by 400-500°C over a long period of time in the course of con:

ot
version ( for exam.le, in the case process temperature fluctuation
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from 600 to 1100°),

The catalyst granules before ag well as atter use have high
mechanical strength ( compression resistance - up to 1000 kg/cm?),
exceeding the strength of known analogous catalysts,

Thermal stability of this catalyst is 2-3 times higher than
that of known cataiysts. New catalyst stands more than 50 sharp
heat changes with temperature fluctuations from 20 to 1200°C.,
without signs of destruction.

the catalyst preparation method is distinguished for its
simple technology and tew number of stages. Complete absence
of solid, liquid or gaseous harmful wastes is a considerable
advantage of the new technology.

Another type of catalyst also containing small amount of
silicon dioxide has its mechanical strength,in the course of

operation reduced only by 15-50% and not by 70-90% in contrast
to known catalysts made by foreign companies(ChI Girdler =
G-563 ICI =57 =1, CCI = C =1 -~ 235 ).

Particles of new catalysts can be made in any shapes,

for example, cylinder, ring and ball.,

CATALYSY FOR CARBON MONQ.I1WE CONVLRS1ON

New, highly etticient carbon monoxids conversion catalyst
have been developed by the USSR nitrogen induitry as a result

of the implementation ot a wide research program.




It favourably differs from the known catalysts by its
higher activity over a wide temperature range (180-50000), good
mechanical strength ( bhe&ﬁﬁ%?;fénd crushing force up tO 40V kg/cm?)
and simple technology of its merufucture ( table 4),

High thermal itatility ( the catalyst shows stable performance
at temperatures up to SCOOC), and high activity makes it possible
to utilize this new catalyst successfully for the 1-st and 2-nd
stages of carbon monoxide conversion,

The use of new catalyst results in considerable increase
of hydrogen monoxide conversion plant efficiency due to iower
stean/gas ratio, higher volume velocity and longer catalyst
service life. Besides, catalyst utilisation in both slages makes
unnecessary filling with sulfur removal substance before low
tempreature catalyst and desulfurization ( required when using
iron-chromium catalyst).

The catalyst is available in tablets or granul-es of different
shapes and sizes.

METHANALION CAPALYST

Laboratory rescarch and studies in semi-industrial
conditions have resulted in the develcpment of a new highly effi-
cient nickel catalyst on a stable heat resistant support, to be used
in the plants tor the vurification of nitrogen~hydrogen mixture
and hydrogen from carbon oxides and oxygen, through their hydroge-

nation into methane and watepr,

Property . wise thig catalyst excels many known catalysts used

for the same purjose ( table NS).




This catalyst has high activity, heat-resistunce and
mechanical strength. Operating pressures are 10-500 atm, temperatus
res = 250-35000. 1ts volume speed ranges from 2000 to 20U 00O
hour-1. It remains active when overheated to 600°C,

Through the utilization of the new catalyst carbon oxide
content in nitrogen—~hydrogen mixture and in hydrogen can go
down to 5-10 cm2/m5. Besides, this catalyst can Le used for the
hydrogenation of some organic substances. The catalyst is avai-

lable in 6x6 mm tablets.
AMMONIA SYNTHESIS CATALYST

Catalyst CA-1 ( State Standard 12411-66) 1is used in ammonia
synthesis columns in the Soviet nitrogen industry,
By its catalytic properties ( uctivity, stability, mechanical,
strength) this catalyst stays on the same level with the best
foreign catalysts., ( Table 6).Considerable changes having occurred
within the last years in technology of the catalyst manufacture
made possible production of this catalyst in granulated and pre-
reduced form, thus pernitting to improve the catalyst quality
and in doing so to intdbify ammonia synthesis process.,

The granulated catalyst is distinguished for higher mecha-
nical strength and better abrasian resistance in contrast to
the ground catalyst. Utilization of granulated catalyst ( as
indicated by industrial test results) in ammonia synthesis columns
with diameters ranging from 700 to 1400 mm makes it possible
to cut down hydraulic resistance of theplant, raise its output
by 10-150% through the use of fine grains, and to decrease the
apparatus erosion. Due to lesser build-vp and carryover of

catalyst dust, iron content in ammonia is reduced by the factor




of 1,5; clogging of heat exchange surfaces with tne dust roes
down, thus increasing efticient utilization ot ammonia synthe-
8is reaction heat,

lhe catalyst is available in re;ular spherical granules
with 1=-%, 5~9, 7=1C mm cianeser,

The catalyst service life is guaranteed for 3 yeacs,

Non- coiumn reduction of ammonia synthes2s caialyst has
been commercializeu. In the case of non-cdumn reauction, optimum
invroduction of cune contact rormation process is made possible,
thus permitting to raise its activity. The column start~up and
commissioning time can be maved by the factor of 3-4,

In the nearest future all the nitrogen industry plants
in the USSR will change over to the utilization of reduced gra-

nulated ammonia synthesis catalyst.

AMI/ONIA O(IDATION CATALY3ST WITH A
LOWER PLATINOID CONTWHT.

The USSR i one of the largest manufacturers of nitric acid,
Special alloy screens with ©0-95% platinun and 5-10% rhodium
content are used in many countrics as ammonia oxidation cata-
lysts, whereas in the U3SR and intsome other countries these

screens are made from the alloy with 92,5% platinum, 3,5% rhodi-

:
i
i

um and 4% palladium content.
Prolonged scientific reaearch in the soviet Union has

resulted ir the development of a new catalyst for ammonia oxi-

dation into nitrogen oxide.
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Thorough and comprehensive catalyst tests, prolonged expe-
rience of its industrial application has shown that the new catalyst
is not inferior, by its basic properties, to the conventional cata-
lests, used for ammonia oxidation,

Ammonia conversion degr~e on this catalyst reaches 97-98,5%
at atmospheric pressure, whereas at 6 atm. abs, this figure goes
down to 94-96%,

The screens are made of 0,09 mm diameter wire with 1024
brdding per 1 cm Square. The new catalyst is favouradbly digtin-
guished from the other catalysts, used at present, by the follo-
wing features:

= Certain amount of platinum in the catalyst composition
has been substituted by less expensive metals,

= The weight of catalyst screens is less by 8-10% per surface
unit, thus providing corresponding decrease in specitic,initial
catalyst consumption in the course of nitrogen oxides and nitric
acid production,.

= With the use of the new catalyst specific irreplaceadble
losses of precious metal) in the course of ammonia oxidation go
down by 15-25% and amount approximately to 0,035 g~, of platinum
per ton of nitric acid at atmospheric pressure and to 0,12 gr of
platinum at 6 atm. abs,

= The catalyst is less sensitive to catalytic poisoaning,

= The service life of these screens is 12-14 months for
the installations working at atmospheric pressure and 6 months
for the installatioms working at 6 atm. abs.
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Less operation lossus 1r the manufacture of nitric acid and
nitrogen oxides are wade poss:Dle trrougl. the a;plication of new
catalyst,

fhe new casalyst is saitavlc for use in ary armmonia oxida-
tion systens wilh the presgure of 6 aum. abs.; it can also be
used in operating systems of n’tric acid and nitrogen oxides pro-
duction witroul alt:ora%is: of exusting contact apparatuses,

Used up new alioy cata.yst screens can be regenerated in the
same systems where conventional platinum~rhodium screens are rege-
nsrated.

New equipment i, not required for the catalyst manufacture.

Double :tage ammonia oxidation catalyst containing non-plati-
num catalyst in the second stage, rade from chea;y and available
raw naterial, is used in the ni*rogen indus.try of the Soviet Union.
1ts service life i. notv less than 5 yearu.. The use of doubdle,
stage catalyst makes i+ ;orsible to cut down precious metal consump-

tion by 50% enc irrepl.c-"ble locscs by 20%,

CATALYSY FAOR T:dAl. LESUMPCSITION
CF NIIROGEN UXIDmS CONTALIsD 1N
EXHAUST GASES
Double layer catalyst for the purification of exhaust
nitrose gases through high temperature decomposition of nitrogen

oxides bas been devalopea and sucessfully used in nitrogen industry
of the USSR, Catalytic aecomposition is carried out through the

use of various reducing agents ( hydrogen, sank and purge gases,

methane <from natural gas),.
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Nitrogea oxides contznt in purified exhaust gas is 0,005
vol.pct. with the outlei gas texnperaturs of 7CC-750°C and
pressure of 6 atm, Operation Life of %L1e cata.ysc is 1.5 year,

At present, mediur tamperature cataiyst for the purification of
exhaust nitrose gases from nitrogen oxiae, using ammonia ag redu-
cing agent, i, being semi-1industrially tested.

When developing industrial cype. o catalysts great attention
during research was drawn to studyine their chemical-physical

properties, and, therefore, we shall 3pecially dwell on this topic
with the view of possible discussion.

STUDIES OF PHYSICAL-CHEMICAL
PROPERTIES OF CATALYSTS

At the present tire, developmant of industrial catalysts
almost always necessitates complex study of their physical-chemical
properties. The fuller physical-chemical parameters of solid contact
are given, ths faster the selection of the industrial catalyst

optimum chemical COmEOL.vion, conditions of its wm.nufacture and
utilization 1is made.

Por a long time the methods fcr the determination of the
total surface,the catalyst porocity,radial pores distridbution as
Well as x-ray graphical apalysis methods for the determination of
the phase composition of the samples and their dispersion degree
and the methods for studying mechanical strength were considered
as the basic methods for the determination of industrial catalyst
properties .However,industrial application experience points out
that the above mentioned wmethods are obviously insufficient.




Insufficic.cy of exis.ingy metnods consists muinly in that

they all allow to analiyse tue catauyet in its fina! state,

not in the cuuruc 01 1%5 ».oocenasing;it should be also noted that

the catalyst caan, =s a iule, w2 analysed ai room teaperature, and

in the open air. Therefore, vi+ mecharnisiz and dynamics of phase,

chemical md otne;* trausforau*-ors, occuming in the cacalyst during

3¢s procescsing in an industrial reactor remain, to a considerable

at present

extent, not yet revealed. In tuis connectionC%he problem of intro-

ducing new nethods inty the practice of physical-chemical studies

of industrial catalysts aus become mrticulerly scute, the main

requirement being the possibility to carry out various analyses unde:
approximating

conditions, wEXZH industrial ones { high temperatures, elevated

pressures, flov conditiors, utilization of gas mixtures etc,)

It is & coomon knuwlege that ¢ne moidt mcdern physical chemical
methods are used, oreferably, to study "pure" systems leaving aside
industrial) catulysts due tc their comolicatea chemical composition.
Recides, a large nmuber of researcu workers concentrated mainly
on studying catalytic reactior mechanism and tc a lesser extent on
studying formation mechanism of industria catalysts at various
stagee of their menw’acture ( meaufacture and heat treatment of
contact substance, heating, reduvction etc.)

Knowlegz of interaction mechanism between sejarate catalyst
components in & solid phase and effeczt of various gas.es,
temperature, pressure etc, upon tkis interaction character is

essential for che .eleoction anc development of active, heat resis-

tant and svable ip operation industrial catalysts.,
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This trend hes enjoyed s lurze growti as a ;lied to the investi-
gations of coumercial :atalystc uged 1a nitregen industry. At
present, Aiffercivia’ o7 trman ~oalvoio eoamblued nith nass-spectrum
and chromatorraphic ¢ .xlysi. ¢f goseous Ll1ocurus, 13 Nell es
differential therwil analrsis tosetier vith woiont charge recording,
thermo--magnetic snalys.i, infrured snuecirTdsropy ard x-ray structu-
ralV3f~§EEEE&%%%§%§2LLGn af catalyst . aure useC a: the main methods
for studyin; catalyst Torms:ion procesces. ol :ctron ditraction
and electroa micrascepy rethods are used to study the catalyst
gurface micrcatructure, Local ax-ray apectral analysis nethod 1is
used for the determinctior of small concectrat:on: of chemical
elements in a catalysat and diziribution of the elemuuts of the
basic components and micro-additives along the phases.
Thermograpaic,chromatographic megs-spectrun and tanermo-magnetic
analyses of catalysts ere corried out with the samplesb%ggiod in
the flow of various gases. i\ unit nas been commisiioncd carrying
out differential-cnerr.l avalysis ot the nsrocesses taking place
in solid phase &t presuustes up o 1L atm. in siatic as well as
in dyramic statzs., Comple:: utilizetion oi the nbove methods makes
it possible to obtein extensive information concerning nature
and stages of chemical and phase trarsiorrations in a catalyst and
its components in the course of heat treatment, reduction as well
as in the course of the catalyst poisoning and deactivation.
Besides, the application of th:-mographic analysis makes it
possible to assess the character of heat chaLres in au industrial
reactor with the catalyst being properly treated, thus presenting
great practical interest for the selection of reactor design and

for develalng the process of crtalyst manufacture.

Thus, for exazple, recuction of various nickel-chromium
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catalysts based on Lexavelent caremiur ~ompounds is attended
with congideratl: exotiernic ef<ect @C® 1 gr of catalyst )
recorded by uifferca.it. thermay anaiysis. fempcerasure range

of this ~ffact (Tvc-jzu?} 2ud *ar Lature of tle exothermal pro=-
cess observed have been ecgcablished through d:tuiled physicale
chemical invastigations,

Activation <i She inuvstrial nickel-chromiunm catalyst is
attended with an «<xothermal prC:e8s over the temperature range
of 120-200°%C (fig.2) which is ~overned by the nature of the
8upport. Sinmilar effect is not aetected for nickel-alluminium
catalyst with the same nickel content und analogous method of
nanufacture,

Application of mass-3pectrun method hes extended the
possibility of gas phese aralysis, In the case of continuous
control this amsthod will make poss.ible sufficiently complete

ddetification of £,aseous ;hase composition ang cnange of its
components, including reaz+ive nd short-lived corpounds in
the course of the cotalyci heat treatment in vacuum and in
various gas mcdia,

The presence of ions with the rass number m/e 18.44; 32,16
has bdeen estabiished by means o mags- spectrun analysis in the
course of contact mass -eat treatment up to 600%C in vacuunm,
thus indicating.lideration of 520,002, 02.0 and such like
substance into the gas phase.

The rosults obtained through the application of the above
Bethods as well ag differential thermal analysis data made it
possible to explain a nugber of chemical transformations occuring

in a solid phase in the course of contact mags Séaple roasting,
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Application of loca. X=ray spectral analysis rethod for

industrial catalysts ic . new trend in tle tield of heterogenous
catalysis stucics 11 *': - yziet Chlen ne well as  vroad.
Local x-ray spectral analysis i1s, so far, he only direct method

for the observation of the
V@lstribution of th. elements wlong the Phases in the resion of a

few microns. Tais metrod combined witlh petrographic analysis is
used, in the case of an inuustriel catalyst, for the control of

mineralogical phases composition and elements redistribution along

the phase depending upon the ratio of initial components, method
of the catalyst menufacture, its heat treatment and reduction
conditions as well as in the course of the catalyst deactivation
(overheating, copper and water vapour poisoning).

Thus, it hes been established that potassium and alliminium
are distributed non-uniformally along the Phases in the oxidized
and twice-promoted iron catalyst ( Fe-A1203-K20) « Potassium,
after having been reduced, is concentrated in iron containing
phases and distributed uniformall - in d ~Fe. Af%er overheating
the catalyst over to 500°¢C alluminium is coagulated on the bounda~
ries of grains OL.-Fe, whereas potassium leaves grains o[_-Fe
completely.

The whole complex of Physical-chemical studies wag successful-
1y made uee of in the zourse of the development of industrial
methanation catalysts, when studying formation processes of low

temperature carbon monoxide conversion catalyst and in the course

of studying the processes of ammonia synthesis catalyst deactiva~
tion.
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Implementation of an extensive research program aimed at
the development of new ratalysta for the manufarture of fixed
nitrogen in the USSR, maude 1t possible to develop various types of
catalysts meeting specifications for the beat foreign catalysts
and by certain properties eéxcelling them.

By now the Soviet nitrogon industry has accumulated suffici-
ent experience in che aevelopment, designing and setting up capa-
cities for the nanufacture of new catulysts and car engineer sepa-
rate plants for making individual catalysts as well as large ca-
talyst factories making a wide range of these products.
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TABLES AND FICURES

TABIE X 1
Comparative data on alumocoba b

catalysts

( with the volume velocity of 2000 hour—'

md\?mlpheric pressure )

R

Type of sample

‘l‘cnpess-i Hydrogen ‘ Sulfur gontont i Degree
ture .

H
: ¢ content | t of hyd-
: : :Before . After ! rogena-
i : it:lt ’ teat X tion %
USSR (industrial) 350 5 26,0 0.4 98.5
BASPF (Bundesre-
C& Girdler (UBA) 350 5 19.9 1.0 95.0
Grande Paroisse 350 5 31.2 0.3 99.0
(Prance)
| COI (U 8 A) 350 5 28,6 2.1 9.5
|
-TABIE N 2
oxide
— A : i = |
Type of catalyst . SBhape and :Bulk : Porosity:Specific Capaci
™ mf of :uifht: t’:lgrtaco tfor K
: perticles : 1n°/g isulfur
. : . : '5 of
3 : s : ‘:::ght
: p ‘at 400°%
USSR (industrial) Tablets 1.57 55.0 32.8 24,5
diuo"sm

height-3 mm




USSR (semi~ Tublets 2.11 36.7 45,0 294
industrial) diam.-5 mc (t=250"C)
height-’mm
32«4 (ICI, Balls
U.K.) diam.-ﬁmm 4019 4505 3“09 20.2
2932 (ISI3  meplets  1.93 30,3 3507 243
Uk) 5x5 (=250°)
B~Zn0 Molded .
(BASP, Bundes- diam,-tmn 1084 44,8 18,7 2643
republik) height=5=-10mm
ZM Tablets 1.07 55¢5 29.2 30.2
NIXKI,Japan) daiam.-5mm
height-4mm
Zn0 Tablets 1 .,‘)5 39, 5 35.6 18,0
(ONIA,France) dian.-10mm
height=-5mm
0.724 B‘Il. 1 023 58.6 - 21 o#
(&I Girdler, 3i8m.->mm -
U8sAa)
TABIE N 3
c a £ c
satalyst with low silicon conteat
Type of catalyst! shape ;lemporary resistance {Thermai re-
: da : isistance
; Size of initialialter i8tre t(number of
. tablets, kg/cm“iconversis :losses tthermal oyc-
; wmm g ton kg/cm“ @ 11es § 20x1000°-
: | H S-ZO in ‘ [
s i 3 s twithout deS%®
: J : —fwetion)
USSR ( industrial) Cylinder 1500 1500 - 30
12x12
WBSR (semi-indu- Rings 1000 940 10 40
strial) dian-12x6
height=12
Cylinder 1500 1350 10 %0
12x12
UBSR (semi-indu- diam=14x7 €30 &40 30 30

strial) height-13




TABLE N4

ative data on low temperat 0

copversion catalysts

Type of catalyst

RAeaidual CO at various

Maximum temperatu-

3
t a ‘ re not causing
: | i s 3 . decrease in acti-
i : ; Vity
10 (USSR) 0.8 0.24 0.0, 0,1 up to 500
BTT (BASF,Bundes-
G=66B (C&I Cirdler 8.0 2.1 0,55 0,5 450
Us A)
GP-C6 (Grande 12,1 8.0 1.7 0.7 300
Paroisse France)
ONIA (Prance) 14,8 14.6 13,2 9.8 300
C-18 (CCI, UBA) 7.0 1.2 0.25 0,16 400
Cas: Hy- S¥% Volume velocity - 1000 hour™"
CO- 19% stean/gas ratio - 1,5
CO,- 8% Pressure - atmospheric

’2'5’




TABLE N5

Comparative data on methauation catalysts

[ 1)

g

Type of catalyst : Act:‘.vitfc . lhermal ! Mechanical
: o : stability : crushing
; Cc . Og . strength
. . : kg/ tabliey

USSR ( semi-industrial) 440 600 25

BASY,

Bundesrepublik 180 500 6

(G-65)

CCI (C=13=4), USA 160 450480 9

ONIA, France 180 550 10

Py, Denmerk 200 500 6

R NSRS

x/ Lemperature of carbon oxide breakthrough

at 15 atm.presure

Velocity = 4000 hour ™'




2%,

TABLE B6

Comparetive date op smmonia syuthesis
sstalysts

Ammonia content in vol. pcte. in an exhaust gas
at 500 atm. pressure with volume velocity
of 30 000 hour™!

Typ i 3

of catalyst
R 200 § aso | a5 | 500} 5%

8A-1 (UBSR) 17,7 23.6 24.4 23,7 17,0
BASF (Bundesrepublik) 12.0 23.0 23.8 21.2 16.4
K7 (Bweden) 16.6 20.3 20.84 19,6 15.2
35-4, I0I (England) 17.9 20.5 = 19.5  15.5

Captions
}ige 1 Reduction of nickelchronium catalyst with hydrogen

Pige2. Differentisl thermal analysis of the activation process

P hiche o ronlun catalyst with hydrogen

}ige3 Msss-spectrum analysis of thermal decomposition products
of carbon monoxide catalyst. ’
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