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INTRODUCTION

In the chemical industry, and more particularly in the sector concerned 
with the production of basic products such as ammonia arid methanol, 
plant capacity is constantly on the increase while at the same time the 
industry has been under great pressure to reduce energy consumption in 
view of the ever-increasing cost of raw materials and energy.

New technologies and new process schemes have been developed and high- 
capacity, low-energy plants are currently being built. Synthesis tech
nology (reactors and catalysts) is also evolving fast to meet the new 
requirements for large plant capacity and low energy consumption which 
in some ways are conflicting.

The drastic reduction in synthesis pressure, made possible by the use 
of new types of catalyst, and large plant capacity have led to the deve- 
'opnent of reactors capable of accommodating large volumes of catalyst;

.uple equipment is thus being designed to minimize the loss of energy 
j.n synthesis gas (low pressure drop in the high recycle gas flow) and 
solve the problems intrinsic in the new large sizes,connected with the 
construction of large-size equipment, transport, maintenance and cata
lyst replacement. Table 1 shows the variations in characteristics of 
azmonia synthesis reactors from their origins to the present day.^^
As mentioned above, the development of new synthesis catalysts has been 
a determining factor in the designing of large, low-energy plants.

The developments in synthesis reactor design and in catalysts art revie
wed in this article and the new Ammonia Casaie synthesis reactor and 
catalyst are described in detail. Some of these developments have 
already provided a tangible answer to the different problems facing the 
industry and represent not only today's technology, but that of the near 
future as well, while others also mentioned in this article are no more 
than concepts to be assessed and proven in a moie distant future.



STATE OF THE ART

Reaccor designs

The axial flow design adopted for ammonia and methanol reactors in the 
past is still the most widely adopted solution today. The small size
of the apparatus used in the past made it unattractive to adopt the

(? )radial flow designs proposed by various designers to reduce gas ores- 
sure drop.

Most medium-to-large-capacity reactors (up to 2500 MTD in the case of 
methanol) even today are of the axial type, since it is not easy to 
change a well-established tradition, nor has it been easy to design 
prcblem-free cartridges with radial flow catalytic beds for large reac
tors. Catalyst shrinkage, in effect, has been a serious problem, affec
ting gas distribution in large-size radial beds.

The characteristic features of the various reaccor designs lie in the way 
gas flows through the catalyst, the way temperature is controlled in.the 
catalytic beds and in the reaction heat recovery system. The following 
is a brief review of the designs most frequently adopted:

First generation

- Ammonia Casale
Single bed axial reaccor with tube-cooled catalyst bed and calandria- 
type feed - product interchanger (Fig 1).

« . .(3)- Montecatini
Multibed axial reaccor with interbed cooling by Doiling water (steam 
generation) (Fig. 2).

- BASF (1 )

Multibed axial reactor with incercooling by gas injection (quench 
type) (Fig. 3).



- TV A(3)

Single bed axial reactor with tube-cooled catalyst bed and calandria 
type feed - product interchar.ger (Fig. 4).

- OSW (3)

Multibed axial reactor with gas-gas cooling by heat exchangers between 
beds. Steam generation if desired (Fig. 5).

Last generation

- Kellogg
Multibed axial reactor with intercooling by gas injection (quench 
type (Fig. 6).

- Uhde(5)
Multibed axial reactor with gas-gas cooling by heat exchangers between 
beds (Fig. 7).

- i c i(6)
Single bed axial reactor with catalyst intercooling by gas injection 
through lozenge distributors (quench type) Fig. 8).

- Topsrfe^
Two-bed radial reactor with intercooling by gas injection (quench
type) (Fig. 9).

- C F Braun(8)
Two axial beds in separate vessels with an external heat exchanger 
between the two beds (Fig. 10).

- Ammonia Casale
Multibed axial reactor with intercooling by gas injection (quench 
type), HP steam generation (Fig. 11).

„ a- (9>- Moncedison
Two-bed axiil reactor with intercooling by steam generation (Fig. 12).



Svr.thesis catalvscs

The catalysts commonly usee for ammonia synthesis are based on promoted 
magnetite and are characterized by their chemical composition and part
icle shape. The most common ammonia synthesis catalysts are ir the 
shape of irregular granules. The granulated product is obtained by 
crushing and screening a cooled me^t.

The most widely used catalysts, available either in the oxidized state 

or prereduced, are: Annonia Casai.e SA, BAST AG. Imperial Chemical
Industries (ICI), Haldor Toosde and United Catalyst Inc.(UCI).



NEW DEVELOPIE.NTS

Reactor designs: the net, generation

„ ,, OO)- Kellogg
Horizontal reactor designed by Kellogg for very large units where it 
is necessary to limit the pressure drop across Che catalyst bed nd 
to reduce reactor volume using small-size catalysts (Fig.13). Ihe horizon
tal reactor operates in the same manner as the quench reactor, except 
chat Che gas flow is through shallow longitudinal catalyst beds called 
"slabs", contained in a removable carriage. Despite the use of a 
small particle size catalyst, pressure drop is low because of the large 
cross-sectional area. An efficient system is provided to mix conver
ted gas from each slab with cold quench gas.

- TopsrfeC11)

Series 200 reactor. According to the basic principle of the radial
flow reactor the gas must pass only through a thin layer of catalyst,
and consequently pressure drop through the catalyst beds is minimized.
The Series 200 Tops<$e reactor (Fig. 14) comprises a basket containing
a catalyst section with two beds, one on top of the other, a gas-gas
exchanger arranged centrally at the level of the higher catalyst bed
and below this a heat exchanger. The main inlet gas stream, entering
at the top of the reactor, flows downwards in the annular space between
the shell and the basket, thus cooling the pressure shell, and enters
the heat exchanger which is provided with a by-pass through which is
admitted a cold gas flow.

. - r . 02)- Ammonia Casale
Axial-radial reactor with modular cartridge (Fig. 1.». The new 
Ammonia lasale design is a vertical reactor with stacked modular 
catalytic beds (modular cartridge). In each catalyst beu the gas 
flows through a first zone in a prevalently axial flow and in a second



zone in a radial flow (beds with split gas flow) (Fig. 16.)
Unlike conventional radial reactor designs, sealing at the cop end 
of each la"er is unnecessary, since the axial flow zone acts as stal
ing pad for the gas flow. An important simplification of the gas run 
is thus achieved with a minimum of pressure drop and.a simple reactor 
cartridge which consists of catalyst baskets, each .ndividua. basket 
being individually detachable, and fitting one on top of Che ocher 
with a simple sealed joint (Fig. 17).
The cylindrical bed walls are perforated along their whole length with 
the exception of the top portion, to ensure correct distribution of 
the gas flow. The height of the unperforated zone in the top portion 
is optimised according to the type of catalyst used and to the radial 
thickness of the bed in order to make the best possible use of the 
catalyst and of reactor volume.
Figure 18 is a general schematic view of a low-pressure ammonia reac
tor with two catalytic beds and internal exchanger after the first bed. 
Figure 19 is a general schematic view of a low-pressure methanol 
reactor with three catalyst layers. In these reactors the cartridge 
ha; been designed according to the concepts described above.
This novel reactor design, mechanical details of which have already 
been tested in large-scale plants, is particularly suitable for low- 
pressure loops involving large volumes of catalyst and very high gas 
flow. With this new design column-like, high-yield and low pressure 
drop reactors can be built, minimizing transport, erection and 
maintenance problems.
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Svnthesis catalvsts

The availability of new synthesis catalysts is fundamental to the success 
of new low-energy schemes for large-scale ammonia production. Such cata
lysts must satisfy the tvo basic requirements of high activity and low 
pressure drop, affected by catalyst volume and p'rticle size and shape. 
The new catalysts recently developed to satisfy these basic requirements 
are described below:

- ICI(,3)
The new ICI ammonia synthesis catalyst contains, together with iron, 
cobalt from 1 to 20% w/w calculated as CO^O^. According to ICI the 
volume of the cobalt-containing catalyst required for a given ammonia 
output is under 75% of a corresponding cobalt-free catalyst and only 
50% at the lower temperature at which the cobalt-containir.g catalyst 
is active (Table 4).

- The ACSA spherical catalyst
Numerous attempts have been made to produce ammonia synthesis cata
lysts in a regular shape (in the shape of small cylinders or sphe.es)
u • • r u . (16 - 17 - 18) _ , ,by compaction or sintering of the powder. In general the
product so obtained had either inadequate mechanical characteristics
or its activity was too low.
Ammonia Casale has now developed a new process through which a sphe
rical catalyst can be obtained having great mechanical strength and 
intrinsic activity at least equal to that of the best irregular~s’nape 
catalysts. According to the new process the basic product, con
ventionally obtained by melting, is finely pulverized and then pelle
tized and sintered. With this system it is particularly easy to 
introduce promoters to improve activity. With this new process, 
spherical catalysts have been produced starting from the conventional 
Ammonia Casale and other catalysts on the market. The spherical 
catalyst can be produced in the oxidized or prereduoed state.



9

In Table 5 the chemical analysis and physical properties of the 
spherical c;talyst are compared with some of the conventional irre
gularly shaped catalysts commercially available.
The diagram in Figure 20 shows the ratio of pressure drop of various 
sizes of catalyst in irregular granules and of a spherical catalyst 
to the pressure drop of a 7 mm spherical catalyst.
As the diagrams show, the pressure drop of the spherical catalyst is 
lower than that of the irregular granules catalyst of the same size.
For example, a catalyst in irregular granules 12 - 21 mm in size 
(average size 14,6 mm) has a relative pressure drop of 0.85, while a 
spherical catalyst has a relative pressure drop of 0.52. It follows 
that by using a spherical catalyst:
at equal pressure drop a smaller size catalyst can be used, for exam
ple 5 mm diameter as against irregualr granules 8 - 10 mm in size, 
achieving an increase in activity of about 15Z;
at equal activity and catalyst size the pressure drop will be lower.
For example, by using a 9 ram spherical catalyst as against an 8 - 10 mm 
irregular granules catalyst, the pressure drop will decrease by 
about 50Z.
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P0SSI3LE FUTURE DEVELOPMENTS

Reactor design- and synthesis catalyses

Many new ideas have been put forward during the last few years, by way 
of patents for new reactor designs and fabrication processes for new 
ammonia synthesis catalysts.

By reasons of space only bibliographic references are given below, which 
should enable those interested in this subject to carry out a more 
extensive study of the matter:

For reactor designs:
axial desings, see references 19, 20, 21 and 22 
radial designs, see references 23, 24, 25 and 26

For new catalysts:

see references 27, 28 and 29.

<



CONCLUSIONS

The need to increase plane size and ac che same cime save energy is 
generacing a new and improved cechnology for cne synchesis of ammonia.
New criceria have been adopced in che designing of high-pressure eqa:‘p- 
menc, in sizes which even a few years ago were unchinkable, Co facilicace 
ics conscruccion, handling, erection and maintenance.

The design of reactor carcridges has been gready simplified co accomxno- 
dace more easily large volumes ot caealyse which muse be quickly instal
led and replaced; new types of catalyst have been developed, wicn free- 
flowing characteristics and a low tendency to agglomeration and shrinkage.

Reactor volume can be conveniently reduced by using small-size catalysts 
and this is made possible by the low pressure diOj. baskets (transverse 
or radial flow) and by the regular shape of catalyst granules (pherical, 
for example).

The new carcridges with a stacked modular structure will greatly 
simplify che constrvcticn of large, single-train plants.
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-  DEVELOPMENT Of Tre  A70PMIA «CACTO«»

I I
Conacruccioo y*ar 1910 1911 1912 1913 1913 1914 1915 1940 1934 1943 1949 1972 1910

Diaaacra ia aa. 90 *,yi 140 200 300 300 •00 1000 1200 2900 2000 2400 2S00
Langch ia a. l . i 4 K • • * 12 IS 12 22 22 34 34

tfe&fhc ia cons 3.3 43 103 270 3*4

"Cacalyat r a liw  ia ca.a. 0.09 1.1 4.43 44 34 34 130

Oparaciag praaaura ia Bar 200 300 300 130 330 210 170

ProducCiao capacity caaa/day 3.4-4 A •3 193 910 1200 ìitó ÌT53

TABU ? - CHAmCTP-BtSTTCS Of P i m n o r r  reactobs

TYPE CAS n o n t e x t e j i a t u u

CONTBOL
CAPACITY

B A K E
B E IA TIV E  
r o u t e  or 

CATALYST (1 )

CATALYST BESS: 
PR ESSUU OBOP (1 )  

BAB

BtACTIlB
VOLUME

U T IL IZ A T IO N  I

LAST CXNCBAT10N

« a l l o t * I t i l i giM acb up CO 1300 1 3 co 4 -

Topaoo r a d ia l t w it c h up to 2300 1 2 '.a  } -

IC I a x ia l guoach up co 1300 1 3 •« a “

M a « t i s i gaa/gaa axchanta up Co 1300 O .S 3 t ' i  4 *

C 9 Ir a a a a x ia l «x t a r n a l gat
rx c h a a ta up Co 1300 O.B 3 co 4 -

»amami a C a a a lt a x ia l quench up Co 1300 1 3 Co A

Meocodiaoo a x ia l haae ra e o u a ry up Co 1300 0 .8 3 co 4

SEW CENCRAT10N

« a l l o t *  B a riia n c a l quench up co 2300 1 3 co 4 48

Topaoo J a r  la* 200 r a d ia l „ i./ g a *  axehobga up CO 2300 0 .» 2 co 3 43

»ammala C a . i l .  
(■ a d u la r  c a r c r ld g a ) a x i a l - r a d i a l taa/ga* axchanga up to 2300 0 .1 1 co 2 41

BoC.ai

I. Bafarrad U  tlM •< oparaciag i M r i i d M t
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TABLt 3 - ISOl’STHIAL APPLICATIONS
ОГ KVJ AEACTOA DtSICKS 
(Kaactor: in operation)

TIPI CAPACITI L0CATI0.4

KalletS horizontal >700 KID J«p«n

Topada Sariaa 200 I3S0 KID Katharlaada
<000 KID Prance

laoaiz Caíala 1000 MID(,) Pranca
(aodular eartrid(t) lOOO KID(,) Praaea

1000 КП>(,) liMinia

H o f : (1 ) Axial flow v i t »  Modular ca rtrid fa

TABLE A - COHPOSITIOH AXD ACTIVITT 
or ICI'S COBALT CATALTST

Composition Activity

r . 3°t balança

CoO 3.2 4S0*C 134

CaO 1 .» 400"C I U

K:°
O.S 350‘ C 140

AÏ2°3 2.5

"to 0.2 100 • cobalc-frae

J i0 :
O.S catalyst a c tiv ity
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T A B U  5 - COMPARISON OP TUP. PROftRTtES

OP SPltFfttCAl. AND 1P7CrU1A«-S1IAPE CATALYSTS

O ) ( l > . ( 1 )
CATALYST TYPE ACSA SIHERICAI. A 4 R A B

(Ca a c t iv a te d ) (C a a c t iv a te d )

CATALYST SHAPE s p h t r i e j l
(2 )

s p h « r ic a lv i r r e g u la r  « lia pa i r r « £ o l * r  shjp c

CATALYST S IZ E  wm 10 6 - 1 0 6 - 1 0 12 -  21

AHALr S IS  PeO 29 31 -  32 32 31

r *2°3
62.1 6 0 .7  -  62.1 6 3 .6 62

A1Z°3,IC20
7 .6 7 -  * .6 6 .6 7

C a O .S iO ^N g O

Ca 1 .3 1.3

PHYSICAL PROPERTIES

• B ulk  d e n e ity  Kg/ca3 2 .5 2 .5 2 .7 2 .7

-  C n ich  > t r « n ( t h  Kg 250 250 - •

A C T I » I T T t3> 1002 100Z 100Z 1Q0Z

Wot««i
(1) Catalyst by othor manufacturer
(2) Irragular-ahapo catalyat tr«n«'oro*d lato apilares vitk tbo ACSA proceaa
(3) Reference activity of trucho«; catalyat

TABU 6 - PHERCT EPQUIRKD TO» CAS LIKCUI-ATIOW
m  different rrtes or «cacto»

AWDNIA REACTOR ICTHAHOL RZACTOR
(KWh/HT m 3) (KVh/XT CH}0H)

AXIAL PLOW 66 6B

RADIAL FLOW s; —

axial-radial flow 32 35
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FIG.4 SINGLE LED TVA
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FIG. 6 MULTIBEO KELLOGG
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FIG.8 SINGLE BEO ICI 
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FIG 13 KELLOGG HORIZONTAL REACTOR



T ^ l

FIG. 14 TOPSOE SERIES 200 
RADIAL REACTOR

I



- 2? -

FIG. 15 AMMONIA CASALE
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FIG. 17 GENERAL VIEW OF A 
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The Company

Ammonia Casale SA is a Swiss company established in 1921. Its first 
activity was the industrial exploitation of Professor Casale's new 
processes for the synthesis of ammonia.

Ammonia Casale has played a leading role in the development of the 
ammonia and methanol industry in major world countries, including the 
People's Republic of China.

To date over two hundred plants have adopted the Casale technology.

The company continues to be actively involved in research and development 
work and consulting services and has recently achieved some very important 
results in the development of advanced technology in the field of ammonia 
and methanol synthesis and methyl fuels.

The Author

Umberto Zardi is the Managing Director of Ammonia Casale SA.
In the course of his twenty-five years' career he has also worked for 
Montecatini and Snamprogetti and has been involved in the development of 
ammonia, methanol and urea technology.




