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AilSTRACT 

The task of UNIDO - team assistance ~0 GFC was to investigate: 

- the usefulness of a pilot plant installation for testing 
catalysts for arnr.~onia production 

- the possibility of. decreasing the existinb Calciua 
Anunonium Nitrate /CA::i/ caking tendency 

Catalyst Pilot Plant: 

The existing system or Ammonia Production Plant catalysts r· 

processing, maintenance plannin~, rP.charging, and suppliers 
selection does not answer requirements. A study of a si~ple and I 
cheap system which would solve the most urgent needs was 
compiled. This system employing a microprocessor evaluatos 
control data from the process catalysts and combines it 
with research data obtained from ~mall testing reactors 
thus getting conplex information on the actual needs of the 
ammonia manufacturer. 

Calcium A~monium Nitrate 

Because the CAN quality is determined during the production 
step, an investigation of the process and its control was 
carried out and a brief idea of necessary improvements, 
either in the form of simp~e reconstruction of !ndivi<lual 
production rnachin~ry, or possible future revamping of the 
Unit, was carried put. 

i 
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Secondly a short laboratory research program for 
caking tendency decrease possibilities through 
anticaking agents application was worked out and the tests 
were realized at the GFC laboratories. 

The main aim or the whole project was to demonstrate 
the necessity for res~arch method introduction and 
economical results are to be achieved. 
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INTRODUCTION 

The Syrian Government bas estab.iished a Fartilizer
Complex at lloms called the General Fertlizer Co 
/GFC/ under the directorate of the General Establishment 
of Chemical Industries /GECI/. 

This complex consists of the following three subcom
plexes 

- Calciuc Allir.lonium Nitrate complex /start up 1972/ 

A~onia 150 t/day - stopped 1982 
- Nitric Acid 280 t/day 
- CAN 110 t~/day 

- Ammonia Urea /Naphta Based/ complex /start up 1981/ 

- A111J11onia 1 OC.Ot/day 
- tJrea 1050 t/rfay 

- Triple Phos~hate /TSP/ complex/ start up 1981, 
not yet commissioned/ 

- Sulphuric Acid 1950 t/day 
- Phosphoric Acid 533 t r~o5/day 
- TSP 1400 t/day 
- Aluminium Fluride 9 t/day 

The Horas artta was a famous agricu 1 tural area ~h Jre 
fertilizer distribution and use were mandat~ry it 
agricultural production was to be increased. On the 
other hand experience in heavy chemical production was 
lacking. 

r 
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The above list of Production Comulexes at GFC Homs · 
indicates that the chemical production is widely based, 
relatively young, and growing. These were the reasons 
why m:c and the Syrian Government asked UNIDO for the 
assistance of experts in the field of ammonia production 
catalysts and a decrease in the CAN caking tendency. 

JOB DESCRIPTION 

The original job descriptions are in Appendix I. of 
this Report. 

In regard to some vagueness in the actual job demand, 
th6 mission to Syria was divided into two parts - a 14 
days' informative visit of the team leader and a 10 weeks· 
mission of the team when the body ~f the job was compiled. 

The revised job description left out the demand for decrea
sing the ~rea caking tendency, as the caking tendency of 
urea was low and GFC felt no necessity for assistance on 
this point. 

Secondly the work on a catalyst pilot plant had not yet 
been started and so it had to be considered wheter such 
a pilot plant could be useful for GFC and to what extent. 
A plan for such a pilot plant was worked out and approxi
mate costs were stated. 

The work was completed on December 10th, 1984. 
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SU~!~HY AND RECO~!MENDATIONS 

1.0 Ammonia Catalyst Pilot Plant 

Tho Am~onia Plant l 000 t per day at GFC Ho~s was put 
into operation in the year 1981. A.fter three years of 
ammonia production the catalysts for primary reforming 
and HT Shi.ft CO conversion had to be replaced dua to 
their low activity and increased pressure drop. The .front 
section of the unit_ is planned to be reconstructed in the 
1987 after naphta feedstock will have been changed to ,., 
natural gas feed. According to the contractor's request 
all the cataly~ts downstream the primary reformer to be 
replaced before the reconstructed plant· is put into 
operation. Expenses for the purcha~~ of spsnt to date 
and those to be paid in the near future are abnormally 

high. 

As more than 12 conpetitive world suppliers are ready 
to offer first-grade catalysts for the ammonia industry, 
GFC has to consider very carefully which make and which 
suppliers are tr, be chosen. lo be propared for this 
actual task as well as for the future optimation of 
catalytic 1>rocesses by means of long-life and highly 
efficient catalysts, a Catalyst Testing Project has been 

suggested. 

Taking into consideration the specific situation at GFC 
Homs a 0,8 mil. S program based on catalyst monitoring 
procedures is preferred. A classical testing leboratory 
project /estimated investment costs 15 mil. S I a labo
ratory project of reduced scope /estimated investment 
costs 5 mil. $ I have also been studied but they have ~ot 

been recommended. 
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To speed up the realization and to obtain the most urgently 
ncedod results before the start-up of the natural gas feed 
systec, the program has been divided into thres stages, 
the first one with a 1987 deadline. 

The r.iain ai.m of the first period /estimated costs lower 
than 25u 000 $ I is to introduce the monitoring and testing 
of the primary reformer-, HTS, and LTS CO conversion cata
lysts at GFC with the aid of inexpe~sive but effective 
installations. Monitoring and evaluation will be carried 
out with a microprocessor. Time schedules for the organi
zation and training of GFC personnel in catalys~ testing, 
monitoring and the evaluation of results have been worked 
out. Close operation with the Technical Cniversity at Homs 
has been embodied into the program. 

In the second stage the scope of catalyst evaluation will 
be increased to all nickel based catalysts and desulphu
rization adsorptivcs if necessary, and in the third stage 
the program will be completP-d so that all reactors and 
catalysts will be evalutted by monitoring system. 

Software for catalyst monitoring by thermodynamic evalua
tion was demonstrated on a Teleputer hlicroprocessor 
128 kbytes ~hich was brought by the UNIDO team. 
Software relating to actual operational problems at GFC 
was compiled and presented to the technical personnel 
of the Ammonia Plant. 

I 
! 
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2.0 Cakin£ of C~lciu~ Ammonium Nitrate 

The quality of the produced CArl 30 was checked by evalua
ting the existing results o.f laboratory tests and it was 
stated ~hat: 

- the moisture content was often too high 

- the size range of the prills was unsatisfacto~y /high 
content of fine particles/ 

These results were completed by testing the crushing 
strength - low hardness, and high plasticity were found. 
The shape of the individual prills was prolonged. 

Acccrding to these results an inspection of tho individual 
process p?oduction steps was carried out at the Plant. 

It was found that: 

- Lhe feed flow was unstable 

- the neutralizator capacity was often exceeded 

- the teraperature control of the prilling process was often 
insuf ficicnt 

- the prilling system was not actequate 

- the capacity anc efficiency of screening, drying, and 
cooling syster:is were low 

- anticaking agent application was not situated in a 
suitable place and the spraying was not efficient enough 

- samples for laboratory analysis were not taken at the end 
of the production line hut upstream and did not represent 
the final CAN 30 quality. 

Therefore a proposal for minor i1nprovements in tho 
Plant as well as a sug~ostion for possible future 
revamping were compiled. 
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Because there exists a liMited possibility of improvement 

of the CAN 30 caking tendency by application of a suitable 
anticaking a~ent. a short laboratory rasearch program was 

dem~nstrated on laboratory equipm~nt which was brought 
along and handed over to GFC, Tho ?Urpose or this activity 
was to demonstrate to the GFC technicians how through well

planned laboratory researchwork results can be obtained 
which solve both tachnical and economic problems. The tests 
were carried out wirh anticaking agents which were brought 

but it was emphasized that for making final decisions 
a more widely based laboratory research prog~arn world 

have to be compiled. 

In addition to the mentioned points, the suggestion for 

producing li~uid fertilize1·s and its future prospects 

was embodied to this Report. 
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1. TZSTIXG OF .Al·!HO?-aA PRODt:"CTIOX C.:~T..\LYSTS 
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1.1 Proj~ct of Catalvst Testing 

1.1.1 Purp0se of the Project 

- Prevention of catalyst collapse breakdown due to 
catalyst malfunr.tion/ 

- Objective, technically founded planning of maintenance 
and catalyst replaqement 
Selection of catalyst types /suppliers/ in accordance 
to c~talyst activity/life and mechanical strength 

- Postgraduate training of technical staff at GFC and 
increasing the average technical standard. 

1.1.2 Scope of the Project 

The Catalyst testing project has to be orge.nized in well
planned steps to ensure sffectiveness and economy. 
- The first step should help solve tho known operation 

problems and help tho start up after reconstruction of 
the l 000 t/day ammonia plant from naphta to natural 

gas feed. 
- The second step should improve maintenance planning, 

catalyst recharging and optimize catalyst processing • 
- The tbird step should bring the general knowledge and 

experience of the GFC team to such a level that they are 
self-sufficient in the field of c~t~lyst application, 
and to make them a loading group in this field for this 

ge~raphical area. 

To bring the ~bove mentioned tasks to lif& it is necessary: 

- To embody catalyst testing and general study into 
tho GFC organization structure. 
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- To bring to life and dev~lop the catalyst testing 
project. 

To reserve in the GFC budget means for catalyst testing. 
- To instal necessary eqtlipment step by step and to orga

nize its implementation and further application. 
- To select personnel. 
- To ensure personnel training. 

To organize official contacts with sister ammonia plant 
manufacturers in the above field. 

- To fin~ r.ontractors for desi~n, deliveries, software and 
hardware. 

Catalyst testing project time schedule has one fixed time 
limit: 

- the ammonia plant start up on natural gas feed i.e. 3/1987. 

Defore the start up date the recharging of all catalysts has 
to be undertaken. Catalyst delivery time may take apprcx. 
6 weeks and catalyst testi11g and comparison up to 3 months. 
All tests have to be started not later ti1an 10/1986. 

The terms of the second step are more or less optional and 
depend on GFC needs and financial possibilities. Tho second 
half of the year 1988 is tentatively suggested. However. 
the second step deadline and program should be set with 
regard to the realization of the first step during the 
reconstruction for natural gas. 

The third step should be planned later when the 1st and 2nj 
steps have been realized. 
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1.1. 3 List o.f ~.fain Equipment 

Item N~ of pcs 

- Crushing strength apparatus 
0 - 1(;0 kg l 

- Attrition loss apparatus l 

Screen shaker with one set of screens 
0, 1 to 3 nm ·I 

- Sulphur adsorption apparatus for active 
surface of nickel catalyst measurement 1. 

- Bypass reactor for shift catalyst testing 3 - 4 
- Processor 128 kbytcs /miniQally/ for 

evaluati~n of c~talyst activity based 
on thermod;namic calculation, operating 
in real tirae consisting of: 
- processor 
- contact unit for on-line data collection 
- CRT colour diEµlay 

- keyboard 
- printer 
- external mcraory 

- Piping for bypass reactors and for 
gas sampling 

- Instruments for bypass reactors 
- Instrumentation for catalyst monitoring 

in 102 - D, 1~4 - D and 106 - D reactors 

1.1.4 Services List 

1 set 

3 - 4 sets 

1 set for each 

- Manual for mechDnical and adsorptive testing, personnel 
training, commissioning 

- Ilypass reactor documentation, manual, commissioning, 

training 
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Catalyst monitoring documentation manual commissioning, 
training 

- Uicrorrocessor software 

Training of GFC staf.f at sister ammonia plants, research 
organizutions and catalyst manufacturers 

1.1.5 Labor Needs 

It is probably necessarj to name one chemical engineer 
in charge of catalyst processes in general in the . .first 
step. How~v&r., thorough knowledge and experience in the 
fic~d of catalysts is indisrensable for the ar:.nonia plant 
technical ~anagement to train a good catalyst monitoring 
team. 

Besides the catalyst engineer, 2 en~ineers from the ammonia 
plant should be trained in the testing of mechanical and 
adsorption properties of cataly~ts and minimally 3 engineers 
shoald be trained in the passive and active operation of 
the microprocessor. 

Catalyst monitoring should be carried out on day shifts 
by the a~~onia personnel, and evaluating results should 
b~long to catalyst engineer's responsibilities. The final 
decision on catalyst type/supplier selection should be made 
with the ammonia plant manager and the catalyst en~ineer. 
The catalyst engineer should contact catalyst suppliers and 
specialists in sister ammonia plants. 

In the second step of the project, the team of engineers 
trained in catalyst monitoring should be enlarged. 
A catalyst. assistant should be named for continuity in the 
generation problem at GFC and to cover the increasing domand 
on work and responsibilities. 

I 
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1.1.6 Training of GFC Personnel 

Duty No. of eng. Days 

- Training at an independont 
catalyst testing laboratory 

- Training at the manufacturers 
- Training with microprocessor 

, 
practice at a manufacturer s 

, 

or software developing organiza
tion /Basic Programming/ 
Training at sister ammonia 
manufacturers 
- manufacturer A 
- manufacturer B 

1.2 Catalyst Testin~ Methods 

1.2.0 Introduction 

2 
2 

2 

2 
2 

20 

15 

30 

10 
10 

A modorn ar.i.~onia plant based on steam reforming of hydro
carbons cocprises eight catalytical operations: 
- llydrogenation of organic sulphur compounds of hydro 

carbon feed 
- Desulphurization of hydrocarbon feed by hydrosulphide 

adsorption 
- Primary reforming of hydrocarb~ns by steam 

Secondary reforming of reformed gas by steum and air 
- First stage of CO-conversion /high temperature shift 

conversion/ 
- Second stage ot C<>-conversion /low temperatu~e shift 

conversion/ 
- Mothanation of final traces of carbon oxides 
- AlillDonia synthesis 

J 
t 
i 
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-
All the above operation steps are homogenous reactions in 
gasoous phase proraoted by heterogeneous catalysts, most of 
them selective ones. 

Heterogeneous catalysis is a complicated process normally 
modelled .in the following steps: 

- Surface diffusion of reactants into catalyst particles. 
from tho gas strea~ 

- Pore dif fu~ion of reacta~ts into catalyst active centers 
- Chemical reaction /~cnerally stepwise/ 

- Pore diffusion of reaction produ~ts from the active 
catalyst centers 

- Surface diffusion of reaction products from the catalyst 
particles into the gas stream 

For an ah.monia producer /1,a. for a catalyst user/ the most 

important factor is the total reactiun mechanism in the 

reactor and the life of the randomly packed cataly 8 t shift. 

However, from the research point of view it is important 

to study all the above described ~rocesses of heterogeneous 
catalysis in all discrete operation steps. 

Catalyst manufacturers and reactor designers have to follow 
tho same ~ethods used in research. 

1.2.1 LaboratorI TestinS 

Practically all testing methods were develoned for either 

research work or for the needs of catalyst manufacturers 
and not for the use of ammonia producers. B~sic research, 
used testi~filethods, and apparatuses are as follows: 
- Individual chemical reactions /diffusion influence is 

reducod/ are tnatod in microroactors where particle size 
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0,1 - 0,5 rr.m is used. Cataly$t volum~ of a reactor is 
O ,5 - 10 cm3 • 

Chc~ical reacti~ns and diffusion in pores are tested 
in similar apparatuses. Grain size is 1 to 2 mm. Reactor 
voluue is slightly increased. 
For surface diffusion study it js necessary to te~t 
com!llercial catalyst partt~les 3-20 mm in reactors of 
5{;0 to·2 000 cn3 voiume. 
In case of tube reactors heat transfer between reaction 
zone and tube wall beside the mentioned reaction steps 
ig to be taken into consideration. 

Reaction mechanism i~ tested and evaluat~d in the above re~ 
actors under defined conditions /exact rate and composition 
of gas, tc@perature and pressure conditions/ and the cata
lyst activity is calculated on the basis of indicated chan
ges. 

The reaction rate is calculated on the basis of test re
sults as a function of pressure, temperature, concentration, 
space velocity, particle size, and relation to the therrnoT 
dynamic equilibrium. 

R =exp (- E/RT) • fl/KT, comp,T,P/ • f2/SV,PS,D,PV/ 1.2.1/1 

comp ••••••••••••••••••••••gas composition 
D •••••••••••••••••••••••••catalyst particle size 
E ••••••••••••••••••••·••••activation energy 
r1,r2 ••••••••••••••••••••• mathematical functions 
KT •••••••••••••••••••••••• thermodynamic equilibrium constant 
p ••••••••••••••••••••••••• 

PS •••••••••••••••••••••••• 
l>V •••••••••••••••••••••••• 

R ••••••••••••••••••••••••• 

pros sure 
porosity or catalyst. shift 
Cbt~lyst pore volume 
reaction rate 
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s;- .... Q •••••••••••••••• s1>~ce vclocit'jr 

T ········~··········~··te~pcr~tur~ 

For te~t C'.~:'..lu~tion purposes, instead of a:1solute 

renction rates relati~c reaction rntes /fig 1.2.1/1, 

1c2.1/2/ or concentration of reaction products 

/fig 1.2.1/3, 1.2.1/4/ Rre used • 

.Absolute re::.ction r~tes for HTS t!C-ccnversion are :;iven 

in t~ :; ~ 1 ~ 2 o 1 • 

T.1·i3J_3 1 • 2 .1 

t G~s Cc:-:~vsition 
.J. reac1.;1on rate 

oc col rt>..te 

cc H C ··2 co
2 H2 mol CO/g cat~lyst/r.:in 

36C .277 .4t5 .0-10 .0,is .00112 

.lS'S .24 .22 .2C9 .OG06C 

381 • 23-i .197 .,(;76 .076 .00173 

.167 .446 .lf:f, .044 • (;(, 1 0 5 

404 .263 .123 .1 ··~4 .144 .C033S 
'l-... 

•~I I .136 • 23·~ .24 .cc:299 

acacticn rates for !ITS conversion tc~ted under atco~phcric 

prcssu~-. Catnlyst Fe-Cr, grain 5izc 0,13-1 ~n, tested 

sar:iplcs up to 1 Z• /Sec Podolski, Kin; 1:x: Process, Vol 13, 

;;(> 4 1974/. 
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Reaction rates calculated from data obtained in test re
actors ara valid for specific conditions of indi~idual 
tests. If utilizing them for full scale reactor design or 
operation purposes, different conditions like the geometry 
and size_ of the reactor are to be taken into consideration. 

Test results r.mst be scaled up geometrically: 

Test reactor 
volume 

0,1 10 cm3 

1 1(; dm3 
10 

10 

Commercial reactor 
volume 

100 rn3 

1(;0 m3 

Scaling up 
ratio 

For l~~orutory tests poison free gases are generally used • 
This is the rndin reason why laboratory results are to be 
modified before their pr~cLical application. 

Moreover, laboratory test accuracy is limited according to 
the instrumentation tolerances /voluraetric measurement 

! 2 - 3 %, gas analysis ! 2 - 6 ~/. 

Uodelling to full scale reduces the above accuracy drama
tically. Generally correction factors 0,1 to 0,7 are intro
duced if laboratory test results are applied for commercial 
purposes. 

1.3.2. Catalyst ~onitoring 

To rerluce scalin~ up problems, the testing of full scalo 
reactors is preferred. If full scale reactors are equipped 
hy contact thorr::ocouplcs /see Ar\?,EX 1/1 in~~rted int.o a 

r 
I 

i 

ca ta 1 ys t J ayer, a ccuru cy hi~her than : 1 °c <• nd a time <le I ay 

or less than 1 sec ~ro achieved. In such a way it is possihle l 
to evaluate tlao activity of commercial catalysts with reJativo
ly hi~h accuracy af.> mor-tt reactions in the c.H;monia plant aro 
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strongly cxo - or endo - therMic. 
Processes in reactors are thus evaluated an a thermodynamic 
basis only and troublesome sampling and analysis of 

reactants are not necessary. 

If exo - or endothermic reactions /i.e. secondary reformer, 

HT and LT shift conversion, meth<:nation, ammonia synthesis/ 
run in adiabatic reactor layers, temperature difference is 

proportional to the change of composition /fig 1.2.2/1/. 

Each ~a~alyst shift in the aamonia ccnvertor is adiabatic 

and can be evaluated in the Suffie way. 

However, c\·aluation of the primury re forr.:er is r.10re 
ccmplicatcd. If only ~adintion heating and heat transfer 

are considered, catjlyst activity for operation purposes 
has to be calculated on a ttermodynacic basis exclusively. 

Large scale reactor testing /aonitoring/ is an enginenring 

job introduced into the a!'Tlmonia industry in the last decade. 
If a decision on the hast of competitive catalyst suppliers 

or a now catalyst supply is to be made, monitoring reali
zed in a sin;le plant has a li~ited value only. It should 

be accomplished hy analyzing represcntaLive data from 
other sirailar pl~nts available /monitoring results ex

change program/. 

But if the cxchanr.e of catalysts and the preventive mainte
nRnce pror,rarn of reactors is to be carried out in an econo

mic way, cntalyst monitorin~ is the only objective method. 
Savings ic the range of l~~ L~O $ were provert in an~onia 

plants wt,ero the moni torinv, program was professionally 
realized /a two ycars'mainLcnance cycle is one of the rosults/. 

r 
! 

i 
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Examples: 

Tha economic service life of a sulphur adsorbent can be 
determined in advance if the total sulphur load is 

monitored /see fig 1.2.2/2/ 
- CO slip over from the LTS convertor due to.catalyst 

aging and poisoning is not linear /see fig 1.2.2/3/. 
It is hardly possible to forecast the econumic catalyst 
exchange times without thermodynamic analysis. 

- Planning of ~ethanation catalyst ~echarging is usually 
inexact. If movement of the active zone downstream the 
catalyst l~ycr is monitored, it is possible to avoid 
CO + CO~ breakthrough and to achieve the full use of Lh3 
catalyst filling /fig l.~.~/4/ 

- Tho long term monitoring of two differeht catalysts in 
ammonia ccnvertors can discover the high activity but 

short life of a catalyst /fig. 1.2.2/5/. 

This example shows the importance of international 
cooperation in monitoring, namely with those aromonia 
manufacturers operating two or more identical units, as 
for instance: 

Indian Eyplosives, India: 
- SCIIK Vraca, Bul~aria 
- ICI Dillingham, England 
VED Piosteritz, GDR 

3 H+G units 
6 H+G units 
3 Kellog units 
2 Kellog/Toyo 

units 

1.2.3 Laboratory Reactor Types 

440 t/day earn 
300 t/day each 

10~0 st/day each 
1360 t/day each 

The reaction rate R (see eq. 1 2.1/1) depends strongly on 
temperature and in most cases on gas composition as well 

/in relation to the approach to the thermodynamic equilibrium/. 
If catalyst volume W is specified as: 

' 

r 
i 
I 
I 

~ 
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• L 

differential volume 

d ·) 
dW = ll D"" 

4 
• dx • 

1.2.3/l 

1.2.3/2 

and the constant feed rc.te is defined as F/kg/hr/, tha·n 
the lcngitudial concentration profile along the reactor is 
expressed in a simplified way as follows: 

y=l 

f 
y=O 

l • = 
f 1 • dx 1.2.3/:~ 

F 
R 

kg gas feed 
I kg catalyst . nr where R •••••••• reaction tate 

x •••••••• concentration kg £roduct 
kg cat.alyst 

1.2.3.1 Integral Reactors 

Reaction rate is ~stimated on the basis of meazurod gas 
concentrations by means of e~. 1.2.3/3. If the reaction 
rate equation is known, principles of mathematical statis
tics are applied. The borderline conditions are evaluated 
for reactor inlet /y = u, x1 I and outlet /y = L, x2/. 

1.2.3.2 Diffcrentinl·L~horatorv Reactors 

Are designed for discrete reaction rate specification 
/uncfer given pressure, temperature, concentration, space 
velocity/. If reaction product concentration difference 
x caused by presence of catalyst di!ferential volume 
\f at ~iven gas food rato F i R ronnt:I analytically, the 
ro:1ction rate for specific conditions is defined as 
rolJ OV1S: 
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F ~ .x 
It/ F/ = • p,t,x, r:. w 1.2.3/4 

For research purposes the differential reactors are realized 
as circulation reactors /see fig.1.2.3.2/1/. The) enable to 
find the discrete reaction rate in a wide conc~ntration . 

- interval. Differential reactor is preferably used in re
search, it has a limited importance for operational practi

ce only. 

-
K. 

R x 

1.t61. 

c 

FIG. -i.2..?>-2/1 

K •••••••••••••••• circulating co~pressor 

C •••••••••••••••• gas cooler 
n .•.••••••••••••• test reactor 
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1.2.4 Tnstin~ or Catalvsts Usad for Homo~enous Reactions 
in Gaseous Phase 

Generally there ar~ three types of catalyst testing rlants 
us~ for 
- Basic res~arch /new processes and catalyst research/ 
- Applicit research /de\"elopr.tent of catalysts f'or comrr.ercial 

processes/ 

- Operational purpose /research/ comraercial catalysts 
evaluation. process optimation/ - field testing 

Catalyst testing plants for the first mentioned purpose 
are generally micro- and mini- scale apparatuses/ tested 
volume 0.1 cm3 - l~~O cm3/ designed universally ror wide 
pressure/temperature and gas load ranges. tp - to - date 
units are fully ccr.1puterized, automatically controlled and 
programned. Catalyst testing plants for basic research are 
corabined with very sophisticated analytical and instrument 
systems. Such plants are operated by graduated engineers 
and results aro evaluated by scientists. Doth outlay and 
operating costs are very high. 

These reactors are used for thermodynamic recognoscation 
when new processes are st~died. 

Th• second type of catalyst testing plants is used for 
tho devolormont and improvement of commercially manu
factured catalysts as well as for the evaluation of 
kinotic rlata needed for reactor design and proce~s 
optimation. Mini scale test units /50 cm3 - 2000 cm3 

catalyst sornples/, designed for one purpose or for sets 

ot processes /e.~. trr shift, LT ~bift. mothanaiion/ 
fully computerized and automated need sophisticated 
analyzers and in$trumentation. Plants have to be operated 

I 
! 
i 
I 
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by hi~hly skilled laboratory personnel. graduated 
engineers for maintenance. and scientists are needed for 
evaluation. Both initial and operating costs are very 
high and th~y cay be financially favourable for large 
catalyst ~anufacturers and/or world wide active licen
sors. For ex~rnrle a plant testing a full range of c~talysts 
active in ammoni~ production based on natural gas costs 

about 14 - 18 million S , the cost of a preparation 
plant for gases not "included. 
Operation purpose and/or oreration research ~eactors 
field.testing/ are generally directly connected to a full 
scale plant /e,g. bypass reactors - fig. 1.2.4/1 or side 

stream reactors - fig.1.2.4/2/. 

using real process ~as these reactors operate under real 
operation ~onditions. For the results, evaluation thermo
dynamic methods are preferred to chemical analysis. For 
example for a running reaction according to the equation 

+ 1.2.4/l 

th!J convP.rsion incrcr.1ent lie is cal cu lated in a simplifiod 

\vay from the therrnor!ynamic function H~(J 

Tl 
• 8ACO + • 

Tl 8m.o = /M 
A 

+ / 'L ,_ 'I / 1112 + 1~.fc - " M/ HT.ao "'"B - I.':.. .;t C JDCO - ~ - .c 1.2.4/2 

If ti~ above thcrmoriynarnic evaluation of convorsion step 
aml reaction rate is possible with tho existing full s ca lo 
instrumentation, The initial cost of a testing unit is 

substantially reduced. 

These reactors can be used for the comparison of difforont 
catalyst types and the selection of comp&titive catalyst 
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-
suppliers if the initial cost as well below the cost of 
one catalyst char;e, as a rule. The upper price limit 
for such a reactor in the ammonia industry is 9(; (;00 - -
- 13(; 000 s . 

f T 

P. G. 

rta. t_ 1. t I f 

r.G. [>---------rx ~-------.. 
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1.3 C:1tolyst Tf'sting- nt GFC IIOr.!S 

Tho construction of a classical catalyst testing laboratory 
is not recor.u":lendod for of tho foll owing reasons: 
- High total investment costs 14 - 18 million Z in full 
scope and 4 - 5 million S in reduce~ scope. Catalyst testing 
has not bee·n c;:rried out at GFC Homs to date. Lack of expe
rience and tradition in this field ~o~ld influence the work, 
that r.icuns that the first effectiv~ results could be expec
ted in 3 - 4 years after installation. In the meantime GfC 
would ~e oblidged to solge the main catalyst problems in 

a different way. 

Howev r, to help overco::ie the difficulties connected with 

the te~porary short life of priwary refor$er - and high 
temperature shift catalysts, to avoid expected future pro
blems wiLh low Lehlperature shift catalysts and to achieve 
the universal technical standard at GFC ammonia plant, it 
is recommended Lo introduce less expensive but more powerful 

catalyst testing systems consisting of: 
- Bypass test reactors /field testing/ connected ·to the lITS 

reactor; oth~r bypass reactors can be connected to LTS 

and eventually to the methanator 
- Equi ufi!ent for the me chanir,al testing of fresh, reduced 

and aged catalysts. 
- Devices !or catalyst life evaluation and the activity 

monitoring system 

It is necessary to make an agreement on effective cooperation 
with tho Technical t;nh•ersity at Horns on catalyst testing. 
/prh1ary re former, possibly a secondary re former, and ca ta-

lyst testing in gener3l/ 

Cooperation with technicnl staff in sister ammonia plants 
/catalyst monitoring results, testing methods and results 
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co::'!purison and e_xchange of exp~rience/. 

The tabove measures are sur.~ested to be realized according 
to tho tice schedule attached in A~XEX l/II. The necessary 
staff for cat<! lyst testing should be eh1bodied into the 
or~ani~ation scheme of GFC. 

1.3.l Hycrotreatinrz und Sulphur.Hydro!!enation 

Catalyst tvpcs: 

Cobalt-molybdcn oxides or nickel molybdenum oxioe based 
catalysts are used in addition to the am~onia industry 
also in refineries and in the petroche~ical industry 
for the hydro;_;enation or organic sulphur compounds in 
gaseous or liquid phase according to these equations: 

---- RH + 

RS + 3/2 H2 ---.. RH + 

Laboratorv Testin! ~~thods 

Once through reactors /electrically heated/ op~rating 
under elevated pressures /min. l~ B/ ere used. Feed gas 
free of sulphur compounds and o2 , CO, co2 I e.g. desul
phurized natural gas or nitrogen/ is mixed with control
led quantities of hydrogen ~nd thiophene. Tiophene as 
tho m,.st stable organic sulphur compound is used for 
testing in the r~tio 1 : 105• lfydrogcn sulphide as 
a product of hydrog~nation is determined analytically. 

Fiold Testin~ /unoration Research/ 

Three or ~ore test reactors /vol. 2 - 3 litres are 
operating in paralel to tho large-scale reactor under 
exactly tho &ame conditions. If a gas cooler is installed 
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upstr<'am the group ·or t.est reactors it is possible to 

compare the nctivities of tested catalyst samples at lo
wereci tcnpPratures too. The catalyst activity is e...-alua-

ted u;:;in~ the results of hydrogen sulphide and total snl~lmr 
I 

analyzers. As the hydro'; ena ti on heat is negligible due to 

low sulphur concentration. thermodynamic evaluatio;i is 
not pos~ible. 

Possibilitv of Cat~lvst Testin~ at GFC 

Testing of hydrotreating catalysts is not. probable in 

the future because GFC is expected to change the feed 

stoc~ and to use natural gas instead of naphtha in the 
near future. 

tow sulp!rnr content specified as hydrogen sulphide present 
in the natural gas which is to be used as feed for the 

ammonia plant starting in 1987 predetermines the hydroge
nation reactor 101 - D to be used as catalyst ~uard only. 

1.3.2. Hvdro!"en Sulphide Adsorption 

Catnlvst type /edsorbent/: 

-
Zincoxide. In case of organic sulphur free natural gas 

processing /which is reckoned with GFC/ it is possible 
to use the less expensive active carbon adsorbent instead 

of zincoxide which has been ~sed for the quantitative remo
val of hydrogen sulphic!e and mercuptcins in ammonia produc
tion as w~ll a3 in related processes like the prod•tction 
of hydro~en, methanol, carbon monoxide, oxoalcohols etc: 

+ ZnO .. ZnS + 
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Laborator~ Te~tin~ ~othods 

The sane ~pparatuses arc used as for sulphur hydrogenction 
/seFJ 1. 3 .1/ but ins toad 0 r thiophene' h:;r""rlrogen sulphide or 

methylr:1e1·captJn from compressed gas cylinders is used. 
Sulphur removal properties /desulphurization degree and 
total sulph~r hold-up/arc evaluated by continous analysis 
up and downstream of the reactor and are compared with the 
total content of adsorbed sulphur in the adsorbent after 

-
finishin& the test run. 

Field !estin::! 

It is po~sible to inst~ll 3 - 5 test adsorbers operating in 
parallel to 102 - D adsorbcr and to compare the hydrogen 
sulphide break - through points. Tc get results within a 
relatively short ti~e, it is necessary to operate the 
adsorbcrs at relatively high space ve loci t.ies. 

/3 - 5 000 Xra3/m3/h/. To avoid the danger of the hydrogen 
sulphide slipping over, the effluent gas pipe has to be 
connected to the fuel system. 

Monitoring 

There arc two monitoring procfldures for H2S adsorption: 
- Quan ti. ta ti ve analysis of hydrogen sulphide con tent in 

the natural gas feed 

- Installation of gas sampling tubes in the ZnO layer 
/3 at least, preferably more/ to monitor: the movement 
od ZnO zones loaded with sulphur 

Appli.cation Pos~.i bilit.ies at GFC Homs 

Docuu~o of tho expected low hydro~en sulphide lovol in 
naturnl gas, zincoxido consumption after ammonia plant 

r 
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reconstruction is ~xpectcd to be 10 - 20 tons/year, which 
in the ar.uncnia prcdl.ction costs rcpresent.s l•,l $ ft i\11

3 
approx •• From this point of view laboratory testing scnms 

not to bo import~nt. 

However, in case of a hydrogen sulphide break - through, 

operation lesses in the magnitude of 1 000 t00 S ore 
inevitable. Therefore dosulphurization monitoring is 
stroi~gly recommended, i.e. it is worth while: 
- to anulyzc continuously the total sulphtir level in feed 

gas 

to calculate the total woight of adsorbed sulphur in 
zincoxide and to forecast the term for rccharfing tho 
catalyst statisticalli /see fig. 1.2.2/2/ 

- to install a sampling tube at the lower p~rt of the 
zinco:dde layer in H·2 - D /seo skr.tch/. Continuous 

indicatic~ analyzers of hydro~en sulphi~e will signalize 

the danger of a hydrogen sulphide break - through one 
raonth in artvence at a minimum. 
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After finishing the ammonia plant reconstruction the use 

of active carbon for desulphurization may beco~e econowi
cally favourable. It depends on the natural gas specifi

cation to decide- whether active carbon \vould be sufficient 
for dc:::u l phuri7.a ticin. Active carbon adsorption tests should 

be realized on laboratory scale first and verified by tes
ting on bypass reactors afterwards. 

1.3.3 Pri~arv P.eforPer Catalvst 

Catalyst Types 

Supported nickel oxides in the ferro of Raschig rings /a/ 
or nasching rings with enlarged surface /be/. 

Reduced pressure drop. good mechanical strP,ngth and better 

gas diffusion conditions are the main features of th~ ad t/ 
typas. Total snvings of 200 kW for a 1 ~00 t am~onia plant 

were uttained if the ad b/ types replaced the ad a/ ones. 
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'l'i1c ;~_:>o....-~ c:--.·t~~ l:_;-st.s rar~ used 

for:.:ill[; re:·c-!:ions onl:t 
for hydroce.r~on st.c<>~ re-

c t.r + .. c nCO + tr.1 n/ •r /1.3.J/1/ .. n.:2 . ---- /":) + .. 2 -, ,, 
.a;. .:. 

c " + 2 ,, 0 nC02 /~ + 2n/ :• /1·.3.3/2/ !1. • .2 -- ., - -"') n !.· :;. 

Dat~~led c~tcly~t co~7o~ition ~r.d forcul~tion differs in 

"'r·l -"i"·1"l p--o·1··c-'- /,...~-'oni··· ...,,,,+ 1,-nol h·--1 ~·or-en (...., . ....._ J. 4 c. .... -. ..&.. \.. \..,. -' oJ L;. -· • (.~, '-~C L .:. .. -.;, a - ' •:.• L:.,.., o.,;. 7 tm:n gn.s, 

Si.;-:;i l<'.r ci"'.-'.:,.,.l::~ts / sc.r>portcd ::io/ <!.re u"0d for s~concl;-~ry 

and :::utothcr.:::-,c;.l rcfor:.:crs r:.ncl for r.!eth~r.;:!tiou. 

l 
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Cat"llvc;t. Testin!! 

Acth·ity and activity/life tests needed fo1' t!1e ammonia 
plant operation arc difficult to carry out 

- under nor~al operating temperatures /i.e. above 65~ 0 c;, 
thr. lir~:iting f:1ctor in the complex mechanism of the steam 
reforraing orar~tion is the radiant heat transfer into 
tubes and not the catalyst activity. This was proved for 
all c~talyst types. 

- for long, trouble free operation the most important 
section of the reaction tube is the upper one. Hydrocar
b~n/steam mixture is preheated here from 5t0 °c ~ppr~x. 
to operating temperatures /&bo~e 7GG 0c;. In this zone 

hydrocarbons are prehP.ated and cracked into rndical~ \-;hich 
are reforned immediatelly afterwards. Carbon formation 
and coking can eventually take place in this preheating 
zone /fig. l.J.3 /1/ 

A •••. ACnl~ CATAL 'fJT 

IJO 
H ..•. IJOT Arnvr CATAL'l'S:' 

10 

io 

Ot 
FIG. 1.3.3 I 1 

600 100 100 

r 
I 
I 



I 

l 

t 

- 43 -

- reaction tube internal ~iAmeter difference between the 
hot and cold states is 1 mm approx. 

l.D. 73 )I 

~-:-~-~-:·_~_::_~_rc_Ti_~_:_n_r. ________ I 
Random packed catalyst particles are compressed and 
off-loaded by each shut down/start up operation and they 
are crushed step by step and worn out. Repeated shut down/ 
start ups perform higher oechanical loads, and catalyst 
breaking,resultirig in increased pressure drop. 

Each of the 322 tubes having 0,59 m3 of catalyst operatos 
as an independent reactor. The scalin& up factor for test 
reactors therefore is relatively low /1:5 vOO - 1:6~ ~00/ 
and reaction cechanism modelling seems to be easy. 

In case or tube reactors, the reaction mechanism described 
in 1.2.l has to be corapleted with beat transfbr into tube 
to obtain a representat.ive rciictor model. However, rluo 
to the completely different nature of cher.dcal reaction 
mechanism ant! heat transfer, The primary reformer procoss 
can not be tested on a laboratory scale. 

I 
r 
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Nevertheless, laboratory reactors can be used efficient
ly for the raodelling of specific important parts of 
complex processes: 
- Modelling and comparis~n of competitive catalysts 

unrlcr preheating zone conditions 
- Evaluation or the catalyst reduction conditions 
/co~parison of reducing atmospheres: steam only, 
steam/nitrogen and steam/nitrogen/hydrogen mixtures/ 
on the final catalyst activity namely in the prehea
ting zone. 

Laboratorv lesting 

Laboratory testing of primary reformer.catalysts is not 
described here, as a mini scale reactor is available at 
the lechnical tniversity at Homs and it is reconunended 
to make these tests there. 

Field Testin~ 

A full scale sinP1e catalyst reformer tube installed in 
paralel to a l~l D primary reformer /fig. 1.3.3/2/ is 
the only procedure which presents reproducable results 
for the object.iv~ comparison of comp~titive catalysts. 
Tise high installation costs /min. 250 OOC SI will 
hardly pay off. As each competitive catalyst has to be 
tested in sequence, catalyst evaluation is time consuming 
and expensive. 

Note: For the general compurison of reaction activity of all 
nickel based catalysts. The Nielsen adsorption method is 
used. Analysis of tho quantity of adsorbed sulphur on 
samples or catalysts prP-sants good primary information· 
on tho t&sted catalyst. Relatively cheap apparatus for 
r,oncral use is available. 
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Prir.E1ry HPforf'ier Catnlyst Testinl?: at GFC 
0 

Prii:Mry re former catalyst life at GFG lfoms presents one 
of the main operation problems. Therefor~ the above ca
talyst testing should be preferred. 

Natural gas reformer catalyst testing seems to be the only 
with prospects for GFC /min. 12 competitive catalyst ma
nufacturers ure known. 

As the nriraary reformer catalyst at GFC is unfavourable 
influenced by a SMall quantity of steam and by an increa
serJ nur.iber of shut d ov;-ns/start ups, it is recom;nenderl to 
install a crus~ing strength measuring apraratus. 

For thn coapari~on of catalyst activities in the prehea
ting zone, it is recom~ended to realize activity tests 
at the laboratories of Technical University Homs in the 
temperatures between 6LO - 750 °c. For the above test it 
is necessary to deliver natural gas in compressed ga~ 
cylinders. The testing is tiMe consuming. To compare tho 
properties of 5 catalyst types a half year perjod is 
usually needed and it is necessary to provide technically 
trained personnel /1 graduate + 1 technician/. 

For general cornrarison of all the Ni ba8ed catalysts 
/primary and secondary refor~ers, rnethanation/ it is 
reco1"'rncncled to install a simplP measuring instrument of 
sulphur adsorption on nick~!. 

In tho futuro a program of catalyst activity testing 
should be compiled to evaluate and compare diff~rent 
catalyst reduction methods /reduction in supcrhoated 
steiJm, nitrogen/stear11 and nitrogen/steam/hydrogen 
mixtures/. 

r 
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Because of the high investment and operating costs of 
a single scale reformer /see fig. 1.3.3.2/ this alter

nath·e is recorr.mended. Uo"ever, it is suggested to use 
an awmonia cracking unit - B for primary reformer catalyst 
testing. 

The above mentioned furnace. having 12 tubes, is in opera

tion during arr:monia plant start u~ only/hydrogen production 
for dcsulphurization/. 

During the nor~al operation of the ammonia plant up to 12 

catalyst types may be tested in parallel providing that 
temperature monitoring along each testiri~ tube and gas 

sumpling downstream catalyst tubes will be installed. 

In such a way GFC would hbve the opportunity to compare 
under e:.;:actly the same conditions up to 12 competitive 
catalysts at rniniraum expense. The operation regi~e is not 

too different from operation conditions in the primary 

reformer furnace !GI - D. 

The above tests coulrl present the most objective comparison 
of co~petitive catalysts and the risk of misleading results 

is kept at a rninim~m. Besides long time activity measure
ments, resistance to breaking tendency ~~n be tested. 
Several planned shut downs and restarts can be monitored 
during the test run. 

In case of the roconstruction of the ammonia cracker to the 
scmiscale mult.ituhe test reactor, GFC lfoms would lose the 

the hydrogen source for ammonia pla •. t start up. The recon
struction furnaco would produce instead of a hydro~cn/ni.

trogon mixture, a hydrogen/carbon oxide8/methane mixture. 
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As carbon oxi#Jes should not be usod for sulphur hydro-
-

gonation to prevent methanation reactions on a CoYox 
catalyst 

co + 

co + 

it is r.ecessary 
- a plant start 

lute CO + 

+ 

.. + 

to ~iniwize the ahove effect by: 

up with hi~h nitrogen circulation/.to di
Cv2 below l % vol./. I.E. 25 to 35 

times more nitrogen than hydrogen 

- cracked gas could be was!1ed out by means of water, 
Tha carbon ~onoxide content can be reduced and the 

nitro;en: hydrogen ratio coulrl be kept at the value 
of approx. 15. 

- start up of the anaonia plant with nitrogen r€ irculation 
only. Cracked t;as can be i njPctecf upstrea::: IIT shift 

co~vcrt.cr 1L2 - D it tcmper~ture in HTS c~Lalyst reaches 
0 

3CO C. Doth CL and co2 would be reduced in IITS and 
I.TS convertors and in the Carso! plant. 

£cono:1jc Hl?sults of Prfr·.<~rv noforr.:cr Catalyst Icstin.a 

- less time cons1~in~ ~tart up and reduction procedure 
/in accordance to existing operation manual/ should be 
devP. l opP.d in future. Every hour saved during the start. 
up and catalyst reduction operations mean 5 LCJO $ 

approx. on extra ar.inonia production and saYc half of the 
above sum on utilities and hydrocarbon losses 

- lifo of catalyst up to 5 years may be predicted with 
a reasonable probability if its mechanical st~bility 

I 

and activity in the preheating zone wero proved by 

tost.ing and adequate tr.~ults were obtained 
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Hobuilding of the 1(,5 - B ar:imonia craker to a semiscale 
rnultitcst refur~er nay provide an excellent oprortunity 
for precise cora~urative testing of competitive cuta
lysts under precisely defined condition~. 

1.3.4. Secondary Refor~9r Catalyst 

C:itnlvst tVf'l:lS 

Supported nickle oxide resistant to hi&h temperatures. 

GenPrnl ts9 of nerornin~ Catalvsts 

Above catylysts arc used for hydrocarbon refor~ing in the 
presence of air /oxygen/. Steam reforraing reactions 

/1.3.3/1, 1.3.3/2/ follow partial oxidation of the secon
dary reformer feed. Similar catalysts are used for auto
thcrraal refor~ers. 

Catalyst T~stin~ 

Duo to relatively high opcrat~on temperatures in the 
scco:utary re former catalysts, the influence of gas 
diffusion on the reaction rate is reduced, which is 
the roason why the test results obtained on crushed 
catalysts not differ considerably from test results 
obtained on uncrushed catalysts. 

For laboratory testing tho same apparatuses are used as for 
primary re former testing with '-lppropria te mothorts. 

The test reactor has to he heat resistant up to 1350 °c. 
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Field test reactors are not realized due to extremely 
high operation temperatures /namely because of pipe con
nections/. Even air/gas r.iixing or field test. scale is 
~ifricult to design and to operate safely. 

Secondary catalysts generally suffer from high operation 
terap2ratures /upper part of the laser is heated up to 
1 300 °c/, migration of silica from steam and i~fracto
ries and alcalis fro·m primary re forrr.or ca talys s. Most 
often crucks have bP.cn found on catalyst particle bodies 
resul~ing from overheating, which has led to the destruc
t ion of the particles later. 

Seconrlarv Reformer Testin~ at GFC 

No important problems have been discovered to date on 

the scco~dary refor~er at GFC. The test.in~ of this catalyst, 
if necessary, should be planned for the second stage of 
the GFC catulyst testing progr~rn, tthcn mo~e s~rious ca
talyst problems would have been solved and when GFC tech
nical staff would have more experience in the field of 
catalyst testing. 

If in the meantime a new catalyst charge is needed and 
an approp:-iate catalyst SUN'lier is to be selected it is 
recommended to test thn mechanical strength and sulphur 
adsorption capability of reduced and aged catalysts. 

The reduction of catalysts could be carried out in a tube 
connected to the reformed gas upstrcum the HT shift reactor. 
Overheatin~ cnn be arranged in a laboratory furnace. 
Bosicl1Jd the crushing strength the r10st instructive parnmeT 
tor for snlecting a catalyst is the optical inspection of 
cracks which nppoar on the catalyst.. surface aft<~r rnpEH&ted 
overheating to 1350°C. 

.! 
( 

I 
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1.3.5 Shift Conv~rsion Catalysts /Hic~h and Low Temp~raturPs/ 

Catalyst types 

For high temperature shift conversion /HfS/ 

co + + H!) ... /1.3.5/1/ 

iron and chro~iun oxides are generally used. Side reaction 

+ - /1.3.5/2/ 

should he suppressed. ·Operation temperatures are 

340 - 45v 
0 c. 

Low tcr.iperature shift conversion c<italysts LIS I see 
eq. 1.3.5/1/ arc supported copper an1 zincoxides or copper, 
zinc, and chror.lium oxides. Operation ter.~j1erntures are 

2~0 - 260 °c. Side reactions produce methanol and products 

of raethanol oxidation generally expressed as methanol 

co + --·~ 

+ --- + H Ci 2 

/1.3.5/3/ 

/1.3.5/4/ 

Side stream reactions should be minimized in order to 
decrease hydro~~n losses and to avoid corrosion and pol
lution problems /formic acid is one of the methanol oxi
dation products/. 

Besirlns IITS anrf LTS ca t;.iiys ts there are two types of 
medium temperature shift convArRion catalyRLs available 
oporuting from 250 to ·ll,v. 0 c. The .first one ba:-;;ecJ on 
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cobalt molybdenum.oxides is not applic~blc at GFC as it 
operates in sulphidized form only. 

The other type is a differently formulated IITS catalyst 
hut on•n this C<1Lalyst should not be applied :.it GFC t1uc to 
operation re~irne /lt2 - C boiler downstream temporaturo 
would have to be decreased below 300 °c, and 1C3 - C, 

104 - C, and 112 - C exchangers would be he&vily orr-1oadcd/. 

Generally, the activity of the HTS catalyst is inversely 
proportional to the cru~hing strengtJi /r°ig, 1.3.5/1/. 

HTS catalysts alw<:ays contain sulphur. During catalyst reduc
tion sulphur migrates in the form of H2S downstream to the 
LTS rca<!tor. 

The active component in the LTS cataly3t is copper. Very 
fine particles of copper present the hi~hest activity 
centres. As copper tends to sinter at temrcratQro above 
250 °c, it is iraportant to onerate at temperatures up to 
250 °c. Operating above 250 °c reduces catalyst life, 
LTS catalyst is cxtreli'lely sensitive to chlorides and 
hydrogen sulphide. Even silicc:.. could block the active 
centres and under the cxi~tin~ conditions l1igh qQality 
steam can not be guaranted before 1987 at GFC. Up to this 
time a risk of LTS cat~lyst poisoning through silica, 
chlorillios and other inpurities from process steam cannot 
be avoided. 

lflS catalyst lifo is unfavourably influenced in a similar 
way and moreover lITS catalyst can be destroyed by wet 
stoa1:a d1~ring start ups witl~out nitrog;en. Short Jifc and 

dl' crcai:cd activity of the HTS ca ta lys t rP-sr·lJ in increasod 
CO content upstream tho LTS convertor. Tbe convert or operc.1 t.cs 
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at hishcr CO content. Higher CO conversion results in higher 
exoterr.iic heat evolved and the LTS catalyst r.iay be overheated. 

GFC ha..;; experienced low t-rrS catalyst life. As indic3ted above 
it is net;essary to expect l: .. 1;_ted LTS catalyst life under 
existing conditions. 

These are the reasons nh' .. esidcs priraary reforr.iing and 
HTS catalysts. GrC has to test and evaluate LTS catalysts 
initially. 

Lt. borato;y T~st ~-n1 !·:.:::t hods 

Ooth HTS ana LTS catalysts are si1;-iilar, \·1ith the exception 
of different operation teaperatures. Integral /one through/ 
glass reactors operating at a parallel /up to 4 reactors/ are 
generally used. Conversion is ~easured analytically. Refor~ed 
gas can be used. 

Field Tr st ~e3ctor9 

Oypaos adiabatic reactors joined to the 102 - C reactor can 
b~ installed. The convercion degree can be easily ~c~sured by 

thcr~ocouples as CO conversion is quantitatively proportional 
to the reaction heat - i.e. to the temp~rature difference. 
It is not necessary to install expensive gos analyzers with 
high requirc~ents on mointcnance, however az conversion 
calculation based on teDpcraturc di f fercnce naasurcr.10nt is 
time consuning, it is recon~endod to use either a pro~r~c~Dblc 
calcul~tor or microprocessor. 

t 

Fie; 1.~.5/1 
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Shift Conv~rsion Catalvst Test.in~ at GFC Hor.ls 

In cndcrn a~mJnia plants the IITS catalyst and the 
ammonia synthesis catalyst are the most reliable • Quite 
different is the situation with LIS catalysts. LTS catalysts 
nor~ally show the shortest lire. 

Under local ccnditions Lhe IITS catalyst has an extremely 
short life an~ so it is necessary to introduce HTS catalyst 
testing. 

In AX!-."EX l/III the field testing of CO catalyst -is specified. 
Dynass reactors can be operated by operation and ~aintenanc~ 
personnel. Test evaluntiln /preferably cor:1puterizcd/ can bo 
carrio1 ont by engineers in the ar.1monia plant or by a spe
cialist for tho de\•elop:nent team of GFC. The abovo expensive 
method can be realized within few months and can present 
the objc cti ve cor.:pariRon of catalyst pro~ert ies exactly 
for the GFC present operating needs. 

Laboratory reactors for shift conversion are relatively 
not expensive an~ can present rPasonable results in catalyst 
testing, based on comparison of their pro~erties, however 
it is necessary to install them in a special gas laboratory 
/near the ar.::nonia plant to avoid problems with gas transport/ 
and to provide staff for kPeping the laboratory in operation 
/1 univcr,;i ty ~rntf1rntn, 1 operator, 1 man for n:aintenanco/. 

Doth hypass reactors Dnd laboratory reac-tors may be used 
even for LT!;, this will probably be necessc..ry in the near 

.future. 

In parallel to catalyst. activity testing it is necessary to 
test the crushing stren~th /a.c:ed catalyst/ narr.ely under 
prc3~nt oprrnting conrlitions of JITS/ low quality steam, 

possible catalyst wetting during start ups/. 

l 
I 

I 
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1.3.6 f·ieth::nation Catalyst 

~-c;_italvst T''j?3S 

Supported nickle o;<idcs, operating at 1:aediur.t· tcr.peraturcs 

/250 - 450°c; for ncthanation of final traces of carbon 
0>:ides 

CO + 3H2 - --- + /1.3.6/1/ 

+ /1.3.6/2/ 

Generally, there are three types of methanation catalysts 
for different operational t~Dperatures: 
- low te~peraturc /200 - 250 °c methanation of CO in the 

presence of oxygen nhich is sinultaneously hydrog~nated to 
\•:ater/ 

0 - mediun tenperature /250 - 450 C used in the amoonia 
industry/ 

- high te11pcrature /Si"·lG prcduction/ 
Low temperature catalysts can contain even chroni~m oxide 
besides nickle oxide. 

A~ the reactions 1.3.6/1 and 1.3.6/2 are extrer.lely exothcrnic 
it is necessary to prevent tho catalyst charge Dnd the 
~~thanator to be preheated which r.tay happen if the carbon oxid~ 
level exceeds the above safe linit /for the ammonia plant 

1 t 0 1 I 5~~ cc + C02/. 

C~!.§lyot Testing 

In principle it is similar as reforming cataly~t testing. 
Laboratory reactors are ucually designed for atmospheric · 
prcs;;ure and for ter.iperotures up to 500 °c. Hydrogon/n:l.troocn 
mixture f roe of carbon oxide3 is miKed with co2 ~nd/or CO, 
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They arc purified .and tested. CH,1 content and cc,. cu 2 
tract's ;ire indicated downstream teactor. As the methana
tion of cc,., has the lm\"est reaction rate, catalyst testing -with cu2 only is ?rcforred. 

Side stroam reactors may be installed at a parallel to · 

the plant r.:e th<lna tor. Tf'r.pera tu re incre;ise ca 1 be re g;istrcd 
and by means of thcrModync:.raic calculations tr:insformed to 
the reaction rate /an:ilysis of gas conponents is _not necessa
ry/. Side stream reactors prevent CL, cc 2 leakage to a~mo
nia syntLesis systcr.: in case of r;-:<1loperntion. 

I3csides tho c.in.r:.onia syn thesis catalyst, the me th~na ti on 
catalyst has th~ longest life acong catalysts used in 
an a~~onia plant. Ibis results from the high purity of 
the dn~nstrcam racthanator and relatively raild operating 
conditions. Only if flooding in c0 2 absorbers occurs, 
drifted droplets of carsol solution may have a harmful 
effect on catalyst activity. 

Reactions 1.3.6/1 and 1.3.6/2 are relatively fast and 
in caso of fresh cutalysts they are finished in the upper 
part of the ca ta !yst l<A) er. During catalyst aging, the 
reaction zone raoves slowly downstream the reactor without 
noticablc CO, co 2 lcaka~c /see fig 1.2.2/4/. When the 
reaction zone reached the end of the catalyst layer, 
Cv2 lcakar,o followed by CO leakaga appears a few days 
later, which results in an unpl<anned shut down for cata
lyst rocharge. To prevent unexpected shut downs methanation 
catalynt monitoring is i~portant, and more useful than the 

corn~on testing of catalyst activity. 

Methnnntion C;\talyst Testing at GFC 

As there arc no serious reasons for the deactivation or 
tho methanatinn catulyst it is proposed to introduce 

tostiug or tho 1;1ct.hanat.ion catalyst in a Jatcr st;,~c 

I 
i 

I 
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after problems w~th shift conversions and reforming cata
lysts will be sottled. For activity evaluation based on 
sulphur adsorption the testing equipment installed at the 
Technical University Homs can be used. But catalyst ruoni
torin~; stould he introduce<! at GFC as soon as possible as 

tho 1.1ethanation cat.alyst has geen under operation for near
ly 4 years and so it has entered the second half of its 
life. 

1.3.7 ..\r.;nonia Synth~sis Catalvst 

Catalvst tvpes 

Promoted magnetite catalysts reduced to .,C- iron are ge
nerally used for the reaction. 

N 2 + - /l.3.7/1/ 

The conYersion is licited, concentrat.ion below 16 ~ ~113 
in the gas leaving the reactor at operatin~ pressure 150 

bar. Catalyst reduction procedure is extre~ely important 
and essentially influences its final activity. For the 
i~cial re~uction of the catalyst enormous space velocities 
such as !(JO (JOO Nm3/m3/h are needed, applicable on a labo
ratory scale but not in full scale practice. If in labora
tories the catalyst is reduced at high space velocities . 
/above 30 oc.;o sm3 /rn3 /h/, test. results obtained for cor.:mer
cial catalyst types comparison are of little practic~l 
value. 

In modern ar.~'.'lloni a plants with centrifugal compressors and 
very pure make up gas as nt GFC, at11.10nia synthesis catalyst 
life is G - 12 years and therefore it is more economical 
to order a now catalyst charge from a tradition~! highly 
oxperioncod catalyst supplier even for a hir.hor price than 
to ins ta 11 a test reactor. Tha ca talyr,t supr. lier may bo 
selected on tho basis of experience cxchan~c~ with forni~n 

arr.monia 

r 
i 
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producers io"lhere r:!Ora convertors arc operating at a 

parallel. 

Laboratory reactors are very expensive because they ~ork 
under hi-~h op:aration. pressures /10~ bar r.ain./. Before 

testing the catalyst is crushed do~n to the size 0,5·- i,5 ~~. 

;.s the c:r.:~cnia synthesis reaction is controlled by gas 
diffusion 

/see fig. 1. 3. 7 /1 / scaling up of. re mil ts is problenati::::. 

Installation of bypass reactors is co~plicated d~e to the 

u~e of high pressure. 
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Concl:.:sio~ 

High invest~ent costs for a fully equipped catalyst testing 
laboratory 14 - 18 ail p and operating costs 0,6 - 0,7 mil$ 

per year nould increase costs of produced aononia by 

10 - 12 $ per U1n of ar:imonia. Even a r.iiniwalized catalyst 
testing plant /5 oil $/ is not econooic. 

GFC has experience with catalyst life of the prioary reforaer 
and HTS conversion catalysts only. 

As operation cif ficulties arc to be solved step by step, 
it is not advisable to install a catalyst testing plant 
for all the eiJht catDlysts used in the a~~onia plant at 
the sane tiae. The testing of prioary refor~sr and HT-CO 
conversion catalysts is to be realiz~d as the first step. 
The abova-acntioned lo~ life of the primary rcfor~er catalyst 
was evidently connected ~ith the high contanination of 
processed stea:.1. 

HT-CO catalyst \·;as spoiled by wet t stear.i during st urt ups 
and catalyst reduction due to the absence of nitrogen. 

The low quality of the steam will influence the catalyst 
degradation until high quality steam /as per boiler codes 
for 120 - 130 3/ and nitrogen for the start up will be 
sec~r~d. Existing problens of pri~ary reforacr and HTS 

catalyGts nill be caused by insufficient raechanical strength 
than by low catalyst activity. 

For the decision which of tho more than dozen existing 
catalyst suppliers should be choGen, relatively cheap 
bypas::> reactors for HT conver3ion \·1111 give suf f iciont 
inforr.latio11. 

As far os the preheating zone of primary rcforaer cataly3ts 
is concerned, tho exiGting laboratory reactor at Gl-C may be 
used for testina. 

I 
I 
I 
I 
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Annex l/II 

..:-.bbr~viatic:~s used. : 

?.ep. F.eport 
Frep. Preparation 
Fur11. Furnishing 
Inq. lnq':.liry 
..i.gr. iigree;::;ent 

c Con.tract ciay 
D S':.lonl•: 

r 

. . .. 
~~ Trial test 
T Test 
"";;' 

Erection .6J 

Dt""··· Supplied to C!'I'•• contractor u•• 
..; " 

r: .. ·: Eard-·;;are 
St;; Soft-·.r.-are 

) PL.A Plc:.nt fl .r>, II 

F~.3 ?l~t "3" 

C~l' Catal;/st 

.. 
11. L!eci:a.11ical testing eq. 
s Sulp!".ur ad.s. tester 

ft 
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- \"Ill -

A~l\EX I/V 

L~boratory tests and/er field tests as well as process 

uni ts 1.;oni toriw: data hnve to be e...-a lua ted by means of 

a cor.ipu t.er. Hundreds of items of inru t data for euch 

evaluati0n hr1vc tc be collected and dozens of calculation 

procech:n•S have Lo be car;·icd out. (.;ne evaluation per day 

for all rca~tors and test reactors -is consic!ercd a miuir.mm. 

To dc1;wnc:;tratc t!:crnortynanic evaluation of catalyzed pro

cesses in case or c.::talyst monitoring or lahorat.ory test 

evaluation, a cc!':iputcr program '"as developed • .-\s l:ardwr.re. 

Tcll'?puter nicro;'rercessor 12Fk bytes manufactured by Hcdi

fussion ~as use~. 

Similar not cxr ~nsive harrlwar~ i~ su~~este~ for GFC accordin~ 

to the c<italyst testin~ project. h:o or thr~e units /one 

opPration, one stand by, one for tr~inin~ and pro=r~ra boG

ting/ are recor.;r·enrled •~s optir.mr.~. 

The CiiLalyst tc~Ling progra~ even if applind to its full 

extent, may lc<Jd on~ microprocessor for less than four 

hours pl:'r clay. For the rest of tine the microprocessor 

may he u~.;pd for other engineering and economic calcuh1tions 

anrJ training pnrj;Oses. 

Brief description of soft~are developed by the ~~ID~ tea~ 

during Lhc ir s t'•Y at GFC Hor.ls: 

IIT am! LT shift conv~r!';ion rc<ictors /full s~alo for 111oni

toring fiold of l~bor~Lory roactors for catulyst comparison/ 

function and activity /rn~ction rate/ evaluat.ion. 



I 
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- IX -

Software consists of: 
- Data bank for 25-chemical co~1pounds containing thermo

dynai!tic data 
- Mass balance for all make up gas plant train /i.e. mass 

bc.1l•rnce for dcsulphurization, primary and secondary re
formers, lITS and LTS conversions, Carso! co2 wash out 

and methanation/. 
- Heat balanco /enthalpy balance/ for any of 

steps 

the above 

Shift conversion reaction process simulation. Reaction 
rate for selective chemical reactions and thermodynamic 
approach to the equilibrium are calculated 

Cal c~1 ! ation of AM:-10nia Prorluction Cost 

On the basis of plant investment, maintenance, and catylyst 
costs, overh<'an, labor, feed, fuel, and utilities consump
tion, the production cost of ai:r.:onia is ca lculc.ted. 

Lower efficiency at turn down ratio /load below luO %/ 
as well as losses during start up, emergency shut downs, 
unplanned maintenance and catalyst recharging arc respected. 

Softvare consists of: 

Simple technical/econo1:iic equations f~r the calculation of: 

- Production cost 
- Turn down oporntion losses 

- Start up losses 
- Unplanned 11wintenance and catalyst recharge cost. 

Iloilc!r ntow IJo·.~n Calculation 

Gen'"lral halance or conti'\minants in the steam sy:r:tem for an 
amr.10nia plant. 
Software consists or the follO'l\ing calculations: 

- Purtial prcssuro of contaminants in steam 
- Oalancc of conta1.1inantR in the Eteam :;;ystom 

r 
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- XI -

Co:-.:nuter Frint - Ou·~s 

1.12.E:+ 

l<E::.L_LOG AMi"'IOi'-1 If:"\ F"LAi'-JT 

·-
-.:· 

4 
r.· 
d 

6 
i 

8 
9 

1 t) 

1 1 
L: 
l::: 
1 ·1 
1 '::-.J 

j i~ 

17 
18 

List of process s~reame 

Le<t·1 ;:·oi 1 i r•"'.l h:>phttac:. 
i·i. Ll. G • fv_::. r: " ·: i ~ 
F E:E.:: + :-:;- r:4 c ·~ ~ 1 (? 

[:._: :;r_t J 1:..;. ur ~ ~ ..;:..-j F-~ f?E·d 
Pr i •'· ,~.;- ·,: r.:.,·f .:: .• -f.-.:.. r In 
F·r i •f1.:.t .. .,.. r..i:~T -~·r••=t~r- (iut 
~E-C(.·J·r~i~; ·.=' f.:.-=-fclt-f;1t.:r [tLtt 

H. T. ~;;-f .if t C·_•t 
L.T. :O-r117i_ C;L•t 
[,;_,r--~(·1 ~--~·:-h CiL•i: 
i·ieth.::.··i·,.c_ .. +_or Gut J c-t 
M.U.G. lo ~ri3 Synlhe~is 
CG2 
Froccs Cor~~n~~tfr 
["'rscl S<:.rlut.ion 

F'rc.c1:·=. ,:..i r 
CD:? ?.t,sor-bt:-r In 

BAl_LAl'-lCE 

l 



I 

Pr-E c;:.;;:.ur t:• 

T r:rr-p c=r- c. t Lor- i? 

Conp~:si ti on 

c:-.ri.-:; 
Tol.ctl C-n .. 
Total t:~t t 

- XII -

37.05 B 
25.00 c 

kMol/hr St.m3/hr 

+199.89440 4018 
4018 
4(•18 

22035.43(; 

l l)~). (i(> 



I 

F·ress_t; e 
T C·t.-·:=•·_·r· C:· "LLtr-~ 

H2 
re 
1-t 

H2G 
Ci;.; 
Tot.~i Dt-y 
Tc .. t.r::-! i;-.=-tt 

Totc-1 in i:g;: 

- :\.III -

36. t)5 B 
45. (H) C 

kMolihr 

+15.99155 
+5.2153= 
+i).,)6::71 
+0.05513 
+;). 183i...; 

+21.45273 
+21. 5~)8 

St.m3ihr 

"':!"r:"·-· ._ ... _,7 

117 
1 
1 
4 

481 
482 

184.7E.8 

+.;5.0 c Enthc-lpy = 

molal ., ,. 

74.54 .i~ 
24.31 % 
0.29 I. 
0.00 /. 

l). 85 l. 

1(i(1.00 

+40 7t:-S kcal/hr 



- XIV -

Che1oprojeit Praha 

R_~c: ye:: J __ -=-~=--------------

Pressur·e 
TE·1i.p2r~tL1re 

Comr;os it i cm 

H2 
re 
h 
H20 
CH~ 

CnHm 
Totc.i [;r- .. i 

Tot,;<l ':ett 

Total in kg~ 

37.55 B 
4(1(1. i)i) c 

kMol/hr St.ra3/hr 

+15.99155 359 
+5.2180~ 117 
+0.06~7~ 1 
+0.05514 1 
+0.18372 4 

+199.89440 4018 
.• .. ,.-'""" 
*'T'"'t-, 7 

+::21.406 450(1 

Gas Temper~turQ +400.0 C Entha.lpy = 

molal 'l. 

7. -·" ·I. .::..:. 

2.36 •,• ,. 
o. 03 I. 
o. 00 ., ,. 
l). ()8 ., ,. 

9•). 31 I. 
1.:, ·=;. t)i) 

+9•l 616 kcal it-.r-



> 

t 

Composi ti 011 

H:::'. 
i-C 
A 
H;:•) 
CH4 
Cr.Hm 
l 0 t =-1 [•.-- '/ 
Tc-•tal t·lt:Jt t 

Tot.:-1 i r1 kgs 

36.60 B 
400.00 c 

•:r-iol ihr 

+15.99155 
+5. 218t)2 
+0.06274 
+0.055.i4 
+t). 18372 

+199. 99..;41) 

St. m3/hr 

117 
1 
1 
4 

4018 
4499 
45(H) 

2232(>. 35() 

Gas Teraper~ture +~00.0 C Enthali;.-y -

molal '/. 

7.22 'l. 
..... ..:. . ..,., ._-.o I. 
0.03 /. 
0.00 I. 
o. (18 ~I. 

90. '• 'l. ._'\J r 
j (:.(;. (h) 

+94 616 kcalihr 



I 

Pt- ESSL! ,-2 

Te.-rop~-'r .:- turc-

c ..... r.posi ti on 

JC 
i~2 
;::, 
1-i:?(I 
;:::H..; 

Cr1H1i1 
Total c,··y 
Tot:al ~;;;:t_ t 

35.50 B 
510. (•(1 c 

- :A."VI -

kMol/~r St.m3/hr 

+15.9~155 359 
+5.21802 117 
+0.0o274 l 

+5533.71400 124033 
+0.18372 4 

+ 199. 89.;..;.:i 
+221 . 35C15t) 

+5755. (>64 128532 
1 

mol al I. 

-, 2:: i: I . 
2. ::.o i: 
o. 1)3 I. 
o. (ll) ., ,. 
t) • • - ~, - -=· I• 

91). 3i '· a:i\). i),) 

G~s Tenrerature +~10.0 C Enthalpy = -~79 850 400 kcal/hr 



I 

' 

F·,-·e=--~ ,_lj--:_-. 

fe:,-:-•p€:·i- c< "L.Llt-e 

H2 
co 
C02 
r12 
f:t 

H2•) 
CH-~ 

Tot.,:.l [,,- w 

Tot .:-.1 l·:-::-t t 

Tot.:-1 iro kys 

- :i..'VII -

32.7t) E: 
812.00 c 

kMol/hr St.ffi3/hr 

+2737.76700 61~00 

+513.664:0 11510 
+669.47300 14904 

t-5. 21S<;: 117 
+0.0627~ 1 

+3681 . i o..;·: .:. 
+..; 16. ::,:,:\=~~=· 

825i)8 

+8023.490 

r:~~.·r. 7 I ..,.,.c., 

179756 

12~516. 3(•·) 

+312.0 c Enthc.lpy = -221 

molal "/ ... 

o.:.... •• 05 ... ... 
1 l 83 "/ . '• 
15. 42 •.• ,-. 
I). 12 

._, 
; .. 

t). 00 1. 

0. (H) ·: ,. 
9. ~·"! ., 

-•·:.;, .. 
lC<•. 1)1) 

kc.:..~ /hr-· 



I 

1.12. i:=~~ 

Pr c:-~st•rt: 
T t-_:, .. p er at L:t- o:;:-

r.2 
co 
co:: 
N2 
;., 
H:::.o 
CH.;. 
Tr·tc-1 o,--.,. 
Tot.;-.i ~·ie--r:t 

Total in kq:; 

- :CVIII -

31.85 B 
985.00 c 

kt-1ol /lir 

+859. •)7820 
+689. l 039•.) 

+1310. 7171)1) 
-t--15. 729.~3 

+4162. 1 :::.i);:,.) 

+21. 157:::4 
+616·~·- 672(·•) 

+ 10327. 6t:.(i 

St.m3/hr 

72656 
19922 
153•12 
~9::067 

354 
93290 

474 
138114 
231404 

17•1439.500 

Ch~1~proje~t Priha 

R<?-F C)r n1c•Y-- O• __ ,_ -;-

molal I. 

52. 54 .1. 

1-+. 42 !. 

11.17 I. 
21.25 I. 

- - --------- -- ·. 

( 1 • 26 ·/.. 
l). t)(t I. 
0.34 'l. 

99.98 

G2s rem~crature +9S5.0 C Enthalpy -221 155 400 kcal/hr 



I 

' 

!.12.F~4 

r-· re~~£. •_1 :- t:· 

Te1:.p1:t-.;;.ture 

Cc· mp C• s l t i c•n 

H2 
co 
C02 
iC 
A 
H:",) 
c1-1..; 
iJH3 
Total Dt-y 
Total l•!.::t t 

Tote.I in h_;i;::. 

30. 8•) B 
371.00 c 

- XIX -

kMol:hr St. rn3it-.r-

+225. 4•)1:-,::0 

+i5. 75·:;·6::: 
T3e.f98. -t~4l:H) 

-1-21. 157::;~ 
+0.51962 

+6s-.::.o. 349•)0 
. +103:'.7. 140 

r'\~C" ... 7 
0/ ..J.:......:.• 

5(:51 
30117 

354 
7841.i.f. 

•174 
11 

152E:9(• 
2~_;1:.c.·S 

174439.50(1 

molal ·: 
lo 

c:--. 14· i: -•: . 
. .:.. ... 30 I. 

19.81 ., 
~-

19. 19 ~::. 

t). -.7 
/ . ..:_._ .. 

l). (H) i~ 
(1. 31 ., 

!. 

o. 01 i'~ 

99.98 

Ge-.=. Tt::!i.peratLtre +371. (I C Enthalpy = -282 601 700 kcal/hr 



I 

, 

, 

t=·r-=:: ~ ~·-~i-e 
T r.?5i1p..:.: r- >:.• t 1_u- ;.1 . 

H2 
co 
C02 
N2 
A 
H21) 
CH~; 

CH"C.Of-i 
llH:C· 
Tot 21 Lor-y 

Tc .. t.:.! l:~t t 

Tot c. 1 i n kg :; 

30.20 B 
214.00 c 

- xx -

kMol/hr St.m3/hr 

+4106.43600 92095 
+21.10105 473 

+1 ~'- 79·7·6~_; 
+329i1. 3t)2•~ i) 

+21. 15734 
+O. 1 •~905 
+(i. 519~.-::. 

+7t)-.::3. 682t)l) 

+ l t)~~.::6. 58l) 

34602 
.29355 

73838 
474 

3 
11 

1 C'~ ·" ~.-1 ._•/-,._, 

231::65 

17•1432. 300 

C) I I_~=-----------_ 

molal I. 

18.6~5. i~· 

t). -.,..~ /. ..::...::. 

I). (H) I. 
o. 3t) /. 
o. 0(• ... :. 

o. 01 I. 
99. 9'=> .._. 

Gas ~n~p~rature +214.0 C Enth2lpy ~ -297 713 800 kcal/hr 

r 
j 



I 

) 

Pt-es;::t•t-,.-

T emf:: er- c:· i._ u rt? 

H2 
CCi 
C02 
iC 
A 
H.2C• 
.Cl-i4 
Tot.:.l Dr-,... 
Tut.=<1 t;;'"-t t 

Tot.:;l in i:gs 

- XXI -

29. 9\) p. 
65. (1(1 c 

kMol/hr 

+:: .. 810:::7 
+ 1 ::·.)6 .. 35:;·.=1~) 

+1S. 7t)3.:: .. 3 
+47.115-+:· 
+21. ,:16:::.~a 

+~:, .. ;. s 1 . 81 •t ~:!l) 
+~~1·~·=1c~. 929 

915371 
470 

85 

1•)56 
471 

122:237 

474t)2. :25t) 

+65. 1) c; Enthalpy = 

molal I. 

74.91 I. 
(>.39 ~-~ 

o. 07 i: 
:::::: • 9{:, ·;: 

0.79 !. 
C1 • OC; l. 

1 (ii). (i(i 

+8 737 -. ,, o:..· ...;:_....,._, kcal/hr 

r 



I 

F't· E"S :..:.1.1t-;;: 

T E-1r1pt-r- .:.• t Llr eo· 

Composition 

H2 
t .J'.2 
A 
H'"J;-1 

CH4 
Tntc. I f•r-v 

Tc·t"'l l·iett 

Total in kgs 

- ::oar -

29.50 B 
40. (Ii) c 

ki'lol ihr St.m3ihr 

+ 13•)6. 356( (l 

+75.7-tO/S 
+..;5.87279 

+5373. 569(i(i 

89834 
292i.~9 

16'78 
1(127 

12:2179 

molal ., 
;·. 

74.54 'l. 
24.31 ;. 

o. 29 ., 
/. 

0. i)(i 'l. 
l). nc:- ;: 0.J 

100. 00 

+40.0 c EntJ·12.l py - +5 999 619 kcal/hr 



, 

,, 

Frt!ssur-f:' 
Temper-atLn-e 

Composition 

H2 
N2 
i:. 
1~;2i) 

c1-n 
T L•t ,1 ! [t- ·-~ 

Total ~;e~t 

Tutco.l in Lys 

82.00 B 
40. i)O C 

- XXIII -

kMol/hr St.m3/hr 

+3989.61600 89475 
+1301.13700 29152 

+5365. 6.;.1~ 

35C> 
308 

1023 
120000 
120308 

46101.540 

molal 'l. 

74.54" "I 
'" 

24. 31 •.1 
'• 

0. 29 ., 
'" 

t). 00 •; 
/. 

0.85 ., .... 
1 (~(i. (Ii) 

+•10. 0 c Enthalpy = +9 892 531 kcal/hr 

r 



I 

,, 

1.12.m~ 

F'rt:-~ =-·.n-.-
-. E>i••i' er c:tt Llr- "'-' 

Co1r.posi t l on 

H2 
co 

N2 
A 
H20 
CH4 
Total Dry 
Teo~eo.l \·;e:: t 

Tote:· I in kgs 

1.10 B 
40.00 c 

- XXIV -

kMol/hr St.m3/hr 

+22.00045 493 
+0.10551 2 

+1550.69000 34523 
~3.74395 84 
+0.078~5 2 

+116.39480 2609 
+O. 09·)68 

+ 157 6. 7•)9•)0 
+1693.104 

2 
35106 
37715 

Chetoprojelt rra~a 

molal I. 

1.40 'l. 
0.01 ., 

'" 
98.35 I. 

0.24· ., '" 
1). I) 1 ., ,. 
(I. 00 'l. 
o. 01 'l. 

100. 00 

+4•). (I c Enthalpy = -148 344 400 kcal/hr 



, 

F'rt?~c;ur-e 

Tt:·1:.pt~r atL•re 

Crn~.posi ti on 

H? 
co 
co~ 

N2 
A 
H20 
Cn4 
CH~C;H 

l'!'-c: 
Tot:.21 Dry 

·Total Wett 

1.o t ;; 1 i n kg s 

27.20 B 
o.oo c 

- :C(V -

kMal/hr St.m3/hr 

+0.56450 13 
+0.00271 0 
-t-2. 4::=~62 54 
+(;. 096(•6 "') .... 
+O. OC•2C13 0 

+2611. 7,it;"·:: .. :. 58540 
+0.00233 0 
+O. 149(;5 3 
-1-0.51962 11 
+3. 761 '=t<) 84 

+2615.511 58624 

47177.680 

Cheacprojekt Pr~~~ 

molal I. 

15.01 I. 
0.07 ., 

lo 

64.48 'l. 
2.55 I. 
0.(>5 % 
o. 00 I. 
o. 06. •:. ,. 
3.96 /. 

13.81 % 
100.00 



1.12.l~E4 

Press•.•r-u 
Temper- .:1t1_1re 

Compo~iticn 

H2 
co 
C02 
ro 
A 
H:20 
CH4 
Tot.:'1 [:ry 

Totc.l t'iet t 

lot.:..i ir1 Lg=> 

- A:\"VI 

1 5 Ca. r- '=.:.-=C>=-c1=---'S=--=C>=-=1 Lt t. i. C) n 

30.30 B 
0.00 c 

kMol/hr St.m3/hr 

493 
..... 
..::. 

34523 
84 

2 

molal 

1.40 
o. 01 

98.35 
0.24 
0. 01 

+ 22. (l(l(14 5 
+(1. 10551 

+ 1550. 6900:) 
.... :::_:;. 74395 
+0.07895 

I. 65150.1 
+O. 09(163 

+1576. 7C19C10 
+66726.760 

., 
;. 1.46027E,...06 

2 0.01 
35106 1 (ii). (1i) 

I. 1. 4'7538E+06 

1242148. i)(;1) 

... 

I. 

% 
% 
% 
(. 

% 
0.00 I. 

I. 



, 

1.12.tm 

Pressure 
-, E"·1-:-1pt= ,-.;.turc: 

Co;opos i ti Oii 

H2 
N~ 

A 
H20 
CH4 
Tot-'4.1 Dry 
Total '-'lett 

Total i r. kgs 

26.50 B 
o.oo c 

- XA'"VII -

kMol/hr St.m3/hr 

+0.02417 1 
+0.00420 0 
+(J. i)i)(11)9 0 

·+61.93064 1388 
+0.000:22 O· 
+0.02869 1 

+61.959 1389 

1115.916 

Che1oprojelt fra~• 

molal I. 

84.26 I. 
14.66 ., 

;. 

0.31 I. 
0. (l(I /. 
0.77 i: 

100.(l(I 

r 
1 

l 



' 

• 

Prf" SSL•re 

Te1T1p:::c-r <:otL••-;:. 

Cc.a·pc-si ti on 

H2 
C02 
N2 
A 
H20 
02 
Total r,,.-,, 

L'. T • 

Tot"'l ~Jett 

Totc-1 in kC]s 
stei-r.1 inj. 

Gas Te-mperatur E· 

- M"'VIII -

Cheaoprojeit Praha 

36.70 B 
25.00 c 

kl'lol/hr St. m3/hr molal i: 

+O. 16731 4 0.01 I. 
+0.50192 11 0.03 I. 

+1305.49900 29250 78.03 I. 
·t15. T26E.»-=t ~.:;;"Po) _ .. ..,.L. 0.94 I. 
+0.772~6 17 o.oo I. 

+351. 17810 7864 21). 99 I. 
+l673.073C11) 37481 100.00 
+1673.846 37498 

48477. 16(1 
+3.469.400 kgs proces air blanket 

+25.(l c Enthalpy = •3 374 887 kcal/hr 



• • e 

1.12.m4 Ch21oprojekt Pra~a 

G~s femperatur~ +381.0 C Enthalpy= -27~ 664 400 kcal/hr 
1-t _ -r _ E> 111 -.i ··t= ·t cc::> r-. .....,,,. < .:.- 1~· ~:c:• "i. L.? ··-, F;;: .,._,_. •'~"'· c:: ·t:. :i ,<:.:>,-. --

Step TPmpC?rature en Cnntr•nt r~f:~;~r:t inn EqLd .l i hr i l'fh 

c mul. ... n;:~t f~ TPmneraturo A~pro~ch lo 

1 +3G1. 0 111. 4.20 ·l :, 1 •1HH +t/ /C). 9 +~:ii.Vi'. 9 

2 + .:;.e::;;. 8 1 :~. 9~Jl.l +61 t.::;;1 +C'./41. ,. +~5::;-1. 6 
' 

-· +.3L•<·:>. 0 1 :,) • 40~:> +/,:.:::Of14 +91.3.2 +·526. 7 ~i 
4 +::::.n9. 4 l 2~. 009 +li'14 l 0 . +nu:;. a +'1 176.5 H 
5 ,...::,c;·,~ • 3 1~~.530 +6~:'.;.f»''ll..1 ·1-(]~·,r; .. 2 ·l-1161... 9 ~ 

6 -t·::;,rr::t. 2 12.04'~ +/,,,<,H'll +r::i:::.:3;. 2 +43U.O 

7 +2WB. 2 11. ~'i54 +(;)/'/IJ6 +El0'7. 9 +4U9.7 ' . -
• 8 +41) l. 2 J 1 • Ob 1 +l1U9 ;~.1 +71::1::;.. 2 -1·3F:i'.:1. 0 '1 

q -Hll)•l. 3 1 (I. ~ii·~·:; +(,'ft.1'/:3 +7~:)9. 1 +:::~4. 8 
'_) 

10 +'i(.11. 4 l ti. 01.iU +·1c•:.··::.o +· '/ ::; :::, • 7 +:::.:;;~u. 3 

11 +4 1 (>. ~; <"J. :~,·1:..:~ +"/t >il'l'I +11":~.n + :::.t)•?. ~) ·o1 

1 '} +41 ::;;. 7 9.u/D -1·'/flt't .'.\3 +f..NO. l:.1 +:at.:..9 '.'· 

13 +41 "7. I) 8. ~.'.iEl9 +·10097 +bh'J. 0 +:2~i2.•) 
., 

14 +·1~~~0. 1 (I. 107 +t.1.1~·n::. +{;,llEJ. 0 +22B.O -~· 

1 c.• +4~:·:~ •• (I 7. ti:::;~.:. +l.171VI/ +6~:~'/. l +20'l. ·7 -I 
d 

16 +Ll '..:.'b. I) 7.l-1l1 .4-1.,:~·.·,u:r1 +601::1. 2 +1B2.3 : I~ • 
17 +4~~!3.B 6. T:.~'i +1.-i::o:.;:.;o +~Al9. :·'.i . +160.8 

18 +.:131. ~=i ii • . ;:.1 ::. +1..,o~:·u::.-, +~.'ii 1. [J +140.3 
~ 

J 

19 -H1:34. 1 ~:i.91.!.1 +~)lJ6'1H +~~.':i::J. 0 +J20.9 -) 

-
:o +43 1'!:.\. 5 5. ~·j45 +::J::;;~.~()5 +5:Y~. 2 +102. ·7 IJ, 

21 +•L';l:J.13 ~; • :·:? (> .:::. +4 "/ 1i.'':B +!.':i'.24. '/ +u~:;. 9 
·"-.\~ +44•). r3 4.093 +4:.:.1:.1b3 -l·~:'i 1. l . :~:; +'/0.5 
..;....:.. 
.... , ~ ... +.:1 w;!. 6 4.616 +:.~.uu:,.~!."· +A 17'9. 2 +:~i6. 6 
..::. ·~'.' 

24 +Ll•l-1. ::' 4. ~3'/3 +::')21/ff/ -1-t~UU. ~;:; +'14.~~ 
..-·,a.: +•1•1:1. 7 4. J 1.-.:::. +:,!H10'1' +47'1. 2 +·.:::.~::.. ~ 
..;__\.-· 

26 +•1 ·l·~·· r:,• :':;. 'JLH +~·::.:1.'./ ·~ •I/ 1 • J. +21~. :~:: 

:n +4•1 I. 9 ::\. u::::1. +:I 11 .. :.i J'I ·+A6 1l • . J +lt..5 



co 

I 

' 

I 

- xxx -

F"re>-i= i 1 ~ = 

0 4 6 8 10 12 14 16 18 CO mol. /. 

cc~.·:·~-~=·-"' ~-;"':;;:~-::·:--:."." .. ~~:;~--=-~---,_~:-:31 
[•:' . :a 
r: =- .. :.;..~..J 
... 

·~ E~. 
F- . -. - . ... 
lj .:·-. 

tl". 

- - :::-~ 

:·. ::-<-- :._ .. 
·.:-.: ::o···~ 

·,: •• ~::J 
-.. ' .. _,) 

;_ . - . 8 
~ 

.. -. 1.-~ 



- 61 -

' 



- 62 -

CCJNIENTS 

Page 

2. CALCIUM .UHlONIUY NITRATE 

2.C. Explanation of Abbreviations 65 
2.1 Short characteristic of CAX-production 66 

2.2 

2.3. 

at GFC Homs 

Cakin~ of CAX-~ener?.l review 

Operation~! problems in the CAN-plant 
at GFC Ho:::is 

67 

7C 

2.3.l Introductory comment 70 

2.3.2 High losses of AY in waste condensate 70 
2.3.2.1 Analysis of present situation 70 
2.3.2.2 Conclus-ions and recor..menc!ations 73 

2.3.3 Prilling 74 

2.3.3.l Analysis of present situation 74 
2.3.3.2 Conclusions 76 

2.3.4 Screening 77 

2.3.4.1 Analysis of present situation 77 
2.3.4.2 Recommendations 81 

2.3.5 Cooling and drying 82 

2.3.5.1 Irapact of cooling ~nd drying 82 
conditions on the moisture 
content in the product 

2.3.5.2 Principles of cooling and drying 
control 
2.3.5.2.1 
2.3.5.2.2 

2.3.5.2.3 

82 
Critical humidity 82 
Critical humidity 83 
of CAN 
Methods applied tor 85 
measuring of absorption 
isotherm 

2.3.5.3 Design of proper cooling 
conditions 85 

2.3.5.4 Example of foreign 86 
industrial practice 



) 

I• 

- 63 -

2.3.5.5 Present ~ituation at GFC Hons 
2.3.5.6 Conclusions and recommendations 

2.3.6 Conditioning 
2.3.6.1 Present situation 
2.3.6.2 Recommendations 

2.3.7 Closing note 
2.4 CAB 30 - testing 

2.4.1 Analytical control laboratories 
2.4.1.1 Present practice at GFC Homs 

2.4.2 Qualitv of CAN 3L produced at GFC-Homs 
2.4.3_Anticaking a&ents testing 

2.4.3.1 Analytical prograc 
2.4.3.2 Anticaking agents specification 
2.4.3.3 Laboratory methods and equirment 

description 
2.4.3.4 Survey or experi~cntal :esults 
2.4.3.5 hesults evaluation 
2.4.3.6 Discussion of results 

2.5 Future prospects in fertilizer production 

ANNEXES to chapter 2: 

88 
88 
89 
89 
so 
91 

92 
92 
92 

94 
95 
95 

lCO 
1C2 

1(,3 

116 
116 

129 

2/I Literature quoted 132 
2/II - 2/IV 
2/V 

2/VI 

Present quality of CAN 3L 133 
llethod 1 - Measurement of the 136 

caking tendency of 
fertilizers 

Method 2 - }feasurement of the l•1v 

influence of 
different AA on the 
caking tendency of 
fertilizers 

r 







I. 0 " 11111

2 8 '~~,;; 
1111~~ 11111£ 

"""-' 

I. I •C 11111
2·0 

11111
1
·
9 

11111
1·2·1 

11111
1
·
4 

111111.
6 

Mll,ROCOPY RESOLUTION TE'ST l,HART 
NII TlflNAI HI HH Al I rH "r ANr1:1~Hl', 

', T ANDA~Hl ~lf ~ f Pf Nr'.f M1i ff HlAl FlFl.1 
,AN',1.,,,,! I',() ff',T (,HMH ~h ;1 , 



2/VII 

2/VIII 

2/IX. 
..,;--· .... .\. 

- 64 -

?:ethod 3 - Deterrnina ti on of org~nic 

A.A content in C .. ".X and. 

conbined fertilizers 

Method 4 - Deter~in~tion of ~~ter 

soluble calcit~ co~tent 

in CAN 

~Iethod 5 - Grnnu.le strength testing 

List of antic~~ing cgents teste~,t~eir , 
~anuf ~cturers adresses 

142 

145 

149 

151 



I 

., 

-----r--

- 65 -

Explanation of Abbreviations 

AA ••••••••••••••••••••••• anticaking agent 
AN ••••••••••••••••••••••• anunonium nitrate 
CAN •••••••••••••••••••••• calcium antnonium nitrate 
CAN 30 ••••••••••••••••••• Calcium ammonium nitrate. nitrogen 

content·Jo % b.W. 
d50 ••••••••••••••• ~ •••••• a~erage diameter of particles /mm/ 
'r. .. . ...................... . 
CFC •••••••••••••••••••••• 
lip 

NP 
• • • • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • 6 • • • • • • • • • • 

RllA •••••••••••••••••••••• 

SA • • • • • • • • • • • • • • • • • • • • • • • 

UAN • • • • • • • • • • • • • • • • • • • • • • 

fertilizer 
<.eneral Ferti!izer Co. Homs 
hygroscopic point /%/ 
ammonium phosphate 

relative humidity of air /%/ 
separating agent /powder 

conditioner/ 
urea and ammonium nitrate 

solution 

I 
! 

i 

l 
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2. Calcium Am~onium Nitrate 

2.1. Shor~ Characteristics of CAN - Production at GFC Hons 

The CAN - plant was designed in the sixties for the capacity 
of 110 too mtpa calcjum akJilonium nitrate expressed on 
nitrogen basis, i.e. aprrox. 4,6 tons N/h. The nominal 
capacity of the production unit of 17,7 tons/b ~f prilled 
CAN with 26,0 ~ N b. W. has been maintained till the year 
1984. 

At the beginning of Se~tember 1984 measures were taken for 
increasing the nitrogen concentration in the final product 
in order to cut down handling, storage and transport costs. 
Since l/lL/84 ralcium-ammonium nitrate with 3~ ~ N b. bas 
been produced. 

The change of technological conditions has been achieved 
with~ut any significant change of the existing equipment 
with the ~xception of the dosing of dolomite into the mixers. 
The consumption of dolomits bas been adequately decreased •• 
This resulted in increased specific consumptions of nitric 
acid form 580 kg /l~u %/ t CAN /26 ~ ~/ to 68~ kg /l~O ~/ t 

CAN /3~ % N/ and of ammonia from 16C kg /l~O ~/ t 

CAN /26 ~ NI to 185 kg /100 ~/ t CAN /30 % NI. 

The present ca~;ing prop~rties of the commercial product 
do not meet the requirements of customers, In close 
cooperation with the technicians of GFC appropriate methcds 
for testing the caking tendency have been introduced and 
steps for decreasing the caking of CAN have been studied. 
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2.2 Cakin~ of CAN - General review 

Xitrogen fertilizers when stored, have the tendency to form 
hard luMps and crystal agglomerates. The mechanism of thci~ 
caking has latPly been thoroughly investigated. Althougl1 
different theories exist it has been generally accepted 
that one of the ~ost iwportant factors in c~king is the 
formation of crystal hridges at the points where individual 
granules_ contact eaoh other. 

Caking-is however a very complex phenoraenon. The intensity 
as well as the speed of caking is affected by various factors 

"both internal and external. Examples of internal factors are: 
constituent moisture c~ntent, particle size, shape, 
hardness and plasticity, continuing che~ical reactions, 
capillary adhesion. External factors ihclude handling and 
storage conditions such as storage rressure, time, tempera
ture, humidity or atmosphere etc. 

For the most caking mechanisms the presence of moisture in 
the form of a saturated solutir;n is es~enti~l. Therefore, 
the amount of residual water that remains in the fertilizer 
at the tice of tis nanufacture has a great effect on its 
tendency to cake in storage. The higher the degree of drying 
at the production stage, the less active the caking mechanism 
will be. 

When a fertilizer is stored in moistureproof bags /and that 
is the case at GFC Homs/ the effect of atmosphere humidity 
in the storage is excluded and caki~g, when it occurs, is 
roJated to other factars. 
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Production of relatively large spherical fertilizer granu
les with a low content of fine ones reduces the number of 
contact points between ,articles and thus reduces the caking. 
On the other hand. mechc:anical weakness. high Porosity and 
plasticity, bad shape or ~ranules promote excessive caking. 
Under the pressure of high bag stacks in storage. weak 
granules tend to be_ deformed and destroyed and relative 
large areas of contact arise among the granules. 

Up to date mechanization in farmin~ leads to increasing 
deraands on the freeflowing properties of fertilizers. 
To meet the requireraents of customers:. the conditioning 
of cor.1mercial grade fertilizers has been widely introduced. 
Most conditioners used on granular fertilizers ·are either 
very fine pO\vders that adhere to granules or liquids that 
are sprayed on to their surfaces. 

Powder anticaking agents create mechanical barriers between 
granules and absorb, spread a,d inactive the solution phase 
on granule surfaces. Solid conditioning agents such as 
diatomaceous earth /kieselguhr/, kaolin, talk, chalk, 
clays - untreated or hydrophobized with fatty araines -
are applied usually in the range of 1 % - 4 % b. w. The adhe
rence of conditioners can be improved by spraying the fer
tilizer with a small araount of oil /usually only 0,2 -

- 0,5 % b.w./. 

Liquid organic conditioners are surface active agents 
/surfactants/ that chan~e the interracial tension between 
solid and liquid phase and runction as crystal modifiers 
inhibiting or weakening crystal growth among the granules. 
A surface active molecule c~mprises a non-polar hydrophi1i£ 
group. For th~ CAN - conditioning cationic surfactants 
are widely us~d, the most important of which are the long -
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- chained fatty ar:iines. The fatty alkyl chain /with 
8 - lS carbon atoms/ gives them a high hydrophobic power. 
which ~rows with the number of carbon atoms. The polar 
radical fill2 provides the molecule with a great affinity to 
the surface. Fcrmation of hydrophilic coating on the surface 
of granules, improved water repellency, reduced capillary 
adhesion between particles, inhibited or reduced crystal 
nucleation are t.hP. main features of conditioner aoplication. 
Fatty anines and their derivates are effective at low 
concentrations /2LO - l~C~ g per ton of fertilizer/. therefore 
their presence does not influence the quality grade of the 
commercial product. Fatty ;i~ines may also be used in 
combination vith hydrophobic mineral oils. 

In the case of acmonium.nitrate fertilizers, internal con
ditioners may be used to improve p~ysical properties and 
moc1ify the effects of crystal rhase in\"E :.sions that result 
front temperature ~ycling during stora~e. The inversion of 
crystal mcdificAtions IV. ~111. that occurs at 32 °c, in 
particular, can cause uninhibited ammonium nitrate prills 
to disintegrate and subsequently to cake. 

To achieve the optimum effect when anticaking agents are 
applied, the selection of appro~riate conditioner and the 
treatment procedure must be properly performed. Extensive 
preinvestigations and ce:a~ing tests must be carried out to 
find the best way as to erriciency and economy. The recommen
ded testing methods described in this report have been 
introc'11ced at GFC iioC'ls by the UNIDO - team. 
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2.3 ~erational Probl~rns in the CAN - Plant at GFC Hol'ls 

2.3.l Introductory Com~ent 

In respect to the fact that the caking tendency of the 
product results from operational conditions, a ~rief 
investigat_ion of the C..\N - plant was also embodied into 
the program of the rXIDv team assistance to Research Labo
ratories. at GFC Homs, Essential operational problems are 
discussed in the foll O\\"in!! chapters. Except for the conta
mination of waste condensate all described problems are con
nected with caking directly or indirectly. 

2.3.2 lliszh Losses of AX in Vaste Condensc:te 

1.3.2.l Analysis of Present Situation 

From the neutralization reactor of IT~ - type small ~roplets 
of AN - solution are drifted away ~ith the stream of vapor 
and occur finally in the condensate at the outlet of the 
1st stage evaporator. The AN - concentration in the waste 
condensate should be kept lower than l g AN/l. 

In the last two months - after the technology had been chan
ged - great differences in the AN - contrnt v;ere observed, 
with peak con~ntrations exceeding evea 100 g AN/I. 

The daily operational 1·epor·~& that cover the pertinent ?eriod 
of time wore evaluated. It was foi..nd that the losses ot' 
ammonium nitr;ite remain within reasonable limits when tho 
nomin~l capacity or the neutralizator 4,6 t N/h is maintained 
or only sli~htly exceeded ur to 5,v t N/h maximum/ see fig. 
2.3Jl/. 



.., 
..... -b 
L.a 

~ 
~ 
~ 
l.i a 
~ 
a 
it.I 

~ 
..... 
~ .._ 
~ a u 
I 

':z 
~ 

I 

fDO 

KJO 

IJ 

'l,O 

- 71/72 -

FIG. f .J /I 

0 
0 
oo 

U£UTRAlllATOl ourrur r TN I H 1 

(1£L(CT(D 101m"$ JH!J'I MAX. AWi> MIH. VALUCI OHL Y) 

0 

0 

Under the previous operating conditions, when CAN with 
only 26 ~ N waz produced, it was not possible to surpass 
the nominal capacity of the neutraliz3tor substantially 
because of limitations given in the "dry" rear part of 
the unit. As the same nutrient output can now be reached 
by a reduced quantity of the final product JC % NI the 
decrease is about 13%/, the bottle-neck at the rear part 
disappeared and moved to tho "wet" front part. 
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2.3.2.2 Conclusions and Rec<11J1.:'1endations 

It is necessary to hold the mass-flow through th~ neutrali
zator in a steady state and not to surpass the designed 
capacity of the neutralizator 4,6 - 5.~ t N/h. 

If allowable AN - concentration in waste condensate is sur
passed the proper fu~ction of waste water treatment plant 
may be seriously endangered. Therefore d~vices for the 
automat-ic design of inlet streams into the neutralizator 
and for ar:uaonia pressure control should be installed. 

As the s~parator of droplets in the neutralizator head 
was heavily corroded a new one has to be installed. 
The proposal for the manufacture of the pertinent spare 
parts and their asse~bly has been presented to GFC Hems. 

After any unscheduled shut-down of the CA~ - plant the 
effort is evidently nade to compensate for the production 
losses as soon as possible. As no excess capacity in the 

neutralization secticn is av~ilatle, an extra storage tank 
for AN-solution could he installed adjacent to the existin~ 
storage tanks 03 - 10 A and 03 - l~ B. In case that the 
rear part of the unit has to be put out of operation for 
about 2 hours /but no longer/, the neutralization section 
could be kept in operation without· interruption and the 
three stora~e tanks t3 - lt A,B,C would be able to receive 
and store the produced lean AN-sol ut·· on. 

The actual value of AN-content in the waste condensate 
is checked by the AN-plant personnel. As this indication 
is important also for the control of the wasto water treat
ment plant an operative link botween these two departments 
has to be ass11rod. 
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2.3.3 Prillinl! 

2.3.3.l Analvsis of Present Situation 

Acoording to the indications of existing measurement devices 
the AX - melt leaving the vacuum ev~porator 

_ /58CJ - 6(,0 m.'11 Hg vacuum/ has the A~ - concentration 
0 98 % b.w. ~ax. and tempPrature 165 C max. The temperature 

of CAN - melt at the centrifuge exit is 155 - 160 °c. 
It is necessary to point out that the. temperature difference 
between the real solution temperature and the real· 
crystallization point has to be consistently and carefully 
controlled. A low temperature difference results in the bad 
shape of the granules /prolonged. ellipsoid, needles, the 
tails developed on ~ranules break off and increase the rftte 
of undersize fraction. a hi~h temperature difference results 
in variably formed prills due to the extenxive contractions 
during solidifying. ' high temrer~ture or the melt also 
causes caking on th~ ground of the prilling tower because 
the time of fall is n~t sufficient for intensive cooling. 
The optimum teM~erature difference should be traced through 
long-term results. Generally 6 - 9 °c difference is recom.~en
ded. New temperature measurement devices at GFC have been 
installed and will shortly be in operation. However, for 
a long time period ~efore, the operators were n~t able to 
control the prilling temperature in the requested range as 
the measurement devices were out of order. For optimizing 
the prilling process. reliable temperature control is absolu
tely nccassary. 

To improve tho physical properties or commercial products 
internal conditioners are generally applied before prilling. 
At GFC internal conditioning is applied in limited range only. 
Ammonium sulphate is addod to suppress the hygroscopicity of 
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CAN due to the inversion of Ca/~TJ3/ 2 to insoluble CaSO 
4 

but no sicative component and no hardness promoter are 
introtfucerl into the process. Let us mention the example 
of Fisons technology /however using drum granulation instead 
of prilling/ where adc;itives /l't114/ 2 SCJ4 and Feso

4 
are 

succesfully used in the rates 2 ~ and 1,4 ~ respectively. 
Amr.ionium sulphate bes~des the raentione:J conversion of 
calcium nitrate to calcium sulphate forms also low soluble 
complex salts an~ ferrous sulphate ·effects as internal 
sicative because on~ molecule of FeS~4 is able t-0 bind up 
to 7 molecules of water. The presence of FeSG

4 
promotes 

the increased crushing strength of granules and simultaneous
ly suppresses their plaxticity. ~ot only .sulphates, also 
phosphates may be usP.d as intern:ll conditioners. 

To obtain hard, well-shaped, and non-porous prills the 
water content of the CAN melt before prilling operation 
should be reduced and AN-concentration 96,5 ~ should be 
achie,·ed at least. High moisture content results in a high 
rate of rlastic granules in the product. lli~h plasticity 
increases the caking tendency. 

For information a typical relation between caking tendency 
or CAN 3L % b.w. /or Cz~choslovak origin/ and its moisture 
content evaluated experimentally by the Research Institute 
of In0rqnnic Chemistry (sti nad Labem /5/ is shown in 
fig 2.3/2. ~hon CAN 3L /on dolomitn basis/ was tested, 
the slope or curvPs for water content over ti, 8 ~ was found 
even more steep /3/. 
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2.3.3.2 Conclusions 

The ~e~surement devices for the control of the prilling 
process, particularly temperature control, have to be 
perfectly maintained. The possibility of internal conditio~ing 
has to be thoroughly investigated and intr~duced in practic3. 

In case or future revamping or extension a rroper design 
of prillin~ tower height countercurrent cooling air flmv 
has to be carried out. The elevation of the prilling tower 
would help improve the nhysical properties of granules 
including moisture content, granulometric tnmogenity and 
mechanical strength. The height of prillinz tower should 
be designed for an exit temperature of 90 - ICC 0 c. Revam
ping sl1ould cor;prise the system of vacuum evaporator and 
spreading Luck~t. As reported, in up-to-date types of 
LUWA film evaporators water content of AN melt under 0,1 ~ 



- 77 -

evaporators water content of AN mel~ under 0,1 % is reached 

/l/.In ca~e of a radical reconstruction of the whole unit 

tho tochnlilogy cf final treatment of CAN-melt has to be 

revirer1 with respect to recent progress in this field 

/fluidized bed on the bottom of prilling tower, granulation 
drum instead of prill~ng tower etc./. 

2.3.4 Screcinng 

2.3.4.1 Analvsis of Present Situation 

Prilled CA~ /temperature luO - 11~ 0 c/ is transported from 

the bottom of the prilling tower to a screener 03 - 37. 

About 30 ~ of the material is bypassed without screening 
as the ca~acity ~r the screener is said not to be 

sufficient. This screener is equipped with one mesh-screen 
only. The undersized fraction is recycled to the mixers 

03 - 26 A,B, the separated main fraction joins the bypassed 
material and enters the drier that operates actual· -- "C' 

a cooler only. 

During the screening process an undesirable crusning 
effect upon treated CAN rrills nas been observed. 

L<>w hardness of prills and their unsufficient resistance 

to sloughing and abrasion in addition to improper function 

and reducert capacity of the screener are the cumulative 

reasons for the crushing of prills that finally results 

in a higher ratio of fines in the screened fraction than in 
the feod. 

The CAN-prills after cooling tc 60 - 7CJ 0 c are transported 

by a bucket elevator to two parallel fluidization coolers 

03 - 41 AD /one of which is under operation and tho second 
stands by. To prevent the lumps and greater conglomerates 

o.r CAN entering the fluidization cooler and to protect it 
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form being blocked, a fix ~rid with gaps of 1,5 cm was 
installed at the inlet. The ~eparation of the grid seems 
to be dubious. ~nfortunatelly this device causes 25 - 3~ % 
of th~ whole production that is not to be subjected to final 
cooling. Temperature gradients between the cool /30 °c; 
and non-c~oled bypassed stream /6G - 70 °c; cause temperature 
fluctuations in the critical region of the transient tem~e
rature. The changes of the III-rd and IVth types 9f crystal 
modifications weaken and destroy CAN-prills and result 

finally in a low anticaking capability of the commercial 
product. 

The described detrimental effect of rectystallization is 
often increased by higher moisture content c.s - C,9 % 
/even 1 ~ was exceeded when the efficiency of the vacu1~m 
pump w;-,s lowered. peak Vdlues over 1. 7 % n-ere found/. 

In these higher ranges of moisture critical transition 
temperature limits ~re very narrow /7/ and can easily 

be surpassed several ti~es in both directions in the course 
of mixing the cold and hot materials /see fig. 2.3/3/w 

Ld 
II(' 
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~he above d.escribed tecr..nologictl regi.Wle •·.as illustrated 

by the sieve a."1~1::,-ses of L"'lciividual straans whi~n were 

car!'ieci out in Oct.i:·,ov. 1964: 
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Tab. 2.3/1 

Size Distributinn /in % b. w./ 

M9sh 11111 >4,0 4,G-2,8 2,8-2,0 2,0-1,<J (1,0 

Sample Date 

Screener feed 19/lC; 2,3 5,5 33,7 56,9 1,6 
24/1(, 3,7 8,8· 38,9 44,4 4,2 
28/10· 2,8 32,4 62,2 .iZ,6 

screened product 19/l(J 0,7 1,3 19,5 66,G 11,9 
24/1(, 0,9 2,1 ·23 ,6 63,4 10. (; 
28/1(; (J, 2 1,4 _16,9 66,2 15,3 

fluid-cooler in ~8/l(J 1,1 2,5 29,fs 52,5 14,1 
fluic!-cooler out 2.8/lCi (j '3 2 ,Cl 23,4 63,(, 11,3 
conditioner out 28/1(. 1,4 4,2 36,6 54,6 3 ::> ·-

Tab. 2.3/2 

Size Distribution of the Fluid-Cooler Bvpass 
/4/11/84/ 

~le Rh mm 5-1(; 4-5 2,8-4 2-2,8 1-2 < 1 

% b. .,., 1 1 1,4 5,9 44;3 38,7 2,8 

From tho plot in f'ig. 2.3/4 it is evident, that the result 
ot screening is adverse Lo that expected. /higher ratio 
or tine particles in product than in feed. 

I 
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2.3.4.2 neco~raendations 

An up-to-date type or screener of adequate capacity must 
be instillled instead of the existing unsuitable screener 
03 - 37. 

The present p~rm&nent bypass of unscreened material has to 
he coopletely avoided. 

The screener ha.s to he aquipped with two ciesh-scrcens 
/instead or the present one/ for three fractions to be 
obtained - product. undersize and oversize. The oversize 
fraction is to be crushed and recycled back into the scree
ner. 

Installation of a new screener before the fluid-cooler 
03 - 41 /instead before the drier-cooler C3 - 43/ was 
recoramended as a more ar.lvent<i~eous al terna ti ve that h.as 
been proved in practice abroad. The range of optimum size 
of granules which is necessary for fluidization will be 
guaranteed because freshly =~reened CAN-prills will be 
directly fed into the fluid-cooler. The range of granulome
tric size of the product is to be 1 - 4 mm and no particles 
unrler 0,6 ~m should be present. 

The whole production has to be subjected to final cooling 
in fluid-coolers. No bypassing of uncooled material is 
acceptable. Exit temr~rature from the fluid cooler is to 
bo 30 °c max. Conditioning of air used for cooling is 
discussed in the next chapter. 

.f 
r 
j 

f 
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·. 

2.3.5 Coolin-'! and Drying 

2.3.5.1 I~nact of Coolin~ and Orvin~ Conditions on the 
Moisture Content in the Product 

-
The driving force for evaporation ·Jf the residual moist.ure 
from the surface of the granule to the stream of air used 
tor drying and/or cooling is given by the difference or 
partial pressures of water vapor in the air stream and at 
the partical surface. Part.ial pre.ssure of water ·vupor 

in the air must always be kept lower then partial pressure 
corresponding to th~ critical humidity of CAX-prills at 
given temperature tc, prevent the prill ebsorbing noisture 
fro~ the air. When not only cooling but also drying is 
the aim of the treat~ent this difference of partial pressu
res has to be large enouf!ll. It is evident that the tempera

ture and relative hu~iJity of used air has to be carefully 
controlled. If necessary the air used for drying and coo

ling has to be conditione~. 

2.3.5.2 Princioles of Coclin3 and Drying Control 

2.3.5.2.1 Critical Humidity 

Ali° salts, incln<Hn~ fertilizer salts ha,•e characteristic 
critical hur.tidities. Generally speaking, the critical 
humirlity of a fertilizer may be defined as that humidity 
of atmosphere above which the material will spontaneously 

absorb moisture and below which it will become cry. 
To bQ precise, the critical humidity of a fert~lizer i~ 

Lh~t humidity of &ir at which the parti~l vapor pressure of 

water in the air c"uals the cquiliLrium water. vapor pressurl? 
above a saturated solution or the fertilizer at any r,ivP,n 

tomporature. When fertilizer is exposed and handled undar 
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r;iorc hur.iid atmosph~ric conditi<'ns it is considered hygro
scopic, becomes wet and nln-flowable. The increasing 
water content promotes later caking. 

Critical humidity of a fertilizer is usually given as 
critical relative humidity defined as actual water content 
of air expressed as a percentage of that content required 
to saturate the air W"ith water vapor at a given temperature. 

The l:nowlcdge of this characteristic ph:;,:sical property of 
rertilizcr is important for the correct control of drying 
and co·oling of the prilled product to eliminate the fertili
zer beccning wet during treatnent. If necessary the air 
used for cooling has to be conJitioned • 

.? .. 3.5 • .2.2 Critical 1-iur.tidity of C.-'.X - Hv!!roscopic Point 

In tho course of the CAX production process the last con
trolle~ reaction step runs in mixers, where AS-melt co~es 
in contact with dolo~ite powder. During the retention 
Lime in mixers ar~onium nitrate is in principle converted 
according to the following sur.unary equation: 

+ Cacc,
3 Ca/:iCi3/ 2 + + CC; 

2 

When the critical humidity of CAN-product is to be determi-
ned, the ternary mixture NH4No3 - Ca/.NL

3
/

2 
11

2
0 with 

minut~ etmounts of various ir::purities has to be taken into 

account. It neans that the critical humidity must be found 

for the specific type of CAN individually in a laboratory. 

Th~ measured data is evaluated in the form of an absorption 
isotherm /u~ually for the stand;Jrd temperature 25 GC/ liko 
in the following chart /fig. 2.3/5/ which is valid for 
CAN 25 ~ N of Czoctwsl ovak ori~in and may represent a type of 

I 
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fertilizer of medium quality /6/. For information an ab
sorption isotherm for pure AN /35 % N/ is given too. 

f\6' 2.~J5 

60 

so 

.. .... 
)... ,0 
..... 
Ci 
l: 
:::. ABIO~PTIOIJ llOTHCRH.J !Pt!. :z: 

...J 3i> 
~ 
IU -,_ 
6' 
c,, 

f O 
io 1,0 3,0 't,D ~· 

t10!3TU'L. CONTENT OF G~.4NiJLf3 of• B. 'J. 

Frorn fig 2.3/5 it may be easily ascertained that the 

critica! relative moisture of air /called Hy'1;roscopic 
Point - llP/ at 25 °c is 30 %, if CAN with moisture content 
0,5 b. w. is to be producerl. It is necessary to roint out 
that any absorption isotherm is valid for a specific type 

or fertilizer with fixed content or water soluble Cao 
/in case of fig. ~.3/5 0,4 % b. w./. When the content of 
water soluble CaO increases, the absorption isotherm is 

shifted to the right. 

I 
I 
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2.3.5.2.3 Methods Applied for Measurin2 of Critical Relative 
Humidities and Absorpti~n Isothercs 

The simplest r.1ethod is based en exposing a sample or 
fertilizer to various controlled humidities of air at the 
standard temperature 25 °c /or other fixed temperatures/. 
The appropriate hygroscopic point· is found when the sample 
gains significant weight increment /caused by moisture 
absorption/. Tl~ curve of absorption isothera is a set of 
hygroscopic points fo~ various moisture contents ~f the 
sample. For easy evaluation of absorption isotherms labora
tory neasureraent devices were developed using either spiral
or tenzometric weighing elements /4/. 

Other relevant more sophisticated methoJs use electric 
hygrometers er gas chrcmatographs for the evaluation 
of absorption isotherms • 

2.3.5.3 D~sinn of Proper Cooling Conditions 

On the basis of principles given in the vrcv it.us chapter a 
graphic chart has been calculated /6/ and is presented on 
the next page I fig 2. 3/6/. Practi ca 1 use is illustrated 
in the two following examples: 

Exawple 1: CAN with FP 30 ~ /25 °c/ is to be cooled as low 
as 30 °c. Find the temperDture and relative hu. 
midity of air /HUA/ which may be usLd for cooling 
to be certain that the moisture content of the 
fertilizer will not be increased durin~ cooling. 

Solution: Follow the characteristic curve for CAN with 
0 -

llP.30 ~ /25 Cl ~nd find, that for the requested 
outlet ternperuture 3~ 0 c the partial pressure 
of water vapor in uscrl air nrust not exceed 
1,20 kJ>a. With the aid of air curves plottod ·in 
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the diagram we easily find the tempe:-ature 

limit of air in relation to its actual relative 
humidity, for instance: 

For relative humidity /RHA/ % 4L 60 8~ 

temperature limit. /max/ 0 c 24,0 17,5 13,C 

Exa1i1ple 2: Find the 1<1west tempE>rature cf CAN /defined as 

in example no. 1/ we can achieve at the cooler 
exit ''hen air with relative humidity 6(; % and 
temperat_ure 15 °c is available. 

Solution: This tempera tu re I i111i t is 27 °C/min/. 

2.3~5.4 Example of Forei~n Practice 

In the SCI~ Works in Cz~c~o~lovakia a high content of re
sidual moisture in the co~~ercial product was caused by 

incorrect physical propertiLs of air used for the final 

cooling in the fluid coolers. Sine<? the early eighties 
air conr.Jitioning has been used s11ccessfully_ For Czecho
slov~k conditions the following optimum pararaeters of 

cooling air were evaluated: relative moisture 50 ~. te~pe
raturc 17 °c. To guar~ntee these limits, atmos~heric air 
is now cooled in excheingers where liquid ammonia is evapo
rated. At the outlet of the air cooler the air temperature 
is 5 °c and relative moisture !Lu ~. which corresponds to the 
re~ucsted relative hu~idity of 5L % at the temperature 

level 17 °c. Air ConditiPning has recently been successfully 
introduced at tho occasion of CAN unit revamping at the 
Chemical Works Dorsod in Hungary /2/. 
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2.3.5.5 Present Situation at GFC _!!o~ 

Fe~ preliminary cooling a horizontal rotating cooler/drier 
15 3 C.100 x 18 LOO CJm is used. Cooliq; air flows co-currently 
with the cooled material and is exhausted from the 
cooler/drier by a suction fan. Low ratio between the coo~ 
ling and coo le~ streams /1 3(;0 Nm3 ·air per ton CAN/. lo~r 
residence tjme of CA~ in the cooler /13 - 14 min/ and parallel 
flow arrangeraent result in low efficiency of drying and 
cooling. The exit tenperature of CAI is about GO·-· 7t 0 c. 

The system of final cooling of the product was described 
in the chapter 2.3.4.l in connection with the analysis of 
screening operation. 

2.3.5.6 Conclusions and RecomTenrlations 

Tho further recoraaended mPa~ures are to be considered in 
accordance with the proposals for the reconstruction of 
screening system as stated in chapter 2.3.4.2. 

A counter-current air flow /instead of co-current/ in the 
drier/cooler is to be adopted. The specific rate of cooling 
air is to be increase~ to 1 SLO - 2 t00 ~m3 per ton of CAN. 
A new fan of higher capacity is to be installed. 

Bypassing of the fluid cooler has to be avoided. The new 
screening system /as recon11n1?nded in chapt 2.3. 11.2/ and 
conditioning of cooling air will eli~in~te Lhe possibility 
of fluid cooler bloc~ing. Tho use of conditioned air pre
vents the CAN prills .~etting wet in the course of th:!ir 
final treatment. 

The exit tPmporatnrB of C.AN-prills from the fluid cooler 
is to be maintained ~t JO 0c. 
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Air conditionin~·in ammonia evaporators is reco~nended. 

For information, the specification of the air cooler may 
be as follows: 

cooling c~racity ............................. 1,6 GJ/h 

air in - quantity ••••••••••••••••••••••••••·• 3C (;00 :'a!3 /1 

30 °c - teraperature ••••••••••••• ~ ••••••••••• 
air out - temperature •••••••••••••••••••••••• 5 °c 
refrigerant ••••••••••••••••••••• ammonia at boiling point 

- 20 - - 15 °c 
'). 

heat exchange surface ••••••••• 3 6t0 m~ in 15 sections 

2. 3. 6 Cct::rli tioninl! 

2.3.6.1 Present Situ~tion 

e~ch section comprises 

5u pieces of finned tubes 

15 38/3 mm, diamet~r of fin 

118 m~. len~th of tube 

3 COO m~, rm~onia in tubes 

The caking of CA~ is a comI;lex phenor.ienon depending on 

various factors, e. g. r.toisture content,. the ht::r!fness and 

plasticity of individual granul~s, size-homo~cnity and 

size-di!!.tribution of t!10 product, store <.&nd handling con

rlitions and technical level of used facilities, etc. 

Caking in ~eneral ~as boen discussed in chapter J.2. 

The fjna l fJperation which may help improve the comr.1crcic.l 

qunlity of the product is conditionin~ achi<?vP.d by appJica
tion or powclcr ancf/or li<inid anticaking abcnts. 

Ir& GFC Homs liquid fatty <.i1:iines or COr:mlorciaJ nrnko 

J.H~.fUFLv GG - S /product of Arr.1our lless Chom. Lim., G.D./ 
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have been used fo·r conditioning. The nozzle for spraying the 
liquid i"&nticaking agent was installed at the outlet of the 
conditionin~ drum. The short resi~ence time left for the 

homogenization of co&ted ~rnnules and the relatively narrow 
spra1inJ angle achieved by the existing spreading system 
aro hardly sufficient to guarantee that all granules arc 
coated perfectly. 

To the Az.t-r.iel t /;,H4/~0 4 is added to sup~ress the 
concentration of hygroscopic Ca/~o3;2 • Coating of CAN 
by po~der dolomite in the con~itioning drum was used in 
the past, At present it is used no more. 

2.3.6.2 Reco~mendations 

The nc17le should be reMoved rrom the ~utlet and installed 
at the inlet of th'l co~tin& drum. Care is to be taken to 
attain ~s wide a spr~ying ~ngle as possible /by modifying 
tho nozzl~ and raising the outlet pressure of the feedin~ 
pump/. ~o~e detailed information COhcerning the qualjty 
and selection of appropriate conditioners and anticaking 
agent.s is inp<.irted in further chapters of this repor- t.. 

2.3.7 In conclusion 

The CAN-plant at GFC Homs was built in the years 1968 - 71 
and has been running for nearly 15 years. It is logical. 
tl;at the original design applied at GFC doer not correspond 
to tho up-to-date progress achieved in the CAN - technology. 
In the V•st two rtoc:icles new systems have boen developod 
/pressure noutrc.alizi.ltion, granulation in drums. perfect 
automation of process, internal conditioning resulting in 
high level or commorcial grade product etc./ and consequent-
ly the approach to the design or modern units has been basicai
ly chJn6 ed. 
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. 
It is to be considered c~refully if a moderate stepwise 
reva~~ing. or a long term shut-down for radical recon
struction or an erection of a complf"tely new plant without 
interruption of fertilizer deliveries to customers is to 
be prefP.rred. The final decision depends on economic 
evaluations. and investment feasibility with respect to 
the present investment policy in SAR. 

It should be mentioned that in a Fimilar case in Czechoslo
vakia it was decided for a new plant to be built rather 
than revaap tho old one although the CAN qualit~ produced 
at the old plant had been higher than the one produced 
at GFC at present. The new plant with the c~pacity 
90 COO mtpa N has bee~ running for several years in Duslo 
\forks in Saia. 
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2.4 CAN 3G - Testing 

2.4.l Analvtical Control Laboratories 

2.4.1.1 Present Practice at GFC Horr.s .\nalvtical Laboratorv 

Control of granulcltcd CA~ is carried out at the CAN Pl<mt 
l<ihora tories and at t;1e Central Laboratories •• Samples of . 
CAN are taken fro~ a belt conveyor down~trearn the prilling 
toRer for both laboratories toeether. These samples are 

analysed at the Plant Laboratory every 3 - 4 hours and at 
the Central Laboratory one analysis of one average 24-hours 

saraple is carried out. That ~cans that neither at the Pla~t 
Laboratory nor at the Central Laboratories are samples of 
the final ~ror!11ct analy~~d b0 cc::use CA~: nownstream t.he pril -

ling to~er un~ergoes si~niricant changes especially in its 
granullLletric cora~osition and moisture content. 

At the Plant Laboratory following analyses are carried out: 
- ~mmoaia nitrogen content 
- ~oisture content /drying for 3 hours at 100 °c/ 
- scrcf>n an:J 1 ysi.s I <l mm, < ~ mm, < 2, 8 mm, <. 4 mm, >4 mr.J/ 

- nitric acid concentratir.n /clensity/ 
- conrl~nsate annlysis form the 1. neut~alization stage, 

2. evaporator stagr. and their mixtures /Nl\
113 

, NH4 ~;o 3 , 

free HXu3 I 

At the Central Laboratories following analyses of CAN arc 
carried out: 
- moisture content 
- a1.:mo11ia nitrogen contont 
- to ta 1 ni troP,·Jn 

- screen analysis 
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Laboratory personal of both laboratories is well skilled 
in the existing laboratory practice. As for laboratory 
eqnipnent.it is recommendable to fill up the number of 
scracns in both laboratories especially with screen mesh 
size (;,5 mr.J and \Yith further screen mesh sizes, as a more 
detailed granulometric analysis is needed occasionally. 

ClN moisture content determination is carried out by drying 
only. Alternatively,· it is recor.~cended to use the \~ell 

knowa and used h. Fisher method. 

At the Central Labor<.tories S<.lmples of the final product 
are tc be analysed, which r.ieans samples tiJl~en at a sui ta::

blc Point downstrP~m the coating drum. 

At the Plant Laboratory sar.:ples taken downstream the pril
ling tower and the fluid cocler should be analyzed. Both these 
analyses are important - by the first prilling can be con
trolled, thP. second one serves for C..1.:1 mechanical strength 
detcruination and the dry rpar part machinery impact on 
the CAJ quality. 

Tests of ~~lted CA~ upstream the centrifuge as well as 

the srdphate content in pr1lled CAN sho11lcl be carried out at 
the Plant Labcratory. These parameters influence CAN 
quality significantly. 

Prill hardnes!; testing with " simple instrument like that 
from the firm Pfitzer /see A~~EX No 2/IX/ and organic 
conditioner content detcrr:iination are advisable. /Crushing 
strongth or granules gran. size l,G - 2,0 mm should reach 
15Nmin./. 

r 
! 
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CAN caking tendency testing should be carried out at the 

Central Labor&tories. For these tests analytical equip

raent which was partly brou~ht foom Czechoslovakia and 

partly furnichP.r! ;\ t the GFC Workshop fol loWing U.NIDu -

- team specificatiCh could be used. 

Tl!iS equipment \Vhich \Vas handed to GFC can be used for 

research purroses as well. 

2.4.2 _Q~u_a_l_i_t_'~r_n_~_f __ C_A_~ __ 3_(~r_r_o_~_.~_:_c_c_d __ a_t __ c_.f_C~I_!_c-_ .. :_~ 

Surveys of average daily analyses carried out at the 

C.\:'i-Plant La!,orat.ory and at the GFC Central Laboratory 

arc enclosed in AX~E~ES II - ~II. and in AX~EX IV 
respectively. 

As raay be seen frora the survey the average moisture 

con tents flu ctn ate usually in the rcnge (J, 5 - (;, 9 ~':I 

and in some cases exceed substantially l ~ b. w. 
Furtherr:10re, these v;;lues were obtained on the basis of 

drying that gives results ilbout v,2 - (.;,4 ~ lower than 

the exact K. Fischer raet.hod acknO\vledf;ed ~cnr;rally ns 

a repre~ent.ative way of moisture testinq. As explained 

in chapter 2.2 the moisture content of the prills is the 

prir.1e causo od cu king. Present pril ling and drying sys t.ems 

do not assure the r.10isture content cf the product to h!J 

permanently mainatained under the co:;monly reco1:1mended 

le~el 0,5 ~ b. w. /0,2 % is considered as the optimum/. 

As describ~rf i11 chapter 2.3 the existing bottle-necks as 

well :is low erficiPncy or some equipr:ient rci:;ult in the 

Jow quality of the rrod1&ct. Differently form~rl, prolonged 

or nooc11 e-strnpcc! pri l ls po!;sP.ss insu f fici~n t mechanical 

st.ahility anrf tonrl to clisi11t.ogn1te r1uring hanrll ing anrf 
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form dust. Fines ·in the product are prone to er.king. 
Furthcrnore, the high ratio of the gr;rnulon:e tric fraction 
bf> lo\1 l &~'1 results in a large contact area ar.1ong particles 
or CA~ an~ hence promotes caking. 

To obtain representative data for quality control /size 
distribution spectru~ rarticularly/ sarples for testin; 
are to be taken downstrean the fluid-cooler and not 

upstrean the scr~ene_r as it is practised today.· The sam
pling point should be chosen in a rlace.wnere the easy 

takin~ of a honogencus sample is possible such as the 
transporter belt overflow. 

2.1.3 Anticakin~ !Pents /AA/ Testing 

1 he o:-ir,inal idea of the liFC re<juest for U:UDO - team 
assistance was to introduce !"1ethods for decreC!sing the 
caking tenrfeacy of CAS through antice;king o~ents: arplic'ltion. 
ThPrefcre gr~at attention ~as paid to the introduction 
of laborctory aethcdz for testing the caking tendency of CAX 

and to the ev<!luation cf' tl1ese rosul ts in orr!er to select 
the MO!'t suitable AA for CA~ 3l. at GFC Hor..s. 

All the tP.sts were carried out by GFC laboratory personr.el 
under G~ID0 - teum supervision. 

2.4.3.1 Analytical Progra~ 

This short-torr.1 analytic;- l progrnm wos based on the expc
ri~nce or Czechoslovak fertilizer research in the field 
of tho conditionin~ and caking tendency decrease of gra
nulated fertilizers, particularly or CAN. It was influenced 
by the present practice at GFC, where the fatty amine 
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ARi~FLO 66 - S ~as bren used as anticaking agent. 
This aMine was te~~cd in all the series of laboratorF 
test s '~hi ch were carried out during the (; ~ID<J - team 
mission to GFC. 

The mentions program co~sistes of seven series of labora
tory tests. in each of which untreated CAS was always 
exanined and ser\•ed as the basis for caking tendency 
compariscn. Freshly taken sar..ples of CAN, one sa1ttple for 
a whole series of tests. were used. In each series of 
tests the quality of used C.\~ di rfered, especially in 
the quality of ~oisture content. screen analysis and 
prill size average. 

Individual results of all tests are to be found in tables 
2.4/l - 2.4/ 



• .. • 
Tn.i>lo 2.tf .• /1 

Ann.ly'L.i.cn.1 l'rocrnm 
the q .. 10.nti ty of different nnticnldnc neon ts used for condition inc is r,i von in c/kr. of CAN 30 

Serie No 1 ") J 4 5 6 7 &.. 

r;.w C.\~ 30 0 0 0 0 0 0 0 

Arr.of lo 66 S 0,9 0,9 0,48 o, ~I o,36 1 , o~ o,6 

0,90 
1 , '.:iO 

Armoflo + oil J2 0, 3 + 0,27 0,3 + 2,7 '° ~ 
1,0 + o,a I 

..\r:::oflo + oil Syr 0,3 + 2,7 

Ar~oflo + Kaolin 0,9 + 4,0 
Armoflo + Dento. o .. 9 + 4,0 
i''..r~ot lo + Si02 0,48 + 4,0 
S!~ ~20.\ 0,9 0,9 0,43 0,9 0,36 

0,84 

SK F20A + Knolin 0,9 + 4,0 
SK F20A + r.cnto. C,9 + 4,0 

SK F20.\ + Si02 0,48 + 4,0 

s~ ~~OA + oil J2 
+ Kaoline o,3 + 2,1 + 4,0 

s~ P2C~ + oil J2 o,3 + 2,1 

-···- -·-----c:_ 
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Tnbl¢ 2.4./1 /continuedL 

So:-ie No l 2 3 4 5 6 7 
Flotignm 1677 0,9 0,9 0,48 
Flot.1677 + Kn.ol. 0,9 + 4,0 
Flot.1677 + Bento. 0,9 + 4,0 
Flot.1677 + Si02 0,48 + 4,0 
Flot.1677 •oil J2 0,3 + 2,7 
Flot.1677 + oil J2 
+ l\n.olin 0,3 + 2,7 + 4,0 

0,48 .0,6 0,36 o,6 '° Flotignm S 
°' . 

1, 2 0,84 I 
Flot. S + Si02 0,48 + 4,0 
Flot. S + oil J2 0,3 + 2,7 0,3 + 2,7 
Flot. S + oil Syr 

0,3 + 2,7 
Romonta 63 0,9 0,9 1,2 0,42 0,36 

1 ,os O,B4 
Rom. + Kn.olin 0,9 + 4,0 
Rom. + Dento. 0,9 + 4,0 
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As stated preciously the quality of the used C.\X differed 
in each series which was the reason of repeated tests with 
pure anticaking agents. The quality variations were consi
di!rt-rl an ad,·anta~c as the caking tendency decrease caused by 
indivirlual a~en~s w~s to be examined under different .con~ 
ditions. 

On principl~ the used agents were fatty amines /Armoflo 
66 S, Flotigac 1677. Flotigam s. Sk FERT F ioA/, with 
the exception of Romonta 6~ which was a mineral wax. 

All ot these anticaking agents h~ve been r.idely ·used by 

fert.il izer r..anufacturers in the world. These comraercial 
anticaking agents were also tested when diluted with 
low viscose oils /one of Czechoslovak oil J2, the second 
one was a Syrian oil/, or in combination with inorganic 
powders having separating properties /Kaolin, Bentonite, 

and SiO.i/. 

2.4.3.2 Anticakin~ A~~nts Specifications 

I 
I 
I 
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'l'a.hlo 2.4./2 

Usod Antica.ltina Agents /AA/ Spocifica.tion 

AA typo 

Origin 
.\ppcnro.nce ~O 0 c 
.. it• 0 c he ing p. 

Viscosity 60 °c 
m'Pa.. s 

Density 60 °c 
:;/cm3 

Flnsh P• 0 c 
~ccomrncndcd appl. 
temp. oc 

Armoi'lo 66 S Floticnm S 

AKZO Chomio+ Iloochst+ 
Pa.sto \fax/powder 
35 not stn.ted 

18,4 4 

0,8 0,8 
150 160 

60 - 70 60 - 70 

~ + a.ddresses of AA Suppliers see ANNEX No. 2/X 

Vlotir,um 1677 m~ Fmt•r F20A 

Hoechst+ Sinor - Ka.o+ 
Pnsto Pnsto 
not ::itn.tod 25 - 35 

9 10,a 

0,9 0,9 
135 not stn.tod 

60 - 70 not stn:bod 

-

J?omontn. 68 

Chomieworl~o Worda.u + 
Pn.sto 
not sta.tod 

not sta.tod 
... 
0 

not sta.tod 0 

not sta.tod 
I 

not sta.tod 
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Tn.hlo 2.4./3 

Usod Inorga.nic Anticnldna Aeonts Spocif'ica.tion 

A.A TYPE Knolin B<.>ntonito Si02 
Orie in IIorni Dr:!~a.+ SZ Ilni91~t11. + Ca.lofria Dorovo.ny+ 
Appo~rnnce Powel er Powder I>owclor 
Colour Whito Groon Whito 
~.·a.tor ~ont. % 1 J 0,5 
hn cont. in H20 el~ate % 0,02 not sta.ted not·sta.tod 
Cu " 

, ... 0,01 not sto.tod not sta.tod ,,, ... 
Fe " c:· 0,05 no·I; sta.tod not sta.tod ,,, 0 ... 
Al2o3 approx. % 39,5 23 not stu.tod 
Si02 approx. r.' ,,, 46,5 53 110-t atn.tod 
Pc2o3 approx. ~~ o, 315 7,5 not stn.tod 
Cao npprox. 'd 

7" not sta.tod 2 not s·tu.tod 
NcO npprox. t:·· ,,, not sta.tod 3 not sta.tod 
~izc mm 0,315 not sta.tod no·(; stntod 
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Table 2.-l./4 

Used Dilution Oils Specification 

1 Imported oil 

Type ••••••••••••••••••••••••••• oil J2 

Origin ••••••••••••••••••••••••• Slovnaft, Bratislava 

CsSR 
Viscosity at 5o° C ••••••••••••• 14 - 18 inPa 
Aniline point •••••••••••••••••• 

. Freezing point •••.••••••••••••• 

Ash content••••·•··•••••••••••• 
Acidity point 

/mg l\CII/g/ ............. 
ASTY colour .................... 

(, ,C,5 % 

3 

• s 

2 Syrian oil ••••••••••••••••••••• a low viscisity oil 

2.4.3.3 Laborator? :.!et.hods and Ectuinrient Description 

For each testing series IL kg of fresh samples of untreated 
CAN JCi were taken downstreur~ the fluid cooler, 30 - 60 mi
nutes before starting the t~sts. These sam~los were tested 
on moisture content, ar;!r.1onia nitrogen content and granulo

mPtry. From each of th~ samples L,75 kg doses were t~ken, 

they we re t.re<.i ted with ant ic<.d;ing agents in a labora Lory 

coatin~ drum ancl they were testecf to~ether with the un
treatcrt blnnc s"mpJe on their cnkin; tendency. The ~nti

c~king agents ware heated previously to their application 

to 65 - 7v 
0c as their viscosity was to be decreased to 

a suitable ~egroe. 

\iith lrnmonta 68, tho viscosity of which was hiv,hr.r, had 

to be hout.ccJ up to 7(., - 8(, 0 c. In the first scric~ Homont;1 
68 was hcttted to fj(., - 7(, 0 c only, its viscosity we.is too 
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high and fertilizer clumrs were formed. 

The CAN 3ll used for tnst~ in series VI was dried and 

screened in the laboratory in order to inprove the 

fertilizer caking para~eters. 

In series I. anticaking agents were anplied with 

a syringe but in all following tests a spraying nozzle 

operated with cocpressed nitrogen was used. 

For a detailed description of the used l~boratory 

nethorts and equir~~nt, see AXXEX No. IV. - VII. 

2.4.3.·1 Sur\"PY of Exnerir.ental Results 

All experiments results have been worked out in table 

form /TablP.s '2.·1./5 - 2.4./11/. In C\"ery table the series 
number, CAN 3~ quality, the quantities of used CAN JL 

and anticaking u~ents, and caking tendency in absolute 

and relative numbers are stated. For easier orientation 

all the results arc also scaled up for 1 kg sau:ples of 

CAS 30. In the case of Romonta 68 tests with l kg 

sar.ipl es were carried out. In a 11 series all tests were 

duplicatcrl and average results were used for the final 
c\•aJ uation. 
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SERIE I. Tnhl~ 2o4o/5 

Co.kine Tendency 'fostinc 
CA...~ - Dute of Production: 31/10/84 CAN Qunlity Spec.: Screen Ano.l.: 
Test St~rt: 31/10/84 NNTIJ 1 5 , 3 0 ~i h • 'W. 2,nmm 11 , 6 ~~ 

\j~king Tendency Neas.~ 1/11/84 2,0rnm 49, 2 ~~ ll..,O O, 93 ~~ bo W. 

C~\N Qunnti ty: 1 kg .. 1 ,Omm 32, 5 ~i 
d50 1 ,7 mm 

J 1 ,o..,m 6, 7 /~ 

No A.A.. Tested AA Doso Co.ldncr N t1N AN/1 gAA/1 ltg F . 
g/l kr, c

0
/1 lq~ Abs. Avcrnr.o 

--- - -- --- -~--- - ----------- -- .... 
185 

('.) 

1 Ra.w CAN o,o CJ, 0 190 - - ~ 

2 It 180 I 

• 126 - 66, 1 3 Armoflo 0,9 0,9 125,5 -59,5 
4 II 125 

I - 5 Armof lo + Ko.olin 0,9+4,0 0,9 210 222,5 +37·, 5 + 33,7 

I 6 " 210 
7 Flot. 1677 0,9 0,9 97 83,5 -101,5 - 112,8 
8 " 70 

9 Flot. 1677 + Knolin 0,9+4,0 0,9 175 162,5 -22,5 - 25,0 
10 II 150 
11 Sinor 0,9 0,9 54 40,5 -144,5 - 160,5 
12 II 27 
13 Sinor+ Knolin o, 9+4,'J 0,9 160 150 -35 - 38,9 
14 II 140 



.. ·~~3.- w , 

'II!' w 

~o AA Tested AA Dose Caking N Lil~ 6 N/lgAA/l kg F 
g/l kg g

0
/l kg Abs. Averll{;c 

15 I?or:lonto. 63 0,9 :-!1 n 223 + 38 +3'1,2++ 
16 II 228 
17+Romontn 68 + Knolin 0,9+4,0 255 2·13, 5 + 58 +52,2++ 

+ Low tecperature of Romontn resulted in clun~ formntion 

++ N/1 g Romonta. 68/1 lte fertilizer 

Xotc: e0 /1 kg ••••• era.m of orgn.nic AA 

Average N ••• a.vcrn~c result of two nna.lyse.s L NJ 

[j.N/1 gA."'./1 kg F caking tendency sea.led up to 1 g of AA per 1 ltg fertilizer 

. ·- --·-·- ____ _,,_ 

• 

.... 
0 
\JI 
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SE~IE II. Tnhlc 2.4.L6 

Cn.ldnt~ 'l'cndcncy 'l'cstina 
C~X - Dntc of Production:J/11/84 CAN Qunlity Spnc.: Scrcon Ann.l.: 
Test Stn.rt: 3/11/S4 NNII3 

1 5 , '10 j~ b • w • 2,0mm 4, 2 ;i 
Caking Tendency Neas.: 4/11 /lM 2,0mm 47,2 % II2o 0, 47 ,~ b. w. 
C.\X ~~1antity: o,75 Ita 1 ,Omm 41,6 % 

1 , Ornm 7, 0 ~l 

Xo AA Tested AA Dose Ct:'.ldnr, N /lN A N/1 gAA/1 lt(t F 

g/1 l\fl a
0

/1 kr; Ahs. AYcrnr. 

1 Rnw CA~ o,o o,o 2'.)0 245 
•) " 240 

... 
4o 0 

°' ) Armof lo 0,9 0,9 165 1 S5 -60 - 66,6 
4 " 206 

5 Armoflo + Ilentonite 0,9+4,0 0,9 260 262 +17 + 15,3 
6 " 264 

i Flot. 1677 0,9 0,9 175 , 85 -60 - 66,6 
s II 195 

9 Flot, 1677+Dcntonitc 0,9+4,0 0,9 2eo 260 +15 + 13,5 

1 0 " 240 

1 1 Sinor Kuo 0,9 0,9 165 167, 5 -7B, 5 - B7,2~ 

1 2 " 170 

1 3 Sinor Kao+Bentonite 0,9+4,0 0,9 236 249 +4,0 + 3,6 

1 4 " 262 
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Tnblo 2.4./6 /continued/ 

Xo AA Tested AA Dose Cnkinr, N AN 

g/1 kg e /1 lta Abs. N Avcrna.N 
0 

,-+ 0 t 0,9 ~ <" ., :.!Sg,) .f-tl.J, '.) ) .. orion :-.. - •· .. t> ... 

. (+ 
I J " ~'!) 

, -+ P. t " ·' .. t 1 .1.t)!'!lon :i + .,on ll01H o 0 ~ <>·H, () - .3 J.'i ).(f'.,r. +1<l.J,'.5 

1 s+ II 352 

~Low temperature of Romontn resulted in clump torm~tion 

e 

AN/1 eAA/1 kg F 

+ J9, I~ 

+ ()..i,1~ 

... 
0 
-~ 

I 
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SERIE III. 'l' n h le 2 • 4 • L1 
Cnkint! 'l'cndcncy Tci::itina 

CAN - Date of Production: 4/11/84 CAN Qunlity Spoc.: Scroon Ann.l.: 
:'est St1l.rt: 4/11/84 NNJI 14,5 ?~ b.w. 2,Dmrn 3, 14 % 
Cakinc Tendency Mens.: 5/11/fl4 

) 
2,0rnm 42·,83 ~~ H

2
o 1 , 1 ~~ h. w. 

C"\!\ Quantity: 0,75 kc 050 1,5 mm 1, Omm 52,05 % 
1, Omm 2, 06 ~~ 

No A,\ Tested A,\ Dose Cnkinr, N AN A N/1 r,AA/1 ka I~ 

r,/1 ltr: r.0/1 kr; Abs. Av,irnr.o 

.... 
1 Raw CAN o,o o,o 275 263,5 - - 0 

C? 

2 II 252 
J SK FERT F 20 A 0,48 0,43 1'10 142,5 -121 - 252,1 
4 " 145 
5 SK FERT F 20 A+Si02 0,48+4,0 0,48 280 252,5 -11 - 23 
6 II 225 
7 Armo:tlo 0,48 0,48 145 162, 5 -101 - 210 
8 II 180 

9 .Arr.ioflo +.Si02 0,48+4,0 0,43 235 255 -B,5 - 17,7 
10 " 27'.; 

11 Flot. 1677 0,48 0,48 135 135 -128,5 - 267,7 
I - -

12 " 135 
I 13 Flot. + SiO.., o,4B+4,o o,,~s 290 290 +26,5 + 12,7 
I " 14 " 290 
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Tnblc 2.tJ./7 /continued/ 

No AA Tested AA Dose Cnlt.ina N AN AN/1 aAA/1 kg P 
e/1 ka r.0/1 k[: Abs, Avcrnr.e 

15 Flot. S 0,48 0,43 115 106 -157, 5 - 323, 1 
1 6 II 

97 
17 Flot. S + Si02 0,48+4,0 0,48 246 246 -17, 5 - 36,4 
13 " 
19 nooonto. 1, 2 - 90 100 -16J,5 - 340,6 

.... ~o " 100 
0 

"° 
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SE!UE IV. Tnhl.n 2.4.LS 
Co.kine Tonclcncy Tostine 

CA!\ - Dntc of Production: 5/11/84 CAN Qunl i ty rip cc. : Scroon Ano.l.: 
Te~t Stnrt: 6/11/C4 NN'I 14,H5 ~~ l>.w. 2,nmm 3 -6 " ' I loJ 

Cnkinc Tcndcricy ~ens.: 7/11/fH ' 3 2,omm 27, 76 i~ 
1120 1 , "' ~~ IJ.w. 

C1\~: Cunnti ty: 0,75 kg 
<150 1,J mm 1 ,omm 62' 43 ~~ 

1 ,omm 6' 0-1 ~~ 

:\o AA '!':,) ~ t.od AA Dose Cnldn[I N C.N AN/1rJAA/1 lttJ F 

f~/1 kg e
0
/1 h.e Alm. J\ VO l' n.r, e 

.... 
1 Raw CA~ 0,0 0,0 330 300 

.... - - 0 
") II 270 I c. 

3 SK FlmT F 20A+iol J2 0,3+2,7 0,3 202 1 99, 5 -100,5 - 335 
4 II 1 97 
5 SK FER.T+oil J2+1\o.ol. 0,3+2,7+4 0,3 225 250 - 50 - 166,6 
6 " 275 
7 Flot.1677+oil J2 0,3+2,7 0,3 230 242,5 -57, 5 - 191 , 6 
s II 255 

9 F1677+oil J2+Knol. 0,3+2,7+4 0,3 320 320 +20 + 6,0 

10 II 

11 Flot. S+oil J2 0,3+2,7 o,3 185 182, 5 -117, 5 - 391,6 
1~ 11 180 

13 Armof lo + oil J2 o,3+2,7 o,3 215 222,5 -77, 5 - 258,3 
14 II 230 



• • -
Tnhlo 2.4./8 /continued/ 

No AA Tested AA Doso Ca.ldne N llN AN/1 gAA/1 kg F 
a/1 kr, r.0/1 ltr, Abs. Avornr.o 

1 :; SK PERT F20A 0,9 0,9 200 200 -100 - 111 , 1 
16 II 200 
17 Armof'lo 0,9 0, <) 230 2)2 - 68 - 75, 5 
18 II 234 
19 Armof lo + oil J2 1+0,D 1 195 207, 5 -92,5 - 92,5 ... ... 20 " 220 ... 
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S!::RIE V. Tnblo 2.4.L2 
Cnld11r, •.rcntlcncy 'l'ostinc 

CAN - Do.te of Production: 7/11/84 CAN Qunlity ~poc.: Scroon Ana.l.: 
Test Sta.rt: 7/11/84 N 1 4 , 7 8 ~~ b • w • 2,Bmm 2,26 % 
Cnlting Tendency Nons.: 3/11/84 

~1113 
2,·omm )C),21 ,, 

JI')O 0 r.:4 ,., b ,:> /•' • w. 
CAN' Quo.ntity: o, 75 ltg '- 1, Omm 54, 30 ~' 

tl50 1 , '10 mm 
1 ,Omm 3, 37 ?G 

No AA Tested AA Dose Cnltincr N AN A N/1 aAA/1 kg I~ 

t:/1 lea (? /1 }\If Ahn. Avorn11e ,
0 

,# .... ..... 
1 Uaw CAN o,o o,o 275 285 

N - -
2 II 2<)5 
) .\r.noflo 0,9 0,9 169 163 -122 - 135 
4 II 157 
5 " 0,36 o,J6 178 173 -11 ') - 311 
6 I! 1 ()f, 

7 " 1,50 1,50 123 11<),5 -165,5 - 110 
s " 116 

9 Romon ta - . 0,42 2'1·2 245 -40 - 95 
10 " 0,42 248 
11 " - 1 ,on 160 164 -121 - 112 
12 " 163 

13 Flotigam S 0,60 0,60 35 40 -.245 - 408 
14 " 45 

15 " 1,20 1,20 35 36,5 -248,5 - 20G 

16 " 1,20 1,20 :rn 
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SERIE VI. 

CAN - Dntc of Production: 8/11/84 
Test Sta.rt: 10/11/84 
Cu.kin~ Tc-ndcncy Mens.: 11 /11 /C4 
C,\X Quantity: 0,75 ltg 

.. 
Tn.hlo 2.4.L10 

Cn.ldnr, Tonclcncy •resting 
CAN Quality LJpcc.: 

NNH 1 4 , 7 5 ~:. l> • w • 
J 

Il20 0,16 % l>.w. 

t150 1,7 mm 

No AA Tested AA Dose Cnldng N 
rr/1 ke ('!

0
/1 lt,'? Ahn. Avornae 

1 Rc-.w CAN o,o o,o 135 142 
? II 

1 '19 ... 
J Armoflo + oil J2 0,3+2,7 0,3 93 96,5 
4 II 100 
5 Armof lo 1,02 1,02 40 47 
6 II 54 
7 Flot. S 0,36 0,36 JJ 31,5 
8 " JO 
9 " 0,84 o,34 10 12,5 

10 " 1 5 
11 Flot. S + oil J2 0,3+2,7 o,3 112 106 
12 II 100 
1) Sinor Kno 0,36 0,36 100 92,5 
14 II 35 

-
Scroon Ana.l.: 

2,Smm 12,06 % 
2,0mm 46,83 ~ 
1, Omm 39,15 ~~ 

1 ,Omm 1 '9 ~~ 

AN A N/1 eAA/1 kg li' 

.... ... 
WJ -

-45,5 - 151 

-95 - 9J, 1 

-11o,5 - 306,9 

-129,5 - 154,1 

-36 -· 120. 

-49,5 - 137,5 
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T~.hlc 2.'1./10 /continued/ 

~o AA Testing AA Dose Cnkina N ~N 

g/1 kg r;
0
/1 kr. Ahs. Avornge 

I 5 Sinor Kao o,B4 o,e1 45 JO -112 
16 1t 1 5 
17 Rornonta 0,36 - 75 77,5 -64,5 
13 11 80 

0,84 - '12 38,5 -103,5 19 11 

20 11 35 

...... , ... ,. --

AN/1gAA/1 kg I1 

•. 133,3 

- 179, 1 

- 123,2 

. ••• .... . 
·1 

i~: 
I' , 

/" " 
~~.;~··1 
·. t ,· 

I .~I 
'I.~· r, I• 

... ... 
~ 

I 

,, . 'f . :1 

·1i 
~ \11 

l· 
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SERIE VII. Tn.blc 2.4.L11 

Ca.kincr 'l'cntloncy 'l'ostina 
C~X - Dnte ot Production: 10/11/04 CAN Qunlity Spec.: Screen Anal.: 
Test Sta.rt: 11/11/84 NNlI 1-1,8J ~~ u.w. 2,flmm 2, 61 io 
Ci'-king Tendency Neo.s.: 12/11/84 J 2,0mm JO, 52 ~~ II...,O 0,1 ~~ b. w. 
C.\X Quentity~ 0,75 ke " 1,0mm 62,78 % 

d50 1,30 mm 
1,0mm J,6 rd 

I" 

No A.\ Tested AA Doso Cn.kint~ N AN D.N/1gAA/1 kg F 
r./1 ke r.0/1 kr, Al>s. Avcro.r,e 

I 

1 Raw C.\!V o,o o,o 250 2'15 ... - - ... 
VI ..., 

" 2'1·0 " 
3 Armoflo 0,6 0,6 110 97, 5 -148,5 -247,5 
·~ " r,5 
5 Armoflo + oil GFC 0,3+2,7 O,) 125 127' 5 -118,5 -395,0 
6 " 130 
7 Flot. S 0,6 0,6 JO 39,5 -206,5 -344,, 
s " 49 
9 Flot. S + oil GFC 0,3+2,7 0,3 65 50,5 -194,5 -648,3 

10 " 36 
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2.-l.3.5Rmults E\·aluation 

In the following Tables 2.4./12 - 2.4./19 the influence 
of indi~idual anticaking agents on CAN 3~ caking proper
ties is evaluated. Tl~ agents were used undiluted. 

See Tables 2.4./12 - 2.4./16 

-
In the first column the serias and th~ test numbers are 
introduced. The last column gives the influence of the 
a~ent on caking tendency decrease in numbers. 



.., 

Test 
Ko 

III/15-16 

V/13-14 

v/15 •. 1 c, 

I/11-12 

Il/11~12 

III/3-4 

IY/! 5-16 

YI/13-14 
YI/15-15 

AA Dose 

fp/1 k,,. 
b ~· 

0,48 

0,60 

1,20 
('\ ., r. _, _..., 

• 
Tnulo 2.4./12 

, 
Flotignm s Influence on CAN JO Caking Proportios 

Pe·~t Cnkincr Hoel. Co.king AN 
N N 

263,5 106 -1 57, 5 
::?S5 ,O ,10 -245 
285,0 JG,5 -2-18,5 
4 _.,.... - 31, 5 -110.5 '.,_' v 

'J'nhlo 2.4.l'.14 

iSff octi -v·i ty 

59,8 

85,9 

87, 19 

, .. 
{oJ 

0,9 
SK FERT F 20 A In£1 nonco on CAN JO Co.kina rroporti.os 

185, 0 '10, 5 -114,5 78, 1 
0,9 2 115, 0 161', 5 - 78,5 32,0 
o, ~-C 263,5 142' 5 -121 ·46,0 
0' <) JOO,O 200 -100 33,J 
0,36 1·l:?.'0 9:~, 5 -49,5 34,0 
0' r,.1 142,0 Jo,o -112 7S,S 

A N/1 g AA 

-328 
-408 

-107 

-160,5 

- 87,22 

-252,0 

-111,1 

-137,5 

-133,J 

e 

~ ... 
-1 
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Test 

No 

I TT,.._ ...... ,. 
L-/ ' ... -.,,) 

Y/1 :.-1 ·~ 

V/15-16 
YI/7-~ 
"rl 1<' ·j 0 
t I .. -

.AA no~~ 

r./1 kc 

" " .... v' "• ~-
C,Gr. 

1,:0 
o,J~ 

o, 3-1 

• 
'.l' !'. ~.J J.,, ::! • 4 •.. D ?.. 

" Ji'lot~nr:t s Intl uout:o on CAN 30 Co.Jdna I>ropcrtios 

F:i::HT C:'..l:.i.:;1"". nc<l. C.1.~dt1"' " )J ~ ,, ~ 

l! 

263,5 
::rn '.j I (I 

~~:;,o 

1 ·f2, () 

142,0 

1 OG 

40 
JG,:; 
J1,) 

1 ~,) 

w 

-157, 5 
-:!15 
... :".rn, 5 

-110,:; 

-129,5 

;;.rrc:-c·ti vi ·~y 

59,r, 

8'.>,9 

37' 19 
77 ,;H 

91,19 

r' 
, 1 

V!_T /7.._f _______ 0~·30 ___ ~41, 0 Jfl ') 
·.J..: -:~oc; .2 ___ ~_r,..1_1.:n 

'r~·!•lf' 2.-1./14 

SK l~l~~iT F ;10 .A Influcnco on c:.~~ JO Ca.ldl\f.! PrQportio:i 

I/11-12 0,9 185,0 4'1,:; -144,5 "lG, 1 
II/11-12 0,9 245,0 1G7,~ - 78,5 :J~,o 

III/3-·1 0' ·1·~~ 263,) 14~,; -121 '16, 0 

IY/15-1G 0,9 )CO, (J ~(J() -100 33,J 
VI/13-14 O,JG 142,0 9~,5 -19,5 3·1,0 
YI/1'3-1G c, .... ~ t 1.i2' 0 3C:,O -1i2 7n ;, ...,, u 

e 

A l'r/1 c k\ 

-J2n 
-·103 

- ·01 
-JGG,9 

' -1)4,16 ~ 
.li. 
a. 

-1.14,1 ' 

-160,5 
- 37,22 
-~~2,0 • 
-11-1,1 
-137,5 
-133,1 
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Tl'~l>le 2.4.L13 

.Armo.flo 66 s· Influence on CAN 30 Co.king Properties 

Test AA Dose Fe rt Cn!dnt; Hoel. Co.king l:lN l~fi'ecti vi ty A N/1 e AA 
Xo g/1 ~t{r N N ,,, 

I" 

I/3-4 0,9 105, 0 125, 5 -59,5 32, 1 - 66, 1 
II/3-1 0,9 2'15,0 1 [~5,0 -60,0 32,4 - 66,6 
III/7-8 0,43 263,5 162, 5 -101,0 38,33 -210,4 
IY/17-18 0,9 300,0 232,0 -6r.,o 22,66 - 75,0 .... V/3-4 0,9 285,0 163' 0 -122,0 '12,CO -135,0 -"° V/5-6 0,36 285,0 11J,o -112,0 39,29 -311,0 
Y/7-C 1 '50 2fi5,0 119' 5 -165,5 53,07 -110,0 
YI/5-6 1, 02 1·i2,0 ·17, 0 - 95,0 66,90 - 93,1 
VII/3-4 0,6 2'15, 0 97, 5 -143,5 60,61 -247, 5 



-

Test 
No 

III/19-20 
V/9-10 
Y/11-12 
\'I/17-1 S 

VT/19-20 

I/7-S 
II/7-S 
III/11-12 

w 

Tn.blo 2.4.L15 

Romonto. 6D Inf'ln0nco on CAN 30 Cnking rroportios 

AA Dose Fort C~tinn Rod. Cnking llN Ei'fectivity 
g/1 k~ N N rr' 

7" 

1, 2 263,5 100,0 -163,5 62,04 
0,42 235,0 1'15,0 - 40,0 14, 0 
1'08 285,0 16'1-, 0 -121,0 42,4 
0,36 142,0 77,5 - 6'1,5 45,4 
0,04 1'12,0 38,5 -103,5 72,118 

'l':>..1>1.o 2. '1. /16 

Flotign.m 1677 Influence on CAN 30 Ca.king Proporti·es 

0,9 
0,9 
0,48 

185,0 

245,0 
263,5 

83,5 

135 ,o 
135,0 

-101 , 5 

- 60,0 
-128,5 

54,8 

24,5 
48,8 

• 

IJ.N/1 g AA 

-135,8 
- 95,0 
-112,0 
-179, 1 
-123,2 ... 

N 
0 

I 

-112,a 

- 66,6 
-267,7 
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'.l'n.blo 2.4./17 

Compnrison of Anticn.kina I'roportios oi tho Tested A11cnts 

AA AA Dose Fort Caking Red. Cnlting AN Ei'foctivity AN/1 g AA 
e/1 li:cr N N "' I" 

Flotigam S 0,690 227,0 44,JJ -182,8 01, OJ -264,9 
SK FBRT P20A 0,73 212,8 112, 0 -100,8 ~0,5 -138,1 
nornonto. 68 0,79 223,5 125,0 - 98,5 47,34 -124,7 -N -Arr.tof lo 66 S 0,84 248,J 1,15,0 -103,4 43,69 -123,1 
Flotigum 1677 o, 76 231,0 1J4,3 - 96,66 42,7 -127, 1 
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Tn.hlc 2.4.L18 

~1e Quality of CAN 30 Used for tho Tosts 

Production Dnto 5/11 /l.M :~ /11 /84 4/11 /fl4 10/11 /84 3/11/84 31/10/84 S/11/84 -
Serie No 4 5 J 7 2 1 6 
n2o cont. "' ,u 1, 4 0,54 1 , 1 o,s 0,5 0,93 o, 16 
Undcrsi:.>;e 1 mm (.'~ 6,04 3,37 2,06 3,6 1,0 6,7 1 , 9 ,o 

N~\ll3 cont. <'·' 14, 85 14, 78 14, 5 14, 85 15,,40 15,30 14,75 1.J 

d50 rnri 1, 3 1, 4 1,50 1, J5 1 , 5 1 , 7 1,7 

Raw f'ert. caking N 300 285 263 245 245 185 142 
... 
N 
N 

Noto: The sequence of' individunl snmplos was a.rro.nr,od a.ccording to qun.lity pa.ra.meters 
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Tn.hlo 2.4./12 

Antica.king Propertio!l of Fn.tty Amines with Inoraa.~ie Powders 

Serie A.A 

No 

I. Arrnoflo + Knolin 

II. 

III. 

II 

II 

+ 13cntonito 

+ Si02 

I. Flot. 1677 + Kn.olin 

II. 

III. 

II 

II 

+ Ilont.onite 

+ Si02 

I. SK FEr?.T F20A + I\nolin 

II. 

III. 
" 
II 

+ Dontonito 

+ SiO.., 
" 

I. Flot. S + Si02 

Ca.ldnt; ..'\ N1 Ca.Jdncr t;,. N2 
with AA with AA+SA 

'7" 52,5 + 37, 5 
- GO,O + 17 ,o 
-101,0 - 8,5 

-101,5 - 22,5 
- 60,0 + 15,0 
-12s,5 + 26,5 

-1'1'1,5 - 35,0 
- 7U,5 + 4,0 
-121,0 - 11, 0 

-157, 5 -17,5 

Xoto: + en.kine irn.s incren.sod nR compn.rNl with uneondi tionod CAN 

- ccldng was docrea.sal o.s compn.rotl with unconcli tionod CAN 

~N2 -LN1 

27 ,o 
77,0 
9') r:: .. , :> 

. 79,0 
75 ,o 

155, 0 

109, 5 
n2,5 

11o,0 

140,0 

6 X2 -Ai\'1 ct1.kin~ incron.so if SA + AA i1l uso<.l n.s compa.rccl with the en.kin~ when 
only AA is usocl 

---·-----..-

• 

.... 
I\.) 
\,.,) 

• 
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2.4.J.6 Discussion r! ncsults 

In all series of tests the influence of anticaking agents 
on the caking tendency of CAN 3(, produced at GFC Homs was 
examined, but the primary idea was to test especially 
catiG;i active substances, the fatty amines. ihe only 

exception is the wax type Romonta 68. The final e;raluation 
of the influence of these anticaking agents i..'~l CAN 30 

caking tendency can be r~und in Tables 2c4./12 - 2.4./16, 

and ~ainly Table 2.4./17. 

2.4.3.6.l Floti~am S 

Influence on CAN 3~ caking properties /see table 2.4./12/. 

In this case doses of Flotigam S in the interval 
0,36 - 1,2 g/l kg CA~ were applied. The ran~e of CAN JC, 
quality fluctuaticns was 0,16 - 1,1 ~ b. w. of water, 
average prills dia /d 5~/ 1,35 - 1,7 rem, caking tendency 
142 - 285 N. The influence of Flotigam S on CAN 30 caking 
tendency was high /59,5 - Dl,19 ~. 84,28 ;,, in average/ 
which could be derived from the 68 values /caking tendency 
decrease/ which were found in the range 11~ - 248,5; 

206,5 N in average. This average value of N if coffipared 
with the original untreated CAX JO cakin~ tendency value 
was ~ery good. That means that the caking tendency of CAN 
3~ treated with Flotigam S can be classified as good. 

Flotican S qunntitv 

The quantity of Fl<•ti~am S which is nee<led ror the success
ful tr~atment of CAN 3~ of different quality, can be deter

mined from the results of the above discus~ed tests. 



' 
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\\hen tl:e c<Aking "tendency of CAN 3L is lower than :.!(10 N, 

doses of Flotigarn S 0,4 g/l kg may be sufficient. ~hen 
zhe CA~ 30 caking tendency fluctuates in the range of 

2(·0 - 3(..0 N, Flotigam S doses 0 ,6 g/l k~ ~ax are to bo 

used. nut anyway it is to be mentioned that the moisture 
content of the CA~; 3t used for the test series III/15 -

- 16 was too hi~h /l, l ~;; 11 . .,c b. w-/ and that the cakim; .... 
tendency decrease was small. It is to be emphasized again 
that the moisture content of CA:i 3u is to be kept on the 
level 0,4 - ~.5 % H~c b. w. 

This fact is even more important if the producP,d CAN 3C 
is r.ot coole<! sufficiently /under 32° C/ as happens . 
frequently at the GFC C:\.l'i 3CI Plant. 

2.4.3.6.2 ~rr. flo G6 S 

Armoflo 66 S has been used at CA~ 30 Plant at GFC in Homs 
and that was the reascn why this anticaking agent w~s 
tcst~d :-ilost thoroughly~ This agent without separating 

agents or dilr?ting oils was tested in all series, that 
means its efficiency ·::as examined with 7 different C.' .. S 3(, 
Qualities. Doses of Arnoflo 66 S were tested in the ranze 

C,30 - 1,5 g/l kg CAN 3L, and within series V. th~t me~ns 

with one de fined C.\S 3li esua 1 i ty, 3 different Ar:nof lo 66 S 
doses /0,36; 0,9v; 1,5(; g/l kg/ were examined. The raw 

CAX 30 ~akin~ tendency in all tests was in the range 142 -
- 3LO S, 219,3 N in ~vcrage. ~hen tho above doses of Ar~o
flo GG v:ere used the average decrease of CA.:l 3C caking ten~ 
dency was Jt.,3,-1 :\, that means 43,7 ~.The caking decrease ~ 

fluctuaterl in the range 59,5 - 165,5 N which depcnderl on 
tho Arruoflo ~G S dose quantity, original CAN 3~ caking 

ten~cncy, its moisture content and other quality parame
ters. 

r 

I 
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Araoflo 66 S quantity 

, 
Fro~ the above results it can be stated that the agent s 
efficiency is sufficient in the case that the untroated 
CA~ 3(; c\1!-;.ing tendency is not larger than 150 N. In this 
casr. doses of l g/l kg CAN 3C> are to be applied. 

Wnen testing Armoflo 66 S the best results were attained 
in series VI. when the used CA~ 3C wa~ of a very good 
quality /L,16 % H:f b. w., 1,6 ~ prills <1 m::i; a··.re-ra#;e 
prills dia d 50 = 1,7 met/ goou results were reached also 
in series V., when 1,5 g AA/l kg CAN 3~ were applied •. 
The caking tendency ~ecrease in this case was 165,5 s, 
and this can be suprosed sufficient in the case of CAN 3~ 

caking t~nrtency being less than 230 N. Any~ay it has to 
be emphasized that the applied Ar~oflo 66 S dose was 
extremely high. If the test resnl ts of ~ries V. are 
approximated to the rtose 1 g/l kg /V/3,4; V/5,6; V/7,8/ 
the cakin~ tendency decrease figure is 135 N. That means 
that the application range of Arr,;oflo 66 S can be extended 
to CA:i J(, caking tc n•lcncy 1 ir.ii t 2l.0 X under the cond it iun 
that the moisture content will be less than 

(J, 55 ~:. II2u b. v.., undersize prills fraction< l lilm will be less 
than 3,5 % and d50 < 1,4 mm. 

2.4.3.6.3 SK FEHT F 2C> .-\ 

This anticaking a~cnt was tnsted in all series except 
sorics V. and tho closes used were O, ~36 - O, 9 g A.\/ 1 kg 

CAN Ju. The caking tendency of the untreated CAN' 3C· waR 

in .the ranr;o 1.-12 - 3l.O N, which r.1eans that both extremely 

gooll and not good CAN' JC, fiuali.tios were examined. 

Tho avct'ap,c antic;1 ldng tendency cle crease 5L., 5 ~ is better 
than that of Ar111oflo 66 S in spit3 of the fact that tho 
used avorugo dose u,73 g AA/l kg CAN 3L is hy 0,11 g/l kg 
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CAN 3~ s~nller. Caking tendency average decrease 
AX lt0,8 S is by 2,6 ~ less than the one nttained 
with ArnPflo 66 S, which can be explained as a result 
of the lo~•er avera.;e caking tendency of C.\.X 3(, used 
for these tests. The· specific caking tendency rlecro~se 
of SI\. FE!~T f 2(, A if cor.1pared with the specific caking 

tendency of Arnoflo 66 S is higher 

AN/l g S~ FEliT F 2Ci .A/l kg CAN J(i ••••••••••••• 138 N 

L:. ~/l J; Armoflo G6 S/l kg CAN JG ••••••••••••••• 123 Y 

SK FERT F 2(,, A Quantity 

Goorl results with SK FERT F 20 A were 

attained in the following tests: 
- VI/16, 16, application of 0,82 g A~/l kg CAX 3t 

resulted in tho c~king tendency 3u N 
- Application or tha low dose G,36 g AA/I k~ CAN 3C 

r~sulted in caking tendency 92,5 N which scaled ~p 
to 1 g/l kg means that tl;e final caking tendency.· would 
be between 4v - 5u N 

- I/11, 12 dose <.,,9 g AA/l kg CAN resulted in decreasing 
the original ~aking tendency 165 N to the very good 
figure 0 r •10 '5 ~ 

- Test 111/3, 4 by scaling up the used dose L,48 g AA/l kg 
CAN 30 the caking tendency ·Hi - 5<., N 'fil 1 be at taincd. 

Finally it can be stated that SK FEHT F 2(; A can lm success
fully userl with the up~lication of doses L,9 - 1,0 g 
AA/l kg CA~ 30 if the original CAN 30 caking tendency 
doesn't oxcoed 200 N. 
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Because of tho t.i>o low temperature of the applied 
Romnnta GS the tests in the first two series weren't 
successful /< 7C: 0 c. the results of these tests 
weren't taken into consideration. When the applied 
temperature was increased to 70 - 80 °c than the 
results attained with this anticaking agent coudd be 
compared with th~ results attained with Armoflo 66 S 

and Flotigam 1 677. 

Rononta 68 Quantitv 

If the caking tendency of untreated CAX JG is below 
15C Na very good anticaking result can be attained 
with this a~ent, e. i. 35 - 45 N. Ia1 case CAN 3CI c&king 
tendency will be in the ran~e 150 - 2iG N, a dose 
1 g/l kg CA~ 3L will n~~VP. sufficient if the resulting 
caking tenrlency is supposed to be 70 - 75 N. 

2.4.3.6.5 Floti2am S 1677 

was tested in three test series only. The specific caking 
tenrfency decrease //J ":I/ 1 g Flotigam 1677/1 kg CAN 30/ 
was higher than was attained with Armoflo 66 S and 
Romonta 68 but it was by 11 N lower than attained with 
SK FEnT F 20 A and much lower than with Flotigam s. 

2.5. Future Prosnects in Fertilizers Prorluction 

Should the planning of investments and future conuncr
cial activity at GFC Iloms be di~cussed, liquid ferti
lizer production should be taken into account. 

r 
i 
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In Pany countries litiuill iertil izers have been succes

fu l ly introduced into morfe rn agricultural technology 

and their importance ~nd popularity have been growing 
stcadily. 

\lhen cor.1pared r.i th ~ranula ted rcrtil izers the foll 0tt"ing 

adva&ttnf:cs of liquid fertilizers are evident: 

- production cost rel~ted to one tQn of nutrient in 

co~ITTcrcial rroduct is e~sentially lower and provides 
high investment returns 

- cakin~ do~s not exist 

- no problems with baggin~ 

- the stable and rrrcisely defined qutility of the product 
is easily maintaine~ 

handling, transport and storage losses are negligible 

- application cost in ~griculture is reduced 

- liquid frrtilizcrs may he spread on sci! uniformly 

\•:i th res-pect to high economy i!nd to agricul tnral needs 

- a high degree of automation and mechanization makes the 

application to soil e~sy, labour demand is reduced 
substantially, hard work is eliminated 

- condition~ for enviromental protection at the production, 
stora fe, tran~port <HHl 1.q1plication st3gcs arc improvod 

~ssentinlly /dusty or~rntions are exclu~ed, no liquiJa
tion or used bais etc./ 

- the nutrient in liquid solution is assimilated by the 
ngricul turhl plants r:ore e fficient.ly 

- liquid fertilizer r.oay he ••P!"licd both be fore ancl durinr; the 
vegetation : perio<l, the weiter solution of nutrient is 

effectively assir:li lated by leaves, this fact may be 

inportant in ari<l are~s or during long periods without 
rainfall. 

• 
- low specific consumption of energy ror prorluction 

r 
i 
l 
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llo,·:e vcr, some problems arise when liquid fertilizers 
arc introduced into practice. Farmers have to be prepa
r.:-d for the applic3tion of liquid fertilizers which is 
basically different from granulated ones and relevant 

machines have to be available. 

Taking in consideration the existing producticn program 
of GFC Ho~s, two basic types of liquid fertilizers may 

be of interest: 
~AN - urea at~onium nitrate solution 
~ - ar;tmoniurn phosphate solution of formulation 8-27-C 

IN - P
2
c5 - I~i> express9d in ~ b. w./ or rr.ore con

centrated types. 

CAN is a colourless li~tiid fertilizer v.-hich is produced 
by mixing ar.moniurn nitrate and urea water solutions 
/75 ~/ in the ratio 1 : 1 • The final product contains 
29 - 32 ~ of nitrogen, which is present in amid /57 ~/, 

nitrate /21,5 ~/, and ammonium forms /21,5 ~/ but deri
vations form this compc.sition are acceptable. 

In principal two ways of technology are possible, either 

solid components - rrilled urea and prilled a~monium 
nitrate - arc dissolved in water or intermediate products 
are upstreamed for~ production units in relevant concen
trations /approx. 75 ~/ and mixed together. The latter 
possibility is evidently r.aore econo1:ical in case both 
production units are situated in one place as is tlic fact 

at GFC Homs. 

1 
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. 
In Czechoslovakia a plant with the capacity 150 GOO 

mtpa of uA~ /Czechoslovak make DA~-390/ is in operation 
in Duslo §ala and smaller c~pacities are installed in 
ot~~r localities. 

UAN has been used for more than ten years in Czechoslovak 
agriculture and the present output is not able to cover 
the needs of the domestic market. 

Liquid nl) - fertilizer is produced by neutralization 
of phosphoric acid /concentration 32 ~ P?O- or -higher/ 

- 0 
with liquid o" ~aseous ar.monia. At present only limited 
quantities are produced on Czechoslovakia because of tho 

lack of phosphc,ric acid. To Pleet the der.:and of agriculture 
a project has been prepared with the following technical 
specification: 

Capacity/ ~'1'-fertilizer 8-24-L/ ••••••••••• 22u 000 t/year 
Consumptions: 

Phosphoric acid 32 ~ r 2c, 5 •••••••••••••••••• 53 GOO t P
2

c
5

; 

year 
Gaseous ammonia lLO ~NI~ ••••••••••••••••••• 21 (,LO t/year 
Electricity - production unit •••••••••••••••• 2 160 !.rn-h/year 

- storaµe facilities • • • • • • • • • • • • 8G ~f.lh/year 

Clarified teed water •••••••••••••••••••••••• 40 too m3/year 
Cooling water ••••••••••••••••••••••••••••••• 2 88(, l00 m3/ 

year 

If necess;,ry some f'r•iulsifyin~ ii.~ent may be used /for 

instance in Czechoslovakia fine zround bcmtr,;nite of dor;iestic 
source i~ appliecJJ. 

Both ahove described tcchn,,logical proce~;ses hi.JVO been 
dnvclopen in Czechoslovakia, the ~!ants rercrr~d to huvo 
prov1>n in inrlustrial practice. 
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AXXE..'\ 2/I 

Li t.er:-.tnr:: Ci. tcd: 

/1/ HIJ'!ZX TT 
~· . ' Lecture at 4th Conferrence DSI, London, 

January /1981/ 

/2/ HAR:i"·~r ?-!. , ..\D • .\N I, Lecture at 6th Congress Agric!'lem 

84, nratislava, June /19S4/ 
¥ 

/3/ BARTOS V., ~TAil.\DZIK ~:., Chen. Prun, 33., 416, /1982/ 
in Czech 

/4/ J~".:-rno~ J.' KOZL:SR J.' I!EGXZR F.' Chem. prur:t.' 32. 561' 
/1982/ in Czt:?ch. , ., 

/5/ JJ..:.;BO:l J., Jl!.GER L.; FORST Z., ?·aCZK F., HEG~'ER P., 

Che~. Prun., 27, 279, /1977/ 
in Czech 

¥ 

/6/ JAGZ~ L., XEDV.CD J., Research Rep.:r: VZ - E - 933, 

Research Institute of Inorganic , 
Chemisty ~sti nad Labem, Czecho-

slovakia /1973/, in Czech 

/7/ SJOELIN CH., J. Agr. Food Chen., 19, 84 /1971/ 

r 
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D~.-tc 

1/lC 
2/10 
3/10 
4/10 
5/10 
u/10 
7/1C 
8/1 () 
9/1C 

1 0/1 (, 
1 1 /1 c 
l 2/10 
1 3/1 t 
1 4/1 c 
1 5/10 
1 6/1 c 
1 7/1(; 
1 8/10 
1 9/1 (, 
2 0/1C 
2 1/10 
2 2/1 c 
2 3/1 (, 
2 4/1C 
2 5/10 
2 6/10 
2 7/10 
2 2/1 c 
2 9/1 () 
3 0/1 (; 
3 1/10 

1 /11 
2/11 
3/11 
4/11 

- 133 -

Period 1/11/f4 - ~/11/f4 

Moisture Untlersize 

content ;~ 1 mm ;; 

C,55-0,98 
0,72-0,G2 
0,45-0,90 
0,5'.::-<::<;0 
C,6C-C,97 
0,6C-C,~4 
c' 5·i-C:, so 
o, 5C'-Ci, c;o 
C,92-1,CC 
O, 51·-c., S2 
0,4L-~,7S 
C,6C-C,72 
O, 6C-·~, 9S 
O,SC-C,30 
0,86-0,06 
0,55-1,33 
o, 66-1, ·D 
0,70-C,99 
0,60-0,S6 
C,51-C:,91 
C,56-C,9·i 
0,65-C,70 
0,73-0,96 
0,65-C,05 
0,7J-1,2C 
0,63-0,98 
C,51-1,C9 
0,60-C,98 
0,51-1,3 
0,62-0,90 
C,50-1,0 
0,62-0,91 
C,72-1,32 
0,47-1,14 
0,63-1,31 

min-cnx 

0,5-3,0 
1,5-2,0 

. C,5-2,0 
0,2-2,0 
o, 8-2' 1 
0,6-2,0 
0,5-4,4 
0,5-2,6 
0' 5-1 '5 
1.,C-2,2 
1,C-3,3 
1,2-S,4 
0,5-3,C 
1 '5-1 '5 
1,5-3,5 
0,2-2,2 
0,3-2,5 
1 '5-5' 1 
o, 5-2' 1 
1'0-4, 5 
0,5-2,1 
3,0-3,C 
C,S-2,7 
1 '0-11 , 3 
2' 1-4, 5 
0,5-3,0 
0,5-3,5 
2,0-5,5 
1,0-5,0 
1,2-6,5 
0,5-1,0 
2,5-4,5 
1,1-6,2 
1,5-7,0 
1,5-4,5 

ANl\"E~ 2/II 

N,,..,.I ~; .. ,. 3 

min-n.a.x 

14,34-15,78 
1 4' 2 8-1 5 , 51 
14,27-14,C-i 
14,50-15,62 
1 4, 5 6-1 5' 6 c 
1 4, 5C-1 6, ,i 1 
1 4 , 1 0-1 5 ' 7 3 
14,C0-15,6G 
14,11-15,·W 
14,73-15,60 
14,17-15,50 
1 ·-:., OC-15,6.2 
1·f,62-15,GO 
1 4, 5 5-1 5 , 11 
14,15-16,4G 
1 3, 7 2-1 5, 11 
14,23-15,22 
14,65-15,45 
14,15-15,62 
14,5C-16,10 
14,52-15,17 
14,33-1·1,S-5 
14,11-15,96 
1 ,-:. ' 5 6-1 5 , 11 
14,45-15,11 
14,17-15,17 
14,e4-15,34 
14,45-15,,~4 
14,11-1 5' 57 
14,17-15,62 
14,58-16,43 
1 4 , 5 6-1 5 , 7 <) 
14,17-15,00 
14,62-15,62 
14,00-15,51 

r 
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Survov of Il"dividual Annlysos }In.de nt Plnnt. T.nhorntorv GFC Ourinp: tho ·rorio<l 1/10 - 14/10/84 

Date Hour Nitrogen JL)O Size Distribution in ~·b. w. .. 
Totnl 8izo~ in mm 

~~ b. w. ~~ b. w. )4 > 3 '> 2 ) 1 c 1 

1/10 7 15,68 0,55 2,5 4, 1 '13,7 '18,2 1 '5 
9 14,56 o, 57 3,5 5,5 JO,O 58,0 3,0 

12 1 4' J•l - 5, 1 6,0 JB,2 '17,7, J,O 
15 15'17 0,54 2,0 5,0 3 g ! 5 5•1, 0 0,5 
17 15'06 0, (>2 2,0 5,5 ·11 , 0 51 , 0 0,5 ... 
23 15'7 8 0,93 3,0 5,0 '12, 0 '19, 5 0,5 ""' 

8/10 2 14, ~2 o,s6 0,5 1 '2 '19,5 40,0 0,5 *"' 
5 1'1,15 2,0 2,5 '17, u '17,0 1 , 5 I -
7 1 '1' 57 0,50 5,5 7,5 )2,0 :u, 5 1 , 5 

10 1•I,7 3 0,54 0,5 2,) J ., r• _,; 62, ~~ 2,3 
13 14, 56 - 4 ') , .. 5,0 y; , 2 5J,4 2 ,, , ... 
15 14,56 0,9 4,0 4,5 39, 0 51 , 0 1 , 0 
21 15,06 - 1'6 •1'2 3 5, 1 56,5 2,6 
23 1 5, 11 0,88 J,O ),O '17 '1 '19' 5 1 '5 ~ 

~ 13/10 2 15'01 0,62 1 , 2 5,2 '1 ;~ , 0 '1<J,2 2,4 ·• p:i 
5 15, 01 - 2, 1 '1, 2 '12, 6 '.:H>', 11 1 , 2 ~ 

7 1 5 , l1 l 0,80 2,0 5,5 '10,U 51 , G 1 , 5 N 

15 15'01 o,so 0,5 '1, u 51 '0 51 , 5 2,0 ......... 
H 

17 15'17 o, 70 J,o 5,5 '1'),0 '17,0 0,5 H 

19 15,0(> 1 , :! J,5 "'}, 0 50,G 1 , 7 H -
.-:!3 14, 67 0,98 1 , 0 2,5 '1 ;~ , 1 5J,o 1 , 4 
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St!n·~·- of Aver:>.gc Dni l v An:i] VReS Mn.de nt Central T.n.born.torv Gi"C Dur in."! the roriod '1-/CJ - 9/1 o/rH 

D~te 

.! / C) 

5/~l 
.~; 9 

1 U/9 
1 ·I/~ 
t 6/fl 
1 r; / 9 
.2' /9 
' 1 ;l' 

- . I -_, 

2 5/9 
2 ~'. 1 9 

1; 1 0 
i/10 
~/10 
9/ 10 

Xi tro:;cn :\1I4Xo J 

Total Content 
~~ b. ,,: • ~ :, l>. w. 

30.12 S6,0S 
30,01 85, 76 
~9,00 ~~2, ~:s 

29,34 83,04 
2~,:3 83,52 
30,35 t~6' 7 2 
29, 3·1 SJ, 8·1 
30,46 ~~5 '04 
29,45 s.-1, 1 6 
29,JO g.1, 1 6 
30, 57 85,36 
2~1, <JO f-'.) '·19 
30,Ul f-5,76 
29,45 l~·l,16 
30,68 87,68 

)1 ) ) 

0 !) r, ' . 
0 5,0 
0 6, 11 
0 1 5, 7 
0 1o,5 
0 10,g 
0 7,5 
0 8,5 
0 11 '2 
0 1 o, g 
0 12' g 
0 1o,7 
0 6,5 
0 6,2 
0 14,0 

Size 1liRtrjbution in/'~ b. w. 

Si;i:cs in mm 

") ;.! :> 1 

.p:' .! '1~!,fl 
tt n, o 11'3'0 
50,0 •12' 0 
54,8 29,0 
5(>' 3 3 ') r:: 

... ' :.> 
'1·l,5 '1)' 0 
5 ')' 6 J'..i,7 . 
'1 J, 2 ,17, 8 
55,5 J.!') 
50' 1 :n, '1 
52,0 32,5 
)<) '7 '111' 1 
'1(>,1 '1 (, , 1 
'17,7 11 "( , B 
47 ,o 31,5 

< 1 

3, 5 
3,5 
1 '2 
(J' 5 
0,1 
1 '1' 
1 '2 
o, 5 
1 '0 
1 , 7 
2,1 
1 , 5 
(J' !', 
2,3 
ti ' 5 

JL,O 
"" ~~ b. w. 

o,63 
0,12 
O,H5 
o, '14 
0,80 
o, g7 
0,73 
0,60 
0, '13 
0,73 
0,10 
o,63 
0, 116 
o, 70 
0,65 

• 

> 
~ 
7-: 

... 
""" VI 

r-i ~ 
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........ 
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!.I~asur~rof'nt or th" (akin!! Tenrlencv ~r Fertiliz('rs 

~!ethod 1 

Scone: This ra~thod covrrs the deter~ination of the caking 

ten~cncy of fertilizers 

Sum.;arv: A sar:trle of the testP.d fertilizer is rressed 

under t!~e pressure of 0.16 ~:Pa for 17 hours. 

The harrlnes~ of the cake is rr.easured by the rr.eans 

of a pene~rnting needle instrureent. 

A prc-ratus: fc rt ilizer press. Pene trn ting need le instrun~ent 

Procedure: :Samples of fertilizers are filled into stainless 

steel cylinders up to the rim. The cylinders 

are pl~ced into small PP b~gs in order to eli~?i

na te the in rJ uence of the a tmosrl~e re. The PP ba~s 

are closed on the side of the cylinders not on 

tor. Then place the lids on the cur~ and apply 

pressure on ther:!. This pressure is to be r.•ain-

t<d ned for 17 hours at an cir..hient tewperature 

of 25 °C./See Fertilizer press - Figure ~o 3/. 

A.f'ter 17 hours take the cylir.rler:; o•Jt of the 

PP bags Ci:lreful ly and place one aftnr another 

on the supporting frar;1e or the penetrating neP.

dle instrur:tent. /See figure 1/. Point ths needle 

of the renetratin~ needle instrur.:cnt to the 

center of tl10 upper openin( of the cylinder 

and apply !"re~-;urc. On the scale cf the instru

ment read tlie pressure /N/ cit the r.ioriient. when 

th~ fP.rtilizer cai..:e is punchn<I. /S~e fig. 2/. 

The hardness of the for ti 1 izer ca!rn is propor-. 

tional to the measure<! punch pressure. 

I 
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NotP: Do not forget to take out the f~rtili~er remains 

from the penetrating needle ccllecting vessel. as it 
might influc;&cc further measurements. 

Calculation: The caking tenclency of the fertilizer is 

calculated as the average pressure of thre~ 
parallel tests. 

Fertilizer Press - Fig. Xo 1 

The fertilizer ~ress consists of the following principal 
parts: 

1 •.••••.•••.••••• support 
2 •••••••••••••••• cylinder 

3 •••••••••••••••. cylinder lid 

4 •.••.•....•..... lid buttons. where the aQtual 

press is applied 
5 •••••••••••••••• lead \'ie ight 
6,7,8 ••••••••••••• fra~e 

J>ern~tr;!tin!! :\eer:Jle Instrrnrent - Fig • .2,3 

1 •••••• fertilizer Cilke in the cylinder 
2 •••••• supporting Crane 

3 •••••• fertilizer collecting vessel 
4 •..... renetrating needle 
5 •.•••• piston 
6 ....•• pressure chamber 

7 •.•••• cornpressert air inJet 
8 ••.••• pressure scale 

I 
! 

i 
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The value or penetrating pres~ure of the tested fertilizer 

is inrlica:.ed on the atiove instrument. It is advieE'd to 

repeat the test with se~reral itlentical samples to obtain 

a rel ic:,ble a Ye rage value. This rcsul t is proportional to 

the anticati~g tendency of the tested fertilizer. 

This met.hod is generally used to cor.pare the quality of 

various fertilizers, As local cliraatic, storage, transport. 

and h<!ndling conditions ru~y vary substantially, the general 

Yicw .on the urteql!ate <!e;;ree of anticaking tendency is not 

uni fora; •• HO\•ever, as a uni versa l guide for CAN quality 

tcstinf the following data r:-1ay be used: 

Table 

Quality class relating 

to anticaking tendency 

l'1asured Pressure 

in N 

I. CA~ 3( - uncun~itioned 

- cxcelent ot ~ood •••••••••••••••••••••••• 
1 .. b t t . l J - ' . (' t l/ - o~cr u s 1 . su~l~.~c ory •••••••••• 

- J.(?\'w"' or l>ad •••••......•••••••••••••.••••• 

120 - 15Ci 

15(; - 220 

22C 

II. CAX 3l - ccnditioned /A\ aoplied/ 

- higl1 • . • . . . . • . • . • . . • • . • . • • . . • . • . • • • . . • • . • • • • 2(; - 7l, 

1/ Not,.: Lower quality may oc.::ur also when c!eviation from 

to chnolo:zical re r,u lat ions rcsul ted in u hi(('hcr cor:tcnt 

of constituent ~oi~ture in the tested fertilizer. 

·111:on eva111ation or the effect of ~1scd anticaking <.agents 

shoulrl bo tho r.1<.iin aim of tostinr.a the efficio:icy of 

cnnditicning /f.F/ is calculated en the basis of presr;ur•s l 
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r.1easured 1'rfore conititionin~ /PDC/ and aft~r conditioning 

/PAC/ according to the follc~in~ c~ubtion 

EF = PDC - rAC • l<JO 
j ...:. \... 

The effect of the user' 2ntic-::king agent is 

- very lOOd for Ef ; •••••••••••••••••••• 7t - BL~ 

- accept;tl1le •••..•.••••.••••••••• · ••••• • 7(,, - 5(., ~ 

\·,'hen EF < 5(; ~v the use of the tested nnticaking agent is not 

re cur.·r.1endable for e ccr;.or.'ica 1 reasons. 
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A~N!:X 2/VI 

~-i1wsu::-er:('nt or th!? InfJ11cnco of Diffl•rent .\nticakinz 

A~i:>ats C'rl tf:;~ c.~:~i:1~ Trm!enc\· r:.f Fertili.z!>rS 

:.rr t horl 2 

Scopn :_ To nini1 .. ize the caking tendency of fertilizers 
diffrrent anticakin~ agents are recornu~nded, 
The suitability of individual a~ents is to be tested 

for fertilizci:s rroc'ucerJ in diff~rent plants. 

Sm~·nary: :\ r.ieasured ql!antity of raw fertilizer is filled 
into a s~all laboratory coating drum. The ferti
li2er is co3tcd with ~ known quantity of antic~
king agent. The treated fertilizer is homogenized 
in the drum for 3 min~ted and its caking tendency 

is ~casured nfter~ards /See A:~EX 2/ V MeasureLlent 

of Caking Tendency of Fertilizers/. 

Apparatus: Coating drum T a rotating cylinrler 3G cm long 
and 2L en wide is used. The cylinder is closed 

at one sirie, on the other sirie ther is an orifi
ce 8 era in dia. This orifice is used for filling 
in the fertilizer and the application of anti
caKing agents, tn the inner wall or the dru~ 3 

longitudinal shonlders are situaterl to enable 
tho thorough mixing of the fertilizer. The drum 
is rotated at the speed of 3C rp~. A special 
syringe or nozzle for the ~pplication of anti
caking a~ents in the form or a fine ~ist is used. 

Chr.ni.cal~: Samples or the rcrti lizer anrt snmrles of tho 
tested hntica~ing agents. 

ProcP.cl11rc: ln~ert L,5 - 1 kg of fertilizer into the drum 
and st~rt to rotate it. The quality er the fnrtili

zor is expP.cted to be well defined /sieve ~nalysi$, 
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moisture·contcnt, nitrogen content, possibly so

luble calcium content/. During one minute apply 

a known <;nantity cif the tested anticaking agent. 

Rotate the r:!rum for 3 minutes and then take samples 
to 1:1easure tl:c caking tendency of the fcrtil izer. 

If the tested anticaking agent is highly viscose, it is 

to be heated to a suitable tecperature, so that it can 
be applied in the forr.1 of a fine nist. 

If antic~kin~ end RPparating agents are applied, the 
anticakinc a~ent is ar~lied first, tlran the rot~tion 

of tho·dru~ is stcir~ed, the separating a;ent is added, 
the orifice is closed by means of a PP bag and the druti 

is rotated for 3 minutes. The caking ten~ency is moasu
rcd a ftsr• _1rds. 

Calcul:ition: . .\nticakjnp: rroperties of different anticaking 

ap;ents are evaluated from the values of the measurement 
of the Ca~ing Tendency of fertilizers /see A~NEX 2/V/. 
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ANNEX 2iYII 

DH!Prr.·i.naticn of Lr"'.:<:nic Anticakinc: . .\.!!ent. Content in CAN 

anr. Coribine<I Fertilizers 

~.! .. t hod 3 

Scope: .This methoct co\·ers the. c!eterr::in;;tion of organic 
matter, cspCci~lly of or~anic anticaking agent& 

in CAS and cowbined fertilizers. 

Sur.·~arv: The organi.: anticaking :1gent in fertilizers is 

detf'rr.ined by re!)Aated extracti')n with c.hloro-

forr.1; this is distilled off and the or.£_~anic residue 

is dd-errdnc·rl gri!vir.~e trically. 

Ap~-.;~r;!t11s: Soxhlet a)'rarc:tus /Hu ml capacity/ 

Flat totton ~ist. flask /25L ~1 caracity/ 

Water bath 

Dissicatcr 

Ch 0 ::i c;: ls: C!1l oro for1:: red is tilled 

Proccr~1:re: \~·ci~h HO grams of fertilizer into en extraction 

thir:ible of the Soxhlet appuratus. Place the thi!i,ble 

into t!:e extruction upraratus ~arcfully. The appa

ratus Viur,t be thorour:hly clean, rini:;ed ·1dth di
stilled ~ater and dricrt. Take a rlistillation flask, 

clean and dry, put it into a dissicator and leavr 
it there to rc~ch the ;_imhi.ent ten:pE>rat.ure I 
/1 hour arProx./. •;:ei~h it LJ.r.n with thn acct:racy of 

5 rlociuals. f·Jvce lliv ml of chlrroforn; into t'ds 

flask, join it to the Soxhlet apparatus and pJucc 

tl1c \'iUtC• cooler into r·c.isit:i<in. Tho C:{tr;1ction 

c:.pp<.:ratus i.s heated by rn~ans of a watnr hath. 

Repeat the extraction lv times. 
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After finishing tl~e extraction, l..-i th all chlQrofcrm 

back in the distillation flask, disconnect the 

coolr.r, t<:ke Cl11t tl:e thir.1hle carefully, asser.!ble 

tlrn apparatus for rI is ti l la ti on and distil 1 off 

the chl 'n-o f'orm. Clcun the distil la ticn fl ask con

taining the or;..;.!!li.C resid1~ frow the outer side C;:tre

fully /as it \Va~ sit•iatecf if, a '':atr.r be.th/ and dry 

it for 16 hours in an even at 5l 0c. Take the flask 

out of the civen, plnce it i:1t.o a dissicator to cool 

and after it has reacherj th~ a~bient tewp~rature, 

,.,.eir,h it \':ith the accuracy of 5 decir.als. 

Chlorofon;1 which ~-.-as distil led off can be us~d for 

further tests. 

Blanc Test 

I 

Take a sanpie of fertili1.er which wasn t tr')ated with the 

anti.t:':1king a~i>!lt anrl analyse its contents c;f organic 

matter by the Sbme proccdur~ as described above. 

Cal c11lation 

Calculate the anticaking a~cnt of the sample as follows: 

anticHkin~ anent ~ b. w. :: I y_ 
n • 100 I - blanc test ~ 

whe i'C: 

v .•....... wci~ht or ornanic matter in ara~s 

n ••••••••• weight of tho samplo in grar:iS 
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ANl\EX 2/VIII 

IJctPrr.~ination of Water Soluble Calcium Cont('nt in C'\.~ 

Seo.re: "This mr?tl!ocl .covers the deterr&inaticn of water so

luble c:-- ~ cim;i content, which is present in the C..\X 

fertilizer in the form of Ca/Xo3/ 2 • Its content 

is one of tl:e parar.;eters which ind ica Les the C.-\.:-4 

tendency to forn cakes. 

Sumnarv: A sa~rle orc~x is dissolv~d in cethanol and 

filtered. A~~onia b~ffer soJn. and Zn EDTA are 

added to the filtrate, which is titrated with lJ,l !.1 

soln of EDTA, u~ing Eriochrcrn black T as indica

tor. End of the titration is indicated by tlw 

viC1lct colo11r chi:iw:in~ into blue. The calcim:: 

content is directly proportional to EDTA consump-

tion. 

AEparutus: Vol ur.ic tr ic flask 100 ml - 1 pc 

Volumetric flusk 1 O<.iO ml - 2 pcs 

Volur.in lric flask 2 (i (,(; ml - 3 pcs 
Beaker 2 (,(, 0 n:l - 1 pc 
neaker 5((, ml - 1 pc 

Watch gl <1SS 

Funnel 
Durette 10 ml 

PirP.tte 25 ml 

Shakin~ mu chine 

ChP.ni ca 1 ;; : EDT.\ 

Zinc metal 99,9 O' ,, 
llyrtrochlnric acid 3G ~ A n 
Ammonium ch1orirle A R 

r 
I 
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Annnnia 25 ~ 

Zinc sulphate cryst~llic A R 

~.[ethanol !•"·~· in water A R 

(•,l ~.!EDT\ solu. - wei~'.h 37,52 ~ EDT..\, tr~nsfer into 

1 Jitre volumrtric flask and fill up with 

distilled v.-gtor. 

EDTA ~nln. - f~ctor ~nt~r~in~tion - pipette IC ml of the 

F.DT.1. scln., <!cld ll. r:il of ar rionia buffer, EriochrOi'• 

black T, nnd titrate by u,l ~f Zn scln. from hlu~ 

to rrd colc1ur 

Yz r = ~n 
Iv 

, v:he re 

VZn •••••••••.•.•••• cc•nsu:::ption of l,l ~.!Zn 501!1. in ml 

fzr. •••.••••.••.•••• !'actor of the Zn soln. 

C,l ~Zinc so!n. - wei~h G,5435 g of Zinc /99,9 %/ into 

a 1 litn• flask, aclr: 33 !l•l of hydrochlcric acid 

I 3 3 · - 3 7 ;.,; A l-i .. Co v c r t ! lC n e ck u f the fl r.i s k .,., i th 

a funnel covered by a wa~ch ~lass ana cool the flask 
du rin; Zn dis solving. T l~e Zn d is£o 1 vi .1g pre cc du re is 

finished in lG - 2G hours, rinse th~ wvtch glass ':llHI 

the f11nn2l Fith ''istilled .,.,.,,tcr which i~ nddcl1 to 

tho soJ.11. Tr;rnsfc:i· t:.e soln. into l litre volumP-tric 

flask unri .!'ill up to the r:ilrl~. If tlw real ·:;ei~!1t 01' 

thn <liG:;oJvr!d zinc -liffP.;'~ for tbc ;.:hove mentioned 

G,5-13~ e, u factor i~ to he used: 

= 
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distilled wat1.;r 1 add 7li0 ml of a1 •. mo11ia /25 %/, 

trans.fer into a voluraetric flask of .2 lit.re capa

city and fill up to the mark. 

Zn [UTA - weigh 9,4 g EDTA, transfer into a volumetric 
fla~k of ·2 litre capacity, add 1 2GO ml dist. 
w;iter. f)issloYe 7,2;; ~nSL 1 • 7 II.....,C: inn beaker . '-

/5L C rnl/ in 25L ml. dist. water. This soln. if 

not tur~id, transfer to the EDIA soln., add 

5 ml of aEmonia soln. concentraLed and· fill up 

to ~ litres with dist. water. 

TesUn'.! of ti:e Zn EDT:\ ~oln. - pipette 2G El of Zr. EDT:\ 

s0ln. and titrate it with soln. of Zn.and ELJTA. 

ThE consumption of either of these stanrlards 

sho~ldn't exceed one drop. 

Hethvl alcohol soln. - rtix 35,3 ml of c.irr.1onia /25 ; .. /and 

19,5 ml of dist· water and fill up with Bethanol 

in a 2 litre volumetric flask. 

Pro ce~u !'e. A HJ g sample of the fort i 1 ize r t runs fc r in to 
a weighed volur.ietric flask / lt-0 rd/, adrl the 

fi1.1monj a 111ct..hanol soln., <ind sL~ke vi~orously 

30 Min. on a labor<.it..ory shakinp: r.:achine. Fill 

up with dist. water 1(,0 ml. Filtrote t..l1c soln. 

through fil tcr· piiper /blue ri~bon/. Pipette 

25 rd into a titrution flask /not with~ mouth!/, 

artrl ![, nl anmonia buffer, 5 r.11 Zn EDT:\ soln., 

Eriochron li1ack T inrlicc.itor and titrate wit..h 0,1 

~I ETHA soln. from red violet to blue. Hopcat 

tH.r> anulys:is twice for euch fertilizer samplo. 
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C:·.lc:!l:-oti0n - c~.lctlln.te the \."a.ter soluble cnlciu.n content: 

C:!. l:ater soluble ~J b.w. = 
• 0,4COS 

B 

A • f ;--.~T •. • 
•8~ --

0,5608 
Cc.O \Tc.tcr soluJle ;~ iJ.;:. = 

~ •••••••.•.•••• EDTA soln. cosuaption ml 
n •..........••• s~:.::;:>le ,;cir,-ht ff 

f-..J'"' •••••••••• tit:rP..tion f~ctor of ::.::;:r;:i; ... 
1:.,. l.:L 

n 
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ANttEX2/IX 

Granule Str~n!!th Tcsti~ 

Scone: A qt:ick deterr.Iination of the crushing strength 

of individual granules is carried out Pith the aiJ 
of a siraple, hand-operated device /supplied for 

instance by the fir~ Pfizer, 62 Wiesbaden, Schenc 
Aussicht 41, federal P.epublic of Germany/. 

Indicated cru~hin; strength or plastic behaviour 

of gr;irnlles are important factors r.-ith respect to 
the cai..ing tc>nrlcncy of fertilizers. 

Sur:r,wr-.·: A s~u~iplo of fertilizer is to be screened to obtain 

the grilnulor:1ctric fraction 1,6 - 2,(, r•:m. Granules 

of a pproxir:a tel:; equu 1 size shou J <I be corupared 

only, because crushing strength increilses signi

ficnntly v.-ith increase in particle size. To obtain 
an average evaI11aticm it is nccessJry to crush at 
least 2<J and preferably more granules. Individual 

gran~le~ are crushed between mov&ble jaws of the 

tcsti1.g cevice and the cru::;J1inr, strength is indi

cater1 by lilanometric scale reading.:> at the tir•·e whc·n 

the t;r.,:mlc rracturcs. Sor.ie ~ranules do not crul3h 

but are plastic<il ly der"rrr.crl. Tht? rP,rcentar;c of 
plastic granulf}S defines the plasticity of the 

fertilizer. I;tr;h plast.ici ty and/or low crushing 

strenr,tl1 rroriotc the c;..ol.ing tenr!cncy of .fi:>rtj li
zr.rs. 

Appa!:.£!.!.!.r~ Tostinr, clcvicc>-m11"~;uring tongs, tl:e moy;..IJJe ja\I.' 

of \',hich ir• ~ittcd •.;ith a nu:no1i1P,tcr '~·orking in 
') 

the runge (J - 25 kp/cm-. 
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Chenica ls: So chemicals n~eded 

Prf)CCdurc: A rranulometric fraction 1,6 - 2,0 rr.m ohtained 

by screeni~~ a 0,5 kg sample is put into a 

polythene b3g to rrotcct it against the influence 
. 

of the envirc~ental a~~.cspherc. Individual 

pril ls are tal~Pn with t'·;eezrrs <incl ·put on the 

Jo~cr jaw of the te~ting device. The upper jaw 

is pressed rlown and pressure indicated at the 

sea J e in ti r.1e of crushing is r:Pasured. 

Cs·· •••••••• crushing 3trength of fertilizer 

cs1 •.•••••• crushing strength or incfivioual 

non-rlasti~ granules 

m •••••••••• nm;:ber of non-plilstic granule>s 

n1 •••••••••• total number of tested granules 

p •••••••••• plasticity of fertilizer 

= 
n /NI 

p • lCCi /~/ 

I 
I 
I 
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ti~t of _'.ntic~.l~inr:- __ ._{'!'cm't.s Tested: 

Arr.:of lo 66 S - .\rr.iour Hess Chen. Lim. 

Victoria AYenue, IIarrog~te 

JIC 1 5rt2, Great Brittain 

Floti::;z.n 1677 - HO:i:CEST AG 

D 623C Frnnl':furt-/!·;L?.in fO 

Feder~l Republic of Geraany 

Flotigar.1 S HC~CHS'i' .. :'.G 

Rononta 68 

D 6230 Fren.~furt/!·:ain eo 
Federal Repu~lic of Gercany 

VEB Cher.ie"erke ~:erdau 

Johannisstresse 28 

'Terdau, Gcr::ian Denocratic Re:puiJlic 

SK FERT F2C~ --Sinor - kao/sa 

Aragon, 383, aticc 

I3arcelonc. - 13 

Spain 

.After the testing program was closed the fo!lo;.;ing 1'-1\ was 

delivered to GFC: 
Raisa~in ~:-PK !!a.sio 'i'ehtaat 

21 200 IV .. ISIO 

FinlL!.nd 
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APPENDIX I 

We gratefully ackno~vledge tt.e help of : 

r xr;:c 
1. ~.fr. S. E. S.\~CX0\' 

. Industrial DevclC>piitent ufficer 

ChPr1ic••l Industries 

Industrial rpcrntion Division 
r XIDC; - \rienna 

2. Dr. A. S. SALE~ 
SIDFA, lXIDO, DA\~SCUS, SYRIA 

t:XDP 

3. Dr. YAl~A ~ASSAB 

Representative L~U~ 

DA~-1.~scrs 

G(;''T of S"!'.;T.i. - GECI/GFC 
4. Mr. ZEIF AL l~RIRI 

Deputy Gen. Director of G~~I 

5. ~.fr. A. TlP.J... 

General Director 
GFC IJ(,~.G 

6. :.fr. :.f •. ALI .Al.i;t;SSEI:i 

Counterpart 

GFC llu:,f.S 

7. Special Thc.1nks are due to the Heads, Chiefs cind all 

the GFC staff i!l the units for their help and 
cooperation 
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UNITED NATIONS 154 

' UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

UNI DO 

19 October 1983 

JOB DESCRIPTION 

Post title Expert in Designing Catalyst Testing Pilot Plant 

Duration 

Date required 

Duty station Homs, Syrian Arab Republic 

D Purposeofproject To assist the General Fertilizer Company in detailed designing of 
a pilot plant for testing catalysts for a~.monia production. 

Duties The expert will be assigned to the General Fertilizer Comp~ny 
and will be expected to: 

Evaluate the pr~sent status of design work for the construction 
of a pilot plant to test catalysts for ammonia production; 

Assist in elaboration of rechnological scheme to be applied for 
testing catalysts and make recommendations on it; 

Assist in choosing appropriate equipment to be ordered for the 
construction of Lhe pilot plant; 

Consult on specific requirements to equipment to be applied at 
the above pilot plant; 

Consult orfaorkir1'6 out an order list of equipment to be purchased 
or constructed; 

Assist in elaboration of commissioning scheme for the pilot plant 
to be built and recommend on different equipment testing; 

Train counterpart specialist~; 

tfakc a report along with the other expert on his achieven.• •1r.s and./. 
________ __.._...f i ri_d_i !'&f-1!.f~1LH1.!fill l!! ir!~Llb.e_s~r.!U!~.~------------

V.fll-.331</ 

~ 
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Post title 

UNITED NATIONS 155 -

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

UNI DO 

19 October 1983 

JOB DESCRIPTION 

Expert in prevention of Nitrogen Fertilizers Caking Tedency, 
with research capability. 

- Duration 

Date required 

Duty station Homs, Syrian Arab Republic 

Purposeofproject lo assist the General Fertilizer Company in conducting research 
work at a pilot plant and laboratories to reduce caking tendency 
of CAN and urea. 

Duties The expert will be as~igned to the CFC and will be expected to: 

V .81-BHJ~ 

Evaluate the present status of research work on CAN and urea caking 
tendency prevention and its results; 

Recommend on elaboration of a research work plan and a list of 
measuring instruments for controlling CAN and urea caking level; 

Advise on elaboration of the scheme for testing different means 
of caking tendency prevention; 

Consult on the choice of possible anti-caking agents to be tested 
and recC'mmend on compiling a list of such agents to be supplied t>y 
the contractor in small quantities; ' 

Recom.'Tlend on possible schemes and regimes of ant ·-caki.ng treatm(.>nt 
of CAN and urea; 

Assist in conducting experiments on anti-caking treatment; 

Consult on the final decision to be made; 

Train counterpart specialists: 

Hake a report on his fiur.li11gs and achievements along with the other 
expert. 

r 
I 
\ 
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