G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




-——
o
o 1
B
f ]
N
L

ITTPETE R
' el
(N E ]

= j&
12 flis ms

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS
STANDARD REFERENCE MATERIAL 10104
(ANSH ana ISO TEST CHART No 2y




FINAL REPORT

- ASSISTANCE TO RESEARCH LABORATORIES IN FERTILIZER PLANTS

IN SYRIA . |

PROJECT No SI/SYR/82/3804

the views expressed in this report are those of the contractor
and do not necessarily reflect the views of ULIDO

This Report is based on the work of UNIDO-team

Dr Narcela Szafa¥fkovad °
ing Jozef Jankovié

ing Slavoj Justa

ing Vladimir Vék

Polytechna, Prague Chemoprojekt, Prague
Czechoslovakia

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
VIENNA -~
/ June - December, 1984 /

B




.. Me.hope %0.be atle tc realize end irplemant powr idess ,

-

ir<g

AT =1 Th
PR LS NER,

. ‘.“ o \':-:?.:.'f:?:?i R \\\))
GENERA? FER{LIZERSYCOMPANY

!’@:{}—T——l s - o ;—\5J
N 3 te . ' . ‘;?"“&:’.'3»30 R

P-0-BOX 280 HOMS SYRMWA
CABLE :FERTILIZERS HOMS.

PHONE :(20515)(20535)(23332)
- TELEX :FERT (41Q05)5SY
Qur ref. . e Your ref.....Z,..<.. ................ : Datepec, 5y, 4088

RE : UNIDO CONTRACT NO, SI/SvR/82/11/32.%

Attention : Dr. ¥arcela Sefarikova / UNIDO Tezn Leader

Dear sirs,

Hith reference to above ‘nentioned ezntract,ve would like 10 express our
thenks to you and 21l your team in this missicn and for a2ll efforis made Ty [ou

.'l_:oward solving scme of our prchlems that we are facing in production,such like
Calnitrc ferii.izer csXing,aad armonia catalysi i{2sting wit { pizdt nlant) as well,

Yocking forwerd for further assistence from [roxj end remzin,

Yowrs faithfully




ABSTRACT

The task of UNIDO - team assistance ¢, GFC was to investigate:

- the usefulness of a pilot plant installation for testing
catalysts for ammonia production _

- the possibility of decreasing the existin; Calciunm
Aumonium Nitrate /CAN/ caking tendency

Catalyst Pilot Plant:

The existing system of Ammonia Production Plant catalysts
processing, maintenance planning, recharging, and suppliers
selection does not answer requirements. A study of a simple and
cheap system which would solve the most urgent needs was
compiled. This system employing a microprocessor evaluates
control data from the process catalysts and combines it

with research data obtained from small testing reactors

thus getting complex information on the actual needs of the
ammonia manufacturer.

Calcium Armonium 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 individual
production machinery, or possible future revamping of the
Unit, was carried put.




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 of the whole project was to demonstrate
the necessity for research method introduction and
economical results are to be achieved.
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INTRODUCTION

The Syrian Government has estabiished a Fertilizer
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

- Calcium Ammonium Nitrate complex /start up 1972/

- Armonia 150 t/day - stopped 1982
- Nitric Acid 280 t/day
- CAN 110 tN/day

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

- Ammonia 1 C(0 t/day
- Crea 1050 t/day

- Triple Phosphate /TSP/ complex/ start up 1981,
not yet commissioned/

Sulphuric Acid 1950 t/day

- Phosphoric Acid 533 ¢ P205/day
- TSP 1400 t/day

= Aluminium Fluride 9 t/day

The Hous area was a famous agricultural area wh:re
fertilizer distribution and use were mandatory if
agricultural production was to be increased. On the
other hand experience in heavy chemical production was
lacking.




The above list of Production Compnlexes at GFC Homs
indicates that the chemical production is widely based,
relatively young, and growing. These were the reasons
why GI'C and the Syrian Government asked UNIDO for the
assistance of axperts in the field of ammonia production
catalysts and a decrease in ths CAN caking tendency.

JOB DESCRIPTION

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

In regard to some vagueﬁess in the actual job demand,

the 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 of the job was compiled.

The revised job description left out the demand for decrea-
sing the urea 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 10‘”, 1984,




SUMMARY AND RECOMMENDATIONS

1.0 Ammonia Catalyst Pilot Plant

The Ammonia Plant 1 000 t per day at GFC Homs was put
into operation in the year 1981. After three years of
ammonia production the catalysts for primary reforming
and HT Shift CO conversion had toc be replaced duz 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 chahged to
natural gas feed. According to the contractor s request
all the catalysts downstream the primary reformer to be
replaced before the reconstructed plant - is put into
operation. Expenses for the purchass of spsnt to date

and those to be paid in the near future are abnormally
high.

As more than 12 competitive 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 tc be chosen. To be propared for this
actual task as well as for the future optimation of
catalytic processes 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., § program based on catalyst monitoring
procedures is preferred. A classical testing laboratory
project /estimated investment costs 15 mil. 8 / a labo-
ratory project of reduced scope /estimated investment
costs 5 mil. 8 / have also been studied but they have not
been recommended.,




To speed up the realization and to obtain the most urgently
needod results before the start-up of the natural gas feed
system, the program has becen divided into thres stages,

the first one with a 1987 deadline.

The main aim of the first period /estimated costs lower
than 250 000 3 / is to introduce the monitoring and testing
of the primary reformer, HIS, and LTS CO conversion cata-
lysts at GFC with the aid of inexpensive 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 catalyst testing,
monitoring and the evaluation of results have been worked
out,. Close operation with the Technical University at Homs
has been embhodied into the program.

In the second stage the scope of catalyst evaluation will
be increased to all nickel based catalysts and desulphu-
rization adsorptives if necessary, and in the third stage
the program will be completed 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 Microprocessor

128 kbytes which was brought by the UNIDO team.

Software relating to actual operational problems at GFC
was compiled and presented to the technical personnel

of the Ammmonia Plant.




2.0 Caking of Calcium Ammonium Nitrate

The quality of the produced CAMN 30 was checked by evalua-~
ting the existing results of laboratory tests and it was
stated that:

- the moisture content was often too high
- the size range of the prills was unsatisfactory /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 the individual
process production steps was carried out at the Plant,

It was found that:

’ - the feed flow was unstable

~ the neutralizator capacity was often exceeded

- the temperature control of the prilling process was often
insufficient

- the prilling system was not adequate

- the capacity anc¢ efficiency of screening, drying, and
cooling systens 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 but upstream and did not represent
the final CAN 30 quality.

Therefore a proposal for minor improvements in the
Plant as well as a suggestion for possible future
revamping were compiled,




Because there exists a limited possibility of improvement
of the CAN 30 caking tendency by application of a suitable
anticaking agent, a short laboratory rasearch program was
demonstrated on laboratory equipment which was brought
along and handed over to GFC, Tho purpose of this activity
was to demonstrate to the GFC techaicians how through well-
planned laboratory researchwork results can be obtained
which solve both technical and economic problems. The tests
were carried out with anticaking agents which wére brought
but it was emphasized that for making final decisions

a moré widely based laboratory research progran world

have to be compiled.

In addition to the mentioned points, the suggestion for
producing liguid fertilizeirs and its future prospects
was embodied to this Report.
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1.

1.

1 Project of Catalvst Testinr

1.1 Purpsse of ths Project

Prevention of catalyst collapse breakdown due to
catalyst malfunection/

Objective, technically founded planning of maintenance
aand catalyst replacement

- Selection of catalyst types /suppliers/ in accordance

1.

to catalyst activity/life and mechanical strength
Pustgraduate training of technical staff at GFC and
increasing the average technical standard.

1,2 Scope of the Project

The Catalyst testing project has to be orgenized in well-
planned steps to ensure sffectiveness and economny.

The first step should help solve the known operation
problems and help tho start up after reconstruction of
the 1 000 t/day ammonia plant from naphta to natural
gas feed.

The second step should improve maintenance planning,
catalyst recharging and optimize catalyst processing .
The third 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 catalyst application,
and to make them a leading group in this field for this
gersraphical area.

To bring the above mentioned tasks to life it is necessary:

- To embody catalyst testing and general study into

the GFC organization structure.




-~ To bring to lifé and devslop the catalyst testing

pro ject.

= To reserve in the GFC budget means for catalyst testing.

- To instal necessary equipment 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 find contractors for design, deliveries, software and
hardwvare. '

Catalyst testing project time schedule has one fixed time
limit: .
- the ammonia plant start up on natural gas feed i.e. 3/19§7.

Before the start up date the recharging of all catalysts has
to be undertaken. Catalyst delivery time may take apprcx.

6 weeks and catalyst testing and comparison up to 3 months.
All tests have to be started not later than 10/1986.

The terms of the second step are more or less optional and
depond on GFC needs and financial possibilities. The 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 1lst and 2nd
steps have been realized.
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1.1.3 List of Main Equipment
Item No of pcs
- Crushirng strength apparatus
0 - 160 kg 1
- Attrition loss apparatus 1
- Screen shaker with one set of screens
C,1 to 3 mm 2 |
-~ Sulphur adsorption apparatus for active
surface of nickel catalyst measurement 1.

- Bypass recactor for shift catalyst testing 3 -4
- Processor 128 kbytecs /minimally/ for

evaluaticn of catalyst activity based

cn thermodynamic calculation, operating

in real time consisting of:

processor

contact unit for on-line data collection
CRT colour display

keyboard

printer

external meamory

- Piping for bypass reactors and for 1 set

gas sampling
- Instruments for bypass reactors 3 - 4 sets

- Instrumentation for catalyst monitoring
in 102 - D, 164 - D and 166 - D reactors 1 set for each

1.1.

4 Scrvices List

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

- Bypass reactor documentation, manual, commissioning,
training
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. - Catalyst monitoring documentation manual conmissioning,
training
- Microrrocessor scftware
- Training of GFC siaff at sister ammonia plants, research
organizuations and catalyst manufacturers

1.1.5 Labor Needs

It is probably necessary to name one chemical engineer
in charge of catalyst processes in general iﬁ the first
step. Howsver, thorough knowledge and experience in the
field of catalysts is indispensable for the armmonia plant
technical management to train a good catalyst monitoring
tean.

Besides the catalyst engineer, 2 engineers from the ammonia
‘) plant should be trained in the testing of mechanical and

adsorption properties of catalysts and minimally 3 engineers

should be trained in the passive and active operation of

the microprocessor.

Catalyst monitoring should be carried out on day shifts

by the ammonia personnel, and evaluating results should
belong to catalyst engineer’s responsibilities, The final
decision on catalyst type/supplier selection should be made
with the ammonia plant manager and the catalyst engineer,
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 catalysi assistant sliould be named for continuity in the
generation problem at GFC and to cover the increasing demand
on work and responsibilities,
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1.1.6 Training of GFC Personnel

Puty

- Training at an independont
catalyst tesiing 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 Testing Methods

1.2.0 Introduction

No. of eng. Days

2 20
2 15
2 30
2 10
2 10

A modern ammonia plant based on steam reforming of hydro-
carbons comprises eight catalytical operations:
- Hydrogenation of organic sulphur compounds of hydro

carbon feed

~ Desulphurization of hydrocarbon feed by hydrosulphide

adsorption

- Primary reforming of hydrocarbcns by steam
- Secondary reforming of reformed gas by stesm and air
- First stage of CO-conversion /high temperature shift

conversion/

- Second stage of CU-conversion /low temperatuire shift

conversion/

~ Methanation of final traces of carbon oxides

- Armonia synthesis

ee —— i —— ——C




All the above operation steps are homogenous reactions in

gasoous phase promoted 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 the gas strear ‘ 4

- Pore diffucion of reactants into catalyst active centers

- Chemical reaction /generally stepwise/

- Pore diffusion of reaction products from the active
catalyst centers

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

For an armonia producer /i,e. for a catalyst user/ the most
inportant factor is the total reactiun mechanism in the
reactor and the life of the randomly packed catalygt shift,

However, from the research point of view it is important
to study all the above described processes of heterogeneous

catalysis in all discrete operation steps.

Catalyst manufacturers and reactor designers have to follow
the same methods used in research.

1.2,1 Laboratory Testing

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. Basic research,

used testirg methods, and apparatuses are as follows:

- Individual chemical reactions /diffusion influence is
reduced/ are teated in microrcactors where particle size




0,1 - 0,5 mm is used. Catalyst volume of a reactor is
0,8 - 10 cm3.
- Chexical reactions and diffusion in pores are tested

in similar apparatuses. Grain size is 1 to 2 mm. Roactor
volunte is slightly increased. |

- For surface diffusion study it is necessary to test
commercial catalyst particles 3-20 mm in reactors of
500 te 2 000 cn3 voiume. .

- In case of tube roactors heat transfer between reaction
zone an< tube wall beside the mentioned reaction steps
is to be taken into consideration.

Reaction mechanism is tested and evaluated in the above re-
actors under defined conditions /exact rate and composition
of gas, teamperature 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 thermos
dynamic equilibrium.

R = exp (- E/RT) . f1/KT, comp,T,P/ . £2/SV,PS,D,PV/ 1.2.1/1

COMP cocoscocnscsscscscsscssffa8S composition

D seeevecececcnvecncssesscsCatalyst barticle size

E seecececececsccccnce.00esacCtivation energy

fl,f2 teeeececvesccecsceceoctlathematical functions

KT ceceecceccocvocececesses. thermodynamic equilibrium constant
P seeevveseccoecesecsconceses pPressure

PS eeeveecooovecccosescscee porosity of catalyst shift

PV tecocececeosesossossnaeces Catalyst pore volume

R cevcceveecocrececnrececes reaction rate
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For test evaluation purposes, instead of absolute
rveaction rates relative reaction rates /fig 1.2.1/1,
1.2.1/2/ or concentration of reaction products

/fig 1.2.1/3, 1.2.1/4/ are usecd.

Absolute reaction rates for HTS CC-ccnversion are given

in t2L. 1.2.1.

i Gas Ceornoesition reaction rate
°c rol rate
CC H.c CG., K, mol CO0/g catzlyst/rmin
1CE o 2% 022 «2G9 . GCCE0
381 234 197 .CT76 076 +CC173
167 « 445 188 .C44 .CC105
14C4 .203 123 o144 o144 .CO328
$ 277 «136 0234 24 .CC299

iteaction rates for HTS conversion tested under atrmorpheric

pressur-. Catelyst Fe-Cr, grain size 0,13-1 mm, tested

samples up to 1 g. /Sec Podolski, Kim; IZ3C Process, Vol 13,

so 4 1974/,
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Reaction rates calculated from data obtained in test re-
actors are valid for specific conditiorns of individual
tests. Ir 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 rust be scaled up geometrically:

Test reactor Commercial reactor Scaling up
volume volume ratio

0,1 - 10 cm° 16 - 100 m> 16° - 106°
1 - 16 du® 10 - 160 m° 163 - 16°

For lzboratory tests poison free gases are generally used.
This is the main reason why laboratory results are to be
modified before their prectical application.

Moreover, lahoratory test accuracy is limited according to
the instrumentation tolerances /volunetric measurement
+ 2 - 3%, gas analysis + 2 -~ 6 %/.

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

1.3.2, Catalyst lonitoring

To reduce scaling up problems, the testing of full scale
reactors is preferred. If full scale reactors are equipped

by contact therriocouples /see ANNEX I/1 inserted into a
catalyst layer, accuracy higher than + 1°C and a time delay

of less than 1 sec are achieved. In such a way it is possible
to evaluate the activity of commercial catalysts with relative-
ly high accuracy as most reactions in the anmonia plant aro
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’ strongly exo - or endo - thermic.
Processes in reactors are thus evaluated an a thermodynamic
basis only and troublescme sampling and analysis of
reactants are not necessary.

If exo - or endothermic reactions /i.e. secondary reformer,
HT and LT shift conversion, methanation, ammonia synthesis/
run in adiabatic reactor layers, temperature difference is
proportional to the change of composition /fig 1.2.2/1/.
Each satalyst shift in the ammonia ccnvertor is adiabatic
and can be evaluated in the same way.

However, cvaluation of the primary reforrer is nore
ccmplicated. If only radiation heating and heat transfer

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

Large scale reactor testing /monitoring/ is an engineering
:’ job introduced into the ammenia industry in the last decade.

If a decision on the bast of competitive catalyst suppliers

or a new catalyst supply is to be made, monitoring reali-~

zed in a single plant has a limited value only. It should

be accomplished hy analyzing representative data fron

other similar plants available /monitoring results ex-

change program/.

But if the exchange of catalysts and the preventive mainte-
nance program of reactors is to be carried out in an econo-
mic way, catalyst monitoring is the only objective method.
Savings irn the range of 1LU (L0 8 were proved in ammonia
plants whero the monitoring program was professionally

4 k3 ]
realized /a two ycars maintenance cycle is one of the results/,
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Exaumiples: .

- Tha econoinic service life of a sulphur adsorbent can be

determined in advance if the total sulphur load is
monitored /sce 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 ecornumic catalyst

exchange times without thermodynamic analysis.

- Planning of methanation catalyst recharging is usually

inexact. If movement of the active zone downstream the

catalyst lzyer is monitored, it is possible to avoid
Co + COa breakthrough and to achieve the full use of th2
catalyst filling /fig 1.2.2/4/

- The long term monitoring of two different catalysts in

armonia 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 ammonia

manufacturers operating two

for instance:
~ Indian Eyplosives, India:

- SCIK Vraca, Bulgaria :
- ICI Billingham, England :
VEDB Piesteritz, GDR :

or more identical units, as

3 H+G units 440 t/day cacn
6 H+G units 3C0 t/day each
3 Kellog units 1600 st/day cach
2 Kellog/Toyo 1360 t/day each
units ]

1.2.3 Laboratory Reactor Types

The reaction rate R (see eq. ) 2.1/1) depends strongly on
tomperature 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:
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’ w= B0 - L 1.2.3/1
4
differential volume
av =T _p° . dx, 1.2.3/2

4

and the constant feed rate is defined as F/kg/hr/, than
the lengitudial concentration profile along the reactor is
expressed in a simplified way as follows:

y=1

X9

L - / = 1 . dx 1.2.3/5

F y= R .
S |

kg gas feed
kg catalyst . hr

where R ........ reaction tate

X ¢oevssees COncentration kg product
& catalyst

1.2.3.1 Integral Reactors

Reaction rate is estimated on the basis of measured gas
concentrations by means of eg. 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 = ¢, Xy / and outlet /y =1L, x2/.

1.2.3.2 Differential Laboratory Reactors

Are designed for discrete reaction rate specification
/under given pressure, temperature, concentration, space
velocity/. If recaction product concentration difference
x caused by presence of catalyst differential volume
W at given gas feed rate F is found analytically, the
" reaction rate for specific conditions is defined as
follovs:

. !
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= F . A X 1.2.
R/p’tnng/ 2 W 2 3/4

For research purposes the differential reactors are realized
as circulation reactors /see fig.l.2.3.2/1/. They enable to
find the discrete reaction rate in a wide concentration .

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

A
D REALTANTS \]

K+dX

N Fi6 4.2.5.2[4

K cvveecerensenesses circulating corpressor
C eeeevencococonns gas cooler
R ocecevececeeerees test reactor
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1.2.4 Testinr of €Catalvsts Used for Homorenous Reactions

in Gaseons Phase

Generally there are three types of catalyst testing plants

used for

- Basic rescarch /new processes and catalyst research/

- Applied research /development of catalysis for commercial
processes/ o

- Operational purpose /research/ commercial 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 - 1060 cms/ designed universally for wide
pressure/temperature and gas load ranges. Up - to - date
units are fully ccmputerized, automatically controlled and
programed. Catalyst testing plants for bssic research are
conbined with very sophisticated analytical and instrument
systems. Such plants are operated by graduated engineers
and resulis are evaluated by scientists. Both outlay and
operating costs are very high.

These reactors are used for thermodynamic recognoscation
when new processes are studied.

The second type of catalyst testing plants is used for
the develorment and improvement of commercially manu-
factured catalysts as well as for the evaluation of
kinetic data needed for reactor design and process
optimation, Mini scale test units /50 cm3 - 2000 cm
catalyst samples/, designed for one purpose or for sets

3

of procosses /e.g. HT shift, LT shift, methanation/
fully computerized and automated need sophisticated
analyzcrs and instrumentation. Plants haVe to be operated




by hirhly skilled laboratory personnel, graduated

engineers for maintenance, and scientists are needed for
evaluation. Both initial and operating costs are very
high and they may be financially favourable for large
catalyst manufacturers and/or world wide active licen-
sors. For exzmnle a plant testing a full range of catalysts
active in ammonia production based on natural gas costs
about 14 - 18 million 3 , the cost of a preparation

plant for gases not ‘included.

Operation purpose and/or oreration research reactors
field testing/ are generally directly connected to a full
scale plant /e,g. bypass reactors - fig. 1.2.4/1 or side
strean reactors -~ fig.l.2.4/2/.

USing real process zas these reactors operate under real
operation cCiiditions. For the results, evaluation thermo-
dynamic methods are preferred to chemical analysis. For
example for a running reaction according to the equation

“A + LIB — Mc 1.2.4/1

the conversion increnient MC is calculated in a simplifiod

way from the thermodynamic function HEO

T1 T1 12

M, . Hgo + Mg oo By = /M -adoyHyo

S A A R utbo 1.2,4/2

If the above thermodynamic evaluation of conversion step
and reaction rate is possible with the existing full scale
instrumentation, The initial cost of a testing unit is
substanticlly reduced.

These reactors can be used for the comparison of differont
catalyst types and the selection of competitive catalyst
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suppliers if the initial cost as well below the cost of
one catalyst charge, as a rule. The upper price limit
for such a reactor in the ammonia industry is 96 GO0 - -
- 13C¢ oGG 8 .
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1.3 Catalyst Testing- at GFC loms

The construction of a classical catalyst testing laboratory
is not recommended for of the following reasons:

- High total investment costs 14 - 18 millicn $ in full
scope and 4 - 5 million ¢ in reduced scope. Catalyst testing
has not been carried out at GFC Homs to date. Lack of expe-
rience and tradition in this field would influence the work,
that means that the first effective results could be expec-
ted in 3 - 4 years after installation. In the meantime GFC
would be oblidged to solge the main catalyst problems in

a different way.

Howev r, to help overcome the ¢difficulties connected with
the temporary short life of primary reformer - and high
temperature shift catalysts, to avoid expected future pro-
blems with low temperature shift catalysts and to achieve
the universal technical standard at GFC ammonia plant, it
is recommended to introduce less expensive but more powerful
catalyst testing systems consisting of:

- Bypass test reactors /field testing/ connected -to the HIS
reactor; other bypass reactors can be connected to LIS
and eventually to the methanator

- Equivment for the mechanical testing of fresh, reduced
and aged catalysts.

- Devices for catalyst life evaluation and the activity
monitoring system

It is necessary to make an agreement on effective cooperation
with the Technical University at lioms on catalyst testing.
/primary reformer, possibly a secondary reformer, ang cata-
lyst testing in general/

Cooperation with technical staff in sister ammonia plants
/catalyst monitoring results, testing methods and results
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compuarison and exchange of experience/.

The above measures are suggested to be realized according
to the time schedule attached in ANNEX 1/II. The necessary
staff for catalyst testing should bz embodied into the
orranization scheme of Grc.

1.3.1 Hydrotreatine and Sulphur Hydrorenation

Catalvst tvpes:

Cobalt-molybden oxides or nickel molybdenum oxide based
catalysts are used in addition to the ammonia industry
also in refineries and in the petrochemical industry
for the hydrogenation or organic sulphur compounds in
gaseous or liquid phase according to these equations:

RSl + 112 —_— RH + H?'S

RS + 3/2 H2 ——» RH + H2S

Laboratorvy TesSting Methods

Cnce through reactors /electrically heated/ op:rating
under elevated pressures /min. 1lU B/ 2re used. Feed gas
free of sulphur compounds and 02, co, 002 / e.g. desul-
phurized natural gas or nitrogen/ is mixed with control-
led quantities of hydrogen and thiophene., Tiophene as
tho mcst stable organic sulphur compound is used for
testing in the ratio 1 : 105. Hydrogen sulphide as

a product of hydrogenation is determined analytically.

Field Testinr /Uperation Research/

Three or more test recactors /vol. 2 - 3 litres are
operating in paralel to the large~-scale reactor under
oxactly the same conditions. If a gas cooler is installed
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upstream the group of test feactors it is possible to

comnare the activities of tested catalyst samples at lo-
wered tenperatures too. The catalyst activity is evalua-

ted using the re§ults of hydrogen sulphide and total sulnhur -
analyzers. As the hydrojenation heat is negligible due to

low sulphur concentration, thermodynamic evaluation is

not possible.

Possibility of Catalvst Testine at GFC

Testing of hydrotreating catalysts is not probable in
the future because GFC is expected to change the feed
stocx and to use natursl gas instead of naphtha in the
near future.

Low sulphur content specified as hydrogen sulphide present
in the natural gas which is to be used as feed for the
amrionia plant starting in 1987 predetermines the hydroge-
nation reactor 101 - D to be used as catalyst guard only.

1.3.2. Hvdroren Sulphide Adsorption

Catalvst tvpe /adsorhbent/:

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 used fer the quantitative remo-
val of hydrogen sulphide and wercaptans in ammonia produc~
tion as well as in related processes like the production

of hydrogen, methanol, carbon monoxide, oxoalcohols etc:

HQS + Zn0 —_— inS + H




. Laborator- Testing Methods

The sare cpparatuses arc used as for sulphur hydrogenetion
/sea 1.3.1/ but instead of thiophene, hydrogen sulphide or
methylnercaptan from compressed gas cylinders is used.
Sulphur removal properties /desulphurization degree and
total sulphur hold-up/are evaluated by continous analysis
up and downstream of the reactor and are compared with the
total content of adsorbed sulphur in the adsorbent after
tinishing the test run.

Field Testinz

It is possible to install 3 - 5 test adsorbers operating in
parallel to 102 - D adsorber and to compare the hydrogen
sulphide break - through points. Tc get results within a
relatively short time, it is necessary to operate the

. adsorbers at relatively high space velocities.

) /3 - 5 600 ¥ /mS/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 are two monitoring procedures for st adsorption:

- Quantitative analysis of hydrogen sulphide content in
the natural gas feed

- Installation of gas sampling tubes in the Zn0 layer
/3 at least, preferably more/ to monitor: the movement
od Zn0 zones loaded with sulphur

Application Possibilities at GFC Homs E

Becizuse of the expected low hydrogen sulphide level in
natural gas, zincoxide consumption after ammonia plant
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reconstruction is expected to be 1U - 20 tons/year, which
in the armcnia preduction costs represents (,1 8 /t KH3
approx.. fFrom this point of view laboratory testing secms
not to bo important.

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

operation losses in the magnitude of 1 0CO CGC 8 are

inevitable. Therefore desulphurization monitoring is

strongly recommended, i.e. it is worth while: '

- to analyze continuously the total sulphiur level in feced
gas

- to calculate the total weight of adsorbesd sulphur in

" zincoxide and to forecast the term for recharging tho
catalyst statistically /see fig. 1.2.2/2/

~ to install a sampling tube at the lower part of the
zincoxide layer in 1(2 - D /see sketch,. Continucus
indicating analyzers of hydrogen sulphife will signalize
the danger of a hydrogen sulphide break -~ through one
rmonth in advance at a mininum,




- 40 -

After finishing the ammonia plant reconstruction the use

of active carbon for desulphurization may become economi-
cally favourable., It depends on the natural gas specifi-
cation to decide whether active carbon would be sufficient
for desulphurization. Active carbon adsorption tests should
be realized on laboratory scale first and verifiod by tes-
ting on bypass reactors afterwards. .

1.3.3 Prinary Reformer Catalvst

Catalvst Tvpes

Supported nickel oxides in the fcrm of Raschig rings /a/
or Rasching rings with enlerged surface /be/.

D
VQ;Z? °

Reduced pressure drop, good mechanical strength and better
gas diffusion conditions are the main features of tha ad b/
types. Total savings of 200 kW for a 1 (CO t amnonia plant
were attained if the ad b/ types replaced the ad a/ ones.
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Concrsn? Usa of Reforsine Cotal-sts

n
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ne chove centolysts are used for hydrocarvon steer re-

for:ing recctions only
- v n . ’ ~
CH, + nl,¢ — nC0 + /3 + /i, /1.3.3/1/

C,h. + 2mI,0 —=  nCO, + /2 + 2n/ i, /1.3.3/2/

&
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w
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' Catalvst Testing

Activiiy and activity/life tests needed for tle ammonia
plant cpreration are difficult to carry out

- under nor:al operating temperatures /i.e. above 650 °C/,
the liciting factor in the complex mechanism of the steam
reforming operition is the radiant heat transfer into
tutes and not the catalyst activity. This was proved for
all catalyst types. ) '

for long, trouble free operation the most impoftant
section of the reacticn tube is the upper one. Hydrocar-
ben/steam mixture is preheated here from 50 °C apprex.
to operating temperatures /zbove 766 °C/. In this zone
kydrocarbons are preheated and cracked into radicals which
are reforred immediatelly afterwards. Carbon formation
and coking can eventually take place in this preheating

zone /fig. 1.3.3 /1/

e e i ¢ ¢ v oA —— S——T

) < A... ACDJE CATALYST
w ©c
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TEMPER. °C
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= reaction tube internal diameter difference between the
hot and cold states is 1 mm approx.

1.D. 73, 21
‘ ."']V.
/ | ) *\\\
- VA
Y
M i Y 4

OPERATINS  TEMER ;

ATMZISPEERIC  TENR

l — .

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 dewn/
start ups perform higher mechanical loads, and catalyst
breaking,resulting in increased pressure drop.

—_——-hd/

Each of the 322 tubes having ¢,59 m3 of catalyst operctes
as an independent reactor. The scaling up factor for test
reactors therefore is relatively low /1:5 GO0 - 1:6G6 (00/
and reaction mechanism modelling seems to be easy.

In case of tube reactors, the reaction mechanism described
in 1.2.1 has to be completed with heat transfer into tube
to obtain a representative reactor model. However, due

to the completely different nature of cheriical reaction
mechanism and heat transfer, The primary reformer procoss
can not be tested on a laboratory scale.




Nevertheless, léboratory reactors can be used efficient-
ly for the modelling of specific important parts of
complex processes:

- Modelling and comparisgn of competitive catalysts
under preheating zone conditions _

- Evaluation of the catalyst reduction conditions
/comparison of reducing atmospheres: steam only,
steam/nitrogen and steam/nitrogen/hydrcgen mixtures/
on the final catalyst activity namely in the prehea-
ting zone. )

Laboratorv Testing

Laboratory testing of primary reformer.catalysts is not
described Lere, as a mini scale reactor is available at
the Technical University at Homs and it is recommended

to make these tests there.

Field Testing

A full scale sinrle catalyst reformer tube installed in
paralel to a 101 B primary reformer /fig. 1.3.3/2/ is

the only procedure which presents reproducable results
for the objective comparison of competitive catalysts.
Thhe high installation costs /min. 256 00C 3 / 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 comparison of reaction activity of all
nickel based catalysts. The Nielsen adsorption method is
used. Analysis of the quantity of adsorbed sulphur on
samples of catalysts presents good primary information’

on the tested catalyst. Relatively cheap apparatus for
goncral use is available,
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Primarlry Reformeeratalyst Testing at GFC

Prinery reformer catalyst life at GFC lloms presents one
of the main operation problems. Therefore 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 are knocwn,

As the nrimary refornier catalysi at GFC is unfavourable ,
influenced by a small quantity of steam and by an increa-
- sed number of shut downs/start ups, it is recommended to
install a crushing strength measuring apparatus,

For the conparison of catalyst activities in the prehea-
ting zone, it is recomuwended to realize activity tests

at the laboratories of Techrical University Homs in the
temperatures tetween 6C0 - 75C OC. For the above test it
is necessary to deliver natural gas in compressed gas
cylinders., The testing is time consuming. To compare the
properties of 5 catalyst types a half year period is
usually needed and it is necessary to provide technically
trained personnel /1 graduate + 1 technician/.

For general comnarison of all the Ni based catalysts
/primary and secondary reforwers, methanation/ it is
recormended to install a simple measuring instrument of
sulphur adsorption on nickel,

In tho future a program of catalyst activity testing
should be compiled to evaluate and compare different
catalyst reduction methods /reduction in superheated

steam, nitrogen/steam and nitrogen/steam/hydrogen
mixtures/.




Full Sc~le Testing

Becauss of the high investment and operating costs of

a single scale reformer /see fig. 1.3.3.2/ this alter-
native is recommended. However, 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 ammonia plant start up only/hydrogen production
for desulphurization/.

. During the normal operation of the ammonia plant up to 12
catalyst types may be tested in parallel providing that
temperature monitoring along each testing tube and gas
sampling downstream catalyst tubes will be installed.

In such a way GFC would have the opportunity to compare
under exactly the same conditions up to 12 competitive
catalysts at minimum expense. The operation regire is not
too different from operation conditions in the primary
reforrer furnace 101 - B.

The above tests could present the most objective comparison
of competitive catalysts and the risk of misleading results
is kept at a minim.m, Besides long time activity measure-
ments, resistance to breaking tendency can be tested.
Several planned shut downs and restarts can be monitored
during the test run,

In case of the reconstruction of the ammonia cracker to the
semiscale multitube test reactor, GFC Homs would lose the
the hydrogen source for ammonia pla..t start up. The recon-
struction furnace would produce instead of a hydrozen/ni-
trogen mixture, a hydrogen/carbon oxides/methane mixture.
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As carbon oxides should not be used for sulphur hydro-
genation to prevent methanation reactions on a CoMox
catalyst

Co + 3!!2 — CH 4 + H20
CO + 41!2 e CH 4 + _ 21!20

it is recessary to minimize the ahove effect by:

- a plant start up with hich nitrogen circulation/.to di-
lute CO + CO., belew 1 % vol./. I.E. 25 to 35

times more nitrorzen than hydroge

- cracked gas could be washed out by means of water,

The carbon moncxide content can be reduced and the
nitrozen: hydrogen ratio could be kept at the value
of approx. 15,

- start vp of the amponia plant with nitrogen re irculation
only. Cracked gas can he injected upstream HT shift
converter 102 - D it temperature in HTS citalyst reaches
366 °C. Both CC and CO, would be reduced in LTS and
LIS convertors and in the Carsol plant.

Econonic Results of Prirzry Reforrer Catalyst Icsting

~ less time consuming start up and reduction procedure
/in accordance to existing operation manual/ should be
developed in future. Every hour saved during the start
up and catalyst reduction operations mean 5 (00 3
approx. on extra amnonia production and save 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 stability
and act1v1ty in the precheating zone were proved by

tosting and adequate fesults were obtained
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Rebuilding of the 105 - B ammonia craker to a semiscale
rultitest reformer nay provide an excellent opportunity
for precise comparative testing of coupetitive cata-
lysts under precisely defined conditiops.

1.3.4. Secondary Reforrier Catalyst

Catalyst tvpas

Supported nickle oxide resistant to high temperatures.

General Use o¢f Reforming Catalvsts

Above catylysts are used for hydrocarbon reforming in the
presence of air /oxygen/. Stezm reforming reactions
/1.3.3/1, 1.,3.3/2/ follow partial oxidation of the secon-
dary reformer feed. Similar catalysts are used for auto-
thermal reformers,

Catalyst Toasting

Due to relatively high operation temperatures in the
secondary reformer catalysts, the influence of gas
diffusion on the reaction rate is reduced, which is
the reason why the test results obtained op crushed
catalysts not differ considerably from test results
obtained on uncrushed catalysts.

For laborutory testing the same apparatuses are used as for

primary reformer testing with appropriate moethods,
The test reactor has to be heat resistant up to 1350 °c.



- 50 -

Field test reactors are not realized due to extremely
high oreration temperatures /namely because of pipe con-
nections/. Even air/gas mixing of field test scale is
difficult to design and to operate safely.

Secondary catalysts generally suffer from high operation
temperatures /upper part of the laser is hcated up to

1 300 °c/, migration of silica from steam and 1efracto-
ries and alcalis from primary reformor catalys s. Most
often cracks have been found on catalyst particle bodies
resulting from overheating, which has led to the destruc-
tion of the particles later,

Secondarv Reformer TestinT at GrcC

No important problems have been discovered to date on

the secondary reforner at GFC. The testing of this catalyst,
if necessary, should be planned for the second stage of

the GFC catalyst testing progrum, when more serious 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 appropriate catalyst supplier is to be selected it is
recomrniended to test the 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 upstreamm the HT shift reactor.
Overheating can be arranged in a laboratory furnace.

Basided the crushing strength the most instructive paranes
ter for selecting a catalyst is the optigal inspection of

cracks which appear on the catalyst surface after repeated
overheating to 1350°cC.
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1.3.5 Shift Conversion Catalysts /Hich and Low Temperatures/

Catalyst types

For high temperature shift coaversion /HIS/

iron and chremiur oxides are generally used., Side reaction

N + 34 — 2NH

5 2 /1.3.5/2/

3
should be suppressed. ‘Operation temperatures are
340 - 450 °c.

Low teriperature shift conversion catalysts LTS / see

’ eq. 1.3.5/1/ are supported copper and zincoxides or copper,
zinc, and chromium oxides. (Gperation tewmperatures are
200 - 260 °C. Side reactions produce methanol and procducts
of methanol oxidation generally expressed as methanol

— cuaou /1.3.5/3/

002 + 3H2 — CH30H + H20 /1.3.5/4/
Side stream reactions should be minimized in order to
decrease hydrogen losses and to avoid corrosion and pol-
lution problems /formic acid is one of the methanol oxi-
dation products/,

Besides LIS and LTS cataiysts thero are two types of
medium temperature shift conversion catalysts available
operating from 250 to 4C0 °C. The first one based on




cobalt molybdenuin oxides is not appliccble at GFC as it
operates in sulphidized form only.

The other type is a differently formulated HTS catalyst

but even this catalyst shonuld not be applied at GFC due to
operation regime /1¢2 - C boiler downstrecam temperature

would have to be decreascd below 300 oC, and 163 - C,

104 - C, and 112 -~ C exchangers would be hLeavily off-loadcd/.

Generally, the activity of the HIS catalyst is inversely
proportional to the crushing strength /fig, 1.3.5/1/. !

HTS catalysts always contain sulphur. During catalyst reduc-
" tion sulphur migrates in the form of HZS downstream to the
LTS rzaétor., '

The active component in the LTS catalyst is copper. Very
fine particles of copper present the highest activity

’ centres. As copper tends to sinter at temperature above
250 oC, it is important to operate at temperatures up to
250 °c. Operating above 250G °C reduces catalyst life,
LTS catalyst is extremely sensitive to chlorides and
hydrogen sulphide., Even silica could bleck the active
centres and under the existing conditions high quality
steam can not be guaranted before 187 at GFC. Up to this
time a risk of LTS catalyst poisoning through silica,
chloridies and other inpurities from process steam cannot
be avoided,

HIS catalyst life is unfavourably influenced in a similar
way and moreover HIS catalyst can be destroyed by wet

steam during start ups without nitrosen. Short 'ifc and
decrecased activity of the HTS catalyst resyfg in increased
CO content upstream the LTS convertor., The convertor operates




at higher CO content. Higher CO conversion results in higher
exotermic heat evolved and the LTS catalyst nay be overheated,

GFC has experienced low HTS catalyst life. As indicated above
it is neuessary to expect li.aited LTS catalyst life under

existing conditions,

These are the reasons why .2sidecs primary reforming and
HTS catalysts, GFC has to test and evaluate LTS catalysts

initially,

Leboratory Testina Mathoads

Both HTS and LTS catalysts are sinilar, with the exception

of different operation tenmperatures. Integrzl /one through/
glass reactors operating at a parallel /up to 4 reactors/ are
generally used. Conversion is measured analytically. Reformed
gas can be used.,

3

Field Tcst ngsctors

Bypass adiabatic reactors joined to the 102 - C reactor can

bz installed. The conversion degree can be easily measured by
theraocounles as CD conversion is quantitatively proportional
to the reaction heat - i.e. to the temperature difference.

It is not necessary to install expensive gas analyzers with
high requirements on nmaintenance, however ac conversion
calculation hased on tenperature difference neasurenent is
time consuning, it is recoarended to use either a pregranmzble
calculztor or microproccssor.,

ACTinry

CRUSHING STREMGHT

Fia 1.3.5/1
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Shift Conversion Catalvst Testing at GFC lloms

In medern amimonia plants the HTS catalyst and the

ammonia synthesis catalyst are the most reliable . Quite
different is the situation with LTS catalysts. LTS catalysts
norrally show the shortest life.

Under local ccnditions the HIS catalyst has an extremely
short life and so it is necessary to introduce HTS catalyst
testing.

In ANNEX 1/II1 the field testing of CUO catalyst is specified. !
Bynass reactors can be operated by operation and maintenance
‘persomnel, Test evaluatiln /preferably computerized/ can be .
carried ont by engineers in the ammonia plant or by a spe- @
cialist for the development team of GFC. The above expensive
method can be rcalized within few months and can present

the objective counparison of catalyst pronerties exactly

for the GFC present operating needs.

Laboratory reactors for shift conversion are relatively

not expensive and can present reasonable results in catalyst
testing, based on comparison of their properties, however

it is necessary to install them in a special gas laboratory
/near the anmonia plant to avoid problems with gas transport/
and to nrovide staff for Kkeeping the laboratory in operaticn
/1 university gradusta, 1 operator, 1 man for maintenance/.

Both bypass reactors and laboratory reactors may be used
- even for LTS, this will probably be necessary in the near

future,

In parallel to catalyst activity testing it is necessary to

test the crushing strensth /aged catalyst/ namely under
present operating conditions of HIS/ low quality steam,
possible catalyst wetting during start ups/.
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1.3.6 iieth2nation Catalyst

Supported nickle oxides, operating at wnediun- temperatures
/250 - 4SO°C/ for nethanation of final traces of carbon

oxides
CO + 3H, --—» CH, + H0 . /1.3.6/1/

o - .f
002 + 4H2 —_— CH4 + 2H20 /1.3.8/2/

Generally, there are three types of methanation catalysts

for different operaticnal tcnoeratures:

- low temperaturc /200 - 250 O¢ nethanation of CC in the
presence of oxycen which is sinultaneously hydrogznated to
water/

- nediun tenpsrature /250 - 450 °C used in the arnonia
industry/

- high tenperature /SHG preduction/

Low temperature catalysts can contain even chronium oxide

besides nickle oxide,

As the reactions 1.3.5/1 and 1.,3.6/2 are extrenely exothernic
it is necessary to prevent the catalyst charge and the
methanator to be preneated which may happen if the carbon oxide
lcvel exceeds the above safe limit /for the ammonia plant

1 to 1,5; CC + COZ/'

Catalyst Testing

In principle it is similar as reforming catalyst testing.

Laboratory recactors are usually designed for atmospheric’
prcssure and for temperatures up to 500 °c. Hydrogen/nitrogen
mixture frce of carbon oxides is mixed with CO2 and/or CO,




They are purified .and tested. CH4 content and C(, 002
traces are indicated downstream teactor. As the methana-
tion of CG, has the lowest reaction rate, catalyst testing
with C02 ogly is preforred.

Field Testing

Side stream reactors may be iastalled at a parallel to

the plant methanator. Terperature increase caa be registred
and by means of thermcdynimic calculations transfcrued to

the recaction rate /analvsis of gas components is not necessa-
ry/. Side stream reactors prevent ClL, C(C, leakage to amsnio-
nia syntlesis systern in case of maloperaZion.

Besides the ansonia synthesis catalyst, the methanation l
cetalyst has tho longest life among catalysts used in
an anvionia plant. Tlhis results from the high purity of
the downstreem methanator and relatively mild operating
conditions. Only if flooding in Cbz 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 case of fresh catalysts they are finished in the upper
part of the catulyst layer. During catalyst aging, the
reaction zone nioves slowly downstream the reactor without
noticable CO, C02 leakage /see fig 1.2.2/4/. Vhen the
reaction zone reached the end of the catalyst layer,

C(;2 leakage followed by CO leakage appears a few days
later, which resulis in an unplanned shut down for cata-
lyst recharge. To prevent unexpected shut downs methanation
catalyst monitoring is important, and more useful than the
comnon testing of catalyst activity.

Methanation Catalyst Testing at GFC

As theroe are no scerious reasons for the deactivation of
the methanation catalyst it is proposed to introduce

testing of tho methanation catalyst in a Jater stoge
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after problems with shift conversions and reforming cata-
lysts will te settled. For activity evaluation based on
sulphur adsorption the testing equipment installed at the
Technical University Homs can be used. But catalyst moni-
toring shkould he introduced at GFC as soon as possible as
the methanation catalyst has geen under operation for near-
ly 4 years and so it has entered the second half of its
life.

1.3.7 Amnonia Synthesis Catalyst

Catalvst tvres

Promoted magnetite catalysts reduced to -<- iron are ge- 1
nerally used for the reaction. . |

N, + 3H2 — 2XH3 /1.3.1/1/

The conversion is limited, concentrztion below 16 % NH3

in the gas leaving the reactor at operating pressure 150
bar. Catalyst reduction procedure is extremely important
and essentially influences its final activity. For the
iceal reduction of the catalyst enormous space velocities
such as 1060 000 Nms/ma/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 GCO Nms/ma/h/, test results obtained for conmer-
cial catalyst types cemparison are of little practical
value.

In modern armonia plants with centrifugal compressors and
very pure make up gas as at GFC, ammonia synthesis catalyst
life is 6 - 12 years and therefore it is more economical

to order a new catalyst charge from a traditional highly.
experionced catalyst supplier even for a higher price than
to install a test reactor. The catalyst suprlier may be
selected on the basis of experience exchanseq with foreign

ammonia
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producers where more convertors are operating at a
perallel.

Laboratory reactors are very expensive because they work
under hizh opsration. pressures /102 bar nmin./. Before

testing the catelyst is crushed dowun to the size 0,5 .- 1,5 &=
~s the zrncnia syntihesis reaction is controlled by gas
diffusion

sece fic., 1.3.7/1 / scaling up of. results is problenatic.
€ g P

Installation of bypass reactors is coaplicated due to the |
use of nigh pressure. . i
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Conclusions

High investment costs for a fully equipped catalyst testing
laboratory 14 - 18 mil 5 and operating costs 0,6 - 0,7 mil 3
per year would increase costs of produced annonia by

10 - 12 3 per ton of anmonia. Even a ninimalized catalyst
testing plant /5 mil B/ is not econonic.

GFC has experisnce with catalyst life of ths prinary reformer ’
and HTS conversion c¢atalysts only.

As operation cdifficulties are to be solved step by step,
it is not advisable to install a catalyst testing plant

for all the eight catalysts used in the amnonia plant at '
the sane tine. The testing of primary reforasr and HT-CO
conversion catalysts is to be realized as the first step.

The above-necntioned low life of the primary rcformer catalyst
was evidently conneccted with the high contamination of

processed stean.

HT-CO catalyst vias spoiled by wett steam during start 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
secured. Existing problems of primary reforner and HTS
catalysts will be caused by insufficient mechanical strength
than by low catalyst activity,

For the decision which of the more than dozen existing
catalyst suppliers should be chosen, relatively cheap
bypass reactors for HT conversion will give sufficient
information.

As far es the preheating zone of primary reformer catalysts
is concerned, the existing laborstory reactor at GFC may be
used for testing,
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ANNEX I/V

Microvrecessor for Catalvst Testing Froject

Laboratery tests and/cr field tests as well as process
units wonitoring data have to be evaluated by means of

a computer. litndreds of items of input data for each
evaluation have tc be collected and dozens of calculation
procedurés have Lo be carsried out. Cne evaluation per day

for all reactors and test reactors-is considered a minimun.

To derienstrate thermofvynamic evaluation of catalyzed pro-
cesses in case of catalvst nonitoring or laboratory test

evaluation, a cemputer program was developed. As Lardware,
Teleputer nmicroprocessor l12fKk bytes manufactured by Redi-

fussion was used.

Similar not exj: nsive hardware is suggestecd for GFC accordin:
to the catalyst testing project, Iwvo or three units /one
operation, one stand by, one for training and program boo-

ting/ are recorrended as optimum.

The catalvst testing progran even if applied to its full
extent, may lcad one microprrocessor for less than four
hours per day. Jor the rest of time the microprocessor

may be used for other engineering and econcmic calculations
and training puri.oses.

Brief description of software developed by the UNIDU tear
during their stay at GFC Homs:

Thernodvpanic Eviailuation of Shift Cenvertor Peactors

ET and LT shift conversion reactors /full scale for moni-
toring field of liboratory reactors for catzlyst comparison/

function and activity /reaction rate/ evaluation,
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Software consists of:

- Data bank for 25 chemical compounds containing thermo-
dynamic data

- Mass balance for all make up gas plant train /i.e. mass
baliznce for desulphurization, primary and secondary re-
formers, HIS and LTS conversions, Carsol CG, wash out
and methanation/. 3

- Heat balance /enthalpy balance/ for any of the above
steps

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

Calenlation of ammonia Production Cost ' !

On thke basis of plant investment, maintenénce, and catylyst
costs, overhead, labor, feed, fuel, and utilities consump-
tion, the production cost of aimonia is calculated.

Lower efficiency at turn down ratio /load below 160 %/
as well as losses during start up, energency shut downs,
unplanned maintenance and catalyst recharging are respected.

Softvare consists of:

Simple technical/economic equations for the calculation of:
- Production cost

-~ Turn down operation losses

- Start up losses

- Unplanned maintenance and catalyst recharge cost.

Boilcer Dlow Down Calculation

Genaral halance of contaminants in the steam system for an
ammionia plant,

Software consists of the following calculations:

- Partial pressure of contaminants in steam

- Balance of contaninants in the steam system
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Cheeoprojekt Fraha
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=
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Total Dry
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Chescprojekt Praha

14 Froces Condensatce

Frezcure
Termpor ature

Composition

HZ

CO

co?2

N2

A

H2O

Chk3

CHZGH

p4

Totel Dryv
‘Total Wett

Total in kgs

27.20 B

0.00 C

kMol /e

- +0,. 56450
+0.00271
+2. 47552
+0, DF505
+0., Q0203

+2611.74
+O . Q0%
+0, 14945
+0.51952
+2.756150

+2615.511
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15.01 -
0,07
64,48
2.55%
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0. 0G0
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. 112,152 Chescprojekt Praha
ST =T éavd = 15 Carsol Sol vwtion
Fressurco J0.30 B
Temperature 0,00 C
Compaositicn kMol 7hr St.m3/hr molal %

H2 +22. 00045 493 1.40 %

co +0. 1055 2 Q.01 %
Coz +1550. £F000 34523 98.35 %
Mz +3. 74355 84 0.24 %
A , +0. 07855 2 0.01 %
- HZO 7% &65150.1 % 1.86027E+056 0.00 %
CH4 +0. 09053 2 0.01 %
Totel Cry : +1575. 70900 35104 100, 00
Total liett : +66726. 760 % 1.45338E+06
Total in hgs 1242148, 000
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. 12,1534 Cheacprojekt Frah;

§i]:§g§§g3gjL__gm, 18865 MU C:c3r1cieer1sséai;je

Fresswe 26.50 R

temperaturs 0.00 C

Composition kMol /hr St.m3/hr molal 7%
H2 +0,.G2417 1 84.26 %
H2 +0.00320 0 14.586 %
a +0, OOO07 O 0.31 %
HZO ] - +561.932064 1388 0.00 %
CHa +0O. 00022 - 0.77 %
Total Dry +0. 02869 1 100, 00
Total ettt +61.735% 1387

Totsl in kas 1115.%2158
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. 1101354 Cheaoprojeit Praha
STrIRETodyd-l = 17 Froces a&ir _ e
Frezsure 35.70 Ek
Tempzrature 25.00 C
Ccapcsition kbiol /bt St.m3/hr molal %

HZ +0,148731 4 o.01 %
coz +0,50192 11 0.0% %
N2 +i305. 42700 29250 78.03 %
A +15.7243% I52 0.94 %
- HZO ) +0.77256 17 0.00 %
0z +351.17810 7864 206,99 %
Total Dry . : +1&7 2, 073200 37381 180,00
Total =ttt : +1673.845 37498
Totzl in kos 48477.150
stecm 1nj. +3469. 400 kgs proces air blani:et
Gas Temperature +25.0 C Enthalpy = +3 374 887 kcxl/hr
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Gas {emperature +381.0 C Enthalpy = =27% 664 400 kcal/hr
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Explanation of Abbreviations

AA L.cicceicrcccenssossssasanticaking agent-

AN ceeeieeoseeaceceansecessammonium nitrate

CAN ccceececvccccseceessascalcium ammonium nitrate

CAN 30 c.ceceevececocccessCalcium ammonium nitrate, nitrogen

_ content 30 % b.W,

deg cececeecesenssseesssssaverage diameter of particles /mm/

I eececcereesscscsscecsess fertilizer

GFC scecececccccoceceesacs General Fertilizer Cc. Homs

HP t.ieevecscecesccsecnesees hygroscopic point /%/

NP veveeeoeccosecosaacacees ammonium phosthate

RHA cevvoecccvoccoscsecsess relative humidity of air /%/

SA cccececccccanscensesess Separating agent /powder
conditioner/

UAN cccccvccecccecacceecses Urea and ammonium nitrate
solution
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2. Calcium Ammonium Nitrate

2.1. Short Characteristics of CAN - Production at GFC Hons

The CAN - plant was designed in the sixties for the capacity
of 110 CO0 mtpa calcium ammonium nitrate expressed on
nitrogen'basis. i.e. approx. 4,6 tons N/h. The nominal
capacity of the production unit of 17,7 tons/h of prilled
CAN with 26,0 % N b. W. has been maintained till the year
1984,

At the beginning of Sentember 1984 measures were taken for
increasing the nitrogen concentration in the final product
in order to cut down handling, storage and transport costs.
Since 1/10/84 ralcium-ammonium nitrate with 3G % N b. has
been produced.

The change of technological conditions has been achieved
without any significant change of the existing equipment
with the 2xception of the dosing of dolomite into the mixers.
The consumption of dolomits has been adequately decreased..
This resulted in increased specific consumptions of nitric
acid form 580 kg /100 %/ t CAN /26 & N/ to 680 kg /160 %/ t
CAN /3G % N/ and of ammonia from 16C kg /1(C %/ t

CAN /26 % N/ to 185 kg /100 %/ t CAN /3G % N/.

The present caking properties 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.

-—re
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2.2 Caking of CAN - General review

Nitrogen fertilizers when stored, have the tendency to form
hard lumps and crystal agglomerates. The mechanism of their
caking has lately been thoroughly investigated. Although
different theories exist it has been generally accepted
that one of the most important factors in caking is the
formation of crystal hridges at the points where individual
granules contact each other. '

Caking -is however a very complex phenomenon. The intensity

as well as the speed of caking is affected by various ractors
"both internal and external. Examples of internal factors are:
constituent moisture content, particle size, shape,

hardness and nlasticity, continuing chemical reactions,
capillary adhesion. External factors include handling and
storage conditions such as storage pressure, time, tempera-
ture, humidity of atmosphere etc.

For the most caking mechanisms the presence of moisture in
the form of a saturated solutirn is essential. Therefore,

the amount of residual water that remains in the fertilizer
at the tirme of tis mranufacture Las 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 caking, when it occurs, is
rclated to other factors.
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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 particles and thus reduces the caking.
Cn the other hand, mechanical weakness, high porosity and
plasticity, bad shape of granules 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 farming leads to increasing
demands on the freeflowing properties of fertilizers.

To meet the requirements of customers;, the conditicaing

of conmercial grade fertilizers has been widely introduced.
Most conditioners used on granular fertilizers ‘are either
very fine powders that adhere to granules or liquids that
are sprayed or to their surfaces.

Powder anticaking agents create mechanical barriers between
granules and absorb, spread and inactive the solution phase
on granule surfaces. Solid conditioning égents such as
diatomaceous earth /kieselguhr/, kaolin, talk, chall,

clays - untreated or hydrophobized with fatty amines -

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 amount of oil /usually only 0,2‘-
-0,5%b.w./.

Liquid organic conditioners are surface active agents
/surfactants/ that change the interfacial tension between
solid and liquid phase and function as crystal modifiers
inhibiting or weakening crystal growth among the granules.
A surface active molecule comprises a non~polar hydrophilis
group. For the CAN - conditioning cationic surfactants

are widely used, the most important of which are the long -
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- chained fatty amines. The fatty alkyl chain /with

8 - 18 carbon atoms/ gives them a high hydrophobic power,
which grows with the number of carbon atoms. The polar
radical M, provides the molecule with a great affinity to
the surfac;. Formation of hydrophilic coating on the surface
of granules, improved water repellency, reduced capillary
adhesion between particles, inhibited or reduced crystal
nucleation are the main features of conditioner anplication.
Fatty anines and their derivates are effective at low
concentrations /200 - 10C( g per ton of fertilizer/, therefore
their presance does noi influence the quality grade of the
comnmercial product. Fatty amines may also be used in
combinaiion vith hydrophobic mineral oils.

In the case of ammonium .nitrate fertilizers, internal con-
ditioners may be used to improve physical properties and
modify the effects of crystal phase inver-sions that result
from temperature cycling during storage. The inversion of
crystal mcdifications IV, — III. 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 approrriate conditioner and the
treatment procedure must be properly performed. Extensive
preinvestigations and cac<ing tests must be carried out to
find the best way as to efficiency and economy. The recommen-
ded testing methods described in this report have been
introduced at GFC iloms by the UNIDO - team,
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2.3 Uperational Problems in the CAN - Plant at GFC Homs

2,3.1 Introductory Conmrent

In respect to the fact that the caking tendency of the
product results from operational conditions, a hrief
investigation of the CAN - plant was also embodied into

the program of the UNIDO team assistance to KResearch Labo-
ratories. at GFC lloms, Essential operétional nroblems are
discussed in the followine chapters. Except for the conta-
rminaticn of waste condensate all described problems are con-
nected with caking directly or indirectly.

2.3.2 High Losses of AN in Vaste Condensate

1.3.2.1 Analysis of Present Situation

From the neutralization reactor of 1IN - type small Jdroplets
of AN - solution are drifted away with 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 1 g AN/1,

In the last two months -~ after the technology had been chan-
ged - great differences in the AN - content were observed,
with peak conceéntrations exceeding evea 100 g AN/1.

The daily operational ieporis that cover the pertinent -eriod
of time were evaluated., It was found that the losses of
ammonium nitrate remain within reasonable linmits when the
nominal capacity of the neutralizator 4,6 t N/h is maintained
or only slightly exceeded up to 5,6 t N/h maximum/ see fig.
2,3/1/.
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Under the previous operating conditions, when CAN with
only 26 % N was produced, it was not possible to surpass
the nominal capacity of the neutralizator 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 3C % N/ the
decrease is about 13%/, the bottle-neck at the rear part
disappeared and moved to the "wet"” front part.
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2.3.2.2 Conclusions and Recomuendations

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

If allowable AN - concentration in waste condensate is sur-
passed the proper function of waste water treatment plant
may be seriously endangered. Therefore devices for the
automatic design of inlet streams into the neutralizator

and for armonia pressure control should be installed.

As the separator of drdplets in the neutralizator head
was heavily corroded a new one has to be installed.

The proposal for the manufacture of the pertirent spare
parts and their assembly has been presented to GFC Homs.

After any unscheduled shut-down of the CAN - plant the
effort is evidently made to compensate for the production
losses as soon as possible. As no excess capacity in the
neutralization secticr. is avuilatle, an extra storage tank
for AN-solution could be installed adjacent to the existing
storage tanks 03 ~ 1G A and (3 - 10 B. In case that the
rear part of the unit has to be put out of operation for
about 2 hours /but no lonzer/, the neutralization section
could be kept in operation without  interruption and the
three storage tanks (3 - 1¢ A,B,C would be able to receive
and store the produced lean AN-solut”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 contrnl of the waste water treat-
ment plant an operative link between these two departnents
has to be assured.
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2.3.3 Prilling

2.3.3.1 Analysis of Present Situation

Acoording to the indications of existing measurement devices
the AN - melt leaving the vacuum evaporator

. /580 - 600 mm Hg vacuum/ has the AN - concentration

98 % b.w. max. and temperature 165°C max. The temperature

of CAN - melt at the centrifuge exit is 155 - 166 °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 granules break off and ihcrease the rate
of undersize fraction, a hich temperature difference results
in variably formed prills due to the extenxive contractions
during solidifying. ° high tempergture of the melt also
causes caking on the ground of the prilling tower because
the time of fall is nct sufficient for intensive cooling,.
The optimum temnerature difference should be traced through
long-term results, Generally 6 -~ 9 °C difference is recommen-
ded. New temperature measurenient devices at GFC have been
installed and will shortly be in operation. However, for

a long time period tefore, the operators were not able to
control the prilling temperature in the requested range as
the measurement devices were out of order. For ontimizing
the prilling process, reliable temperature control is absolu-
tely necassary.

To improve the physical properties of commercial products
internal conditioners are generally applied before prilling.
At GFC internal conditioning is applied in limited range only.
Ammonium sulphate is added to suppress the hygroscopicity of




- T5 -

CAN due to the inversion of Ca/XCsl2 to insoluble CaSG4

but no sicative component and no hardness promoter are
introduced into the process. Let us mention the example

of Fisons technology /however using drum granulation instead
of prilling/ where additives /NH4/2 S0, and FeS(\4 are
succesfully used in the rates 2 % and 1,4 % respectively.
Amnionium sulphate besides the mentioned conversion of
calcium nitrate to calcium sulphate forms also low soluble
complex salts and ferrous sulphate effects as internal
sicative because one molecule of FeS(G, is able to bind up

to 7 molecules of water. The presence of FeSC4 promotes

the increased crushing strength of granules and simultaneous-
ly suppresses their plaxticity. Not only sulphates, also
phosphates may be used as internal 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
achieved at least. lligh moisture contént results in a high
rate of plastic granules in the product. High plasticity
increases the caking tendency.

For information a typical relation between caking tendency
of CAN 30 % b.w. /of Czechoslovak origin/ and its moisture
content evaluated experimentally by the Research Institute
of Inorganic Chemistry (sti nad Labem /5/ is shown in

fig 2.3/2. When CAN 30 /on dolomite basis/ was tested,

the slope of curves for water content over v,8 % was found
even riore steep /3/.
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® 2.3.3.2 Conclusions

The rmeasurement devices for the control of the prilling
process, particularly temperature control, have to be
perfectly maintained, The possibility of internal conditioning
has to be thoroughly investigated and intrnduced in practice,

In case of future revamping or extension a proper design
of prilling tower height countercurrent cooling air flow
has to be carried out. The elevation of the prilling tower
would help improve the nhysical properties of granules
including moisture content, granulometric hLomogenity and
mechanical strength, The height of prilling tower should
be designed for an exit temperature of 90 - 1CC °C. Revam-
ping should coriprise the system of vacuum evaporator and
spreading bucket. As reported, in up-to-date types of

LUWA film evaporators water content of AN melt under 0,1 %
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evaporators water content of AN mell under ¢,1 % is reached
/1/.In case of a radical recenstruction of the whole unit
the technclogy cof final treatment of CAN-nelt has to be
revised with respect to recent progress in this field
/fluidized bed on the bottom of prilling tower, granulation
drum instead of prilling tower etc./.

2.3.4 Screeinng

2.3.4.1 Analysis of Present Situation

Prilled CAN /temperature 100 - 11¢ oC/ 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 canacity of 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

63 - 26 A,B, the separated main fraction joins the bypassed
material and enters the drier that operates actual - -c

a cooler only.

Durihg the screening process an undesirable crusning

effect upon treated CAN prills nas been observed. .

LOw hardness of prills and their unsufficient resistance

to sloughing and abrasion in addition to improper function
and reduced 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 feed.

The CAN-prills after cooling tc 66 - 70 °C are transported
by a bucket elevator to two parallel fluidization coolers
03 - 41 AB /one of which is under operation and the second
stands by. To prevent the lumps snd greater conglomerates
of CAN entering the fluidization cooler and to protect it
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form being blocked; a fix grid with gaps of 1,5 cm was
installed at the inlet. The separation of the grid seems

to be dubious. Unfortunatelly this device causes 25 - 3¢ %
of the whole production that is not to be subjected to final
cooling. Temperature gradients between the cool /30 oC/

and non-cooled bypassed stream /6C - 7¢ °C/ cause temperature
fluctuations in the critical region of the transient tempe~
rature. The changes of the III-rd and IVth types of crystal
modifications weaken and destroy CAN-prills and result
finally in a low anticaking capability of the commercial
product. ' '

The described detrimental effect of recrystallization is
often increased by hicher moisture content ¢,5-~-06,9%
/even 1 % was exceeded when the efficiency of the vacurm
pump was lovwered, peak values over 1,7 % were found/.

In these higher ranges of moisture critical transition
teriperature limits are very narrow /7/ and can easily

be surpassed several times in both directions in the course
of mixing the cold and hot materials /see fig, 2.3/3/.

Fic. 2.3 /3

MODIFICATION M. STABLE

oC

TEMPERATURE

X 0t 64 o4 06
CAN  MISTURE CONTENT o B.V.
NOTE : INFORMATIVE KETCH ONLY FOR EXACT DATA
Sec ur. (1)




The above described techrologiczl regime was illustrated
by the sieve anslyses of individual strezms whica were

carried out in Ceci./aov, 1S64:
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Tab. 2.3/1

Size Distribution /in % b. w./

Mash nm >4,0  4,6-2,8 2,8-2,06 2,0-1,0 <1,0
Sample Date
Screener feed 19/16 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 2,6
screened product 19/1C¢ 0,7 1,3 19,5 66,6 11,9
24/i¢ 0,8 2,1 23,6 63,4 16,6
28/1G6 0,2 1,4 16,9 66,2 15,3 |
fluid-cooler in 28/1¢6 1,1 2,5 29,8 52,5 14,1
fluic-cooler ocut 28/1C 6,3 2,0 23,4 63,¢C 11,3
conditioner out 28/1C 1,4 4,2 36,6 54,6 3,2
Tab, 2.3/2

Size Distribution of the Fluid-Cooler Bvpass

/4/11/84/
Mesh mm > 10 5-1C 4-5 2,8-4 2-2,8 1-2 <1
% b. W 1 1 1,4 5,9 44,3 38,7 2,8

From the plot in fig. 2.3/4 it is evident, that the result
of screening is adverse Lo that expected. /higher ratio
of fine particles in product than in feed.




2.3.4.2 Recormendations

An up-to-date type of screoener of adequate capacity must
be instialled instead of the existing unsuitable screener
03 - 37. :

The present permanent bypass of unscreened material has to
be completely avoided.

The screener has to bhe equipped with two mesh-screens
/instead of the present one/ for three fractions to be
obtaired ~ product, undersize and oversize. The oversize

g 2,

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
recornmended a2s a more adventacfeous alternative that has
been proved in practice abroad. The range of optimum size
of granules which is necessary for fluidization will be
guaranteed because freshly cereened 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
under 0,6 mm should be present.

The whole production has to be subjected to final cooling
in fluid-coolers. No bypassing of uncooled material is
acceptable. Exit temperature from the fluid cooler is to
be 36 °C max. Conditioning of air used for cooling is
discussed in the next chapter,




2.3.5 Cooling and Drying

2.3.5.1 Imnact of Cooling and Drving Conditions on the

Moisture Content in the Product

The driving force for evaporation of the residual moisture
from the surface of the granule to the stream of air used
for drying and/or cooling is given by the difference of
partial pressures of water vapor in the air stream and at
the partical surface. Partial pressure of water VJpor

in the air must always be kept lower then partial pressure
corresponding to the critical humidity of CAN-prills at
given temperature tc prevent the prill zbsorbing moisture
from the air. When not only conling but also drying is

the aim of the treatment this difference of partial pressu-
res has to be larze enouclh. It is evident that the tempera-
ture and relative hunidity of used air has to be carefully
controlled. If necessary the air used for drying and coo-
ling has to be conditionec.

2.3.5.2 Principles of Coclinz and Drving Control

2.3.5.2.1 Critical Humidity

All salts, includin-~ feftilizer salts have characteristic
critical humidities. Generally speaking, the critical
humidity 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 bo precise, the critical humidity of a fertllizer .is

that humidity of air at which the partizl vapor pressure of
water in the air equals the equililrium water vapor pressure
above a saturated solution of the fertilizer at any given
temperature. \hen fertilizer is exposed and handled under
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more humid atmospheric conditions it is considered hygro-
scopic, becomes wet and nin-flowable. The increasing
water content promoles 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 reqguired

to saturate the air with water vapor at a given temperature.

The knowledge of this characteristic physical property of
fertilizer is important for the correct control eof drying
and ccoling of the prilled procduct to eliminate the fertili-
zor beccning wet during treatment. If necessary the air

" used for cooling has to be conjitioned.

2.3.5.2.2 Critical Humiditvy of CAN - Hvgroscopic Point

In the course of the CAN production process the last con-
trolled reaction step runs in mixers, where AN-melt comes
in coatact with doloumite powder. During the retention
time in mixers armonium nitrate is in principle converted
according to the following summary equation:

2 Nll4.\'(:3 + CaC(;s_" Ca/.‘l’(.;s/2 + 21’1’H3 + C(;2 +112(J

When the critical humidity of CAN-product is to be determi-
ned, the ternary mixture NH N0, - Ca/M.«s/2 - H50 with
minute amounts of various impurities has to be taken into
account. It means that the critical humidity must be found
for the specific type of CAN individually in a lahboratory.
The measured data is evaluated in the form of an ahsorptlon
isotherm /usually for the standard temperature 25 C/ like

in the following chart /fig. 2.3/5/ which is valid for

CAN 25 % N of Czechoslovak origin and may represent a type of
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fertilizer of medium quality /6/. For information an ab-
sorption isotherm for pure AN /35 % N/ is given too.

fle 2.3]5
AN 35% N

60

L1/
> W0 |
i~ 3
=]
5
x ABSORPTION ISOTHERMS 25°C
2 W
<
L~
3

!o ¥ L L] ¥ L4

10 20 30 %0 50
MOISTURE  CONTENT  OF BRANULES % B.V.

From fig 2.3/5 it may be easily ascertained that the
critical relative moisture of air /called liyeroscopic
Point - HP/ at 25 °c is 30 %, if CAN with moisture content
¢,5 b. w. is to be produced. It is necessary to roint out
that any absorption isotherm is valid ‘or a specific type
of fertilizer with fixed content of water soluble CaC

/in case of fig. 2.3/5 0,4 % b. w./. When the content of
water soluble Ca0 increases, the absorption isotherm is
shifted to the right.




2.3.9.2.3 Mcthods Applied for Measuring of Critical Relative

Humidities and Absorption Isothernms

The simplest method is based cn exposing a sample of
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{. The curve of absorption isotherm is a set of
hygroscopic peints fbf various moisture contents of the
sample. For easy evaluation of absorption isotherms labora-
tory reasurement devices were developed using either spiral
or tenzometric weighing elements /4/.

Cther relevant more sophisticated methous use electric
hygrometers cr gas chrcmatozraphs for the evaluation

of absorption isotherms .

2.3.5.3 Design of Proper Cocline Conditions

On the basis of principles given in the vreviius chapter a
graphic chart has been calculated /6/ and is presented on
the next page /fig 2.3/6/. Practical use is illustrated

in the two following examples:

Exaniple 1: CAN with FP 30 % /25 °C/ is to be cooled as low
as 30 °C, Find the temperature and relative hu.
midity of air /RlA/ which may be us«<d for cooling
to be certain that the moisture content of the
fertilizer will not be increased during cooling.

Solution: Follow the characteristic curve for CAN with
IIP. 36 % /25 °C/ and find, that for the requested
outlet temperature 30 °C the partial pressure
of water vapor in used air nmust not exceed
1,20 kPa. With the aid of air curves plottod in
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. the diagram we easily find the temper-ature
limit of air in relation to its actual relative
humidity, for instance:

For relative humidity /RHA/ % 40 60 8G
- temperatitre limit /max/ °c 24, 17,5 13,C

Examnle 2: Find the lowest temperature cf CAN /defined as
in example no., 1/ we can z2chieve at the cooler
exit when air with relative humidity 66 % and
temperature 15 °Cc is available.

Solution: This temperature limit is 27 °C/min/.

2.3.5.4 Example of Foreign Practice

In the SCHZ ¥orks in Czechoslovakia a high content of re-
. sidual moisture in the cormercial product was caused by
incorrect physical propertics of air used for the final
cooling in the fluid coolers. Since the early eighties
air conditioning has been used successfully. For Czecho-
slovak conditicns the follewing optimum parameters of
cooling air were evaluated: relative moisture 56 %, tempe-
rature 17 °C. To guarantee these linmits, atmosnheric air
is now cooled in exchangers where liquid ammonia is evapo-
rated. At the outlet of the air cooler the air temperature
is 5 °C and relative moisture 100 %, which corresponds to the
requested relative humidity of 5( % at the temperature
level 17 °C. Air Conditioning has recently been successfully
introduced at the occesion of CAN unit revamping at the
Chemical Viorks Borsod in lungary /2/.
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2.3.5.5 Present Situation_at GFC Homs

Fc~ preliminary cooling a horizontal rotating cooler/drier

g 3 GO0 x 18 COO mm is used. Coolimg air flows co-currently
with the cooled material and is exhausted from the
cooler/drier by a suction fan. Low ratio between the cop;

ling and coole? streams /1 3GC Nm°- air per ton CAN/, low
residence time of CAN in the coocler /13 - 14 min/ and parallel
flow arrangenient result in low efficiency of drying and
cooling. The exit temperature of CAN is about 66- - 70 °cC.

The system of final cooling of the product was described
in the chapter 2.3.4.1 in connection with the analysis of

screening operation.

2.3.5.6 Conclusions and Recomrendations

The further recommended measures are to be considered in
accordance with the pronosals 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 increases® to 1 SLO - 2 COG Nm3 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 recommended in chapt 2.3.4.2/ and
conditioning of cooling air will eliminate the possibility
of fluid cooler blocking. The use of conditioned air pre-
vents the CAN prills getting wet in the course of their
final treatment. '

The exit temperature of CAN-prills from the fluid cooler
is to be maintained ut 30 °C.




Air conditioning-in ammonia evaporators is recormended.

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

cooling cipacitly .c.eceececcccesacescvcscscncece 1,6 GJ/h
AIT AN = GUANLILY weuevveouceevocnnenosaneeonns 36 GOO NMS/1
- LeMPEralure .eeeeecsososesescscscsees 30 °C
air out - LeMPEratuUre .......eceeeecescccccces 5 °C
refrigerant ..........c..........ammonia at boiling point
' - 26 - - 15 °C
heat exchange surface .........3 600 mg-in 15 sections
i each section comprises
50 pieces of finned tuhes
g 38/3 mm, diameter of fin
118 mm, lenzth of tube
3 (00 mm, ¢mmonia in tubes

2.3.6 Coniditioning

2.3.6.1 Present Situation

The caking of CAN is a complex phenorienon depending on
various factors, e. g. moisture content, the hardness an‘
plasticity of individual granules, size-homogenity and
size-distribution of the product, store and handling con-
ditions and technical level of used facilities, etc,
Caking in general has been discussed in chapter 2.2.

The final operation which may help improve the commercial
quality of the product is conditioning achieved by applica-
tion of powder and/or liquid anticaking agents,

In GFC Homs Iiquid fatty amines of commercial mako
ARMUFLG 66 -~ S /product of Armour lless Chem, Lim., G.B./




have been used for conditioning. The nozzle for spraying the

liquid anticaking agent was installed at the cutlet of the
conditicning drum. The short residence time left for the
horiogenization of coated granules and the relatively narrow
spraying angle achieved by the existing spreading system
are hardly sufficient to cuarantee that all granrules are
coated perfectly.

To the AjN-melt /M /30, is added to supsress the
concentration of hygroscopic Ca/N03/2. Coating of CAN
by powder dolomite in the conc¢itioning drum was used in
the past, At present it is used no more.

2.3.6.2 Recommendations

The nezzle should be removed from the sutlet and instzlled
at the inlet of the coating drum. Care is to be taken to
attain as wide a spraying angle as possible /by modifying
the nozzle and raising the outlet pressure of the feeding
punp/. More detailed information concerning the quality
and selection of appropriate conditioners and anticaking
agents is inparted in further chapters of this repori.

2.3.7 In conclusion

The CAN-plant at GFC Homs was built in the yoars 1968 - 71

and has been running for nearly 15 years, It is logical,

thiat the original design applied at GFC doer not corraspongd

to the up-to-date progress achieved in the CAN - technology.

In the last two decades new systems have been developod
/pressure neutralization, granulation in drums, perfect
automation of process, internal conditioning resulting in

high level of commorcial grade product etc./ and consequent-

ly the approach to the design of modern units has been basical.-
ly chunged. ' o
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It is to be considered carefully if a moderate stepwise
revaaning, or a long term shut-down for radical recon-
struction or an erection of a completely new plant without
interruption of fertilizer deliveries to customers is to
be preferred. 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 similar case in Czechoslo-
vakia it was decided for a new plant to be built rather
than revanp the old one although the CAN quality produced
at the old plant had been higher than the one produced

at GFC at present. The new plant with the capacity

90 CO0 mtpa N has been running for several years in Duslo
Works in Sala.
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2.4 CAN 3G - TeSting

2.4.1 Analvtical Ceontrol Laborateries

2.4.1.1 Present Practice at GFC Homs Analytical Laboratory

Control of granulated CAN is carried out at the CAN Plant
laboratories and at tie Central Laboratories,.3amples of
CAN are taken from a belt conveyor downstream the prilling
tower for both laboratories torether. These samples are
analyéed at the Plant Laboratory every 3 - 4 hours and at
the Central Laboratory one analysis of one average 24-hours
sanple is carried out. That means that neither at the Plant
Laboratory nor at the Central Laboratories are samples of
the final rroduct analysed because CAY downstream the pril-
ling tower undergoes sisnificant changes especially in its
granullnetric com~osition and moisture content,

At the Plant Laboratory following analyses are carried out:
- ammonia nitrogen content
- moisture content /drying for 3 hours at 1C0 °cs
- screen analysis /<1 nm, <2 mm, < 2,8 mn, < 4 mm, >4 nm/
- nitric acid concentraticn /density/
- condensate analysis form the 1., neutralization stage,
2. evaporator stage and their mixtures /NNHS , NH4NO3,
free HNO4 /

At the Central Laboratories fcllowing analyses of CAN are
carried out:

- moisture content

- ammonia nitTogen content

- total nitrog:n

- screen analysis




Laboratory personel of both laboratories is well skilled

in the existing laboratory practice. As for laboratory
equipnent,it is recommendable to fill up the number of
screens in both laboratories especially with screen mesh
size (,5 mm and with further screen mesh sizes, as a more
detailed granulometric analysis is needed occasionally.

CAN moisture content determination is carried out by drying
only. Alternatively, it is recowmnended to use the well
known and used Kk, Fisher methed,

——_

At the Central Laboratories sawples of the final product
"~ are tc be analysed, which means samples talen at a suita-
ble point downstream the coating drum.

At the Plant Laboratory sarples 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, the second one serves for CAN mechanical strencth
deternination and the dry rear part machinery impact on

the CAN quality,

Tests of melted CAN upstream the centrifuge as well as

the sulphate content in prilled CAN should be carried out at
the Plant Laberatory. These parameters influence CAN

quality significantly,

Prill hardness testing with a simple instrument like that
from the firm Pfitzer /see ANNEX No 2/IX/ and organic
conditioner content determination are advisable. /Crushing
strongth of granules gran, size 1,6 = 2,06 mu should reach
15 N min./.
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CAN caking tendency testing should be carried out at the
Central Laboratories. For these tests analytical equip-
rent which was partly brousht foom Czechoslovakia and
partly furniched at the GFC Workshop folloWing UNIDOG -

- team specificati¢h could be used.

This equipment which was handed to GFC can be used for
research purposes as well,

F X

Surveys of average daily analyses carried out at the
CAN-Plant Laboratory and at the GFC Central Laboratory
are enclosed in ANNEXES II - .II. and in ANNEX IV
respectively.

As may be seen from the survey the average moisture
contents fluctuate usually in the range 6,5 - ¢,9 %

and in some cases exceed substantially 1 < b, w,
Furthermore, these v:ilues were obtained on the basis of
drying that gives results about (G,2 ~ C,4 % lower than
the exact K. Fischer method acknowledzed gensrally as

a representative way of moisture testing. As explained
in chapter 2.2 the moisture content of the prills is the
prime cause od caking. Present prilling and drying systems
do not assure the moisture content of the product to he
permanently mainatained under the cosmonly recormended
level 0,5 % b. ¥. /0,2 % is considered as the optimum/.

As described in chapter 2.3 the existing bottle-necks as
well as low efficiency of some equipment result in the
Jow quality of the product., Differently formed, prolonged
or necedle-shaped prills possess insufficient mechanical
stability and tond to disintegrate during handling and
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form dust. Fines -in the product are prone to czking.
Furthermore, the high ratio of the granulometric fraction
below 1 ma results in a large contact ares among particles
of CAN and hence promotes caking.

To obtain representative data for quality control /size
distribution spectrum particularly/ sarples for testing
are to be taken downstreanm the fluid-cooler and not
upstrean the screener as it is practised today. The sam-
pling point should be chosen in a place .where the easy
taking of a horogencus sample is possible such as the
transporter belt overflow,

2.4.3 Anticakinz Arents /AA/ Testing

The original idea of the GFC request for UNILCO - team
assistance was to introduce methods for decrezsing the
caking tendency of CAN through anticzking sgents application.
Therefcre great attention was paid to the introduction

f laboratory metheds for testing the caking tendency of CAN
and to the evaluation cf these results in order to select

the most suitable AA for CTAN 3C at GFC liors.

All the tests were carried out by GFC laboratory personnel
under UNIDC - team supervision,

2.4.3.1 Analytical Pro~rar:

This short-term analytics1l program was based on the expe-~
rience of Czechoslovak fertilizer research in the lield

of the conditionine and caking tendency decrease of gra-~
nulated fertilizers, particularly of CAN. It was influenced
by the present practice at GFC, where the fatty amine
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ARMUFLO 66 - S has been used as anticaking agent,
This amine was testied in all the series of laboratory
test s which were carried out during the UNIDO -~ team
mission to GFC.

The mentions proegram coasistes of seven series of labora-
tory tests, in each of which untreated CAXN was always
exarined and served as the basis for caking tendency
compariscn. Freshly taken samples of CAN, one sawmple for

a whole series of tests, were used. In each series of
tests the quality of used CAN differed, especially in

the quality of moisture content, screen analysis and
prill size average.

Individual results of all tests are to be found in tables
2.4/1 - 2.4/




Tablae 2040]1
Analytical I'rogram
the quantity of different anticaking agents used for conditioning is given in g/ of CAN 30

Serie No 1 2 3 4 5 6 7
r.w CAXN 30 0 0 ¢ 0 0 0 0
Armoflo 66 S 0,9 0,9 0,48 0,9 0,36 1,02 0,6
0,90
1,450 . !
Armoflo + oil J2 0,3 + 0,27 0,3 + 2,7 3
1,0 + 0,8 1
Armoflo + oil Syr 0,3 + 2,7
Armoflo + Kaolin 0,9 + 4,0
Armoflo + Dento. 0,9 + 4,0
Arccoflo + SiO2 0,48 + 4,0 '
SK F20) 0,9 0,9 0,48 0,9 0,36
: 0,84
SK F20A + Kaolin 0,9 + 4,0
SK F20A + Dento. c,9 + 4,0
-~ SK F20A + SiOz 0,48 + 4,0
SK T20A + oil J2
+ Kaoline 0,3 + 2,7 + 4,0 ‘

SK P20\ + o0il J2 0,3 + 2,7




Table 2.4./1 /continued/

Serie No 1 2

3

4

Flotigam 1677 0,9 0,9
Flot.1677 + Kaol. 0,9 + 4,0

Flot.1677 + 3Bento. 0,9 + 4,0
*1ot. 1677 + Si02

Flot. 1677 + oil J2

Flot. 1677 + oil J2

+ Kaolin

Flotigam S

Flot. S + SiO2

Flot. S + o0il J2

Flot. S + o0il Syr

Romonta 63 0,9 0,9

Rom. + Kaolin 0,9 + 4,0
Rom. + Bento. 0,9 + 4,0

0,48
0,48 + 4,0
0,48
0,48 + 4,0

1,2

0,3 + 2,7

0,3 + 2,7 + 4,0

0,3 + 2,7

0,6

1,2

0,42
1,08

0,36
0,84

0,3 + 2,7

0,36
0,84

0,6

0,3 + 2,7

"86"'



As stated preciously the quality of the used CAN differed
in each series which was the recason of repeated tests with

pure anticaking agents. The gquality variations were consi-
dered an advantage as the caking tendency decrease caused by
individual agents was to be examined under different .con-
ditions,

On principle the used agents were fatty amines /Armoflo
66 S, Flotigam 1677, Flotigam S, Sk FERT F 20A/, with
the exception of Romonta 68 which was a mineral wax.

All of these anticaking agents huve been widely used by
fertilizer r.anufacturers in the world. These commercial
anticaking agents were also tested when diluted with
low viscose oils /one of Czechoslovak o0il J2, the second
one was a Syrian oil/, or in combination with inorganic
powders having separating properties /kaolin, Bentonite,
and Siuz/. '

2,4.3.2 Anticakins Azents Snecifications




T'ahle 2-40! 2

Used Anticaking Agents /AA/ Specification

A\ type Armoflo 66 § Tlotignm S Motigam 1677  SX FERT F20A  Romonta 68
Origin AKZO Chemie®  Hoechstt Nocchst™ Sinor = Knot  Chemioworke Wordau®
Appearance 20 °c Paste Woax/powder Paste Paste Pastoe
Melting p. °C 35 not stated not statod 25 = 35 not stated
Viscosity 60 °C .
mPa.s 18,4 4 9 10,8 ' not stated I

Deasity 60 °C =~

ofcr’ 0,8 0,8 0,9 0,9 not statod ©
Flash p. °C 150 160 185 not stated not stated
Rccommended appl.
temp. °c 60 - 70 60 = 70 60 = 70 not stated not stated

Cor
T FZJdresses of AA Suppliers see ANNEX No. 2/X
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14

A\ TYPE
Origin
Appecrance
Colour

water Cont,.

Mn cont, in H?0 eluate

Cu "
Fe n
A1203

Sio,

F0263

Cal

MgO

Size

approx.
approx.
approx.
LPpProx.
approx.

~n foNm N N -~ 2NN
0 CE (:'\ ‘::‘ TN y“«

8
3

Knolin

Horni BY{zat

Powder
WVhite
1
0,02
0,01
0,05
39,5
46,5
0,315
not stated
not stated
0,315

TM)].O 2.40/3

Bentonite
SY. lntdta

Powder

+

Green

3
not stated
not stated
not stated
23
53

not stated

Used Inorganic Anticalting Agents Spocification

8102

Calofrig Dorovany+

Powdor
Whitoe

0,5
not- stated
not stated
not stated
not stated
not statod
not stated
not qtutod
not stated
not stoted

- 10l -




Table 2.4./4

Used Dilution 0Uils Specification

1 Imported oil

Type ceceeeeecencoerosencacvcacees 0il J2
Origin ciccececesccccccesescoe-es Slovnaft, Bratislava
Cssr
Viscosity at 5%°C ...evivuunee. 14 - 18 @Pa . s
Ahiline point ....ecccceccceccce 10 °c
.Freezing point ..e.vee.eieesesss 6 °C !
Ash content .....eccivevcecceces 0,02 %
Acidity point
/mg KCH/E/ wevieeceeneass 0,05%
ASTM cOlOUr .sevevcecccesccocsncse 3

2 Syrian oil LA 2 L B B BN BN B BN Y B BN B BN BN A I NN a low viscisity oil

2.4.3.3 Laboratory Methods and Equipment Description

For each testing series 10 kg of fresh samples of untreated
CAN 306 were taken downstrcur the fluid cooler, 30 - 6C mi-
nutes before starting the tests. These samnles were tested
on moisture content, arronia nitrogen content and granulo-
netry. From each of the samples (,,75 kg doses were taken,
they were treated with anticaking agents in a laboratory
coating drum and they were tested together with the un-
treated blanc sample on their caking tendency. The anti-
caking agents were heated previously to their application
to 65 - 70 °C as their viscosity was to be decreased to

a suitable degree.

Viith Komonta 68, the viscosity of which was higher, had
to be heated up to 7¢ - 80 °C. In the first series Komonta
68 was heated to 60 - 7¢ °C only, its viscosity was too
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high and fertilizer clumps were formed.

The CAN 30 used for tests in series VI was dried and
screened in the laboratory in order to inprove the
fertilizer caking pareareters.

In series I. anticaking agents were anplied with
a syringe but in all following tests a spraying nozzle

operated with cornipressed nitrogen was used.

For a detuailed description of the used laboratory
rethods and equiprnent, see ANNEX No., IV, - VII,

2.4.3.4 Survey of Experirental Results

All experinents results have been worked out in table
. form /Tables 2.4./5 - 2.4./11/. In every table the series
number, CAN 3L quality, the quantities of used CAN 3¢

and anticaking agents, and caking tendency in absolute
and relative numbers are stated. For easier orientation
all the results arc also scaled up for 1 kg samples of
CAN 30. In the case of Romonta 68 tests with 1 kg
sariples were carried out., In all series all tests were
duplicated und average results were used for the final
ecvaluation.

4]
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SERIE I. Table 2.4./5
Caking Tendency Testing
CAN - Date of Production: 31/10/84 CAN Quality Spoc.: Sercon Anal.:
Test Start: 31/10/84 Nyt 15,30 %5 be we ?,Smm 11,6 %
Caking Tendency Means.® 1/11/84 1100} 0,93 % bo w. 2,0mm 49,2 %
CAN Quantity: 1 kg d;o 1,7 mm 1,0mm 32,5 %
! 1,0mm 6,7 %
No AA Tested AA Doso Coking N AN AN/1gAA/1 kg F
g/l kg g, /1 kg Abs, Average ' I
‘ 1 Raw CAN 0,0 0,0 190 185 - - 2
T 2 v 180 '
‘ ) 3 Armoflo 0,9 0,9 126 125,5 =59,5 - 66,1
| 4 u 125
B 5 Armoflo + Kaolin 0,9+4,0 0,9 210 222,5  +37,5 .+ 33,7
| 6 " 210
| 7 Flot. 1677 0,9 0,9 97 83,5 -101,5 - 112,8
| 8 " 70
9 Flot. 1677 + Kaolin ¢,9+4,0 0,9 175 162,5 -22,5 - 25,0
| 10 " 150
11 Sinor » 0,9 0,9 54 40,5 -14&,5 - 160,5 ,
1 12 " 27
} 13 Sinor + Kaolin 0,9+4,7 0,9 160 150 . =35 - 38,9

| 14 " 140



[& 20 24

No  AA Tested AA Dose Caking N AN AN/1ghA/1 kg P
&/1 kg g,/1 kg Abs.  Average

15 Romonta 63 0,9 218 223 + 38 +34,21t

16 " 228

17 Romonta 68 + Kaolin 0,9+4,0 255 243,5 + 58 +52,2"F

* Low tenperature of Romonta resulted in clump formation

**  N/1 g Romonta 68/1 kg fertilizer

o

Note: 30/1 KZ eesee gram of organic AA

Average N ... average result of two analyses LNJ _
AN/1 gA:/1kg F  caking tendency scaled up to 1 g of AA per 1 kg fertilizer

- c0oL -
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SERIE II. Table 2.4./6
Caking Tendency Testing

CAX -~ Date of Production:3/11/84 CAN Quality Spece: Screen Annl.:
Test Start: 3/11/84 Nyt 15,40 % be w. 2,8mm 4,2
Caking Tendency Meas.: 4/11/84 H203 04T % be we 2,0mm 47,2 %
CAX Quantity: 0,75 kg 1,0mm 41,6 %

1,0mm 7,0 %
No AA Tested AA Dose Ceking N AN AN/1gAA/1 kg F '

g/ kg 30/1 ke Abs. Averag

1 Raw CaAN 0,0 0,0 250 245 - - !
2 " 240 é‘
4 n 206
>  Armoflo + Bentonite 0,9+4,0 0,9 260 262 +17 +15,3
6 " 264
T Flot. 1677 0,9 0,9 175 185 -060 - 66,6
S n 195
9 Flot. 1677+Bentonite 0,9+4,0 0,9 280 260 +15 + 13,5
0 " 210
1 Sinor Kao 0,9 0,9 165 167,5 -78,5 T - 87,22
2 " 170
3 Sinor Kao+Bentonite 0,9+4,0 0,9 236 249 +4,0 + 3,6
4 " 262



Table 2.4./6 /continued/

AN/1gAA/1 kg T

No AA Tested AA Dosc Caking N AN

g/1 kg 30/1 kg Abs. N  Averag.N
157 Romonta 0,9 - 280 288,5 +43,5
6t 205
1T+ Ramonta -+ Dentonite 0,944,0 = 315 30,0 +103,5
18% " 352

TLow temperature of Romonta resulted in clump formation

4+ 39,15

A Sy
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SERIE III.

Table 2.4./7

Caking Tendency Testing

CAN = Date of Production: 4/11/84 CAN Quality Spoc.: Scroon Anal.:

Test Start: 4/11/84 Nyt 14,5 % b.w, 2,8mm 3,14 %
Caking Tendency Meas.: 5/11/84 ”003 1,1 % bov. 2,0mm 42,83 4
CAN Quantity: 0,75 kg d: 1,5 mm 1,0mm 52,05 %

20 1,0mm 2,06 %
No A\ Tested AA Dose Caking N 4N AN/1gAA/1 kg P
c/1 kg g0/1 kg Abs. Averapo

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

2 " 252

3 SK FERT T 20 A 0,48 0,48 140 142,5 =121 - 252,1

4 " 145 '

53 SK FERT F 20 A+Si02 0,48+4,0 0,48 280 252,5 -11 - 23

6 " 225

T Armoflo 0,48 0,48 145 162,5 =101 - 210

8 " 180

9 Arnoflo +.Si02 0,48+4,0 0,43 235 255 =8,5 - 17,7
10 " 275

11 Flot. 1677 0,48 0,48 135 135 -128,5 - 267,7.
12 " 135
13 IFlot. + Si02 0,45+4,0 0,8 290 290 +26,5 + 12,7

4 n

290

= 8ot -
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Table 2.4./7 /continued/
No AA Tested AA Dosc Caking N AN AN/1gAA/1 kg I
g/1 kg 30/1 ke Abs, Averare

15 Flot. S 0,48 0,438 115 100 -157,5 - 3283,1

16 " 97

17T TFlot. S + SJ'.O2 0,45+4,0 0,48 240 246 -17,5 - 36,4

18 " -

19 Romonta 1,2 - 90 100 -163,5 - 340,6

< " 100

- 601 -




SERIE IV.

CAN = Date of I'roduction:

Test Start:

Caking Tendency Mcas.:

CAN

Cuantity:

5/11/84
6/11/84
7/11/84
0,75 kg

Tnh]‘ﬂ 2.4./8

Caking Tendency Teosting
CAN Quality fipec.:

No

AA "Wontved

/1 kg

30/1 I Abs,

- O W OV N AL WP =

]")

14

Raw CAN

SK FERT I 20A+iol J2

"
SK FERT+oil J2+Kaol.

Flot.167T+0il J2

F1677T+0il J2+Kaol.

Flot. S+o0il J2

"

Armoflo + oil J2

n

0,0

0,3+2,7 0,3

0,3+2,7+4 0,3

0,3+2,7 0,3

0,3+2,7+4 0,3

0,3+2,7 0,3

0,3+2,7 0,3

330
270
202
197
225
275
230

Seroen Annl.:

AN~
LAY (53 C=

T W

~n
o~

Caking N AN/1gAA/1 kg F

Averape

= Ott -



Table 2.4./8 /continued/

No A\ Tested AA Dosec Caking N AN AN/1gAA/1 kg T
g/1 ke £,/1 kg Abs, Avornpe

15 SK PFERT F20A 0,9 0,9 200 200 -100 - 111,1

16 " 200

17 Armoflo 0,9 0,9 230 232 - 68 - 75,5

18 " 234

19 Armoflo + o0il J2 1+0,8 1 195 207,5 =02,5 - 92,5

2 " 220

bt 9 8 S



SERIE V.

Caking Tendency Testing

Table 2.4./9

CAN = Date of Production: 7/11/84 CAN Quality Spoc.: Scroon Anal,:

Test Start: 7/11/84 Nyt 14,78 ¢ bowe 2,8mm 2,26 %
Caking Tendeney Meas.: 8/11/84 HQOB 0,54 % be We 2,0mm 39,21 %
CAN Cuantity: 0,75 kg d: 1,40 mm 1,0mm 54,30 %

20 1,0mm 3,37 %
No AA Tested AN Dose Caking N AN AN/1gAA/1 kg P
¢/1 kg g0/1 Iy Aba, Average L

1 Raw CAN 0,0 0,0 275 285 - - 'l"
2 n 295

3  Araoflo 0,9 0,9 169 163 -122 - 135

4 " 157

5 " 0,36 0,36 178 173 -113 - 311

6 " 168 |

[f " 1,50 1,50 123 119,5 =165,5 - 110

S " 116

9 Romonta - 0,42 242 245 ~40 - 95

10 n 0,42 248
1 " - 1,08 160 164 -121 - 112
12 " 163
13 Tlotigam S 0,60 0,60 35 40 =245 - 408
14 " 45 :
15 " 1,20 1,20 35 36,5 ~248,5 - 206
16 " 1,20 1,20 38

|
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SERIE VI. Table 2.4./10
Caking Tendency Testing
CAN - Date of Production: S/11/84 CAN Quality Spec.: Scroen Annl,:
Test Start: 10/11/84 Ny 14,75 %' Dewe 2,8mm 12,06 %
Caking Tendency Meas.: 11/11/84 11203 0,16 % bow. 2,0mm 46,88 %
CAN Quantity: 0,75 kg 1,0mm 39,15 4%
d"O 1,7 mm
? 1,0mm 1,9 ¢
No A\ Tested AA Dosc Caking N AN AN/1gAA/1 kg P '
/1 kg go/‘l kit Aba, Avorage -
(W8
2 " 149
3 Armoflo + oil J2 0,3+2,7 0,3 93 90,5 -45,5 - 151
4 L] 100
5 ‘rmoflo 1,02 1,02 40 47 -95 ' - 93,1
6 " 54
7 Flot. S 0,36 0,36 33 31,5 -110,5 - 306,9
S " 30
9 n 0,84 0,34 10 12,5 -129,5 = 154,1
10 " 15
11 Flot. S + oil J2 0,3+2,7 0,3 112 106 =36 =120
12 " 100 '
13 Sinor Kao 0,36 0,36 100 92,5 =49,5 - 137,5
14 " 85 '



- - @ 1
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Toble 2.4./10 /continued/ ‘Jc; , !
No AA Testing AA Dose Coking N AN AN/1gAA/1 kg T
g/t kg g, /1 kg Abs. Average :
i5 Sinor Kao 0,84 0,84 45 30 -112 - 133,3
16 " 15
17  Romonta 0,36 - 75 77,5 =64,5 - 179,1 :
18 " g0 , -
19 " 0,84 - 42 38,5 -103,5 - 123,2 >
20 " 35 '




SERIE VII.

CAN = Date of Production:

Test Start:

Coking Tendency Meas.:

CAN Quantiti:

Table 2.4./11
Caking Tcndency Testing

No A\ Tested

taw CAN

Armoflo

Armoflo + oil GIC

=1 & VI Ja W P

Flot. S

Flot. S + 01l GFC

1"

—
C O O

10/11/84  CAN Quality Spec.:
11/11/84 NNH3 14,83 ¢ Low,
12/11/84 11,0 0,7 ¢ baew.
0,75 kg d;0 1,30 mm
AA Dosc Coaking N AN
g/l kg 30/1 kg Abs. . Average
0,0 0,0 250 245 -
240
0,6 0,6 110 07,5  =148,5
85
0,3+2,7 0,3 125 127,5 =118,5
130
0,6 0,6 30 39,5 =206, 5
49
0,3+2,7 0,3 65 50,5  =194,5
36

Screen Anal,:

AN/1gAA/1 kg F

- Gl -
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2.,4.3.5Results Evaluation

In the following Tables 2.4./12 - 2.4./19 the iafluence
of individual anticaking agents on CAN 3U caking proper-
ties is evaluated. The agents were used undiluted.

See Tables 2.4./12 -~ 2.4./16

In the first column the serias and the test numbers are
introduced. The last column gives the influence of the
agent on caking tendency decrease in numbers.,



-
Table 2.4./12
Flotigam's Influence on CAN 30 Caking Properties
Test AA Dose  Febrt Caking Red. Coking AN Offectivity AN/1 g A
No g/1 ke N N 45
III/15-16 0,48 263,5 106 -157,5 59,8 ~328
V/13=-14 0,60 285,0 10 =245 85,9 =408
V/15-16 1,20 285,0 36,5 -248,5 87,19 - 307
VI/7T=8 0,36 142,0 31,5 -110,5 77,081 =306,9
VI/o-1¢C 0,84 142,0 12,5 -129,5 91,19 -154,16
VIT/7=8 C, 60 245,0 39,5 =206,5 84,28 =344,1
Table 2.4./14
SK FERT F 20 A Influence on CAN 30 Calking Properties
I/11-12 C,9 185,0 40,5 ~144,5 78,1 -160,5
I1/11-12 0,9 245,0 167,5 - 78,5 32,0 - 87,22
IT1/3=4 0,48 263,5 142,5 -121 46,0 -252,0
IV/15-16 0,9 300,0 200 -100 33,3 -111,1
VI/13-14 0,36 142,0 01,5 -49,5 34,8 -137,5
VI/15-15 0,84 142,0 30,0 -112 78,8 -133,3



Tehle 2.4.712
Flotiga.m' Inlluenze on CAN 30 Caking I'roperties

Test AX Doao VERT Caliint Red. Cakine AN ~Lfoctivity AN/1 p A
No e/t ke I N “
I1T/15=15 0,42 263,5 106 -157,5 59,8 -328
V/12=14 ¢, 50 285,0 40 45 £5,9 ~403
V/15=16 1,20 285,0 36,5 8,5 87,19 - 07
VI/T=C 0,35 142,0 31,5 -11G,5 77,31 «3006,9
VI/C=10 c, 54 142,0 12,5 -129,5 91,19 -154,16
VIT/7=C 0,30 45,0 30,5 =206,5 84,78 =344,1

Tehle 2.4./14

SK TPERT T 20 A Influence on CAN 30 Calking Proportios

I/11=12 0,9 185,0 40,5 ~-144,5 8,1 =160,5
II/11=12 0,9 245,0 167,95 - 78,5 32,0 - 87,22
I111/3=4 C,48 2563,5 142,5 -121 46,9 -252,0
IV/15=16 0,9 300, 0 200 =100 33,3 -111,1
VI/13-14 0,35 142,0 92,5 ~49,5 34,38 ~-137,5
VI/13=16 e, 142,0 3C,0 -112 75,5 -133,3

-G -



Toble 2.4,/13
Armoflo 66 S Influence on CAN 30 Caking Properties

AA Dose  Fert Caking Red. Caking AN iffectivity AN/1 g AA

No g/1 kg N N %

1/3-4 0,9 155,0 125,5 =59,5 32,1 - 66,1
I11/3-4 0,9 245,0 185,0 ~60,0 32,4 - 66,6
I11/7-8 0,48 263,5 162,5 -101,0 38,33 -210,4
IV/17-18 0,9 300,0 232,0 -68,0 22,66 | - 75,0
V/3-4 0,9 285,0 163,0 -122,0 42,080 -155,0
V/5-6 0,36 285,0 173,0 -112,0 39,29 -311,0
V/7-8 1,50 285,0 119,5 -165,5 58,07 -110,0
VI/5-6 1,02 142,0 a7,0 - 95,0 66,90 - 93,1

VII/3-4 0,6 245,0 97,5 ~-148,5 60,61 =247,5

= 6é1L -



Table 2.44/15

Romonta 6& Influcnece on CAN 30 Caking DPropertics

Test AA Dose  TFert Caking Red. Caking AN Effectivity AN/1 g AA
No g/1 ko N N %

I111/19-20 1,2 263,5 100,0 -163,5 62,04 ~135,8
V/9=10 0,42 285,0 145,0 - 40,0 14,0 - 95,0
V/11=12 1,08 285,0 164,0 -121,0 42,4 -112,0
VI/17-18 0,36 142,0 77,5 - 64,5 45,4 =179,1
VI/19-20 0,54 142,0 38,5 ~-103,5 72,88 -123,2

Table 2.4./16
Flotigam 1677 Influcnce on CAN 30 Caking Properties

1/7-8 0,9 185,0 83,5 -101,5 54,8 -112,8
11/7-8 0,9 245,0 135,0 - 60,0 24,5 - 66,6
III/11=12 0,48 263,5 135,0 -128,5 48,8 -267,7

- 0oct —



Table 2.4./17

Comparison of Anticnking Proportios

or the Tested Agents

AA AA Dose  Fert Caking Red. Caking AN Effectivity AN/1 g AA
¢/1 kg N N ol

Flotigam S 0,690 227,0 44,33 -182,8 81,93 -264,9

SK FERT F20A 0,73 212,8 112,0 -100,8 50,5 -138,1

Romonta 68 0,79 223,5 125,0 - 98,5 47,34 -124,7

Armoflo 66 § 0,84 248,3 145,0 -103,4 43,69 -123,1

Flotigem 1677 0,76 231,0 134,3 - 96,66 42,7 -127,1

- 12t -



Production Date

Serie No
li,0 cont.
Undersize 1 mm

NNH3 cont,.
450

Raw fert. caking

Table 2.4./18

The Quality of CAN 30 Uscd for the Tests

T/11/84 4/11/84 10/11/84 3/11/84 31/10/84 8/11/84

- ccl -

Note: The sequence of individual samples was arrangod according to quality parameters



Anticaking Propertics of Fatty Amines with Inorpganic Powders

Table 2.4,/19

Serie AA Caking A N1 Caling A N, AN, -AN1
No with AA wvith AA4SA

I. Arnoflo + Koolin - 59,5 + 37,5 97,0
II1. " + Bentonite - 60,0 + 17,0 77,0
III. " + 8102 -101,0 - 8,5 92,5
I. Flot. 1677 + Kaolin -101,5 - 22,5 79,0
II. " + Bentonite - 60,0 + 15,0 75,0
III. " + 8102 -128,5 + 26,5 155,0
1. SK FERT F20A + Koolin -144,5 - 35,0 109,5
I1. " + Bentonite - TH,5 + 4,0 &2,5
III. " + SiO2 -121,0 - 11,0 110,0
I. Flot. S + SiO -157,5 ~17,5 140,0

Yoto:

2

+ caking was increased as comparcd with unconditioned CAN
- ccking was decreasal as comparcd with unconditioned CAN
4 X, - AN, coking increase if SA + AA is used as compared with the caking when

only AA is used

- €L -
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2.4.3.6 Discussion ¢f Results

In all series of tests the influence of anticaking agents
on the caking tendency of CAN 3(C produced at GFC lioms was
examined, but the primary idea was to test especially
catiocn active substances, the fatty amines. The only
exception is the wax type Romonta 68. The final evaluation
of the influence of these anticaking agents c¢a CTAN 30
caking tendency can be f->und in Tables 2.4./12 - 2.4./16,
and mainly Table 2.4./17,

2.,4.3.6.1 Flotiram S

Influence on CAN 3¢ caking properties /see table 2.4./12/,
In this case doses of Flotigam S in the interval

6,36 - 1,2 g/) kg CAN vere applied. The ranze of CAN 3¢
quality fluctuaticns was (6,16 - 1,1 % b, w. of water,
average prills dia /dSL/ 1,35 - 1,7 mm, caking tendency
142 - 285 N, The influence of Flotigam S on CAN 30U caking
tendency was high /59,8 - 91,19 %, 84,28 % in average/
which could be derived from the &N values /caking tendency
decrease/ which were found in the range 11(¢ - 248.,5;
206,5 N in average. This average value of N if compared
with the original untreated CAN 3C caking tendency value
was very good. That means that the caking tendency of CAN
30 treated with Flotigam S can be classified as good.

Floticam S quantity’

The quantity of Flotigam S which is needed for the success-
ful trecatment of CAN 30 of different quality, can be deter-

mined from the results of the above discussed tests.
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When the caking ‘tendency of CAN 3L is lower than 2G0 N,
doses of Flotigam S 0,4 g/1 kg may be sufficient. ¥hen
zhe CAN 3U caking tendency fluctuates in the range of
200 - 3CC N, Flotigam S doses 0,6 g/l ke max are to be
used. But anyway it is to be mentioned that the moisture
content of the CAN 3( used for the test series III/15 -

- 16 was too hizh /1,1 % H,C b. w-/ and that the caking
tendency decrease was small. It is to be emphasized again
that the moisture content of CAN 3G is to be képt on the
level 0,4 - 0,5 % ch b, w.

This fact is even more important if the produced CAN 3C
is rot coole¢ sufficiently /under 329 C/ as happens
frequently at the GFC CAN 30 Plant.

e —— e ——— —=

2.4.3.6.2 Arm flo 66 S

Armoflo 66 S has been used at CiN 3C Plant at GFC in Homs
" and that was the reascn why this anticaking agent was
tested fmost thoroughly. This agent without separating
agents or dilrting oils was tested in zll series, that
means its efficiency was examined with 7 different CiN 30
qualities. Doses of Armoflo 66 S were tested in the ranze
€C,3C - 1,5 g/1 kg CAN 30, and within series V. that means
with one defined CAN 30 quality, 3 different Armoflo 66 S
doses /0,36; 0,90; 1,5C g/1 kg/ were examined. The raw
CAN 30 caking tendency in all tests was in the range 142 -~
- 300 N, 2i%,3 N in average. When the above doses of Armo-
flo 66 were used the average dccrease of CAN 3C caking tenc
dency was 10(3,4 N, that means 43,7 %. The caking decrease N
fluctuated in the range 59,5 - 165,5 N which depended on
the Armoflo €6 S dose quantity, original CAN 3¢ caking
tendency, its moisture content and other nuality parame-~

ters.




Arnoflo 66 S quantity

From the above results it can be stated that the agenb's
efficiency is sufficient in the case that the untreated
CAX 36 caking tendency is not larger than 156 N. In this
case doses of 1 g/1 Kg CAN 30 are to be applied.

Wnen testing Armoflo 66 S the best results were attained
in series VI. when the used CAN 3C was of a very good
quality /G,16 % H,G b. w., 1,6 % prills <1 mm; average
prills dia dg = i,? mm/ good results were reached also

in series V., when 1,5 g AA/1 kg CAN 3C were applied.

The caking tendency Cdecrease in this case was 165,5 N,

and this can be supprosed sufficient in the case of CAN 3C
caking t-ndency being less than 230 N. Anyway it has to

be emphasized that the applied Arrioflo 66 S dose was
extremely high. If the test resnlts of series V, are
approximated to the dose 1 z/1 kg /V/2,4; V/5,6; V/7,8/
the cakinz tendency decrease figure is 135 N. That means
that the application range of Ariioflo 66 S can be extended
to CAN 3C caking tendency limit 200 N under the condition
that the moisture content will be less than

G,55 &% HQU b. w., undersize prills fractiond 1l pu will be less
than 3,5 % and d50 <1,4 mm.

2,4.3,.6,3 SK FERT F 20 A

This anticaking agent was tested in all series except
serics V., and the doses used were 6,36 - 0,9 g AL/1 kg
CAN 3G. The caking tendency of the untreated CAN 3( was
in the range 142 - 300 N, which means that both extremely
gooid and not good CAN 30 qualities were examined.

The average anticoking tendency decrease 50,5 % is better
than that of Armoflo 66 S in spite of the fact that the
used averuge dose 0,73 g AA/l kg TAN 3G is by 0,11 g/1 kg




CAN 3C smaller. Caking tendency average decrease

&N 00,8 X is by 2,6 N less than the one attained

with irmeflo 66 S, which can be explained as a result
of the lovwer average cuking tendency of CiN 3¢ used
for these tests. The- specific caking tendency decresse
of Sk FERT F 20 A if corwpared with the specific caking
tendency of Arroflo 66 S is higher

AN/1 g SK FEKT F 26 A/l kg CAN 3¢ crescecscceesal38 N
AN/1 g Armoflo 66 S/1 Kg CAN 30 veeeevecveceeaal23 X

SK FERT F 20 A Cuantity

Good results with SE FERT F 20 A were

attained in the following tests:

- V1/16, 16, application of (,82 g A\/1 kg CAN 3C
resulted in the caking tendency 30 N

- Application of the low dose 6,36 g AA/1 kz CAN 3C
resulted in caking tendency 92,5 N which scaled un
to 1 g/1 kg means that the final caking tendency would
be between 40 - 50 N

- I/11, 12 dose 0,9 g AA/1 kg CAN resulted in decreasing
the original caking tendency 185 N to the very good
figure of 4C,5 N

- Test II1/3, 4 by scaiing up the used dose (,48 g AA/l kg
CAN 30 the caking tendency 4G - 50 N will be attained.

Finally it can be stated that SK FERT F 2¢ A can be success-
fully used with the apnlication of doses (,9 - 1,0 g

AA/1 kg CAN 30 if the original CAN 3¢ caking tendency
doesn’t oxceed 200 N,
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2.,4.3.6,1 Romonta 68

Because of the too low temperature of the applied
Romonta GS the tests in the first two series weren t
successful /< 7C °C. the results of these tests
weren t taken into consideration. When the applied
terrperature was increased to 70 - 8C °C than the
results attained with this anticaking agent coudd be
compared with the. results attained with Armoflo 66 S
and Flotigam 1 677, ’

Romenta G8 Cuantity

If the caking tendency of untreated CAN 3(C is below

156 N a very good anticaking result can be attained
with this acent, e. i. 35 - 45 N. I.. case CAN 3( caking
tendency will be in the rance 150 -~ 2(0G N, a dose

1 g/1 kg CAN 30 will nrove sufficient if the resulting
caking tendency is supposed to be 706 - 75 N.

2.4.3.6.5 Flotigam S 1677

was tested in three test series only. The specific caking
tendency decrcase /A N/ 1 g Flotigam 1677/1 kg CAN 30/
was higher than was attained with Armoflo 66 S and
Rorionta 68 but it was by 11 N lower than attained with

SK FERT F 20 A and much lowver than with Flotigam S,

2.5. Future Prospects in Fertilizers Production

Should the planning of investments and future commer-
cial) activity at GFC lloms be discussed, liquid ferti-
lizer production should Le taken into account,




1
’ In rany countries liquid fertilizers have been succes-
fully introduced into modern agricultural technology
and their impertance and popularity have been growing
steadily.

When coupared with granulated fertilizers the following

advaantazes of liquid fertilizers are evident:

- production cost related to one ton of nutrient in
corriercial preduct is essentially lower and provides
high investment returns

- caking does not exist

- no problems with bacging

- ilie stable and precisely defined quality of the product
is easily maintained i

- handling, transport and storage losses are negligible ;

- application cost in agriculture is reduced

- liquid fertilizers may be spread on scil uniformly
with respect to high economy and to agricultural needs

i’ - a high degree of zutomation 2nd mechanization makes the
applicaticn to soil easy, labour demand is reduced
substantially, hard work is eliminated

- conditions for enviromental protection at the production,
storafe, transport and application stages are improvaed
essentially /dusty operations are excluded, no liquila-
tion of used bags etc./

- the nutrient in liguid solution is assimilated by the
agricultural plants riore efficiently

- liquid fertilizer nay be aprlied both before and during the
vegetation - period, the water solution of nutrient is
effectively assimilated by lcaves, this fact may be
inportant in arid areus or during long periods without
rainfall, |

- low specific cons&nption of energy for production

|
\
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However, some prcblems arise when liquid fertilizers
are introduced into practice. Farmers have to be prepa-
red for the application of liquid fertilizers which is
basically different from granulated ones and relevant

machines have to he available.

Taking in consideration the exisiing producticn program
of GFC Homs, two basic types of liquid fertilizers may
be of interest:
VAN - urea armonium nitrate solutien
NP - armonium phosphate solution of formulation 8-27-C
/N - P205 - K20 expressed in % b, w,/ or more con- !
centrated types.

UAN is a colourless liquid fertilizer which is producsad
by mixing armonium nitrate and urca water solutions

" /75 %/ in the ratio 1.: 1 . The final product ccntains
29 - 32 % of nitrogen, which is present in amid /57 %/,
nitrate /21,5 %/, and armmonium forms /21,5 %/ but deri-
vations form this composition are acceptable.

In principal two ways of technology are possible, either
solid components - prilled urea and prilled anmonium
nitrate - are dissolved in water or intermediate products
are upstreamed form production units in relevant concen-
trations /approx. 75 %/ and mixed together, The latter

possibility is evidently riore econoiiical in case both
production units are situated in one place as is the fact
at GFC loms.
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In Czechoslovakia a plant with the capacity 150 GGO
mtpa of UAN /Czechoslovak make DAM-39G/ is in operation
in Duslc Sala and smaller capacities are installed in
other 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 NP - fertilizer is produced by neutralization
of phosphoric acid /concentration 32 < F,G5 or -higher/
with liquid o" gaseous armonia. At present only limited
quantities are produced on Czechoslovakia because of the
lack of phosphoric acid. To meet the der:iand of agriculture
a project has been prepared with the following technical
specification:
Capacity/ XP-fertilizer 8-24-G/ ...........220 GOO t/year
Consumptions:
Phospheric acid 32 % P205 ceresrcesscssesaes.23 CO0 ¢ P2C5/
year
Gaseous ammonia 100 % NHg eveeonenencnaneees2l GLO t/year
Electricity - procuction vnit................2 16G MN¥h/year
- storage facilities ,........... 80 M¥h/year
Clarified fced water teecsssccnccscccsnseseesdl (GO m3/year
Cooling water ®ecccecscesccrrccocscresanvsessl 880 CUO m3/
' year

If necessary some ermulsifying agzent may be used /for
instance in Czechoslovokia fine ground benmunite of donestic
source is applied/.

Joth above described technulogical processes have been
developed in Czechoslovakia, the nlants referred to have

proven in industrial practice.
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ANNEX 2/71
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® ANNEX 2/11

Survers of 0.3 - "yalit-r Tesied

1 by C:X - Plant Loboratorw
Period 1/11/84 — 1/11/84

Dete Moisture Undersize NY‘ 3
content ¢ 1 mm < 3
nine-nax Rinenrax nin-nax

1/1¢C C,55~C,¢8 0,5-3,0 14,34-15,7¢

2/1¢ G,72-C,02 1,5-2,0 14,28-15,51
3/1¢ C,45~0,90 . 0,5=2,0 14,27=14,C4

4/10 G,57-0,¢C ¢,2-2,0 14,5C-15,62

5/10 C,6C-C,907 0,8-2,1 14,56-15,6¢

&/1C . 0,60-C,C4 ¢,6-2,0 14,5C=-16, 11

7/1¢C C,54~C,SC 0,5-4,4 14,10-15,73

&/10 C,50=(,00 ¢,5-2,6 14,C0~15,5C |

8/1¢C C,%2-1,CC C,5-1,5 14,11=15,.1C !

10/1G 0,57=C,22 1,0-2,2 14,73-15,6C
11/1¢C 0,4(~C,78 1,0-3,3 14,17-15,50
1+ 2/1C C,60-C,72 1,2-8,4 14,0C=15,62
13/1¢C 0,6(~.,93 0,5-3,C 14,62-15,60
14/1¢C 0, 5C~C, 80 1,5-1,5 14,55-15,11
15/10 0,86-C,26 1,5-3,5 14,15-16,48
16/1C G,55-1,38 0,2-2,2 13,72-15,11
' 17/1C C,65=1,43 0,3-2,5 14,23-15,22
19/1¢C C,60-0,¢6 C,5=2,1 14,15~15,62
20/1C £,51=-C,91 1,0=4,5 14,50-16,10
22/1¢C C,65-C,70 3,0-3,C 14,33-14,¢5
23/10 0,730,956 C,6=2,7 14,11=15,956
24/1¢C C,65-C,85 1,C-11,3 14,56=15,11
25/1¢C 0,73-1,20 2,1-4,5 14,45<15,11
2 8/1¢ C,60-~C,08 2,0=5,5 14,45=15,44
29/10¢ C¢,51=1,3 1,0-3,0 14,11=15,57
30/1¢C 0,62~0,95 1,2-6,5 14,17-15,6C
31/1¢ C,50~1,0 0,5=1,0 14,58-16,48

2/11 G,72~1,32 1,1=6,2 14,17=15,4C

3/11 0,47-1,14 1,5=7,0 14,62-15,62

4/11 C,63~1,31 1,5=4,5 14,00-15,51




Survev of Individual Analyses Made at Plant laboratorv GFC During the Period 1/10 = 14/10/84

Nitrogen 1,0 Size Distribution in % b. w.
Total Sizes in mm
% be W %5 be We >4 2 s 1
T 15,68 0,55 2,5 4,1 13,7 48,2 1,5
9 14,56 0,57 3,5 5,9 30,0 56,0 3,0
12 14,34 - 5,1 6,0 38,2 A7,7. 3,0
15 15,17 O,S4 290 S’O t“!s 5‘1,0 0,5
17 15,06 0,62 2,0 5,5 41,0 51,0 0,5
23 15,78 0,98 3,0 5,0 42,0 19,5 0,5
2 14,82 0,86 0,5 1,2 49,5 48,0 0,5
5 14,15 - 2,0 2,5 47,0 17,0 1,5
T 14,57 0,50 5,5 TyD 52,0 33,5 1,5
10 - 14,73 0,54 0,5 2,5 2,5 62,2 2,3
13 14,56 - 4,2 5,0 35,2 53,4 2,2
15 14,56 0,9 4,0 4,5 39,0 51,0 1,0
21 15,06 - 1,6 1,2 35,1 56,5 2,6
23 15,11 0,88 3,0 5,0 17,1 19,5 1,5
2 15,01 0,62 1,2 5,2 42,0 19,2 2,4
5 15,01 - 2,1 4,2 12,0 50,11 1,2
7 15,01 0,80 2,0 5,5 40,0 51,6 1,5
15 15,01 0, 80 0,5 4,0 51,0 51,5 2,0
17 15,17 0,70 3,0 5,5 19,0 17,0 0,5
19 15,06 - 1,2 3,5 43,0 50,6 1,7
23 14,67 0,98 1,0 2,5 42,1 53,0 1,4

= F€L -

II1I/2 X2NN¥



- of Aversge Daily Annlvses Made at Central Laboratorv GI'C Durine the Period 4/9 - 9/10/34

{1y = =t md b

totot.

Nitreogen NH4XO3 Size Distribution in % b. w. ”20
Total Content Sizes in mm Y% DeWe

5 be W 0D W, >4 >3 > 2 <1
a/0 30.12 86,08 0 5,0 SR 3,5 0,63
570 30,01 85,76 0 5,0 0,0 3,5 0,72
&/9 29,00 82,88 0 Gy 50,0 1,2 0,85
0/9 29,34 83,84 0 15,7 54,8 0,5 0,44
4,0 290,23 83,52 0] 10,5 56,3 0,7 0,80
6/0 30,35 £6,72 0 10,8 11,5 1,7 0,87
c,/0 29,34 83,84 0 745 53,6 1,2 0,73
« /9 30,46 85,04 0 8,5 43,2 0,5 0,60
3,9 29,45 84,16 0 11,2 55,5 1,0 0,43
3/9 29,30 84,16 0 0,8 50,1 1,7 0,73
©9 30,57 85,36 0 52,0 2,7 0,70
110 20,90 85,19 0 39,7 1,5 0,63
T/10 30,01 85,76 0 46,7 0,8 0,16
S/’\O 29,45 8",16 0 4797 2’3 0’70
2,10 30,68 87,068 0 47,0 4,5 0,065

- celL -

AI/2 X3ANNV
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Measurerent of the Cakine Tendency cf Fertilizers

UYethod 1

Score: This method covers the determination of the caking
tendency of fertilizers

Suniary: A sample of the tested fertilizer is pressed
under the pressure of (¢,16 \VPa for 17 hours.
The hardness of the cake is measured by the means
of a penetrating needle instruwent,

Apperatus: Fertilizer press, Penetrating needle instrumrent

Procedure::Samples of fertilizers are filled into stainless
steel cylinders up to the rim. The cylinders
are pleced into small PP btags in order to elini-
nate the influence of the atmosphkere. The PP bass
are closed on the side of the cylinders not on
top. Then place the lids on the cups and apply
pressure on thker:. This pressure is to be rain-
tained for 17 hours at an ar.bient teniperature
of 25 °C./See Fertilizer press - Figure No 3/.

After 17 hours take the cylinders out of the
PP bags carefully and place one after another
on the supporting frame of the penetrating nee-
dle instrument. /See figure 1/. Point the ncedle
of the penetrating needle instrunent to the

- center of the upper opening of the cylinder
and apply pres=ure. Cn the scale cf the instru-
ment read the pressure /N/ at the rnioment when
thno fertilizer cake is punched. /Sae fig. 2/.
The hardness of the fertilizer cake is propor-

tional to the measured punch pressure.
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Note: Do not forget to take out the fertilizer remains
from the penetrating needle ccllecting vessel, as it
might influeiice further measurements.

Calculation: The caking tendency of the fertilizer is

calculated as the average pressure of threo
parallel tests.

Fertilizer Press - Fig. No 1

The fertilizer press consists of the following principal
parts: )

ecoscsccrsseasss.SUpPpPOrt
;...............cylinder
evececssnscecss.Cylinder lid

OO

eseccecsccesss..lid buttons, where the aztual
press is applied
' O cecerrenacenens.lead weight
6,7,8..00000c0....frane

Penetrating Needle Instrument - Fig. 2,3

eses..fertilizer cake in the cylinder
esses.sSupporting frame
eco..ofertilizer collecting vessel
e-.s..pcuetrating ncedle

es.osapiston

cesesoDressure chamber
eesece.cOmpressed air inlet

® 3 OO B W N e

esess.pPressure scale
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Evaluation o' Results

The value of penetrating pressure of the tested fertilizer
is indicaled on the above instrument. It is advised to
repcat the test with several identical samples to obtain

a reliable average value. This result is prooorticnal to
the anticaking tendency of the tested fertilizer.

This method is generally used to corpare the quality of
various fertilizers, As local climatic, storage, transpert

and hendling conditions mey vary substantially, the general
view .on the udegnate degree of anticaking tendency is not }
uniform. Hovwever, as a universal guide for CAN gnuality

testinf the following data may be used:

Table
Quality class relating Y2asured Pressure
to anticaking tendency in N

I. CAN 3( - unconditioned

-Oxcelent ot gOOd I I IR A AR B R R B A A IR I R A B ] 120' 15(’
- lower but still satisfactory 1/.......... 15C - 2206
-J.(,“' or l)ad ® 00 00600045 0000000000V IOGRNEPPOSLTN 22C

II. CAN 3¢ - cenditioned /AA applied/

higl‘ LA A I B A AR B R A IR BE I B I BN B AN BN 2R BN B I B B RN BN U I 2R N AN 4 2()-7(/

1/ Note: Lower quality may occur also when déviation fron
technologzical regulations resulted in & higher content
of constituent wmoisture in the tested fertilizer.

When evaluation of the effect of used anticaking agents
should be the main aim of testing, the efficiency of
conditicning /EF/ is calculated ¢n the basis of pressures




- 141 -

neasured before conditioning /PBC/ and after counditioning
/PAC/ according to the folleowing equation

cp = PBC - FAC . 100

1
The effect of the used antic=king agent is
-"er)’ good ror EF ;0.'.‘...0...........7(‘-8(’

[
”®~
- aCCEPt;lhle ....o..oo..o..c.c.....o.....7(1 - 5(/‘;9

Vhen EF <3G % the use of the tested anticaking agent is not
recernendable for eccernorical reasons. .




ANNEX 2/VI

Meusurssrient of the Influence of Different Anticaking

Azents on thae Coiing Tendency of Fertilizers

Methed 2

Scope: To mininize the caking tendency of fertilizers
different anticakine agents are recoms.ended,
The suitability of iadividual agents is to be tested
for fertilizers produced in different plants.

Summary: A measured guantity of raw fertilizer is filled
into a srall laboratory coating drum. The ferti-
lizer is coated with a known quantity of antica-
King agent. The treated fertilizer is homogenized
in the drum for 3 minutecd and its caking tendency
is measured afterwards /See A’ AMEX 2/ V Measurement
of Caking Tendency of Fertilizers/.

Apparatus: Coating drum - a rotating cylinder 3¢ em long
and 20 cm wide is used. The cylinder is closed
at one side, on the other zide ther is an orifi-
ce 8 cia in dia, This orifice is used for filling
in the fertilizer and the applicaticn of anti-
caking agents, (n the inner wall of the drum 3
longitudinal shonlders are situated to enable
the thorough mixing of the fertilizer. The drum
is rotated at the speed of 3C rpm. A special
syringe or nozzle for the application of anti-
caking acents in the form of a fine mist is used,

Cheriicals: Samples of the fertilizer and samples of the
tested anticarning agents.

Procedure: Insert (,5 - 1 kg of fertilizer into the drum
and start to rotate it. The quality c¢f the fertili-
zer is expected to be well defined /sieve analysis,



- 143 -

moisture’ content, nitrogen content, possibly so-
luble calcium content/. Puring one minute apply
a known quantity of the tested anticaking agent.
Rotate the drum for 3 minutes and then take samples
to measure the caking tendency of the fertilizer.

Note:

= If the tested anticaking agent is hizhly viscose, it is

to be heated to a suitable tecperature, so'that it can

be applied in the form of a fine mist. |
- If anticuking =2nd separating agents are applied, the i

, anticaking agent is aprlied first, than the rotation

of the drum is stopred, the separating azent is added,

the orifice is clcsed by means cf a PP bag and the drum

is rotated for 3 minutes. The caking tendency is measu-

red afterv.rds.

' Calculation: Anticaking properties of different anticaking

agents are evaluated from the values of the measurement
of the Caking Tendency of Fertilizers /see AMNEX 2/V/.
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ANNEX 2/VII

Deterrinaticn of (roinic Anticaking Acent Content in CAN

an® Coribined Fertilizers

Scope: .This method covers the deterrination of organic
matter, espéciazlly of organic anticaking acents.
in CAN and corbined fertilizers.

Surrrarv: The organic anticaking agent in fertilizers is
deterrined by reneated extraction with chloru- !
forri; this is distilled off and the organic residue

is deernincd zreviroetrically.

Apnoriatus: Soxhlet appraratus /1(C ml capacity/
Flat bottom dist., fiask /230 ml caracity/
Water bath
Dissicater

Che:iicaals: Chloroform redistilled

4 Procedure: %Weigh (G grams of fertilizer into &n extraction
thimble of the Soxhlet apparatus, Place the thinble
into the extraction apraratus carefully., The appa-
ratus rust be thorocuchly cleazn, rinsed w#ith di-
stilled water and dried, Take a distillation flask,
clean and dry, put it into & dissicator and leave
it there to rcach the ambient temperature /

/1 hour arrrox./. “eich it then with the accuracy of
5 decinals, ¥lsce 100 ml of chleroform into this
flask, join it to the Soxhlet apparatus and pluce
the water cooler into position. The extraction
appuratus is heated by means of a water bath,

Repcat the extraction 1lU times.

2




After finishing the extraction, with all chlorofcrm
back in the distillation flask, disconnect the
cooler, tike out the thimble carefully, asserble
the apparatus for distillation and distill off

the chloroform. Cleun the distillaticn flask con-
taining the orgenic resicie from the outer side care-
fully /as it was situated in a water bath/ and dry
it for 16 hours in an even at 50°C. Take the flask
cut of the oven, nlace il inito a dissicator to cool
and after it has reached the ambient tewpérhture,
veigh it with the accuracy of 5 decirals.

hloroform which was distilled off can be used for
further tests.

Blanc Test

. e 3 » L4 3
Take & sampie of ferlilizer which wasn t treated with the
anticaking avent and analyse its contents of organic
matter by the sume procecduré as described ahove,

Calcnlation

Calculate the anticaking agent of the sample as follows:
anticaking asent % b, w, = / %— * 100 / - blanc test %

where: .
V vevresse.wiight of organic matter in grams

N coeveoeroweiglit of the sample in graris
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® ANNEX 2/VIII

Deterrination of VWater Soluble Calcium Contoent in CAN

Method 4

Scone: This method covers the determinatien of water so-
luble c¢r~lciun content, which is present in the CAN
fertilizer in the form of Ca/.\'o3/2 . Its content
is one of the parareters which indicates the CAN

tendency to forr cekes.

Sunriarv: A sample 8 CAN is dissolved in methanol and
filtered. Armonia buffer soln. and Zn EDTA are

added to the filtrate, which is titrated with 6,1 I
soln of EDTA, using Eriochrem black T as indica-
tor., End of the titraticn is indicated by the

viclet colour chansing into blue. The calcium
’ content is directly proportional to EDTA consump-
tion.
Apparatus: Volumetric flask 100 ml - 1 pe

Volunetric flask 1 €00 ml - 2 ncs
Volunetric flask 2 006 ml - 3 pcs
Beaker 2 (L0 ©l -1 pc
Beaker 5CC ml - 1 pc
Watch glass
Funnel

Burettie 10 ml
Pipette 25 ml
Shaking machine

Chenicals: EDTA
Zinc metal 99,9 %
Hydrochloric acid 36 % A R

Amrionium chloride A R
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Amronia 25 %
Zinc sulphate crystzllic AR
Methanol lew in water A R

¢, M EDTY soln, - weigh 37,52 ¢ EDTA, transfer into

1 Jitre volumetric flask and fill up with
distilled water,

EDTA scln, - fuctor fdeterrmination - pipette 1C w1l of the

EDTA soln., wdd 1C ml of armonia buffer, Eriochrox
black T, and titrate by ¢,1 M Zn scln, from blue
to red colour

£ = vZn * on , vhere

10

VZn ceressenacesssssconsumption of C,1 M Zn soln, in ml
’ fp eeeeeeeesccie. factor of the Zn soln.
13

6,1 M Zine scin, - weigh 6,5435 ¢ of Zinc /99,5 %/ into
a 1 litre fClask, add 33 ml of hydrochlcecric acid
/33 =~ 37 &/ A K. Cover tlie neck of the flask with
a funnel covered by a wavch glass anus cool the flask

daring Zn dissolving., The Zn dissolviag preccedure is
finished in 16 - 20 heurs, rinse the wetch glass and
the funnel with distilled water which is added to
the solu. Transfer tle soln., into L litre volumetric
flask and fill up to the mark. If the real weight of
the digsolved zinc 4iffryrs for the 2bove mentioned
6,5135 g, a factor is to he used:

n wei;
f

Zn 6,6135

hWt /s/
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stueonia Buffer -dissolve 18 g of ammonia chloride in

distilled watsr, add 7¢0 ml of awmonia /235 %/,
transfer intoa volumetric flask of 2 litre capa-
city and fill up to the mark.

7Zn CDTA - weigh 9,4 g EDTA, transfer into a volumetric
" flask of -2 litre capacity, add 1 2(6C ml dist.
vater. Dissleve 7,2 5 ZnSG, . 7 H € in 2 beaker
/546 nl/ in 256 ml, dist, water. This soln, if
not turbid, transfer to the EDIA soln., add
-

5 ml of armonia soln,., concentrared and-fill up
to 2 litres with dist, water.

Testinz of the Zn EDTA soln. - pipette 2¢ ml of Zrn EDTA
soln. and titrate it with soln. of Zn.and EDTA,

The consumpticn of either of these standards
shovldn’t exceed one drop.

Methvl alcohel soln, - mix 35,3 ml of ammonia /25 %/ and

19,5 ml of dist. water and fill up with methanol
in a 2 litre volumetric flask,

Procecure. A 10 g sample of the fertilizer truansfer into
a weighed volumetric flask /100 rl/, add the
armonia methanol soln., and shake vigoroﬁsly
30 min. on a laboratory shaking rachine. Fill
up with dist, water 100 ml, Filtrate the soln,
through filter paper /blue rigbon/. Pipette
25 1 into a titration flask /not with a mouth!/,
add 10 ml ammonia buffer, 5 ml Zn EDTA soln.,
Eriochrom black T indicator and titrate with 0,]
M EDTA soln. from red violet to blue. Repecat
this analysis twice for each fertilizer sample,




Crlcenlriion = caleulate the vater soluble caleiun content:

A e Fapry

, - . O, ‘1‘COS
Cx water soluble ¢ b,w. = —

=

-

Ca0 wvatler soludle <& b.w. =

A}

wiere )
-‘.L OQOOCOOODOIOOQEDT&‘L 5011'1. COSU.".IP"CiOH l‘.".l
B oeceervaieieasesomple veight g

f:\:)'—\g c'-o-nooootitr?—tion factor Of :;T.'.‘.

o
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ANMEX2/1IX

Granule Strencth Testing

Scove: A quick determination of the crushing strength
of individual granules is carried out with the ajd
of a siuple, hand-operated device /supplied for
instance by the firm Pfizer, 62 Wiesbaden, Schéne
Aussicht 44, Federal Eepublic or Germany/.
Indicated crushing strength or'plastic behaviour
of granules are important factors with respect to
the caiing tendency of fertilizers,

Surmars: A sarinle of'fertilizer is to be screened to obtain
the granulometric fraction 1,6 - 2, unt. Granules
of arproxiniately equal size should be compared
only, because crushing strength increases signi-

' ficantly with increase in Farticle size. To obtain
an average evaluation it is necessdry to crush at
least 2¢ and preferably nore granules. Individual
granules are crushed between movable jaws of the
testing device and the crushing strength is indji-
cated bty manometric scale readings at the time when
the granule fractures. Some granules do not crush
but are plastically deformed. The percentage of
Plastic granules defines the plusticity of the
fertilizer, Ligh plasticity and/or low crushing
strength rroriote the cihing tendency of fortjlie
7ers.

Apparatus: Tosting devico-mnusuring tongs, the movable Jjaw
of which is fitted with a manometer working in

2]

the range 0 - 25 kp/cm”.
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Chemicals: No chemicals neceded

Procedure: A granulometric fraction 1,6 - 2,0 mm obtained
by screening a 0,5 kg sample is put into a
polythene bag to protect it against the influerce
of the envircrentzl atrnesohere. Individual
prills are taken with tweezers and put on the
Yower jaw of the testing device. The upper jaw
is pressed down and .pressure indicated at the
sciale in time of crushing is rezsured.

Calceulztion: ’ i

Cs» «.......crushing strength of fertilizer
CSI sceeessoCrushing strenzth of indivicual
non-plastic granules
M eecoececeeontutber of non-plustic granules
Nieeceeseseestotal number of tested granules

P ececococaoplasticity of fertilizer

- 2CS
CSF = I /N/

p =1 « 1C0 %/




ANNZEX 2/X

List of _‘nticakin~ ‘econts Tested:

Arnoflo 66 S - Armour Hess Chem. Lin.
Victoria Avenue, Ilicrrogate
HC 1 522, Great Brittain
Flotigam 1677 — HOICEST AG
D 623C Frankfurit/dain €0
Federal Republic of Germany
Flotigam S - LCECHEST 4G
D 6230 Frenkfurt/Main &0
Federal Revpublic of Germany

o
&

Roronta 6 - Vi Cheniewerlke Verdau
Johannisstrasse 28
Verdau, Germen Democrzatic Repubdlic
SK FERT P2C\ ~.Sinor - kzo/sa
Aragon, 323, atice
Barcelona - 13

Spain

After the testing program was closed the following AA was
delivered to Gr(:
Raisamin I, PK ~ Rasio Tehtaat

0Y 1.5 VIOLOT

21 20C RAISIO

Finland
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DAMASCUS

GGVT of SVI:TA - GECI/GFC
® 4. Nr. ZEIF AL EARIRI
Deputy Gen. Director of CG=CI
5. Mr. A. TLPA
General Director
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6. Mr. M, ALI ALLUSSEIXN
Counterpart
GFC HOMS
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-APPEXDIX II

’ UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

Post title

— Duration
Date required
Duty station

o Purpose of project

Duties

UNIDO

19 October 1983

JOB DESCRIPTION

Expert in Designing Catalyst Testing Pilot Plant
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Homs, Syrian Arab Republic

To assist the General Fertilizer Company in detailed designing of
a pilot plant for testing catalysts for ammonia production.

The expert will be assigned to the General Fertilizer Company
and will be expected to:

Evaluate the present status of design work for the construction
of a pilot plant to test catalysts for ammonia production;

Assist in elaboration of technological scheme to be applied for
testing catalysts and make recommendations on it;
hssist in choosing appropriate equipment to be ordered for the
construction of the pilot plant;

Consult on specific requirements to equipment to be spplied at
the above pilot plant;

Consult ovcorking 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 specialists;

Mzke a report along with the other expert on his achieven: ats and./.
findings_upen the complecion of the project,
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UNITED NATIONS INDUSTRIAL DE\’ELOPMENT ORGANIZATION

Post title

Duration

Date required

Duty station

Purpose of project

Duties

UNIDO

19 October 1983

-

JOB DESCRIPTION

Expert in prevention of Nitrogen Fertxllzers Caking Tedency,
with research capabxlxty.

s -

Homs, Syrian Arab Republic

To assist the General Fertilizer Company in conducting research
work at a pilot plant and laborateries to reduce caking tendency
of CAN and urea.

The expert will be assigned to the GFC and will be expected to:
Evaluate the present status of research work on CAN and urea caking
tendency prevertion 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 dlfferent means
of caking tendency prevention;

Consult on the choice of possible anti-caking agénts to be tested
and recommend on compiling a list of such agents to be supplied by
the contractor in small quantities; . . -

Recommend on possible schemes and regimes of ant -caking treatment
of CAN and urea;

Assist in conducting experiments on anti-caking treatment;
Consult on the final decision to be made;
Train counterpar: specialists: .

Make a report on his findings and achievements along with the other
expert.
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