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ABSTRACT 

This study forms part of the project, "Assistance to the Libyan Cement 

Factory, Benghazi" (TF/LIB/75/002) whi.ch is being carried out f:Jr the 
authorities of the Libyan Arab Jamahiriya by the Cnited Nations Industrial 
Jevelopment Organization (UNIDO) under a trust--fund agreement. This project 
nas been operating since 1976 and is designed to give direct technical 
assistance to the cement industry. The author of this study to0k over as 
co-ordinator of the !.:NIDO technical-assistance ?roject in ~!ay 1980 and, apart 
from assisting witi:i the day-to-da;. operati_onal problems of the Libyan Cement 
Company (LCCJ, has also been invol"ed in tackling various long-tern ?roblems 
affecting cement production. 

Gne of these problems has been the formation of cement lumps and the 
aggre~ation of hardened cement on the walls and the discharge outlets of the 
storage silos in the Hawari Cement ?lant. This causes serious problems in the 
packing section when trying to bag the cement and wi)en l:Jading it into bulk 
tankers. The storage capacity of the cement silos is also reduced. 

The ~ontractors who supplied the plant were asked to make proposals for 
overcoming these diffic'.ilties and the co-ordinator was also asked to 
investigate every aspect of the problem. 

In this report, the co-ordinator comments on t~e proposals made by the 

contractors and r:eviews the various factors, chemjcal, physical and 
mechanical, which contribute ~., the problem. The results of both large-scale 
dnd laboratory tests are described and recommendations made for various ways 
in which the problem might be tackled. 
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INTR:JD UCT-r:ON 

This study forms part of the project:, "Assistance to the Libyan Cement 
?actory, Benghazi" (TF/LIB/75/002) which is being carried out for the 
authorities of the Libyan Arab Jamahiriya by the United Nations Industrial 
Developmer.t Organization (UNIDO) under a trust-fund agreeme7tt. This ?roject 
has been ope::-ating since 1976 and is designed to give direc.t technical 
assistance to the cement industry. The author of this study took over as 
co-ordinator of the UNIDO technical-assistance project in :.1ay 1980 and, apart 
from assisting with the day-to-day operational problems ~f the Libyan Cement 
Company (LCC), r.as also been involved in tackling various long-term proolems 
affecting cement production. 

"::'he Libyan Cement Company has two cement plants, Benghazi (with three 
production lines) and Hawari (with two production lines). The Hawari Cement 
?lant ~as supplied under a turnkey contract between the General National 
Organization for Industrialization (GNOI) and a consortium of two contractors 
from the Federal Re~ublic of Germany, Kloeckner Humtoldt Deutz 
Industrieanlagen AG (KHD) and Bilfinger and Berger AG (B & B). The contract 
~as signed in 1975 and the plant provisionally taken over in 1978. Since the 
~tart of its operations, serious troubles have occurred in che packing section 
caused by the formation of cement lumps and clogging of the storage silos. A 
coating of cement is usually formed on the internal. walls of the LCC cement 
silos and also on the cement discharge exits causing difficulty and 
operational failure whe~ filling cement int0 bulk tankers or in the bagging 
section. The storage capacity of the Jilos is also reduced as it has proved 
inadvisable to store cement for a long time or to keep the cement silos full 
all the time. 

The contractors, KHD, were asked to investigate this problem and to make 
practical suggestions for eliminating the difficulties. They submitted four 
reports to the LCC on 6 Xar~h 1978, 16 August 1978, 4 December 1978 and 
11 ~y 1979. In ~ay 1980, a meeting was held with A.~. El-Gheriani, Secretary 
of the People's Committee and General Xanager of LCC, and A.~!. Afify, the 
previous project co-ordinator, at which the oroblem was discussed. The 
present pcoject co-ordinator was asked to pursue the matter further and to 
advise on the recommendations made by KHD. 
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CONCLI;SIONS AND RECOM~lENDATIONS 

Cone lusions 

1. ""he flm.;ability of LCC cement is very ?Oor. Good results have ':Jeen 
achieved elsewhere by partially replacing gypsum by limestone as an additive. 
However, operational tests on plant produc~ion usi~~ different proportions of 
limestone did not give any clear resulcs or bring about a distinct improvemEnt 
in cement flowability. 

The limestone and marl used i~ the LCC raw mixes was found to oroduce a 
high tricalcium aluminate (C3A) content and a low tetracalcium 
aluminoferrite (C4A?) content in the clinker which makes it 
r:toisture-sensitive and encourages hydration in the silos leading to lump 
'.'ormat ion. 

3. During cement grinding, most of the mechanical energy supplied to the 
mill is transformed into heat as a result of elastic deformation within the 
particles. The temperature of the material in the mill increases as 
comminution proceeds. The clinker temperature of 100°C on entry into the 
cement mill may rise above 150°C. During the storage period in the silos, 
which mav last from a few hours to several months, the cement remains for some 
time at~ temperature within 10-20°C of the exit temperature from the cement 
:nil l (i.e. 9J-100°C). As a result the gypsum is partially dehydrated to fonn 
hemihydrate. The liberated moisture -. .;ill travel to the colder walls and will 
affect the cement grains by reacting with the clinker phases, especially the 
aluminates, to form crystals of ettringite and syngenite which leads to lump 
f o mat io n. 

~. The thick coating of powa~red cement on the grinding media in the cement 
mill was found to decrease the mill efficiency, raise energy consumption and 
reduce the flowability of cement after grinding. 

5. Various features of the design of the cement silos were found to be 
contributory factors in the format ion of lumps; 

(a) The air slides are too far apart, allowing static cement to 
accumulate between them and harden; 

(b) The compressed air which is injected has to be kept free of water 
condensation; 

Cc) There is a dead space between the two discharge outlets in which 
cement accumulates and undergoes the chemical reaction described above during 
the storage period. A proposal was considered for erecting a cone-shaped 
structure inside the silo bo~tom which would eliminate the dead space and 
allow the cement to flow ea~iiy over the cone to eight evenlv-distributed 
outlet points. It was concluded, however, that as the problem of lump 
formation was primarily a chemical one, the installation of the cone structure 
was not likely to provide a complete solution; 

!d) To prevent cement adheri~ to the silo walls and hardening into 
aggregations, it was proposed to paint the inside of the silo walls with a 
non-stick coating. However, it wa.~ decic.Led that this could only be done 
successfully at the beginning before. the silo is filled and would not in any 
case affect the chemical reaction which causes the lumps. 
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6. Laboratory tes~s on using limestone as an additive confirmed the results 
of the large-scale operational tests that this does not bring abou:: a 
signiricant improverr.ent. However, encouraging results in terms of fineness, 
flowability and compressive strength, were achieved ir. laboratorv ~ests using 
li=:iestone associated with tiure -sy;:isum, ethylene ;slycol and corrn:nercial 
additives (HEA). 

Recommendations 

1. Grindins; aids should '.:le used to reduce the cement coating on the grinding 
balls and cylpebs in the cement mill to lmprove the efficiency of the mill and 
the flowability of the ground cement. 

2. The chemical problem should be tackled by adding a ferriferous third 
component such as pyrite ash to the raw mix in a proportion of between 1.0 and 
1.36~~. This will increase the C4:1F content and reduce ~he value of C3A to 
a maximum of 10~ which will help prevent the formation of lumps in the silos. 

3. 7he temperature of the cement produced should be kept as low as 
possible. This can be achieved jy; 

(a) Only using fer grindi·.-ig clinker which ha~ been stored and cocled for 
at least a week; 

(b) ?eeding the ground ~ement into cooling tanks. 

~. !he amount of ~oisture available to the cement should ~e ~ept as low as 
?ossible. ~ater injection into the cement mills should be avoided to prevent 
the adsorption of any droplets on the cesent grains and to eliminate the 15% 
of water vapour which actually reaches the cement silos. The compressed air 
injected into the silos should be freed from water condensation by installing 
water traps before the silos or by passing the compressed air through big 
tanks equipped with taps at the bottom through which the condensed water is 
continually expelled. 

5. In the silos themselve;;, it would be possible to enlarge the air slides 
to m1n1m1ze the dead space between them. Regular cleaning of the si ~os every 
six months will help prevent the accumu:ation of hardened cement. 

6. Trials should be carried out in the regular LCC production using some or 
the additives which showed promising results i.n tne laboratory tests. An 
Italian company has agreed to carry out these t!'ials. 
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I. BACKGROL'ND i'O THE PRO &.Df 

A. The setting time of cement 

The setting time of ~crtland cement is the time which elapses after mixing 
the cement with water before the paste will resist a certain fixed pressure. 

There are some factors which influence the setting time of cement. These 
factors can be stated as follows: 

(a) The greater the proportion of alumina and ferric oxide tn cement the 

more rapid is the initial set; 

(b) Fineness of cement has a great influence on the sE:tting time, i.e. 
fine cement sets quicker than the same type of cement ground more coarsely; 

(c) Calcium sulphate (gypsum) contaminated with coal or heavy oil has a 

remarkable effect in retarding the setting time; 

(d) In ~~dition to calcium sulphate, there are scme salts that cause 
retardation ~hile other groups of salts have an accelerating effect on the 
setting when large amounts are added to cement. The effect produced by-adding 
these salts varies according to the degree to which the setting time is 
already retarded by gypsum; 

(e) Sugar has a very marked effect as a l~~ solution completely inhibits 

real setting and hardening. 

The use of some agents to control the setting of cement •.;as seen to be 
necessary and the addition of gypsum during grinding of the clinker became 
general. The amount of gypsum added to the clinker corresponds to about 1-3~~ 
sulphur trioxide (S03) and is limited hy the specification requirements, 
which in all countries only permit the presence of a certain proportion of 
gypsum in the finished cement. 

The presence of free lime in clinker assists ln the retardation of 
setting. Although pla~ter of paris (CaS04. H20) in smal~ quantities 
retards the setting of cement more vigorously than gypsum, the addition of 
larger quantities (more than 4%) renders the cement quick-setting agatn (less 
than 30 minutes). 

~ixtures of gypsum and anhydrite in rougnly equal proportion are sometimes 
used as a means of overcoming problems of false set. Fals~ set is attrib~ted 
to the dehydration of gypsum caused by the high temperatures reached tn 
grinding the cement clinker and its recrystallization. On occasion, 
temperatures may exceed 150°C. 

There are some factors which influence the susceptibility of ~linker to 
develop a false ~et; 

(a) The presence of free lime assists the dehydrdtion of the gypsum ore; 

(b) Carbonation of alkalies in the cement during sto~~ge ha= also been 
suggested as a cause, but this is more likely to produce a fla3h set than a 
false set. 
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B. Effect of storage on cement prorierties 

Ceme·at storec'I in sealed containers at ordinary temperatures does t~ot 

!JSually change evec1 over long periods, but at high temperatures some change is 
prodi:.ced for, although the cement appears normal, it may rapidly develop a 
flash set if subsequently expcsed to air. Trouble with rapid setting is 
occasionall:· experieuced with cements shipped from temperate to tropical 
climates. Development of a flash set also occasionally occurs in cement 
stored in bulk. The high temperatures produced during grinding probably 
persist for a considerable ~eriod of time in cement stored in silos, but the 
particular conditions whi n can lead to rapid setting and the corresponding 
changes occurring in the cement are far from clear. 

Takemot (1959) studied the dehydration of gypsum when ground with clinker 
in a laboratory mill at different tem?eratures, using the thermal analysis 
method. The results showed that hemihydrate was formed at 8S°C after 40 
minutes grinding and soluble anhydrite was formed at 130°C after grinding tre 
mixture for up to 80 minutes. Due to the formation of hemihydrate, water 
leaves the clinker-gypsum mixture. This water, where more than 4~~ of 
~emihydrate is present, leads to later hydration of the cement in the s~orage 
silos. 

Juring grinding and storage, cement may come in contact with water vapour 
formed as a res u 1 t of : 

(a) Spraying water into the cement mill during grinding; 

( b) Dehydration cf t'-ie gypsum c ~ high temperatures; 

(c) :,.;ater accompanying the compressed air. 

The cement can react chemically with the water vapour and undergo 
solidification which creates lumps and aggregations. These solidified :umps 
are due to the formation of acicular syngenite CK2S04.Caso4 .Hz0) or 
ettringite (3CaO.Al 2o3 .JCaS04 .32 H20) and may cause slower setting and 
reduced strength in the c.:oocrete, though rapid setting may occur as a result 
of secondary formation of gypsum if the cement contains substantial amounts of 
hemihy dra te. 

The dehydration of gypsum takes place at different rares at various 
storage temperatures. ~ehydration evidently occurJ more rapidly and the 
demonstrable residual gypsum content is lower when the clinker contains more 
tricalcium aluminate lC 3AJ and when the amounts of alkali combined in the 

C3A are greater. 

The water liberated from tne gypsum diffuses as vapour into the colder 
areas of the silo where it reacts with the stored cement. The water content 
of the cement rises from about 1% at the centre of the silo to 5-10% by weight 
near the silo wall. ln consequeoce, solidification of cement occurs, starting 
at the wall and progressing towards the centre. The cause of such 
solidification is the build up of a rigid structure of tabular calcium 
aluminate hydrate ~nd acicular syngenite and ettringite which are formed by 
::he reaction of C3A, alkali sulphate and calcium sulphate with water. 
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C. Previous research on the substitution of limestone for SY?Sum 

As will be seen from the foregoing, one possitle solution co the formation 
of lumps ir. storage silos would be partially to replace some of the gypsuli1 by 
other cement ingredients. The co-ordinator had already, as part of his ?h.d 
work, made a study of the effect of replacing varying proportions of gypsum 
during grinding by other materials such as limestone or clay. H~s findings 
were supported by a raper appearing in the magazine, Rock Products, in 
?ebn..ary 197i entitled, "Limestone substitutes for gypsum as a cement 
ingredient". The research carried out was very thorough and the results can 
be reliably taken as a basis for conducting practical tests on the effect of 
such sLbstitution in LCC cement plants. The findings of this paper are 
surmnarized here. 

Samples of clinker were taken from 0ight plants using their ty~ical 
lirrestone and gypsum. These mate:ials were then ground separately to 
diffe~ent finenesses (clinker 3,300 cr.12/g, limestone and gypsum 4,000 
cm2/g). Care was taken to avoid exposure of the pastes to atmospheric 
carbon dioxide (co 2). The pastes were allowed to hydrate for 1, 3, 7, 14, 
28 and 60 days in sealed vials. Subsequently, production trials were carried 
out in a cement plant. 

From the results of all the experiments and the plant production trial of 
substituting limestone for gypsum in ci:?ment production, it was concluded that; 

(a) In the laboratory grinds with partial substitut~on of limestone for 
gypsum, a definite reaction between limestone and clinker does trtke place. 
7he reaction product LS a calcium carboaluminate (CCA) whi~h may form in a 
mechanism similar to that of calcium sulphoaluminate (CSA); 

(b) Physical properties of the cement such as autoclave expansion and 
setting time can be maintained at acceptable values with the correct ratio of 
limestone to gypsum for a given clinker; 

(c) ~crtar strength at constant water content is generally reduced but 
concrete strength, although lower at early stages, generally compared 
favo~rably with the straight gypsum product; 

(d) ~aterial3 obtained Jy actual plan~ experimental grinQS generally show 
an acceptable performance in all areas except very early strength; 

(e) No operational prooiems were encountered during this plant evaluation; 

(f) Partial substitution of li.mestone for gypsum reduces false-set 
properties dramatically in a severe false-setting system. 

Although !!!Ore work needs to be done before definite conclusions can be 
reached, the results of work thus far indicate that partial substitution of 
limestone for gypsum can be a positive facto;:- not only in cement performance 
but in cement plant profitability as well. Of key in~erest was the fact that 
the substitute for gypsum was not some highly-complex additive but was the 
commonly-used and available limestone, whose cost was about 30% of the cost of 
gypsum. A further factor was that, ~ith the increased use of coal as a 
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primary fuel, the su1pnur t1i0Aide (S03) content vf ~linker has increased 
and will probably continue to increase. If the so3 content in the clinker 
was high encugh, one would be able to avoid the addition of 5-7% gypsum and 
d~pend on the clinker S03 to contra 1 the immediate setting characteri_stics 
and then 1:se 1 imestone as a set-c ontro 11 ing ag~nt after the initial react ion 
between the clinker 503 and C3A had taken place. These were sufficiently 
large potential benefits to obtain approval to proceed with the project. 

D. Preliminary wcrk carried out by KHD 

As mentioned earlier, the contractors, KHD, were asked to investigate the 
problem of cement lumps in the .<>ilos and to make practical suggestions for 
dealing with this problem. They were sent various samples of the cement 
produced to analyse in cheir laboratories. 

The first batch of cement samples, received on 1 January 1978, consisted 
of: 

t>.l from behind cement mil: III (not characterized by the formaticn 

of lumps) 

A2 lumps from cement silo III 

A.3 gy pwm rock 

Another set of cement samples, received on 4 July 1 178, consisted of: 

31 from silo II (containing lumps less than 1 mm) 

B2 from silo IT. (containing lumps 1 mm +) 

B3 from silo III (lumps less than 1 mm) 

B4 from silo I II ( 1 umps 1 mm +) 

BS from silo IV (lumps less than 1 mm) 

B6 from silo IV ( 1 umps , mm +) ~ 

37 from behind cement mil 1 

A third group of samples were received on 20 and 28 November 1978 for 
further investigation and testing; 

Cl from behind cement mill (silo IV) 

C2 
C3 

residual (undischarged) cement (silo IV) 

C4 - I 
cs - I 

...I 

"flowing" cemen': (silo IV) 

The C samples derive from a test prograr.irne that was carried out in cement 
silo IV. After complete emptying of the silo, cement was filled in up to a 
height of about 10 metres. The temperature of cement entering the silo did 
not exceed ll0°C and the water injection system of the cement mill was out of 
operation. 
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At the end of ~arch 1979, two further cement samples were handed over to 
KHD: 

Dl from behind cement mill (temperature 115°C, no water injection) 

D2 from behind silo V 

These samples were examined physically, chemically, technically and 
mineralogically and KHD submitted four reports on the different batches. The 
chemical ~nalysis of cement samples A, B and D are shown in table 1. 

Samples Cl, C2, CJ, C4 and CS were subjected to a chemical test for 
ignition loss and SOJ content. The result~ were as follows: 

(Percentage by w~ight) 
Cl C2 CJ C4 CS 

1.45 
2 .8 3 

1.5 6 
1. 9 8 

1.5 3 
2.86 

1.3 3 
2.84 

1.J 7 
2 .4 7 

In general, the four reports on the chemical composition of the cement 
samples show the following: 

(a) The high loss on ignition of the lumpy cement is striking, especially 
in samples Al and A2. This reveals without doubt that lump~ are formed as a 
result of excess moisture; 

(b) T~ere are noticeable differences in the lime standard which reflect 
variations in the alite (C3S) reduction and belite (C 7 S) content 
accompanied by a slight lowering of the alumina modul~s; 

(c) The calculated c3A content of the cement samples ranges from 
10-11.8% by weight; 

(d) This cement is rich in alkali, which suggests a high c3A 
sensitivity; 

(e) The sulphate content of samples B and C could be lowered (to some 
1.8-2.5% 503 by weight) by reducing the quantity of gypsum added to clinker 
during grinding in view of the C3A contents given (see table I). 

The results of the chemical analyses alone do not allow de~isive 
cone lusions as to the reason for lump formation. Therefore, KHD determined 
the ~hase composition of some samples radiographically. 

In these tests, aluminate (alkali aluminate and aluminate ferrite) has 
been found to be 12.2% and 14.6% by weight in cement and cement lumps 
respectively (samples Al and A2), 

Syngenite has not been definitely proved to exist in the samples. The 
differential thennal analysis (ITT'A) showed that :here is no doubt about the 
existence of ettringite in the samples fr0m silo III. In the samples from 
silo IV, the presence of ettringite and syngenite could not be definitely 
proven. 
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The maximum gypsum content f0r the freshly ground cement was compared with 
that of cement stored in the silos and it was noticed that the silo cemeut 
samples contained less gypsum. In the sample from silo II, gypsum was not 
detected at all. The x-ray tests revealed that all samples contain small 
amounts of hemihydrate (CaSO.:... H20~ in addition to gypsum (CaS04.2HzO). 

Fineness tests on samples Dl and D2 gave the following results; 

Specific surface (cm2/g) 
Residue on an 0.09 mm screen 
u~ by we i gh t ) 

Findings 

Dl 

3 '2 00 

3.7 

The four KHD reports produced the following findings. 

D2 

2 '9 60 

8.6 

1. Apart from gypsum, hemihydrate has been found in all the cement samples 
investigated. This can be attributed to the fact that excess cement 
temperature in tbe cement mill has caused partial dehydration of gypsum to 
hemihydrate. The moisture thus liberated reacts with the clinker phases, 
above all ~he aluminate and especially the alkali aluminate, which is 
sensitive to moistur;~, to fonr. needle-shaped ettringite and syngenite, .,.,hich 
in turn leads to the formati-:in of lumps and aggregations. Since, in addition 
to hemihydrate, a hi~h ioss on ignition was found in some samples and to a 
certain extent in all the samples, it is not ciear to what extent gypsum 
dehydration continues in the silo. 

') The cement produced by LCC ha; very poor flow properties. It has n"t be~n 
clarified whether the poor. flow properties result from the f'-'rmation of l•· 
or whether the chemical composition of the cement adversely affects ~~~ 

cement's flow properties indep·:ndent ly. 

Recommendations 

The reports stated that, basically, there are two possible ways to 
eliminate lump formation in LCC cement silos. 

1. Avoid:n~ chemic.:.l reactions that may result 1n the formation of lumps ::iy 
some or all of the following measures; 

(a) Lowering tre alkali content; 

(b) Lowering the alumin~te content by adding iron ore to the raw mixture; 

(c) Reducing the loss on ignition of the cement by adc.ing less gypsum, '.Jy 
raising the mill temperature, by replacing the gypsum by a.:lhydrite, or by 
proper adjustment of the water-injection system; 

(d) Bonding the alkalies by sulphate up to 70% in the raw mix to decrease 
the alkali included in the a 1 uminate which would theretore become less 
sensitive. 
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L. Improving the fluw pr-up2~t:.cs by ~c~e C'!" all 0f thP following: 

(a) Usir.g grinding aids in cement grinding; 

(b) L'si..ng add:'..tives (e.g. limestone) during cement grinding; 

(c) Substituting the gypsum rock either partly or completely by anhydrite 
(Caso4 ) to avoid dehydration of gypsum. 

In April 1980, KHD proposed that operational tests should be carried out 
in the LCC plants over a period of two months to determine the eff~ct on 
cement flowabiiity of the addition of limestone. They proposed to send an 
expert for the test period to supervise and co-ordinate the test procedure 
with LCC personnel. 

E. Other consid~rations 

Grinding aids 

During daily visits to the cement mills, it was observed that the grinding 
balls and cylpebs discharged from cement mill II in the Hawari Cement Plant 
were completely coated witj a thick layer of finely ground cement particles, 
sometimes two millimetres thick. This coating may be attributed to static 
electri~ity, adsorption or to mechanical packing. The presence of this thick 
coating leads to increased energy costs and decreases the efficiency of the 
air separators and the Elowability of the cement after grinding. It was also 
observed chat coating of grinding balls or cylpebs was found throughout the 
discharged grinding media. It was suggested that the use of suitable grinding 
aids added to the clinker before the mill would help solve this problem rtnd 
might improve the flowability of the cement. 

Heat generation 

Overcoming heat generation during grinding can be approached by spraying 
water along the longitudinal mill axis or by injecting water into the mill, 
which is not to be recommen<ied as this process mi.ght have a negative influence 
on the cement produced. Cooling of the cement can also be done by introducing 
the discharged ground cement into special tanks equipped with an internal 
water-pipe cell system. The only Jisadvantage of using such a system is the 
likely formation of cement lumps around the water-cooling pipe cell. 

Silo design 

The flowability of cement is also affected by the de5ign of the cement 
silo. This should be such as to allow the cement to flow easily inside the 
silo and to be discharged ~ithout serious problems. The silo design must take 
into account the high alkali and C3A content of the clinker produced at 
LCC. A study of the LCC silos showed that factors contributing to lump 
formation were: 

(a) The designed distance between the air slides at the bottom of the 
cement silos is obviously not correct; 
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(b) The dead space between the cement discharge outlets and the silo wall 
leads to the presence of quantities of dead cement which, within the required 
storage period, undergo chemica:. react ions leading to lump formation. 

A proposal was made by IBAU, Hamburg, that they should install a 
cone-shaped structure inside the silo to minimize the dead space between the 
discharge outlets and the silo wall. 

Another proposal was made by Holderbank ~~nagement Consultancy (HMC) for 
painting the inside walls of the silos with a non-stick coati~. 

r. Summarv 

Af:' can be seen from the foregoing sections, the formation of ce!:'.ent lumps 
c~n be due to a combination of various facto=s. These factora can he related 
to the specific properties of the LCC-produced ceme~t, either in chemical or 
physical terms, or to the design of the cement silos or to a combinati~n of 
both. 

As it is not clear which specific factor has the greatest influence on 
crea:ing lump formations inside the Lr.C cement silos, it was decidec to t~ckle 
the problem in several different ways as follows; 

(a) To accept the KHD proposal to carry out operational tests on the 
partial substitution of gypsum by limestone; 

(b) To study the differ~nt types of grinding aids which could be added to 
the clinker; 

(c) To consider the addition of iron oxides to the raw mix; 

(d) To study the problem of heat generation during grinding in the cement 
mi 11 s; 

(e) To investigate further the H...~C proposal for painting the inside walls 
of the silo and the IBAU proposal to install a cone-shaped structure inside 
the silo; 

(f) To carry out tests in the LCC laboratories on the effect of various 
additives on the flowability of cement. 

All these approaches to the problem are described in the following chapter. 
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IL AP1?ROAl.HF.S Tn A SOLITTION 

A. Operational tests on usir;? limestone additives to 1rnorove the 
flowab1litv of ceme~t 

The preliminary work carried out by KHD led them to propose that 
operational tests should be carried out in the Hawari Plant on the effect of 
using limestone additives to imorove cement flowability. Tb.is proposal was 
a1.cepted and KHD asked the firm, ZE~ABOR, to make a techni~ian available to 
carry out these tests. T. Br:innert was assigned to this job and arrived in 
3e:-ighazi on 22 August 1980. 

Discussions between T. Brunnert, A. Fathi (LCC ~orks ~anager), S. ~ohamed 
(LCC Head of Laboratory) and the co-ordinator on the ?rogramme for the tests 
came to an agre~rr.ent on the following points: 

(a) That the S03 content of the cement produced should be fixc1 to 
c e rt a in limit s ; 

(b) That a low percentage of limestone should be added to the gypsum at 
first and its percentage gradually increased (as shown in table 2); 

(c) That the cements produced must meet the standard specification, BS 
12/195, for ordinary Portland cement which is appli~able in the :..ibyan Arab 
Jamahiriya; 

(d) That individual samples would be tested every hour ~nd wou1u :ater be 
combined and subjected to testing by ZE~ABOR. 

T2ble ~ Te3t grinding operations 

Grinding Limestone 
operation addition S03 

number Date ( ~~ bv weight) (" by -..;eight) '" 

1 28 August 1980 2 3 .o 
2 ( 1) 4/ 5 SPptember 1980 2 2.2 
2 (2) 7 Sept: ember 1980 2 2.0-2.2 
3 21/ 22 September 19 8:) 3 2.0-2.2 
4 2/ 3 Oc tob2r 1980 4 2.0-2.2 

An analysis was also m~de by ZEMLABOR of the constituents of raw materials 
used in LCC cement production. The following table shows the chemical 
composition of representative samples o[ the Portland cement clinker, gypsum 
ore, and limestone. 
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Table 3. Chemical composition of Portland cement clinker, 
gypsum ore and limestone 

(Percentage by weight) 

Constituent 
?ortland cement 

clinker Gvosum ore Limestcne 

Loss on ignition 
(insoluble matter) 
sio,, 
Alz03 
Fe,..,0'1 

~ ..) 

~no 

Cao 

~g0 

S03 
:ia2o 
KzO 

Ba lance 

co 2 
Lime saturation 

factor 
Silica ratio 
Alumina modulus 

Free Cao 

Hydra ce '.rater 

0.43 
(0.57) 
:::. 2. 7 5 

5. 7 0 
'"l I,'") ...... -""" 
0 .o 6 

6 3 .4 7 
3. 2 8 
0 .32 
O. l.9 
0.81 

0" 5 7 

0.21 

88.2 
2.80 
2. 3 5 

::..2. 9 
3 2. 9 
11. 0 

7 .:... 

0.2 0 

26.41 

7 .31 
1.60 
J.80 

3 6 .24 

2 7 .11 
0 .0 7 
0. 5 2 

-0.06 

13 .84 

12. 5 ~· 

(43.23) 

2. 15 
:) • 8 7 
0.24 

93.32 
2.52 

0.03 
0.78 

0.09 

Not determined 

T. Brunnert made the following observations en the material tests: 

Portland cement clinker: 

Satisfactory quality as inspected visually. 
~ean loss on ignition is approximately 0.2% by weight. 
Lime saturation factor is approximatel'{ 90-95 (daily analyses). 

Gypsum ore rock: ( d el iver~d to the plant by trucks) 

Strongly fluctuating quality. 
Approximately 75% is superfine particles. 
S03 content ranges between 2 3 .O and 30;~ by weight (ace ordi ng to 

tests made by T. Brunnert). 
Residual moisture is approximately 1.5% by weight. 
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The test samp'E.s oi groun<' cement taken on the dates sr.cwn in table ~ 

were suo J ec t: ed co various t:est: ing procedures. Their chemicai composicion lS 

given below in table 4. Table 5 shows the grinding fineness of the samples 
tested and table 6 the results of tests in accordance w~ th !:he standard 
spec i.:-icat ion, SS 12/ 5 8. 

Table 4. Ch.~mical composition of the sample Portland :Ements tested 
(Percentage by weight) 

Cement samele 
Constituent o~.7 1 2 (;) 2(2) 3 

Loss on ignition (1.95) ( 3. 6 2) c:.. 3 7) (2.62) (2.96) 
(Inscluble matter) (0.67) (0.65) (0.44) (0.32) (0.36) 
Si02 21. 82 20. 91 20. 90 20.76 21. 26 
Al 2o3 5 .42 5.17 ~. 40 5.30 5. 50 
Fe 2o3 2 .2 9 2 .2 0 2. 2 7 2 .2 3 2 .2 5 
'.-!nO 0. 0 5 0 .o s 0. 0 5 0 .OS 0 .OS 
Cao 63 .97 6h .90 64.23 64. 33 64.0S 
~gO 3. S4 3 .09 3. 3 2 3.18 3.38 
S03 1. so 2 .o 7 2. 18 2.32 2. lS 
Na 7 0 0.17 0.16 0. 14 0. 15 0.23 
K,.,O 0. 7 5 0. 73 0.74 0.73 0.74 

.i.. 

Ba lane e 0.49 0.72 0. 77 0.95 c .39 

C02 1.34 2.67 1. 74 1. 91 2.22 

Lime saturation 91. 2 96 .o 94.S 9 5 .3 92. 7 
SiLca ratio 2 .83 2.84 2. 73 2.76 2.74 
Al \.IIIlina modulus 2 .3 7 2. 3 s 2.39 2 .3 7 2 .4S 

C3S 5 0. 7 61.5 56.3 5 8. 7 52.9 
c2s 24.J 13. 6 17. 1 15. 2 21. 1 
C3A 10. 5 10. 0 10. 5 10. 3 10. 8 
C4AF 7.0 6.7 6.9 6.8 6.8 

a/ Comparative sample of cement without limestone additive. 

Determination of the grinding fineness 

Specific surface dccording :o Blaine tests: 

Table 5. Blaine values 
(cm2/g) 

4 

(3.32) 
(0 ,Ji)) 

21.36 
5.53 
2 .28 
0 .OS 

64 .13 
3.70 
1.69 
0.2S 
0.73 
0.28 

2.81 

92.8 
2.74 
2 .43 

53.5 
2 (). 9 
10. 8 
6.9 

Cement sarn£_l_e __ t_e_s_t_1~d ____________________ S~p_e_c_i_f_i_c~s._u_r_f_a_c_e ________ ~----~ 

(~/ 
1 
2(1) 

2 ( 2) 
3 
4 

2 730 
3 050 
2 780 
2 890 
3 060 
2 820 

al Comparative sample of cement wit~out limestone additive 
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Tests for standard specification requirements 

Table 6. Results according to 3S 12/58 

Factor Cement sarnole 
tested o~ 1 2 ( 1) 2(2) 3 4 
Volume stab:i.I tty 

(Le Chatelier test) 
(mm)OO 1. 5 1. 5 1. 0 l. 0 2.0 1.0 

Set tin~ 
Beginning (h) 2 .30 2. 2 0 2.20 2 .20 2.20 2 .40 
End ( h) 3.30 3 .40 3 .40 3 .3 0 3.30 3.50 

Co~ressive 
st re~ th 

Cl bf/ in2 ) .. ~/ 
After 3 days 3 3 56 3 8 77 3 745 4 465 3 678 3 394 
After 7 daf s 4 3 70 5 480 5 280 5 555 5 385 4 787 

a/ Comparative sample of cement without limestone additive. 

b I 1 1 b f I i n 2 = 6 • ;3 9 5 kP a • 

Compressive strength 

Increase in compressive strength can be represented in comparison to 
grinding 0 (comparative sample) as shown in table 7. 

Table 7. Relative compressive strength 
(Grinding 0 = 100%) 

Cement 3ample 
Compressive strength 0 1 2(1) 2(2) 

After 3 days 100 115. 5 111. 6 133.0 

After 7 days 100 12 5 .4 120. 8 12 7. 1 

D~t erminat ion of flow properties 

3 

109. 6 101. 1 

123. 2 109. 5 

The flowability tests on the cement sanples were carried out by ZEMLABOR 
according to the Imse ~ethod (rublished in journal ZKG 25 (1972) p.147). 

ZEMLABOR used a steel plate instead of a glass plate as specified in the 
ariticle mentioned above. Sieves of mesh widths 0.20, 0.50, 0.63 and 1.0 mm 
were used. Each experime.nt was carried out twice and the results are shown in 
tab~e 8 as the average value of both trials. 
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Table 8. Flow property of samples 
(Percentage by weight th rough the sc re er') 

Cement samp e 
Sieve-mesh 
width ( rr;m) 0 1 2(1) 2(2) 3 4 
1. 0 100.0 100.0 100.0 100.0 100 .o 100 .o 
0.63 94.5 7 6 .0 8 0 .o 8 5 .5 86.7 83.5 
0.50 71.5 62.5 6 7 .5 69.0 74.8 72.0 
0.20 14. 0 13.0 15.0 14. 5 14. 2 14. 2 

Cone lusions from the tests on using limestone as an additive 

1. The addition of limestone (especially in the amount of 2%) to clinker 
during cement grinding leads to an increase in compressive strength. This 
fact was already well known f~om previous research and the result was to be 
expected. 

2. Impure gyp::um is used as an additive in LCC during clinker grinding. The 
re lat ivelv-hig:1 percentage of gypsum impurity (mainly limestone and marl) 
influences the percentage of limestone to be added. Consequently, the 
percentage of impurity of limestone contaminated with gypsum ore can influence 
the grindability and flowability of the cement to a great extent and thus the 
effect of the additive is not so obvious or distinct. Laboratory tests will 
be needed to assess the effect of adding limestone to impure and pure gypsum 
respectively. 

3. It is clear from the results shown that the effect of adding limestone to 
gypsum during grinding with clinker is very difficult to assess and does not 
appear to be significant. The operational tests in the LCC on the effects of 
the addition of limestone to improve the flowab~lity of cement did not reveal 
significant improvements, although these had been achieved by some other 
plants using limestone additives, as mentioned previously. 

B. Using grinding aids 

The factors contributing to a cement coating on the grinding balls and 
cylpebs of a cemen~ mill are: 

(a) Ball coating increases with elevated temp~~ratures; 

(b) When gypsum is ground with clinker, gyps1m dehydrates which causes 
ball coating; 

(c) Stored clinker has a tendency to cause baU. coating more than 
fresh-burned clinker. However, stored clinker is ground more easily than 
fresh clinker. This can be due to the slaking of free lime which helps in 
weakening the structure of clinke-.:, apparently because of expsmsion of the 
free lime as it hydrates during storage; 
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(d) A rougher ball surface accumulates coating while smooth surface 
balls do not cause accumulation of finely ground cement; 

(e) The presence of non-burned clinker. The coating of the grinding 
media with finely-g:-ound cement increases with the decrease of the clinker 
litre weight (the weight of a litre volume) and coating is reduced to a 
minimum by ~ncreasing the clinker litre weight; 

(f) Absence of hard material. Eard materials lil<e sand act as an 
abrasive agent to eliminate the accumulation of finely-ground cement on the 
surface of the grinding balls and cylpebs; 

(g) Using cpen-circuit mills. In closed-circuit mills, tine particles 
have to be eliminated instantaneously and transported to the separators, 
whereas in open-circuit mills the fine particles pass with the coarse ones 
through the mill compartments. These particles, under the action of ball 
knockings, accumulate ~ogether on the surface of the grinding media to create 
a cushion-like coating. 

The presence of this thick coating makes it necessary to use grinding 
aids. These grinding aids are materials able to enter the micro-cracks of the 
solids and, because of the highly reactive surfaces prod~ced in braking, these 
materials move with velocities akin to the velocities of the crack 
propagations and provide a barrier to the dissipati~n of energy. Rehhinder, 
Schreiner and Zhigach suggested that the effect was that of the additive 
filling the cracks during stress relief dnd preventing them sealing Ul? during 
the comminution process. The grinding aids thus prevent ball coating and 
disperse the ground material. The majority of the grinding aids can be 
strongly adsorbed by the ground particles, so that surface energy requirements 
are satisfied and no bonds remain to attract other particles and cause 
agglomeration. These materials increase mill efficiency beside reducing power 
costs, thus paying their way. They increase the efficiency of the air 
separators oy dispersing the particles so that the smaller ones are not 
carried along by the larger. There is a decrease in volume of the circulating 
load as a result of more finess being relea3ed as finished product. The 
grinding aids improve the cement flowability after grinding. It is therefore 
proposed to use such grinding aids in the Hawari cement mills. 

C. Addition of iron cxides to the raw mix 

The alumina and ferric-oxide contents in a cement need to be considered 
together si~e, alth~ugh they are by no means equivalent to one another, their 
effects are c los,2ly interconnected. Cements with a high total alumina and 
ferric-oxide content are easily clinkered and, unless carefully burnt, tend to 
cause ring format ion in the k.i ln. In this respect, the two oxides act 
somewhat sirr.ilarly, but in most respects they cannot be treated as similar. 
They form the compounds C3A and c4AF. The relative proportion of these 
two compounds 6epends on the ratio of alumina to ferric oxide present. 
Increase of al 1Jmir1a with no change or "'7ith a reduction in the ferric-oxide 
content hastens the setting time of a cement and a point is eventually reached 
at which it hec~mes impossible to control the setting time adequately. The 
substitution ·:>f ferric oxide for alumina, or an increase in ferric oxide 
content, reduces the proportion of C3A and increases that of C4AF in the 
cement. The latter has less rapid setting properties and hence if the 
iron-oxide c0ntent is raised along with the alumina, an increased alumina and 
ferric-oxide content can be carried without setting troubles arising. 
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Synthetic studies of the influence of 5ypsum content have shown that 
there is ar. optimum content which produces the highest strengths anc1 the 
lowest drying shrinkage. This amount varies with the contents of alkalies and 
tricalcium aluoinate in the cement. For a content of CjA below 6%, it is as 
low as 2% S0 1 for low-alkali contents (below 0.5%), increasing tc 3-4% so3 
as the alkal{ content rises to 1% or more. i;.;ith higher c3A contents, e.g. 
10% or more, the optimum percentage of so 3 is about 2.5 - 3% and 3.5 - 4~ 

with cements of low- and high-alkali contents respectively. With additions in 
excess of these optimum values, a tendency to slow expansion in water 
appeared, indicating a continuing delayed re.?.ction with th,,; alumina compounds. 

~o study t~e trend in the tricalciu~ aluminate content of the clinker 
?reduced with the raw materials available to the Libyan Cem2nt Company, the 
co-ordinator turned back to the consultant's repcrt on the raw-material basis 
and the plant site (HMC report no. ED 67/6075/E, section C). 

In the report, the results are given of a complete analysis of the 
limestone and red clays available to the LCC from the ar~a south of Wadi Al 
Qattarah (about 13 kilcmetres south of Benghazi city) and it is stated that an 
ordinary Portland cement of the AST~ Type I ("for use in general concrete 
construction") may be obtained from a calculated raw mix using these t:•.Jo 
components. However, it is clear from the calculated raw-mix results shown in 
table 9 that the c3A content of the clinker would range between 10.67% and 
13.36%. These percentages accord with the amount of c3A c0ntent in the 
clinker .'.lctually produced in the LCC production lines as shown in table 10 and 
they can be considered as fairly high, taking into considerati8n the presence 
of high percentages of alkalies which makes the clinker very sensitive to any 
moisture content. The clinker alkali content ranges from 1.34-1.55. 

For these reasons it was suggested that a ferriferous material such as 
pyrite ash should be added to the raw mixes as a third compon~nt to decrease 
the C3A and increase the C4AF content cf ~he clinker. 

The chemical composition of the pyrite ash used for the calculations of 
the raw mixes was: 

Loss on ignition 
Si02 
Al203 
Fe203 
CaO 
~gO 

S03 
K20 
Na20 

Percentage 
3.4 
5.25 
5. 9 5 

82 .2 6 
1. 96 
0 .c..s 
2.51 
0.32 
0.07 

10 2. 17 

Table 11 shows the calculations of tbree-component raw mixes. By using 
pyrite ash as a third component in the raw mixes in a proportion of from 1.4% 
- 2.4%, it will be possible to manufacture a cement which will satisfy the 
AST~ specifications for a type II cemen': ("for use in general concrete 
construction exposed to moderate sulphate act ir)u or where moderate heat of 
hydration is required"). The addition of pyrite reduced the silica ratio from 
an average value of about 2.6 to about 2.0, the alumina ratio falling as well. 



'L1ble 'J. Clie111ical and 111in,;1·<.1logical co111positiun ol 1·aw mixes 
calculateJ with two components from tlie Ile nghaz i area 

(CalculateJ Lo 5C% c 3s) 
---

Raw-mix m1111bt: 1· 

l'lH11ponent l 2 3 4 5 6 7 8 9 10 l l 12 l J 

Limestone ---------

Jesignation Z-A Z-4 z- 5 Z-5 Z-':> Z-J l Z-Jl Z- l l Z-28 Z-2 8 Z-J l i'.-2 8 Z-11 
ll!ixing ratio l%) bb .08 7U.6b I l. 9 5 6 7 .84 b 1. 54 54.8:2 58.69 ) 7 .20 62.bl 64.]2 (iO .4 7 71._n 56 .06 

Rn! c: lay 
designation !.-4 z- 5 Z-5 Z-4 Z- l l Z-4 Z-11 Z- 11 Z-11 Z-16 Z-16 z-:rn z--11 
mixing ratio CO J ~ • 9 2 2 LJ .34 2 B .o ':> 32.54 JB.46 3 5. 18 41. JI !12 .80 3 7. )') 35.68 jl). 5] 25 .6] ,, 'j. 91, 

L'" I cu lat eJ sio., 2i.Ol 22. ll 21. 88 22.69 2 2. 2 l 22.72 :n .19 '1. I. 8':1 22. l B 22.5) 22. 56 22.19 L2. 53 
l·hemicul Al/\

3 
5.50 6. 2 9 l>. 2 7 5.54 6.09 5. 611 6. 26 6.56 6.34 5.95 'i. 82 6.16 5.81 

L·u111pL1sition ~e30 3 2. 30 2 .48 2. 'i] 2.35 2 .4 2 2.23 2.34 2.37 2.37 2.34 2. 3 3 2. 3 3 2.21 
,,1 the La 65.09 64.81 64. 3 5 64.61 64.t:6 bli.82 bl;. 84 64.83 65.04 64.99 64.08 65.05 64. 74 
clinker MgO 2.08 2.50 l.56 2.56 2.50 3.2 5 3. 14 3. 19 2.90 ] .06 3. 31 2.93 3.38 
( ~) K./) l.02 l. 12 l.08 1.00 1.03 l.05 l.08 1.04 0.98 l.P: 1.08 l. 0 l. 0 l 

Na;:r) 0.25 0.4 3 O.J4 o. )b o. 17 0.42 0.44 0.44 0.16 o. JJ 0.36 0. 36 0. I l 
SL)) u. l 'i o. 15 0.88 o. 811 _(_)~ 0. 19 (}. 17 (). 17 o. 16 o. 16 0. 19 0. 14 0.14 --- --- ---

Total lj9 .41l 99.91 ')'). 89 99. 95 100.06 100. 32 I00.4L 100.4'.l 100.33 100. 3 7 100.44 100.37 IOO. 2 3 

~h)d ll l i Al 2o3 
Fe 203 2. J') :! • 5 j _1.4 5 2. 3b 2. ') 1 '2 • 'J j 2.67 2. 17 2.68 2.54 '2. SU 2.n 2.61 

sin, 

R20 J 2. 9 5 2. 5 2 2. 4 lj 2.88 ".bl 2. l:l'J 2. 'il:l 2 .1. 'i 2. 5'• 2. 71 2. 77 2' 56 L'.81 

Lime saturation 
tdctut· CU 89.l:lc 91. 2 9 91. )l1 90. 24 91. l 3 9u.J7 91. Fl 91. 8 7 91.4 5 'JO. 71• 90.58 91.41, 90.70 

l'utential c 3s 4 <; .6J 4 9 .64 49.71 4 9. 77 4 9 .84 4 'J .'.JO 49.'!6 49 .88 50.00 49 .80 49. 7b 49 .89 119 .90 
111;neralo- C2S 28.60 26.08 2 ~. 2 9 2 7. 5 7 26. I 'l '27.56 lb.20 2 5. 19 25.93 2 7.09 27. 2 i 26.06 :n. 0 I 
g i..: al c 3A 10. 6 7 12 .4 6 lL. JJ 10 .69 U .OL1 11. I 7 12. 62 13. ]6 12. 7 8 l l. 80 11.4 5 12. 90 l l. 65 
,· ulnpu sit ion C4AF 6.99 7.54 7. 69 7. 14 7. 3b b.78 7. 11 7 • 2 () 7.20 7. l l 7 .08 7. 08 6. J2 
<>l the 
,. l 1 nke1· 



--
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Ir pyrite ash is added to the raw mixes in a proportion of between 1: and 
a maximum of 1.36%, this will increase the value of the C4AF and decrease 
the value of c3A to a maximum of 10% which helps in eliminating the 
formation of cement l~mps in the cement silos to a great extent. Applied in 
this proportion, the quantity of pyrite ash required to ;iroduce two million 
tons of cement lS~ 

2,000,000 x 1.18% - 2:,600 tons per yPdr 

D. Overcoming generation of heat during 5rinding in the cement mill 

7he majority of the energy input lS usually converted into heat during 
grinding material in ball mills. The mill temperature rises to well over 
10o0 c and the gypsum, which is sensitive to temperature, dehydrates with 
partial separation of its water tnrough cry3tallization and thus loses its 
property as a cement-setting retarding ag~nt. It should be noted that more 
than 80% of the energy input can be converted into heat during grinding in the 
ball mill. If the clinker introduced into the mill is already at a 
temperature of 100°c, the temperature during grinding can rise to 180°C. 

Cooling of the ball mill can be achieved through mill ventilation, 
mill-shell cooling '.:>y spraying '-•ater along the longitudinal cnill axis to 
decrease the temperature of the ground cement by Jo0 c at least, or by 
injecting water into the mill. 

In this last solution, a controlled amount of water is injected inside 
the hottest part of the finish mill where most of it is evaporated at o<¥:e. 
About 15% of the non-evapourated water is carried out to the storage silos. 
The problems that may accompany water injection arise from the dropping of 
such non-atomized water inside the mill. Such water droplets a:-e adsorbed on 
t~e cement grains leading to setting, hydration and accumulation of cement 
aggregations. This process can have a negative influence on the produced 
cement. Injection of non-atomized water inside the ball mill can result from 
the clogging of the water nozzle or to an insufficient amount of compressed 
air pushing the water through the nozzle or to the diameter of the nozzle 
opening. 

In some cases, cement can be cooled in the air _eparators or by 
introducing the discharged ground cement into special tanks equipped with an 
internal water-pipe cell system and a sloping bottom made of a porous medium 
through which compressed air is applied and passes co the cement to fluidize, 
mix and cool. The temperature of the cement coming out of these tanks is 
reduced to approximately 65°C depending on the cooling water temperature and 
this minimizes the possibility of ~;psum dehydration. The only defect of 
using such a system is the formation of cement lumps around the water-coolin~ 
pipe cel 1. 

Some cement plants spray water on the clinker while it is being 
transported by drag chain. This process is not to be recommended as it 
usually creates severe problems in forming big clinker lumps durinl$ the 
st or age pf!riod. 
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It is advisable to keep the temperature of the cement produced as low as 
possible (less than 110°C) by using the stored clinker which has been 
cooled. Newly-produced clinker must be stored for about one week before 
grinding. Water injection into the cement mills must be avoided. The 
possibility of introducing the .;round cement into 5pecial cooling tanks, as 
described above, mu~t be further investigated. 

E. Cement-silo design 

~any factors have to be taken into account in designing a cement silo. 
Of critical importance is the chemical composition of the cement which, in 
this case, has been shown to have a relatively high c3A and alkali content 
which tends to lead more easily to the formation of lumps and aggregations. 

The distance between the air slides has a proncunced effect on fluidizing 
and mixing ~he stored cement easily inside the cement silo. The smaller the 
distance between the slides, the greater the fluidizing action. In the Hawari 
cement mill, the designed distance between the air slides at the bottom of the 
tank is obviously too great and the air slides should possibly be widened to 
minimize the distance between them in order to reduce the static state of the 
surrounding stored cement by continuously fluidizing it. 

Efficiency of the comoressed-air svstem and its injection-fluidizing 
device in the cement silo is helpful for continuous fluidizing and mixing 
cement inside the silo. However, the injected compressed air must be free of 
water resulting from condensation of the water vapour. This can be done by 
water traps installed before the ceme~t silo or by introducing the compressed 
air inside big tanks where the water is expelled continuously through a tap 
installed at the bottom of these air tanks. 

Periodical cleaning of the inside of the ceme~t silos on a regularly
-programmed basis will avoid hardening of the cement. 

The dead space betwee~ the discharge outlets and tte silo wall allows the 
presence of a quantity of static cement which, within the required storage 
period, undergoes a chemical reaction leading to the dehydration of gypsum and 
the formation of lumps and aggregations particularly in this space. The 
formation of lumps in this space makes it possible for more cement to adhere 
and accumulate. 

Tr ~inimize the dead space around the discharge openings, some silo 
designers prefer to install a cone-shaped structure inside the silo, covering 
these discharge openings. In this way, the space between th~ conical 
structur~ and the silo wall is kept to a minimum, avoiding a1y accumulation of 
dead cement. At the sarne time it would be possible to incre,1se the number of 
discharge outlets from all parts of the silo bottom to avoid the cement 
remaining long in one place. At present the silo contains two discharge 
outlets. It is also possi~le to increase the slope of the silo bottom along 
and vertical to the air slides. 

Paintiru:; the walls inside the silo with a special enamel coating could 
help to reduce the adhesion of stored cement to these w3lls to a minimLm, 
though it would not avoid the lump formation caused by chemical reaction. 
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Proposals under the last two headings were ~ade by I3AC HAMBCRG (to 
install a cone-shaped stn.:cture inside the silo) and by ~C (to ?aint the 
inside silo •.;alls with a non-stick coating). These are discussed '::Jelow. 

Installation of a cone-sha~ed base in the cement silo 

The conical cement-silo base is a design of the company Ii3AC ~!BL'RG. 

:his fi:.-:n was therefore asked ;_f they could send a specialist to discuss the 
?roblems of the :cc silos an the spot. 

In June i.?:30, an offer and proposal ·..;ere received from IBAL' :l..\..'13CRG who 
e..x?ressed thei::- ·..;ii.lingness to send out two representatives to study the exact 
technical re~uirements. The proposal envisaged the fol~owing; 

(a) The existing equipment and coating concrete have to be removed from 
the bottom of the cemenc silo. Then a steel cone with eight discharge 
openings has to be installed. The silo openings have to be prepared and the 
silo doors prefabricated; 

(b) The designers will not offer for the steel cone itself as they 
assume that LCC will be able to manufacture this in its workshop. The 
designer will only offer the static calculations for this steel cone for 
about DM 15,000; 

(c) Belo~ the sceel cone, the collecting hopper has to be installed on 
the concrete bottom. The dedusting of the silo discharge will be done through 
this hopper (calculated rate of 30 m3/min). 

-;:'he LCC also ?roposed that, while the designers' specialists were in 
Benghazi, it would ::ie of great interest if they could give lectures to th2 LCC 
engineers on the most up-to-date tec;1nology in designing and manufacturing 
cement silos as the designers' representatives had contributed papers on this 
subject to the Baghdad Cement Seminar in 1980. 

· ... nen the representatives of IBAU HA..'1BlJRG, '..i.E. Lumrnel and H.K. 
Klein-Alibenhausen, arrived in Benghazi, meetings were held with A. Fathi and 
the co-ordinator to discuss all aspects of the installation of a steel cone 
with eight discharge openings at the bottom of the LCC cement silos. A 
meeting was also held in the training centre between LCC engineers and the 
representatives who lectured on up-to-date technology in designing cement 
silos, concentratirig on their own design (steel-cone structure in the silo 
'Jase) as it is the latest design in this field and is performing successfully 
in manv cement companies all over the world. 

In the triparrite discussion meetings and at the end of the lecture, the 
co-ordinator brought up the following questions: 

(a) Is this design likely to help LCC to completely overcome the problem 
of cement lumps and aggr2gations in its existing cement silos? 

(b) As this structure and the upper parts of the cement walls are the 
coldest parts of the silo, it is likely that lumps and adhesions of cement 
particles will form not only against the upper parts of the silo inner walls 
but also against the steel-cone structure itself. As the main factor creating 
such lumps is a chemical factor, is it possible to overcome this chemical 
aclion or to decrease its influence and tJ what extent? 
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(c) ~nat ls the main action of this steel-cone structure against lump 
for::nation? 

'd) · ... -nat is :he likelihood of all the eight discharge openings becoming 
cLogged'? 

\e) ~nat is the best way or getting rid of these lumps? 

The answers which emerged to these questions during the various 
discussions were as follows: 

(a) :"his cone '"'ill not influence :he formation of the cement lumps 
inside the silo as these lumps are caused chemically; 

(b) The design of the steel-cone structure is intended to decrease the 
dead space between the discharge points and to give cement particles 
accumulated in this dead space no opportunity to fonn lumps as the cement does 
not remain long encugh in this ?lace to allow-a chemical reaction; 

(c) The likelihood of lump formation will be concentrated on the upper 
parts of the inner silo walls where it is coolest; 

(d) The main action of this design is a physical one depending on the 
following concepts; 

(i) The cone ,tructure leads to easy sliding of the cement grains and 
particles against ic, i.e. they do not adhere; 

(ii) Jecreasing the dead space to a minimum gives no chance for the 
chemical reaction to continue as the cement gathered will have 
more opportunity to flow out; 

(iii) There are an increased number of discharging points (eight) 
distributed equally around the periphery of the steel-cone 
structure giving the cement more chance to flow out from all areas 
of the bottom of the cement silo which again reduces dead space; 

(iv) These openings can be equipped with a lump crusher type Hand an 
IBAU flow-control gate to catch the lumps moving with the fresh 
cement towards the discharge spouts. At this bottleneck, any 
lumps plugging up the discharge aperture or reducing thP. 
flowability of the cement can be crushed into very small pieces so 
that the cement passes the aperture of the flow-control gate of 
the cnisher without trouble; 

(e) :~'hen one or more of the discharge apertures are clogged or fully 
blocked, the cement silo has to be completely emptied of cement through the 
other apertures, giving an opportunity to personnel to get inside the cement 
silo to clean it; 

(f) :'he total cost of installing such a steel-cone structure inside one 
0f the LCC cement silos would be more than DM 400,000. 



- 35 -

It wa3 concluded that installing such a structure at the bottom of the 
cement silo would not completely overcome the problem which is mainly 
chemical. Accordingly, the whole iJatter was postponed for the firm of 
designers to restudy the offer in the light of the facts ex?lained to them at 
the tripartite meetings and lectures. 

Sirr:e then, no further offer has been received from this company and it 
seems unlikely that this solution will be adopte1. 

Painting the inside '..ralls of the silo 

As mentioned earlier, the consultants, Holderbank ~anagement and 
Consultancy (H.~C) had ?roposed that the application of a non-stick coating to 
the inside walls of the silo would greatly reduce the adhering of stored 
cement to these walls. 

A representative of l-lliC, accompanied by H. Schatzmann from SCHATZ~NN AG, 
visited the LCC in Benghazi in July 1981 to discuss this proposal. A meeting 
was held between H. Schatzmann, Abu Bakr El-Sultani and the co-ordinator. 

At this meeting, H. Schatzmann made the following points; 

(a) Painting the inner silo walls with a special enamel paint produced 
by his company will prevent lump formation in cement silos as the plastic 
coating will act as a ve~y smooth sur:ace which will prevent adherence of 
cement particles on thes~ inner silo walls; 

(b) It is preferable that the painting be done after the erection of new 
cement silos. In that case, the painting can be applied to the bottom surface 
and up to about two meters height on the walls; 

(c) For the old LCC cement silos it would be advisable to paint all the 
inner silo walls; 

(d) Painting of one square meter (when applied in Switzerland) costs 
SwF 65. 

The co-ordinator discussed these points and concentrated on the following 
problems: 

(a) Painting can be applied successfully only :mmediately after erecting 
the cement silos to avo~d any humidity penetrating either from outside through 
the outer walls or resulting from the new ~oncrete; 

' 
(b) The main factor creating lumps in the LCC cement silos is a chemical 

one and these lumps will be formed -..rhether the inner walls are ;:iainted or not 
(the chemical factors affect1,-,g lump formation were discussed previously); 

(c) The painting will cost a great deal and its application will not 
lead to a !'ull solution. 

At the end of discussions, it was agreed that, as the lumps are formed 
chemically or phfsically, it is preferable to try to solve the problem 
:hemically or physically and to postpone painting the inner silo walls. 
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F. Laboratorv tests on various additives 

The operational tests carried out in the cement plant on using limestone 
as an additive did not give any cl~ar result. This is ;:iartly because gypsum 
with a relatively-high percentage 0f impurity is used as an additive in LCC 
during clinker grinding. This influences the percentage of limestone which 
needs to be added during cement grindin:;. It was decided that laboratory 
tests should be carried out to assess the effect of adding limestone to che 
impure and ?Ure gypsum respectively. 

Tests were also carried out i, the LCC laboratories to investigate the 
~ehavioJr of other types of additives on the flowability of LCC cement. 

In total, the following additives were tested: 

1. Limeston~ 

2. Limestone associated with high-quality gypsum 
3. Polar chemical compounds (ethylene glycol) 
4. Commercial additives known as HEA 
5. Hydrophopic materials (stearates) 

The laboratory results can be summarized briefly as follows: 

Limestone 

The laboratory results showed no wide range of difference from those 
produced in the operational tests on LCC large-scale production. 

Li:nestone associated with pure gypsum 

~nen limestone is associated with high-quality gypsum, good results are 
achieved, especially usin~ 30% of the normal amount of gypsum added. Here, 
the compressive strength of the ce~ent mortar increases w~ile the cement also 
shows better flowability. 

Ethylene g~vcol 

Ethylene glycol was used in ~arcentages of 0.02, 0.04, 0.06, 0.08 and 0.1 
and the grir:ding •..Jas carried on for 20, 30, 40, 50 and 60 minutes. It was 
found that the fineness increased by increasing the time of grinding for all 
the percentages, but that the 0.0f)% addition of ethylene glycol '"'as the 
critical percentage. wnen more was added, the blaine fineness decreased in 
all the grinding periods. 

For the sample ground uith 0.06% ethylene glycol, the compressive 
strength was increased by 14;~ after three days and by 10% after seven days. 
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Conmercial additives (HEA) 

The same proczdure used with ethylene glycol was followed. The resultJ 
were very encouraging, especially in respect ~f fineness, compressive strength 
and flowability. The critical percentage used was also 0.06%. 

Hydrophopic materials (stearates) 

Commercial hydrophopic material was tested in the laboratory but 
unfortunately these tests gave no reliable results. This may well have been 
due to the fact that the hydrophopic sample had been stored for more than 10 
years. 

The co-ordinator discussed the results of the laboratory tests with the 
LCC authorities and it was agreed to contact the Italian company, GRACE, to 
carry out some large-scale tests on LCC cement production, using some of the 
more promising additive~. This company accepted to carry out these tests and 
will be sending two of its representatives to Benghazi to discuss the 
procedure of their work. 





r 
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REPORTS ISSUED UNDER THE PROJECT TF/LIB/75/002 OR 'l'F/LIB/82/002 

L':ITDO/ IOD. 3 7 
24 May 1976 

UNIDO/ IOD. 17.:,. 
11 July 1977 

lJNIDO/IOD.264 
1 August 1978 

UNIDO/ IOD. 345 
16 !larch 1979 

UNIDO/ IOD.354 
15 August 1979 

JNIDO/IOD.361 
12 December 1979 

U~ITDO/ IOD.383 
16 Sept~mbe~ 1980 

UNIDO/ IO .43 7 
16 January 1981 

UNIDO/ IO .4 75 
13 March 1981 

UNI.DO/ IO .4 72 
6 July 1981 

UNIDO/ IO/R. 7 
30 July 1981 

UNIDO/ IO/R .14 
17 December 1981 

umDO/IO/R.33 
28 October 1981 

Report on the first part (February to April 1976) of 
a year's mission by a building-materials adviser to the 
cement industry in Benghazi 

Aly Af ify 

Report on the second part (November 1976 to August 
1977) of a year'~ ~ission by a building-materials 
adviser to the cer .. ~nt industry in Benghazi 

;. ly Afify 

Planning a system of mechanical maintenance 
Alfred Madsen 

Preventive maintenance planning in the mechanical 
maintenance service 

~ehrnet A. Basman 

Assistance in instrument maintenancP 
Boguslaw J. Walczenko 

~eport of the project co-ordinator for the period 
up to October 1979 

A.M. Afify 

Assistance to the electrical engineering staff in 
organizing and carrying out electrical maintenance 

Boguslaw J. Walczenko 

Report on a one-month mission (from 11 November 1980) 
to review and evaluate the progress of the project 

A.M. Afify 

Instrument maintenance systems at the Benghazi 
complex: final summary 

Bogusla~ J. Walczenko 

Rer~rt of a one-month mission (from 19 May 1981) to 
review and evaluate the progress of the project 

A.M. Afify 

Raw materials deposits at Wadi Ash Shati and Al Jufrah 
AbdElR. Marei 

Preliminary study for long-term technical advice 
A.M. Afify 

Progress of the project from 10 May 1980 to 
31 July 1981 

A.R. Marei 



~NIDO/ IO/R .17 
2 ~lovember 1981 

l:NIDO/IO/R.29 

26 March 1982 

L'NIDO/ IO/R .34 

26 March 1982 

L'NIDJ/ IO/R . .:.2 
26 March 1982 

UNIDO/IO/R.53 
26 March 1982 

L'NIDO/ IO/R .84 
24 January 1983 

UNIDO/IO/R.85 
24 January 1983 

!JNIDO/ IO/R .9 9* 
2 7 October 1983 

* Fo1thcoming. 
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Feasibility o: producing sulphat~resisting cement 
A.R. Marei 

Replacing cylpebs by grinding balls in 3enghazi I ar.d 
Hawari cement mills 

A.R. Xa!"ei 

?rogress of the project from 1 August 1981 to 
31 December 1981 

A.R. Marei 

Formation of cement lumps and aggregation in cement 
silos 

A. R. Mare i 

New gypsum deposits 
A.R. ""farei 

Progress of project from 1 January 1982 to 30 June 
1982 

A. R. :-fare i 

Feasibility study on plant for ready-mixed concrete 
and prefabricated concrete products 

A.R. Marei 

Evaluation of the raw material situation of the 
Al Khums I Cement Plant 

A.R. Marei 
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