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Exnlanatorv notes 

The mone'tary unit in the Libyan Arab Jamahiriya is the Libyan dinar 

(LD). During the period covered by the report, the value of the Libyan 

dinar in relation to the United States dollar was $uS 1 = LD 0.296. 

A full stop(.) is used to indicate decimals. 

A comma. (,) is used to distinguish thousands and millions. 

References to "tons" are to metric tons. 

In tables, a dash (-) indicates that the amount is nil or negligible. 

The following abbreviations of organizations are used in this report: 

.ASTM 

CERIC 

KHD 

LCC 

American Society for Testing and Materials 

Cer.tre d'etude et de realisation industrielle 
et comm.erciale 

Kloeckner H-..unboldt Deutz, Industrieanlagen AG 

Libyan Cement Company 

The following technical abbreviations are used in this report: 

AM 

c2s 
c
3s 

cl 
C4AE' 

DTA 

LOI 

LSF 

SM 

SRC 

XRDM 

alumina modulus 

dicalcium silicate 

tricalcium silicat·~ 

tricalcium aluminate 

tetracalcium aluminoferrite 

differential therma.l analysis 

loss on ignition 

lime-saturation factor 

silica modulus 

sulphate-resisting cement 

X-ray diffraction method 

Mention of firm names and commercial products does not imply the 

endorsement of the United Nations Industrial Development Organization 

(UNIDO). 
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~ABSTRACT 

This project, "Assistance to the Libyan Cement Factory, Benghazi" 

(TF/LIB/75/002), is being ca...""Tied out for the authorities of the Libyan 

Arab Jamahiriya by the United Nations Industrial Development Organization 

(UNIDO) under a trust-fund agreement. The project, which has been in 

operation since 1975, represents a new form of technical assistance ·.rith 

direct support to industry. The expert took over as co-ordinator of project 

activities in May 1980. 

The main object of this feasibility study was to investigate the 

possibility of the Libyan Cement Company (LCC) introducing the production 

of sulphate-resisting cement using mainly local rav materials. 

The report traces the development of sulphate-resisting cements (SRC) 

and gives their chemical and physical properties and the standard 

specifications for dif~erent types of SRC. The location, suitability and 

availaoility of the raw materials needed for SRC production are investigated 

and the calculations for trial raw-mix designs are given. It is concluded 

that the production of SRC by the Libyan Cement Company w1uld be feasible 

fr~m both the technical and the economic point of view and without re~uiring 

major alterations to the ~achinery and production processes already used 

to produce normal portland cement. 
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INTRODUCTION 

This project, "Assistance to the Libyan Cement Factory, Benghazi•• 

(TF/LIB/75/002), is being carried out for the authorities of the Libyan Arab 

Jamahiriya by the United Nations Industrial De~elopnent Organization (UNIDO) 

under a trust-fund agreement. The project, which has been in operation since 

1975, represents a nev form of technical assistance vith direct support to 

industry. The expert took over as co-ordinator of project activities in 

May 1980. 

The main object of this feasibility study was to investigate the 

possibility of the Libyan Cement Company (LCC) introducing the production 

of sulphate-resisting cement using mainly local raw materials. 

A separate feasibility study on this topic was submitted in Arabic 

to the LCC in March 1981 which also dealt vith the introduction of sulphate­

resisting cement in the Alexandria ?ortland Cement Company based on the 

various raw materials available in the vicinity of Alexandria. The present 

report is a shorter version of the feasibility study in Arabic, including 

only the material relating to the expert•s activities in the Libyan Arab 

Jamahiriya in connection vith the Libyan Cement Company. 

I 
I I I I I 
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

l. It is quite feasible to produce sulphate-resisting cement (SRC) either 

in the Benghazi area or in cement plants in the western part of the count~· 

wher~ sufficient amounts of the necessary raw :naterials are available. 

2. The limestone and marl from the Benghazi area proved suitable for this 

type of cement production. Large reserves of the best siliceous sand vere 

found 90 kilometres south of Ajdabiyah. 

3. In testing many raw-mix designs, it was found ~bat it is possible to 

produce SRC Type II (ASTM, C-150) by adding only iron ore or pyrite ash to 

the normal portland cement raw mix used by the LCC. Type V (ASTM, C-150) 

can be produced by using four components, limestone and marl (from the Hawa.ri 

quarry), sand (from the Gialo region) and either iron ore (from the Sabbah 

area) or pyrite ash, which can be cheaply imported from neighbouring countries. 

4. It would be economically feasible for the LCC to produce this type of 

cement as the cost of production would be LD 10 per ton less than the cost of 

imported SRC. 

5. It is pcssible to produce SRC 'With the same production-line equipment 

and processes as for normal portland cement and ·with very little change in 

handling the raw materials. 

Recommendations 

1. Production of SRC should be introduced in either the Benghazi production 

line I or II, or both, according to the country's total requirement for SRC. 

2. It is recommended that the two types of clinker should not be miJced and 

that, accordingly, the clinker silos in the Benghazi plants shculd be reserved 

for SRC production. 

3. After a visit to the Al-Khums I Cement Plant, the expert recommended the 

use of this plant for SRC production because of the suitability of its raw 

materials. 

I I I 
I 
11 I II 



- 9 -

4. The production of SRC vith less than 3% c
3
A is recommended. (In LCC 

it ranges from 12-15%.) This -would completely solve the problem of the 

formation of lumps and aggregation in the cement silos. 

I I II 
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I. THE DEVELOPMENT OF SULPHATE-RESISTING CEMENTS 

A. Historical background 

Dr. T'uorvaldson's life-work was devoted to the study of the properties 

and processes of cement and its compounds, his g!"eatest achievement being 

the experimental demonstration of concepts which led directly to the develop­

ment of a sulphate-resisting cement. By 1918 in western Canada, the 

destructive action of alkaline ground waters on concrete struct-..ires vas 

generally recognized by engineers to be a problem of major importance. 

Between 1918 and 1920, no comprehensive plan was developed to carry out or­

ganized research on the problem. In Saskatoon in 1919, Dr. C.J. Mackenzie 

of the Engineering Department o~ the University of Saskatchewan began some 

exposure testing in the field. 

The early chemical "WOrk done by Dr. Thorvaldson involving tests of soils 

and ground waters and obser"Vations on associated field exposure tests, led 

him to three main conclusions: 

(a) The variation in the concentration of sulphate in the ground 
water could have been a major factor in the variability noted in some field 
exposure tests; 

(b) MgS04 is more soluble than Na2so4, particularly at low 
temperatures ; 

(c) Lean concretes were found to disintegrate rapidly when surrounded 
by disintegrated concrete and pure water. This indicated the presence in 
affected concrete of excessive amounts of sulphates. 

In June 1922, Dr. Thorvaldson succeeded, vith the assistance of 

Dr. G.R. Shelton, in preparing the pure·cement compounds known as tricalcium 

silicate (c
3
s), dicalcium silicate (C2S), and tricalcium aluminate (c3A). 

These compounds were characterized and their reactions in pure water and 

in sulphate solutions were studied, mainly by microscopic methods. The 

main conclusions were: 

(a) The formation of calcium sulphoaltaninate is due to the reactions 
~etween hydrated ~~A and solutions of Na2so4 in all concentrations, and Mgso4 
in low concentrations; 

I Ill II I 1111 I Ill I Ill I I I I II I I I I 11 I II Ill I 11 
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(b) With more concentrated solutions of MgSQ4, Mg(OH) 2 was present 
and this tended to retard the formation of calcium stil.phoaluminate~ 

(c) ~.gso4 appeared to have a generally more destruct:ve effect than 
Na2so4 on the hydrated c

3
A and also on portland cement. 

Dr. Thorvaldson recognized that the remedy would probably lie in the 

modification of the chemical composition of cement. He developed the lean­

rnortar bar test and, by means of it, demonstrated dir~~tly the role of c
3
A 

e.mong the pure compounds in producing excessive expansion in mortars and 

concretes. His conclusion that the c
3
A content could be reduced by fo?"Il'.ation 

of tetracalcium aluminoferrite (C4AF) was tested in the plant, Burns, and resulted 

in the modern sulphate-resisting cement. 

B. The chemistry of sulphate-resisting portland cements 

As in scientific progress in general, sc in the case of portland cement, 

the finally-accepted theory is the result of the efforts of several people. 

Impure limestones, when calcined, were discovered to yield products that 

behaved differently in their reactions with water from the products obtained 

when pure limestones were calcjned. Stuiies of these impure limestones led 

to the development of portland cement. T'~e history of this development has 

beer. reviewed by Bogue. 

Having discovered that cements could be prepared by c~lcining blends of 

calcareous, argillaceous, and siliceous materials, investigators were faced 

with the problem of explaining what happened during calcination and during 

~he reaction of the calcined product with water. While they were busy with 

these problems, engineers discovered that products made of portland cements 

did not always perform satisfactorily when exposed to saline waters. This 

opened up a new field of research. The literature on the develop:nent of 

sulphate-resisting cements has been reviewed elsevhere. Here, we vill deal 

only with the subject of why concrete is attacked by saline waters and why 

certain cements produce concretes that have a relatively high resistance to 

a~tack by these waters. Included in this is an outline of the several 

mechanisms by which concrete can be attacked by salts and through which the 

substitution of calcium aluminoferrite for tricalcium aluminate increases 

the sulphate resistance of cement3. 

II I II Ill I I II I Ill I 111 
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A number of early investigators, Lea, Le Cbatelier and Desch used the 

micrcscope in an effort to determine the chemical co~position of the com­

pounds present in hydraulic limes and portland cement. 

Hansen, Bro'Wil, Miller and Bogue studied the system calcium o:dde-alu-nina.­

iron oxide (CAF). 

Thorvaldson, Vigfusson and Larmour studied the behaviour of mortar ba.rs 

of the following compositions in wa.ter and solutions of calcium and magnesium 

and sodium sulphates: 

l part c
3
s + 5 parts sand 

1 part c
2
s + 5 parts sand 

l part c
3
s + 0.25 parts c

3
A + 5 parts sand 

l part c2s + 0.25 parts c3A + 5 parts sand 

0.53 parts c
3
s + 0.26 parts c2s + 0.21 parts c

3
A + 7. 5 parts sand 

In 1926, the Portland Cement Association Fellowship at the Na'tional 

Bureau of Star~dards began an extensive inve~tigation of the volume stability 

of 1:2 mortar bars made with pure compounds, cemen~ prepared in a small ex­

perimental kiln, and commercial cement stored in wa.ter and in sulphate 

solutions. 

The results of the above studies clearly indicated that cement with a 

relatively high resistance to sulphate could be prepared by decreasing the 

A/F ratio of the clinker, either by decreasing the alumina cont~ot of the 

kiln feed or by adding additional iron-bearing material to it, both of which 

reduce the potential c
3
A content of the clinker. European investigators had 

also reached the conclusion that c
3
A was the least resistant of the cement 

minerals to attack by sulphates. There is a definite relationship between 

calculated c3A content and sulphate-resistance. Miller and Manson modified 

the composition of some kiln feeds so as to decrease the potential c
3
A 

content and to increase the potential c4AF content. These cemen~s showed 

a resistar.ce to sulphate much improved in comparison to that of the modified 

cements. 

I 111 I I I I II 11 11 I 
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A number of investigators have attributed the deterioration of concrete 

in sulphate-bearing water to the formation of ettringite. This compound 

wra.s prepared by Candlot (1890) by the interaction of aqueous solutions of 

calcium aluminates and calcium sulphate. Most investigators have assumed 

that, since this highly hydrated salt occupies much more volume tl::.en the 

c
3
A from which it formed, its formation by a diff'llsion process in the 

pores of the concrete 'WOuld cause exparsion and destruction of cement paste. 

Lerch, Ashton and Bogue showed that c
3
A formed two compounds with 

calcium sulphate that vere stable in aqueous solutions saturated with 

Ca(OH)
2

, i.e. ettringite, a high-sulphate form, and monosulphate or low-

sulpbate form, c3A.CaS04.13H20. 

Malquori and Ciril~~, Mcintire and Show prepared the high-sulphate 

iron compound, c
3
F.3Caso4.aq. and Malquori and Caruso prepared the low­

sulphate iron ~ompo~~d, :
3
F.CaSo4.aq. Malquori and Cirilli demonstrated 

the existence of a series of solid solutions between the high-sulphate 

aluminate and the high-sulphate ferrite compounds as well as a series of 

solid solutions between the low-sulphate aluminate and the low-sulphate 

fe~rjte compounds. They studied the sulphate resistance of some of their 

products by determining the rates at which the products combined with 

sulphate in a solution saturated with respect to both Ca(OH) 2 ~nd Caso42H20. 

With c
3
A.aq. and c4A.aq. the ratio of so3JR2o3 in the solid reached 3 in 

15 days, whereas with a solid solution in which the A/F ratio was 3, the 

so
3

/R
2
o

3 
ratio was 1.3 at 15 days and 2.4 at 60 days compared with 0.5 and 

1.3 for a solid solution with an A/F ratio of 1 and with ratios of 0.4 and 

0.9 for c4AF.aq. 

One of the conclusions of these studies was that c3A reacted with 

water and calcium sulphate in three stages as follows: 

(a) Stage I. C~A combines with 'W'B.ter and calci1.lm sulphate to 
form ettringite. This !tage terminates when the gypsum is depleted; 

(b) Stage II. c
3
A reacts with ~ter and ettringite to form calcium 

monosulphate, c3A.Caso4.r4-15H20; 

(c) Stage III. Remaining •; A reacts with water, monosulphate and 
Ca(OH)

2 
to form a solid solution cr3c4A.aq.+Ca(0H) 2• 

l 

I 
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Similar pastes in which the ferrites replaced c3A s:iowed that the 

reaction of the aliuninoferrites with water and sulphate was relatively slow. 

It wai concluded that c4AF not only reacts much more slowly than does c
3
A 

but that the aluminoferrite phase retards the normal reaction of stage I for 

c
3
A. In all cases, the reaction behaviour of the mixtures containing the 

aluminoferrites corresponded to the three stages found for the c
3
A pastes, 

but the reactions occurred at slower rates. 

A n•"l!lber of investigators have presented data which show that curing 
0 

concrete or mortar specimens at temperatures at or above 100 C under pressure 

greatly increases their resistance to attack by sulphates rega~dless of the 

c
3
A content of the cement. These are the conditions ~hat would convert c

3
A 

and aluminofe:--rite to hydrogarnets which, as shown by Flint and Wells and 

by Schwiete and Iwai, are highly resistant to attack by sulphates. 

I II II I I I II I 
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II. AVAILABILITY OF RAW MATERIALS 

The production of normal portland cement clinker at the Libyan Cement 

Company (LCC) relies mainly on raw materials predominating in the Ha'WB.ri area 

near Benghazi. The rav materials are limestone and marl. Accordingly these 

rav materials vill be used as the main components of the raw-mix designs as 

shown later. 

A. Limestone and marl 

Topography and geological features of the Hawari area 

The area vhich supplies the LCC's production of normal portland cement 

lies about 8.5 kilometres south-east of Benghazi city. The Benghazi - Suluq 

road runs through this area. 

The Benghazi plain rises towards the east to about 150 metres above 

sea level. Inland, it is bounded by the first relatively low cuesta of the 

Cyrenaica which has a relative difference in elevation of abo~t 100 metres. 

The strata forming the hills around Benghazi city are formed mainly of 

carbonate rocks of the Al-Rajmah formation (Middle Miocene) which is sub­

divided into two members, the lower ''Benghazi" member (150 to 200 metres in 

thickness) and the upper "Wadi Al Quattarah" member (about 50 metres in thick­

ness) vith intercalations of gypsum near Rajmah. 

The strata are nearly horizontal with a general dip of a few degrees 

towards the east. The strata are slightly disturbed by vertical faults. 

The transitional boundary between the "Benghazi" member and the "Wadi Al 

Quattarah" member is smooth. The transition (from hard step-forming limestone 

to the soft carbonate rocks) is exposed in the upper part of the above-mentioned 

cuesta. The Tertiary formations are more or less completely covered by the 

Quaternary. These are, above all, shore sands (calcareous) and residual 

loams. 

According to the latest geological mapping carried out by a Czechoslovak 

company, the limestones of the investigated area belong to the Al-Rajmah 

formation. 

I I I I I I 
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The stra~a of the investigated area lies •-ithin the range of a reef-core 

facies built up by coral colonies, vi.th fossil debris and cavities up to the 

size of a child's head. The cavities are partly filled vith calcite crystals 

or incrustated fossils. These cavities are not limited to definite layers, as 

can be seen from the cross sections. The coral colonies are more frequent 

in the borings near the existing quarry tha.~ in the borings at a distance 

of about 2-3 kilumetres, vhich indicates the limitation of the reef core. 

The upper part of the limestone series is composed of 2-4 metres of 

thick, light gray to gray fossil-bearing limestone. The Tertiary limestone 

series is covered by Quaternary sands, gravel, caliche and residual marl. 

The latter has the greatest regional extensxon and is the most significant clay 

component used in the cement industry in this area. The clays are of strong, 

red-brovn colour and belong to the terra rossa formations vhich are 

characteristic of subtropical climates and predominate all over the 

Mediterranean area. 

Marl is the main component required for the LCC's normal portlan~ 

cement rav meal together vi.th the silica, alumina and iron components. Marl 

is usually represented as loose rock. Petrographically, it is formed of a 

detrital part and a microcrysta:line part. The first part is formed of 

oolites and microcrystalline calcite and/or aragonite and dolomitic fragments 

in a matrix of partially silicified carbonate quartz ~s sand grains, fine to 

very fine, angular to subangular. Feldspar crystals are also usually pres~·­

The clayey material forming the second part is represented as dispersed 

matter consisting of micaceous clays and limonitic substan~es. The thickr.e3~ 

of this soil varies between 2.5 and 6.5 metres in the investigated area and 

increases to~ards the east. Sc~ttered intercalations of sand, gravels, and 

limestones (O.l-1.; metres in thickness) vi.th many fossils can be observed. 

There are two explanations for the origin of the intercalated limestones 

in the clayey marls. They eith~r consist of blocks of limestone which have 

been transported (not necessarily a long distance), or they are traceable to 

irregular weathering of the surfaces of limestones in ~· 

I I I 
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They have been found ~nly in a few borings, which does not suggest a 

notable regional extension. There is a conspicuous occurrence of marl at 

12 metres and from 29 metres on in boring CH-5. :'his can only be attributed 

to a fissure in this area which is to be observed from 29 metres on. A core 

loss of 2.5 metres was observed on this level in CH-3. It is noteworthy 

that g?"avel (probably from a river) occurs above all in the borings CH-5 and 

CH-17. For the distribution of red clay and of the test-boring drill holes, 

see :!'igure I. 

Chemical evaluation 

The chemical analyses of the limesto::ie shoved that it is a high-grade 

material with a Caco
3 

content ranging between 91 and 97%. The chemical­

analysis re;ults are summarized in tables l and 2 and are given in detail 

for each of the ~est borings CH-1 to CH-17 in annex I. According to these 

analyses, the material. is suitable for the production of cement with few 

exceptions. In some borings, the MgC and chlorine conte~t turned out to 

be considerable. This increased percentage of undesirable constituents 

has to be :aade good by prehomogenizing ~his raw material with another one 

whose MgO and chloride content is lover. This applies above all to borings 

CH-4, CH-5, CH-8, CH-3 and CH-2. The analyses shov that dolomitization is 

irregular and decreases towards the vest. The chloride content varies bo~h 

in the clayey marl and in the limestone. Values from traces up to 0.35% 

have been observed. '!'he so
3 

content is very low with the exception of a 

very few samples. The chlorine content ranges from 0.02-0.05%. 

As to the clayey marls, the uppermost layer from 0 to l or 2 metres 

in depth vas analysed separately as this is an inhomogeneous but nevertheless 

suitable !118.terial shot through with limestone debris. The results of the 

complete analyses show that the raw materials are suitable fo~ the production 

of cement. 

I II I I I II I I I 
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Mine~olo£ical composition of the.limestone and marl 

Table l shows the mineralogical examination by the differential 

thermal analysis (DTA) method, and the x-ray diffraction method (XRDM). 

All samples, limestone as well as red clays, show a very si:ciilar 

mineralogical content. This fact was to be expected, especially if it is 

understood that marl is formed through a partial decarbonization of residual 

clay-rich soil, mostly derived from the same limestone province. 

Moisture content 

To determine the moisture content of the limestone and marl in ~. a 

ditch of approximately 13 metres in depth was dug near to borehole Z. The 

results of the investigation are sho'W?l in table 2. 

Table 2. Moisture content of limestone and clay at various depths 

TyJie of soil/rock De-ptb Humidity 
(metres) (percentage) 

Red clay (marl) 0.2 16.1 

1.0 9. 5 
2.0 10.3 

3.0 8.9 
4.o 12.8 

5.0 9.6 

5.5 11.1 

5,7 9,1 

Limestone (hard) 7.0 1. 7 
8.o 2.0 

Limestone (chalky) 8.9 4.5 

9.8 4.8 

l0.7 2.9 
11.6 2.9 

12.3 3,9 
12.5 3,9 

I I 
I 
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Limestone and marl reserves 

As shovn by the chemical analyses, the limestone, originating !'ram a 

reef complex and varying in its MgO content, is suitable for the production 

of cement. If all the material from the deposit is vell homogenized before 

its introduction into the clinker rav meal, those parts of the depcsi~ which 

have a higher MgO content can be used as vell. Therefore, they can be in­

cluded in the overall assessment of the reserves. 

The limestone relative density, vhen calculating the limestone reserves, 

was assumed to be 2.5. The limestone depth was assumed to be 40 metres for 

quarrying purposes. According to these assumptions, the total reserves of 

limestone in this area would be around 213.5 million tons of limestone. 

For the marl, the average thickness was assumed to be 5 metres. The marl 

relative density was assumed to be 2.0. Accordingly, the total marl reserves 

in this area vould be about 44.8 million tons. It is worth mentioning that 

the deposits of these rav materials (i.e. limestone and marl) extend over 

large areas a..~d these other areas can be investigated in the future vhcn 

further reserves need to be exploited. 

B. Ajdabiyah sand 

All the geological studies and investigations carried out by ~he French 

company, CERIC, failed to reveal any siliceous sand resources between Benghazi 

and a point 90 kilometres south of Ajdabiyah. 

These studies indicated that sedimentary rocks of carbonated origin 

spread all over the area surrounding Benghazi city, especially to the north and 

nor~h-east. These rocks are covered vith what is known as terra rosa sediments. 

CERIC discovered huge amounts of silt~eous sands in an area along the 

Ajdabiyah-Gialo road as shovn in figure :r. The best siliceous 

sand resourees vere found to be located 90 km south of Ajdabiyah along the 

road to the Gialo oasis. 

The oligo-miocene limestone rocks are covered vith a sand stratum of a 

regular thickness of 10 metres which contains in its lower parts silicified 

wood. The silica sands are formed mainly of siliceous materials (quartz 

and quartizitic rocks). The mechanical analyses of some sand samples are 

shown in table 3. 

I II II I I 



~-!ED ITE-o'D /1. Im:' " ,., .i;uuu.u:Ju1 SEA 

Qaminis 

Gul.!" of Sirte 

- 22 -

location of sand 

Location o .. ~ • 10 kilometre poi"nt 
siliceous sand south of Ajdabiyah 
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Sample 
No. 

1 

2 

3 

4 

5 

6 

7 

The 
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Table 3. Carbonate content and mechanical analyses 
of some sand samples 

Distance f!".J:n 
Ajdabiyah 
(kilometres) 

90 

90 

115 

130 

163 

205 

255 

biggest grains in 

Ca CO 
(percen~age} 

1.5 

22.5 

4.50 

1. 75 

5.00 

12.25 

4.5 

100 
( % ) 

2 

8 

6 

7 

14 

10 

8 

Grain size (>1m) 
100-250 250-2000 

(~) (%) 

20 8 

32 60 

26 68 

20 73 

35 51 

27 63 

22 70 

the siliceous sands investigated were 5 millimetres 

in size. The sand grains appear dull, roughly spherical with some rounded 

grains. The silty portion ranges in colour from beige to yellcwish. The 

calcareous grains look dull, are spherical in shape and their grain size is up 

to 0.5 a millimetre. 

Ex~loitation of the sand reserves 

The ·";ERIC report said that at present the working face of the quarry at 

the 90 kilometre point is 3-4 metres high. It was suggested that excavation 

should progress horizontally until the Miocene substratum consisting of green 

marl& (facies of decalcification of the Miocene limestone) is reached. Later 

on, excavations will progress southwards until they meet up with the ex­

cavations carried out for the embankment of the Ajdabiyah-Gialo road. The 

underlying green-marl stratum shows a perfect horizontal contact surface with 

the overlying sand stratum. This means it will be very easy to extract the 

sand, now and in the future. The reserves of this sand are endless. The 

report said nothing about the chemical composition of the siliceous sands. 

Therefore, a representative sample was taken from the stockpile of sands in 

111 I 
I 

11 



- 24 -

the brick plant. Another representative sample of the calcareous sands 

(from Sidi Khalifa), also piled in the same plant, was taken. The two 

samples were chemically analysed. Table 4 shows the chemical composition 

of these two representative samples. 

Table 4. Chemical composition of Sidi Khalifa and Ajdabiyah s~ 
(percentage) 

Component Sand sam12les 
Ajdabiyah-Gialo Sidi Khalifa 

Caco3 15.75 96 
Si02 11.02 0.01 

Al203 2.75 1.35 
Fe

2
o
3 traces traces 

Cao 8.83 56.3 
MgO 1.4 

so3 o.4 0.35 
Cl traces 

Loss on ignition 8.15 44.09 

Note: The chemical analysis was carried out in the Libyan Cement 
Company's laboratory. 

C. Addition of siliceous and ferriferous materials 

One of the ~ain sources of raw materials used at present for the production 

of normal portland cement at both the Hawari and Benghazi Cement Plants (LCC) 

is ~he Hawari quarry from which limestone as well as marl is extracted. 

The preliminary calculations for a SRC raw-mix design using these materials 

showed that the mixture is deficient in silica as well as iron-oxide content. 

Accordingly, materials rich in silica (siliceous) and in iron-oxide (ferriferous) 

content must be added. As shown in the last section, siliceous material can 

be obtained from the sand dunes predominating along the Ajdabiyah-Gialo road. 

II I I 11 1111 I II I I 
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The iron ore (ferriferous material) can be supplied either from ~he local 

iron-ore rich deposits near Sabhah (Galmoya iron ore) or from pyrite ash 

(by-product of sulphuric-acid production) which can be impor~ed from neigh­

bo·.ll'ing countries like Greece or Italy. Both ferriferous materials were used 

in calculating our raw-mix designs. 

A sample of Galmoya iron ore \JS.S obtained and analysed in the LCC 

laboratories. Subsequently, we received two reports evaluating the deposits 

of cement raw materials at Ash Shati and Al Jufrah. The two reports indicated 

that the mean chemical analysis of Galmoya iron ore is as follows: 

Loss on ignition (L'.)I) 

_ Sia
2 

Al203 
Fe

2
o
3 

Cao 

MgO 

so
3 

Cl 

percentage 

14.o 

4.7 
"j -
-' . ) 

71.0 

2.8 

1.5 

0.1 

o.42 

When this study started in September 1980, there was no pyrite-ash sample 

available to analyse. Accordingly, it was assumed in this study that the 

chemical analysis of pyrite ash to be a~plied in our raw-mix-design 

calculations would be that indicated in the Holderbank report on the Benghazi 

Cement Plant, October 1967. The chemical analysis of pyrite ash (Attisholz C.A. 

Mat. No. 5244/A) given in that report is: 

LOI 

Si02 
Al203 
Fe

2
o

3 
Cao 

percentage 

3.4 

5.25 

5,95 
82.26 

1.96 

0.45 

2.51 

0.32 

0. 07 
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After finishing the Arabic report and during a mission in Greece with 

the Economic Director, the expert received the following chemical analysis 

of pyrite ash from the company, Phosphoric Fertilizer Industry: 

Eercenta5e 12ercenta5e 

re 57.0 - 58.0 p 0.3 

s 1.5 1.8 Zn 0.04 

Al 1.5 2.0 Pb 0.015 - 0.025 

SiC2 0.5 Sb- 0.04 

MgO 0.15 Ni 0.005 

Cao 0.2 - 0.25 Co 0.02 - 0.25 

Cu 0.28 - 0.35 ~04/3 0.7 

I Ill 11111 I I I I I I 



- c.' -

III. STANDARD SP~CIFICATIONS FOR SRC 

A. The ASTM snecification for ~ortland cement 

Two types of sulphate-resisting portland cement are distinguished in 

the ASTM's designation C-150(1971); 

(a) 'rype II. For general use, more especially when moderat~ sulphate 
resistance or moderate heat of hydration is desired; 

(b) 'rype V. For use when high sulphate resistance is desirej. 

The standard chemical and p~"Sical requirements a.re shown in tables 5 and 6. 

Table 5. The standard chemical requirements (ASTM) 
(Percentage) 

Item 

Silicon dioxide (Si02 ) 

Aluminium oxid~ (Al2o
3

) 

Magnesium oxide (MgO) 

Sulphur trioxide (so
3

) 

when (3CaO.Al2o
3

) is 8% or les~ 

when ( 3Ca0 .Al
2
o
3

) is more·· than 8% 

Loss on ignition 

Insoluble residue 

Tricalcium aluminate (3CaO.Al2o
3

) 

Tetracalcium al...minoferrite plus twice the 
tricalcium aluminate (4CaO.Al

2
o
3 

+ 2 (3Ca0. 
Al

2
o
3

)) or 

Cement 
II and IIA 

21. 0 minimum 

6.o maximum 

5 . 0 maximum 

3.0 maxi-mum 

3.5 maximum 

3.0 maximum 

0.75 maximum 

8.0 maximum 

(c
3
s + c

3
A) 58.o maximum 

Alkalies ~Na2 o + 0.658 K2o) 0.6 maximum 

tzye 
v 

5.0 maximum 

2.3 maximum 

3.0 maximum 

0.75 maximum 

5.0 maximum 

2 0 • 0 maximum 

o.6 maximum 
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Table 6. The standard physical requirements (ASTM) 

Cement tnie 
Item II and !IA V 

Air content of mortar (vol. %) 

maximum 

minimum 

2 Fineness specific surface (cm /g) 

(alternative methods) 

turbidimeter tests 

average value, minimum 

any one samr le , minimum 

Air nermeability test 

Soundness 

average value, minimum 

any one sample, minimum 

autoclave expansion, 
(%) maximum 

Strength, not less than the value shown 
for ages indicated below 

compressive strength (MN/m2 ) 

1 day 

3 days 

7 days 

28 days 

Setting time (vicat test) 

~nitial set (minutes) not less 

12.0 

1600 

1500 

2800 

2600 

o.8 

.... 
I 

12 

than 45 

Final set (hours) not more 
than 8 

12.0 

1600 

1500 

2800 

2600 

o.8 

10 

21 

45 

8 
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B. British standard snecification for sulphate-resisting portland cement 

(BS 4027:Part 2:1972) 

This British Standard w-a.s produced specifically to cover sulphate­

resisting portland cements. There is at present no reliable direct test for 

sulphate-resistance other than prolonged storage of concrete or mortar specimens 

in sulphate solutions and this type of test can hardly form the basis of a 

standard. However, experimental work and practical experience have shown tha~ 

a considerable degree of sulphate-resistance is conferred on portland cement 

if the tricalcium aluminate is limited to 3.5%, which is the requirement of 

this standard. In all other respects (except for fineness), sulphate­

resisting portland cement is an ordinary portland cement, and the physical 

requirements for it are the same as those given in BS 12 for ordinary portland 

cement. 

Specification for the composition and manufacture of sulnhate-resisting 
portland cement 

The cement shall be manufactured by mixing together calcareous or other 

lime-bearing material w'ith, if required, argillaceous and/or other silica-, 

alumina-, or iron-oxide-bearing materials and burning them at a clinkering 

temperature in conformity vi.th the requirements of this British Standard. 

No materials other than gypsum (or its derivatives) or water, or both, 

shall be added after burning. 

2 Specific surface = not less than 250 m /kg. 

Lime-saturation factor (~SF) = not more than 1.02 and not less than 0.66 . 
.£.3A content = not more than 3.5% when calculated by the formula 

CA= 2.65 (A1.~0~) - 1.69 (Fe~O~) 
~ - ~ 

Insoluble residue = not more than 1.5%. 

Magnesia = not more than 4.0%. 

Sulphate + hydrite so3 = not more than 2.5% 

Loss on i~nition (in temperate climates) = 3.0~ 
(in tropical climates) = 4.0% 



1-......_I __ _ 

Strength 

Com~ressive strength 

Setting time 

3 days 
7 days 

- 3C' -

2 
= 8 MN/m 2 = 14 MN/m 

Initial setting time not less than 45 minutes 

Final setting time not more tha.n 10 hours 

Soundness 

Expansion not mere than 10 mm. 

I I 11 I 11 
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IV. RA'W-MIX DESIGNS 

According to ASTM specifications, there are tvo types of sulphate­

resis'ting cements, Type II and Type V. The first type can be produced by 

increasing only the Fe2o
3 

content of the same rav mixture used in normal 

portland cement in LCC. This type of cement is used or..ly to resist the 

action of lov and moderate sulphate in soil or water. 

A. Rav-mix designs for producing SRC Type II according to 

AS'lM suecification C-150 

Table 7 shovs the effect of increasing the Fe~O? content 

of the same rav materials as are used in the production of normal por'tland 

cement in LCC plants, assuming the c
3
s and c

3
A contents to be 50% and 8% 

respectively. 

Conclusions 

From the table, the following conclusions can be drawn: 

:. Sulphate-resisting cement according to ASTM specification Type II can be 

produced by adding a third component, ri~h in iron-oxide content (i.e. pyrite 

ash), 'to the same rav mix used for the normal portland cement production. 

2. The limestone predominating in the Hawa.ri quarry can be used as 'the main 

component in SRC production. The percentage of limestone used in the raw 

mixes varies between 57.18 and 73.66%. 

3. The marl covering the Hawari limestone can be used in the range between 

24.18 and 40.42%. 

4. ':'he pyrite ~sh used to increase the iron-oxide content of the raw mix 

as shown fluctuates between 1.4 and 2.4%. 

c; 
-'' According to the raw-mix-design calculations, the silica codulus and the 

alumina modulus are within the range of 1.77-2.21 and 1.21-1.37 respectively. 

The lime-saturation factor of the clinker produced was not less than 0.90 

which indicates a high-quality cement. 



'J'ublt: {. 1:111:111icul uud miw~rulogical composition ot' ru;w mixes culculated 
wi tt1 tl1ret: components 

( Calculated to Soi C}S and R:t of, CtA t Pvrito 11b ., CA Mat, lfo, 5244 " Atti!b.~! ..... t ·······­
a.w-m1x um er 

CutUl•Olle II t 

l:imestone 
Jesignutiou 
mix. ruLio ( % ) 

l~eLl clay 
Lk ::ii guu li 011 

mix. ratio (%) 

l·.vr i te ash 
mix. ruti~ (%) 

Caloul ated i Si 02 
chemical 1• Al 203 
composition Fe203 
of the CaO 
dinker (%) I •so 

K20 
Na2o 
S03 

Total 

Si02 

Moduli Jl203 
Al,..03 __.,_, 
Fe203 

1A 2A 3A 4A 5A 6A 7A 8.A 9A 

Z-4 Z-4 Z-5 Z-5 Z-5 Z-31 Z-31 Z-II Z..28 
64.25 70,16 71.41 65.64 61.48 62,94 58.67 57,18 62,59 

Z-4 ~5 Z-5 Z-4 Z-11 Z-4 Z..11 Z..11 Z-11 
34.34 27.85 26.13 32,96 36.70 35,44 39,28 40,42 35,27 

1.41 1,99 1,96 1,40 1,81 1,62 2,05 2,,0 2.14 

21.48 21.15 20.9~ 
5. 63 6. 11'! 6.13 
4. 10 4.90 4.88 

63.15 63.66 63.19 
2.46 2.44 2.49 
1 • 04 1. 03 1. 04 
0.37 0.36 0.33 

21.25 
5.64 
4. 11 

62.74 
2.51 
1.01 
0.35 

c 0.15 c 0.15 0.87 ( 0.76 

21,27 21.06 21.10 
5. 96 5. 76 6. 10 
4.62 4.30 4,83 

63.49 62,64 63.46 
2,45 3. 17 3.06 
o. 90 ·1.0tl ·1.03 
0.39 0.39 0.42 

c.0.78 4 0.12<0.17 

20.62 
6.38 
5,27 

63. 19 
3,11 
't,OG 
0.42 

' 0 .17 < -· 

21,06 
6,19 
4,97 

63.59 
2983 
0,97 
0,3·1 
o, 16 

10.A 1H 12A 13A 

Z-28 Z-31 Z-28 -II 
64,24 60139 7),66 56,14 

Z-16 ~16 Z-28 Z-11 
34,07 39.01 .24~18 42.23 

1,69 1,54 2,16 1.61 

21.60 21.71 
5,84 5, 70 
4,42 4,21 

63,83 63; 71 
2,99 3,24 
1,00 1-05 
u,32 .:.., 3~ 
0.14 (. 0,19 

--""'-·• 

21,06 
6.19 
4,97 

63.59 
2,86 
0,97 
0,35 

co, 14 

21,65 
5,72 
4,33 

63,65 
3,32 
1,00 
0.40 

<. 0.14 -_ .... ~ 
98.38 99,0G 99.84 98.37 991 94 98,50 100,17 100.16 100,14 100,14 100,17 100,13 100,11 

2.21 1.91 1.90 2.17 2.01 2.09 1.93 1.77 1.89 2.10 2.19 1.88 2,18 

1.37 1.25 1.26 1.37 1.29 1,34 1.26 1.21 1.24 1.32 1,35 1.15 1,35 

1.t.·a trnd Purker I i mf'-sAt.. f'tte~1.or ( % ) 
90.92 91.38 91.62 91.15 91.22 91,37 91.41 91,99 91.50 90,~7 90,70 91,49 90,78 

potential · C3S 
mineral ogi. J C2S 
cal COllpoai-• c3A 
tion of the I c Ar 
clinke•. (%)I 4 

I 

50.05 50.05 50.05 50.05 50.05 50.05 50.05 50.05 50.05 
23.86 22.92 22.24 23,19 23.26 22.64 22.75 21.39 22.64 
8.oo 8.oo 8.oo 8.oo a.oo 8.oo 8.oo 8.oo 8.oo 

12.46 14,90 14,82 12.50 14.04 13.06 14,68 16.03 15.12 

50,05 
24.19 
8,00 

13,45 

50.00 
24.53 
a.oo 

12.ao 

50.05 
22.65 
8.00 

15,11 

50.05 
24· 34 
a.oo 

12.87 

vJ 
I\) 

_J 
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6. The c4AF content of the rav mix designs increases to 12.5 - 16.03% while 

the C_A decreases to 8% in accordance ~-ith the stated reauirement. 
j -

Accordingly, it can be stated that moderate sulphate-resisting cement 

complying ;;ith the ASTM specification TyJ'.le II can be produced in ~he LCC by 

adding only pyrite ash within the range 1.4-2.4% to the same raw materials 

used in producing normal portland cement. 

B. ~aw-mix designs for producinr SRC according to ASTM 

C-150 'I'ype V and BS 4027 {1972) specifications 

1. Raw-mix designs with three materials 

This section of the feasibility study shows all the raw-mix designs 

using three materials to produce sulphate-resisting cement accordin~ to the 

ASTM C-150 Type V and BS 4027: 1972 specifications. These type~ of cement 

are able to resist the action of high-sulphated solutions and soil as well as 

seawater. In our study, we have only used the predominating local raw 

materials as follows: 

Limestone 

Marl 

Gialo sand 

(Hawari quarry) 

(Hawari quarry) 

(Ajdabiya.h - Gialo road km. 90) 

The ferrif erous material selected to increase the iron-oxide content 

cf the raw mix can be either 

Gal.moya iron ore (Sabhah area) or 

Pyrite ash (imported). 

Gia.lo sand will be introduced as a main component to increase the silica 

modulus. 

Many trials in designing the raw mixes were made, ta.king into consideration 

changes in the lime-saturation factor (LSF) ranging from o.88 to 0.92, 

accompanied by changes in the silica modulus from 2.0 to 3.0 to 3.2. 
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The six trial raw-mix designs with three materials were done according 

to the following combinations (tahl.e 8). 

Table 8. Combinations of three raw materials in trial raw-mix designs 

Rav mix 
Raw materials used Lime Silica 

designation Limestone Marl Gialo Galmoya Pyrite saturation modulus 
sand iron ore ash factor 

A ./ J ./ 0.92 3.0 

B J J J o.88 3.2 

c J J J 0.90 2.0 

D J J J 0.90 2.0 

E J I J 0.90 2.0 ., 
F J J J 0.90 2.0 

The rav materials used in the three-material raw-mix designs were 

required to have the following chemical composition (table 9). 

Table 9. Chemical components of materials in raw-mix designs 
(P3rcentage) 

Rav materials 
Components Limestone Marl Gia.lo sand Galmoys. iron ore Pyrite ash 

Si.02 2.23 41.45 77.11 2.9 5.25 

A1203 0.58 8. 72 2.75 7.6 5.95 

Fe2o3 0.35 4.09 1.02 78.0 82.26 

cao 51.86 19.5 8.83 j_,96 

MgO 1.48 1. 7 1.40 o.45 

so
3 0.15 0.14 o.4o 0.15 2.51 

LOI 42.90 21.16 8.15 11.36 3.4 

Full details of the raw-mix designs A-F, using tbree materials. are 

given in annex II. 
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It vill be seen that limestone is considered to be the basic rav ?:18.teri&.l 

and is used in all the designs. The other materials and th-= req_uirements for 

LSF and SM are varied. The following conlusions emerge from the calculations 
( see annex II ) . 

Conclusions 

l. It is impossible to produce sulphate-resisting cement complying with the 

ASTM specification C-150 Type V (1971) by using only three different raw 

materials as shown in the designs A-F. 

2. All the values of c
3
A produced in the rav-m.ix designs using limestone + 

Gialo sand+ iron ore or pyrite ash (designs A,B,D} were negative (-4.7, 
-4.39, -9.349, -10.234 respectively), which means that a carrying alumina 

component must be introduced as a fourth component. 

3. It is possible to produce SRC by adding iron ore or pyrite ash to the 

same raw materials used in producing ordinary portland cement (limestone and 

marl). T!e only drawback is that the total of 2C
3
A + c4AF is more than 20 

(in C = 24.389, in E = 23.799) which does not comply vi.th the ASTM specification 

C-150 fype V. 

4. I Accordingly, it is important in our case when designing any raw mix to 

comply with the ASTM specification Type V, to use not only the rav materials 

limestone, marl and Gia.lo sand, but to add a ferriferous fourth component, 

i.e. Galmoya iron ore or pyrite ash. 

2. Rav-mix designs using four raw materials 

This section deals with the calculations for raw mixtures using four rav 

materials. The calculations involved changing the following parameters: 

Tricalcium silicate (c
3
s), tricalcium aluminate (C

3
A), silica modulus (SM), 

alumina modulus (AM) 

The combinations of materials used and parameters required are shown 

in table 10. 

I II I I II I I I II I I I 
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Table 10. Trials of rav-mix designs using four rav materials 

Rav-mix Rav materials Reauirements 
design a- Lime- Gialo Iron Pyrite c

3
s c

3
A 

tion stone Marl sand ore ash (%} (%) SM AM 

A ./ ../ ../ ./ 69 l.8 2.5 0.7 

B ./ ../ ../ ./ 60 l.5 3.0 0.5 

c ../ ./ ../ ../ 55 1.8 2.0 1.7 

D ../ ../ ../ ../ 60 1.8 2.5 0.7 

E ../ ../ ../ ../ 55 1.8 2.0 0.7 

Full details of the raw-mix designs A-E are given in annex III. The 

results are summarized here in tables 11 and 12. 

Table 11. The percentage of each raw material used and the 
composition of the clinker in each raw mix 

(·Pe:centage) 

Raw Raw materials Clink.er constituents 
mix Lime- Gialo Iron Pyrite 

stone Marl sand ore ash Sio2 Al203 Fe2o
3 

cao 

A 75.4 10.2 12.9 1.4 24.8 2.9 3.0 65.74 

B 75.8 5.5 17.8 0.9 27.4 2.3 2.1 64.8 
,. 72.2 15.5 10.3 2.04 24.73 3.4 4.o 64.o "' 
D 74,3 11.4 12.9 1.4 25.4 2.9 3,14 64.9 

E 71.9 16.3 9,9 1.94 24.8 3.4 4.04 63.8 

Table 12. The clinker phases of each raw mix and 
calculation of 2C~A + c4AF 

( P!!rcentag ) 

Raw 
mix c

3
s c

2
s cl c4AF 2c

3
A + c4AF 

A 56.229 28.645 2.331 9.105 13.767 

B 37,302 50.361 2.481 6.399 11.361 

c 43.855 37.83 2.274 12.148 16.696 

D 47.43 37 .oo 2.331 9.552 14.214 

E 42.4 39,1 . 2.268 12.279 16.815 

I Ill -----' 
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Conclusions 

l. It can be seen from the above results that four rav materials can be 

combined in different proportions to produce SRC according to ASTM specification 

C-150 Type V (1971). The proportions in which the rav materials were 

used are indicated in table 11. The clinker produced is characterized by 

the phases and constituents indicated in table 12. All the five rav-mix designs 

comply vith the requirement of this specification that 2c
3
A + c4AF should not 

be more than 20. 

2. The Ga.l.moya iron oxide used as a fourth component in the rav-mix designs 

was used in the range 1.4-2.04%. This iron ore is located to the south 

a. considerable distance from the Libyan Cement Company in Benghazi. This 

long distance might be the main obstacle to SRC production in the near future. 

3. It is also possible to use pyrite ash instead of the Galmoya iron ore 

in the range l. 4-1. 94~. This material can be imported from Greece, as 

explained before, or from any fertilizer and sulphuric-acid producing company 

located on any of the Mediterranean sea coasts. 

4. Gialo sand vill be used as a third compor.ent to increase the silica. 

modulus of the SRC clinker produced. This material vill be used in the 
range ~.~-17.tj~. 
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V. ECONOMIC FEASIBILITY 

As shown in the previous chapter, S3C can be produced according to ASTM 

specification C-150 Type V (1971), using four of the five raw materials listed. 

The decisive factor then would be the cost of producing this cement. A study 

was therefore made to compare the cost of producing SRC in the Benghazi­

Hawa.ri area with the cost of imported SRC. 

A. The cost of producing SRC 

The estimates of the cost of producing SRC are based on the production 

costs for normal portland cement in the Benghazi and Hawari Plants. Figures 

have been taken from the budgets of 1977, 1978 and 1979 for the Benghazi Plant 

and from the budget of 1979 for the Hawari Plant. Thirty per cent has been 

added to the highest cost shown in these budgets to compensate for the 

expected increase in production.costs in 1980 and 1981. These figures are 

given in detail in a.nnex IV. Table 13 summarizes the cost per ton of normal 

portland cement. 

Table 13. Production costs of packed and loaded 
normal portland cement 
(Libyan dinars per ton) 

Item Cost 

l. Ma.nufa~tl.II'ing costs of cement (up to storage silo) 

2. Packing and loading of cement 

3. Sales Department expenses 

4. Overhead costs 

5. Admini3trative Department expenses.!!' 

6. Financial Department expenses 

7. Office expenses 

8. Contracted services (experts) 

9. Insurance (stores) 

10. Wire and telephone services 

11. Share of the company in the employee's insurance 

12. Employee social benefits 

13. Depreciation 

12.412 

2.303 

0 .074 

c.093 

0.241 

0.172 

0.024 

0.028 

0.005 

C.010 

o.408 

0.135 
0.304 
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14. Travelling expens~s 0.067 

15. Separation of employee from service 0.336 

16. Miscellaneous 0.040 

17. Employee benefits 0.037 

18. Various other expenses 1.011 

Total cost per ton 17.699 

!,I The administrative expenses are those for the year 1978 + 50% more. 

These costs can now be applied to the production of SRC, beginning with 

the cost of raw materials. 

Raw-mix design A uses the following raw materials in these proportions: 

Limestone 

Iron oxide 

75.4% 

1.4% 

Gialo sa.nd 

Marl 

13.0% 

10.2% 

Limestone and marl costs, as shown in the costing lists (annex IV), are: 

Limestone 

Mar1 

2.658 LD per ton 

1.569 LD per ton 

Total cost of Gialo sand (extraction and transport to the raw-material 

store) 8.0 LD per ton (liable to decrease) 

It was assumed that the cost of iron oxide, whether transported from the 

Sabbah area or imported from neighbouring countries as pyrite ash would not 

exceed LD 20.0 per ton. Accordingly, the cost of the raw materials used in 

this raw-mix design is: 

Proportion in Cost of amount 
raw mix Cost per ton used in raw mix 

Raw material (Eercenta5e) (LD) (LD) 

Limestone 75.4 2.658 2.004 

Gia.lo sand 13.0 8.o 1.04 

Iron oxide 1.4 20.0 0.28 

Marl 10.2 1.569 0.16 

Total 3.484 
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Raw-mix design E uses another combination of raw materials in the 

following proportions: 

Limestone 

Pyrite ash 

71.88% 

1.94% 

Gialo sand 

Marl 

9.87% 

16.31% 

The cost of raw materials for this raw-mix design (including transport 

to the raw-materials store in the cement plant) is: 

Proportion in Cost of amount 
raw mix Cost per ton used in raw mix 

Raw material (percent.a5ei (LD) (LD) 

Limestone 11.88 2.658 1.910 

Gialo sand 9.87 8.oo 0.79 

Pyrite ash 1.94 20.00 0.39 

Marl 16.31 1.569 0.25 

Total 3.340 

It will be seen that the raw-material cost of raw-mix design E is less 

than the raw-material cost of raw-mix design A by about 0.144 LD per ton. 

To be on the safe side, we will use the higher cost in the following 

calculation. 

Costin5 list for SRC 

Cost of raw materials (loss on ignition 
factor = 1.556) + 10% losses 

Grinding of raw materials (LOI factor = 1.556) + 10~ 
Cost of burning raw materials in rotary kilns + 10~ 
Cost of clinker storage 

Cost of clinker (93%) 

Cost of gypsum (7%) 

LD per ton 

6.000 

2.065 

5.770 
0.190 

14.347 

13.343 
o.4;4 

13.797 
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Cost of cement grinding + 10~ 1.910 

Cost Of cement storage 0.195 

Cost of cement packing (delivered on board trucks) 2.303 

Overhead costs 3.000 

Total cost of SRC per ton 21.205 

a/ 10% was added to the cost of grinding raw materials due to the 
difficulty of grinding sand as one of the raw-mix c01tponents. There is 
also the high consumption rate of the grinding media and the lining plates 
in comparison vith grinding the raw materials used in normal portland 
cement. 

Ef 10% was added to the cost of burning the raw materials used in 
sulphate-resisting raw mix as the burning of these raw materials requires 
more fuel, besides a higher consumptiou of lining bricks in comparison 
vith the consumption when burning normal portland cement. 

c/ 10% was added to the cement-grinding costs as the silica modulus of 
sulphite-resisting cement is more than the silica modulus in normal portland 
cement. This higher silica modulus makes it harder to grind the SRC clinker 
and this, in turn, means more wear-on the grinding media and lining plates 
than in grinding normal portland cement clinker. 

B. The cost of imported SRC 

The Libyan Cement Company imports SRC which complies vith the British 

Standard Specification on a tender basis. As it is necessary to compare 

the average cost of the imported SRC vith the expected cost of SRC production 

as shown in section A, the costs for three different shipments of imported 

SRC, discharged in three different ports, were taken at random. 

The imported cement shipments chosen were the eighth shipment to 

Misrak'l, the thirteenth shipment to Derna and the seventeenth shipment 

to Benghazi. 
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The contracted prices were: 

To the eastern ports, Benghazi and Derna 

To the western ports, Tripoli and Misratah 

Table ll~ shows the cost of these shipments. 

Dollars per ton 

69.00 

70.00 

These shipments taken together give an average cost: 

Shipment 8 to Misratah 

Shipment 13 to Derna 

Shipment 17 to Benghazi 

Total 

Mean cost of one ton of imported SRC (delivered 
to the cement store) 

Estimated cost of producing one ton of SRC at LCC 

Cost difference 

Conclusion 

LD uer ton 

30.250 

27.554 

35.876 

93.680 
-------

31.227 

21.205 

10.022 

According to this study, the production of sulphate-resisti~g cement 

at LCC vill achieve an average saving of about LD 10.0 per ton. 

Table 14. Cost of imported sulphate-resisting ~ement 
(Libyan dinars) 

Shipment number and harbour 
Item Shipment 8 Shi'Oillent 13 Shipment 17 

Misratah Derna Benghazi 

Local bank charges 75 313.0 17 460.7 22 865.0 

Commission agent (0.4% of the 
price+freight+demurrage) 378.1 72.1 113.0 

Local insurance (LD 0.14 per ton) 501.2 117.6 154 .. o 
Demurrage (55 cents per ton per day) 19 205.5 575 .9 5 386.7 

Freight expenses (according to 
contract 4% of freight) 4 120.4 

l 
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Transport costs 152.6 195-9 
Shipping agent's charge 
(LD 0.9 per ton) 990.9 

Subtotal ~5 397.9 18 378.9 33 825.9 

LCC administration expenses (8%) 7 631.8 1 470.3 2 706.1 

Taxes (2.2%) 2 266.7 297.8 732.1 

Total 105 296.3 20 247 .0 37 264.1 

Cost :12er ton 

All co~ts as shown above 27.4 24.1 33.9 
Expenses (2% per ton) 00.9 oo.6 

Transport costs 2.0 2.0 2.0 

Shipping agent's charge 0.9 

Total (delivered to store) 30.3 27.6 35.9 

(Tons) 

Ouantity cc .1.. ~ted 3 8c:;n e-110 l 100 
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VI. SELECTION OF METHOD AND MOST SUITABLE PRODUCTION LINE 

In order to explain the processes used in producing normal portland 

cement in the LCC plants, explanatory drawings of the production processes 

in Benghazi and Havari and flow charts of production lines I, II and III in 

the Benghazi Cement Plant ~ve been given in annex V. These show all the · 

processes from raw-material crushing, grinding and burning, through to cement 

dispatching in bulk or in paper bags. 

From these explanatory dra'Wings, the following conclusions can be draw. 

Conclusions 

1. SRC can be produced in any LCC production line, either in Hawari or 

in Benghazi. The same equipment and machinery can be used with only minor 

changes in handling materials as follows: 

(a) The iron-oxide ore or pyrite ash has to be mixed with limestone 
in the required percentage at the crushing department or after entering the 
raw-material store; 

(b) Sand can be added to the raw materials in the raw-mill additive 
hoppers according to the percentage required for the raw-mix design; 

(c) If SRC according to ASTM Type II is produced, it vould be 
preferable to introduce iron-oxide ore or pyrite ash to the raw materials 
in the raw mills through the additive hopper. 

2. If there is a large demand for SRC in the Lityan Arab Jamahiriya and 

it is desired to avoid all imports of this type of cement, it would be 

possible to devote a whole cement plant, either Hawari or Benghazi, to SCR 

production. It would be necessary to stock the raw-materials stores with 

sufficient sand and iron ore or pyrite ash for the volume of SRC production 

required. 

3. If one of the LCC plants (Hawari or Benghazi) is devoted to the 

production of SRC, then the clinker stores ought also to be completely or 

partly reserved for storage of the SRC clinker produced, since the mixing 

of two types of clinker ought to be completely avoided. It is also 

recommended that SRC production should continue only for part of the year. 
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4. If the quantity of SRC required is not so great, then it would be 

preferable to set aside the first or second production line at the Benghazi 

Cement Plant, or both the two production lines, to produce this type of cemen~. 

5. If the first or second production line at the Benghazi Cement Plant is 

reserved for SRC production, then the clinker silos I or II can be used to 

store SRC clinker in order to completely separate the tvo tYJleS of cement 

produced in the Benghazi Cement Plant. 
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·i .rJ5 0.07 0,07 

0,2,·!. 0.05 0.07 

O,?O o. 36 o. 29 

0.005 0.017 0.042 

25,C5 

l-62 1.70 2.85 2.4} 

2,04 2,52 0.07 0.04 

0.28 0.4; V,U5 o.oa 

0 .11 0.01 0,05 1.28 

0,011 0.014 0.014 0.044 

23. 33 16.34 

•====~==~~===&===~=~=s=========~~~===~-==a=:=~==~~K••=======~==•==~•====•===~=~=============•sssds:=~==•===• 

Vl 
0 

_J 



--------------- ----- Borini;-cif-98.nCi--c"H:10-----------r---------··-~-s-cii=T1-;-·fii'.:-.r2·-a1id""Nf:.11------------

Component l 
Depth {111 ~ Dept II {m} 

0-1 1-4 4.9-6.6 0-1 - 0-1 -6.4 0-1 1 r- ,- 0-1 1-5 -)•) 

------------ -------· ... ·------------ ------------- -------·- -----------· ·-·----· -------------------
Si02 25. 31 55.11 31.49 21..95 61.22 35.39 46.19 30.49 ~'1- .62 48.88 46 .. 11 

·rio 2 0.20 o.so 0.34 0.17 0.79 0;34 0.55 o. 27 0.59 0.59 0,60 

Al?OJ 5.07 13.12 6.69 4.S4 11.00 7.26 ?,31 6,27 10.64 10.03 10.67 

Fe2o
3 2,58 j.l: 3, 10 2.30 4.53 3.50 4.36 3. 15 5 .11 4.58 4.99 

·! 

CaO ' 32. 03 0.r1 25, 12 34.93 7. ')1 24.16 16.50 28.22 15.~2 '13.16 14,73 'JI 
t-' 

MgO 1.99 1. '.·U 1,40 1. 70 1.50 1.86 1, 57 1.69 1 .6'1 1,79 1. 7 3 

K20 1, 42 2,G1 1.89 1 .,38 2.21 2,03 2. •' 1 1.09 ?. • '11 2.59 2.37 

Ma20 0.21 ~. ~:3 0.33 o.18 0,50 0.23 Oo-16 0 .. 19 0.47 0.31 o. 51 

so3 0.19 0.03 0.26 0.35 0.03 0 .18 0.12 0 .14 0.09 0 .11 0 .12 

Cl ·0,023 '), 012 0.020 0.019 0,005 0.011 0.03 0.008 0.018 0.018 0 .125 

Loss on )0, 13 12. ~:11 
ignition 

23.49 32,37 10,68 25.08 18. 5c;; 27.68 1<;; .19 16,90 18.00 
-- .. _________ ..._ ________ ............... ------------·---------------------------.. ____________ ........ ···-···--- ·-----------------· 

_J 



_.. ______________________ ._,., ......... -----------·-·-.. --------------------------·--------------· ........... ______________________ _ 
( :01111•01W11 L 

SiO 
2 

'l' i l\~ 

LJ 2o
3 

l•'.: .!03 

C:iO 

HgO 

K20 

Ua?n 

~,. \ 

Cl 

Lo::; ::; u u 
i t~ll i t l Oil 

() - 1 

H<Jr i 11gs CH-l 11 and CU-16 
Depth (m) 

l - s.s 0 - l - •I .3 0 - 1 

BorinR CH-15 
Depth (m) 

r :...- It 6 - lB lA - 30 -------------· ........... ·--------- ---···----------.... -------------------··-·-· ......... ___________________ _ 
46.31 

0.')2 

9,78 
4.47 

15.88 
1.6 3 

2,37 

0,26 

o. 14 

O.OO') 

18. 59 

41.43 

0.43 

o. ~2 
4,02 
20. 15 

1,75 

2.06 

o. 34 

u.08 

0.014 

21.11 

27.07 

0.22 

5.30 
2.67 

30.47 
1.99 

1. 59 

0.19 

0.24 

o. 0.12 

29.08 

54, 13 

0.85 

12.70 

5.94 
8.05 
1.65 

.2. 54 

0.54 

0.06 

0.017 

13. 54 

27.85 

0.23 

5.60 
2.80 

30.43 
1. r,7 

1.58 

o. 16 

0.19 

0.009 

28.92 

41.53 

0.46 

8.54 
4,09 

20, 12 

1,.81 

2.02 

"· 31 

0.07 

0.008 

21.03 

0.31 

trace 

0.12 

0.04 
53.72 

2.07 

0.04 

0,05 

0.25 

0.014 

.. 

0,49 

trace 

0 .19 
0.21 

50.97 
3 .26 

0.06 

o.oo 

0.61 

0.024 

------- ··------------------..... ·-·-· -----------+--... -----------------·--------------····-· .. -----..-----------~-----· 

Vl 
I\) 

_J 



,========== .. ===r 

Component 

'============~==-~==========m===•~========-==~==============~n==•m=••==s=a==• 

' - - J 

Boring CH-17 
Depth {m) 

5 - 2:? 2~-=-4 () 
====m===•======~~===-==========~~====================~==~======~=======a==~=~~====•=======~=a=• 

Si02 

Ti02 

Al203 

Fe203 

CaO 

Mt•O 

K20 

Na20 

S03 

Cl 

Loss on 
ignition 

29.21 

0.25 

'). 75 

2.93 

29.73 

1. e 1 

1.79 

o. 17 

o. 17 

0.013 

:?G. 17 

42.96 3.22 0,67 

0.51 0.01 tra~e 

9.46 0.76 0.24 

4.4~ 0.34 0.32 

18.47 51. 71 52 .58 

1.49 1. 12 1.6J 

2 .10 o. 26 0.09 

0.42 a .11 0 .11 

0.07 0 .18 0.71 

0.022 0.061 0.114 

20.08 

=~~===========~====~=======================•============~=================~=~~n========= =••• 

'-'' 
l>J 

_j 



Atorev:i.atior..s 

.. = alumina LSF = lime-sat·1ration fac~or 

c = calcium oxide 

. = i:-on oxide 

S~1 = si.::..ica mviulus 

LOI = loss on ignition 

s = silica 

RAW-MIX DESIGN A 

T~e following raw materials will be applied in our raw mix according 

to the ~allowing requiremen~s: 

a - L:.mestone b - Gialo sand c - Iron Ore 

A LSF a 

A LSF b 

A LSF c 

LSF = 0.92 SM = 3 

• 

• 
= 

(;(max ) - • 2,G S + 1,18 A+ 0.65 F 

2.8 x 2.23 + 1.18 x 0.58 + 0.65 x 0.35. 7,156 

2.0 x 77.11 ~ 1,18 x 2.75 + 0.65 x 1.02. 219 ,816 

2,8 x ~.9 + 1,18 x 7.6 +0.65 x 78,C=+ 67,788 

.A L3P • c - L:£s; ( required ) x C(max )_-:] 

51.C6 - 0.92 x 7,156 ) • 45.277 

e.03 
J,00 

A s:: 

( 0,92 x 219.82 
- c 0,92 x 57,788 

) 
) 

--193,404 
• - 62.365 

• s - L-s:r. ( requ.ired ) X ( A+F ) :J 



I 
I I 1111 

- 5; -

4iSMa • 2.23 - c-3 x ( 0.52 + 0.35) 7 • • 0.56 

ASM'b = 77.11 - !: 3x ( z,75-!- '1.~2 \ 1 · 65.2 

.ASM. • 2.9 - r ( ) ~ ~ - ~ x i.6 + 70.00 ..! •• 253.~ 

~=••••===•~===•===•=•;~==s==••=•••••===-~===•==~~•••=====~=•••~••••: 

{ A LSF ( ~ LSF) a I ( A LSF ) ~ ( A LS? ) c l ! 
l I t I 
. A SM (6s:~ ) a i f As·: ) i ( ~3!'-: ) c 1 

. I 

• 193 .404 
r 

i-0. 56 l ' 65.8 

57 516.804 

! 
I 53215, 1292100 :~1530.755xl00 
I I 

I 

1 % 76.701 .11,051 . 4.246 
. ' I ;-----·······=··==············-·····========··=·=···=•========····--

a. r -193.aet x c- 2,3.,) J - i:o2.36s x 6s.s]=. 53215.129 

i. [ 45.27; x i. 253.9) ] .. {-62.365 % ( - o.;s )). 11530.755 

e • ( 45,277 x 65.8 ) - [' .. 193.;:1.0~ ) x ( -0~5~ ) J • 2870.92 

Tot.al a.+b+•. 5~2~ .129 + 1153~.755 + 2e70,92 • s1s15.u04 

~of raw materials components a,b,c, 

"' 70 Limestcne • ilill•.l 2 5 :+.22... - 7.~.701 
67616,00~-

11530. 755x1.CJO 
~ 7. 0 53 --·- -;~ Sand • 

~6• 6.8J( 
2870. 92x100 • t. 246 ~ Iron ore 

• -
of61e:.so.;'. 

I 

I 

I 

I 

I I 

I I I 

I I I I I 

I I I I 
II I II I I II I I II I I I I I I I I I I I II I I I I I I II 

l 

: 

I I 11 



- 56 -

Raw-mix components 

+ ------- + ------ 100 100 100 

• 0~78701 x o.~~ + J. 11053 x 2.75 + o.042L6 x 

= i. 246 

., .-
1. 0 

Fee % • 0.78101 x 0.35 + J.17053 x 1.02 + 0.04246 x 78.0 
- 0.275 + 0.1-~ + 3.31? • 3.761 

cao % - 0.78101 x s-.86 + c.17053 x s.E3 + o.0!246 x o.o 
• 4o~s14 + 1.~os + o.o • 42. 320 

_, 
F • - O. 01 -x !,OI 

• 1 - 0.01 x ~5-~35 
.. 1 - 0.35635 • ~.64365. 

! = 0.64365 

Clinker cor.positich ---------
Al2J3 3 • i. 2.-: x L554 .. 1. 939 

Fe20 3 
<1 ~ '7 - -' 1.554 5.845 70 .. _.i• j - l ~ • 

CaC 
,,. 

::.2. 320 1.554 65.765 i" • x = 

I I I I 11 111 



l 
- ~7 -

Clin"-er -chases 

Frc,:i ·~:_:~ Clinker ·cc:.:,.,osi ti on - ........ __ .... ...__ 

c
3
s • 68 .85; 

c~ - 15,01} 

c~.; • - 1,., 7S2 
.J 

C AF 
4 - q.786 

As shown, C?A is negative which means that the rav mix is in 

need cf .A.J. 2 c~ whict can be sun~lied by the in~roduction o~ clayey ma~erials 
~ --

(marl). Another trial, changing our requirements, can be applied before 

introducing the clayey materials as follows: 

~AW-MIX DES!Jr! E 

The same raw materials used in raw-mi.z design A will be applied 

according to the ~allowing requiremen~s: 

= c.3e 
SM = 3.2 

" "(max)t = 211 .. :16 = 
a 

11 I 
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s::::. • - o. 7(5 

-.--
'"--c ... 271.02 

•••••••=======;•s•••••••==========•s==•=•••••••=~ ========·--·-·---======= 
<1 ' r .c ~ 

==··=··===== ~======a========~~~~===•a•=••=•======= ==-= -==-======c== •========1 
LSF ~5· 563 ! - ~84~ 60E ~c:;c .::::~ 

""'/ . ..,; _,..,, 
' 

i 

S" !'~ -0.746 i 65.C.16 -271.02 

53512.649 I 12392~ 965 2£25.973 i6o• 31 ,.r,-
I / ' • .J'-· { 

' ! 

~3912.6~9x10) 
! 
12}92~ 98 5x100 28 25. S73x 100 I 

C~131.607 69i31.6Q7 
: 

I 69131~607 
I I 

I 
~ 

i" 77.98 17.927 4.aC1t3 
'--- ·==•=====;..==-=====~=-=··====•=====·==··=·=·=····==========····-========J 

Rav-mix comnonents 

c::!.;('\ "' = 15.b"l ....... .,. 2 ,. u 

3.641. 

LOI % = 3'5.~81 

1 
• o.s:;.61; 

Clinker c:::-. osi ti on --.-......---····-----
= 2~.274 

:~e ;:03 7o • 

Clinker nho.ses 

- , . 
;· • .J' i 

------------

• 4 0 1c~ - .1,,,..,, 

u. 3. 

I II 

CaO % 

CaO ~ 

.. 2.:.. 907 

I II 11 I 

l 



- 5? -

-~e foll~win~ ~~~ ~aterials were applied ic raw•mix des~;~ ~ 

accord.in~ to , __ ., requi!."emen-:s: 

Limeston6 

,. 
)a ,::ax 

Cr ::ax )b \ 

- --':\ 
;";;,~·a 

:..s::-.: 

.:.. 
c 

= o.~ 

::.o 

7 .156 

e c.768 
.. 45.42() 

·-96.607 

= .. Q1 .~09 

= o.!1 
• 1~.9~ 

-.tQS. 3 

c - Iron Cre. 

••=~••====--===•----•=---------•••=••-•-••••s-••-•-----~---sw---=---=-•-• -- ---- ---- ---- - - - - ----- -1 --- --- - -
a ·----· === ====;~===··====~ 

t. LSF .:.20 

-----·----------
~ SM " \. .• 37 

- ---- ------
17 2~1: .• B1 

17 22j .• 731x100 

25 601.087 

---% Yi • 22,1 

1ai.rmix co_r.~::.onent s 

" ~=s===••===•=•=•• 

- 961~T ---
15.SJ 
~--__... 

- 7621.6~3 

-
762l.C113x10" • 

25601.0S7 
. ·--

29.77•· 

..... 0 
,.):lj 2 

,~ 
/0 = n.?26 

F:-;C, (,, = 3. 753 /· 

i.(JI d' = 34.498 m 

1111 

c 
~----·======···· - 61.009 

--·-----
·'68. 3 

------
75.1.. 7L'.-3 25601.087 

--
754. ~!.3x100 

--
..... 25601.087 

1.948 \ 

= 3. ~10 

• A0.697 

Ill I I Ill I I I I I I 



I I I 11111 

,,.,.., 
- C\.i -

Clinker cc~~osition 
----------~---

• - !""\ % - • S76 za.J..Z'"'3 • 

Cao rt' = 03.C(O 

Clinker Phases 

= 51. 0::>6 c2s - 23,405 

• 3.~ c 11p 4-- • 1-.701 

is .::o:-e tr.an 2D 

·1'ne fell~wi.:1.g :!"=u ::.:rtePials We!'e apJ')lidd in r:-w-mix desig:: .:J 

according to t~e requirements: 

a Limestene b - Gialo sand c - Iron ore . .,.., __ ;,_. 

SM = 0.2 
r 
""( 

:.1<X )a \ = 1.155 C ( ma:ic ) 'h 
..., 
'J( 

i'.'l~X )d - 67.T88 
LS:-

a • 45 • .12 
T Q"':.'1 _,..., .. 

a 
~St' - - c ·-61.00~ 
s::a = 0.31 
. .:. 0 

Ill I 11 I II I I I 11 I I I I 11 I II I I 11 I I II 11 II I 



II I 

- 6: -

1 ·····=======r=·==·=:,.=·====;=- == -==:,- ·-=--,,===L~ = ==-= -·: ..; ======·=··=·---.. ~ 
, - ' I 1-·-- ----·,I I - • ·- -· I 

... LSF ·5 420 I 180 0·1• . 61 009 ... .:... • I -
_, . _._, - • ! ... ' - ... - ··-·· -- . 

I 

l ··a -- -168.3 e. sr.~ I 0-37 o .. JI 
I .. 

I 
I 36053.769 -10~1.613 ~01 ' I 

' 35053.769xi00 16~1.:; 1 3x-1oci 3229.801~100 I I 

i 

I 46905. 183 l6~05. 183 t 46905.183 ' 
i 
I 

46905.183 

I 

I I % ! 76.865 i6.2t15 6.886 
S••••--~•••=••====•••===~===z====~=~=============•=•=•=====•s ·=·=·=··--·~· 

Raw-mix components 

Si~ ~ = 

Fe20: 
,, 
10 = _, 

LnT ~ = 
r • 1. 540 

Clinker Cviapos; ti on 

Si~~ "' 

:.:uzc3 ,; • 

Cli11!.~c::- nhases ---·-·--· --

14.443 

5.806 

~c; .nP.2 

22.242 

3. 941 

"' (2.L.27 
• _,_ 3.dS-

.. -
l'-~ • .:.. + 

C:lO % = 41. 297 

Cao$ 

• 16.673 

• 27. 207 

• more than 20 

The followir.z !'aw materials •·rare applied in raw mix-r'esig!' E 

3Ccor~ing to the requirements: 

a. - Lime st Jne 

LSF 
sr.: 

II I I II I I 

• 0.9 
.. 2.0 

c - Pyrite ash 



- 62 -

c( ' ::tax 'a = 7. ; 56 
C(max ) j 

,., 
,, ( ) 

' ;:::::x e = 75. 19 

L -·-,, 
.~. ' 
-- j 

c •. s5.i~1 

= J.3? 

s~ 

= 171.17 

•••=••=========s•••--=•===~==••---••••••=••=•====•=====•=•=•=••• 
1 

: a. b c i 

r=··===··-~ 
I : 

I:. LSF I 45.420 - ~6.00f - • 65. 711 I 
I 

I ; 
~ SM 

I 0.37 1~83 -i71.~7 I 
I . 
i 175f6.'425 7750. 228 

I - . ··54. 743 / 

! I 
i ; 
I . . l ! 17576.425x100 7750. 208x10'0 75,.:. 7!:3x100 ! I 
I 26081. ),6 I 26QS • ~96 I 26081.396 l I 

I I 

% 61.390 29•1!6 2.89!;. -- --- - --- -

I 
200CJ 

i 
.....-•••=••=~c••••--•••---•=•••••--•-••=••••-•••&s•---•-••••••=•=a•==•s•••~ 

R:iw..mix components 
~--- -

S"i~ ~ - 13. 972 A12o3 :·J "' 3. 154 

?e203 '% - ;.832 Cao -~ • 4:J.780 

LOI ., - ;5. 257 /C 

F • 1. 5.15 
Clinks:- CO::lPCSition ---------------..,. .. 

S'i~t ~ - "'\ 5"7 ., - 4.~13 t:. •• - Al203 " 
=-'e203 % = 5. s20 CaO /o = 63.005 

I 11 I I I I II I I I I 



63 

Clinker -ohases 

= 51.a30 (' ~ J,.., .,, .. 23. 7 ." ·: 

= 2.392 C.AF • 1e.o·i 5 ... 
:1 • B. + c1,L" is more tl:an 20 

RAW-MIX JESIGN ? 

The raw materials applied in our raw-mix design . are: 

a - Limestone b - Gialo sand c - Pyrite ash 

Our requirements are: 

===···=== 

I.SF = :J.9 

SM = 2.0 

C, 

~ . 
-· .... _ 2'. 

<;: ... , 
..,,, .... .. 
~ . ..... 

, 

c 

' 
I 

3 

'o 

., ) •·ax 
b 

• 5.:.;. •. :.::J 

= o.;: 

=-17 1 ,. ~ 7 

:-:====•=== ."S:: -~ ::: . -~- :sa:::::•==: · •••••=•==•s••F=•=••••==s== 
I a • b : e 

s=••=======•=====~==============t•==•=•==•=• 
i 

IC:: .t '"'!'\ ,. ~ ~ Q •!'\,I .: :: 7" 'f 
"":",,,1 ...... ~""' - .?::,,,.. --'-+ ! - ...1,,1• I' 

-59.57 

· · • ~ · '2C • '"'Ot." -1 22c i '"'"t - j ~.:. ~•~ •. :-~~-· I~~ \J ~ 

:.7:c3.35G _·1;c3.35C 
----------- ··----------i---------t 

77.G7C ~ ~5.170 
I ' / ; / f 

••••••••••••==··~:n~•==•z•======as•z••=•w•--•••••••••••• ... -=•••--•..,.••=•• 

I II I I I 



~a•-mix comnosition 

"'"" ,., % • ~2"3 

I.CI % 

- 64 -

• 34.615 

- 1.25 3 

_, f 

-[! - ( 0.01 x 34.610 ~ = (o.653a5y 
• 1 = 1.529 

0.65385 

Clink.er comnosition 

Si°"2 " • ~2. 244 
'f'1:!2C3% • 9.145 
iU20l, • 1.977 
CaC 'f. • 63.505 

Clinker Phases 

c~s 
~ = 63.116 

C A 
3 --10.234 

0
2
5 

• 16.159 
C .!F 
4 • 27.828 

I I I 11111 II I I I I 

l 



l 

I I II I I 

A-:: :..'s:::~ 

"" = alumina :or = less on ig:i~i:c 

= ::a:ci't.l!:. cxi:ie s~~ = si::.~a. ::odul:..:.s 

• = :.ran ox:i d.e 

S = sili:a. 

Gia.lo sand Iron a .... 

·~ ::-equire!llents a.:-o• 

c
3
s = ,,... ': 'j c

3
A = l.3 

SM = 2.; AM = '-'• 7 

( :'3.C':Or) = "' 
,.., . ,-.-

- _-,,., ......... .:,.,i.,_.J.. 

( f 3C't0:") 

0 C A = 2.55A - '.~9F -
3 C"" -~( rea\!:':red.1 

j -
x ':' ( f ~e~or ) 

:a 

c3s ( c • 

. ( 
c .: { 

; a • 

I II I I I 11 

F 
(a) = ( C. Cl x 42. ~) = .i • .::;71 

(b) = 1 - ( J.J: x r.15) = c.91; 
';I 

.. ( ' c, .. 
!!., 

(4i .. 1 

( ., ,.., 

( 

) 
I 
\ 

c.C86 

x 21.:.6) = s.'7ca 

2.23 \ ,-

,. ·'"'..,. • , .'"I ") •, ( ... I' .., - ,. • ' / , ·- ""' 2 .., ~ \ I _. A 'l " I"\ * "; I ....., c 1 C -' I"'\ - \ •;.•'-'( .... • ,,.;~;- { • ..;.,;::, {• '1}-\·;• fG- • :,,,,,--\ 1 • ...,_,%1.·.1 -\ ... ,,, r ... X::~ ..... ·; 

s 3 3. :.: ... :.c. 
. ,.. .., "' ·'" ' ( "" , ' c \ I ,. ... .., ~ ,. ' I ~ ..• ...;;:~'-'•\,,,.' )- f.~X-•~1-'\'.J•t:.1X1.CJ-\ 1 • 'l 7t:i ) ( "' ., Cl , ,. ,... 0 '-2 ' 5 7'' , • ..,. ..-.X ~ - - · ,_, J..,;:. O :;- • ~ ~ • ...,,; v 

.. - 0.0823 

2 ,. ,.. ., ,.. ., ,.. \ ( • ·' '"· • ,.. ,.. ' ( ., .... 1,.. • :: ) • = ; .,_ ~ • ! ? ) - \ ' • ., ~ x ' • '..J : ) - '..,; • ':; ' ";; :c ' • ...,, 

,.. ,. ,.. 7 ' ' ( • S" ., ~. "'' ( " ~A ' 1 ,.. ) .:...·J):: ·~ / - '• ~Xt' ... ) .... )- \.....C: . .;ix .c -• , 13.27 5 

2 'c; ... " ... ,..) 1,,, "'r"'.,.,. >"'\I""\' 1',,. ..,cc -1' :J) 
• ':, .; ... .,.1 • ( C. - I, I • :; "J .1. · • e \...' '/ ) - , J • : V ..._ X 1 e t,J • 1.~. 778 

I I II I I I I I I I I I Ill I I I 



II I I I 

~,=bx c 

I',-

- 00 -

b 1 = ax c 

bz.= a :x d 

c3 = a x d d) = • x c 

. --·-·-- ~- ·······------- ... -~. 

·Cc::iposi tio.: ! 1 ( e..+b."fe ) · 2 ( a :b+ :1 ) 3 c~•-c +-a> ; 
! 

[
-;io~(~)·-· ·· ------~5:;7~-----1----19:5;~----;-----~;:862 · 
--------· .. -·--- -~---------------------------------! ' 

A:.203 1.03i I 1.!32 I 3.026 
------------- --------------~--------------1---------------

"" 0 I I 6 : re 2 3 0. 9 3 7 ' C. 67 4 ~ 4• 0 2 
~-------· ·---- r ----------~------------~---------------- f 
I •, .., I ! · 
! ....... 203 + •e2C'3 1.96S i 2.106 ' 7.068 
-----------------------------------------------.---------------

I II I I 11 I I I I I I Ill 11 II I II Ill I II I I I I I 



11 I I 11 

- c7 -

Si02 (1) • ( 2.23 x 0.£0527) + ( 77.11 x C.1638 ) 

* ( 2.9 x 0.00593 ) • 16.371 
Si)2 (2) = ( 2.23 x 0.74512) + ( 77.11 x 0.2J433 ) 

..;. ( 41.45 :: 0.5005) - ~9-53 

Si02 (3) • ( 2.23 x C. 59472 ) + ( 2.9 x 0.03478 ) 

+ ( 41.45 x 0.2705 ) - 12.862 

Al203(1) = ( 0.58 x ~. 30527 ) ~(2.75 x O. 1885 ) 

+ ( 1.6 x o. 005~3 ) = 1.031 
.no

3
( 2'1 .. ( 0.58 x 0.7l512 ) + ( 2.75 x 0.20483 ) 

+ ( 8.72 x 0.5005 ) • 1.432 

Al203(3) • ( 0.58 x O. 69472 ) + ( 7.6x 0.03478 ) 
+ ( 8.72 x 0.2705) • 3.026 

Fa2°3(1) • ( o.35xo.60527) + ( 1.02x 0.1888 ) 

+ ( 78.0 x 0.00593 ) • O.S37 
Fe2o3(2) • ( 0.35 x 0.74512 ) + ( 1.02 x 0.20483 ) + 

+ ( 4.09 x o. 5005 ) • 0.674 

Fe2o3(J) "' ( o.35x 0.69472 ) + ( 78.oxo.03478 ) + 

+ ( 4.09 x 0.2705 ) • 4.062 

"' SR? 5~02 [SM (.~o'l + Fe2 03 ) J 
ti S'! (1) • 16.371 - ( 2.5 x 1.968) • 11.451 

~ SM ( 2) • 19. 531 - ( 2. 5 x 2.106 ) • 14. 266 

b SH (3) "'12.862 - ( 2.5 x 7.088) •.4.858 
AM c Al 2 o

3 
- ( A2' x Fe 2 o

3 
) 

t AJ (1) • 1.031 - ( C.7 x 0.937 ) • 0.375 
j ,,,i (2) • 1.432 - ( 0.7 x 0.674) • :).96 

0 A1i (3) .. 3.026 - ( 0.7 x 4.06?) = 0.163 

I I II I I I 11 I II I I I I I II 1111 I I I 



- 68 -

•==•=====•======•===========a~===============~=s=s===============•~•=====• 

1 2 3 
~~~-~~~·~--·~----~-.~------~·-------~------~--------~ 

~ SM 4.858 
---~------- -----~ 

: i I I ; 

& AM j 0.375 : 0.96 I 0.183 i l 
~·•=•========~=~==•=•=======s=~===========•==•==~===========•=•===~==•s===~ 

I l I • ~ 

I 7.27{ i 3.;17 5.643 j16.834: 
·~--------·----· I ·r 

7.271x100 3.;17:x100 5.6~3x100 

!-----~·~--------~~~· 
i a 
I 16e-l4 1s.83L; 16.834 
! 
,~-------~---~~--------------..-~--------------

' B.210 . 23.2ss . 33.522 1 
( . ; : 

·=••==•=•••=•••=••=••==========•••==•=======s=========•=s=====••===:=====•==• 

(1 ) = ( 2x3 ) = ( 11~. 266x0.183 ) - ( o.960x - 4.858 ) • 7.274 
( 2) - ( bl ) - 3.917 
( ~) - ( 1:x2) • 5.643 

a = ( ·~3. 21 x 0 30527 ) + < 23.2sc x 0.74512 ) + < 33.522 x o.sG472 ) 

- 75.422 
b • ( 11,3. 21 x o.1GGC) + ( 23 ~ J.25[ x 0.20183 ) - 12.92-:. 
c = ( ~3. 21 x 0.)0593 ) + ( 33.522 x o.83478 ) -1 •. ';22 
d = ( 23. 26C x 'J. 5005 ) + ( 33.522x0~2405)= 1:.232 

Raw-mix comnosition 

s;..o~ .~ • 2. 23 x 15.~22 + 11.11.12.;24 + 2.9 x 1.422 
+· 

1 '.).') 

4 1 • /~ 5 x l :J • 2 3 2 

A12°3 % • c.5c x 0.75~2 + 2.75 x0.12924 + 7.6 x '.::t',22 +e ,72 x J.102.30.12 

• 1. 793 

Fti20
3 
~ • ( 0.35 x J.75422 ) + ( 1.o2 x 0.1252~ ) + ( 1.76 x ~.11~22 ) 

+ ( 4.J9 x o.1J232) • 1.923 

I 
I I II I II I II I I I I I I II II I I I I I II I II II II I II 

I 
I II 
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CaO "/o .. ( 5l. 86x 11. 75~ 22 ) + ( a.S3:xC. 125 23 ) + ( O. Ox~. J1.~22·) 

+ ( 1s.5 x c.10232) .. 42.25 

Lor .. ( 42.sxo.75422) + ( 0.1510.12923-) • ( 11.3s x J.01422) 

+ ( 21.16x0.10232) = 35.73G 

F( factor) = 1 - ( 0.01 x LOI > - .. 1 - ( 0.01 x 35 35 .736 ) = ~.64254 

F;?ct t<r .. 

Clinker com~osition 

Clinker nhases 

1 
= 1.555 

Si02 ~ • 15. 93 x 1. 556 • 2!,. 707 

AI2o3: ~ - 1.793 x 1.55~ = 2.79c 

FG203 % .. 1.J23 x 1.555 - 2.992 

CaO % • ~2.25 x 1.556 = S5.741 

c~s. ( 4.071~55.74) - ( 7.6x24.787) - ( 6.718x2.76) 
.I 

- ( 1.43x2.992 ) =• 55.229 

c2s .. ( 2.867x24. 7S7 ) - ( :l. 7544x56·.229 ') - 2G.S45 

c3~ • ( 2.$5x2.79 ) - ( 1.692x2.)~2) • 2.331 

c4~F • 3.043 x 2.992 • 9.105 

• 13.767 (less than 20 and complies with the ASTM Spec~fication, 

tV"Je V) 



7~ 
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RAW-~~r:x VESI~!·: :s 

Iil our raw-mix design 3, the following four ra~ materials were app~ied 

with the given requirements: 

a - Limes-cone 

?.eouirements 

b - Ma:-1 

C S = 60 
") 
J 

Sr! = 

F 
a • 0.571 

F 
c IL ·:).G86 

c s 
3 a"" 155.1'1-5!1. 

035c •• 237.012 

c3:.a = o •. :i~9 

C3ilc = 113.019 

c - Gialo sand d - Iron o.xide 

CA = l. 5 
3 

f iJ .... = 0.5 

F 
b • 0.919 

Fd • 0.752 

c s 
3 b .... 625.177 

~33~. =·347.3G2 

C3..1b 
'"' 4.1£5 

C3.ld = 15. 014 
===•m=•=•••••••--•••••=•=••••Y••••••••=•••••••==••••••=••••=•••••=•••••••••a•• 

! a b i c ' d 
; I 

155-rt,St; ~ -62~.177 i-237.812. ;_3.~7.382 • : 
-------------------··--t-------------r------ . --··-- ----- ··-· -{ T'1tal 

J.089 ! 4.165 ;-113.009 . 15.c14 : 
. , . r 

••••••••••=••=•=•••=~==••===••====~===:===•===c*=••--==••=• ••••••••--• ••••=c== 

4 C3S 
--·-----

• C3.:0 

_____ 12~42~~1~------~.!.?.!~I~~~6 ____ l!~~-~2.s ____ __ i.. __ _:-~----- c2-r~2:J.~~--1 ..... ___ _ 
-1932. 61.r, I 2365.053 I - : 7JS.258 

----------·------L-------- - __ .J_. _____ -·--·---.l-- - -·--····· -
-4-2[:27.e.J2 1

1 

-- ! 23s5.053 :.175.~1. ~77 
I ' 

11C'J3.)25 
-·-- -- ... 

62740. 521 

2 

3 

==·-·····--··==···=··t··=········--~·=====··=···~---=····== ··-······· 
716,~5.871x1'.:~ 117547.S6.Sx10::i: 7~S.25'=x1:o~ - , 
-------~·r--------- . ---- I 
C9J9s;. 795 I 85655. 7$5 ! e~89~. 7$'5: I 

•••••••••••=••••••••T•••••••••••··~=·•=••••••··~···==~=•==•=•••f 

7932.~14%1'.JO ! 23S5.C53x10C: ' 70:;.25sx1oc i 
····=·== 

2 
110':'3.~25 +' 11oc~.925 i ; 11::3.s-25 1 ••••••== •••••••=s•••••••••••• ••••••••=••••r•••••s••••··~--·······--·· •r-

_ _:~~!2·82~ I ··---- !~2~~3x10~j 17547.'5j5x1)?i 3 
:;214j.521 I . : :214:.521 1 s214J.521 f 

•••••==• ••••••••••••••••••··~··•••••••••••-•s•==•••••••••••••••••••••••t 

% 1 79.590 I 1).51S ! C.7E6 ; - I 
- --··--- ·----··-----·-·--·- ·-- --- --····· ·-· ···--· ·-!-----·- ---··-·-· ·-- ---·--· -· 1. % 2 72.:l!:·) i 21.493 ' . £.418 t 
~ -3- ·- - ----·-5e.~252----·--t · ·::;:.----- ·--~ 3:·77-·--- -····21~~92s· ·- ·--·· ·- 1 ;·---···· ........................................................................ . 

I 11 I I I I I I II I I I 
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-- ·-· ----~------- ---:-:.":.oi..---
. I"'"" .,,. - - -.... ' 1 ( " b ) ; 2 ( ... ... ;., -~ ) ; 1 ( ... . ... .:i ) . ... _ ... :;J0-1 ti... I - • • c \ ,_ . ., + - I -> '· + c . '..I. : 

J=-~===============~=================~================t===============·=~ 
ro•,. r 1~;.51 ' ;i:;•.1 I ' ' .::il...:2 ! _._o.v _._ -·-"'• . 13.22~ I 

!-·- -· . ·------- --- --•- ----- . - --------------··--· --··----- ·--·- ·-· I ----·-·-··-----··-· -- ~ 
[ 

. Al?c, ; i.059 . 1.5~9 r 3.121 r 

. ·---· ... '":.... ::"'.------·--i . ------------------"- -·- ------------- +-·- ---------· ·-----i 
='~20 . 1 ~91 : " 73L. ; 4 32~ i 3 l _._. ~ _._ -. . ! . - ; 

:==================~=================~==================~===============~ 

f. SE( 1) = 1C.4Cl 

~ .:.r;( 1) = c.514 

S!i(2)"' 
r. ~~ -

~··'( 2) = 

13. ~ 32 

1.202 

2.3?3 

s~b) 9.1ce 

AM( 3) • o.96c 

.=========•~=================~=======~~::::::::=7====s===========~•=====•a 

1 2 
:---------·-------~--·------
' ! I I 
~\Si: i l0.4Cl . 13.932 t -9.102 ! I 

: . ---------1----- ··-------···--~------------ -------i-·--· ... --·--------- I ! 
: ~ :.:: o. 51.. i. 202 l o. 96c l i 
: ------ -~---- ----r------------T- ·-"------,. 

2/,. 323 

2-~~x 100 

44.33 

I I ,. I 
14.666 I 5.341 I ;fr.33 r 
---· -- -- - - . -------- -·- -·- ----- -----f-·-··--- ---

14. 6~§.__llC_Q 5. 341 x lJO I 

: r I 

'. . 5' 868 ~., 084 : l~ ~4::l. : ! 

·======·=-~======:~===============:~~===========;=====::~.:=====d=-·=-~=~l 
1 = 24.323 

<'- = 75 .301 

c = 0. 885 

Raw-mix composition 

• 

II I 

c.64766 

1111 II I I 

2 - 14---..666 
b .. 17.82 

:. • 5.493 

Al2o
3 

3 

c~c ~ = 

1.476 

i.: 1. 955 

II 1111 I 111 111 I I II 



Clinker compcsition 

• 27. 3e1 

Clinker phases 

c3s = 37.3'.::2 

Cy:. - 2.~1 

2Cl • C.' ::F 

- 72 -

C2S • 50.361 

c4~F • 6.3$9 

- ( 2x 2.461 ) + o.39) 
• 11.3S1 ( less than 20 and complies wi~h ~he 

ASTM Speci~ication C-150 type V.) 



"""' - I~ -

RAW-~.fIX DESIG~ C 

~he raw mat~ri~ls with the following ~equiremen~s -ere applied 

in our r~w mi:r. C 

a - Lima•'t one 

Requirements 

c s = 55 
"l 
..J 

SI~· = 2 

1
(a) • ~·57' 

?(c) = o.JDG 

c3s\'a) "" 1 • 150.3 :1 

c3s(c) • c: - 233. 3u2 

o.~s2 

b - ?!arl :: - Gialo se.nd d - Iro& era 

c •.. = l.8 
3 

:~r:. = 0.7 

F(b) • o.;;19 

F(d) • c. 7Cf2 

c;s(b) •• 520.582 

c3s(d) • - 343.t.42 

C3l(b) c 3.910 

C3A(d) = 14. 776 
----••••========••a==~•••==•==•==•=•c•====•••=~•=•••=•======••S••=====s••••• 
I ' · 1 

O! ib o d ITot<.l 

[ 
.6 C3S 156.315 ; 62J.5G2 I 233.382 I 343.442 I 
---· t --t--------.L ____ -·------r-·--------·-·· 
f:.C3i:J. i -'.).:J82 : 3.$1~ ! -113.275 I 111,.778 ~ 
······F========= ==·t·==•=a===··r====·=······r=····====·······r======·===· 

____ 1_ __ +_1~=.s..!z..~: __ -t::.1J2?_2~r.2-3-L.-_~s~=-!1.Q. __ L ____________ iE2I~2·_~-~ 
. _ _} ___ +:.I§~~.!: 3---~.! 3 2_1.!4 ~_J _____ ----~~~~~.:.r~ _____ _l2.:_1Q2.~.~? __ 

3 1-2352.312 ; . 2311.47~ :-17952.722 1 52616.51 
-·· ... - ·-+- ------------1------- --- ·- ·-·--- .... ·-------·-·-----···-----+---------· 

l 712~s.ssxuo i 17s52. 722x1~j 55B.t~'x1~~ 1 
~ i - I 

i 8972~.E12 : 1:;7:;7.71c; 52516.51 ! ---------------·--i--· - -------· ---·- --·-----· ----· _______ , 
i 7G2C.1C3x1'.'0i 2311.~7:.x100· 566.14X1CO I 

2 i- - -- I i 1;7J7.719 ! i0707.71~ : ~1)7J7.719 I ··- --'-!---------·-i-------·------------,---------·--· -·-1 
j ~2352. 31x1~~ i · 2311.476:r.10~ 17952. 722x1J'I 

3 1- . · , I 
I 62.';16,51 : : .52616.51 62016.51 I 

•••••••==••==•=••••=••==•••••s:ma:=•••••~:=••••••=•••••••••••••l 
I I : l I 

/- 1 ! 7 S • 3 5 S : 2~. XS i ; • '5 3 3 : I 
. :;----i----:-------1·----·.=-··----·-··-·--·--· -·--t·- ·------ -----·-· -1 

__ i_C_~-~.1~~~1..- ·----~2~. ·)_:'7__ . ____ \.. ____ -•··-- -- ____ 1_2~~~~ -- .. -· ·- -·· t 
1 3 I ~7.~3E i ! 3.SS;1 i 2~.~71 1 

! : I . ' -·•--••-...-•.,.••••••• •••= =••=•••••=••r•••••----•••••••••••••=••&:ft'na'!'= -~~ ••• 



l 
- 74 -

==============c==========•••===•=====a=======••==••=========•==••=====•••• 
C0mpositirin : 1 ( a+b +c ) i 2 ( c. + b + d ) ! 3 ( a'fb+c) 

==-===========r==•=============~=================•==·=;=====~~=:--=-=•====• 
I , 

s:c2 ! 17.21s ; 20.1,75 ! i1.1~~s; 
-- ----- -- -----r-----------------+--------- __________ J_____ --- --
;.1203 I 1.059 I 1.,':.E I 3. 173 

-- - -···- --L- -· . - ------ ----··- --------- --- - -·----- ---,---------··- -----· 
"' - n 11 I • '-2-3 - c71!; "' r.. ~·7 J JeJS3 r 

I 
~ 1~03 + F~ C i 
~ ·2 3: 2.J35 2.177 i 

===•=•=======••==========n•====s=~=s==================:$::==••=•s•===•==:=: 

SM(1) • 13.1.t,S 

.'..M(1) • C.37~ 

SM(2) .. 1~.12S 

.U•!(2) .. '·S)5 
. ~· 
.. !.( 3) • a. 171 

====·====•==============·================~==~===========-=·=~=-·==== 

1 2 3 

a sn ! 13. 145 i 1i:.12;1 i 1.423 ; 
-------•- - --- - -------,-------------r---· -· -- -- ----- -4 

6 .lM i Oe37$ : Oe995 I 0.171 ! --·------r---- -- -----:· -- ... ----- . - -·--------+----- -------~- ··-. --------- .. 
1,.17:, i 2.7;3 ! 7.016 l 13.)73 ·---· --------r--------------+------------- ---- -- .. ---- .. 
4. 17 ~x 1:' 1· 2. 7E 3x 10 J I 7.:; 1 6x 1 '.)C f 

i • I 
i 13.~73 13.973 13.973 

1 • 4.174 

~ = 12.22:; 

2 "' 2. 753 3 = 7.01G 

d = 15.!r53 b = 10.275 c • 2.J42 

R~w-mi.x. c rrn;-osi ti 0n 

• 2· •• 13-'.-

':linker p !v.ls:::s 

• 2. 2~..",. 

C3;. • 2. 27!. 

L. J. I. 

F • 

2 c3;, + c4.·.F = ( 2.x2. 27 !. ) + 12. 146 • 
the C?.lcul~ticn result of this raw-mix 
Specific'.3.tion C-l 5C T:ii:le ·1. 

Fc 2c3 'f ,. 2. 582 

"' 35.326 

c2s • 37 .e2e 
C1.".F= 12.1!;.3 

'r 

Cd' % • 41.379 

15.SS~ ( loss thnn 2~ ) This moans thP.t 

desi1:m comT1lj "'S vi 1-,., +,.,,.. A~.,,.,, 



l 

':'he ~av ma~e~ials appliea.· ~~- ~ · · · _ _ -· ·~;i~ ~a .... -n:ix :ies:.gr. D a~e: 

a - i.imestone -= - Marl 
Our requirements are sho'W!l as follows: 

SM = ~. 5 

F(~) = 0.571 

F(c) = 0.966 

C3S(2) = 155.464 

g~~~ ~1 : ~6~~99 
C3A(c) =•124.991 

~ - Gia.lo sand 

,.. ,a .., -

"'J" = .J...u 

..... = 0. 7 

F(b) = 0.919 

F(d) ... 0.788 

C3S(b) = - 625.177 

g~~~~ : -3~J~i82 
C3A(d) • U. 778 

:i - Pyrite ash 

,a•=••••=======•==•==•••••••••====z=======••••=•=====~======~=•••---=••••••=••••• 
j I ; ! 
: I " : b I c ,· T\tal I 
I I •· • I I ; ---- --·-+----~----~-1-~---------+--~~---1 
; I I I I I 
I~ C3S I 155.464 1-625.177 l -247.499 l -347.382 , I 
I -------+-----------;----------L--------··--r------···-r- I 
i~C3!> 1-0.082 13.910 1-12.i.991 I 14.778 I I 
1------1--- 1----------L-----------r-------- -t- -- ----~ 
l 1 l 19109.219 '-191.51.895 I 559.6 I I ;99117.7151 1-----T-----------J----------t----------L--------+----- ··1 
: 2 I -7880.602 l 2268.962 I - I - 556., ;10706.164 I 
I ------+--:----------4----------1.-----------r--·-------+-----·---I 
I 3 1-.7077.164 I -- I 2266.962 I .19451.89616879.022 I 
1------~-----------+----------------------t------· ---~------- -- I 
i 1 I 79,22.2!,212x100 I 1~896xl2£ I 556.6x100 I \ I 
\ ____ : 99117.715 I 99117.715 l 99117.715.J__ I 
I I 7G80.602x100 I 2268.962x1~; 

1 
l 556.6x100 j I 

, 2 1-- I - I I , I 
i : 10706.16/~ I 10706.161:. I I 10706.16~' I 

~------1---- ----r---------1.-----1 . i 
: 

1
1 .'r7077 15,:,X1'.)0 I 1

1 2268.96~:100 i 19.~51.896x1G~i I 
3 - I - I - ; I 

1

1 

6GFC.C':!2 ! 68796.022 I 68796. )22 , l 
~ I I I 

i·- I ----------t-"'-'-- - -----, - --1 --; 
j % 11 7).613 : 19.625 I ~·.562 I i 
f -----....-.----------------------;---------_._J,___ _ ____ ...... ; % . - 6 • . i 1 "'9 , r 
t ----!+-' 3~· so ___ L-11: 1s3 --+---_:_::-____ [ ___ _l:__z ____ ~ ! 
: % 3 ! 6G.t,26 : --- i 3.2~s ! 2G.274 ! 1 
; -.·....:..·.•••••••====••••••=••s•mlm=•••••=======••=•••••=========•=m••=•••••••=••••••••-'-

l 
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~-c~~~~"tio-;-~1' -1(~b:;;)---;---21 ~~+d")-----;------3(;-~:ci)---1 I I ' 

I ---------r------- I ' _... 
I I • 
i s;:>2 16.~.:2 : 2~.13C t 13.4~9 . 
' ------------ ~- .. -----------r-·--------·--------T- ------ ---·-·· --- -------1 
: :.1203 ; 1.136 [ i.~53 i 3.')59 : 
' ------------+-----------L----------·---L---- ----·---- --- ... -~ 
I rc203 '1 " 9A2 I ~ ""6 ! II 1"9 ! 0. • ! . •vu I .•• _ 
r --~-:-- ~~~~~~~~~~~-

SM( 1) = 11. ~Sr 7 

:,M(1) = J.377 

SM(2) = 14.755 

f;}j(2) = 0.983 

! 7.168 

Si:(3) • - 4. 5'J1 

:.:r.r( 3) • J • 1 G 3 

~-----·-~~~--~~~~~~ 

I 1 l 2 3 T 
1-- ----t- i 
l ~ SM ! 11.~57 I 1',.7~S I --:.501 I 1 
1-----------1----------~------------l·-----------__ J I 
I~ .r.M l ').377 ! ).9G3 I J.1G3 l l 
! ----------,---------t-----------1--· ------· ---· -+-----· ------1 I 1 1.127 1 3.:;i;2 1 s.226 1 17.2:5 1 
I t --------~----------~---------~--------{ 
i ! 7.127x1Y) i 3.C92x1':'~ I S.22Sx1:''.':' I I 

·---- ' I I I : 11.21.5 11.2.~.5 1 11.2t,s , I 
i • - ·- --··---t· I 

:···=··=========~=~l;~~g====·=l-=-~~;~~~-=--=l=·=~~~l~~=====J==========·' 
= 7. 127 

a • 74.3J2 b = 12.~)!. c = 1.423 

3 = s. 226 
d = 11. )81 

Raw-mix com~osition 

Clinker compositic~ _____ __.. _ _...._ 

ClinkGr ph.-.scs 

~02 "= 1G.3~2 
Fe203 fa • 2.: 28 

LOI ~ = 35.3G3 

F • 1/0.G4S • 1.548 

c 3~ • 2.331 C,;F • 9.952 ., 
2 c 3~ + c4~P • ( 2 x 2.331 )+ 9.552 • 14.214 

.. :1203 'Jc, • 1.[~3 

C:;O ;; • .i1.915 

':'he result complies with th<: AS':'!-1 S-oeci!'ication C-150 ~y-oe V. 

l 
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·.e tried to use the following raw mat ;;rials in our raw-mix design :: 

a- Limestone ::; - Ifarl 

C S (required) = 5.5 
3 

Sr: (required ) 

F (a) = ?. 57i 

F(c) = '.).956 

C 3 5 (a) = 158.319 

c3s(c) =-1~2.762 

C3A( a) =•.J.·!62 

Cy~(c) • - i 21~. S' 91 

c - Gialo sand 

~~ (r~auirPdl = G.7 

F(b) = J.~15 

F(d) • Je 788 

c3s(b) =-52:. 582 
c3s(d) = -343.442 

C3.il(b) ... 3. 91'.J 

C3.il( d) • 14. 770 

I i a ! b o · d : Total 
f-•••••=+=•==•=•=••====~======•=•===•=••==••========•==••••=•••==~===••••=s••= 
ilt-. ' I ; ; i 
·:f-.C3S i i56.315 :-62J.5G2 t- 1)2.762 '.- 343.442 I I 
I ··-----~---------------1-----·--·-----1-- . ---4 .. 
I . ' I i : : I i C3~ I -C.0612 I 3.91 :- 12!~.s;$1 i 11~.110 i 
·-----1-----------t---------·-... -·-----··-----1. --·- --·---·--·-i·-- .. --·-· . .. --, 

1
1 I 7t320.u6~ .-19("4.257 '. 5:;6.1'.C I - j~8(i~3.251 ~·· 

I I : I 
: ---z-----r--=-1t2t:t:J'--7-0rr:-~--"""--.=.-------7--,-sc:,.r-·~,,-m7~ 11>···---, I I . . . ' 
· --r-·--t-:.-.m7?.r0-~--·.:.::.-----'2-~1";?:.i~- ----- :1w4.""2;r ··-t1es1:52;;-·· 
--~----i7:320;J64x1oo-719IoL1:257~1Jo--56a-:1·40~1;o-;----------t· --· ·· ----- ! 

!-se~9~1 58693,2~~;-98693. 2s1 ! ~ 
··-·-----f - ----- ~--·--- ... -----· t ii 

j 2 1~~22: 1~~~1~~ _ : 23~ 1.47Sxi~ ______ _1SL 14x1J:) i 1 

' -------.l~..-10707:J1 ~-l-~2121 · 71~ _ _: ________ .2£:12h71 j i 
! I . . . 

\ l45775.79sx100 2311.~7Sx1~J :156~~.257xicd 
I 3 -----~~~~~~· 4 
1 I s1Es1.52s i .s1~.j1.52s ~ 67[~1.52s I 
I -a~•===t===••••••••••=f••=•=====••======•===•======~··•••••••=••-F 
I ~ 1 i 7' 35C ! 2"' ",. 5 ~. 57~ I 
; -~·2---t--1~:1~7----1--2f:~?=,-----~~-,,---- ·- ... 5-.3:iK ------· i 
! ------1----------+-----------·- ... --·--- ----. ·--· ----·-····-- ·- -l 

'i, 3 I "7 ft 2 5 ' . 1 ~ ·, 5 . 2 c 171' i 
/' • - • ...,. -- . -' • ..., ' ;I • '..J 
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•=~~L&a:::~======================••============~===================== 

Cor.!posi ti on 1 ( a+b+c ) 2 ( a"' b+d ) 3 ( a + o + d ) 
==;~===========•==============================================~=======-

S.;02 17. 273 20.qo 13.773 

!l J,..O 
~ 3 

1. O.~O 1.480 3.137 

Fe2o
3 c.956 0.693 t,. 230 

---· 
~120 + Fe O~ 2. 002 ·:2• 1!3 -1.3G7 
••~==~=••••'•~•••--=••s=••=•••••••=•=•=•============-=--===-=====•=•--

Sr!( 1) • 13. 269 SM( 2) • 16. 129 SM( 3) = 0.961 

AH(1) = 0.377 t.!1(2) = 0.995 !.M(3) =0.176 

~==-=-==••==~•=•==•=====~==•======•=====••========~z•••••z============z• 

I i 1 l 2 i 3 1 
•====-••=•~•=a••=c====,===s••••••••••~••=••==••====••==c~======m==•• 

L\ S!I j 13.259 I 16.129 I 0.961 I 
L t.i! 'J.377 I 0.995 0.176 

I 
3.795 I 

I I 
13.795x1~0 f 

I 
13. G 15 I 

• 

2.698 

2.698x100 

13.615 

19.816 

7.122 
I 

7.122x100 I 
!-

13.615 
f 

-·~ 
52. 31 ! 

13. S15 

27.8H 1 
==•••=••••c••sss=====•••=•===••s•=••=•~••=•=•===•=========?======••==s 

1 • 3.795 3 .. 7.122 

a = 71.877 b = 
2 • 2.698 

s.a11 

Raw-mix 

S:o2 
r-r 
/• 

Clinl:er 

Si02 -
Clin~:er 

2 (' . ~. + 

c 0,!!!,£,2Si ti on 

• 16. 'J77, :~ 1203 

Cao % 
F 

1. 
/• 

• 

• 2. 2 26' Fe203 'fa = 2.617 

LOI = 35.157. 
1 

composition 

= 1.542 • 
o. S~8.D 

2.~. 791 iil203 ;, • 3.432 
Cao jo • 63. 756 Fo2o3 fe - I i"'\35 - ·r• -

I,Jhases c
3
s •. 12.1~35 c2s • 35.~63 

c3;. • 2. 268 C,,;,F • 12. 27S 

c41~F • ( 2x2. 260 )+ ·, 2. 2L • 1s.s15 

The r13su.lt complias with the ~STM Specification C-15C Type V. 
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COST OF PRODUCING NORMAL PORTLAND CEMEN'I' AT LCC PLANTS 

A. Raw materials to storage stage 

Item 

Lime st.one 

Crushing 
Storage 

Total 

Uawa.ri ~lant 
1979 

(LD) (%) 

591 771.l 
78 976,3 

670 747 .4 

Mean Eroduction costs ,eer ton 

Crushing 1.8 88.o 
Storage 0.2 12.0 

Total 2.0 100.0 

Cla,l: (marl) 

Crushing 224 208.7 
Storage 15 693.0 

Total 239 901.7 

Mean Eroduction costs Eer ton 

Crusning 1.1 93,5 
Storage 0.1 6.5 -

'l'otal 1.2 100.0 

Total production 

Limestone 327 942.3 
Marl 198 851.2 

lienghazi P.lant 
1977 . - - 1978 - 1979 

(LD) (%) (LD) (%) (LD) (%) 

428 433.4 
16 736.8 

1,45 170.2 

o.8 96.0 
0.0 4.o 

o.8 100.0 

141 379.8 
21 111.9 

162 491.7 

0.5 87.0 
0.1 13.0 

o.6 100.0 

( 'J'ons per year) 

527 577 ,9 
263 140.3 

406 954 .o 
40 146.4 

41t7 100.4 

0.1 91.0 
0.1 -2.:.Q 

o.8 100.0 

174 837,7 
28 842.6 

203 680.3 

o.6 86.o 
0.1 14.o 

0.7 100.0 

572 586.7 
306 996.1 

410 760.8 
38 852.5 

449 613.3 

1.0 91.0 
0.1 ~ 
1.1 100.0 

139 009.8 
25 357,3 

164 367.1 

0.652 85.0 
0.119 15.0 

o. 771 100.0 

420 472.1 
213 108.7 

+30% of maximwn 
cost 

(LU) (%) 

769 302.4 
102 669.1 

871 971.6 

2.4 
0.3 

2.7 

291 471,3 
20 400.9 

311 872.2 

1.5 
0.1 

1.6 

88.o 
12.0 

100.0 

93.5 
~ 

100.0 

-~ 
'0 

_J 



B. liri11di11g, mixiug uuJ ltumugertixation of' raw-mix stages 

I te111 

(ir i ndi ug stage 

Stun1ge s tuge 

Haw 111att.:rial:ci 

'l'ul1:1.l 

M1:c:u11 i•roduc ti 011 cost 1•1..:r ton 

(irinding s"tage 

Storage stage 

Huw material::; 

'l'otal 

'l'utal production 

Hawari P.lant 
19{9 . 

(LD) (%) 

'>3'( 369. () 

92 348.3 

l 041 056. 0 

1 6'{0 Tf3.4 

(). 9 32.2 

0.2 5.5 

1.8 62.3 

2.9 100.0 

')'(9 333.6 

Benglmzi Plant. 
1978 1977 

(LO) (%} (LD} (%} 

463 739.1 

42 720.5 

585 049.2 

1 091 508.9 

o.6 42. ':> 

0.1 3.6 

u.8 )3.6 

1.11 100.0 

(Tons per year) 

769 315.1 

819 182.7 

89 276.5 

625 926.3 

1 534 385.6 

1.0 53.4 

0.1 5.8 

0.7 110.8 

1.8 100.0 

8116 1189.1 

1979 
(LD) (%) 

575 488.o 

76 763,5 

592 966.6 

1 245 218.1 

0.9 46.2 

0.1 6.2 

1.0 47.6 

2.0 100.0 

620 364.1 

( Hawur i hu<lget year l 'J'{Y: cost ot' crushed raw gypsum per ton plus 30% = LD 6. 5} 

.+30% of maximum 
cost 

(LD} (%) 

698 5·r9. 1 

120 052,9 

l 353 372.8 

2 172 005 .4 

1.2 32.2 

0.2 5.5 

2.3 62.3 

3.7 100.0 

I 

co 
0 

_J 



C. Hurniug or raw-mix iu rotary-kiln sta&e 

Hawa.ri Plant Benghazi Plant +30% or maximum 
Hem 19'T9 1977 1978 -11)79'" cost 

( lJ)) (%} ( LD) (%) ( LD) (%) ( LD) (%) ( LD) (%) 

l~l i uker protluetion 1 396 591.8 1 228 '(71.2 1 6'f 5 011.8 1 657 68?.2 1 815 569.3 

Clinker Htorage 50 ')lit. 9 39 665.8 59 473.9 125 88;.o 65 669.lt 

Haw materialn 1 662 ':>41.0 1 122 923.6 1 518 519.2 1 238 011.6 2 161 303.3 

'l'otal 3 109 6h'f .7 2 391 360.6 3 253 004.9 3 021 578.8 h 042 5112. () 

Mean production cost Eer ton 

Clinker produc"tion 11.0 115.0 2.6 51.11 3.3 51.5 4.5 511.9 5.2 115. () 
CD 

Clinker storage O.l 1.6 0.1 1.6 0.1 1.8 0.3 11.2 0.2 1.6 I-' 

Haw materials 4.8 53.4 2.4 ~ 3.0 li6.7 3.3 110.9 6.2 53.4 

'l'otal 9.0 100.0 'j .1 100.0 6.'.) 100.0 8.1 100.0 11.7 100.0 

(Tons per year} 

'l'otal production 3116 118.2 li67 988.1 501. 155. 5 371 114. 5 

_J 



D. Clinker grinding stage (Cement production) 

Hawari Plant 
Item 1979 

(LD) (%) 

Grinding clinker + gypsum 544 783.3 

Cement storage 61 091 •. 3 

Raw materials 
(clinker + gypmun) 3 290 242.2 

Total 3 896 119.9 

Mean Eroduction cost Eer ton 

Cement grinding 1.3 14 

Cement storage 0.2 1.6 

Cement constituents 8.1 84.4 

Total 9,5 100.0 

Total cement Eroduction 4o8 096.6 

Benghazi flant 
1977 1978 

(LD) (%) ( LD) (%) 

483 548.1 628 822.8 
594 303.~/ 48 244.2 

2 31.5 480.8 2 794 218.9 
3 423 332.4 3 471 285,9 

1.1 14.1 1.4 18.1 

1.3 17 .4 0.1 1.4 

5.2 68.5 6.1 80.5 

7,5 100.0 7,5 100.0 

(Tons per year) 

455 124.3 459 917 .2 

+30% of maximum 
1979 cost 

(LD) (%) ( LD) (%) 

601 712 .4 708 218. 3 

47 859.7 79 '•22.7 

3 120 032.8 4 277 314.9 

3 769 604.9 5 064 955.9 

1.4 15.9 1.7 .14 

0.1 1.3 0.2 1.6 

7,2 82.8 10.5 84.4 

8.7 100.0 12.4 100. (J 

434 558.6 

~/ Storage cost is high in 19"T7 as distribution of fixed assets of line three was not taken into 
consideration. It was agreed to indicate depreciation of assets without any distribution on the last stage. 

I 

Cl> 
I\) 

_J 



('; .{a) Packin~ and lea.dins cement stase 

Hawari Plant Benghazi Plant +30% of maximum 
Item 1979 1977 1978 --1979 cost 

(LD) (LD) (LD) ( LD) ( LD) 

Salaries 100 981.5 67 030.3 123 643.9 119 362.9 155 171.7 

Employee transport 21 325.2 13 044.o lli 808.9 20 011.1 26 014.4 

Depreciation 99 902.4 15 780.8 39 946.1 39 830.8 51 780.1 

Spare parts l'7 518 .8 11 83( .... 23 957.8 17 71i4.7 23 oCS.2 

Electricity 9 24'..i. 9 1i 802 • .t 8 60·1. 9 5 587.1 1 263,3 

Maintenance an:l repairs 36 071i.5 -- 11 512.6 117 352.1 152 557,8 

lnsura1.ce 1 110.1 -- 1 463,h 1 077 ,9 1 401. 3 

Fuel 1 303.9 9,5 344.3 -- -- co 
w 

Indirect expeuses -- 933.5 

Other expenses -- 3'(9.4 694.1 78,9 102.5 

Employee benefits -- 388.5 

Contracted services (experts) 10 436.4 -- -- 2 242.6 2 915.4 

•rot al 297 898. 7 ll4 2C'· 9 217 978.8 323 288.2 420 274.1 

Paper bags 293 557.1 lil15 li41. 3 383 80'3 .8 316 177.2 579 073.6 

( 'l'ons per year) 

'l'otal loaded cement 1109 926. 4 445 780.3 460 397,7 433 913.1 

_J 



~:.(b) Packing and louding :;tage - cost per ton 

' 
Ha1o1a.ri Plant Ben6hazi Plant +30% of maximwn 

Item 1979 1977 1978 1979 cost 
(LD) (LD) (LD) (LD) (LD) 

Sal!:u·ies 0.2463 0.150 0.2685 0.2750 0.3576 

Employee t.ransport 0.0520 0.029 0.0321 0.0461 0.05995 

l>epn::ciation o. 2lt3'( 0.035 0.0867 0.0917 0.1193 

Spare parts 0.0427 0.026 0.0520 o. 0408 0.0532 

lUcctricity 0.02255 0.010 o.u186 0.0128 0. 01671, 

Maintenance und repairs 0.0880 -- 0.0098 0.2704 0.35159 

lnsuranee 0.0027 -- 0.00317 0.00248 0.00323 

l"uel 0.0031 0.00002 o. 000'(4 -- -- 0'> 
~ 

ludirect expenses -- 0.002 

Other expenses -- 0.00085 0.0015 0.00018 0.000236 

Employee benefits -- 0.00087 

Contracted services (epxerts) 0.0254 -- -- 0.00516 0.006718 

'l'otal per ton o. ·1264 0.253'( o.4731 0.7446 0.96856 

Paper bags per ton 0.7161 0.9992 0.8336 0.7286 1.3345 

Packing cost per ton 1.4425 1.2529 1.3067 1.4732 2.30306 

-

_J 
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