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The following technical abbreviations are used in this repott:

ASTM

BS

C,AF
IR
LOI

LSF

AM
HM
LM

SM

American Societv for Testirg and Materials ‘specification)

British Standard (specification)

dicalcium ferrite

dicalcium silicate
tricalcium silicate
tricalgium aluminate
tetracalcinm aluminoferrite
insoluble residue

loss on ignition

lime saturation factor

alumina modulus
hydraulic modulus
lime modulus

silica modulus

Mention of firm names and commercial products does not implv the

endorsement of the United Nations Industrial Development Organization (UNIDO).
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/ ABSTRACT

This project, "Assistance to the“ffg;;n Cement Factory, Benghazi"
(TF/L1B/82/002), is being carried out inr the authorities of the Libyan Arah
Jamahiriya by the United Nations Industrial Development Crganization (UNIDO)
under a trust-fund agreement. The project (formerly TF/LIB,/75 002) has bheen
in operation since 1975 and represents a new form of technical assistance with
direct support to industry. The expert took over as co-ordinator of project
activities in May 1980.

In 1981, the expert prepared a feasibility study to investigate the
possibility of the Libyan Cement Company introducing the production of
sulphate~resisting cement (SRC) using mainly local raw materials., The report
on the feasibility study was issued in November 1981 {UNIDO/IO/R.17). The
conciusions of the feasibility study were positive on both technological and
economic grounds and the introduction of SRC production in the Benghazi Plant
of the Libyan Cement Companv was recommended. The present follow-up study is
complementary to the feasibility study and goes further into the practical
appl ications of introducing SRC productio-,

Theoreticzl raw-mix designs with three and four components were
calculated. A computer was used to calculate all the possible raw-mix designs
within a range of selected values for certain parameters. Laboratorv
investigations were carried out to evaluate the behaviour of the raw materials
it is proposed to use and potential problems in SRC production were
investigated. The steps taken to start actual production of SRC in the
Bengnhazi Plant in 1983 are described.
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INTRODUCT ION

This project, "Assistance to the Libyan Cement Factory, Benghazi"
(TF/L1IB/82/002), is being carried out for the authorities of the Libyan Aradb
Jamahiriya by the United Nations Industrial Develcpment Organization (UNIDO)
under a trust-fund agreement. The project (originally TF/LIB/75/002) has been
in operation since 1975 and represents a new form of technical assistance with
direct support to industry. The expert took over as co-ordinator of project
activities in May 1980.

In 1981, the expert prepared a feasibilit. srudy to investigate the
possibility of the Libyan Cement Company (LCC) introducing the production of
sulphate-resisting cement (SRC) using mainly local raw materials. The report
on the feasibility study was issued in November 1981 (UNIDO/IO/R.17). The
conclusions of the feasibility study were positive on both technological and
economic grounds and the introduction of SRC production in the Benghazi Plant
of the Libyan Cement Company was recommended. The present follow-up study is
complementary to the feasibility study and goes further into the practical
applications of introducing SRC production, which was in fact started by the
uCC in 1983.

A list of all the reports issued so far under this project is given imn
annex V.
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SUMMARY OF FINDINGS AND RECOMMENDAT IONS

Findings

1. The raw materials which will be used in the production of sulphate- -
resisting cement (SRC) are limestone and marl, extracted from the LCC quarries
in the Hawari area, sand from the Gialo area and Galmoya iron ore.

2. According to the theoretical raw-mix designs, it was found that these raw
materials are suitable for the production of SRC. It was also found advisable
from the economic point of view to use marl as a fourth component in high
percentages (approximately 19.00 Z) as the layer of marl caps the limestone in
the LCC quarry and would anyway have to be removed to expose the limestone.

3. The study was based on producing SRC to comply with British standard
specification BS 4027 in order to avoid the maximum limit of the alkali
content of the cement produced specified by the American standard

ASTM C 150. It is hoped that in the near future it will be possible to use
the new Libyan standard specification for SRC, as this specification combines
the BS and ASTM requirements.

4. Given the specifications governing the composition of SRC, a very wide
range of variables for tricalcium silicate (C3S), tricalcium aluminate

(C3A) and tetracalcium aluminoferrite (C,AF) was fed into the computer to
detemine the proportions of the raw-material components to be used in the raw
mix for producing SRC. The computerized data shows all the possibilities for
producing SRC when changing one, two or more parameters as well as showing the
range of proportions of raw materials that can be used. This computerized
data will be a great help to LCC production personnel.

5. Laboratory investigations were carried out to evaluate the behaviour of
the raw materials previously mentioned. The results of the burnability tests
showed that the raw mixes tested were of normal burnability and of high
reactivity according to the standard suggested by Polysius.

6. Coating tests and calculations indicated that there will be no serious
problems in clinker-burning and that the coating will be deposited on the
lining bricks in a normal way if the raw mix is designed within the limits
indicated.

7. After much preparatory work and some modifications to the production

lines, LCC started to produce sulphate-resisting cement in 1::3. The
production has run successfully with minor problems which it was possible to
overcome.

Recommerdations

1. To maintain a successful result, care has to be taken with the following .
processes;

(a) Mixing of raw materials has to be well done;

(b) Preblending of raw materials has to be within the required percentage
limits;
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(¢c) The fineness of the raw meal produced by the raw mills ought to be
increased;

(d) Prehomogenization has to be carried out perfectlv;
(e) Burning of the raw meal has to be correct.

2. The Libyan standard specification for SRC ought to be finalized and applied
to the production of this cement.

3. The limitation ranges indicated in our computerized data should be
followed.

4. The production of SRC requires intensive quality control of raw materials,
preblended beds, ground raw meal and of the clinker produced.
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I. TECHNICAL BACKGROUND TO THE PRODUCTION OF SULPHATE-RESISTING CEMENT

The production of sulphate-resisting cement by a clinkering process
depends on the chemical composition of the mix, the physical state of the raw
ingredients (e.g. fineness) and the temperature and length of burning. The
chemical composition of sulphate-resisting cement (SRC) must fulfil certain

requirements according to the standard specifications to ensure successful use
of the cement produced.

For example, a limitation is placed on the lime content with the object of
ensuring that the cement shall not contain an excess of lime over that which
can combine with the acidic oxides, which could lead to unsoundness in the
concrete. Accordingly, a proportioning formula, the lime modulus (LM), is
provided for calculating the maximum amount of lime which can combine with the
acidic oxides during burning. Under optimum conditions of manufacture
(fineness of raw materials and clinkering temperature), the maximum amount of
lime which can be combined in the clinker is expressed by the equation:

Cal (pax.) = (2.8 x Z 5i07) + (1.2 x % Al703) + (0.65 x % Fe,03)

The ratio of the effective lime content to the maximum possit
content in the clinker is known as the "lime saturation factor" A
definad as:

LSF = 100 Ca0 (2.8 x Z Si0p) + (1.2 x % Aly03) + (0.65 x %

According to the British standard (BS 4027:Part 2:1972) the LSF - .-

greater than 1.02 and not less than 0.66. Ordinary or normal Pc

and SRC have a LSF between 0.90 and 0.95 whereas high-early-stre. ! '5
cements (rapid hardening) are characterized by a LSF between 0.9.

Kiln raw meal with a high LSF is difficult to burn. A raw mix with a luw LSF
indicates the presence of a high percentage of dicalcium silicate (Cj3S)

while all the silica content of a raw mix with a high LSF is attributable to
the presence cf C3S. Raw mixes with a low LSF give a low-quality cement.

It is worth noting that when the LSF or the silica modulus increases, this
reduces the magnesium oxide (Mg0) and alkali content and the raw meal will be
hard to burn. Changing the LSF of the raw meal by 0.17 produces a change in
the burnability equal to a change in the silica modulus of 0.1 of the same mix.

P7l

The relationship between the silica, alumina and iron-oxide contents of a
cement is expressed as the silica modulus (SM = Si0,/R303). The silica
modulus usually lies between 1.5 and 3.2 and the most common figures for the
SM are between 2.2 and 2.6, In SRC, it increases in some cases to 3.0 or more
according to the silica present in the raw mix. As th> silica modulus
increases, chemical combination becomes more difficult especially when the
ratio exceeds 3.0. Increase of the silica modulus impairs the burnability of
the raw mix and also abrades and deteriorates the kiln linings. Increasing
the silica modulus produces cements with slow setting and hardening
properties. On the other hand, cements with a low silica modulus have
excellent early strengths. However, raw mixes with a very low SM tend to

produce clinker rings and kiln blockages, thus reducing clinker production to
a great extent.
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The ratio of alumina to iron oxide, known as the aluminaz modulus (AM), is
in the range from 1.3 to 3.5 for normal Portland cement. It is usually
preferred to keep the AM between 1.3 and 1.6 to obtain better clinker
quality. The AM is utilized conventionally as an index of the degree of
sulphate resistance. When the clinker has an AM less than 1.0, it is
considered to be a sulphate-resisting cement. Iron in general, has a
favourable influence on the formation of the cement compounds. A higher iron
content leads to easier burning (and therefore cost reduction) and produces a

hard, dense clinker.

When the AM is 0.64 (the value which corresponds to the ratio of molecular
weight), the C3A content is, in theory, nil and all the Al303 is
combined in C4AF. (This can be seen in the computer proportioning of the
raw-material components given in annexes I-IV.)

A British standard specification covering sulphate-resisting Portland
cements has existed since 1949, There was, at that time, 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. Since then, experimental work and practical
experience have shown that a considerable degree of sulphate resistance is
conferred on Portland cement if the C3A is limited to 3.5 which is the
requirement of BS 4027:Part I1:1972. In all other respects (except for
fineness) sulphate-resisting Portland cement is an ord inary Portland cement
(PC) and the physical requirements for it are the same as those given in
BS 12 for OPC.

According to the co-ordinator’s recommendation, the SRC to be produced in
the Libyan Cement Company has to comply with BS 4027. Therefore, all the
tests and laboratory investigations have been based on this specification. 1In
the meantime, there is a project for a Libyan standard specification which
combines both the BS 4027 and the ASTM C 150 specifications. This combined
specification would be very useful in the Libyan Arab Jamahiriya and it is
hoped that the project will be officially finalized. A comparison between the
BS 4027 and ASTM C 150 specifications is given here. ASTM C 150 includes two
sulphate-resisting types of cement: Type II (for general use when moderate
sulphate resistance is desired) and Type V (for use when high sulphate
resistance is desired).

ASTM C 150
Maximum lipits BS 4027 Type II Type V
c3A (T) 3.5 8.0 5.0
C4AF + 2C3A (2) - - 20.0
Chemical composition
LSF (range) 0.66-1.02
Mg0 (maximum 2) 4,0 5.0 5.0
S0y (maximum % 2.5 3.0 2.3
$i09 (maximum %) - 21.0 -
Al203 (maximum %) - 6.0 -
Fep03 (maximum %) - 6.0 -

Physical characteristics

a. Fineness
(minimum cm2/g) 2 500 2 800 2 800
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b. Compressive strermgth
(minimum kg/cm®)

at 3 days 155 105 85
at 7 days - 175 155
at 28 days 237 280 210

In contrast to OPC, SRC has the following advantages:

(a) Improved chemical resistance to salts and sea water;
(b) Low heat of hydration;

(¢} Lesser shrinkage.
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II. RAW-MIX DESIGNS |

Using the specifications given above governing the composition of SRC,
some trials for rawmix designs were carried out under the co-ordinator's
supervision by the chemists of the Libyan Cement Company. This prncedure was
useful training for the chemists so that they can carry out such tests in the
future and can follow up these trials when dealing with regular producrion of
this type of cement. The raw-mix trials were calculated to detemine the
proportions of the rawmaterial components to be used for producing sulphate-
resisting clinker with selected values for LSF, iron-oxide content, alumina
content, silica modulus and alumina modulus.

Two groups of raw materials (groups A and B) were used for the trials.
The raw-mix designs discussed here were based on the group A raw materials.
These were analysed in the LCC laboratories and proved to have the chemical
composition shown in table 1.

Table 1. Chemical composition of group A raw materials

Raw materials

Chemical Lime stone Gialo sand Iron oxide Marl
characteristics 2 (%) (%) (%)
§i0, 2.23 77.11 16.12 33.31
Al,04 0.58 2.75 10.38 8.5

Feqp04 0.35 1.02 62.5 3.6

Ca0 51.86 8.86 1.12 26,32
Mg0 1.48 1.40 0.20 1,20
504 0.15 0.40 - 0.07
Loss on

ignition (LOI) 42.9 8.15 9.24 24.85

A. Designs using three raw materials

Trials were made using three of the available raw materials: limestone
(from LCC quarries); sand (from Gialo); iron oxide (from Galmoya iron-ore
mines). In these trials, the selected values were:

LSF ranging from 0.88 to 0.93
SM ranging from 2.2 to 4.0

Table 2 summarizes the raw-mix designs with three raw materials, showing
the selected values for LSF and SM, the proportions of the materials in each
design, the calculated chemical composition of the clinker and the clinker
phases which would be produced,

Conclusions
1. As in the results of the feasibility study (UNIDO/IO/R.17), it must be

said that it is difficult to design a viable raw mix using only three
components.




Table 2.

Raw-mix designs using three materials

Selected values

Proportion of materials
in raw mix

Chemical composition of clinker

Clinker phases

Gorial LSF M oo a0 ron 510, AL, 0y  Fe,0,  Ca C5 C,5 TR G
nurber (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1 0.88 2.2 76.96 15,53 7.51 22.92 .5k 7.88 63.62 56,46 23.12 6.59 23.97
2 0.88 3.2 78.11  17.05 k.8 24,24 .20 5.37 65.10 58.26  25.53 3.25 16.34
3 0.90 2.0 77.08 14,77 8.15 22.19 .62 8.48 63.67 60.83 17.7%  T.h2 25.81
L 0.90 2.5 77.85  15.77  6.38 23.06 .39 6.83 64 .64 62.10  19.26 5.22 20.78
5 0.90 2.8 78.20 16.22 5.59 23.45 .29 6.09 65.09  62.67 19.96 4.23 18.52
6 0.92 2.0 T7.54 1h. 47 7.99 21.88 .59 8.35 64.16 65.59  13.24  T7.27 25,41 ;;
T 0.92 3.0 78.83  16.14  5.03 23.32 .21 5.56 65.79  67.82  15.68 3.56 16.93 :
8 0.92 3.5 79.23 16.65 4.12 23.76 .09 4.70 66.30 68.51 16.45  2.40 1k4.3
9 0.93 3.0 79.05 15.98  4.97 23.15 .20 5.52 66.03 70.2 13.51  3.51 16.79
10 0.93 3.8 T79.64 16.73 3.63 23.80 .53 L.2k 66.75 67.86 17.04  0.48 12.89
11 0.93 k.0 79.75  16.88 3,37 23.93 .00 3.99 66.90  T1.h5 14,70 1,48 12,14

e
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2. It is also very important from the economic point of view to use marl as a
fourth component and to use it in the maximum percentage possible while
keeping the clinker produced within the standard specifications. The fact is
that the layers of marly material overlie the limestone in the quarry and if
the marl is not used it will anyway have to be transported and dumped in
another place which will be reflected in increased costs for the SRC.

B. Designs using four raw materials

Raw mixes were also calculated with four components, using marl from the
LCC quarries. The calculations involved changing the parameters for C3S,
C3A, SM and AM to achieve SRC complying with the standard specification
while using the maximum percentage of marl and the least amount of iron ore
possible.

There were two sets of variants for the parameters. The selected values
were as follows:

First set Second set
C3S (range 2} 60-69 50-69
Cya (range) 1.6-1.9 1.6-2.5
SM (range) 1.35-1.5 1.4-2.5
AM 0.7 0.7

Table 3 shows the summary of the proportions in which the raw materials
were used according to the changes in parameters indicated in the second set.
The table also indicates the characteristics of the clinker based on the
phases and chemical constituents shown,

Conclusions

1. The results show that SRC can be produced by the combination of four raw
materials in different percentages. The characteristics of the clinker phases
comply with the standard specifications, especially with BS 4027:Part 2:1972,
which it is intended to use for the production of SRC on a large scale in the
Libyan Cement Company. All the ten raw-mix designs comply also with the
requirements of the ASTM C 150 (type V) specification that 2C3A + C4AF

should not exceed 20,

2. Marl can be used in the proportion of approximately 19.0% when its alumina
content does not exceed 8.5%. When the alumina content exceeds this value,
care must be taken to decrease the percentage of marl in the raw mix.
Accordingly, it is recommended that, whenever low-quality marl (of less than
8.5% alumina content) is found in the quarry, this should be reserved for the
production of SRC as it can then be used in the proportion of 197 or more in
the raw mix. A more rational exploitation of the quarry can also be achieved.

3. The Galmoya iron ore can be used successfully if it is used within the
range 2.5-3.57%.

4, Gialo sand was used as one of the raw materials, essentially to supply the
clinker phases with the silica component.

5. The selected value for CjA was kept to a maximum of 2.5%7 to ke:p well on
the safe side of the maximum C3A content of the clinker produced as
specified in BS 4027 (i.e. 3.5%).




kaw mix Selected values rawv mix Chemical compogjtion of cliukep Clinker phases
serial o s coa o A Lim-  Giwlo dron ., 810, A0y Fe0;  Cad C5  CB  CA  CAF ‘_)2!;’,:* v
1 50 2.5 2.0 0.7 T75.87 16.72 1.0k 6.32 26.87 2.4 2.1 65.08 k1.5 L5.73  2.87 6.33 12.1
2 60 1.6 1.5 0.7 72.2h 6.18 .67 17.96  22.39 3.94 5.2 6h.56  58.75 19.88 1.65 15.81 19,11
3 60 2.5 2.5 0.7 r4.85 13.48 1.95 9.172 25.42  2.87 3.12 6L, 94 LT.Wh 37,1 2.33 9.5 14,16
k 69 1.8 1.5 0.7 72.06 5.73 .37 18,84 22,36 3.99 k.96 64,67  59.41 19,29 2.2 15.1 19.48
) 69 1.9 1.4 0.7 T2.03 5.72 .31 18.94  22.39 3.99 4.9 6h.67  59.26 19.50 2.3 1h.91 19.51
v 69 1.9 1.5 0.7 T72.T% T.0% .03 17.21  24.82 3.8 h.6 64,87 58.74 21.13 2.31F 13.85 18,15
7 69 1.9 1.9 0.7 Th.58 10.7212.28 12.43 24,05 3.19 3.58 66.h3  73.34 13,62 2.39 10,901 15.68
B 69 2.0 1.5 0.7 T75.371 12.20 1.9 10,52 2h,52 2,94 3.13 65.72 56,96 27.34 2.49 9,52 1h.51
9 69 '2.0 2.5 0.7 T76.W4 14,30 1.48 1.8 25.20 2.6 2.57 66.0k 56,22 29,83 2.52 1.83 12.88
10 69 2.5 1.5 0.7 T77.31 14,70 1.10 6.89 25.12 2.k 2,17 66.73 61,18 25,87 2.82 6.60 12,24

Table 3.

Raw~-mix

designs usiug four muterials

(Percentage)

Proportion of materials in
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It should be noted that pyrite ash, which was originally proposed as an
alternative component to Galmoya iron ore, has not been used in these raw-mix
designs. This is because the Secretariat of Heavy Industries decided only to
use local raw materials to avoid spending hard currency on imported items.
Pyrite ash would have had to be imported.
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III. COMPUTER CALCULATION OF RAW-MATERIAL PROPORT IONING RANGES

It is important to remind the reader that the effective method of
increasing the sulphate resistance of Portland cement lies in the substitution
of compound C4AF for C3A. This substitution of ferric oxide for alumina i
was suggested by Le Chatelier before the end of the nineteenth century leading
later to the production of Erz and Ferrari cements in Germany and Italy
respectively. These tvpes of cement were very low in alumina-to-iron oxide
ratio. There is clear evidence that a low C3A content increases the
resistance of a cement to attack from sulphate solutions and that there is a
general correspondence between C3A content and sulphate resistance.

In the light of these considerations and of the results of the raw-mix
designs already calculated, a computer was used to determine and to confimm
the proportions of the raw-material componeats to be used for producing
clinker with selected values for the C3S, C3A and C,AF phases. The
selected values for these parameters were as follows:

Perc entage range Percentage increase
Clinker ptase from to per_step
C3S 40.00 46.00 2.00
C3A 00.00 3.50 0.10
CAAF 10.00 15.00 1.00

Two groups of raw-mix designs (groups A and B) were calculated on the
basis of four raw-material components. The chemical analysis of the raw
materials used in groups A and B is shown in table 4.

Table 4. <Chemical composition of raw materials used in the
computer calculation of raw-mix designs (groups A and B)
(Percentage)

Raw material

Chemical Limestone Sand Iron ore Marl
composition A B A B A B A and B

$i04 2.23 0.4 77.11  69.69 6.12 13.37 33.31

Al,04 0.58 0.00 2,75 1.88 10.38 11.60 8.50

Fep04 0.35 0.20 1.02 0.40 62,50 62.4 3.60

Ca0 51.86 53,76 8.86 13.44 1.12  1.40 26.32

Mg0 1.48 0.70 1.40 1.00 0.20 1,60 1.20

50y 0.15 0.40 0.40 0.29 - 0.49 0.07 -
Lol 42.9 43,95 8.15 12.20 9.85 10.09 24.85

Another two groups of raw mixes (groups C and D) were calculated using
only three raw materials, limestone, sand and iron ore., The chemical
composition of these three materials in group C were the same as in group A,
and their chemical composition in group D was the same as in group B, For

groups C and D, the LSF and AM were varied according to the following selected
values:
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LSF ranging from 0.90-0.9% with an increase of 0.01 per step
AM ranging from 1.5-3.5* with an increase ~f 0.10 per step

Throughout the computer proportioning, the hydraulic modulus (™M)
was used. This modulus has the following ‘orm:

HM = Ca0
§i09 + Al903 + Fep03

The HM of cements, as indicated in the above formula, explains the
relationship that exists between the percentage of lime on one hand and the
combination of silica, alumina and irnn oxide on the other. The hydrarlic
modulus of good-quality cement is approximately 2.0 as it ranges from
1.7-2.3. Cement with an HM below 1.7 usuallv results in low mortar and
concrete strength while cement with an HM of more than 2.3 shows poor
stability of volume (soundness). Accordingly, in order to produce
high-quality cement, the hydraulic modulus in the computer calculations was
selected to range from 1.9-2.0.

The computerized data on the proportioning of raw materials in these four

raw-mix design groups, A, B, C and D are given in annexes I, II, III and IV
respectivelv.

*In the computer calculations, reaitstic rav-mix designs onlv appeared
for values of the alumina modulus up to 2.0.
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IV. LABORATORY INVESTIGATIONS OF THE RAW MIXES

Laboratory investigations were carri:=d out in the LCC laboratoriss to
evaluate the behaviour of the raw materials combined in different proportions
according to different rawmix designs. Iavestigations were also carried out -
to evaluate the burnability of the raw materials.

The facilitv with which the components of a SRC raw mix comb’ne is
designated as the burnability. The burnability of the raw materials can be
readilv ascertained by estimating the percentage of free lime or uncombined
calcium oxide which remains in the product following heat treatment. In the
present investigations, the burnabilitv of each raw mix was evaluated by
determining both the uncombined lime and the insoluble residue after
subjecting the raw mix to a specific burning temperature. The insoluble
residue represents the alumino-silicates of the clay minerals or the silica
which did not participate in chemical combination.

Evaluation of the burnability of the raw materials involved the following:

(a) Use of a raw mix characterized by a high lime-saturation factor
of 98;

(5) Burning the raw mixes at different temperatures ~f 1350° and 1400°C;

(c) Using different percentages of sand, iron ore and marl in order to
evaluate their behaviour during burning.

The principle upon which the above-mentioned conditions were designed is
that a mixture with a high lime-saturation factor requires 2 higher he:t
consumption for clinker burning. Accordingly, the reactivity of the raw
materials under these severe test conditions will give a more realistic
picture of their burnability than if tested under ideal conditions with a low
lime-saturation factor, higher fineness, hicher temperature and longer burning
time.

Before the laboratory tesrs were carried ont, representative samples of
each of the four raw materials were collected and analysed. The results of
the chemical analvsis are those given in table 4 for group B. since the
analysis results were also used in the computer calculations for ease of
compari son.

Various theoretical raw-mix calculations based on the four components

were carried out, leading to the same results and conclusions as the
four-component rawmix designs described in chapter IT, section B.

A. Investigtion procedures

Test specimens nf the fonr materials were prepared in the LCC
laboratories according to the following procedures:

(a) Each of the raw materials, limestone, sand and marl were dried and
then pulverized. (A pre-ground sample of iron ore was used.) Grinding was
carried out in the LCC laboratory ball mill until all the raw materials could

pass a 90-micron sieve. Grinding times and humidity of the samples were as
follows:




Humidity of the

Grinding time pulverized sample
Raw material (minutes) (percentacge)
Limestone 35 0.18
Sand 40 0.43
Marl 20 2.45
Iron ore - 30.92

(b) Samples of the materials were then thoroughly mixed together in the
proportions determined by the raw-mix design., Miving was carried out in the
laboratory mill;

(¢) Enough water was added with continnous mixing until a plastic mass
was obtained (in the form of viscous slurry);

(d) The viscous slurry was then dried at a temperature of not more than
80°C until the slurry became semi-dry:

(e) The semi-Ary plastic material was then formed by hand into balls of
1 to 1.5 cm diameter;

(f) The balls were dried again at 120°C until they were completely dry
(no moisture content);

(g) These dried balls were transferred to platinum dishes;

(h) Burning of these balls was carried out in a muffle furnace of the
Heraeus tvpe at 1350° or 1400°C for one hour. The temperature of the furnace
was increased gradually from room temperature till it reached the selected
burning temperature at which it staved for one hour. Then the furnace was
switched of f and the temperature gradually decreased till it reached room
temperature again;

(1) The dishes were introduced into the muffle furnace again at 1,000°C
in order to be able to test the effects of quenching;

(j) The products of burning (clinker balls) were ther cooled rapidlv;

(k) After cooling, the clinker balls were ground to pass a 100-micron
sieve;

(1) The resulting pulverized material was then analyzed for insoluble
residue and free lime.

Insoluble residue

The analysis of insoluble residue in the cement is based on treating one
gram of the cement in an acid solution composed of 10 ml of concentrated
hydrochloric acid and 40 ml of water. The insoluble residue is digested with

30 m1 of 2N-strength sodium carbonate. The residue is ignited. The ignited
material represents the insoluble material in the cement.

Free lime
The determination of free lime in cement or clinker is based on the

solution of the calcium oxide in ethylene glycol at 70°C, and the subsequent
titration of the dissolved oxide with standardized acid. One gram of the
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ground clinker and 40 ml of ethylene glycol were heated in a water bath at
80°C for 30 minutes. The solution was then filtered through a sintered glass
funnel and the residue was washed twice with 10 ml amounts of ethylene
glycol. The filtrate of the extraction and washings were titrated with
0.IN-strength hydrochloric acid, using bromcresol green as an indicator.

These test procedures were carried out on four different raw-mix designs.,

B, Rawmix I

In raw mix I, the co-ordinator wanted to test a raw mix with the highest
possible lime-saturation factor. Accordingly the following proportions of the
raw materials were used:

Raw material Percentage Weight (g)

Limestone 73.0 219

Sand 7.2 21.6

Iron oxide ore 3.2 9.6

Marl 16.6 49.8
Total 100.0 300.0

The sample was then thoroughly mixed and the carbonate content was
determined. It was found to be about 80%.

The trial was done again after recalculating the carbonate content of all
the samples and the carbonate content required in the raw mix. The
proportions of the raw materials were then changed as follows:

Raw matarial Percentage Weight (g)

Limestone 69.52 219

Sand 10.03 31.6

Iron oxide ore 4,63 14.56

Marl 15.82 49.8
Total 100.0 315.0

The carbonate content of this mixture was found to be 77,5%.

The first raw mix was burnt at a temperature of 1350°C. The clinker balls
produced after buriing were differentiated into two types. About 65% of the
balls were hard burnt and were dark black in colour while about 35% of the
balls were black but spotted with whitish material. The spots may be
attributed to a failure in mixing the sample sufficiently well. As a result,
the carbonate content increased in one part while it decreased in the other.

The two types of clinker balls were separated and each type was then
processed separately under the designations raw mix Ia (the 65% described
above) and raw mix Ib (the 35%), The results of the analyses for insoluble
residue and free lime were as follows:
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Raw mix Ia Raw mix Ib
Type of analysis (%) (%)
Free lime 0.73 1.74
Insoluble residue 0.31 0.66

The results of the chemical analyses carried out for both types of clinker
are summarized in table 5.

Table 5. Chemical analyses of raw mix I (types a and b)

(percentage)
Composition and
characteristics Raw Mix Ia Raw Mix Ib
$i09 20.57 20.00
Al,04 3.74 4,38
Fe;03 5.56 5.60
Cal 64.96 64.4
Mg0 1.40 2.6
S0, 0.35 0.38
K50 0.28 0.28
Na,0 0.27 0.27
LOI 0.2” 0.89
LSF 98 99
SM 2,21 2.00
AM 0.67 0.78
C3s 75.67 73.1
€78 0.88 0.48
CiA 0.65 2.31
C4AF 16.90 17.02

C. Rawmix II

In this raw mix, the co-ordinator wanted to test a raw mix similar in its
behaviour to the raw mixes usually used in cement plants, especially in terms
of the carbonate content. The following proportions of raw materials were
used:

Raw material Percentage Weight (g)
Limestone 67.5 270
Sand 10.5 42
Iron-oxide ore 5.0 20
Marl 17,0 _68
Total 100.0 400

The carbonate content in this raw mix was estimated to be 767%.
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The same test procedures were followed to investigate the burmability and
the characteristics of the clinker produced. However, more water was added to
produce a more liquid slurry, which would be easier to mix, to ensure a
thorough combination of the raw materials.

Burning was carried out at 1490°C for one hour.

The clinker produced was analysed and the free lime and insoluble residue
were as follows:

Free lime 0.392
Insoluble residue 0.11%

The results of the chemical analvses of the clinker produced are compared
with the results of the theoretical calculations in table 6.

Table 6. Chemical analyses of raw mix II

(Percentage)

Composition and Analysis of clinker

characteristics produced Theoretical calculation
Si0 21.62 21.25
Al,04 4.06 3.453
Fe,03 5.4% 6.075
Ca0 63.24 65.647
Mg0 2.2
S03 0.41
K90 0.28
Nazo 0.27
101 0.39
LSF 93 97
€3S 60,99 73.84
CyS 13.91 5.226
C3A 1.71 1.128
CLAF 16.54 18.486

D. Raw mix III

For this raw mix, an attempt was made to increase the silica content and
to decrease the iron-oxide content while keeping the proportion of marl in the
raw mix half way between that in mixes I and II. The following raw material
proportions were used in the third raw mix:

Raw material Percentage Weight (g)
Limestone 68.0 . 272
Sand 12.0 48
Iron-oxide ore 4.0 16
Marl 16.0 _64

Total 100.0 400
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The carbonate content of the raw mix was 76.25%.
Burning of the raw mix was carried out at 1400°C for one hour,

The free lime and the insoluble residue of the clinker produced were as
follows:

Free lime 0.392
Insoluble residue 0.132

Table 7 shows the chemical analyses of the clinker compared to the
theoretical calculation.

Table 7. Chemical analvses of raw mix III
(Percent age)

Composition and Analysis of clinker

characteristics produced Theoretical calculation
S1i0 21.98 22.165
Alz 3 3.71 3.188
Fe,03 4.92 5.063
Ca0l 64.4 65.99
Mg0 2.2
S03 0.39
K20 n.d.a/
Na,0 n.d.
L01 n.d.
LSF 93 95
SM 2.55 2.686
AM 0.75 0.63
€3S 63.76 71.534
€28 12.73 9.582
C3A 1.65 0.118
C,AF 14.95 15.407

a/ n.d. not determined

E. Raw mix IV

In this raw mix, the co-ordinator tried to increase the percentage of the

marl and tc decreace the percentage of iron oxide as follows:

Raw material Percentage Weight (g)
Limestone 67.0 268
Sand 12.7 50.8
Iron~oxide ore 3.0 12
Mar1 7.3 _69.2
Total 100.0 400,0
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The carbonate content of this raw mix according to the carbonate analvsis
was 76.50%.
Burning of the raw mix was carried out at 1200°C for one hour.

The free lime and the insoluble residue as shown in the chemical analyses
of the clinker were as follows:

Free lime 0.50%
Insoluble residue 0.132
Table 8 shows the results of the chemical analyses of the clinker

produced compared to the theoretical calculations.

Table 8. Chemical analyses of raw mix IV
(Percent age)

Analysis of clinker
Composition produced Theoretical calculation

sio, 23.28 23,364
Al,04 3.37 3.192
Fe,03 4,16 4.159
ca0 63,86 65.837
MgO 2.2

505 0.51

K20 n.d.a/

Na,0 n.d.

Lol 0.22

LSF 87 92

SM 2.13 3.176
AM 0.81 0.767
C3$ 55.07 63.217
C2S 23.45 19.236
C3A 2.02 1.422
C4AF 12.65 12.656

a/ n.d. not determined.

F. Discussion of the results

Insoluble residue and free lime

The insoluble residue (IR) and free lime content of the tested raw-mix

samples burned at 1350°C or 1400°9C and then quenched are reported together
in table 9,

€A s e
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Table 9. Insoluble residue and free lime content of samples tested

(Percentage)
Mix I Mix II Mix II1 Mix IV
Burning Tvpe a Type b
temperature 1R Free IR Free 1R Free IR Free 1R Free
(°c) lime lime lime lime lime
1350 0.31 0.73 0.66 1.74
1400 0.11 0.39 0.13 0.39 0.13 0.50

Table 9 shows that both the insoluble residue and the uncombined calcium
oxide decrease at the higher burning temperature, indicating the progress of
chemical combination with increased heat.

The insoluble residue represents the uncombined or free aluminosilicates
of the clays and/or free quartz. Table 10 gives a calculation of the extent
of the combination of silica with alumina and lime in the raw mixes burned at
1350°C and 1400°C,

Table 10. Combination of silica with alumina and lime in the raw
mixes tested

(Percentage)

Chemical Mix I
components a b Mix II Mix TIII Mix IV
§i07 + A170,
Original content, dry 16.0 16.0 15.9 16.3 17.1
Original content,
ignited 24,31 24,38 25.68 25.69 26.65
IR at 1350°C (Ia and b)
and 1400°C (II, ITI, IV) 0.31 0.66  00.11 0.13 0.13

IR x 100
Original content, ignited 1.2 2.75 0.43 0.51 0.49
ca0
Original content, dry 42.95 42,95 42,24 42,44 42.33
Original content, ignited 64,96 64,40 63,24 64,5 63.84
Free Ca0 at 1350 °C
(Ia, b) and 1400°C
(r1, 111, IV 0.73  1.74 0.39 0.39 0.50

Free Ca0 x 100
Original Ca0, ignited 1.12 2.7 0.62 0.61 0.78
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The calculations in table 10 show the following:

(a) Between 97.25 and 98.8% of the Al,03 + Si0, present in the raw
mixes had combined at 1350°C whereas about 99.5% of these oxides had combined
at 1400°C; :

(b) From 97.25 to 99.4% of the original calcium oxide had combined with
the acidic oxides;

(¢c) The free lime data for mixes Ia and Ib indicate clearly that raw
mixes with a high LSF (more than 982) show less reactivity and are always in
need of a higher burning temperature. On the other hand, the raw mixes
containing nomal LSF (more than 90%) show better reactivity as they yield
much less uncombined calcium oxide;

(d) Comparing mixes II, III and IV, it can be seen that increasing the
silica content (more marl and sand in raw mix IV) yielded more free lime which
indicates a decrease in LSF and lower reactivity. needing more heat to
accelerate the reaction between the free silica present and the other oxide
(Ca0 + Al,03 + Fey03);

(e) Decreasing the percentage of iron ovide was reflected in an increase
in the amount of free Cad. This means that more heat is required to increase

the percentage of *he liquid phase in the clinker produced.

Despite the fact that the raw mixes were burned for one hour (due to lack
of personnel and equipment), the very low percentages of free lime obtained in
the present investigations indicate that in general the four mixes are of
normal burnability and of very high reactivity according to the standards

- suggested by Polysius. Polysius considers that raw mixes with a LSF of 95 to
98 are evaluated as normally burnable according to the following free lime
contents:

Free lime of 12-16% on burning for 15 min. at 1350°C
Free lime of 8~12% on burning for 15 min. at 1400°C

Free lime of 4-8% on burning for 15 min. at 1450°C

Free lime of 2-4% on burning for 15 min. at 1500°C
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V. POTENTIAL PROBLEMS INVESTIGATED

A. Clinker coating

Sand, which is mainly formed of free silica (quartz). will be used as a
main raw-mix component to provide the necessary Si0 in the SRC raw mix.
The idea of using this sand in the kiln raw meal caused some doubts among the
Libyan Cement Company authorities. To be on the safe side, the co-oruinator
asked the LCC to send samples of the raw materials to bc tested in the brick
factory's laboratories or anywhere else they prefer, although the co-ordinator
himse 1f was convinced that the effect of the sand on the refractory bricks of
the kiln lining would be slight.

There is no doubt ahout the fact that free silica in the raw mix could
cause problems in kiln behaviour. Unless there is a sufficient amount of flux
(usually iron), coating will not be formed and deposited on the refractory
lining bricks and the bricks will be liable to rapid deterioration from the
abrasive effect of the free silica (coarse sand). When this happeans, the
thickness of the refractory bricks is reduced, radiation through the kiln
shell increases and more energy is required to burn the clinker.

For this reason, it is intended to use a small percentage of iron-oxide
ore in the raw-mix design to enable the highly siliceous sand and other
siliceous raw material (marl) to fuse and increase the liquid phase, which
will encourage the formation of coating on the refractory lining and will keep
down energy consumption.

In practice, the effect of free silica in the raw mix is compensated not

only by the action of iron oxide, but also by the presence of some other
mineralogical constituents deriving from the clavey materials, alkalies and
magnesia content.

Generally it is preferable not to exceed a proportinn of free silica in
the mix of 32. This percentage partly depends on the particle size (fineness)
of the sand and the fineness and homogeneity of the raw meal entering the kiln.

In view of this, it is recommended that careful attention should be paid
to the following:

(a) Good preblending of the raw materials before grinding;
(b) Correction of the rawmix ratios during grinding;

(¢) Grinding the raw materials well and more finelv than is usuallyv
done in producing nommal Portland cement;

(d) Prehomogenizing the raw mix perfectly before feeding the kiln as the
preblending and prehomogenization smooth out deviations in the raw mix and
provide the kiln with 8 raw mix of constant composition and properties.

It should be noted here that, as shown in the computerized raw-mix
designs, deviations in the kiln feed, especially of the calciumcarbonate
content, ought not to exceed 0.27 since an increase of 1.0%2 of CaC0j3 will
increase the C3S by 13X and reduce C,S by about 11,5%. Inhomegeneity of
the %iln feed will cause disturbances in the burning process and the coating
stability,
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B. Importance of the quantity of liquified material

As reference has been made above to the liquid phase, i1t is necessary to
explain what this means.

The liquid phase found in the clinker is governed by the presence of
alumina, iron oxide, magnesia and alkalies. These accelerate the fusion and -
decrease the melting point of the other components. They are known as
fluxes. The oxides like magnesia, when found in higher percentages than
required, tend to transform the raw mix in the burning zone into balls which .
disturbs the kiln behaviour and produces unsound cement in some cases. The
alkalies, which derive from the argillaceous raw materials usually present in
cement raw mixes, promote the formation of coating in the kiln because of
their high fluxing character. It is preferable to use raw mixes rich in
fluxes (especially alumina, iron oxide and limited percentages of the alkalies
and magnesia) as these will help in promoting the chemical reaction between
the raw-mix components.

Raw mixes with low silica and alumina ratios contain a higher percentage
of fluxing agents and produce a liquid phase which easily builds up coating on
the refractory lining of the kiln. Such a raw mix is easily burnable and
produces clinker of dense character. Care has to be taken not to increase the
fluxing components to too large a percentage as the clinker produced from a
raw mix too rich in fluxing agents will be viscous in the burning zone leading
to sticky balling and clinker-ring formation.

On the other hand, raw mixes with high silica and alumina ratios have low
qrantities of fluxes and a low liquid phase. Accordingly, the depositing of
clinker coating on the refractory liming will be minimal leading to high
radiation through the kiln shell. The clinker produced is difficult to burn
in the sintering zone as well as being relatively porous and grindable.

The figure of 25% of liquid phase in the clinker produced is accepted as
the ideal one from the point of view of the kiln lining, fuel saving during
burning and economical clinker grinding. The liquid phase percentage can
usually be calculated by the Lea and Parker formula as follows:

(a) Liquid phase to be formed at 1450°C, when the AM is higher than 1.38
= 3.0 Al903 + 2.25 Fep03 + Kqo0 + Nag0 + MgO;

(b) When the AM is lower than 1.38
= 8.5 Al703 = 5.22 Fey03 + K70 + Najy0 + MgO.

Lea stated that in the case of raw mixes where the amount of liquid
increases slowlv with temperature, the clinkering range may be fairly wide,
In those mixes where the rate of increase of the liquid phase with temperature
is rapid, the clinkering range will be small, Sulphate-resisting clinker with
its high iron content is an example of the latter type.

The formulas given above can be applied to estimate the expected

percentage of the liquid phase that will be present in the sulphate-resisting
clinker. The first two raw-mix samples used in our laboratory test require
the second formula as follows:

Raw mix Ia

(8.5 x 3.74) - (5,22 x 5.56) + 0,28 + 0,27 + 1,4 =
31,79 - 29.023 + 0,28 + 0,27 + 1,4 = 4,717
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Raw mix Ib

(8.5 x 4.38) - (5.22 x 5.6) + 0.28 + 0.27 + 2,6 =
37.23 - 29,232 + 0.28 + 0,27 + 2,6 = 11.148

Raw mix II

(8.5 x 4.0A) - (5.22 x 5.44) + 0.28 + 0.27 + 1.4 =
34.51 - 28,3968 + 0.28 + 0.27 + 1.4 = 8,063

These results show that the burning of these raw mixes will require a
higher temperature.

In summary, it is an essential task of the liquified material in the
clinker to promote the formation of tricalcium silicate. In the rotary kiln,
a limited amount of liquified material is also desirable, since it facilitates
the formation of deposit and thus contributes to the protection of the lining
against rapid wear. The tricalcium aluminate, which forms the liquefied
material during cooling, also accelerates the setting of the cement. The
advantageous characteristics of the liquified material are, however,
accompanied by important disadvantages. One of these, which is generally
accepted as unavoidable, is the high grinding resistance which it gives to the
clinker and which then dsmands a high energy consumption during grinding.

C. Calculation of coating values

The quality and the stability of the coating likely to be produced in the
clinker during burning can be judged by applying the following Knopicky
formulas for coating value:

(a) (C3A + CLAF) + 0.2 CpS + 2F (for AM more than 1.38);

(b) (C9F + C4AF) + 0.2 C25 + 2F (for AM less than 1.38).

CoF and the other clinker phases can be calculated using Bogue's formula
for clinker with an iron modulus of 0.64 (rich in iron oxide or no Cja) as
follows:

C38 = 4.071 Ca0 - 7.602 Si0; - 4.475 Al,03 - 2.863 Fey0;
Cys = 2.867 Si0p - 0.754 C38

Cob = 1.702 Feq03 - 2.665 Alg0

C4AF 4,766 Fe203

The percentage of free Ca0 should be substracted from the overall Ca0
content,

Using the Knopicky and Bogue formulas, the phase contents and coating
value of the raw mixes are calculated below.




Raw mix Ia
The phase contents are:

C3s = (4.071 x 64.23) ~ (7.602 x 20.57) - (4,475 x 3.74) ~ (2.863 x 5.56)
261.48 - 156.37 - 16.74 - 15.92 = 72.435%

C,S = (2.867 x 20.57) - (0.754 x 72.45) = 58.974 - 54.63 = 4.344%
CoF = (1.702 x 5.56) - (2.665 x 3.74) = 9.463 - 9.967 = -0.504%
C,AF = 5.756 x 5.56 = 26.498%

The coating value is:

(-0.504 + 26.498) + (0.2 x 4.344) + (2 x 5.56) =
25,994 + 0.87 + 11.12 = 37,98 i.,e. 38

Raw mix Ib

The phase contents are:

C3S = (4.071 x 62.66) - (7.602 x 20.00) - (4.475 x 4.38) - (2.863 x 5.6)
= 255.1 - 152.04 - 19.6 - 16.0 = 67.4% 7%

CpS = (2.867 x 20) - (0.754 x 67.46) = 57.34 - 50.86 = 6.5%

CoF = (1,702 x 5.6) - (2.665 x 4.38) = 9.53 = 11,673 = -2.143%

CLAF = 4,766 x 5.6 = 26.69%
The coating valuc is:

(-2.143 + 26.69) + (0.2 x 6.5) + (2 x 5.6)
= 24,547 + 1.3 + 11.2 = 37.0

The coating values for raw mixes Ia and Ib, 38 and 37, are very high.

These values indicate that the lining bricks will be covered with a verv rich

clinker coating. It may be that, with these high values, the coating will

grow to form clinker rings, creating problems for the behaviour of the kiln,

Raw mix I1

The phase contents are:

C3S = (4.071 x 62,24) - (7,602 x 21.62) - (4.475 x 4.06) - (2,863 x 5,44
= 253.38 - 164.36 - 18.17 - 15,57 = 55,28%

Cps = (2.867 x 21.62) - (0.754 x 55.28) = 61.98 - 41,68 = 20.37%

C,F = (1.702 x 5.44) - (2.6A5 x 4,06) = 9,26 - 10.82 = -1,56%

CLAF = 4,766 x 5.44 = 25,93%

The coating value is:

(-1.56 +# 25,93) + (0,2 x 20,3) + (2 x 5.44)
= 24,37 + 4,06 + 10.88 = 39,31

As in raw mix Ia and b, the coating value here is excessively high.




- 33 -

Raw mix III

The phase contents are:

C3S = (4.071 x 64.1) - (7.602 x 21.98) - (4.475 x 3.71) - (2.863 x 4.92)
= 260.95 ~ 167.1 - 16.6 - 14.08 = 63.17%

C,S = (2.867 x 21.98) - (0.754 x 63.17) = 63.0 - 47,63 = 15.37%

C,F = (1.702 x 4.92) - (2,665 x 3.71) = 8.37 - 9.88 = -1.51X
C4,AF =4.766 x 4.92 = 23.4482

The coating value is:
(-1.51 + 23.448) + (0.2 x 15.37) + (2 x 4.92)
= 21.938 + 3.074 + 9.84 = 34.8

Here, the coating value is somewhat above the ideal limit (32-33) but

less than 35.

Raw mix IV

The phase contents are:

€4S = (4.071 x 63.34) - (7.602 x 23.28) - (4.475 x 3.37) - (2.863 x 4.16)
= 257.857 - 176,974 - 15.08 - 11.9 = 53.9%

C,S = (2.867 x 23.28) - (0.756 x 53.9) = 66,744 - 40.64 = 26.12

C,F = (1.702 x 4.16) - (2.665 x 3.37) = 7.08 - 8.98 = -1.9%

C4AF = 4.766 x 4.16 = 19.82%

The coating value is:

(-1.9 + 19.82) + (0.2 x 26.1) + (2 x 4.16) = 17.93 + 5,22 + 8,32 = 31.47
The following facts should be noted:

(a) The normal range of coating values is between 25 and 35;

(b) The optimum coating performance lies between 32 and 33;

(c) Coating values of less than 28 implv poor and unstabilized coating;

(d) Coating values of more than 35 imply rich and excessive coating

leading to clinker-ring formation.

It can be seen therefore that the ideal coating value falls between those

of the last two raw mixes (III and IV) and that the optimum raw-mix design
would be the average of those two mixes, as follows:

(Percent age)
Raw mix Raw mix
Components 111 Iv Average of TII and IV
Lime stone 68,0 67.0 67.6
Sand 12.0 12.7 12.35
Iron ore 4.0 3.0 3.5
Marl 16.0 17.3 16.65
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Alternative calculations can be made by applying the following formula:
(Si0y - 20) x (2.8 + Fey03)

With this formula, the coating value showing the optimum coating
performance was found to be more than 7. .

Applying this formula to the clinker produced in the raw-mix design tests,
the following coating values can be reached: -

Raw mix la:
(20.57 - 20) x (2.8 + 5.56) = 7.156

Raw mix Ib:
(20.00 - 20) x (2.8 + 5.6) = 5.6

Raw mix II:

(21.62 - 20) x (2.8 + 5.44) = 9,976
Raw mix III:

(21.98 - 20) x (2.8 + 4.92) = 10.464
Raw mix 1IV:

(23.28 - 20) x (2.8 + 4.16) = 13.344

Using this fowmula, the best result is that of raw mix IV.

The bricks used at present in the LCC kilns, especially in the burning
zones, are magnesite or magensite-chrome bricks. Given the results of the
coating value investigations, there should be no problems about using the same
quality of refractory bricks for both normal Portland cement and SRC
production. However, the co-ordinator recommended additional coating tests
under graduated and different high temperatures to be carried out under normal
production conditions. He recommended that samples of the raw materials to be
used should be sent to the different companies from which LCC imports its
refractory bricks so that they can carry out such tests and recommend the most
suitable bricks for installation in the burning as well as the transitional
zone.
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VI. STARTING PRODUCTION OF SULPHATE-RESISTING CEMENT AT LCC

A. Preparatory activities

3oth the Secretariat of Heavy Industries and the co-ordinator were in
favour of the LCC starting to produce SRC since both the previous feasibility
study and the present laboratory investigations had confirmed that the raw
materials available were suitable for SRC production. The co-ordinator
submitted many proposals for starting production. However, the LCC
authorities were reluctant to start for the following reasons:

(a) There were no personnel in LCC trained for the produciion and quality
control of SRC;

(b) The raw mills of the Benghazi Cement Plant, especially the feeding
systems, were in need of some modifications to process four conponents instead
of the two currently processed;

(c) Marketing of the SRC after production might present difficulties.

All these matters were discussed with Izzeddin A. El Ghadamsi (Secretary
of the People's Committee), Abdul-Latif Gomma {Technical Manager) and Khalifa
El-Ebeidi (Production Manager). The co-ordinator attended a meeting which was
held in September 1982 at LCC headquarters, chaired by Ali El Gheriani,
Under-Secretary of Heavy Industries. The meeting discussed the need for the
production of large quantities of SRC to supply one of the biggest projects in
the country, and also what actions LCC would need to take before production
could be started. All difficulties and problems which micht arise in SRC
production were discussed. By the end of the meeting, agreement was reached
on the following:

(a) That SRC production should start at the beginning of 1983;

(b) That production of SRC should start at that time on the first
production line of the Bemghazi Cement Plant and that the second production
line at Benghazi should begin SRC production in mid-1983, the intention being
that the first production line would produce SRC the whole year round and that
the second production line would only produce SRC for six months in the year;

(c) That action should be taken as soon as possible to arrange to
purchase Gialo sand and Galmoya iron ore but that no further action would be
taken to import pyrite ash;

(d) That the modifications required in the feeding system of Benghazi raw
mill I should be taken in hand so as to be finished before the testing period
(December 1982);

(e) That the necessary spare parts for modifying the feeding system of
Benghazi raw mill II have to be ordered at once so as to carry out these
modifications before June 1983;

(f) That SRC production will be based on British Standard Specification
4027. Although it would be easier to follow the ASTM specifications for type
V cement, the problem is that this standard specifies a maximum alkali content
of 0.67. It was agreed to encourage the Libyan authorities concerned to issue
the Libyan Final Project of SRC Specification, which will combine the other
twvo standards;
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(g) That LCC must deal with all the subsidiary requirements such as cost
studies, packaging, marketing, training etc.

B. Actions taken by LCC

After the meeting described above, LCC took active steps towards starting
production of SRC.

UNIDO was contacted to investigate the possibility of sending out three
burners acquainted with SRC production either from Poland or somewhere else.
In addition, a chemist was requested to help in following up the chemical
investigations and controlling the quality. UNIDO was also asked to
investigate the possibility of training some of the Libyan personnel in cement
companies which produce SRC in Europe. These personnel would have to be
trained in kiln operation and quality control for SRC production.

LCC contracted with a transport company for delivery of Galmoya iron ore
and Gialo sand, the additional components necessary for SRC production.

The co-ordinator and the engineers studied the modifications required to
feed the four raw-material components to the raw mill. The modifications
accepted by all the parties as necessary can be briefly summarized as follows:

(a) Modifications have to be carried out to enable crusher I to crush
Galmoya iron ore and to transport it from the raw-material stores (area
situated between the clinker store and the raw-material mill buildings) to the
hopper of the bucket elevator erected outside the no. I crusher building;

(b) The bucket elevator has to be checked and serviced before receiving
the iron ore;

(¢) Modification and checking of the balances for weighing the raw
materials, limestone, sand, marl and iron ore has to be carried out.

After much discussion, it was decided to send two responsible persons,
representing the kiln and the laboratory and quality-control departments, with
the co-ordinator to Poland so that he could show them the process of producing
sulphate-resisting cement in one or more of the cement plants producing this
type of cement. This would coincide with the visit of the LCC delegation to
Poland for the next interview meeting to be held there in the second half of
1982,

The co-ordinator prepared a special programme with the Polish authorities
to visit two cement plants producing SRC. During the visit of the LCC
delegation, the co~ordinator tried to explain and demonstrate all the
processes to be carried out in producing SRC, starting with the raw-material
preparation (proportioning, preblending, prehomogenization, burning etc.).
The co-ordinator concentrated particularly on the processes and problems of
raw-material preparation and burning since this is fundamencal to the success
of SRC production,

LCC started up production of SRC at the beginning of 1983. The Secretary

of Heavy Industries attended the opening ceremony. During the first period of
production, the co-ordinator was required to help in solving some problems,
However, in the end, sulphate-resisting cement was successfully produced
according to BS 4027, a source of great satisfaction to all who had been
concerned with this project. This is the first production of SRC in the
Libyan Arab Jamahiriya.
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Annex 11

COMPUTER1ZED RAW MIXES: GROUP R

(Percentuge)

Raw materials used

4,97
4,48
4.03
3,87

3,38

J.10
4,93
4,83
4,03
3,68
3,39

‘3,08

4,89
4,39

3,98
3362
13,32
‘3,08

4,8¢g
4538

.95
‘3,60
3,30
‘3404

4,8y

% increase

Chemical analysis

per step Ca0 830, AL“O% Feqﬂg LOT Designation Source
2.00 26.3 33.31 8.50 3.60  2L4.85 Marl (Xy) Hawari quarry
.10 53.76 .ol .00 .20 43,95 Limestone (x2) Hawari quarry
1.00 13.kh  69.69  1.88 o 12.20 Sand (%X3) Gialo area

1.40 13.37 11.60 62.40 10.09 Iron ore {(x)) Galmoya area

Hpy  cas c2s Caa CH4AF Ca0 S0z A0z Fe0p LOS X1 X2 X3
2:22 40,00 '4¢ &) .0 10,00 41,89 17,47 7.3 24]« 35,00 7,91 40 82 20,66

b 4C,Q00 45,59 €3 11,00 41,78 17 ‘5 : ] -

1.97 4C,C0 4457 :cg'nz:oo 4::67':6:;2 ::42 3'33 ;::9; .i;'SZ :szi ::‘3;
1.95 4¢,0C ‘43,55 «40 13,00 41,56 16,74 3.78 2'78 14 90 12°37 “'eg .7'q|
1393 4c,00 42,53 €CC 14,00 41,44 18,87 (.9, a'go 3487 13786 44713 16°32
1392 4C,00 41,51 ,C0 15,00 41,33 16,29 .05 3'z4 39.84 ;5'26 45'45 15 24
2,00 40,00 '46,5C .10 10,00 41,8% 17 38 .39 2’4 35.q0 827 se'69 20,45
1599 4C,00 45,98 10 °11,00 41,77 17,16 .53 2"35 34,97 9°75 40’01 19 37
197 40,00 "44,9¢6 W10 12,00 43,66 16 .93 4 66 2's57 3494 11029 ¢7%34 10°29
1,95 40,00 '43,%4 10 13,00 43,55 16,%; 1,80 2178 34,91 1233 44'6r 1720
1493 40,00 42,92 10 "14,00 4].4“'|6'49 1,74 3‘00 a4 87 ‘q'gz 4s'99 16'|2
1,92 4C,00 ‘41,40 «10 15,00 ‘41,33 16 24 2,07 '3‘21 34,84 15'72 ‘5'32 ,5'03
2,00 40,00 46,39  ,20°10,00 41,88 17, 34 .43 2'y4 3s’qo 8'¢2 40'ss 2025
1:99 40,00 45,37 .20 11,00 41,77 47,33 .55 235 34)97  aly1 47768 1917
1397 40,00 44,35 ,20°12,00 ‘41,66°16,9] .89 2'67 34,94 -;1l40 47%20 18 06
1395 4C,00 '43,33  ,20°13,00 ‘41,5% ‘16,69 .Ba 2'70 34.9) jalgY 44'53 17,00
1393 40,00 42,31 ,20°14,00 41,4316 48 .98 3'g0 34,88 . ;a’se 45'ss 18.9;
1292 40,00 41,29  ',20°15,00° ‘41,32 16,24 2,1g .3 ;21 34,85 lbfnﬂ 65118 14,83
2300 4C,C0 44,29 (30°10,00 ‘41,87 ‘17,33 .% ‘2014 35 g0 8.98 ga'ay 2008
1299 4000 45,27 30 11,00 41,76 17,5y 1,57 235 39,97 -0 47 47074 10.9%
197 40,00 ‘44,25 +30 '12,00 '41,65 14 8¢ 1¢71 '2:57 34 94 -||:96 67'07 |7:as
1495 40,,C0 '43,23 .30 13,00 '41,5Y% 16,64 5,85 2778 34,91 ja’as 44'39 y4.80
1393 4C,C0 42,21  ,30 14,00 41,43 16,4q .99 13}00 34,68 - 1a'9e 45'72 15774
1292 404,00 41,19 ,30 15,00 43,31 16,27 .02 3 21 39,85 14 43 45'0% 14 63
2500 4C,00 ‘46,18 40 10,00 41,87 17.3; §.4¢ -2'14 350} 9,34 42'28 19 84
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COMPUTERTZED RAW MIXES:

(Percentuge)

GROUP C

Raw materiuls used

% increase

Chemical analysis

From To

per step Cal SiOE Al,‘,()3 ]-‘eg(); 1.0

LEF 90.0 96.0 1.00 51.86  2.23 .58 .35 helgo

AM 1.0 3.40 10 8.86 77.11 2079 1.02 .14

1.12  6.12 10.38 62.5%0 9.oh

SM AH hp  Cas c2s C3A CUAF Ca0 S109. V04

§.69 1,50 2,37 66,34 24,62 2,45 3 27 43,42 16 8y i.c3
16,02 1,60 2,37 86.40 24,70 2.5 3.05 93,45 16 ,6¢ ],02
16432 1,70 2538 68 46 24,74 2,64 2.8 43,47 16,88 .02
10,6 1,80 2,38 66,51 24.8; 2.7, 2,68 43,49 14,7 1.901
10,87 1,90 2,3P 46,56 24,86 2,78 2,53 43,50 '16,72 ,0)
11,17 2,.a0 2}39 ¢ 80 24,97 2,84 2 29 «3;52'16.73 1,00
9,65 1,50 2.39 6@ €4 22 14 2,45 3 26 43,51 16 49 ),03
9,97 1.60 2,4r 48 9] 22,21 2,54 3,04 QS'SQ'IB .51 1,02
10,28 1,70 2,40 68,97 72 2¢ 2,83 2, ‘84 93,56 16,53 ,0
16.5¢ 1,R0 2341 69,02 22,32 2,73 2.67 43.57*16 5,0
16,72 1,90 2,41 49,07 '22,3¢ 2,77 2,52 43,5Y 18 54 -], 00
11,06 2,00 2,91 &9, L1 22 %1 2,83 2 38 43,61 16,58 1,00
9,60 1,50 2.42 71,31 79,69 2,44 23,25 43,60 16,34 7,02
9,93 1,40 2,42 z;‘aa-,9.75 2,53 3,03 43,62 14 234 1,01
16,23 1,70 2,43 71,94 9 .8 2,62 2 83 43,84 16 30 ,0)
16,51 1,80 2,42 71,49 )9 86 2,69 2,66 43,66 16 49  Gp
1C.?? 1,90 2344 71,54 39,91 2,76 2,51 43,88 18,4, 1,00
11,01 2,a0 2.44 71,58 )9 9 2 83 2 238 43,6% 16 43 L9

Designat ion

Limestone (Xl)

Sand ( X, )

Iron ore (Xg)
eczQQ ‘-o é X1
W49 28 1) RO, 44
W44 38 12 eg 48
.60 3‘ ] ep,52
"se 3414 8055
.53 36,15 8p,58
JE0 36 )6 80,60
.68 36 18 ag ¢5
&Y 36 19 ao,a’
60 3¢ zo 8p,72
'se 36121 8plre
€3 38,22 80,78 4
JE0 36 23  gp 81
'58 36.25 80.85
83 38,26 80 89
'59 34 27 80,93
56 36 28 80,56
,53 36 .29 AQ,59
.50 36, .30 81,c1

,,9

x2

|9 '22
26

19,29

19,32

19,39

-|9.36

|9 ‘02
19, 'os
|9'09
I
14
16

® e - -

|9

4882

'Q 86
13'89
te 91
te 94
|g 96

Source

Huwari quurry
Giulo drea
Galmoya urea
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Selected values

From

To

93 ,gn
9?3, 0n

3. ¢cr

400
%00
9% oo
?4,.cn

9S.¢cn

?5s,¢cn
S,cn

946 00
?6,cn
S99 ¢cn

Vp@ whi-~

90.0

1.50

b1

21,72
22,9¢
23,18
23,80

21,72
22,43
23,17
23,8

21,78
22,50
23,19
23,82

21,77
22.§g
23,2}
23,85

21,79
22,54
23;2)
23,87

2,,80
22,55
23,25

2),82
22,57
23,27

96.0
3.50

AM

1.5¢C
1.40
1.70
1,80

1,50
1,80
1,70
1.8C

1,50
1,60
1,70
1,80

1,50
1,60

1,70
1.,8n

1,50

1,60
1,706
1,80

1,50

1,60
1.70

1,50
1,60
1.70

(Percentage)

COMPUTERIZED RAW MIXES:

GROUP D

Kaw muterials used

Chemical analysis

Cad 510, AIUU$ Fe O 101 Designation
53076 LOb .00 L2000 43,95 Limestone
1344 6u.69 1.88 Lo o.e

1.0 1337 11.60 G2 b0 10,09 Iron ore

€2S  C3A  CHAF a0 S0, Fe, 0y 10T
29,12 1,13 1,50 43,83 7y, 3614
29,16 1,17 1,% 'u3,84-|7'|3 s 14
29,18 1,2y 1,31 '43,8% 17 44 38,14
29,21 1,24 t,23 43,85 17,15 346,15
20,61 1,12 1,49 43,92 )6 97 1k 21
21,89 1,16 1,39 42,93 14 99 36’2
21,87 1,20 1.30 43;93~16.99 3h:22
21,89 1,23 3,22 43,94 14 99 3b,22
19,19 1,1 1,48 44,00 36,83 an 28
19,17 1,15 1,37 4a, 0l ‘36,83 a4 28
19,19 1,19 1,28 44,02 6 83 34,28
19,22 1,22 1,2y 44,03 )6 84 14 29

Jo ,1g 98 a8,0% 16 47 b 34
16,72 1,14 1,36 48,10 36 ¢e 34 .35
18,76 1,19 1 27 aq,11 16,49 34 35
16,78 1,21 1,20  A%,12 16,49 34,36
19,31 1,09 3,45 44,18 16,5, KENLY!
19.33 1,13 1,35 44,39 16,53 36,92
34,38 1,17 26 94,20 16 ,5q 34,42
19,38 1,20 1,17 44,20 16 55 36 42
11,99 1,08 1,499 44,26 34 3¢ 26 486
1,97 1,12 1,38 49,27 44 39 34 a8
11,99 1,18 1,28 qq;za-la.qo 314 .49
S.62 1,67 1,49 44,35 -6 24 14 54
9,64 1,01 1,33 445,35 16 2g 34 55
9,68 1,15 1,24 44,346 13 24 34,55

Hawari quarry
Gialo area
Galmoyu urca
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Annex V

REPORTS ISSUED UNDER THE PROJECT TF/LIB/75/C02 OR TF/LIB/82/002

UNIDO/ I0D.37
24 May 1976

UNIDO/ IOD. 174
11 July 1977

UNIDO/ 10D. 264
1 August 1978

UNIDO/ 10D. 345
16 March 1979
UNIDO/IOD .354

15 August 1979

UNIDO/IOD.361
12 December 1979

UNIDO/ I0D. 383
16 September 1980

UNID O/ 10 .437
1A january 1981

UNIDO/10.475
13 March 1981

UNIDO/10.472
6 July 1981

UNIDO/ TO/R,7
30 July 1981

UNIDO/ I0/R .14
17 December 1981

UNIDO/I0/R.33
28 October 1981

UNIDO/IO0/R.17
2 November 1981

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

Aly Afify

Report on the second part (November 1976 to August
1977) of a year's mission by a building-materials
adviser to the cement industry in Benghazi

Aly Afify

Planning a system of mechanical maintenance
Alfred Madsen

Preventive maintenance planning in the mechanical
maintenance service
Mehmet A. Basman

Assistance 1in instrument maintenance
Boguslaw J. Walczenko

Report of the project co-ordinator for the period
up to October 1979
AM. Afify

Assistance to the electrical engineering staff in
organizing and carrying out electrical maintenance
Boguslaw J. Walczenko

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

Instrument maintenance svstems at the Benghazi

complex: final summary
Boguslaw J. Walczenko

Report of a one-month mission (from 19 May 1981) to
review and evaluate the progress of the project
AM. Afify

Raw materials devosits at Wadi Ash Shati and Al Jufrah
Abd E1 R. Marei

Preliminary studv for long-term technical advice
AM, Afify

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

A.R. Mareil

Feasibility of producing sulphate-resisting cement
A.R. Marei




AN

UNIDO/ I0/R.29 Replacing cvlpebs by grinding balls in Benghazi I and
26 March 1982 Hawari cement mills
A.R. Marei
UNIDO/IO/R.34 Progress of thz project from 1 August 1981 to
26 March 1982 31 December 1981
A.R. Marei
‘
UNIDO/ I0/R .42 Formation of cement lumps and aggregation in cement
26 March 1982 silos
‘ A.R. Marei
UNIDO/IO/R.53 New gypsum deposits
26 March 1982 A.R. Marei
UNIDO/I0/R.84 Progress of project from 1 January 1982 to 30 June
.4 January 1983 1982
A. R. Marei
UNIDO/ I0/R.85 Feasibility studv on plent for readv-mixed concrete
24 January 1983 and prefabricated coacrete products
A.R. Marei
UNIDO/I0/R.99 Evaluation of the raw material situation of the
27 October 1983 Al Khums I Cement Plant
A.R. Marei
UNIDO/I0/R.120 Follow-up study on the introduction of
27 October 1983 sulphate-resisting cement production

A.R. Marei







