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I. INTRODUCTION

During his visit to Libyan Cement Corporation Mr, May,
Deputy Director DIO/UNIDO, was requested to assist the corpo-
retion in having raw meterisl samples from the brickworks in
Benghaz{ tested. With these tests, speciesl attention wes to
be paid to the sensitivity to drying. The samples were trans-
ferred through UNIDO to the Research Institute for Ceramics,
Refractories and Raw Mnaterisls in Pilsen, where msin physico-

— chemicel tests (DT2, thermodiletometry, chemical analyses)

and appropriste technological tests (psrticle size distribution,
plasticity, binding power and mechanicel properties after drying
and firing) were performed.

According to demand of the Libyan Cement Curporstion,
emphesies were 1eid on the testing of properties'concerning
the beheviour of the ssmples during drying. The tests were
carried out with originel samples and elso with these samples
mixed with different portions of grog. As grong served the Libyan
ssnd G, delivered together with the plastic samples.

Tne results of tests have shown that there are possibilities
s consisting in decreasing the sensitivity of the body to drying
either by the addition of quartz sands or by the change of the
composition of plastic clays.
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ITI. CONCLUSIONS AND RECOMMENDATIONS

Physical, chemical and technological iests of raw materisls
(sand G, clays M, H, GF) froz Benghszi brickworks, Libya were cer-
ried out. From the results of these tests following conclusions
and recommendations were drawn.

1. Basic Characterisiics of Raw Materials

1.1 Sand G

Siliceous sand is strongly polluted by limestone, the por-
tion of which amounts to 27 per cent by weight. Content of frac-
tions having the grain size below 0,2 mm is very high, wheress the
portion of pasrticles with size above 0.5 mm is rather low. This
sand can be used g8 grog in the body but its quality is reduced
by limestone. ‘

1.2 Clay M ,

The main component in this clay is illite. Beside that also
quartz and other minersls sre present. The tempersture of sintering
is lowered by alcali like xzo and by Ca0 and Mg0. This raw materiel
shows 8 medium plasticity and sensitivity ton drying. Being <fired
above the temperature of 750 % it achieves considerable strength.
It is suitadle for brickmeking.

1.3 Clsy H

The chemical and mineralogical composition is similar to
that of clay M. Basic component is slso illite but the content of
limestone is8 higher reaching the value'range of 12 - 15 per cent
by weight. It shows medium plesticity and sensitivity to drying.
After tiring at 750 °C it geins considersble strength. This clay
can be used for the manufacture of bricks but ite high sensiti-
vity to drying, content of limestone and lower plssticity reduce
substantinslly the quality of products.




1.4 Clay GF

I1lite and limestone in 1 : 1 ratio form substantial por-
tion of clay GF. 41kali, Cs and Mg eare contained as well. This
raw materisl has high plesticity and sensitivity to drying. The
sensitivity to drying cannot be reduced even by the addition
of grog. After firing over 750 °C this materisl attains consi-
derable mechanical strength.

High cormrtent of limestone and high sensitivity to drying
deterlorate its quality, so that this clay is not saitable as
main plastic component in the body. It can be applied only in
enall quantities for the modification the properties of the body
both before and sfter firing.

2. Geological Exploration of Reserves

Clay M seems to be suiteble for the brickmeking and as the
substitute for clay H. It is reconmended to carry out a detsiled
geologicel exploration of the deposit arnl semi-industrisl evalum-
tion of the clay M.

3. Technologicel Adjustments siming at the Reduction of Rejec-
ted Products Within the Drying Process

Taking intc the consideration the physical and chemical pro-
verties of the raw materisls, following measures in the technolo-
gical process are recommended to be taken.

3.1 To substitute Clay M for Clay H becsuse Clay M is of higher
plesticity, lower sensitivity te drying and lower content
of limestone than clay H.




3.2

3.3

= 3.4

3.5

3.7

3.8

3.9

To reduce the portion of clay GF to the minimum content.
This clay has extraordinery high sensitivity to drying

and its sdditions to the body have negative influence

with respect to drying.

Humidity of the body ought to be as low as possible during
sheping. In this way the drying process can be better accom-
plished and the rise of cracks in the green bricks will be
reduced,

It is recommendsble to increase the portion of grog in the
body, especislly in cese of thick-well products, up to 20
per cent by weight.

The portion of the frection 0,5 - 2 mm in csse of thick-
wall products ought to be e1lso incressed by the sddition
of crushed fired rejects.

\
By cresting bigger stocks before driers to lengthen the time
of nstural drying.

The 4drying perameters should be optiﬁized by lowering the
tempersture at the entry of the drier below 40 °%C snd even-
tuslly by raising relstive humidity of drying medium (con-
trolled humidity drying).

Propos:d adjustments in the poimts 3.2 - 3.5 result in de-
crease of plesticity. For this resson the following princi-
ples ought to be kept to:

Perfect homogenization of the body, especielly with respect
to imtroduction of grog.

Sufficient maturing of the humid body conteinig the moistu-
re necesssry for shaping.




3.10 Msinteining the maximum possible vacuum during the forming
process on the suger press,

4, Pilot Plent Tests of the Raw Materisls

Recommendations mentioned above sught to be supported by
the semi-industrisl tests which would ensble to determine the con-
tent of the individusl components in the body with sufficient sc-
curacy. '

At the same time the specific conditions in the technoleo-
glcel process whould have to be teken into considerstion in case
of further testing.

To carry out considereble pilot plent tests, the delivery of
spproximetely 150 kg of plestic clays M and H, 150 kg of sand G
and some 50 kg of clay GF would be necessary.

UNIDO-Czechoslovekis Joint Programme for the Internationsl
Co-operstion in the Field of Cersmics, Building Materials and Non-
metallic Minersls Bazed Industries and the Research Institute for
Ceramics, Refractories and Rew Materisls in Pilsen are ready to
carry ouat all the necessgry technologicel tests ard to provide
any technicel assistance in implementing new techno“ogies by the
Libyan Cement Corporstion.

Dpy MR g v i
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ITI. TECHNOLOGICAL TESTS OF RED BRICK CLAYS FROM BENGHAZI

1. Sample Specification end Extent of Testing:

Four samples of different row meterisls were delivered,
each having the weight of spproximetely 0,7 kg.
The samples were lsbelled in following way:

customer ‘s merk merk used in this report
=
I/4/84 Send - G G
I/4/84 Clay - M K
1/4/84 Clay - H B
1/4/84 Cley - GF GF
Sample G
was Tine sand of yellow colour containing bigger gray/
yellow grains of quartz
Semples ¥ and H
& consist of powder portions with s01id granulsr aggregates

of red/brown colour

Sample GF
consists of powder portions with so0lid grenular aggregates

of grey colour

Laboratory tests were csrried out with the ssmples

mentioned above,




Survey of tests carried out on the samples

kind of test sample
complete chemical analyses G M H GF
differential thermsl anslyses G M H GF
dilatometric anslyses - H GF
. particie size distribution G - - -
& oversize (mesh 0,063 mm) - M H GF
mixing water - ) H GF
plasticity number - M H GF
binding power Gy M H GF
Bigot curve ' Gy M H GF
shrinkege st drying Gx M H GF
Tiring Gy ) H GF
- physical properties after Gy M H GF
firing
= strength after firing Gx M H GF

G, = sample was used as grog
in case of raw material

testing
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Chemical and Physical Properties Analyses

Chemical and therms]l anaslyses of ssmples were carried out
to verify their basic chemicsl and mineralégjcal characte-
ristics. The content of usual oxides in the ceresmic body
wg s estimatgd by means of chemical anslyses. The results
of these anzlyses including the loss on ignition are as
follows:

| Chemical enslyses of the samples /per cent/

Component/sample G M H GF
Sio2 66.82 59.17 51.91 29 .49
Alzo3 1.90 16,82 14.38 9.63
Fe,04 0.55 6.95 6.06 3.80
TiOz 0.13 1.00 0.84 0,50
Ca?d 15.34 2.85 8.96 26,75

¥g0 1.13 1.47 2.41 2.57

e X,0 0.56 2.41 2.50 1.84
Nazo 0.36 0.51 0.7% 0,48
L.0.71. 13.06 8.34 12,07 25,31
Total 99.85 99,52 99.88 100,37

{

The determination of the individuel oxide contents was gccom-

plished by the classical chemicel anslyses.
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Results of DTA were obtsined with the air dried samples,
perticle size of which was below 63 /U, DTA procedures yere
performed on the equipment Netzsch 402/E. Graphical results
are shown in Fig. 1 - 4. They are supplemented by dilatomet-
ric measurements during heating in order to improve the accu-
racy of the mineralogicel composition estimetion and to deter-
mine the behaviour of the samples within the firing process.

The dilstometric curves are plotted together with DTA curves
(see Fig. 2, 3, 4). Chemical and physical testing of the samples
leads to the following results:

Sample G

Free SiO2 is the preponderant component in the sample (see
the holding time on the DTA curve at 573 °c). Decomposition of
limestone is responsible for the endothermic reaction in the tem-
perature range froﬁ 850 to 900 °C. Obviously mesgnesite and dolomi-
te 18 also present in small quantities. Exothermic deflection in
the temperature range 100 - 400 °c proves that organic compounds

form small portion as well.

The basic components of the sample contein usual impurities

in tenths of per cent.




Sample M

Main component in this plastic sample is illite. This asser-
tion is supported by the typical sourse of DTA‘curve having the
endothermic holding times at 100 ° and 520 °C. Cherecteristic
course of Bilatometric sapple changes at heating accompanied by
the firing expansion up to 700 °C with subsequent fast shrinkage
above 900 °C proves the presence of illite as well, The decumpo-
sition of 1llite crystsl lattice and rise of spinels takes place
in this temperature range. A1203/Sio2 ratio in the sample corres-
ponds to the stoichiometric ratio of these oxides in illite.
Endothermic holding time at 730 °C is due to the presence of mag-
nesite whilst the exothermic effect at the temperature of 320 ‘c
is cgused by a considerable portion of organic compounds. The peak
on the DTA curve at the temperature 570 °C corresponds to the po-
lymorphic transformation of quartz, There are also ferrous impu-

rities and an incressed content of'KZO in the sample.

Sample H

DTA curve and the diletometric changes are similar, to the
=-eat extent, to those of the sample M. Cley wninersl illite forms
here the basic component a8 well. But the limestone content is
substantislly higher with this sample which corresponds to the
endothermic holding time et the temperatures above 800 °C.
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Exothermic effect et the tempersture of 900 % correlstes
with the decomposition of the illite crystel lattice. The
content of other oxides is not too different from thet of

sample M.

Sample GF

From the course of the DTA curve &nd estimsted Cal
content it can be inferred thst sample conteins up fo 45
per cent by weight of limestone. Further importent minersl
in the ssmple is illite which implies from the appropriate
endothermic reaction on the DTA curve. On the contrery the
exothermic reactions at the temperatures of 250 °C and
870 °c correspond to the presence of orgenic compounds

and the decomposition of the structursl lettice.

High content of limestone the decomposition tempera-
ture of which corresponds to the tempersture >f lettice
breakdown with illite obviously promotes the decomposition

of illite and the formstion of new compounds.

The content of further oxides does not differ too much
from thast of previous samples. Due to high limestone content
there is a considerasble high L.0.I. value.




The results of tne determination of the perticle size

Particle size distribution of the sample G

Technological Test of the Modified Samples

3.1 Determinetion of the Particle Size Distribution

distribution with the sample G, used as grog are:

mesh  /mm/ " oversize /per cent/
4 0.0
3 0.0
2 0.9
1 14.2
1.5 17.4
0.315 T.7
0.20 11.0
0.09 33.4
under 0.09 15.0

The reasult of mesh anslyses shows that there is

are negligible,

a relstively high portion of particles having size below
0.2 mm, whereas the perticles with size from 1 to 4 mm
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3.2 Determination of Worksbility in the Plastic State

The informative evaluetion of workability and rheologicel
properties was carried out using the resuits of the determins-
tion of oversize on the mesh 0,063, mixing weter and plastici-
ty number. Plasticity and mixing water determinstion was acco-
mplished by means of Pfefferkorn equipment. Plasticity number
according to Pfefferkorn is defined for the deformation rstio
3.3.

The binding power of the raw msterials was evaluated by
messuring the green strength of briquettes containing the va-
rious portions of grog (sesmple G). The measured values of the-
se tests were considersbly high even in case of 70 per cent of
grog, which is demonstrated by the following figures:

Determination of the bending strength after drying

bending strength (Hfa)
sample . addition of grog (%)
0 40 70
clay X 1.75 2.35 1.84
clasy H 2.98 2.75 1.49
clay GF 3.78 3.28 1.93

The binding power of all plestic semples was very good which
is demonstrated bellow:




Viorkability properties and plasticity of tested samples

sample clay ¥ clay H |jclay GF
oversize /mesh Q063 mw/ (%) 2.91 5.58 4.31
mixing water (%) 25.6 24.4 32.3
plesticity (%) 23.0 20.1 25.4

Xy mixing water is expressed as sbsolute humidity
relested to the weight at the dry stste of the sample.

The highest values of the plasticity number snd the mixing ws-
ter hss the sample GF. Sample M shows the better quelity with
respect to the mixing water and plasticity comparing with those

of ssmple H.

3.3 Sensitivity to Drying

Due to the negative experiences with the drying of clays
et the fscto-y in Benghazi, specisl asttention was peid just to
this problem. With respect to drying following procedures were

carried out:

1/ studying the shiinkage on the briquettes
curves
3/ modified method of Poggl

2/ estimetion of Bigot

The sversge velues of shrinksge st drying are as follows:

sample

clay M

clay H

clayGF

shrinkege at drying

(%)

6.7

6.4

900




Bigot curves are shown in Fig. 1 and 2. From these curves the
coefficients of sensitivity to drying heve been estimested and
attached to the plotted curves. (See Fig, 1 and 2.) The sample
CF hss the high coefficient of sensitivity to drying wheress
those of the samples M and H have medium ones. Addition of 20
per cent of grog to the clays trensformed the course of their
Bigot curves but the velues of coefficients above mentioned
have been cheng=d only sligntly.

Coefficients of Sensitivity to Drying According
to the Course of Bigot Curves

sample clay M clay H clay GF
original cley 1.2 1.1 1.8
clsy with 20 % of grog 1.4 1.7 2.2

The highest values of coefficients were those of clay -GF which
is the most sensitive clay to drying. The vglues of this coeffi-
cient for clsys M snd H sre practicslly the same ones,

The growth of the sensitivity-to-drying coefficients caused by
the addition of grogs does not correspond to the prectical ex-
perience,

According to modified method of Poggl dependence of the bending
strength of bricks on the tempereture of drying st the strictly
defined conditions was studied.

Exceeding of the meximum rste of drying is evsluated according
to the strength of the test specimens. To attasin more objective
sssesment of this phenomenon, information sbout the degree of
mecroscopic destructions of specimens is attached in Fig. 3, 4,

5 asccording to following criteris:




1t

degree of deformstian

0
1
2

state of test specimen

without cracks

microcrecks on the edges
microcracks on the edges and
surfaces

big cracks on the edges

big cracks on the edges and
surfaces

Drying hes been carried out on the laboratory drier equipped
with the automatic temperature control and circulation of dry-
ing medium. Testing briquettes of dimensions 8 x 4 x 1,8 cm
were used to determine the sensitivity to drying snd also for
firing tests. Test specimens made from the body heving the hu-
midity equal to thst of mixing water were put into the drier
after helf sn hour of stay in the sir. The results of measure-
ments and the evaluation of the influence of the drying on the

specimens are given in Fig.

7, 8, 9 including the informetion

sbout drying conditions. Sefe drying temperature date amccording

‘to results from Fig. 7, 8, 9 are as follows:

Safe Drying Temperature of Test Specimens (°C)

sample

clay M | cley H|clay GF

originel clay, Fig. 7

30 20 <20

original cley with 20 % of grog 40 30 20
originel cley with 40 % of grog 740 | D40 20




- 19 -

>safe drying temperature is grester than 40 °C
<safe drying tempersture is smaller then 20 °C

From the date given above it can be seen thet the cample M
shows the smellest sensitivity to drying. Resl ssfe drying tem-
perature values can be even lower due to asctuel shape of the

product.

Following conclusions can be drswn from the testing:
sample GF shows extremely high sensitivity to the drying.
Lowering of the sensitivity to the drying in this case cannot
be sccomplished even by the addition of big portions of grog
or by slow# drying. The samples ¥ and H ere substentislly less
sensible to the drying process. Addition of grog causes the
lowering of the sensitivity to drying with both samples but
the  sample M shows better results in this respect end it can
bte ssid that this sample has the lowest sensitivity to drying
compering with semple H and GF.
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3.4 Technological Test of Plastic Semples after Firing

The briquettes for firing were prepared both from ori-
ginal plastic clays and with the addition of 20 - 40 per cent
by weight of sample G as grog. The extent of these tests were
limited due to the delivered quantity of samples. Holding ti-
me of 2 hours at the maXimum tempersture of firing was kept
to in 811 firing tests. Shrinksge on firing and physical pro-
perties including the bending strength were svalusted on all
fired specimens. '

3.4.1 Properties after Firing - Sample M
(without the sddition of grog)

tempersture of firing B

(holding time 2 hours)
property

750 °C 900 °¢c | 1000 % | 1100 °

shrinkage (%) | 0.00 1.69 2.68 5.71
on firing
wnter absorption (%) 17.8 15.4 13.8 8.3
porosity (%) 32.1 13.8 27.1 18.0
bulk density (kg.m)| 1805 1970 1970 2170
bendin - -
iy (MPe)|  3.94 10.2




Properties after firing - Semple M

(addition of 20 per cent by wt. of semple G as greg)

property temperature of firing 900 ¢
(holding time 2 hours)

wnter absorption (%) 19.0

porosity (%) 34.4

bulk Gensity ‘ (kg.m) 1810

bending strength - (MPe) 3.37

The test sample showed good strength alresdy when it
was fired st 750 °C. After firing at 900 °C very good velues
of water absorption and mechanical strength were achieved.
Besides this the tests proved that tne ssmples showed the
broad interval of sintering, which is advantageous for the
attainment of the uniformity of the fired products.

The sddition of 20 per cent of grog caused the deterio-
retion of the strength, but despite this the results are
acceptéble in this respect.

If 40 per cent of grog was added to the clay, test spe-
cimens broke down during the water absorption test. The =sample
¥ is suitable for the production of bricks, But the appropri-
ate attention must be peid to the problem of optimum grogging.
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3.4.2 Properties after Firing - Sample H
(without the gddition of grog)

temperature of firing
property (holding time 2 hours)
750 °C 900 °¢ | 1000 °C | 1100 °C
shrinkage on firing (%) 0.02 2.07 - 0.53 4.28
water absorption (%) 19.8 17.0 18.2 12.1
porosity (%) 34,6 31.1 33.1 23.9
bulk density (kg.m) 1750 1830 1820 1980
bending strength (MP»n ) 5.2 11.3 - -

Properties efter Firing - Semple H
(addition of 20 per cent by wt. of sample G as grog)

property temperature of firing 900 oc
(holding time 2 hours)

water sbsorption (%) 18.5

porosity (%) 33.8

bulk density (kg.m—j) 1830

bending strength (MPa) 5.11




\
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Properties after firing sre prazctically identical with
those of the sample M. Limestone cantent couses higher porosi-
ty and alsc firing expension at the tempersture of 1000 °C.
3.4.3 Properties after Firing - Semple G¥
(without the addition of grog)
T
temperature of firing
(holding time 2 hours)
property 0 0 ) 0
750 “C 900 "C |1000 “C 1100 C
shrinkage on firing (%) 0.00 2.93 . 2.85 | 1.46
water sbsorption (%) 24.1 20.8 27.7 26.3
porosity (%) 38.7 33.0 42.6 41.6
bulk density (kg.m’) 1600 1580 1540 1580
bending strength (MPa) 3.49 12.7 - ~

Considerable strength hss been achieved alreedy if the
samples were fired st the tempersture of 750 %. Fired bricks
have higher values of wuter absorption ss the result of the se-
condary porosity caused by the decomposition of limestone.
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IV. FINAL NOTE

High percentage of rejects in the brickworks Libyan Cement
Corporation is caused by the extraordinery high sensitivity to
drying of the used clays. The problem can be solved by mesns of
technological adjustments but at the same time the instslled

techmologicel equipment must be taken into consideration.

For this resson the pilot plent tests must be carried out.
Specinl sttention must be psid to the content and sort of grog.
The UNIDO-Czechoslovakis Joint Programme for Internationsl Co-
operation in the Field of Ceramics, Building Msterisls and Non-
metallic Mimerals Besed Industries in Pilsen =and the Research
Institute for Ceramics, Refractories and Raw Materials in Pilsen
are ready to accomplish further tests on larger scsle including

the lsrge scamle introduction of new raw msterisl bodies in the

factory.
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VI. ANNEX

Figure 1 DTA Analyses
Sample Sand G

Figure 2 DTA analyses and Diletometric Chaiges
Sample Clay M

Figure 3 DTA Anelyses and Dilstometric Chenges
— Sample Clay H

Figure 4 DTA analyses and Dilstometric Changes
Sample Clay GF

Figure 5 Bigot curves of drying
Samples M, H, GF

Figure 6 Bigot curves of drying
Semples M, H, GF + 20 % of grog

Figure 7 Dependence of dry bending strength 4 and rate of
macroscopic destruction of test specimens in the
course of drying N on the drying medium tempereture T
Semples M, H, GF

Figure 8 Dependence of dry bending strength 8 and rate of
mecroscopic destruction of test specimens in the
course of drying N on the drying medium temperature T
Semples M, H, GF + 20 % of grog

Figure 9 Dependence of dry bending strength G'.smd rate of
mecroscopic destruction of test specimens in the
course of drying N on the drying medium tempersture T
Samples M, H, GF + 40 % of grog




Sample Sand G

DTA Analyses
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#ample Clay M

JTA Analyses
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Sample Cley H

DTA Analyses
T (°C)
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Sample Clay GF

DTA Analyses
T (%)

0[]

rante of heating:

10 °C/min.
sensitivity:

0,08 °C/mm
weight-in quantity:

0,4 g

N

Dilatometric Changes

specimen length:
30,2

rnte of hemating: ,
5 °C/min.

Figure 4

il m
free organic bound lime-
wa ter compounds water stone A1-S1
N apinel
1%/ \
\
—T 7~
A-"’/ \\
’___—4"‘L‘ - N\
j > - \ \
e —_—d e’ N \
0 ]
\
\
A
\
\
\.
-1%/ \ \
N .
\
K \
-2% \‘w
20 100 200 300 400 500 600 700 800 900 *

——— T{o¢]

1



L A
]
s
!
» Figure 5
Bigot curves of drying (semples M, B, GF)
- dependence of relative moisture of the sample
¥ on ‘he shrinkege A [
clay M —— Heee GF ——m
meximm]l moisture W, [%] 20,9 19,9 24,64
critical moisture W, [#] 9,5 9,5 °8,8
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Figure 6

Bigot curves of drying (ssmples M, H, GF + 20 % of grog:
- dependence of relative moisture of the sample W on the
shrinkege & 2 '

clay + 20 ¥ 8»nd G M— H———-GF ———

mexirml moisture L (%] 19,2 18,9 20,8
critical moisture L [%] 8,0 7,0 6,9
drying sensitivity K, [1] 1,4 1,7 2,2
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Figure 7

Dependence of dry bending strength GJ and r~te of macroscopic
destruction of test specimens in the course of drying N on the
drying wmedium temperature T
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Physical perameters of the drying meditim:
temperature T % 20 30 40 60
relative moisture (%) 52 29 20 5,8
rate of flow (m/8) 0,0 0,25 0,25 0,25

average rate of drying (g H,0/h) 0,88 2,1 3,0 5,5




Figure 8

Dependence of dry bending strength G and reate of mecroscopic
destruction of test specimens in the course of drying N on
the drying medium tempersture T
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Physical parameters of the drying medium: Tl C]
temperature T % 20 30 40 60
relstive moisture (%) 53 29 20 5,9
rate of flow (w/s) 0,0 0,25 0,25 0,25

average rate of drying (g 320/b) 0,68 2,1 3,2 5,2




Figure 9

Dependence of dry bending strength GJ and rrte of meocro-
scopic destruction of test specimens in the course of

drying N on the drying medipm tempersture T_
clay M+ 40 % of 8and G G
—— — clay H + 40 % of sanl G —— N
————— clayGF+ 40 % of send G
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Physical parsmeters of the drying medium
tempergture T (°c) 20 30 40 60
relative moisture (%) 55 30 23 6,4
rate of flow (m/9) 0,0 0,25 0,25 0,25
average rate of drying (g H,0/n) 0,71 2,1 2,4 4,7







