ANALYTICAL AND MECHANICAL INVESTIGATION
OF LIGHTWEIGHT EXPANDED CLAY
AGGREGATES FOR UTILIZATION IN CONCRETE

THES!S '
Submitted in Partial Fuifillment of '

The Requirements for

M, Sc. DEGREE
in Chemistry

Ta

The Faculty of Science

Ain Shams University

(Z Cairo, A R.E, )

: ot O
;_%&3‘0“3; 33 15 _
/ By

ALAA EL-DIN MOKHTAR ABD EL-HADY
8. Sc. ( Chemistry )

1990

Central Library - Ain Shams University



Gl ‘.‘..t’.\bg‘i‘ Y ;?_“u R Doy _. MOzl
fC i AL

3
TRt

|
-1, ’ 1.
Y m —.vJL,!’," ,"'ﬁzf"_‘ K r!:,._ N .

k. - . e Q .
ey RS | S - g 17
oay E Lol .. aImore—mo ol o ‘"‘—"-T:,““**J '/'p N
ST
.lr: ‘1. t‘::'/ -2 - - X " B . -
B "‘T\f""-ﬁ"'\i T, 7“‘\'1."1'7 ?‘kﬁ';‘?‘qe‘;ﬁﬁg‘fm 4k rffb;f";gf NOARNGTTAT f

Y. ! b " ; e - .

Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



ANALYTICAL AND MECHANICAL INVESTIGATIONS OF LIGHTWEIGHT
EXPANDED CLAY AGGREGATES FOR UTILIZATION IN CONCRETE

AFPPROVED
Thesis Advisors :

- Prof. Dr. S.A. AbO ELl-ENein...eceveeseecnnn j.’ﬁ:ﬁé.’.’.f./i&m

- Prof. Dr, M.F, EL-Shahat...e.eeeeenreesansocsna gf/”JM
- Dr. N.A. Gaber. . ... ceeecanennsan .................;fkca%gf%,.

Prof, Dr. N.M. Guindy

v
.

e U O e

A

e

—

Head of Chemistry Department

Central Library - Ain Shams University



NOTE

Beside: the work carried cut in this M.Sc. the candidate
had attended post-graduated courses for one year in the

following topics :

- Advanced Instrumental Analysis.

2- Advanced Separation Technique.

3- Imorganic Reaction Mechanism.

4- Sroup Theory and its Application.

5~ Organometallic Chemistry.

6- Advanced Electro-chemistry.

7- Nuclear and Radiation Chemistry.

8- Computer Science and its Application in Chemistry.

9- English Language.

He had successfully passed an examination in the ahove

mentioned topics

Head of the Department of Chemistry
ht

A AN

——"

-
Prof. Dr. Nabila M. Guindy

Central Library - Ain Shams University



ACKNOWLEDGEMENT

The auwthor woudd Pike o express his deepest gratifude to De, §,4.
Ao Efeneiny Paofesson of Physical Chemistry ond Buifding Materials,
Chemistry Department, Facully of Science, Ain Shams Univewsity, Ffoa
suggesting the FLield of the present weak and Ffoa his continuous awdirices
and stimufoting discussion,

—

Indediness is deepfy acknowledged to Da. MF., Lf-Shahat, Professon
of ITnorganic and Analylicald Chemistry, Chemistny Depactfment, Foculty of
Science, Ain Shoms Univernsidy, Ffon his pafualfe guidonce and hedpfuf

suggestions and discussions thaoughoul the pericd of reseanch,

Deep sincere thanks arne exitended fo Da. MA. Gaba, loeforatony
Generaf anagen, (Nationaf Cement Compony, Teffin,d Egypt ¥.C.C, ) whe
made this wornk possibée Ly her intemest and for providing the focililies
foa the devefopment of the present wonk and fon her stimulotling dis-

CLLAALDM .

My gretefuf ond fest wishes fo off my coffeagues in folloaatony

department of Netionel Cement Compony, 7ellin, Egypt.

Sincere thunk fo off the mamworken in LECA Facteony (W.C,C0 0N

Central Library - Ain Shams University



CHAPTER I =

CONTENTS

INTRODUCTION AND OBJECT OF INVESTIGATION.......

I.8- INTRODUCTION . t v s s s v s s s smsmucnssisssnnnensencnannsssssas
1- Expanded clay and Expanded Shale Aggregates.....

2- Test for Determining Expansion Capacities.......

3- Light BExpanded Clay Aggregates {LECA).....:iecca.

4- Raw Materials for LECA ProduchiofN.e. e ececcanccanss

5"' PFDCESSing..-.--.....-...--..--..---..--......-.

6- LECA Aggregate UtllizatioNn...cuissosrensrrasannanas

7- Lightwe=ight Aggregate Loadbearing-Lightweight

dggregate Concrele, cieseassenssrtescaacnanrnnnns

8~ The Properties of Structural Tightweight Aggreg-

ate Concrete. i cssrsacsssrannnsa st rrr s s r e

8

8

8

8

8

9~ L
18- L

.a- Density and Compressive Strength.ecesc.essas
.b- Tensle Strength and Modules of rupture.....
.c—- Effect of the Water/Cement Ratioc...........
.d- Effect of Admixture of Sand...ccceessvnnsss
2 Shrinkage.,vecsessssssserssssasacassranssns
ightweight Concrete in the Peveloping Countries

iterature SUIVEY . i eesacsnnasssntsrsassassennmnns

I.B- OBJECT OF INVESTIGATION. e s s s snosnesnssnnanacrsassre

CHAPTER II :

MATERTALS AND EXPERIMENTAL PROCEDURES.........

II-1“ Starting Materials-.-.-..---..----.-..-.-......-...

II.2- Expe
2.1-
2.1i1-

Z2.1iii-

2.1v-

rimental ProcedureS.....easnnserevasccnnsncasrns
Chemical AnalySiS.sscseecsssssssscnrrnsansonna
Petermination of Water Scluble Salts..........
Determination of Water Percentage Reguired for
Complete Washing..cereessosnsssacsnssssscssnnnans
Determination of Particles Greater than 63 u.m
(Sand Contentl,y.sasaceann tirescsansemEnemanena
Optimization of Flocculant Percentage Reguired
for Clay Settling during Washing........ “naaaa
Determination of Optimum Heavy 0il Percentage
Required to give Maximum Bloating and Homogen-

eous Pore Sizes Distribution {Preparation of

LECerda nidra®y - Ain Shams-lmiversityr = s ==veavrees

Page

1

b WD Q@O s = -

13

14
14
15
22
22
25
28
31
38

39
39
39
39
40
40

42

42

43



2.vii-

Z2.wiii=
Z2.1x-

2

CHAPTER I
4, Resu
A,1-

A.Z2-

A.5-

B. Optimization of Mix Composition for production of High

Stre
B.1-
B.2-
B.3-
B.4-
B,.>-
B.6-
B.7-
B.8-
B.9-
B.10-
B.11-

Optimization of Mix Composition for the production

of "LECA-concrete™. i i csssssnnascssasasennnans cesan

Free lime determinatione s sscssssssacntranrsscasnsas

Combined water contents.......onn.. tess et v anan s
X-Ray diffraction analysis (XRD}..seevencnnes e
II : RESULTS AND DISCUSSION.. . «scvasea aesasseernnaa
lts of Physico-chemical Tests of Clay......ivauunsn

Physical characteristics of the three clay samples

Water abscorption factor for the lightweight exp-
anded clay aggregates (LECA) of different sizes..
Physical Properties of Portland Cement and Stand-

ard sand...c.ee.. s da e e EE R AT AN AN ..

Suitability of chemical composition of the utili-

zed clay samples to their bloating behaviour.....

X-Ray diffraction analysiS..ceciessarscancnnensa .

ngth LECA-CONCrete. i iisecesrsrostctasrsitsnsssannns
LECA-concrete of MIixX T.eeeeiiserensssccsnnsncrana
LECA-concfete of MIixXx Ileseessnaascescnaas crvsensan
LECA-concrete of Mix ITT.seecriensrasacscnnnannsas
LECA-concrete of Mix IV, eeeecesasssavraanceranncaas
LECA-concrete of Mix V.iesceoscetssnasannessenaaans
LECA-concrete of Mix VIiieoiaesacsnsrnasassssenran

LEC&—COHCIEte Of MiX UII.......--..-..-.......,..

LECA-concrete of Mix VIIT. .. icescenaannnnncannns
LECA-concrete of Mix IX.i.eaennaae erss s tssrnsstana
LECA-concrete of Mix Xiwsveesnsrararenss tretirrrmn
LECA-concrete of Mix Xl.,.ise-tsstrasnacacscanenna .

C.1‘ Combi.n'ad WatEr ContentS--.n-----oo------;:--o-.--o--

C.z— Free Lime COI‘[tEIltS......-.-.-..---.-o-----..-...--'-

CHAPTER I

YV : SUMMARY AND CONCLUSIONS...eevsssvsensarnnnnns -

REFERENEES.---l-....---vl-..aa-lllI!i‘l--..pnlntl.---'-ouin

ARABIC SUMMARY..gentrat kibrary=-+Ain-Strams tiversity = <<= ===+ ++=---

Page

43
44
46
46

48
44

48

56

57

58
60

65
65
656
67
&9
70
71
72
73
74
75
76
77
77

al

84



7O MY BROTHER BR. .M., ABD EL-HADY

It is neclfy o great plfeasune o expiess my deepest gratifude fo
my fGrecther Da, 8, Ald Zf-Haody, Assistant Professcn of Thecaeticaf
Yuclewr Physics and Computer Simuifalion 7lchnigue, Physics Department,
Facudly of FScience, Ain Shams lniveasity, fon his conliénuous encounage-
ment, confidence and constont guidance which gove me added incentiive and

patience thaoughoul the establishment of Lhis wonk,

It {5 notl foin fo forged {o express my sinceqe ond deep indepted-

ness Lo erewyone in ay famify.

Central Library - Ain Shams University



CHAPTER |

INTRODUCTION
AND OBJECT OF INVESTIGATION

Central Library - Ain Shams University



CHAPTER I

INTRGDUCTION AND OBJECT OF INVESTIGATTON
I.A- INTRODUCTIOR :

T- Expanded Clay and Expanded Shale Aggregates :

When certain clays and shales are heated to semi-plastic
stage, often termed "the point of incipient fusion'", they
expand or "bloat" to as much as seven times their original
volume, owing to the formation of gases within the mass
of material at the fusion temperature, The ¢ellular structure
so formed 1is retained on cooling and the product may be used
as a lightweight aggregate., For the production of such
aggregate, the c¢lay should soften at a temperature which can
be reached and maintained economically and at the same time
it should contain constituents which will produce gases at
such temperature. If such constituents are not present
naturally in the clay, they may be incorporated during manu-
facture. The relation between chemical compositicon and the
ability to bloat has been studied by many workers ever since
JacksonT put forward his theories in 1303. A very comprehen-
sive account of an investigation was given by Riley2 in 1950,
There can be no doubt that a thorough understanding of the
factors which contribute to bleoating is wery desirable, but
of practical purpcoses, the empirical assessment of clays in
regard to their '"bleating” is made speeder and more dir-
ectly informative their expensive mineral analysis. A first
indication of the bloating characteristics gf clay and shale

can he obtained by heating individual pellets of the materials

Central Library - Ain Shams University



at wvaricus temperatures over the range at which such bloating
is likely to take place. It is essential that the clay should
raised to the operative temperature wvery rapidly, and it is
very convenient of the required range of temperature can be
obtained in a single furnace. Such furnace has been designed
at the Building Research Station. In this, there are 12
temperature zones between 120 and 1350°C. A separate sample
far each temperature level (consisting of twe pellets} is
fired for 5 min. and then guickly removed from the furnace.
When cool, the pellets are measured and the expansion comp-
uted, Thus the optimum tenmperature for the bloating can
be assessed. Expanded clay and shales have been used in
the US4 and Continental Eurcpe for many years. In the USA,
expanded shales were used as aggregates for concrete ships in
the first world war3. The well known product "Haydite" was
produced in the early 1%20's and is still being produced from
clay or shale in rotary kilns fired by o0il, gas or pulwverised

fuel.

Expanded shales and clays are also produced on sintering
hearths, and have been so¢ made for many years, the first
being manufactured in 1931 under the name of Lytag (not to
be confused with a present-day product of the same name made
ir England, which is a sintered pulwverised-fuel ash aggregate).
A2 more recent aggregate produced 1in the USA from clay

expanded on a sintered hearth is Aglite,

In north America to-day there are probably about 60

different brands of expanded clay and shale aggregates and
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perhaps 100 or more separate plants. The best known of the
expanded shales in the USA are, Basalite, Crestlite, Rocklite,
Materialite, Lite-rock, Galite and Nytralite,and the expanded
clays, Aglite and Gravelite. The bhrand names Haydite and
Solite are wused for both shales and clays. In Canada, the
expanded shales are Herculite, Saturnalite, and Aggrite,
and the expanded clays are Solite, Literock and Echolite. In
Furcpe, the Danish-produced "LECA" has been made for more
than 35 years is now produced under licence in many other
countries., This is a light; rounded, smooth skinned clay
product made in rotary kiln. Expanded shale aggregate is
manufactured in Heolland, Germany, Poland, USSR, and elsewhere

in Europe.

No doubt because of the large supplies of furnace
clinker and foamed slag which have for so long been available
in the UK, there was formely limited interest in expanded
clay, although there was some preduction for ship-building
during the second world war. In the early 1850's however,
producticn of expanded clay was started under licence from
"LECA"™ of Denmark. This is still an important aggregate in
England. For nearly 30 years, Aglite has been produced in
Britain as well as in the USA, by the sintering hearth
method. In the UK, this aggregate is being made from clay
mixed with ground coke, but is also being manufactured from

shale-bearing waste from coal-washing plants.

As with other lightweight aggregates, concrete produced

. d it th
from expanded Chaa(TibPiRLARCERATR (AT cHyR Strensth not only



upon the inherent strength of the aggregate, but alsoc upon
the degree of compaction, which in turn is influenced by the
shape and grading of the aggregates it is sometimes said that
fragmental aggregate 1is capable of giving the greater
strength, but that the round material gives better work-
ability and so may often lead indirectly to stronger concrete
if only by permitting a lower water/cement ratio. Practical
experience, however, seems to show that it is the shape
of the fine fraction and the grading of this which influences
the workability of the mix and the fines derived from a
so called rounded aggregate may be as harsh and irregular as
that from a fragmental aggregates. The workability of harsh
aggregate can usually be improved by the use of air-entraining
agents in the mixing water. With careful grading and good
compaction, the lighter types of expanded clay aggregates
can produce remarkable strong concrete at modest density.
Indeed the strength to be expected from a mix depends wvery
much on the grading, the water/cement ratio and the degree of

compaction.

2- Tests for Determining Expansion Capacities 3

Laboratory have a choice of wvarious processes for
assessing the expandability of ceramic raw materials serving
for the production of lightweight aggregates. A simple
process which yields gocd guideline wvalues may be carried out
in a muffle furnace. Raw-formed particles or, also shale

fragements, are subjected to an expansion process in two

stages. The PERffheTordty - RiE SHehtE URfvellfy © where upon they



are exposed *to heat radiation directly in the furnace at
various temperatures in the range of 1000-1250°C. Tt 1is
to be notad, however, that the obtained effects will not he
directly reproducible in large-scale production processes.
This is due to the fact that in a laboratory of this type the
thermal engineering conditions are almost ideal whereas such
conditions c¢an not usually be obtained in rotary kilns.
The large-scale ZS-process 1s probably closesﬁ to such

thermal engineering conditions.

The heat microscope is an important implement for study-
ing the sintering, softening and expansion beshaviour of
such raw materials. One advantage of this method is to be
seen in the fact that the test samples can be observed in
each heating phase and reccocrded on a £ilm. The analysis of
the film provides information on the thermal behaviour of the
raw material with the temperature rising linearly, i.e,
about the softening point, the temperature of maximum expan-
sion capacity and about the start of smelting. The tests show
that the expandability of expandable raw materials increases
with rising heat wvelocities. Aancther laboratory process
comprises the opportunity of analyzing ceramic raw materials
by means of the inclined tube furnace, this type of furnace
presumably being the nearest to actual industrial practice.
An electrical heated tube furnace is used, the heat being
such that the optimum expansion temperature is cbtained at

the furnace centre. & proven method to determine optimally by

wa f 1lab t chn the . material ifi
vay © a Or&eﬁﬁ%lLﬁﬁan/-Aﬁﬁghanm|Jnﬁ%§sn§t * specific



