NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET
HANAA ALY

oA DEAD DA ADEEADEDEAE AN EADE=

SN NN N NN NN NN AN N NN/

Y7
12

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N




BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

“|

5
*

* &

Uy

df

| il gdugal

@ ASUNET
le

la

ds2
ol
.

(el
HANAA ALY
ceAEEAEEAEEAEEAEEAEEAEEATE AT AT A A AN

SN NN N NN NN NN AN N NN/

Y7
12

PR AR A A A A A A A A




BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

Al

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

Al Bala) o aglial) Allly

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

b ogd cane 28 daasal) (ol 31 oda o
HANAA ALY

»

)
A g
i
okl e
—

<

oA DEAD DA ADEEADEDEAE AN EADE=

SN NN N NN NN NN AN N NN/

Yo
12

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N




8 Ain Shams University

]
l=.l.' E

Faculty of Science

’ P T ¢ L - - = -
b C I g . "'H.'I.I',_F'

AIN SHAMS UNIVERSITY Chemistry Department

Studies on the Application of Eco-friendly
Geopolymer as a Binder for Refractory Castables

Ph.D. Thesis

Submitted To
Chemistry Department — Faculty of Science-Ain Shams
University for the degree of Doctor Philosophy (Ph.D.) in
Science (Chemistry)

By
Ahmed Ramadan Abdel-Aziem Abdel-Bary

Supervisors

Prof. Dr. Safaa Mohamed Awwad El-Gamal
Prof. of Physical Chemistry, Faculty of Science, Ain Shams
University

Prof. Dr. Emad Mohamed Mohamed Ewais
Prof. of Refractories and Ceramics, President of Central
Metallurgical Research and Development Institute (CMRDI)

(2021)



e T e e, i
AlN SHAMS UNIVERSITY

plaasl) and — aglall 4,18

Studies on the Application of Eco-friendly
Geopolymer as a Binder for Refractory Castables

Thesis Submitted by:
Ahmed Ramadan Abdel-Aziem Abdel-Bary

M.Sc. (Chemistry 2016)

For the requirement of Ph.D. of Science in Chemistry

Under the supervision of

Prof. Dr. Safaa Mohamed Awwad EI-Gamal

Professor of physical chemistry, Faculty of Science, Ain Shams
University

Prof. Dr. Emad Mohamed Mohamed Ewais

Professor of refractories and ceramics, President of Central

Metallurgical Research and Development Institute

to

Department of Chemistry
Faculty of Science -Ain Shams University

(2021)



e T e e, i
AlN SHAMS UNIVERSITY

plaasl) and — aglall 4,18

Studies on the Application of Eco-friendly
Geopolymer as a Binder for Refractory Castables

By

Ahmed Ramadan Abdel-Aziem Abdel-Bary

Thesis Advisors Approved

Prof. Dr. Safaa Mohamed Awwad EI-Gamal

Professor of physical chemistry, Faculty of Science Ain Shams

University

Prof. Dr. Emad Mohamed Mohamed Ewais

Professor of refractories and ceramics, President of Central

Metallurgical Research and Development Institute

Head of Chemistry Department

Prof. Dr. Ayman Ayoub Abdel-Shafi



]

'!ll!'l!il:rl
*'. *-!I*ll-;

A LUR" LN R 0 DT R e
PR AR SRt Lol o
F oAl F | il Fodal ¥ oa

P

¥ 1?_.!*? f*!_.ﬁ;i
F oAl Wl ¥ a

o
dlN ¥

%

o

# |8 # |8 @ #
ol ¥all ¥l ¥

# " 0 |IR" 0 BT 5
v il ¥l |*¢ |‘J |"|

[ B (L L L

Ll J"i J*l- # |I¥ -F‘:- #;ii' _-F*ll -F'.."! -F;ll

*

i.‘p
Al F

Sfentendendenfendenlen et et fah el et leh et e e ten Tl Je te e e e e e e et e Bt e et e e Fed Je e e e e e e e T e e Tl e A !
> .E

z < <

T ,-9 = j > g "'{ .--"" ,..--".-"" o - DA

» L . -t - b
* ¢ pars -

Dl aA iDL O _ﬁ 3
% g £ 3 *
- \ "

o -

- = WP
» - ) );* ~ e ":’ o -"""" ':'H X
-') -)9@‘“? | 00:3 9 .

< \

.-;-'-" - el ~ =
-~ ~ 35
"o 9T W taw = 3% ::r DS g % -

o at e a _S . t .

2> CreeA) 9 u W :.

= = P o "" o W

RAMEET

l*ihlbiiili‘lilﬁilili-l‘lllliillllli

L]

‘|i"iI."Il'\l'l-l"l-l"\f\l'\ﬂ"l-l"\l'\i\-i"l--ﬂ"ll"l-l

(/T"L] C}L::%i H"' \ ( ; \
[~
b ' -

i r bl.idili-illiltld T I I IS T S I I I I I I s s s I I I I I T T
1-!1-r-ni-\f\11-rmT-r\l\-w-r\r\l\*lmi\*i\r1-&1#11-1!14-1.!-1!1-!1-!1-r-l-\l-1-d-1-r1.l-1.l-

Wl e
e %

] L

‘J-";?Fi.-t'l#'l.l-l.l"l.‘l"i‘!.l'il;l?l'l'

I-'. L]

‘.l. l'l ¥

i)
el

e

& F A

L L



2
First and foremost, I would like to thank Allah for giving me

the opportunity and the strength to accomplish this work.

I would like to express my deep gratitude to my supervisors
Prof. Dr. Sataa Mohamed Awwad Elgamal Prof. of
Physical Chemistry, Faculty of Science, Ain Shams University
and Prof. Dr. Emad Mohamed Mohamed Ewais

Head of Central Metallurgical Research and Development
Institute. They are always kind enough to suggest the topics of
research and to follow up the progress of the work with keen

interest and guidance and valuable criticism.

I am deeply indebted to Associate. Protf. Dr. Amr Sayed

Meawad, Dr. of Physical Chemistry, Faculty of Science,

Helwan University, for his valuable assistance, guidance and

continuous help during the progress of the work.

[ am deeply indebted to, R&D Department at Astour for

Mining and Refractories, for his kindly, providing the raw

materials and applying the new fabricated castables



CONTENT

ABBREVIATIONS

ABSTRACT
LIST OF FIGURES
LIST OF TABLES

CHAPTER1

Introduction and Object of Investigation

IA. Introduction... ... ... ...

IO e T o B g O —
LA Classiication O ReITaCOTIeS «oumimnmsmmmsneniisias s A anis b
IA.3. Bonding Mechanism of Refractory Castables ...............................
1A.3. ). Hydranlic BODGING ..cnmmmn smmvms ssmmmens amsunius s i

IA3.2. Chemical Bonding ... ........ ... .. .. .. . .

IA.4. Constituents of Refractory Castables ... ... ...

IA.5. Sol-Gel Bonding in Castables - Colloidal Binders... ... ... ..

[A.6. Alumina and Silica Sol. .. ... ...
... 14

IA.7. Geopolymer

IA.7.1. Geopolymer Synthesis and Characterization........................ ...
IA.7.2. Chemical Durability of Geopolymer ... ...............................
IA.7.3. High Temperature and Fire-Resistance of Geopolymer......... ...

[A.8. Particle Size Distribution (PSD) in Refractories... ......................

IB. Object of Investigation..................... ... ... ... ...

CHAPTER 11

i-iii

vl -vii

aal
1

4
5
6
6

—

.13

16
18
el
21

....24

MATERIALS AND EXPERIMENTAL TECHNIQUES



A. Starting Materials and Preparation of Refractory Castables...............26

IIA L, Startne NIateriall. ... svsmmammmvasns sesamm sy syl

IIA.2. Preparation of Different Refractory Castables............................27

I

[B. Characterizations and Test Methods........................... ... ... ..........30

B.1. Phase Composition and Microstructure Analysis........................ 30

B.2. Physico-mechanical Characteristics ... .................................... 31

1B 2. 1. Smtermp: EarMmelBrm. oo e s s o sl

IB.2.2. Mechanical Test. .. ... ..o 32

B.2.3. Linear Change.................... .. .. . i 32

B.2.4. Thermal Shock Resistance CESR) vy sommes svsns nndd

B.2.5. Refractoriness Under Load (RUL)... ... ... .............................33

CHAPTER III
RESULTS AND DISCUSSIONS

I.1. Characterization of Raw Materials... ................... .. .................35

I

1.2. Phase Analysis of the Prepared Castabales at Different Firing

Temperature. .. ... ...... oot e e e e e e 22239

I

1.3 MICroStERE R AINARYETS. s smsmmimss mm s TN e

[.4. Bulk density, Apparent Porosity, and Water Absorption ... ............60

[.5. Cold Crushing Strength (CCS)...........................................64

6. Fermanent Linear-Change(PLIE ) . oo s mssornsmsmssmarassmmo ol

IL 7. Refractoriness LInder Load ... ..oooun s s sovivessanns meansOT
I1.8. Thermal Shock Resistance (TSR)............... ... ... .13

CHAPTER 1V
COST-BENENFITS AND APPLICATIONS



IV.1. Unit Specifications of Rotary Kiln... ... .................. ... ... .........79
IV.2. The Limng: Desipniand Service Condmions. ... .oovivs somsmam s 80
IV.3. Cost-Estimation and Technical Data Sheet of Mo.......................... 84
IV.4. Cost-Estimation and Technical Data Sheetof My........................87
IV.5. Cost-Estimation and Technical Data Sheetoft M2........................90

IV.6. Cost-Estimation and Technical Data Sheet of Ms... ... ... ... ........... 03

IV.7. Cost-Estimation and Technical Data Sheetof M4.......................96
REFERENCS... .. ... .. ... ... .. . i 1132124
ARABIC SUMMARY ... oo covoin somnansmemanss senvarsl=Y



List of Abbreviations

AP

ASTM
Atm.

BD
CA
CA;
CAC

CCS

Cl1E
CVD
GGBFEFS
HAC
L.E.
LC
LTE
PLC
PSD
RUL
SEM
TE
TGA
TSR
WA
XRD
TDS
EDX

LIST OF ABBREVIATIONS

. Apparent porosity

: American Standard Testing material
. Atmosphere

: Bulk density
: Calcium aluminate
: D1 calcium aluminate

: Calcium aluminate cement

: Cold crushing strength

. Coetficient of thermal expansion
: Chemical vapor deposition

: Ground granulated blast furnace slag
: High alumina cement

: Livre Egyptienne

: Linear change

. Linear thermal expansion

. Permanent linear change

. Particle size distribution

: Refractoriness under load

. scanning electron microscopy

: Thermal expansion

. Thermogravimetric analysis

: Thermal shock resistance

: Water absorption

: X- ray diffraction

: Technical data sheet

. Electron dispersive spectroscopy




List of Abbreviations

XRF
CPTF

: X-ray fluorescence

: Cumulative percent finer than




Abstract



Abstract

Abstract
This study aims to investigate the feasibility of using alkali-

activated slag cement as a sole binder for refractory castables.
Ground granulated blast furnace slag (GGBFS) and sodium
carbonate were used as a precursor and as activator, respectively. A
combination of silica fume and slaked lime was used as an
accelerator to enhance the strength of alkali-activated slag cement.
Phase change 1n refractory castables containing different percentage
of dry powder alkali-activated slag (AAS) and high-alumina cement
(HAC) at different firing temperatures and its effect on physico-
mechanical properties were studied. Different percentage of one-
part geopolymer slag replaced HAC in the mix design of refractory
castables.

The prepared castable samples were subjected to different

firing temperatures namely, 850, 1100 and 1300°C for 6 h after

drying at 110°C for 24 hours. The mineralogical compositions of
the fired castables were investigated using X-ray diffraction (XRD)
analysis. The microstructure of some selected fired castable
samples were examined using scanning electron microscope (SEM)
attached with energy dispersive X-ray unit (EDX). Also, bulk
density, porosity, water absorption, cold crushing strength,
mechanical properties, thermal shock resistance, Refractoriness
under load as well as permanent linear change (PLCs) were tested.

The results revealed that no significant change in phase



