_.”.// A A A, S A 2 2 A A A A, NHACENANS, A A A A A A
Ff NS N AN AN AN AN A N e N NS e K AN e N o XA N o XA N A o S KA ==

&

¥

o4

% e ) 25 —-u—-@—-n-—@—-a-—@—-n-— A, -n-—,@—-u-—@—-o-— S e O3 5 —-c-—@-qm—-@-—tm—-

| Yy
OEOEOEN

4

-4

:.._)/\_.u%...o../v\_.o._y\_.o._ SANGE=

=

/u
= .
9, ‘ol%nélln'glo'éloéjo'@lo'@lo'@lo' 2 — . iy &, "t O ». AT, 9. AT 2, (AP, 9, Y » ‘0‘?0'%0‘%0'\\-)_




A =
=9 - 4
= o e W,
P

——

A

fanalilppd

N2

)
o

- R
— :l--v
&

o g

~—

Ao
e —

— 2
—_

@ ASUNET

: \”*/_:\”y ;

A
—-7-v- -—
E.ULA

o

A
:—V :
gl = =

—

A
-
ZI=NAA

4 b4 4

S =N P=——uN P AT Ammm —_— P
el —  — L - . el " T ol P - —
2 i 4 w7

ve A
ENEEATEA

A

St B

—

%
! -
R4

A—-:-— =
w v

— W D B
o w

Ealnchin —
— D p—
x

> p-— o T2
o

et

w

== e
D e
~F

NﬁA:A’—
] ] T S —mf C — )
o w w




2y A £ =y AR, s A 2, ey A 2y A2, A A
A XA N A e A N A X A XA e N A A N A e N A e XA e N A A e A A N A A N A N AN Ao AR

SANETEE
@ X

& ASUNET

s i piad| s

X

Ay A
AN

A
! -
AN SN NN IS SINENE N

i gs sl .fé‘a)lé‘ﬁﬂ >34 =

»

O

To be Kept away from Dust in Dry Cool place of

=

4

asdaadt ably

[

Y Gl

A4

A > A e W ) A Ay N
>3 v—- n-v-lo-- " O -—wor-v—uo-——v—to—v—-u—-\T:l
-
A

&.l,.‘;.n Yo—-1\o

4

@ ASUNET

-

(s Az
o
ally (95
PR
Al Bl o

et ) 0 i | et

¥

L
& &
DRl 08 tamy AEY) 28 Jadas

A

o
alid ;
ig Lgduigd A
Sl Ay
Appi dygh) g

»

15-25- ¢ and relative humidity 20-40%

%t—Y. Cra
W

A

I}‘nr—:\ O 2 NS Ny -n-—@-u-— S ﬂor@qor—@

|lo'@llu'@‘nil@llo-.l@.lo'@lo-:'@lo'@lo '@ln‘@lo'@‘o'@lo'@lﬂu'@ln'@lu'@‘o'@io'@lo'@ha' &




ST S -dop-}&-(oimo,- O Sy, Sy, el fmomm o — —con—W—ao-—W—aon—W—(op @

s
#A

&

w %
]
&
% 3
Ao'§‘u'§lo’§le' ——a i — ‘0'%‘0‘%‘0’§‘0'§[O

- A" ., 7 Ap— lo'§101§l

ek O

ﬂchﬁﬁch—@—:or—v—-o-—v—-un—v—‘ob (2 —‘Obvdchviﬂ‘




v

--to—W—-n-—W—lo—W—-n-—W—co)—W—-o-vA—noh@—'or@don—@—:o—@qu——w__oh A

e 1) i k| e
€ ASUNET

oy ray
oW -lox—v—(a—-v—-m- ST -IOF-W"""W"D"O -'°"'W'-°-' //—:n:

A“""‘Q“’“‘Q"‘N‘A‘“°“’M"°"Q"°"@“°“@"°"@"°"@"“"

N




EFFECT OF SOME HYDROPHOBIC
ADDITIVES ON THE PHYSICOCHEMICAL
PROPERTIES OF HARDENED CEMENT AND
MORTAR PASTES

Thesis
Submilted in Partial Fulfilment of The Requirement
of M. Sc. Degree in Chemistry .

Presented by :

FAYZA SAYED MOHAMED HASHEM

B. Sc. ( 1994)
Chemistry Department

Ain Shams University

SUPERVISORS
Prof.Dr. Mohamed Abd.El- Khalik Mohamed
Dr. Eisa E. Hekal
Dr.Gamal Mohamed Saber EL - Shafei

To

Faculty of Science

D

Ain Shams University

YAk
O \) 1997



Effect of Some Hydrophobic Additives on The
Physicochemical Properties of Hardened

Cement And Mortar Pastes

Thesis Advisors Approved

/J/ K
Prof.Dr. Mohamed Abd.El- Khalik Mohamed f?’i‘XMM

Prof. of Physical Chemistry , Faculty of Science .
Ain Shams U-niversity . c -

i St C’ i
Dr. Eisa E. Hekal (277

Assisstant Prof . of physical chemistry , Faculty

of Science, Ain Shams University
Dr.Gamal Mohamed Saber EL - Shafei

Lecturer of Physical Chemistry , Faculty

of Science , Ain Shams University

Head of Chemistryq%)_(a)artment
O g - i
Pr@f. Er.‘I.F.M.—Fa?lmy



The Theoretical Curricula For The Degree .

The student in addition to this thesis has attended
lectures dealing with the branches stated hereafter . She passed
successfully the examination as well . These courses are :

- Advanced Electrochemistry .
- Statistical Thermodynamics .
- Physical Polymer Chemistry .
- Advanced Chemical Kinetics .
- Quantum Mechanics .

- Surface Chemistry .

- Cement Chemistry .

- Computer Science .

- Catalysis .

- English .

Head of Chemistry Department
Prof. Dr. A. F. M. Fahmi



ACKNOWLEDGMENT

] Wish to express my deepest sense of gratitude to both
Prof. Dr. Mohamed Abd-El Khalik Mohamed Professor of
physical chemistry ,and Dr. Eisa EL. Sayed Hekal , Assisstant
Professor of Physical Chernistry, Faculty of Science , Ain
Shams University , for suggesting the object of this thests, their
continual interest, valuable and helpful advices and discussions
during the course of this work .
Also,l would like to thank Dr. Gamal Mohamed Saber EL-
Shafei , lecturer of physical chemustry . Faculty of Science ,
Ain Shams University , for his encouragement during this

work .






Contents

LISTOF TABLES ...
LISTOF FIGURES ...
ABSTRACT ...

CHPTER I : Introduction and Object of Investigation ...
I A Introduction ...............cooeiiiiiii e
[. B.Object of Investigation ..o

CHPTER 11 : Matenals , Apparatus and Techniques ........
II A Materials ...
[T A 1. Starting Matenals ...

II. A. 2 . Preparation of the hardened cement pastes ..........
11. A. 3 . Preparation of the hardened Mortars ....................
II. B. Apparatus and Techniques ............................
II. B. 1 . Compressive strength .............ccccceeiiiniinnineee,
II.B.2. Bulk density ...
II. B. 3 . Total pOTOSItY .....oooviiiiiiiiieriiis e
I1. B.4. Water absorption ..........c...coevvvviiiiiiiiiiiee e,
I1. B.5. Combined water content ...................co.oeevvieriinnnnn
[1. B.6. Free lime content ...
II. B.7. X-Ray diffraction analysis ...............c...cccooeevreennnnnn,
I1. B.8. Scanning Electron Microscope .............coccccveeennn,
I1. B.9. Adsorption of nitrogen at liquid

nitrogen temperature ...l



CHAPTER I1I : Results and Discussion ..........................
ITI. A Effect of Hydrophobic Additives on the Physico -
chemical  Properties of the Hardened Portland

I1I. A.1. Pastes admixed with stearic acid ( Mix I) .............
I11. A.1. a Compressive strength ......... SUUUOUURUUURUUSIOURS
. A.l.b. Hydration Kinetics ...........ccooooeeii,
IT1. A.1.b(1). Combined water contents ..............................
ITII. A.1.b.(11). Free lime contents ..............ccccooeiveiiiiiinnnn.n.
HI. Al.c. Bulk density .......ccocoviiiiiiiiieiiieeiee e
III. A.1.d. Total porosity ..........ccccoeeeiieeiiiinnnnn, e,
II. Al.e. Water absorption ...........ccoccociiiiiieie e,
I1I. A.LF. Phase composition ........... e SEUTOURORTRURURPY _
III. A.l.g. Microstructure ............ SRRSO PPRRUURUIN

III. A.1.h. Surface area and pore structure ........................

I11. A.2. Pastes Admixed with Palmetic Acid (Mix 1)
M. A2.a Compressive strength ....................coi
III. A.2.b. Hydration kinetics ............ccccccoovviiiiiciininn.
1. A.2.b(1). Combined water content .............................
[I. A2.b. (i1)Free lime content ......................... S
I A2.C. Bulk density .......ccoooveiveeerieeeeeeeeeee e
I11. A.2.d. Total porosity

ITI. A.3. Pastes Admixed with Corn o1l ( Mix III)...............

I[II. A.3.a. Compressive strength

78
78
80
81
83
85
87
89
93
95

107

107



III. A.3.b. Hydration kinetics ..., 110

II1. A.3.b.(1). Combined water content .....................c...ccee.. 110
III. A.3.b. (ii) Free lime content ................ [ 112
I, A3.c. Bulk density ..o 114
111 A.3.d. Total POTOSItY ..oovveeieiiiiieiiiiee e e 116
[11. A.3.e. Water absorption .........cccceerioiiiiiereeiiieeeee, 118
I11. A.3.f Phase composItion ..............cccooiiiiiiimiiiiinne, 122
II. A.3.g. MICTOSIUCIUIE ..., 124
I11. A.3.h. Surface Characteristics ...............c..cceeeieiiiinnnee... 127

[II. B. Effect of Hydrophobic Additives on the Physico -

chemical Properties of the Hardened Mortars .................... 137
[11.B.1. Compressive strength ..., 138
HIB.2. Bulk density .........oooovvieeeeieee e 140
HI. B.3. Total porosity .......cccocoeveiiiiiinee e, 142
III. B.4. Water abSOrption ..........cccccoerveiiiiiiiiieininiiiina.. 144
CHAPTER 1V : Summary and Conclusion ......................... 149
REFERENCES .. ..ot 154
APPENDIX ..o e 168



' List ~ Of Tables

Table (1):Chemical oxid compostition of Portland
CEMENL «o\oveeeee e e eaaen e ..
Table(2) : Characteristics and chemical compositions of

(o765 110} | RTT U OO PSRRI

Table (3): Different mixes which were used in this

investigation and their notation ...................

Table (4) :Compressive strength (kg/cm?) for the various

hardened cement pastes of Mix1 after various

hydration ages ............cccoeeviiiiicnniiniiin

Table(5):Combined water content for the different

hardened cement pastes of Mix I after various
hydration agés ................................................

Table (6) :Free lime content (Ca(OH);%) of the different

hardened cement pastes of Mix | after various

hydration ages ............cccoeviviviiiiiieinn

Table(7) :Bulk den-sity values (g/cm’) of the different

hardened cement pastes of Mix I at different
hydration ages ...........cc.occcveveveueeen. e,

Table(8) : Total porostiy (%) of the different hardened -

cement pastes of Mix I at various hydration

Table(9): Water absorption (g/g) of  the diffefe_nt

hardened cement pastes ‘of Mix I after various -

hydration ages

Page

.25

26

28

38

40

44

46

46

\.5

%



11

Table(10): Water absorption(g/g)of the different harde-
ned cement pastes of mixl ( dried -28 day

samples) as a function of soaking time .........................
Table(11):Surface parameters for samples blank , I, .1y
and I, after 1,7 and 28 days of hydration ........
Table(12):Compressive strength (Kg/em?) of the various
hardened cement pastes of Mix 11 after various
hydration ages .........cooooeeoiiiiiin i
Table(13):Combined water content(Wn%), for the diffe-
rent hardened cement pastes of Mix [ after

various hydration ages ...............ccocceeiiinenn
Table(14):Free lime content [Ca(OH),%] for the diffe-
rent hardened cement pastes of Mix Il after

various hydration ages ..............cccceooininn
Table(15):Bulk density (g/cm’ ) values for the different
hardened cement pastes of Mix II after various
hydration ages ..........ccooeervieeciiiii
Table(16):Total porosity (%) of the different hardened
cement pastes of Mix II after different hydration

Table(17):Water absorption(g/g)of the different harden-
ed cement pastes of Mix II after various hydration

Table(18): Water absorption of the different hardened
cement pastes Mix II (dried 28 day samples )
after various soaking times .................cccceee..

Table(19):Surface parameters for samples blank , I, ,

I1,, and 11, after 1,3.7 and 28 days of hydration..

56

77

80

g1

83

87

87

89

93

98



