4 < 2 o Y dl 1 ’; dl' ¢al
daigad ﬂ’]i‘l‘ﬁuﬂiu‘ﬁ’&ﬂ’Wl‘ﬁﬂ‘l_lLL@::iNﬁﬂUH’]LW‘ﬂLWNﬂQ’]N PRNUTRY

AUUFNATA LazAaUNTH

CRRY uadand ez
UszauiitFnm AT.BSUNA INTYTonT
nssumsifEnmn HaoeAanINagE Ag.asung mNAyatd
szanansiinug Inennug 9.4, 413 aRANssuleen,

NWINENAEIUIAT, 2556

v

AdAty WA Fanms Aruamy

UNAAEa

H
=

Ao A 9 aay Add o o ' W\ - -
\Tquqqaug\?ﬁﬂmN@ﬂqﬁ‘slﬂ]uqiquﬂﬂ”mﬂwuN’)V]LLmﬂmq\ﬂﬂu@ﬂ\jﬂ?szI AB ﬂﬁ‘zlfl‘wﬂ

o )

%’ a: [ 9; = a a o c:"‘l’ a
m@‘umLm:ﬂixmwwimauuﬂumuﬂ@umm IﬁEI‘LIT::LNWﬂVIﬁW@“II‘E]\‘]WﬂNQ@ﬂQﬂTZﬁLﬂ‘V]ﬂQﬂﬂ’VJ

© o ar

ARAMANTRIIABUNTA LW AMTTEIRAINITARAITeT IuMnasd Tuduesfn A1deu
wpdnvesTudnaifn nasuadauuulnasan nmefauLuesfinala Tesdinuiuasii
nsdunIunsgdatiuninresiiuiiue S ilasainaisazatansadayan uazAnig

el raNTiuANa s iasanasazane imasutamaaudndu 3% waz 5% tnsnng

15
=S a Y

wnunumusiinsdoudoeuniddiiaesiia 02 % uasdnsdannirdedanisraiu (whb)

] s = & '3 aa

0.35 (TLHUALWAR) LAz 0.55 (TINUANDTHN) AINEANINAZBUNLIY N5 U g ata

¢ v

Us NN Te LN @ NN TOT 839 LA INN I BB DR TN A AT A T LT T T 9 dw

] ¥ v =) 14 Q. d’( dl Q‘ k73 ° o’ o as
LLZ‘IZ‘DQ\?Q@VI’Iﬂlﬂ LAZzd LLM’JI‘L&NLWNﬂum’ﬂLWNLE‘N’]NH"I’J‘I‘N’]HHW?‘V]ﬂﬁﬂﬂﬂ’]ﬂ\‘]ﬁ‘u WIam

'
==y

‘ y = & v t:l' v aa v d' %a’ o ar e o o a‘
WUNTIHURNDT muﬂfmmumm&lmium@mﬂizmmmauu’m:umummmmmmam‘wu

1
Y

é’ r ar [k | & dl ] 5
NNTUIUTBNY 1-3 TU uAdMTUTIUTN UM TUMUNUNdute wimusinaaun
= v dl 1] %’ o o as as tﬂl al }74
Fandszinni ldaeuiinidefuusdnazanas uazaranaudiaintiununisldany
(T aufudounanmdn) nmagaunIIasawLLing fNLa LU LaaInATA W19

Finusnasi U Feu Tudadvieassasiia lignunsadeaannisuasald nisnaaaunis

[l 1
& v = = a9

grudsinminifesainaisazaransadaysn wudn TuudnesFnfinsunuiidoanudas

vvaavtilnaunsndiuaansgrdaitninainaisazaransadaninld uardinuduessi

l
- Il

2% o e 9/. dl t %1 ¥ v 4 dd’
vmmil,muwmfmm‘iusnﬂmﬂa:mw’twn@ummmmum TRURT 2 SL‘MN@GWI'ZW] NMINAADUNNT

b.

ar dl' = ar L y = 5 sy ad d.
VFAUBIRINANTA LA [T NT AR AHULTNTU 10% WLINVDNURHATAINUNITUNUN

F N AR aaLssnn A unsntnganntsenasalé



Title USING HYDROPHILIC AND HYDROPHOBIC NANO SILICA TO
ENHANCE DURABILITY OF CEMENT MORTAR AND CONCRETE

Author Nanthawat Boethep
Advisor Tanapon Phenrat, Ph.D.
Co - Advisor Assistant Profersor Saranagon Hemavibool, Ph.D.
Academic Paper Thesis M.Eng. in Civil Engineer, Naresuan University, 2013
Keywords Nano silica, - Silica fume, Durability

ABSTRACT

This thesis examines the influence of silica nanoparticles (nano silica) with two
different surface characteristics, hydrophobic and hydrophilic surfaces, on concrete
durability in order to assess the potential of using the two nano silica as concrete
admixture, The durability indications of cement paste and cement motar with and without
the addition of nano silica evaluated in this study include 1) setting time of cement paste
and cement mortar, 2) compressive strength of cement motar, 3) overall shrinkage and
autogenous shrinkage of cement mortar, 4) sulfuric acid resistance of cement mortar,
and 5) sulfate resistance of cement mortar. Cement was replaced with the two nano
silica up to 2% (by weight) at the wate-to-binder ration (w/b) of 0.35 (for cement paste)
and 0.55 (for cement motar). This study revealed that hydrophilic nano silica accelerated
both initial and final setting time of cement paste and motar; the acceleration increased
with the amount of nano silica replacement. In addition, hydrophilic nano silica improved
early (1-3 days) compressive strength of cement motar while hydrophobic nano silica
decreased the compressive strength. The more the replacement of cement with
hydrophobic nano silica, the lower the compressive strength of cement motar. Addition
of both types of nano silica could not prevent total and autogenous shrinkage of cement
motar while they helped improve sulfuric acid resistance. This study found that
replacement of cement with hydrophobic nano silica at 2% by weight yielded the best
acid 'resistance performance. Similarly, both types of nano silica improved resistance of

expansion due to sodium sulfate attack.



