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In this study, the compressive strength and water contact angle were measured before and after

surface abrasion of mortar specimens prepared by mixing two types of water repellents and two types

E-mail : leekang02@nate.com  of sands. In addition, the hydration products and chemical bonding of cement mortar by repellent were

examined using X-ray diffraction(XRD), thermogravimetry-differential thermal analysis(TG-DTA),

and Fourier-transform infrared spectroscopy(FT-IR) to evaluate the performance of these cement
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Revised :September 29,2021 with water repellent added was decreased compared to that of the plain cement mortar, and that of the

Accepted : October 12,2021 oligomeric system was higher than that of the monomeric system. We further found that the contact

angle of mortar with water repellent added was increased compared to that of the plain cement mortar,
and that of the oligomeric system was increased compared to that of the monomer.
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Table 1. Experimental plan

Water repellent Fine aggregate Mix design Test items

Silica Sand No. 5 [C5-0] B:S-W-R = Compressive strength
NN Flexural strength

Oligomer(O) 40:40:15:5 W |
Silica Sand No. 7 [C7-0] ater contactangle
. (before and after abrasion)
B:Binder .
L Water absorption
Silica Sand No. 5 [C5-M] S:Sand XRD
Monomer(M) W:Water TG-DTA
Silica Sand No. 7 [C7-M] R:Repellent FT-IR
2.2 MEX=

2 =oAL Al Hs REWRE ARIE=A] Z2] - 3151 E4J-& Table 20 HEIH SUTh AHE = H| T HZ]
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2 =wolA HEEE H7H8.0 2 AMSH Al A A Ricw dapa)of 24 S| are WAl E AR5l o™
LA o] =2 - 2FeA E/dS Table 301 BRI AT}, 22] a2m 2h4pA]] o] B4 /d7-2 60wt%o ™ F-8.8F B/ /d+-2 Poly
hydroxy terminated 0.2 G4 E]o] 9lOm H|ZL 1,01, pHE 6~80]t}. i m WA o] ZAAPEL 40wi%o]H Fa 3 &
AJAE-2 n-octyltriethoxysilane 2} diethoxy-octyloxy-silane 0 2 A &]0] Q101 H|Z-2 1.01, pHE 6~80|tt. & =Fof A
AR AEARE SARS] AE STAL, TEARE AR50 M, 55AFS] 79 18-24mesh 24 YA 714 0.7~1.2mmo] o, 75
Aol A2 60~150mesh2A] AAT7]= 0.17~0.25mmO]c}.

Table 2. Physical properties and chemical composition of Cement

Specific surface Density e, loss Chemical composition(%)
area(cm’/g) (g/em’) ' Si0; ALO; Fe:0; Ca0 MgO SO;
3,144 3.15 1.32 21.7 5.7 32 63.1 2.8 2.2

Table 3. Physical properties and chemical composition of water repellent

Type of Main ingredient Active Ingredient(wt%) Density(g/cm’) pH
Oligomer(O) Poly Hydroxy terminated 60 1.01 6~8
Monomer(M) n-octyltriethoxysilane 40 101 68

diethoxy-octyloxy-silane
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0.5cm

(a) Contact angle meter (b) Contact angle sample

Figure 1. Water contact angle measurement process
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Figure 2. Compressive strength Figure 3. Bending strength

3.1.3 XRD

W2 A7 AJRIE B2 ek 2 0] 289 A XRDE Figure 40 LERIEh XRD 2427} 927 2710] o A2
= WS AAE2 B EA Tk 71E Aol Al 7 AMIE A= 79 o] % EpA] 73471} v wste] XRDAY
o) Afol7} keI Q=rk B TSREHO). Figure 4ol 4] 271 ARILE REE2e) %9 U4AE WAeIA 22
C5= theta 18°014] Ca(OH),©] 27 Lehibin 91k, 712 g ol mEaito] =i AME 4} vhgold de] 713
B 58 SABRE o] E22 7] T C -5 —H 2 B2 AT B sk ek12), T A A} R e
EF= 9] 739 Ca(OH)z_J W7} epR] efom o] &2 Qs A T 7ot Hwste] FS7 o o] W2 71 o & wk
Hrt. o] = 71& FR0A AXskL Qs EEA] 7ol mhE SA)et AMIE ] 34 FAITZ: The Interfacial Transition Zone)
of 24 BEEC] TSt FeEE-S A 9 Woligho = A AHIE 451221 Ca(OH), W=7} A 34712} vl w s}
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of R ghe Ao mekeri1],

3.1.4 TG-DTA
231 BFgHEof thet AekAll DSC T F 9] F 9772 50~150°C, 400~450°C, 65001 4] 800°C.o.2A], 77HE Eafjl
S1HE-2 50~150°C %Lﬂoﬂﬁ U4, CSH, Gl E®7IR]E, 400~450°C 7 oA ZEHTIOE, 600~700°C7 ol A ZAL
o|Eolt}. o 7]of| 4] EHTIO| E= €389} €8 9] =3t oJof] B/ =]7] wfZell =2hit-g-2] A B2 A5kt 13].
A E A7t ARIE R 2EF2 9] 28 A7 TG-DTAE Figure 5Ol HEFH It TG-DTA S22 3 =4 7} A9
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Axe} nEI7RR 2 WA H7F AHE HEEEof| ZENT|ETE A9 JAAEA] AU EIT & Stk ®
600~700°C-7Fol A B2 A @A ol A ZhAto 1 of oJet AeEA-g e Qlek. 25 7HE-25<1 800°Cofl A A A
AFae oW IRAIE F7AHE HEBE+= 400~450°C1712] Ca(OH), Aol WA 5 H7HE AIHE &

Al
BEF2O] 7% 100~150°C 77F2] F40] 4 9l& Sl = k.

o Quartz (Si0,) 100
+ Etringite (CagAL(SO,);(OH)y,-27H,0)
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Figure 4. XRD Figure 5. TG-DTA
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Table 4. Water droplet shape

mBefore zbrasion
Silica Sand No. 5 Silica Sand No. 7 150 - DAfer abrasion
Before After Before After
. . . . 120 + T
abrasion abrasion abrasion abrasion

60

Water Contact Angle (. )
2
=
T

30 r

Oligomer
U — T g — -
0 N n ‘ N N
Monomer cs 50 €M c7 c0  CIM
(™ -y - — - .

Figure 6. Water contact angle
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£ AFEH T AE|oRo]E Q] 11 A Abgo] SR S A FHo HpAd
of| gt A& A SH= A 0 2 B 115k QITH14]. FT-IR 427} 53k W7 A7 AHE 2 2 L2 0] FT-IR
1] 3= 3,435cm™ 7} 3,649cm™ o 4 O-H stretching, 1,639cm™ [l O-H bending, 1,421cm™ ¥} 878cm™ o]l 4 C-O stretching,
1,121cm™ oA S-O stretching, 930cm™ 4] Si-O stretchingS Ho]1 Qltt. EE2EFZ o] ZAfof 7]21gt Si-0-Si2] T +=
1,105cm™ 7 950cm ™ ol A] THEE 4= QIAITH, Si-O stretching©] T Z.2}F F A ¢17] wf e Eelo] o]t S| A T4
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stretching T 27} THEE O 24 - Si-CHyE TS &= Qlt}. 54, S| 1A AFA1E A7 AW E B2 2 = 44
F2471 2 et2 9} H| W5to] 3.435¢cm ™ 7} 3649cm ! of| A At A © 2 Y-S O-H stretching T 37} WERLETL Qe HEH Rl
oA 247 7} B 2EF2 9] O-H stretching T 37} 71 2] UehA] 9kt 9lo] e384 2 o] ofo] ufj-9- 2.2 7] 0 2 witi]
™, 0]+=XRD % TG-DTACA ZEHTto| E 9] /o] uf-9- A2 A}t A x| ghet.
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60
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S =
S 40 2
g 30 r L§
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22
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Test specimens
Figure 7. Water absorption Figure 8. FT-IR spectra
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