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Abstract: Polymer cement mortar containing a hybrid epoxy resin with a three-dimensional network structure was pre-
pared by mixing a hybrid epoxy resin containing silica particles and POSS-SH and cement mortar in a water solvent. The hybrid
epoxy resin was synthesized using diglycidyl ether of bisphenol A (DGEBA), ethylene diamine (EDA) as a curing agent,
silica particles as a filler, and POSS-SH as a curing accelerator. To increase the strength of the epoxy resin and the bonding
force between cement, silica particles with the surface modified with —OH functional groups were used, and mercaptopropyl
polyhedral oligomeric silsesquioxane (POSS-SH) with a silica core and eight SH functional groups was used to maximize
the curing speed and improve strength of epoxy resin. The hybrid epoxy resin containing silica particles and POSS-SH had
the best pencil hardness and thermal stability, and the structure and surface analysis of the hybrid epoxy resin were con-
firmed through fourier transform infrared (FTIR) and scanning electron microscopy (SEM) analysis. It was confirmed from
data measuring the curing time according to the molar ratio of epoxy and a curing agent that the hybrid epoxy with the best
mixing stability with cement mortar is a 1:1 combination of epoxy and a curing agent. This hybrid epoxy resin was mixed
with mortar and water to make polymer cement mortar at room temperature. Due to the effect of silica particles and POSS-SH,
a curing accelerator, the compressive strength of polymer cement mortar increased by more than two times compared to pure
cement mortar, and the flexural strength also showed excellent results due to the influence of silica particles and epoxy resin.

Keywords: mercaptopropyl polyhedral oligomeric silsesquioxane, silica particles, cement mortar, hybrid epoxy resin,
polymer cement mortar.

"To whom correspondence should be addressed.
kmkim@ut.ac.kr, ORCID®0000-0001-5637-9396
©2024 The Polymer Society of Korea. All rights reserved.

530


https://orcid.org/0000-0001-5637-9396
https://orcid.org/0000-0001-5637-9396
https://orcid.org/0000-0001-5637-9396
https://orcid.org/0000-0001-5637-9396

POSS-SHE P18 Slolbel= o Fa] 54 o]g8 LA ARIE B Al 2 B4 531

M B

A4 FopllA ARRE= AEE A7)
HHS AFsgitt o2 59 U, JE, F, &
&gk Aol ARgEo] sit). 53], F) 1A fofollA F=2

E= ZAIH oA LH‘T“‘“] -r]oi‘/}‘l] =
A AR s A
U ZAEE %L—%%} Oﬂ H] 0?"4 017‘]'7“:94’ R AR
i oz ol AxFSAdd o] #d WAe] fi, a=
A ES] 79 HA I AFe EAlFel o] ]131 T
AR st FATEL] IS Eol7] flte] BAAIR
2A FE o] ARREo] ot HZolle et B H
B2 7P, oA, e 58 A8S FaEE &
Aol &gt A7F Es] &= Utk 2 S = 37—1"55
Ao} REEE S Eoslelo] At AME REEEES Az
st A7F &) X EA glom IEAt AlWE ®EE
2o AMgEE AEA = A AR 24 (aqueous
polymer dispersion), A58} FU<=3| (redispersible polymer
powder), 584 &AK(water soluble polymer) 3 9 7
ZKliquid polymer)®] 4 EHE E72 5 I3, 2 AFRY
3L s AME £318 RAte] d2e °ﬂ—iﬁ—"] TA7E e
H S gAE F e A AE2A AFE Aok
o|F 3 AEA AME REElZE FAE FREC gt
9 B, B A] Sy 3t W] BAsE A
ARE-E| AL QUTh

N FA] A= AFA] S S| o] REgo 2 331
WETERE FA%) Ak oA A= e 1714
a4 TEE, WA 9 HWEA, skl 5ol
et AskAle] TRl et 2 54 2 s Bk
2 Qo] Tt Aokl A AREE= B9 E73st
3 AR FA oIt H o= of|FA] A9 54
17171 918 A&7t 59 77154 EFste] Azt 9
ZA BEA R it A7e 2ds] s vk st
Ale] &gl we Ax, Askes, sz, T 574' e
AAF=ol wh o] FA] FAe] A o] AR E o] theFet 73}
Al 9 AsERIA ] tigk A7 DA 78?95101 ko0

>

o]

O

2 AMEAA, ARE-E mercaptan ﬂﬂ‘:'/] SH 2k8.7] S7}

S7HE @43} oAlUAI7E HAstar, 738 jES A %
7t oA RES vt Asste] st vhe A7k TBEE

o] AstE FXINT= A7 AHe YREATH

AR AR ol Alo]R] 22| polyhedral oligomeric
silsesquioxane(POSSY= LMo 2 4 T {7]313E (R)
o] & A U‘:Jﬂ"] RSiX;(X=alkoxy == Cl)e] 714
S FESE Folo] 22 7 ok POSSE Foj7) slsﬂr
A7} A T2 o]FoA UL ¢

e A £ Be7) g =YY 4 A /7 A

171571 427k A2k & 5 9ok POSSe] <ol i
O-si 7} s} 2=l sl A s o 3L,
G2 E4o] wj$- $pelnd, olg] Fhel o)zt f7] W1 <)

Noll Tt g4 2 Akl F84o] o} b

et

zRAstel B, sl TEA 9 A7) xdsE
i AxE AT A= AR 5 3o {71
stolHE|= AR=AM FHUAL SiTh 9]9} ZFo] POSSE -
T 1A 54 2 2 KA, ks e e 9 3
apete] Bl 5o AR Qlate] B 9lgh fofolA
A=A et o] FA] =2 8F POSSE] HEsHE F3F
=R EE] A ZA CFA] RO B S AT
<-4 21 (incompletely condensed POSS)S =% 3}>] POSS2]
Y A e A el we @98 54 2 7141
AEE A, Wk AFAAE gREe"

B Aollx = olFA] A £33kl d4 A B 1
Axe) e Aste] 23 FAAE -SH 487] 47} 97
¢l POSS-SHe}F B2 A2l7} YAE ARS-3IaL POSS-SHe
(3-mercaptopropyl)trimethoxysilane(MPTS)S ™ €F2-3} 4t
Zof| sjollA whAIA S4 FReE ISt Diglycidyl
ether of bisphenol A(DGEBA)ll 7d3}A|?] ethylene diamine
(EDA)S}F 743} 271421 POSS-SHS}F Ho] -OH 2872

MAE A7t JAE H7tste] ste|He|= o FA] FAE
Azsl] ASAE, AUAE, 92 B4 B REeAE ol
S2ick SHAE Soluel= olEA) FA0) wEEEe B8
A7kete] A ARE Z2EEE A Z2s8)aL, AEAF Al
E R2EEe] 72 4 7AA 24 Btk AlHMESt
oA SAste] AR AL A2 Ae} A A
73EIA = AHEE POSS-SHE| =53k 310 Na]ﬂ
ol¢} -SH 287] o+ SHist= 13 £7stE At A
REEE9 YSHET} o8 AHE REELE0| H]dlo UH
T 7 ke AL ERIE UL ol FA] A F A7t
Y] Ago = 3 AUrw Fkehe o] #EAT A
7 947 9 AsEZA) POSS-SHEl EYOR $5e el
A2 AR s 7K 2B} AHE REEE o
2 AAEE A7) flel 7120l ARE REEES 4 E
ANEHE A 5 AL, floh 22 e 2408 QI
A B RlE A etz ‘rrx] B U A ede 7o
T Ark. B3 wE AHstE B9 A dEoE Qg ¥
A= B oUR] 2H] aadE Akt A7k 71
T o] AEAF AMIE REELE Aokl & AT A
=2 FS v o= wdkdr

M=Z. POSS-SHE A|Z517] 28] €23 wEkE (methanol,

Polym. Korea, Vol. 48, No. 5, 2024



532 frezl - agE -

HPLC grade)> Burdick & Jacksonoll4], &4H(hydrochloric acid,
35~37%)2 Samchun®l A 1l 5} t}. (3-mercaptopropyl)
trimethoxysilane(MPTS, 95%)= Sigma Aldrichol|x] <351
o} POl B = A ZFA] K] A Zel| 23 diglycidyl ether
of bisphenol A(DGEBA)®} 39| -OH 2H&-7]= 7|dd 4
217} YAl (silica particle (SP)y= ZH2; =t=38}5ke] YD-1283}
UEH I =249 DT-SI-102 AH&-31 3, 7344191 EDA
(ethylene diamine, >99.5%)= Sigma Aldricholl X —*ull 3}%3 T},
AFEA ANE R ZELZ A 2ol AE-E ZEELE (mortar)=
SRAAHES] A% AHE HIEZE Fafske] ARSIt

4. slo|HE|= o FA] FRo] E2] B4 B FHEAS
Z}zy G5 B297](TGA, TGA S-1000, SCINCO, Korea) 2 5+
APAAE 1) 7 (SEM, JSM-6700F, JEOL, Japan)S 38l &l
3aL, FHZAEE ASTM D33630] QAT ADAE A
7](YOSHIMITSU, Japan)E 3l 74315t} slojHe|= 9
ZA] FAE L5 ARA; AIME B2ELE PR
W3l K] B35 (FTIR, Nicolet IR 200, Thermo Electron
Co., USA)S o83t FA3IAL, d574% B 3 e
KS F 2476 424} A[RIE R ZERZ 9] Aol o] As}e]
S A ESIA G AT o=lste] 7853t

EI2 O8(-SH)2 =87|2 Ze= A oIXE AMATSA
Ol M|Z(POSS-SH). POSS-SHE oo ByH E3uhis
ste] Hdsiith! -SHE 28712 2= POSS-SHE 4
7] flete] AAE wEE 89350 mL)y A4t Z01(37%,
30 mL) 3lellA MPTS(15 mL)E 90 CollA] 2447k 5ot ut
SAIAT Wk § 3] HREe] A7, 2L vEeE
A A Zs] F FHoll Folle FHAES CHCL Fo %
T SRR A AR Fh AE F HoRle 7S
AAsN F7] $18t] MgSO,Z A% F Foldle= CH.CL=
evaporators: ©]-§slo] A|AAAFH 24| POSS-SHE 9o
o A TH H NMR(400 MHz, CDCl,, d): 0.78(double, Si-
CH,-), 14(br, -SH), 1.72(s, -CH>-), 2.58(s, -CH>-SH). *Si NMR
(400 MHz, CDCL,, 8): -66.80(s).

Sl0|22|= OIZA| +X| ¥ O|F &88t 12X A[HE 2=

Scheme 1. Preparation of hybrid epoxy resin with SP and POSS-SH.
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Figure 1. Curing time of hybrid epoxy resin with SP and POSS-SH.
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Table 1. Feed Ratio of Hybrid Epoxy Resin

Epoxy Epoxy/SP ]]?,I())Ogg_/gg
POSS-SH - - 3.16¢g
Hybrid Epoxy 38¢g 38g 38¢g
€poxy resim - EDA 6.68mL  6.68 mL 6.68 mL
Silica - 2.36¢g 236¢g

Table 2. Pencil Hardness of Hybrid Epoxy Resin with SP and
POSS-SH

Sample Pencil hardness Comment
Epoxy H Easily marked
Epoxy/SP 3H Good scratch resistance
Epoxy/SP/POSS-SH 4H Can be marked but

difficult to scratch
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Figure 2. TGA graphs of hybrid epoxy resin with SP and POSS-SH.
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Figure 3. FE-SEM images of (A) silica particle (SP); (B) epoxy resin;
(C) hybrid epoxy resin with SP; (D) hybrid epoxy resin with SP and
POSS-SH.
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Figure 4. FTIR spectra of (a) epoxy resin; (b) POSS-SH; (c) mortar;

(d) hybrid epoxy resin with SP and POSS-SH; (e) polymer cement

mortar containing hybrid epoxy resin.
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Table 3. Flexural and Compressive Strength of Polymer Cement Mortar Containing Hybrid Epoxy Resin

Mortar Mortar/Epoxy/SP (MES) Mortar/Epoxy/SP/POSS-SH (MESP)
POSS-SH - - 3.16¢g
. Epoxy 38g 38g 38g
Epoxy resin
EDA 6.68 mL 6.68 mL 6.68 mL
Silica - 236¢g 236¢g
Mortar 440 g 440 g 440 g
Water 88 ¢g 88 ¢g 88¢g
Mortar Mortar/Epoxy/SP (MES) Mortar/Epoxy/SP/POSS-SH (MESP)
Flexural Compressive Flexural Compressive Flexural Compressive
strengh (MPa) strength (MPa) strengh (MPa) strength (MPa) strengh (MPa) strength (MPa)
22 3.4 5.0
1.2 1.8 0.9
22 33 5.0
25 4.0 4.0
1.3 1.8 1.2
2.5 4.1 39
23 3.7 4.0
1.5 1.7 1.0
23 3.6 44
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