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Material Characteristics of Rapid Hardening Cement Paste Using Phase Change
Material for Semi-rigid Pavement

Seung-Su Kim', Byung-Jae Lee’, Jin-Wook Bang’, Yun-Yong Kim™*

Abstract: A study to apply phase change material(PCM) to rapid hardening cement paste forming semi-rigid pavement was carried out. The
characteristics fresh and hardened paste were evaluated through the experiment for a total of 6 mixtures according to the cement type and the substitution
of phase change material for acrylate. The fluidity by substituting phase change material for acrylate satisfied the target flow time of 10 to 13 seconds.
In case of setting time, it was possible to secure the performance of rapid hardening cement by substituting phase change material, and if the substitution
ratio over 60%, the initial set occurred 1 to 2 minutes faster than other mixtures. In case of compressive strength and bond strength, it showed similar
strength characteristics with the plain mixture, and it satisfied both the target compressive and bonding strength of 36MPa and 2MPa. The mixture
substituting phase change material showed higher resistance to chloride ion penetration than the mixture only using acrylate and the OPC level was
insufficient. From the results of physical and mechanical performances of semi-rigid pavement cement paste, the phase change material substitution
rate of 20% was effective in the range of this study.
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) ) G G w A PCM Table 2 Chemical composition of cement
((;23) - 1388 - 5552 - - Ttem NaO, MgO ALOs Si0, SO; K.
I-1 component ratio(%) 0.3 1.1 16.1 11.7 153 0.5
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1-4 40 - 1,150 319.5 1533 1022 Table 3 Properties of acrylate
1-5 60 - 1,150 319.5 1022 1533 Solid
L6 100 ) 1150 319.5 0 2555 Item  Appearance ontents Viscosity pH lonicity Density

PCM : phase change material, C; : ordinary portland cement
C; : ultra rapid hardening cement, A : Acrylate

Acril

. White liquid 45.3%  360cps
emulsion

8.5 Anionic 1g/cm’
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Table 4 Properties of PCM

Solid

Item Appearance
pp contents

Viscosity pH

Acril emulsion

TR o
Silica type White liquid 50.0%

200cps 8.0

Fig. 1 Flow test
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Fig. 3 Migration coefficient apparatus

234 237} =
g =AE FAIA S BTG E Al FL KS F 2476 &2
AR E B2 EF2 O] AlF WY of] F3te] S48 2, Fig. 2
9} 2o A& st SAATE AP A= 70x70x20mme] 3E
ZRZEE W= A2ste] 7Y o)A AFAYZE B 40x40x
10mm Z7]8] E=E H|

H| = 9o AX|gH F AIWE —%ﬁxﬂ%
R 5] A3 28U ol =43tk

2.3.5 F3AFA

ZAENA debEol2] Ta7 JFEA2



o]7] W&ol FLHAITE AR St dslEol 28 s =T E

Aafol thk W4 57 }—3}931:} & AFellA= AldA e
Asl=E AT S-S 18l 9] Duracrete 2ol 28
H= 2714 E2AEHE QI NT Build 492 "Chloride Migration
Coefficient from Non-Steady-State Migration Experiments, ©]l
T8t AldS AAISk o Al A = Fig. 33 2tk Al
<= #13l ©100x200mm Y+ FAIAE F7 50+:2mm= A
3} rubber sleeve 2} ZH AT F=(+)oll= 0.3M 2] NaOH
T8, FF(-)olE= 10%2] NaCl 808 2|9] #7123 9|
25 7k o 27] A2 30VE ste] Hx Q1719 A
FabS SAskAL ol mE I7EE ARt dAR/akel

E AI@ARe AR AR S5 S AEAE 2N |
o] 0.1IN9] A4 AgNO;) T8N S H5-3te] 24 9] 3=
AR o] §Fo g2 A vebd o, \‘413* 10mm 7H4 2.
2 e 3 FZolE 54T F Baats AEsiith g
£ = o 2l(1) = ARS8t 74]40}?&‘4

D _ RT ry—an/zy )
nssm ZFE t

U—-2 RT

A71M, E=

D, < BI72EENC A 0] HSlE SAISE, ms

z s o] &) AL, (P40l Bf-z=1)

F : g2 el|o] A<, F =9.648 x 104J(V-mol)

U 5325 Aol HekaL v

R : 714 744, R = 8.314 J/K:mol

T colxE (A 2] 9 upA e 250

BT K

L : A T, m

z, s @3HE A FZ 019 Hijk m

t : A% 2)4:A|7E, seconds

erf ! : Error function

¢ : A4k 9% ¥ F =, 0.07N

c IHAE BH(EFA) Y] F5HE F 5, 2N

2.3.6 G2 =AY

2573 NRE FYA | A-83F PCM O 731 A 7ka
£ B7sl7] st ot 2 =S AE S ST Al
F2 Fig. 49} Zo] U7 150x150x150 mm, F7] 50 mmZ A|
2 DA B AR SRl ItiE Ak
ARF el 2 AR E so] ~E ] 5198 S5 Th

3. Alg 2 &

191-7‘;-/\3 T AFQ A

=

U FU) 2etl Sl Som

—-"0 0O
TdHE ol EE JHIEAPCM)E 10%~100%
7HA] A8k - < AES A= Fig. 59 2

54 g

el WY 248 FAA L] FEEA 712 10~-142
o, YB3 9~13 %= 1Ak o], B AFelxe =
el 71Ee BF U5 5 e 10~-1328 FE= S3Th

N@23, ofad g o] Bl thit PCM 2| thAl& S}l n}
2 3T 10.21~10.542 24 AR 23S Yeh]of
T2 7S BT ek A 02 UEhit o)s & A
5= ol gy o] ES} £ Alde] o} T YR SHlo 2
& PCM2 AHESI3A7 10l 257 AHIE o] 2E9| f-543
S5 AR 23S UEhd o2 ddE.

w
no
@

24 A| 7}

—

S

=3
oN

g A8 AHE ZQl 7 o] AN =5

o FA S T F 108 FE H7hE 3 B S o] g1
AEE AT 7k H Po) o)) 28 2 $AL S

Fig. 4 Apparatus of simplified adiabatic temperature rise test
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