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Effect of Aging Temperature on Properties of Sealant under Field Construction Conditions

LIU Hanchao, TENG Xinhua, ZHANG Jingyan, ZHANG Kaihua, LIN Hui

(Changzhou Architectural Research Institute Group Co., Ltd., Changzhou, Jiangsu 213000,China)

Abstract: In order to study the influence of short-term aging temperature on the properties of sealant, a sealant
was prepared, and field construction conditions were simulated. The properties of the sealant before and after
short-term aging at 180 —220 °C were tested. The viscoelastic properties, physicochemical properties, and
microstructures of the sealant were studied, and the mechanism of property changes was discussed. The results
show that the cone penetration and flow value of the aged sealant decrease, while the softening point and elastic
recovery rate increase. Aging at high temperature (>180 °C) for a short time and low temperature (160 °C) for a
long time will cause obvious property changes. The tensile properties under low temperatures do not decrease
monotonically as the temperature increases. The results of the physicochemical property test and microstructure
characterization show that the polar groups of the aged sealant at higher temperatures increase significantly, and
the glass-transition temperature of the components increases. The storage modulus increases, while the sealant
prepared at a higher temperature has a lower viscosity, which makes it much easier to penetrate into the pores at
the bonding surface to form mechanical anchorage. Meanwhile, the increase in polarity due to aging generates a
higher chemical interaction force with the bonding surface, thus improving the bonding performance. With
ongoing aging, the viscosity of the sealant increases, and the bonding performance decreases. Therefore, the
comprehensive properties of the sealant do not linearly decrease with the increase in short-term aging
temperature but are affected by the viscoelasticity and bonding performance.

Keywords: road materials; sealant; short-term aging; viscoelasticity variation; physicochemical property
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s B H#A - 2023-03-10(& 2 k)
ELWB 7T AA A5 TR H (455 . BK20200181)
EZ A XDGE, 5, 11 E-mail : 1198400517@qq.com



74 ¥ 4k

A S 2024 5

0 7l

S 4 U T T IO R IR A b R R R UL
22—, 1M T A e T S Ak 3 T T 4 48 S G H
MoEL, R ELER MR R AR
A3 R, VK T I R R A T U A R R Y
AR TE R F1, il H AT DUSE N PRI 25 A A v A Y 2 4%
Ve B AR A, TR 2 B B R AR, 5 4
K Z B MR —FE  AE 0 A R v WS I & TR
A BT e R . = NI B R T A I A B Y
il G L 8 R e DA 3k 30 100 8RR
R R . MEBE RS S AL 4 3 R K R B 2 T A
IR I e | 4 0 T I A, i LTI T R A R R, (G
B PR TT A CKAE B B . PR, T A R 1Y 2 Ak )
L5 6 DAl 3 1 AR

B A T MR — R WE A I AR o K
W, EERERKYEdRP &2
Do AR A KRR R R CAFE
X O HEAT T A OGRS . B R AS B P B
Ab K Ak b E A R 1 AKCR 32 A0 R ER BT R
AR, AT sk e A1 o e 1 e 3 b R R T it T
o A O A 8 DT Y B i R R A MEAE R Y
A RGO T T2 R, s A
THE 4 5 P B A AS ) 2 i T DA o fE b T ke Bl g

TR 2 B R S e 0 Ak i TR
WiREERH T T AP EENSH. Hil, A%
O SO W T 0 A A AT Ry RN IR TR G R
HEAT T OR5E . 25 AR L M L T
FE AN ) J 0 2 AR A5 1 T B T A A M T AR AR
L AR S [ Bk 6 A AR R L R
oy F A REAR AL o R AR S, AR R
A R O 9 0] AR R TR R A A IR AR
{H 5L R 1) 2 A AT Sk B U0 AR i A1 kL 3Ry i 1 R
) Fe 0 Hh 22 S0 g, O B L AT SR e e v
HEFE 2 A0 vk R B, 2 2 A0 TR E Sy 150 “CHE, AR
SBS Mt 75 & 2 B I B 0 Ak T AR N
170 “CH1 180 “CH} , A [F] SBS & 2 (19 1 5 FE & 10 5 %1
H i 2 4 BB T i Y KT & 2B AN TR AR I 1Y
B T RAEUOSR 2T A0 o i 1 R I B 1 0
Xif B 47 1 A0 TR A R BORE HE AT 2 AR5 , & B SBS
HOME Y E 250 CIZALTEE T, 5 163 CH AL

e

PSR 117 AN T AR PR T 7 A R Lk
JBE At Ja TR TS ) — B (R B R
JE 205 P 8 3R BUE 25 H At i o 900 7 AH EL 2047 35 AR
KA = © 4% e rh s e iR 8 B T — O i I -
i 18 A SR R S i ROR R B B TR O T
PR T L L N 3 e T e T R TR 5 © i
T TR A T A A A R E AT B R HOR SR
I7] S O 7 I AR T R 2 5 O BRI T, 9 4%
B8 25 A it R I I ) A5 QD) 9 % IR e P R A
PR T REAE R B R AL O S M BE Y 28 A AR
F L A& P R fb i LRI DL K X 25 G Pk B 19 52 1 B8 Oy
Sk SR, F R % RO T O B G — bR
1115 5% T 78 4 JB AN [a] 3l 2 T i Tk, 28 S 4% 1 g
AR 25 E A B R N A LR 23 A A B A R
P, A SCLL SBS AR UKL Ay ok 5] ) o o4 1 O
HEBE I, JF B L 37 28 AL 25 1F W9 Tl it 122 A it
JE T B AR A 68 A BE R 45 B S 0 D E 4 I
it T TR IS %

1 REAH 5 o ik

1.1 KBE A

SK-70° 47 M i & ; SBS g PE{& , SBS-1301; T 2%
kY, 80 H s 4R IR .

1.2 KiE&E

fe 2 B Y ML GS-15 9 i 8 HH-S; L 2l 4 £ &%
QHI756B ; 3 & 55 ) i 28 1Y kinexus DSR; 22 7~ & #4
H 5 AL (DSC) , Q20005 i B w45 e 21 4b o 3
(FTIR)Y, Thermo Scientific Nicolet 6700 ; = i i J7
e 1L WDW-GD2,,

1.3 REAHE

(1) 25 1Y T %

275 SCHR [ 11 ] R T Bl 55 E e i, ELAA 2D R
WF < Sk 100 07 B2 BT & iR 155 °C, A 54 SBS
%5 Bk 30 min; BRI BE T & 175 °C 3 85 U] 30 min;
SRIG A 35 3 BRI ¥y, AR B+ 90 min. &5, H
SRV A2 140 °CL A 2 O3 A8 BE i, 7E¥8 20 2ok B v OR 4R
PobE B R R0, DA E SR i . VEAE IR MERES B 1.
Z: Rl 1 m A % B e ) (JT/ T 740—2015) P fig 4
T , A5 1) T 4% G i < 3 R O A

(2) A5

Bt T B A #4528, 8 150 g A 5 BT RE AR



%48

KA 5 IS T A P T A AR R A A 8 75

R1 BERKUESH

Table 1 Property parameters of sealant
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Figure 1 Test equipment
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Figure 2 Properties of sealant after aging at different temperatures and time

AR HE A R IR B AR 25 R 3 BT R .
Bl 3(a)~(c) JBRn TSI % ibai .21k 6 h &k
12 h & B AR Al 26, 181 3 (d) TN AT A [m) B
N2 A [R] T T 4 J5E B0 R I A9 e R % . | A
3TN AL, T el R AR A R IR B A B Y
ik, B Kl s . 2fhs s &
A B ] £ 3 A AR 328 7 e I, B A ity ) B o Rk
KB W, Hoh, 160 “CHIFE % Ak 1 T 48 e 5
A 12 h HAf R S84 9 — @ iR AR . 180 “CHil 4 .
LA HESE A E AL 9 h DL I K R B
W, T 200 °C 220 “CTF il FE L2 1 A E S5 i U AE i B
3hEEPHEL T K 0 82 FEAL. IR 3(d) n] LA
Aih2fnr & 3h, B 6~9 hZE LI K& 12 h,
T YR A2 B8 dme K B9 A 4 91y 220 °C L 200 °C 180 °C .
160 CHHIME 2y ESER . (B EENE, T
FE i B R 8 33 O B PR IR ol e R D O SR
iz 1 AV T 7 o e IR 7 % O A Bl S Ak B TR] L Ak I R
SR A T ] A
22 FEESH

T SC AT LUF 2 0 000 2 Ak I 1 v 4% e iR 1k

RE A5 I 2 T, 1 A R 7 o P B A A8 Ak R 4o B
F o FR T S R B T il e TR HE B v A S e
Xof VIE e i AT AR A LA E g LA s AR Ak . R
MR LE R E 4 s .

F ] 4 170 - il 25 LR 100 “CRE 2 — 10 °C, i 4%
A 28 v (R 0 7 L3 5 T B RE ST BRI IR R &
Wy 5y T4 Kt B2 ShRE 1 N R, T AT THE 4 S 119 it B AL
H(GH¥ RIS, SR, AN ERE T, &
I THE A e (A A 1 K R At S R 25 5. B 95 °C
A — 5 CHE 45 B i U 4 B i A% & iE 7 5 H [ BT 4 Ce)
(Do 160 CHY, #E 4% I i) it BEAS it 7 &4k 9 h i 3R
B R W S A RS K, 180 °C 200 °C 220 CF , HE 48 fist ) 2=
7 IR [R] 14 2 Ak 5 B HE 0 S A 3 DR g TR
I T R1AER 3 st [0 ) 2 Ak 359 2 3 i T 0 e A o T
7T g T R [0 1) 2 b ) 2 i o VR 2 J 4SS 5k L A5
e S5 A HERR IR 25 5, & 10 )5 VE 4% I it RE AT 1t 1) 42
Th&s il RHRBUIE A8 19 B8 134 m , Jo 2 7E 200 “CRL 1
(R Tl N Ak S T A R 1 it A o s R IR R T
T 7 P B 1 2% B AR Ak A A A A2 2% 18 2 T o T
B AR R SN R R I, 2 0 3 1 < 0 Ak R AE



X RA I A T AT AR E AT A A AR 0 e

%4 77
4000 5000 —S-160-6
—S-160-0 — —S-180-6
— —S-180-0
4 r —-—S-200-6
3000r —-—S-200-0 oor —--=S8.220-6
—0=8:220-0 _..--em T - T e
§ e T < 3000¢ . e S
= 2000t e R e
o T - & PG N
™ ‘."/",—‘— AN i 2000 ’I" .'// \
T “ ] [
1000t ,7 iy
7 1000 ¢/
v
O L L L L 1 O L L L Il
0 5 10 15 20 25 0 10 15 20 25
17 %% /mm {7 #% /mm
(a) ZALTHT (b) &1t 6h
4000
—S-160-12
R — —S-180-12
3000 Sy —-=S-200-12
z I ----8-220-12 e
R 3 - E
g 20000 5 - @
b=t NG &
4/
1000 7
4
J
O L L L L |
0 2 4 8 10 12
fii o /mm ZALHT ] /h
(c) &M 12h (d) BEIRALF -& AL I [A]
B3 AREEETAREZL K EER i
Figure 3 Tensile properties of sealant after aging at different temperatures and time
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Figure 5 Relaxation curves of sealant after aging at different time at -8 ‘C
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Figure 6 Bonding tensile test results
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Figure 7 Infrared spectrum of sealant before and after aging

F2 ASMRYIEI N E BER
Table 2 Infrared absorption peaks corresponding to

functional groups

W i e 4/ (e 1)

HHEM]

2 700~3 000 —C—H i 4 5 3l
1700~1 750 —C=0 ik 3
1500~1 690 —C=C—1ffi4i 4k )
1.300~1 500 35 TR 14 B LA 4 4R 3
1200~1 250 —COOH fi 4 4% 2l
1020~1 030 —S=0 #4i 5

~~CH,CH=CHOCH ,~~—*~~CH2CH=CHCHO+CH,CH=CHCH,~~+~~
CH,CH=CHCH (OO0 )CH ~~—>
~~CH,CH = CHCOOH + CH,~~ (1)
~~CH,CH = CHCOCH, + OH (2)

B8 FEMASBREEERENX
Figure 8 Free radical evolution equation of

unsaturated components

T T RAR UL T, 0 2 — 50~60 °C* . fly T L
T, 2 LA A HE 48 S T, 7E — 50~ — 25 "CIX [ 19 B¢
T Al i A DX P 1A 2 03 5 R B A R A A O
I3 A oy MR o W B 2 4o R K S B0 A R
DX, 11 30~55 “Ci il P B4 W A8 DX 2 o LU 5 o



80 ¥ 4k

N~ %

2024 5

\'\‘\H\%piﬁj
£ S-160-6
W\R\\%*\hifi

S-160-12
-50 0 50 100 150
g /°C
(a) 160 C
\V\‘\?\l\%’ﬂiﬁj\
i $-200-3
ES
=4 S-200-6
-200-9
S-200-12
-50 0 50 100 150
IR IE/,C
(b) 200 °C

9 EUBETFELERADSC L
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Figure 10 Viscosity test results
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