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Preparation of SBS-g-CaCO; and properties of modified asphalt
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Abstract: In order to improve the compatibility and dispersion of nano-CaCO; with organic matrix,
and promote the application of styrene-butadiene-styrene block copolymer (SBS) and nano-CaCOj; in
modified asphalt, CaCO;-NH, was prepared from amination of nano-CaCOs, while ESBS was obtained
from epoxidation of SBS. SBS grafted nano-CaCO; (SBS-g-CaCOj;) with organic-inorganic hybrid
cross-linked structure was then synthesized from covalent grafting between CaCO;-NH, and ESBS.
With grafting ratio, contact angle and swelling index as key indicators, the preparation conditions of
SBS-g-CaCO; were optimized by orthogonal experiments.The SBS-g-CaCO; obtained were
characterized by FTIR, XPS, SEM, TGA as well as fluorescence microscopy, and used in modified
asphalt, with its property analyzed. The results showed that the optimal reaction conditions were
obtained as follows: n(epoxy) : N(amino)=1 : 1, reaction temperature 70 °C, reaction time 210 min,
and NaOH aqueous solution (0.25 mol/L) doping dosage 1 mL, among which n(epoxy) : n(amino) had
the greatest influence on the key indexes. Compared with ESBS, SBS-g-CaCO; exhibited better
thermal stability, with the grafting rate reaching up to 49.5%. Nano-CaCOj particles were uniformly
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dispersed in SBS and formed cross-linked interpenetrating network structure with SBS. The storage

stability of SBS-g-CaCO; modified asphalt was significantly improved, with the softening point

difference at 48 h of 0.5 °C.

Key words: nano calcium carbonate; SBS block copolymers; functionalization; grafting; modified

asphalt; functional materials
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BAEME, D ge bR L SIS TE .

1 SCIGERSy

11 #E TSNS
SBS (£ 30/70 #x Btk ), HHER ALA R
ol TO#E T, B EXOEA AL TARAF
Hoke, Bk, B2 . (PEG-400 ), &4k
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JBE AR 1 SBS-g-CaCO; ,  Ho Jz i =0 4 F fir 7

SBS-g-CaCO; My il i e n B an &l 1 i .

OH
N +CaCO3—O—S|i/\/\NH2

OH HO”|
CaC0s~0-8i™" g
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Schematic diagram of preparation flow of SBS-g-CaCO;
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1.32 XHA4SENT
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0.1 mol/L YERARH 3 h 5, &EB Tk Enh
e, WCHENEW, INATEFE /R, S 0.1 mol/L i
NaOH BRI E BIRIARLT H. 30 s Rl 4%
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Pk (1) 3158 CaCO5-NH, iU A ( mmol/g ).
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FEMFR MR RN, FRE 3 Wk, BEEECTIEE R
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Fl CaCO5-NH, 7E 460 il 760 CHIFK TR, %,
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R4E JTG E20—2011 (A TR L PHiR
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BEANBEFIAERE ) B HrRREE o 48 h BMr kb i 2 24
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B (FR<2.5 °C), Z{EMUN, F UMD 7
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R, R B ORIt A fe e ik 22
14 EXKEEIT
R Lo(3YIEACHRIATHE, HHL nGFESR) ¢
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FEROR AR A RIS KR VR R S g0 s SR B P g 48 b

# 1 IEIENF KPR

Table 1  Orthogonal experimental factor and level
K&K
e n(%%?%) : BZM"?ETE/ ¢ NaOH ?’E‘Mﬁ? i
n(EE) o LV A ] /min /:;L Zn
1 1:1 65 150 1
2 1:2 70 180 2
3 1:3 75 210 3

2 #HR5WR

21 EXKBERSHH

2 ONIERZRTIEE R . 240, ESBS MM E(E
J9 2.016 mmol/g, CaCOs-NH, HJ % 3t &% & >
18.015 mmol/g,

*2 IERRIEASR

Table 2 Orthogonal experimental results

- K% izt
A B C D EHEFE% EMMC) BIKEK

| S I R B 47.1 90.3 3.6

2 1 2 2 2 46.3 91.0 3.4

31 3 3 3 43.8 90.0 3.5

4 2 1 3 3 36.1 87.4 3.2

5 02 2 2 1 41.1 88.6 3.0

6 2 3 1 2 38.3 86.2 3.3

7 03 1 2 2 28.8 84.9 3.4

8 3 2 1 3 34.0 85.7 3.3

9 3 3 3 1 39.3 84.3 3.1
BRI %

ki 45.7 37.3 39.8 425

ky 38.5 40.5 37.9 37.8

ks 34.0 40.5 40.6 38.0

R 11.7 3.2 2.7 4.7
Befub f11/(°)

ki 90.4 87.5 87.4 87.7

ky 87.4 88.5 87.8 87.4

ks 84.9 86.9 87.6 87.7

R 5.5 1.6 0.4 0.3
Ak

ki 35 3.4 3.4 3.2

ky 3.2 3.2 33 3.4

ks 3.3 3.3 3.2 3.3

R 0.3 0.2 0.2 0.2

MR 2 AT LUE Y, 456 45 R IKF ik 22 5017
ZRAAR A RIZXT 3 MEFREZE Y R R A>B>
C>D, HPIEBER IR R ERMLAG N
AB,C;D, 85 A\B;C5Dy; LAREfl A FF8 b i 45 IR 2
LA R AIB,C,D; (D Fil Dy HERATTRA L5 5351
87.7100 F1 87.7133, Wlik#t D;); LIEIKIsHC TS
bR & N R L4l E 0 AB,CsD, .

H TR CaCOs5 5 AN ) JE AR W] A 458 4f 1 AH 45
LIS T N ) B I e B 0 € R B
FERRE B S 45 A 1, CaCOs B 3 Tl 2 4 e 1k
T e PRE R AR, B, AR R A
CaCO; 2 11 U ME B Ry SR A8 A o SR T 25 A - 1y
P, PRUE A TR B I K JE Rl L 2 s A
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a9 B ARG A8 451 AB,.CsDy, B n(REE) -
NEF)=1:1 W 70 °C WA 210 min,
NaOH B E M 1 mL,

Ja g 3erh, X IERZR LR S 1~9 il %W
SBS-g-CaCO; , 43 %l Xf i i & 1#SBS-g-CaCOs~
9#SBS-g-CaCOs. F 138 S5 iffi i Y e AR 7K SF-{EL Y 3
fill b, B LR ScE , HEAE n(FREE) © n(Zzk)
X CaCO; FIAMUPEHA R A, 55K 2 Fs.

ME 2 ATLIE W, B#E nERERL) @ n(& )M
30 1~1 3 ARk, R R IS NS RN R
XK, i CaCO5-NH, A i35 /in, ESBS
5 CaCO;-NH, FYHZ Ml 2838 K, Il 1 42 s i
MR R 5 iE— 2P CaCOs-NH,, H
B IETEFRE LB BEA Y ESBS AIRTR/D, AR TE M
R I/D, B T PR ER SO 0% s RIS, et
RAE MR TR RIAERREYZE FIER, HiT
THEBREGWEITT, FEHERE TR, 4 n(AA
) (@) =1 1 BEEA R (49.5% ),
IR T IEAS S g Y B as 2R, i nOREE) -
NEIL) =11 1, JRZCh, MHESHESIR: n(A AL

n(E3L)=1:1.1:2,1:3#%&MH SBS-g-CaCO;, 5
WIXERIAC K 104#SBS-g-CaCO;~12#SBS-g-CaCO;.,

48.1%  49.5%

3:1 2:1 1:1 1:2 1:3
n(FELE) : n(BH)
B2 n(REIE) © n(E )X BRI R
Fig. 2 Effect of n(epoxy) : n(amino) on grafting ratio

22 RIUELERHW
221 BhkA

[ 3 3 ESBS #:K; CaCO5-NH, 2 i HLFE R 2 & 5
4 SN IEAZ S5 5 1 SBS-g-CaCOs Al CaCO5-NH,
B i A R

ESBS CaCO;-NH; SBS-g-CaCO;,
o) ) ’)
o P g o, % & Q. .9
o ° + HN ) — C&U" J
Q "7 o;,,f’
0 < N% % ¢ b ‘9
1 I m

[l 3 ESBS #4% CaCO3-NH, S LI /R 2 &l
Fig. 3 Schematic diagram of reaction mechanism of ESBS grafted CaCO;-NH,

a 514°) | b

l 90.3°

=

f ' 88.6°

a—CaCO3-NH,; b— I#SBS-g-CaCO;; c—2#SBS-g-CaCO;; d— 3#SBS-g-CaCO;; e—4#SBS-g-CaCO;; f—5#SBS-g-CaCOs; g—
64SBS-g-CaCOs; h—7#SBS-g-CaCO;; i—8#SBS-g-CaCO;; j—9#SBS-g-CaCO;
K4 AT 4 Y SBS-g-CaCO; Al CaCO5-NH, fYH% fill i MU
Fig. 4 Photographs of contact angle of SBS-g-CaCO; and CaCO;-NH, prepared by orthogonal experiments
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ME 4 TTLLAEH, M CaCOs-NH, 42 fil /i
(51.4°), IEAZEHIFAHY SBS-g-CaCO; Al 1Y
BT, BN 2#SBS-g-CaCO; il 3#SBS-g-CaCOs
(91.0°), A% N 9#SBS-g-CaCO; ( 84.3°), M 2 Fil
B 480 IR, BEE nGREEL)  n(EFHM 10148
fbZE 1:2. 1:3, 1#SBS-g-CaCO3~3#SBS-g-CaCO; .
4#SBS-g-CaCO3~6#SBS-g-CaCO; . 7#SBS-g-CaCO5~
9#SBS-g-CaCO; FUFE M AZ WK /N, M 90.3°~91.0°F%
K2 86.2°~ 88.6°, 84.3°~85.7°, M n(FF4AHL) : n(&
Fo)Xt SBS-g-CaCO; 2 [fiHz il ff1 i) AR AL A 21 A E o
BN, 2 APTES KgAK CaCOs K if
ir b BAT RONVE T, T CaCO5-NH, 1124561
DIRefuE I 2Rk M i R I 5 A T A4
FASHR N, WAl 3 Fizs, CaCOs-NH, 5 ESBS #:4%
Ja, FEIKPER AR A ] £ 19 SBS-g-CaCOs 3=
TSR i, A R A Ak A AT
222 TGA
&l 5 2 ESBS. CaCO;-NH, I 1#SBS-g-CaCO;
i TGA F1 DTG filik.

a CaCO;-NH,

TR /%
o
S

100 200 300 400 500 600 700 800
R/ C

16Fb ESBS
L 459 °C >,

1.4 =460 °C

g 12}
1.0 F

o 081 760 °C

W 06r CaCO,-NH,
04+t

K 685 °C,
02}

0F

_0'2 1 1 1 1 1 L 1
0 100 200 300 400 500 600 700 800

B/ C
& 5 ESBS. CaCO;-NH, il 1#SBS-g-CaCO; 1Y) TGA (a)
1 DTG (b) flizk

Fig. 5 TGA (a) and DTG (b) curves of ESBS, CaCO3-NH,,
and 1#SBS-g-CaCO;

1#SBS-g-CaCO,

(Y%/min

HEH

ME 5 7] LIFEH, ESBS M 342 °CIT4f & A4 4
S, TE 500 CLEA TR, T8 459 CHF#AY
i 3o SRR B i KA 5 20 5 R Tk e AF B 59 e M i 5 1)
B CaCO;-NH,, M 660 °CH U & E M4 %, 76
760 °CHF #A3fift il Rk B 5 KAE, X R 2R T40K

CaCO; H B H#HRT, H 800 °Cok B i 4 5k
H 55.4%,

%t ESBS il CaCO3-NH,, 1#SBS-g-CaCO; #4
a3 o R R B, T BE Y B 43 51 h 360~510 AT 650~710
°C, 4ril%t N ESBS 44K CaCOs 1y 4-fif, HEEE
TR BUY R 8.3%M1 4.5%, DTG fhZk P #
AT A R R R 43 AE 460 FI 685 °C. XLt
ESBS, 1#SBS-g-CaCO; 1 i #4453t il i (360 °C )
Ft ESBS (342 °C) 1% 18 °C., XKk, ESBS 5
CaCO;-NH, #4545, 44K CaCOs A B HAG R AFHY
it PR RE , 20k 22 F A Jo (1 3G 391 e ik %) A K Ak P
5 ESBS KAETFIMERCER N, Bl — R fR e
A HL-TCHLA A ACIR Z5 44, 350 T ESBS 7E ki
TPl 22 S T 2L T T BB, (o PR AT B G
223 RAERBEAKR

& 6 } 10#SBS-g-CaCO3~12#SBS-g-CaCO5 # X
FERG S B3 G 3 AR A28 i iU 14

ME 6 fTLIE Y, W (K 6a, d. g) FIiEG
(B 6c. f, 1) BT RERGUE BN, 26
BN RA Y ESBS, FEAIRYIF A CaCO;-NH,.
[, o T R 48 A AR T, 571405 SBS-g-CaCO;
PR R, HIEMTY A, SBS-g-CaCO; %]
Mo A AR BT R S MR, TR R ERIE SR AR 1K,
KU 5 R A WY ACHR B 2E PR . 24 n(R
AH) n(&E ) =111, SBS-g-CaCO; Fi#L-TCHL
ZAC SRS A A G5 B i, X 5 IE A LI 25 R
—5,

224 FTIR

Kl 7 & SBS. ESBS. CaCO;. CaCO;-NH, F
10#SBS-g-CaCO; %) FTIR 4],

ME 7R LLE Y, 5 SBS ML, ESBS 7F 2862
1786 cm™' b BL T PR FE C—H FI C—O HEAY {1
i PR SRR AR R BY , RT A BEBL—CH 7F 2930,
966 Il 911 cm ' kb By HRAE I 5 JF FEAIEUC'TY, R
SBS R T R MU R A T M A AL TE K
ESBS,

X} F R 8 M B 44 K CaCO5, CaCOs-NH, 7E
3431 m' 4b—OH Y45 i SRR AE 16 I B AR 58, X J2:
T N—H 5 O—H &#sh. A, CaCOs-NH,
1E 1266, 1067 F1 768 cm ' &b H B T 35 (045 ARG, J>
SIHRT C—N #AR4EIREN . Si—O0—C H X
gE IR SR N—H SR g iR sh s, 25 R,
APTES TEL WK, LRI NRER, 5
CaCO; FMHMFRFEMAKLE A IE K T —Si—0—CaCO;
Kok, HEE2FEE 2 AT CaCO; R IH 2 3L
REfiEM . DL EYREFE /Ui 44K CaCOs Bl 424
A,
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a~c—10#SBS-g-CaCOs; d~f—11#SBS-g-CaCO;; g~i— 12#SBS-g-CaCO;
Fle MR H#1Y SBS-g-CaCO; HE (a. d. g). WI3F (b, e, h) AL (e, £, 1) ZOCRMBERILR
Fig. 6 Dark field (a, d, g), bright field (b, e, h) and blue light (c, f, i) fluorescence microscope images of SBS-g-CaCO;

prepared by continuous experiments
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Bl 7 SBS.ESBS, CaCO;, CaCO;-NH, 1 10#SBS-g-CaCOs
) FTIR %4
Fig. 7 FTIR spectra of SBS, ESBS, CaCO;, CaCO;-NH,
and 10#SBS-g-CaCO;
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CaCO5-NH, W Z FEHE 43 KA T FF IR
225 XPS
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i XPS 4%,

IE 8 AT LA 3 AR 4 AR 45 A fig 530.2.
283.8., 447.0, 344.0 eV AbWIZLE] O Is, C 1s, Ca2s
Fl Ca 2p HIFREIE; T CaCO;, CaCO3-NH,7E
400.1 F1 102.3 eV &b BT, 53 5I%E0 N 1s 5 Si
2p, R ZEEA S REDTIAT N M Si i+, iE
B4 K CaCO; T AL Z 3
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W
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ARV

8 CaCO;. CaCO;-NH, fil 104#SBS-g-CaCOs fifJ XPS 421
Fig. 8 XPS full spectra of CaCO;, CaCO;-NH, and
10#SBS-g-CaCO;4

¥l 9 & 10#SBS-g-CaCO; i) C 1s, O 1s, N Is,
H1Si 2p 1= 73 B XPS 354
K 9a WTLAIFE Y, C 1STELS A fiE 284.4.284.8 .,
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Fig. 9 High-resolution XPS spectra of C 1s(a), O 1s(b), N
1s(c) and Si 2p (d) of 10#SBS-g-CaCOs
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2.2.6 SEM
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) SEM [l
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Fig. 10 SEM images of CaCO;-NH, (a), ESBS (b) and
10#SBS-g-CaCO;s; (¢)
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C. N. O CERELH Y LRI, 2"
FSAAIE MBS VER, UK CaCOs-NH, 5
ESBS H:fr 4% .
2.3 SBS-g-CaCO; ¥ MimE1EBE S HT

2 3 4 SBS-g-CaCO; 2t ( 10#SBS-g-CaCO; )
F1 ESBS 5 CaCO;-NH, MU et 7 Bt REM
£
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Table 3 Basic performance test results of modified asphalt

WP (f;r 1/\ rfn/) !kaé,ﬂm/ iE; rrng/ 48 h !fftgc,ﬁ\%/
SBS-g-CaCO; i  45.6 69.8 37.8 0.5
BLBALIR A 47.2 68.6 35.2 2.5
HUILIE B 47.0 68.8 34.1 2.2
LWL C 46.5 69.2 31.8 1.5
LWL D 46.3 69.3 30.5 1.8

SBS-g-CaCO; — J7 [fii 1] A 84 F#AIL CaCO; Y 2 1

A, P2 HAE SBS et Wi Hh i A3 5 5 — v i,
KA R 5150 BT SBS 2 0H , £EFE SBS My KA
FIFIE LA KA H 2 M A HIL-JCHL T 28 ) 45 &R
4, SBS-g-CaCO; SUHFEMI L], WEE IR
R, WS B RREE, PR EET SBS-g-CaCO;
WU T O AE e R R

3 #it

(1) X} SBS-g-CaCOs 24558 | Hzfih f1 Fnigs Bk 458

HiRhE/keV

; 10#SBS-g-CaCO; WL R A (d)

Bz 1 FEWRIT R nGREIE) « n(Z ) > R iR
& > [ [E] > NaOH {%Mﬂ?i S ZEI AR L
NOAREIRL) : n(&F)=1: 1, RNREN 70 °C.
S EFE] A 210 min\%?f}{”il 0.25 mol/L /) NaOH /K%
WHBE 1 mL,

(2) 2 n(HEE) :n(ZHE)=1:1 K,
SBS-g-CaCO; A #L-Te WL A% 1k 3¢ R 25 44y 1) ¢ S 52
R o

(3) SBS-g-CaCO; b HR 45/ A 1L T ESBS,
HA TG e, SBS-g-CaCO; [ KRR
H 49.5%,

(4) CaCOs;-NH, 5 ESBS M I )5,
CaCO;-NH, G KOk ¥4 5] 4+ H7E ESBS 3R1H, A il
BUWERHHEIE$E

(5) SBS-g-CaCO; Mt i H #H L T SBS 544k
CaCO; B &I T 0 = RIGFrmEAT M, ik
ZWI TR, At s

AL 45 B SBS-g-CaCOs5, SZFL T SBS # i #2
KRB CaCOs, F4r K2 T SBS FIZAKA KL A
I PERE DL
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