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1.2 HI&5FRME
1201 29 SR A 2 2k W R 0 1) ) 5
HEMR AL P B (La-GDTC) , A 1,
Z: %R [25,26 ] il & & AR — AR & 5 H R
B, 9855 LaCly - 6H,0 #Z2 18 1: 11902211 B4
PFEIR A, BB — R AU, o N, YRk, 7
45°C L2 N T8 A3 8] — MR F K.
1.2.2 La-GDTC ik & 1F
SRR L 0 AR e 2T 4h 6 3% {1 ( MAGNA-
IR760 , Nicolet, USA ) 7 500 ~ 4000 em ~' 35 [ 4 JH]
KBr JE F 3 4F T La-GDTC {1 21 4h 563t 5 7] B {6 1
JCE 4 HTAY varioELTI M € T La-GDTC # C,H,N
JCEMITE & it
1.2.3 SBR & & MK BLT7
SBR/La-GDTC/Si0, & & #1 ¥ fl SBR/ZDC/
Si0, &AM EYEL T W 2 1 K 2.

Table 1 The formulations of SBR/La-GDTC/SiO, composites

La-
1.1 E#HH Sample SBR Si0, - DM S
TR 1502 (SBR) , 35 #h Ak T A7 B2 7] A2 La-GDTCO  100.0 0 6.0 1.0 1.5
PR 23.5% T AR A BUR R 0 5 DLUE TR H R La-GDTC-1  100.0  10.0 6.0 1.0 1.5
OVLVE B AL T IR A " A SRR A R La-GDTC-2 100.0  20.0 6.0 1.0 15
900 nm , LR F RN 144. 44 m*/g; — 2,3 — Hift La-GDTC3  100.0  30.0 6.0 1.0 1.5
ST B (ZDC) . — Bk — 26 ) WEmE (DM) 4 La-GDTC4  100.0  40.0 6.0 1.0 1.5
La-GDTC-5  100.0  50.0 6.0 1.0 1.5
EEE(Zn0) AR ER (SA) , i 8 (S) 55y Tl i
Table 2 The formulations of SBR/ZDC/Si0, composites
Sample SBR $i0, Zbe DM SA Zn0 S
ZDC-0 100. 0 0 3.0 1.0 3.0 5.0 1.5
ZDC-1 100. 0 10.0 3.0 1.0 3.0 5.0 1.5
ZDC-2 100. 0 20.0 3.0 1.0 3.0 5.0 1.5
ZDC3 100. 0 30.0 3.0 1.0 3.0 5.0 1.5
ZDC4 100. 0 40.0 3.0 1.0 3.0 5.0 1.5
ZDC5 100. 0 50.0 3.0 1.0 3.0 5.0 1.5

1.2.4  SBR & & MBIl 5 -5 - i i3 K 52 55

TETFHRAIL b 22 IR0 TF WRF A8 O A 4% il 4
g T AL — H 5 R T AR A BER - BB
PR HR BT R 7 15 min Loy, 9K 5 wE 0 L TR
BRIP4 h Z )5, 76 160°C T i 5 f5e A Ak B[]
T oo SRIGTEF AR B AL A 160°C T JE i 1 mm J&
(3, 45 R

U 2 A 1 R R IR A T R T R AT
VLI, VK I R) S 5 K, I AL A I K T
VA K e AL A S B0 R $% STk [ 27 ]

ST S AR I AR R 8 2 K 8 B 5 i Ak
B K Gibbs A Hi BETTHIR#5 IR SCHR[ 22 ~ 24 ] 2
A . R Kraus ™ H 2R PEAE T IR IR -~ 4
Atk EURE 22 1] 55 T A
B AE Bk 2 T s ik 7 R
~ my x ¢ x (1 -a)/p,
my X d x (1 —a)/p, + (m,

- mn)/P.s

(1)
In(1 =V,) +V, +yV?

V., = 2
¢ V.V, -V./2) (2)




7H ¥ B4 A 0 K VA E S48 IR — AR L B R B0 SBR/SI0, &2 & 4 TR B9 5 i 711

Forb, v RS B AR 535505 m, B IS K T Y
g5 AR A I B 2 B o, VK R RE S 5
AR sp, BRI EE g - om T ymy MK FE
st L A5 M Y T A my, , S IS R i p,
BRI, g - em LV, B EKH E, mol -
em SV, B A BE R MR BL (2K O 107 em’/
mol) 5 x i b iZ 5 ¥ 7 A A0 5/ 1 2 %0, B
0. 00653,
#HK Gibbs H HHAEIT FERRUNE
b, = vio b (3)
(W= W) + (W= W) /p,

- [In(1 =) +¢, +xd;1 = Vonl o, - ¢./2]

(4)
AG = RT[In(1 = ¢,) + ¢, +xd.”]1  (5)
AG = - TAS (6)

Hrb b, ARRBARIR G BG W, W, W 535 AR

AP SR W IKCIR S R K B TR R e, K
R BE 5 (4) Hh x A Flory-Huggins #H H.{F H]
SRV, RIS R EE IR R s n S 3SR B 5 AG
7k Gibbs [ HiAE 3 R 38 4 AU 85 T ok 46 %)
L. AS Ry i ik i sl

*«f

Kraus AR LLFE/RUTT .
V., me
V- L= s (7)
m=3C(1-V,"*)+V, -1 (8)

Horf VSl BTE AR 0 R e TR LA BV, O
FEARIE F AR I R LA 55 & S ORI IR B 43 85 €
Sy B A - ORI 5 AE 280 TV, 0V, AT L
BN

 (d-fw)p,”

S (d-fw)p, +Ap

(9)

of

dpp’1

1

Y dp, T A
Horr,d Ry 555 K 5 B Ak I ) 5T i 5 f Oy SEDRF AR R
I3 0 SRR R AR T B 5 p, SR R 0 B 5 p,
SRR R B 5 AL O A PR W R ) B
1.2.5 Ak 72z v s Dl 5 4 4 7 B 1
BE M (SEM)

J12EPERE M 6 V8 O BB R A PR
H A== UT-2080 U4 Jy ML, #2 B GB/T528-1998
T o A7 DU 3, 7 1 R 2% A W A% AR i 4 M B 4
GB/T529-199 it 47 Wi, #F 45 hy B Af i 244
. MR K AE B S A AR T AR R LX-A
AUS A B % GB/T531-199 bRl k47 M.

V (10)

A L T B OB 20 A (SEM) SR I fr 22 FET 24
H] ) Nova nano430 4 A 455 WL 22 Wy 24 1 (1 35 1
TE S, W W7 2 1 A7 % 4 A L, FH 5 P RO 7 4
JEWEE G b, HORG 25 78 43 242 18 By 1 A L RS
By, T 5 W7 S84 T 114 % T 45 4

2 H#RE5iTiR

2.1 La-GDTC fy4shiz@E

1 FR )& La-GDTC FI4 2 R (GA) /Y
SE AR LT AN IE . T R RO A R K
N, La-GDTC 7£ £1 7% & 1 R I 5 A B GA
R—FERY LT AP &1 968 em ' &b ) 14 JF IR F Bk
AR L 1 A 4 i 3l 0, X N T R AR I S B
T BN PR A G TR B 0y W H SR AR RN
YERIR -t X 2 5 7 i 7 LR g B, 5 B
25 T B - WU B - P B DX I ) SF X 0
TR LT Ab b 38 30 5 — A9 W ig e . 55 — A R AiE
Wi AT e 2 A F T - L B (1200 em ™) TR S XUt
(#1500 em ") PO Zqa] 1 K 1315 em ', T B
T La-GDTC (1 ffc-A 5. X F 22 i T o AUR %
49 2 F, 280 S BT e U P 2 I Bl AR
TR . A L4 JE L& PR TR iR B+ 1 20 41 3%
Kz 3 5 HE A48 m, 7F 1590 ~
1540 cm ™" &b g A B 45 4% 3, 10 £E 1400 cm ™
BRI S X R A 4 iR 2. [ 1 GA Y R K 21 A1 i
EZE 1510 Fi1 1410 em ™' 4b, Tfif La-GDTC 2 R AR &5
TR LT A% I 47 £ 2] T 1551 A1 1420 em ', %
WYY 74 )8 Bl BH B AL 48 S A/E T, La-GDTC
MRS TRENE FIREH, 2574
M 1 18 7 B RO M RS Bl 3227 em Ak Ry 4 A K
(9 O—H B 45 4 2 W Wic e, R WY 1 I TBC & 9
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Fig. 1 The FTIR spectra of La-GDTC and GA
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2.2 La-GDTC B TEH#

La-GDTC (% C,H F1 N JG % (% # ¢ {H 5
1 C18.29% ,H 2.78% , N 3.56% ; ifii 5Z I K
C18.36% , H3.03% , N 3.97% ; Wi & W) & £33k
WOF, MO HE S 1 La-GDTC By 1k 2% X K

LaCH,0,NS, - 2H,0. £5 4 L 1fi (9 21 40 /3 #7 , La-

GDTC iy fk 2 254y ] s a5 2.
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Fig. 2 The possible chemistry structure of La-GDTC

2.3 SBR E5#BHBKS

TE B Ak ) 2 v s Ak BB BT B A BRL B, XY
T B P 22 it B 110 = 4 2 1] ) 2% 245 4 . 7 it Ak I 1Y
Ry, B 70 00 89 W B, 7 0 sl 1 4
E BB AR R o R RSk E R AR R
I 43 T il = 2k 25 18] W) 25 45 ¥ 1) o] s 29 3R,
B A e L BEAE R ¥ 500 o ik 303 ik O i, EOK R
e, 33X 0 A - A i i 3 0 S A T T S B % R A
BT R FEAL. Bk Gibbs H B BEN SRR E A
BRI AT DG, SR B A AR o B i R AR AL
oA, 9 B Gibbs [ ph E /N %
WORHE SR AR IS 2 & Ak, 0B 5K 57 T8 2
(i) 4 R B A BB 55 AR A3 - BE B A S PEAS
[F], s ik Bsf AT ARl B Gibbs B E AG F ik
AS.
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Fig. 3 Gibbs free energies shift with the silica content

Kl 3 1, SBR/La-GDTC/Si0, & & ¥ K} (1 1%
Bk Gibbs H thBE AG Bfi %5 — 4 A0 r & & 09 34 in i

I AR T A, SBR/ZDC/SIO, B A
B Ik Gibbs A Hifig AG M EEAfRHE A, £ 3
5y T SBR/La-GDTC/SiO, & & ¥ % f1 SBR/
ZDC/Si0, 5 G MBI 22 Bk 2% B 5 ¥ ik Gibbs A
H fE. X T SBR/La-GDTC/Si0, & & # K, Bk 5
WAL AR AR 3 H V, PN HR S B V, Bl
7 B LTS B A 1 0 $e g, O HLAE SR 50 i 1k R
BFRIH T R (AR ) 5 A,
SBR/ZDC/Si0, & A M BRI R B2 v, Fil
ACHREE LV, WIBH 2 19 ok A St 3 fin i B AR —
BN A, TCAILIECRE A I A B AR T A% AR B4 5, IF
X A 2 700 5 W B, BELAS Ak i 4, 3 3L
W A2 BE % B 1Y F B, {H 2 SBR/La-GDTC/SiO,
RARFBIN TR E LIS 3 T La-
GDTC I A RE 8 A F T 3¢ Bk %% B2 1) 56 3% , 441t
BIAIM A I A5, DT A2 T 1 e P T 3 K g L
EH.

FIF K Gibbs [ B BERITH R G W 5 Hk}
£ A L REORE 26 T8 F9) 5 T80 3R 8%, Mousa 45>
NN LAG BN (A EBOR) , &6 BB HE R %57 1Y
VKT 43 B B % HEAT G R0 BT R T A HE, 48
PRI o3 i 1 s 1 7E SRR3R T 5 AR I AR Y i
PEZHIE R T — A8 B T AR I A 1 S HR 5 4
BARACKTE BT — AR 50 0, 5 IS 3 5] 1 58
B 1o 2 65 4y SEDRE 5 585 W RH 45 1 2 1 e 68 4R
e — DA 5] (1 S8 25T 1. AS B 48, 16
MTREW-ERAHTENMRES. &3 5Kk
Gibbs [ 1 fE 04 72 8] , SBR/La-GDTC/Si0, {k %
(M La-GDTC-0 F| La-GDTC-5) f#§ AS M\ 7.31 ] -
- K" hn3) 32.88 J - mol ' - K7 AG M
-22.16 J - mol '"FEF] -99.69 ] - mol ', {H 2
SBR/ZDC/Si0, f& % ( A ZDC-0 F| ZDC-5) [ ¥ 4
7k Gibbs B HIAEZHL(AS F1 AG) ,AG I EUEATE
62 ) - mol ' ZE A AE AL, AR AL IRIE R £4.0 ) -
mol ' AS B(E K 20 J - mol '« K™' A2 AT, AR AL
BEAE £2.0 ] - mol™' - KW LLFEH, M X F
SBR/La-GDTC/Si0, A& % , SBR/ZDC/Si0, 1k & I
7Kk Gibbs 5 i BE S BURE AR 7 A AL, X R W] T
P 1 32 Bk 45 0 1 B0 T W W9 AN [, SBR/La-
GDTC/Si0, &k & Si0, Wy R b2 B & B T
AR AS BEK,AG SN P AR Ak 0RO 1
B T SBR/La-GDTC/SiO, & & fh 3k 541K 5 T
BE 2 (8] 0 AH A M4, BB S AR 4 1 B ) AH B
YEFH 34 3. 46 2, SBR/ZDC/Si0, 1k & i AS, AG

-1
mol



7H ¥ B4 A 0 K VA E S48 IR — AR L B R B0 SBR/SI0, &2 & 4 TR B9 5 i 713

(R 728 A AN R B 3 B A LR R AN A W 137 o TR
RE W) Z (B A E 22, TR 25 1E I 55, SR &
MR R A KA R XULW T La-
GDTC [ m A, B i 2 4% T SBR/La-GDTC/Si0,
K& Si0, MR IG5 T Sio, 518
JiE B SBR 434 Be i AH 25 14 F0 S T A 45 2808
fE SBR AR HIE B T — M X F SBR/ZDC/Si0,
PR R FEARAS TR 0, SR B 50 0 I 4%, DT el 2 1
SBR/La-GDTC/Si0, 14 Z (% ik Gibbs [ HifE.
2.4 SBR £ &### Kraus f £k 5> 47

J T i —H3F 52 SBR/La-GDTC/Si0, 1k & %
AP -TORHY B IRDRG 25 58 T SBR/ZDC/SIO, K %,
FATRM T Kraus M2 P74 19 52 72 2. Kraus (i
L RER Y IE SR R I R G W 5 R Y B TR,
255555 Kraus & RHRAEBR K, RH T REY-
JEURE S THT R 45 i B R 5 5 AR O Bl IEAE, W
VAU T P A T T RS 45 98 )% 55 Zhou 45 TN
I TR o Pk 5k TR 475 14 5 EPDM, ] Kraus i £ 5% 3F
Wi 5 T PR AR TR B s R, 45 R R W] 5 SR A
PEREAE AR 4r b W) 55 .
Table 3 The crosslinking density and swollen Gibbs free energies of

SBR composites

Toluene swelling

Gibbs free energy

Sample equilibrium
vV, x10% V. *x10* AG? AS* x 10?
La-GDTC-0 12. 40 1.58 -22.16 7.31
La-GDTC-1 13. 48 1.85 -31.39 10. 35
La-GDTC-2 15. 06 2.28 -45.06 14. 86
La-GDTC-3 16.31 2.66 -60. 47 19. 95
La-GDTC4 17.02 2.89 ~74.40 24.54
La-GDTC-5 18. 50 3.39 -99.69 32.88
ZDC-0 19.12 3.62 -61.02 20. 13
ZDC-1 17.55 3.06 -58.19 19.20
ZDC-2 16. 82 2.82 - 60. 63 20. 00
ZDC-3 15. 67 2.46 -59.57 19. 65
ZDC4 15.02 2.27 -61.48 20.28
ZDC-5 14.92 2.19 -66. 02 21.78

* The units of V;,,AG and AS are mol + em > ,J « mol =", J + mol ™'

« K™', respectively.

1T Si0, 1 B A K18 1 ik 1 5 ek S
ik P SR L SR ZU A A, S SiO, v R RE Y &
TR, 2 Si0, F1 R 9 RS54 1 31 ) 27 Bk 2
T3 5 Bk A B AR X T T R O, A A U B AR A
%, FER AN, & A AT AR R A
W ELAT — 5 Wy B B P B B JEAL T SBR
— R AR R Y, 5 S0, MR 2 5 S EN

() S THTRG 25 AF # 55 , FAF 7 A7 BP0 ) B B .
SBR it Ak i 2R i ik S5 6 i 35 o g 3 0 A
FH T W A Si0, R IE il — 2 i i % 51 43 +
JE TSR 5 B X0 T8 ) 0B, T o7 58 Ak 27 S8 Bk
SRR R, MR R FE T A I R . R A Y-
SECREAH B B i JE 78 B Ah e AR R A i AR R B
AP SE 50 A AR I AR Y A FR 22 Ll 25 8 v, X A
BH D ELE o/ (1 - ¢) Bh £, g 3] —
SR Ry B0 Y I 45 G 2R 2 A AR AR 55 BR
VA A EAE AT, A 7 A R AR e A A FERUAR X T
AR TR R AR AR /N B B AR AR | X TR AR
SR o/ (1 - ¢) itk w18 8] — &Rl %
SRIE A 2 4. Kraus il 28 R 23 49 £ (B OK
T T R W -TEORE LI RS 45 0 R B R
Feal F EAR, W8 BT T ) AT RS 45 R R 5

B 4 %+ T SBR/La-GDTC/Si0O, {& Z& Fl
SBR/ZDC/Si0, & Z Y Kraus 2k, & 3 A1a0
PIf5 8], SBR/La-GDTC/Si0, & & iy 4 ¥ & M
LR R, B - 2. 04, 3B La-GDTC X 3 3%
Si0, 5 SBR Z [H] iy 5L 1 K 45 VE FH W] & 5 1 SBR/
ZDC/Si0, KR LMEM G AR R LY 5T 0, %
BT Si0, 5 SBR ZZ [a] iy 5 I Al 45 1~ 9 5 1 1
265K, HUJE 38 1 ) BRI BN A, O A R LY
b2 R X Kk & SBR/La-GDTC/Si0, f& &
SBR-Si0, 1y #¢ I b 45 5i £ W] & 5 T SBR/ZDC/
Si0, f& & , 3k /& U SBR/La-GDTC/Si0, {4 % th
SBR 5 Si0, MHH %5 M4 T SBR/ZDC/SiO0, 1k &.
= (8) T B 1 R A Y- 0B 5 AE H 2 4L
C, SBR/La-GDTC/Si0, {k & C =2.02, SBR/
ZDC/Si0, K& By C{H 5 0. 66,8 5 /NF SBR/La-
GDTC/Si0, R Z Y 2. 023X WIFESZ T La-GDTC 1y

1.2
1.0 - N o <. —0
08k %-__
G - -
Ny TE~-
= 06 BTl
~ T~
04F- o La-GDTC
- - La-GDTC fittiing line
02F o ZDC
— ZDC fittiing line
00 1 1 L
0.07 0.14 0.21

#(1-¢)

Fig. 4 The Kraus plot of SBR composites
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A RERS A B 4 & SBR 5 Si0, = [A] (¥ 5t 1 A
4558 B, 5 SBR/La-GDTC/Si0, & & i 58 Bk % &
Tk SBR/ZDC/SIO, & F (1 3CBE 9% B T B LA
HRAF i — 5t [W B SBR/La-GDTC/Si0, 14 % 7
7Bk Gibbs F i RES % L £ B Si0, K fh2# 34
B % A B 5 R B AR i SBR/ZDC/SIO, 1K £ Y
Si0, FIhfb2E A B A B A8 Ak
2.5 SBR EGMBMNFEMREDH

% {11 %} SBR/La-GDTC/SiO, FI SBR/ZDC/
Si0, WA F B Ak e 1 1 2E MR R HEAT T 1 2
RE AT HT. BT 5 o I 2 1 AR 2 Ak B 14 1o g - it
TN

2 i 2011 4F
30 —a—La-GDTC-0 —o—ZDC-0
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Fig. 5 Stress-strain behavior of SBR composites

Table 4 The data of stress-strain behavior of SBR composites

Sample 300% Tensile Elongation Permanent set Tear strength Shore A
Modulus( MPa) strength (MPa) at break (% ) (%) (kN + m)
La-GDTC-0 1.24 3.35 652 16 13.32 40
La-GDTC-1 1.67 11.58 725 14 18.59 45
La-GDTC-2 2.51 16. 53 683 16 24.95 54
La-GDTC-3 3.97 25.83 699 20 32.30 65
La-GDTC-4 5.56 28.03 678 12 42.67 72
La-GDTC-5 7.86 23.73 614 20 54.79 79
ZDC-0 2. 46 2.71 325 4 9.49 48
7ZDC-1 2.71 3.44 354 4 18.26 50
7ZDC-2 3.18 5.51 419 7 23.08 54
ZDC-3 3.71 11.43 536 11 33.80 56
7ZDC-4 4.56 16. 99 580 16 38.61 60
7ZDC-5 5.23 20.29 606 17 45.57 63

M BT LA 7R A R R ORI R T,
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Fig. 6 The SEM graphs of SBR composites
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(a) and (b) are the SEM graphs of La-GDTC-4 while (¢) and (d) are the SEM graphs of ZDC-4 with different magnified folds.
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Fig. 7 The microstructure of SBR/La-GDTC/Si0, composite
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STUDIES ON THE INFLUENCE OF LANTHANUM GLUTAMIC
DITHIOCARBAMATE ON THE INTERFACIAL REINFORNCEMENT
OF SBR/SiO, COMPOSITES BY SWELLING EQUILIBRIUM TEST

YANG Shuyan, LIU Lan, JIA Zhixin, JIA Demin, LUO Yuanfang, LIU Yalan
( College of Material Science and Engineering, South China University of Technology, Guangzhou 510640 )

Abstract A new rubber functional agent with dithiocarbamate group, carboxyl groups and lanthanum ion,
called lanthanum glutamic dithiocarbamate ( La-GDTC ), was synthesized and its chemical structure was
characterized by FTIR and element analysis. The interfacial interactions of SBR/La-GDTC/SiO,composites
were measured by toluene swelling-equilibrium test under room temperature. The crosslinking density data of
SBR/La-GDTC/Si0, composites turned out,with the increasing loading of silica content, that the crosslinking
density evolved to a high extent considerably, without respect to the obstructed effect of the silica particles on
sulfur crosslink reaction. The swollen Gibbs free energy parameters of the composites AG decreased
dramatically and AS increased obviously,both of which interpreted that the chemistry environment of the silica
particles in the rubber hybrid composites changed to some extent, leading to a more heterogeneous network
existed in the composites and a different chemical bonding structure between the rubber matrix and inorganic
particles. Also,the interphase interaction parameter C, obtained from Kraus equations, was the value of 2. 02
and verified the reinforcement between SBR and silica particles via the hydrogen bonds and chemical bonds
between the La-GDTC and silica particles. The tensile strength , elongation at break and tear strength all pointed
out that the mechanical properties of the La-GDTC system were much higher than those of the ZDC system.
Also,in the SEM photographs, well-dispersed silica fine particles and more fluctuated surface of the La-GDTC-
4 were attained ,however, the silica clusters aggregation and smooth surface of the fracture were observed in the
ZDC-4 ,implying that the interface interaction between the SBR/silica particles of the La-GDTC system was
much stronger than that of the ZDC system. Based on the fore-mentioned experimental observation, an
interphase structure between the rubber matrix and the inorganic particles was discussed.

Keywords Styrene-butadiene rubber ( SBR ), Silica, Rare earth acceleratorm, Interfacial, Swelling-

equilibrium



