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TINH CHAT PAN HOI CUA CAO SU LUU HOA
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Khoa Cdng nghé Vit liéu, Trudng Pai hoc Bach Khoa - PHQG-HCM
(Bai nhdn ngay 15 thdng 4 ndm 2004, hoan chinh sita chita ngay 05 thdng 5 ndm 2004)

TOM TAT: Bai bdo trinh bay két qua nghién citu trén 18 mang ludi lwu héa ciia 4 logi cao
su: NR, SBR, NBR va PDMS vé méi quan hé giita cdu triic mang ludi lwu héa, thé hién qua chiéu
dai trung binh quy wdc giFa hai mit mang M., va tinh chdt dan héi ciia vdt ligu. Hai phuong
phdp tiép cdn da dugc sit dung la kéo din va truong nd trong dung moi thich hgp. Cdc két qud chi
ra rdng cdc méi quan h¢ giita cdu triic va tinh chdt dan héi la tuyén tinh va hdu nhu khéng phu
thudc vao bdn chdt ciing nhu cdu triic ciia mang ludi.

I. Diit vin dé

Cao su luvu héa 12 mdt dang ton tai dic thd, thé hién tinh chit dan hdi dic trung cia vit lidu
polymer: mé dun dan hdi rdt nhd so v6i vét liéu rin két tinh nhung ¢6 kha ning bi€n dang rit 16n,
hing trim Idn so véi do dai ban ddu. Vao nhitng 1940, Flory va cdc cong sy da phat trién 1y thuyét
nhiét dong lyc hoc nhiim gidi thich m6i quan hé giita ciu tric mang ludi va tinh chi't co 1y dan héi
clia cao su Iuu héa, trén cd s hai ky thuit ti€p cén:
- Do tinh chit cd 1y (kéo, nén). V6i md hinh mang ludi thudn (réseau affine), Flory di chitng minh
dugc ring @ng suit ciia luc tdc dung 1én mot mau cao su luu héa ty 1& v6i do bi€n dang A va chiéu
dai trung binh doan mach “quy udc” giita hai niit mang E

-1
C

o irng suit luc tic dung (Kg/cm?2)

P kh&i lugng riéng clia mau cao su luu héa (kg/m3)

R: hiing sd khi 1y tudng

T nhiét d6 tuyét d6i (°K)

ﬁ:: Chidu dai trung binh cdc doan mach gi6i han bdi hai niit mang trong mang lugi lvu héa
(g/mol)

A d6 bi€n dang cia miu A= ]l
0
- Thi nghiém trudng clia cao su luu héa. Theo Flory — Huggins, ngdim miu cao su lvu héa trong
mot dung méi thich hdp, khi miu truong t8i da (truong cin bing), lic biy gid ¢6 sy cin bing clia hai
thanh phin d&i ngugc nhau: ning lugng dan hdi cia mang luéi mudn gil cho miu khéng bi truong va
ning lugng tuong tic cao su luu héa — dung méi 1am ting thé tich miu cao su luu héa.
Téng quét, ning lugng W clia hé dung mdi — cao su luu héa bing:
W = Whh + Wdh
Whh:  ning lugng tudng tdc cao su luu héa — dung méi
Wdh:  ndng lugng dan hdi ciia mang luéi lvu héa
Khi truong cin bing: W =0
Ta cé: 1n(1—v§)+ v; +xv; +%I.iv;”3 =0 2)
c
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v, thé tich trudng t8i da ciia miu cao su lvu héa

x: thong s& tudng tdc dung mdi — polymer (thng s6 Flory)
p: khc’fi lwgng riéng cao su luu héa

V1: thé tich mole cia dung mdi

M. : dinhnghia nhu trén. :
Ci hai k§ thuat ti€p can, d&u phdn 4nh tinh cht dan hdi ciia cao su luu héa va chi ra mdi quan hé

giita ciu tric mang ludi cao su luu héa, thé hién bdi chiéu dai trung binh cdc doan mach quy udc gilta
2 niit mang, va ng sudt ciing nhu khd nang truong clia miu,

Tir Iy thuyét trén, dé tai nghién ctu m&i quan hg gilfa cdu tric bén trong, mat dd ndi ngang (/IML 3
(o]

ciia cao su lwu héa vdi cdc tinh chit co 1§ v dd truong ciia céc loai cao su khdc nhau nhim tim mot
quy luat chung dic trung cho m&i quan hé nay.
IL Thi nghiém
1. Nguyén li¢u

Trong thi nghiém nghién cttu 4 loai cao su NR (cao su thién nhién - CSVN 5), SBR (copolymer
butabien vi styrene — SBR 1712 Thdi Lan), NBR (copolymer butadiene va acrylonitrile - KRYNAC
40 Bayer) va PDMS (polydimethyl siloxane — cao su silicon — Rhones Poulenc cung cip).
Cao su dugc luu héa theo nhitng don pha ché khéc nhau nhim tao nén nhitng mang 1udi khic nhau:

- NR, SBR, NBR luu héa biing hé xic ti€n va Iuu huynh thdng thudng

- PDMS tao ndi ngang biing phdn ng hydrosylation

=Si-H + CH,=CH-Si= — =Si-CH,-CH,-Si=
Cao su S& mang ludi Dang luu héa Tée nhéin Noi sdn xuit
lvu héa : Iuvu héa

NR 4 MBT + DPG S:1.5.3 CSVN 5
CBS + TMTD S21:5,3

SBR 4 MBT + DPG S:1.5,3 SBR 1712
CBS + TMTD Sil5:3 Thdai Lan

NBR 4 MBT + DPG- S:13,3 KRYNAC 40 (Bayer)
CBS + TMTD S15,:3

PDMS 6 =Si-H + =Si Tuvi=1, 1.3 Rhénes Poulenc
— Vinyl pu: 1,0.72, 045

vei: i ] s ]
e Z[Viny]] 5 Z I.H poly .|+ Z [H w]

H,oiy : Mach PDMS c6 mang nhiéu nhém chifc hydrogen
H,, : Mach PDMS chi mang 2 nhém chifc hydrogen & 2 ddu mach
2. Thinghi¢m
C4c miu cao su Ivu héa dugce ti€n hanh thi nghiém:
- Po mddun dan héi Young (E)
- Po d trudng t8i da trong dung moi thich hgp

Cao su Dung méi I *
NR Toluen 0.399
SBR Chloroform 0.373
NBR Chloroform 0.207
PDMS Méthylcyclohexane 0.39

* 7,, :thong sO tudng tic (Flory) giita dung mbi va polymer.
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Tir cdc k€t qud vé modun dan hdi Young (E) va do trudng cla cao su Iuu héa, dva vao cdc cong thiic
(1) va (2) tinh c_hiéu dai doan mach trung binh quy wdc gilfa cdc nit mang M . Gid tri doan mach
trung binh phdn dnh c4u tric bén trong, mang ludi ngang clia cao su luu héa.

Téng hgp tinh chat clia cdc miu cao su Ivu héa nghi€n cifu dugc trinh bay trong bang sau:

Tt | Caosu E Qm Mc 1/Mc Mc kéo 1/Mc D6 citng
luu héa | (kg/cm2) trudng trudng kéo Shore A

1 NRI1 5.9798 3.9122 | 7112.0 | 0.00014061 | 15573 6.4214e-05 38

2 NR2 8.5100 3.0794 | 4841.9 | 0.00020653 | 13283 7.5284e-05 46

3 NR3 5.9660 4.0952 | 7262.7 | 0.00013769 | 13916 7.1860e-05 38

4 | NR4 8.3300 3.7120 | 4500.0 | 0.00022222 | 13393 | 7.4666e-05 | 48

5 SBR1 4.9700 8.9354 | 7948.6 | 0.00012581 | 18361 5.4463e-05 35

6 | SBR2 9.0800 6.2832 | 4730.0 | 0.00021142 | 10277 | 9.7305e-05 | 46.5

7 SBR3 6.4200 8.0870 | 6215.3 | 0.00016089 | 13811 | 7.2406e-05 39

8 | SBR4 10.530 6.1710 | 3912.5 | 0.00025559 | 8815 0.00011344 | 49,

(Y]

NBRI1 8.3900 9.5868 | 5533.6 | 0.00018071 | 12917 | 7.7417e-05 49.5
NBR2 11.110 7.3147 | 3951.5 | 0.00025307 | 10516 | 9.5093e-05 54
NBR3 | 9.5500 8.3642 | 4165.9 | 0.00024004 | 11862 | 8.4303e-05 52
12 | NBR4 12.790 6.7353 | 2912.6 | 0.00034334 | 8816 0.00011343 | 58

—
o

[e—
ok

13 | PDMSI | 4.7000 5.6000 | 9989.0 | 0.00010011 17
14 | PDMS2 | 3.0000 6.2000 | 13754 | 7.2706e-05 13
15 | PDMS3 | 2.0000 8.3000 | 23201 | 4.3102e-05 : 8

16 | PDMS4 | 8.6000 4.1000_| 4826.0 | 0.00020721 29
17 | PDMSS5 | 6.0000 4.6000 | 6593.0 | 0.00015168 24
18 | PDMS6 | 5.0000 5.3000 | 9525.0 | 0.00010499 18

Qm : d6 trudng cdn biing (18i da) trong dung méi cia miu cao su lvu héa
Q = Vpolyme i+ Vdungmm‘

\Y

polyme

III. K&t qua va ban ludn
1. Mang ludi lvu héa khao sit :

Cdc miu cao su luu héa khio sét bao gdm 18 mAu tiX 4 loai cao su vdi c4c don pha ch€ va mat do
lwu héa khéc nhau. Tuy mit dd luu héa khdc nhau nhung d€ ddm bio giit dudc tinh din hdi dic trung
clia vit ligu va c6 th€ 4p dung cdc 1y thuy&t vé& udng, cao su duge Iuu héa kha thip, chidu dai doan
mach quy udc giira hai mit mach M_c dao ddng trong khodng tir 2900 g/mol (NBR4) d&n 23200 g/mol
(PDMS3). Tdy theo ddn pha ché, khi thay d8i céc thanh phin don pha ché& nhu tc nhan luu héa, hé
xiic ti€n, ... thi mang lu6i luvu héa c6 thay d8i twong Wng.

2. MGdi quan h¢ giita Mc(kéo ) va Mc(truong) :

S dung céc phuong trinh (1) va (2) dé tinh chiéu dai doan mach quy udc giira hai niit mach theo
phudng phdp kéo din ﬁ?n va trudng trong dung méi thich hgp "I\_/Igmg
K&t qué thirc nghiém cho thd'y db loai cao su khdc nhau, mang 1ui luu héa khéic nhau, tuy nhién céc

: Sos—=l80 " == tnidng : - e 4
gid ri Mc va Mc  cila cao su luu héa t8ng quat vin tudn theo quy luit ty 1&. Trong nghién citu
—trudng

. o ==Ke
két qud cho thiy: Mc ° %234 Mc
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2 10 T T T T T T 7 T T T T T T T 1 T T T T T
1.5 10 9 y = m0*m1
o Value Error
@ mi 2.3409] 0.092911
3 o Chisg | 3.405e+07 NA
AL R 0.77525 NA
g 110 9
= o]
sl epan b ol e Flepag By 5
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Mc trueng
A . V.4 « X AT Py At . —kéo ~ —thOr‘g 2 ” A ” ’
D6 thi 1 : Biéu dién méi quan hé tuyén tinh gita Mc va Mc ciia cdc mdu cao su lwu héa khdc

nhau.
K&t qui nay cho thdy, tuy phudng phdp ti€p cin c6 khdc nhau, gid tri tuyét ddi clia cdc doan mach
quy uéc M, tinh todn dugc c6 khdc nhau, tuy nhién cdc 1y thuy&€t di md td cing mot s kién va

nhitng k&t qua c6 thé sit dung d€ nghién cifu mang Iudi cla cao su luu hod.
3. MJdi quan hé giita md dun dan héi E va db trudng céin biing Qm
Mo dun dan hoi E thé hién gidn ti€p mit d6 néi ngang cla mang ludi luu héa, do d6 s& ty i& vdi
nghich ddo ciia do truong cin bing Qm cia miu tudng Wng. DS thi 2 chi ra ring trong cing mot he
cao su lwu héa, & khodng gi4 tri nhit dinh thi 1/Qm s& bién thién tuyé&n tinh véi mé dun din hdi E
hay néi cdch khdc thi mé dun dan hdi phu thudc (cé diéu kién) vio mat do mang ludi luu héa va cé
dang:
-—l-— = —-1-— +oE
Q=T
Véi:
- _1_0,_ thé hién cho tudng tic giita cdc mach polymer, tudng tdc vi rang budc (mic mudu) vit
Qg
1y, khi mang luu héa chwra hinh thinh (E~0). _L_ 1a gi4 tri d4c trung cho tirng loai polymer

0
m

va phu thudc viao dung méi st dung.
- @ 1a hé 58ty 1& giita mat d6 ndi ngang 1/Qm vi md dun dan hdi E trong khodng dnh hudng

tuy&n tinh. Trong thi nghiém, & dao ddng tir 0.01 dén 0.02.

0.35

& o
03 | // //
0.25 ji/
: /F/

0.2 : = &

Zers B
o]

10m

0,45 f-rd] /'/ -
“a /-{ﬂ-
e // —8— 1/Qm (NR)
e —&— 1/Qm (SBR)
o —&—1/Qm (NER)
—#— 1/Qm (PDMS)

0.............;.]...I.
1] 2 4 6 8 10 12 14

-

0.1

0.05

T

s daa el

E (Kglcm2)
Pd thi 2 : Quan h¢ gifta mé dun dan héi E va nghich ddo dj truong cdn bing 1/Qm ciia cdc méu NR,

SBR, NBR va PDMS luu hod.
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Mo6i quan hé giita Qm va Mc(truong)
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Mc
D06 thi 3 : Két qud thuc nghiém vé bién thién dg truong cdn bdng theo chiéu dai dogn mach ﬁ;
Cao su luu héa dat do trudng cdn bing Qm trong mdt dung méi khi da c6 sy cin bing gitta ning
lugng tu do ciia qud trinh truong va ning lugng dan hodi clia mang 1udi, do d6 d truong cin bing Qm
s& phu thugc vao mat dd mang lién k&t ngang hay chiéu dai doan mach quy wdc m
D4 thi 3 trinh bay bi€n thién d6 truong cin bing ciia 4 mang cao su luu héa NR, SBR, NBR v
PDMS theo chiéu dii doan mach I\—/I: K&t qué thyc nghiém cho thdy lién hé gita Qm - M khéng

hoan todn tuyén tinh, khiM_cdat d&€n mdt khodng gid tri ndo d6 thi sy ting khéng lam cho d6 trucng
cin bing Qm thay ddi nhi€u. Ngoii ra hé s& trudng cin bing Qm phy thudc rit nhidu vao dung méi
hay tryc ti€p théng s8 tudng tic polymer — dung méi 4, , khi dung mdi t6t d&i véi cao su (g, < 0.5)
thi dd trudng cin bing Qm cang 16n (dd thi 3)

0-12 TTrrT ! TTrnruT ! LELERLELI ] T 111 LI B B I T T T1T 1T 7
- —e—1/Qm2 (NR) / y
o4 [ —®—1/am2 (SBR)

[ e 1/Qm2 (NBR)
—a— 1/Qm2 (PDMS)

0.08 b

o
ARRS

L (]
0.06 o4 A

BB«

1Qm2

L 8 X
0.02 el
B ( =TT | il
; ]
0 L L L 1 1 Ll ) bdedd |- Ledeadd A 1 1
01 s510° 110* 1510 210* 2510* a10* 3510*
1/Mc 1
DG thi 4 : Quan hg tuyén tinh gita—- va
O, M,

Trén co s§ 1y thuy&t mdi, phat trién bdi De Genne [6], Daoud [4] va cdc cdng sy, Cohen Addad
[5], da dé nghj ring d6i v6i mdt mang Iudi thye, khdng hoan hdo, va mat d két ngang khong cao, nhu
cdc miu khdo sét, thi & trang théi truong nd, cdc doan mach c6 thé cé chuyén dong nhiét ty do, ngiu
nhién. T d6 mang cao su lwu héa dugc xem nhu trudng hgp t6 hop cic mach polymer nhanh dang
chuyén dong trong dung méi vdi kich thude cdu triic D =2, theo cong thiic theo 1y thuyé&t xuyén thim
(percolation theory) ta cé:
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D
Q. =N¥"
Véi: - Ns6 mic xich trong mdt doan mach = K/I-C—
- D kich thudc cdu tric (dimension fractale)

Theo Cohen Addad D=2,suyra: Q, = M:A

D4 thi 4 x4c nhin gid thuyét ciia Cohen Addad vé mé hinh trudng clia mang cao su luu héa thip :
binh phuong do trudng cin bing Qm thi tuyén tinh v6i chiéu dii doan mach quy uécﬁc—

5. MJdi quan hé giita E — Mc (truong)

N&u Qm phu thudc khdng hoin todn tuyé&n tinh vio mit d§ nbi ngang, trong trudng hdp mang
1u6i luu héa thap do cé su chuyén dong nhiét ty do, thi cdc k€t qud thuc nghiém chi ra ring mo6 dun
dan hdi E ¢6 mdi quan hé tuy&n tinh chidt ché v6i mat do ndi ngang clia cao su luu héa. Piéu dudc
chitng minh qua c4dc k€&t qud nghién cifu véi 18 miu mang 1udi lvu héa khac nhau 12 moédun dan hdi E
tj 16 v6i 1/M, va khong phu thudc vao ban chit ciing nhv c&u tric mang Iui (d8 thi 5) :

1.4 101 [ T 1T il ! L L L ! LI L ’ TIiTT LI L | 3T / 1]
i { n
B y =mo0*m1i o

1
1.210 i Value Error 4 2
- m1 40900| 685,82 0 L
110" F Chisg | 5.1881 NA o ]
g R| ooe1ia A /6 i
b O -
8 10° 2
C / ]
610° | :

Wz cP/f |

E {Kgicm2)
o

210" | ) ]
01on '-l [ | . Ll i 1 AL AL 1) A 1 1 L il 1 L4 1 l-
010 510° 110* 1510* 210* 2510* 310* 3.510*

1/Mc truong
Pd thi 5 : Quan h¢ E—- 1/ M khéng phu thudc vao bdn chdt va cdu tric mang ludi

Né&u m6 dun dan héi E dudc xem nhu tinh chit bén trong ciia cao su luu héa thi d§ citng Shore A
dugce xdc dinh 12 tinh chdt bé mat cia vét liéu. Khdo sdt wén dugce 14p lai v6i méi quan hé gitra do

citng Shore A va 1/M_ (d6 thi 6) va cho két qué tuong ty . Tuy nhién do ciing b& mit chi xuat hién
khi mang luGi lvu héa (M ) dat mot gid tri nhat dinh ndo d6, khi mang 1u6i chua hinh thanh thi do
cing sin phim chua thé hién. ot TR Bah sl R BRT RREES Fis SR 0

40 | 5

30 |
D4 thi 6 : Bién thién dj cing bé N
mdt Shore A theo bién thién 1/M e

10

LB B LA B B

-
0 I I T ¢ f I o B} I | L i (I B} T ) T |
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1/Mc truong
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Tir cdc k&t quéd trén cho thi'y ¢6 mdi quan hé tuyén tinh giifa tinh chit bén trong clia mang ltdi (E) va
tinh ch4t bé mit cao su lvu héa (d6 ciing Shore A).

IV. Ké&tluin

K&t qud nghién citu m&i quan hé giita cdu tric mang I¥di cao su luu héa va tinh chdt cd 1y, md
dun dan hdi cia cdc mang ludi khdc nhau tir 4 loai cao su NR, SBR, NBR va PDM cho thiy c2 hai k§
thudt ti€p c4n la kéo dan va truong nd trong dung moi déu 12 nhitng phudng phdp c6 do tin cdy cao dé
khdo sit cdu tric bén trong ctia cao su luu héa. Thuc nghiém chi ra m6i quan hé giita c4c tinh chét
bén trong ciia cdu tric mang Iudi lvu héa, va cdc tinh chit bén ngoai nhu mddun dan hdi, khd ning
trudng nd hay do ciing bé mait cao su lvu héa. Pic biét m&i quan hé gifta mat dd6 mang luéi luu héa,
thé hién qua chiéu dai trung binh doan mach quy udc giita hai nit machﬁ: , vi mo dun dan hdi E

ciia cao su luu héa cé tinh cha't t8ng quét, hdu nhu khéng phu thudc vao bin chi't héa hoc va ciu tric
ciia mang ludi luu héa.

STUDY ON THE RELATION BETWEEN THE NETWORK STRUCTURE AND
THE ELASTICITY PROPERTY OF THE VULCANIZED RUBBER

Phan Thanh Binh

ABSTRACT: The article presents the study results on the 18 networks of four kinds of rubbers:
NR, SBR, NBR and PDMS on the relation between the networks, presented by sous-chains M ¢ » and the

elasticity modulus. Two techniques used are swelling and tensile modulus. The results clearly indicates
that the relation between network structure and the rubber elasticity is linear and doesn’t depend on the
nature and the structure of the vulcanizates.
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