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ABSTRACT

Effects of surfactant content on the morphology of silica reinforced natural rubber
nanocomposite were investigated. With sufficient amount of surfactant, aqueous silica suspension
maintains its stability and silica were distributed in aggregate of 3-10 primary particles in rubber
matrix. Effect of silica content on was also studied. Fine distribution of silica particles in range of
30 - 100 nm were observed with silica content up to 40 phr. After latex coagulation, silica particle
size was reduced approximately ten times. Master batch of silicalrubber nanocomposite of 40 phr

silica were prepared.

I - GIOI THIEU

Ciu tric tap hop cua silica (aggregat hay
agglomerat) dugc duy tri bdi luc Van der Valls,
bi phd hiy tuong doi dé dang. Tuy nhién, céc
hat so cap, c6 kich thude tit 10 — 30 nm, tuong
tdc manh vGi nhau bai lién két hydro nén doi hoi
diéu kién khac nghiét dé phan tdn. Hon nita, rat
khé phan tan silica dén kich thudc hat so cap
béng cédc phuong phap thong thuong [1]. Sau khi
cac hat silica dugc phan tiach, ching can dugc
6n dinh béng cédc chat hoat dong bé mat, tranh
hién tugng hat tap hop lai.

Trong phan I, ching toi da dé xudt co ché
hinh thanh nanocompozit tir cao su tu nhién va
silica [2]. Trong nghién ctitu nay ching toi khao
sat anh hudng cua ham lugng chat hoat dong bé
mat dén cau tric va tinh chit clia nanocompozit
trén.
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I - THUC NGHIEM

1. Nguyén liéu

- Silica loai WL 180GR (Wellink-Trung
Quoc) dién tich bé mat 190 m*/g va Ultrasil
VN3 (Degussa - Trung Quoc) dién tich bé mat
175 mz/g va silica bién tinh  bis(3-
triethoxysilylpropyl) tetrasunfit silan TESPT [3].

- Latex cao su thién nhién, loai latex c6 ham
Iwgng amoniac cao (HA-latex) ¢c6 ham luong
phan kho DRC = 60% ctia cong ty cao su Phudc
Hoa, Viét Nam.

- Cac hoa chat khac: chét hoat dong bé mat
(HBPBM) X-100 (Union Carbide), va chat khu
bot Foamaster va axit axetic (Trung Qudc).

2. Phuong phap thuc nghiém

Nanocompozit trén co sG cao su tu nhién va



silica dugc ch€ tao theo phuong phép trinh bay &
phan 1 [2].

- Phan bd kich thudce hat dugc xdc dinh trén
may do phan bd kich thudc hat laze Horiba LA
920 (Nhat Ban) véi giai do tit 0,02 - 2000 um.

- Anh SEM chup trén may Jeol JSM 6360
LV (Nhat Ban).

- Pbuong cong luu hod xac dinh trén may
Ektron EKT 2000P, Dai Loan.

I - KET QUA VA THAO LUAN

1. Anh huéng ctia ham luong chat hoat dong
bé mat

Trén hinh 1 trinh bay anh hudng cua chat
HDBM t6i phan bd kich thudc hat silica trong
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huyén phi.. Khi ham lugng chdt HDBM khong
da (hinh 1a), cau tric tap hop hat bi pha v&
nhung qud trinh phan tdn hoan toan khong thé
xdy ra do cédc hat chua dugc 6n dinh ddy da boi
chat HDBM. Chinh vi vay, kich thuéc trung binh
ctia hat van kha 16n va mic do phan bs rong
nghiéng vé phia kich thuGc 16n. Tuy nhién, khi
chiat HDBM du thira, bén canh viéc phan tach
cdc hat thanh cdc phan doan nhd, s& cé hién
tugng sa lang mot phan do tao ciu gilta cdc hat.
Do d6, trén phan bo kich thudc hat, ngoai cac
phan doan nho con xuat hién dinh pic & kich
thude 16n (8 um) do tap hop cac hat tir sy tao ciu
gay nén (hinh 1b). Khi lugng chat HDBM vira
du, hién tuong tao cau gitta cdc hat khong xay ra,
kich thudc hat giam va phan bo kich thude hat
khong con doi xing quanh gia tri trung binh ma
nghiéng vé phia kich thuGc nho (hinh 1c).
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Hinh I1: Phan b6 kich thudc hat silica a) thi€u; b) du va ¢) da chat HDBM

Bdng I: Céc thong s6 thong ké phan bo kich thude ctia huyén phu silica véi ham luong
chat hoat dong bé mat thay ddi

Mau Dai kich thudc, pm Trung vi, pm Trung binh s6, um
Thiéu HDBM 1-38 11,2 10,6
Du HDBM 045-174 5,6 5.8
ba HbBM 0,3-12 3.5 3.8
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Khi hinh thanh compozit tir latex CSTN va
huyén phu silica trong nuGc theo co ché dé xuat
nhu & phan 1 [2], ham lugng chat HDBM sé c6
anh hudng 16n dén hinh théi ciu tric cta hén
hop sau dong tu.

Néu khong du chdt HDBM chiing chi duoc
hap phu lén bé mat véi s6 luong rat nhod (hinh
2a). Cac phan tir chdt HDBM 6 xa nhau, khong
bao phu hét bé mat nén cdc hat khé phan tan
trong moi truong nudc, dan dén hién tugng két
tu. Hon hop sau dong tu c6 cdu tric nhu hinh

a, Thiéu chét hdbm

b, Hap phu don lép

3a. Tap hop silica khd 16n, khoang 50 um, va bé

mat phan chia pha silica/cao su 16 rang, thé hién
su khong tuong hop. Khi du chat HDBM, tuong
tic gilta cac chat hdp phu chiém uu thé. Cac
nhém ua nudc bi hap phu yéu, bdi cac chat hip
phu cé tinh ky nuéc, ching s€ bi thay thé€ bdi
cdc mach alkyl ctia cac phan ti lan can. Mach
alkyl ctia phan tir bi hap phu tap hop lai thanh
dang ban mixel [4] (hinh 2c). Cac hat silica c6
bé mat nhu vay s€ tap hop vdi nhau khi dong tu
trong nén cao su ky nudc, tao thanh bé mat phan
chia pha (hinh 3b).

¢, Dang ban mixel

Hinh 2: Hap phu cta chat hoat dong bé mat 1én silica da bién tinh bang silan

Hinh 3: Anh SEM ca silica/CSTN vé6i (a) thi€u va (b) du chat HDBM

Hiéu qua tron hgp tang khi ham lugng chat
phan tan vira du, dat dugc t6i wu khi du tao thanh
mang don 16p (hinh 2b). Tuong tng vé6i su phan
tan tot clia huyén phu silica, silica phan tdn dong
déu trong nén cao su c6 kich thudc rat nhd va
cling khong thay rd 16p phan tach pha (hinh 4).

2. Anh huéng ciia ham luong silica

Nhu da trinh bay trong phan 1 [2], cdc hat
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silica phan tdn trong nén cao su ¢ trang théi tap
hop tir 3 -10 hat so cdp v6i kich thuGe nhd hon
nhiéu so véi trong huyén phil. Diéu nay cho thiy
qua trinh dong tu véi luong chat HDBM vita du
da gép phan phan tén hat silica trong nén cao su
t6i kich thudc nano. Pang chd y 1a v6i lugng
chiat HDBM thich hop, c6 thé phan tin luong
silica kha 16n (t6i 40 pkl) vao cao su dén kich
thudc nano (hinh 4).



Khi kich thuéc hat giam, dién tich bé mat  Trong truong hop silica, khi kich thudc hat
riéng tang lén va ty s6 nguyén tir bé mat/téng  giam xudng, s6 nhém OH bé mat ciing s& tang
sO nguyén tur cling tang. Vi du, khi kich thuéc 1én va c6 tic dung tGc ché phan tdng luu hod
hat giam tir 2 pm xuéng 200 nm va 20 nm, ty ~ cao su [6], dan dén kéo dai thoi gian cam luu
s6 nay tang lén twong tng 12 10 va 100 1an [5].  cha hon hop.

aaE lum BBBZ 12Z2. 83 II,'

Hinh 4: Anh SEM cua silica/CSTN v6i ham luong silica (a) 10 pkl, (b) 25 pkl va (c) 40 pkl

S Ibf-in
25.0

225

200

e /

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 8.00 1000 11.00 1200 Min

Hinh 5: Budng cong luu hod cua (a) tron kin va (b) phuong phap st dung latex
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Trén hinh 5 1a duong cong luu hoa cua cao
su hén luyén theo hai cach: silica dugc dua truc
ti€p vao hon hgp cao su trong mdy luyén kin
(hinh 5a) va silica dugc phan tin trudc trong
latex CSTN r6i dua vao hon luyén (hinh 5b).
Trong truong hop tht nhat, silica chi phan tan

dén kich thudc micro [7] do d6 thoi gian cam
luu ngan (214 giay). Nhung khi phan tan dén
kich thudc nano, silica lam tang thoi gian cam
luu 1én dén 301 giay. Trong khi d6 néu tang
ham lugng silica, thoi gian cam tng luu hoéa
thay doi khong déng ké (bang 2).

Bdng 2: Thoi gian cdm tng luu héa chia cao su nanocompozit v6i ham luong silica thay doi

Ham luong silica (pkl)

5 7 10 15

Thoi gian cam luu (giay)

287 296 301 306

IV - KET LUAN

Theo co ché hinh thanh nanocompozit latex
CSTN/silica dé xudt trong phan 1 [2], chat
HDBM c¢6 vai tro rat quan trong. Viéc stt dung
chat HDBM vé6i ham lugng thich hgp khong
nhiing c¢6 tac dung 6n dinh huyén phu silica ma
con thiic ddy qud trinh phan tach cdc tap hop hat
silica dén kich thuéc nano trong nén cao su.
Miic do phan tan nano dugc chiing minh bdi anh
SEM va thoi gian cam tng luu héa d6i v6i ham
lugng silica cao cho thdy kha nang ché tao chat
cht (masterbatch) chita tGi 40 pkl nanosilica khi
str dung chat HDBM vé6i ham luong phit hop.
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