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ABSTRACT

Natural rubber/silica nanocomposite were prepared by mixing aqueous suspension of bis(3-
triethoxysilylpropyl) tetrasunfit silane (TESPT ) modified silica with Hevea Brasilienis latex using
a pulverisette type mixer. Dispersion of the modified silica was characterized by laser scattering
particle size distribution analyzer and SEM. The results showed that silica in suspension with
statistical parameters: median 3.5 (um); mean 3.8 (um); variance 4 (um?); standard deviation 2
(um) is necessary to make nanocomposite with size distribution in range of 30 - 100 nm.

I - GIOI THIEU

Thong thudng cao su gia cudng bang silica
dugc ché tao bang cac phuong phép tron hgp co
hoc nén su phan tan silica & kich thudc nanomét
rat khé dat duoc, ngay ca khi da bién tinh [1].
Pé dat duoc mitc do phan tan ¢& nanomet, ngudi
ta st dung phuong phdp téng hop silica ngay
trong nén cao su bang phuong phédp sol-gel [2,
3]. Trong phuong phédp nay, phan ting tong hop
silica dugc ti€én hanh theo hai budgc: thuy phan
va ngung tu hop chat silan. Quan sat bang anh
TEM dia phat hién dugc silica phan tin dong
nhit trong nén cao su, c6 kich thudc tir 33 nm
dén 500 nm [2, 4]. Theo phuong phép sol-gel,
cdc tdm cao su chua luu hod hoac da luu hoa
duoc ngam trong dung dich silan sau dé dé gel
hod trong thoi gian t6i thiéu 5 ngdy & nhiét do
50°C [2, 3]. Ngoai ra, ngudi ta con ché tao nano
compozit bang céch hoa tan cao su trong dung
moi nhu tetrahydrofuran[5] hay dung truc ti€p
latex [4].

Tuy nhién, phuong phap sol-gel c6 mot s6

nhugc diém nhu: kich thudc cta tdm cao su phai
mong dé silan c¢6 thé thdm thau, nang suat
khong cao, thoi gian phan ung dai. Hon nira,
phuong phdp nay doi hoi dung moéi hitu co.
Dung latex cao su tu nhién (CSTN) ¢6 thé han
ché dugc nhuge diém trén nhung silan rat dé bi
thuy phan va ngung tu tao polysiloxan bdi moi
truong phan tan la nudc.

Trong nghién ctu nay ching to6i dé xuat
phuong phdap ché€ tao nanocompozit tir latex
CSTN va silica da bién tinh silan TESPT & dang
huyén phu trong nudc.

II - THUC NGHIEM

1. Nguyén liéu
- Silica bién tinh TESPT [6].

- Latex CSTN, loai ham lugng amoniac cao
(HA-latex), ham lugng phan kho DRC = 60%
ctia cong ty cao su Phude Hoa, Viét Nam.

- Cac hoa chat khac: chét hoat dong bé mat
(HDBM) X-100 (Union Carbide), va chat khu
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bot Foamaster va axit axetic (Trung Qudc)
2. Phuong phap thuc nghiém

- Ché tao huyén phu silica: silica bién tinh
TESPT duoc phan tan trong nudc cuing véi chat
hoat dong bé mat va chit khir bot trong may
nghién hanh tinh (Frizt-Pulverisette 6) dé tao
duoc huyén phul 6n dinh it nhat 3 thang.

- Ché tao nanocompozit: Sau khi da ché tao
dugc huyén phu silica, latex CSTN dugc dua vao
va khudy tron cho dén khi dugc hon hop dong
nhat. Hon hop trén duoc dong tu bang axit
axetic 2% véi ty 1é axit/cao su = 1/10. Cao su
sau khi dong tu dugc ép, rira sach bang nudc dén
trung tinh réi cat nho va say & nhiét do 65°C dén
kho.

- Phan bd kich thude hat duge xdc dinh trén
may do phan bg kich thudc hat laze Horiba LA

920 (Nhat Ban) véi gii do tir 0,02 - 2000 pm.

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

111 - KET QUA VA THAO LUAN

1. Anh huéng ctia chét hoat dong bé mat dén
phan bé kich thuéc hat silica

Trong hé di thé véi pha phan tdn 1a hat ran,
su khdc biét vé ban chat hoa hoc ctia bé mat hat
va pha lién tu (pha nén) s€ xdc dinh kha nang
phan tdn cha céc hat ran ciing nhu do 6n dinh
cta hé. Silica sau khi bién tinh bang hop chat
silan ¢6 goc ti€p xidc tang tr 62° lén 93°, thé
hién tinh ky nuéc tang Ién [6]. Diéu nay c6 thé
lam tang kha nang tao tap hop clia cdc hat silica
trong moi trudng nudc.
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Hinh 1: Phan b0 kich thudc cua silica khi chua c6 chat HDBM
Vi vay, viéc stt dung chat HDBM thich hgp lam qua trinh tham w6t dé dang, kich thuGc hat

giam, hé¢ 6n dinh hon va ngan chian qu4 trinh tao tap hop hat (hinh 2a) so v6i hé khong sir dung chat
HDBM (hinh 1).
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Hinh 2: Phan bo kich thudc hat cua a) huyén phu silica c6 HDBM va b) latex CSTN
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C6 thé thay trén hinh 2, hé c6 sit dung chat HDBM c6 ddi phan b6 kich thuéc hat dugc thu
hep hon va kich thudc hat trung binh nhd hon so v6i hé khong st dung chdt HDBM. Phan bo kich
thudc hat khong con doi xing quanh gid tri trung binh, cac gia tri thong ké trong bang 1.

Bdng 1: Céc thong s6 thong ké phan bo kich thude cua huyén phu silica cé va
khong c6 chat hoat dong bé mat va latex CSTN

Mau Dai kich thudc, um Trung vi, um Trung binh s6, pm
Khong HDBM 2-70 13,5 13,8

C6 HbBM 0,3-12 3,5 3.8

Latex CSTN 0,2-1,8 0,6 0,6

2. Nanocompozit trén co s6 CSTN va silica

Khi phoi tron huyén phu silica véi latex
CSTN, yéu t8 quyét dinh dén kha nang phan tin
cla silica trong nén cao su dong tu la tuong
quan kich thudc silica trong huyén phu va kich
thudc hat latex CSTN. Tinh chat keo tu di thé
ctia cac hat latex polyme c¢6 kich thude 250 nm
trén hat silica ¢ kich thuéc tir 240 - 1590 nm da
dugc nghién ciu boi Furusawa [7].

Trong hé chta ciac hat vé6i kich thude rat
khac nhau, su két dinh cta cdc hat nho 1én cic
hat 16n s& xay ra. Khi ty 1é kich thudc hat

v ) & jud ok A

Hinh 3: a) khong c6 chét hoat dong bé mat; b) ¢ chat hoat dong bé mat

Khi khong c6 chdt HDBM, céc hat silica két
tu thanh cic tap hop 16n c6 kich thuée t6i 40 -
50 pm. Su phan chia pha cao su khé r6 nét (hinh
3a). Nguoc lai, khi ¢6 chat HDBM (hinh 3b),
céc hat silica phan tdn t6t hon trong nén cao su,
khong thdy tap hop hat va bé mat phan chia pha.
Do phong dai 16n hon cho thdy, silica phan bg
kha déng déu trong nén cao su va cé kich thudc

r = Dsilica/Dlatex (Dsilica 1a dudng kinh trung
binh hat silica va Dlatex 12 dudong kinh trung
binh hat latex) 16n hon 3, hé huyén phit gom chu
yéu cdc hat silica ma trén bé mat cé cac hat
latex gan két. Cdc hat di thé c¢6 dang qua dau
tay, v6i mot hat silica & nhan [7].

Cac s0 liéu trén bang 1 va hinh 2 cho thdy
kich thudc silica trong huyén phu 16n hon kich
thude latex CSTN khoang 6 lan, con hé khong
c6 chat HDBM-t6i hon 20 lan. Nhu vay, céc hat
latex s€ két tu 1én trén cac hat silica. Tuy nhién
hinh thai cdu tric cua hé dong tu trong hai
truong hop khac nhau (hinh 3).

h S O] - xs Byt @004 1206,

tir 30 — 100 nm (hinh 4).

Do kich thuée hat so cdp khoang 10 - 30 nm
[10] nén silica phan tdn trong nén cao su dudi
dang cdc ddm hodc chudi cta 3 - 10 hat so cap.
Luu ¥y rang, sau khi bién tinh, phan bé kich
thudc hat silica trong khoang 4 - 40 um [1] va &
dang huyén phu silica ¢6 kich thudc tir 0,3 -12
pm. Nhu vay, sau khi dong tu kich thuée hat
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silica lai giam mot bac.
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Hinh 4: Silica phan tan trong nén cao su (a) do phéng dai X1000 va (b) X20.000

3. Co ché hinh thanh nanocompozit silica/NR
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Hinh 5: Co ché hinh thanh nanocopozit silica/CSTN

Co ché hinh thanh nanocopozit da duogc dé
xudt nhu hinh 5. Trong giai doan dau, chat
HDBM khong ion dugc hdp phu lén bé mat
silica da bién tinh TESPT. Day la hap phu vat 1y,
khong phai tinh dién hay hap phu héa hoc va c6
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dang nhu hinh 5 [8]. Chat HDBM c6 tic dung
lam silica phan tin dong déu trong moi trudong
nudc, chéng tao tap hgp, do d6 hat silica ¢6 kha
nang tiép xuc t6t hon v6i cac hat latex. Khi
huyén phu va latex CSTN dugc phéi tron, phan



khong phan cuc ctia chat HDBM lai tuong tic
tot v6i mach alkyl cua cdc axit béo trén I6p
mang latex (do HA latex dugc 6n dinh béi céc
axit béo mach dai, san pham thuy phan cla
photpho lipit [9]). Nho d6 céc hat latex dé dang
bam dinh 1én bé mat silica. Khi dong tu trong
moi truong axit, cac hat latex CSTN két tu lai,
pha v& céu tric tap hop cua silica vi vay kich
thudc hat silica giam xuong t6i 1 bac (hinh 4).
Ngoai ra, do thanh phan khong phan cuc cta
chat hoat dong bé mat ciing twong hop tot véi
nhan latex, la cdc hydrocacbon CSTN, nén
khong quan sat thdy bé mat phan chia pha trong
cao su dong tu (hinh 3b). C4c hién tugng trén s&
khong xay ra néu khong dung chit HDBM.
Kich thudc tap hop silica kha 16n, bé mat phan
chia pha ro nét trong cao su dong tu (hinh 3a).

IV - KET LUAN

- Vé6i su ¢6 mat chat HDBM khong ion da
tao ra huyén phu véi cdc thong s6 thong ké:
trung vi 3,5 (um); trung binh s§ 3,8 (um);
phuong sai 4 (um?®); do léch chudn 2 (um).

- Huyén phtl nay da dugc st dung dé ché tao
nanocompozit ¢6 phan bo kich thudc hat trong
khoang tir 30 dén 100 nm.

- Trén co sG céc dir liéu thuc nghiém da dé
xudt co ch€ hinh thanh nanocompozit tir latex
CSTN va huyén phu silica trong nudc.

Tdc gid lién hé: Bui Chuong

Trung tam Nghién ctru Vat liéu Polyme
Truong Dai hoc Bach khoa Ha Noi.
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