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ABSTRACT

Rubber Clay-Nanocomposite based on nitril rubber and organic clay Nanofil 5 have been
prepared. The mechanical properties of nanocomposite were evaluated by Zwick Materials
Testing. The nanocomposite structure was analysed by Infrared Spectroscopy (IR), X-ray
Diffraction (XRD) and Transmission Electronic Microscopy (TEM). The measured results showed
that silicate layers was partly exfoliated, partly intercalated in the nitril rubber matrix. The
presence of organic clay Nanofil 5 improved significantly mechanical properties of nitril rubber.
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- MO DAU

Vat liéu polyme nanocompozit v6i chat don
clay hitu co dang dugc cidc nha khoa hoc trong
nuéc va quoc t€ quan tam vi nhiéu tinh chat
dugc nang cao hon so vGi polyme compozit
thong thudng nhu tinh chat co 1y (do bén co, kha
ning chiu nhiét do), tinh chat che chén, kha
nang choéng chdy, kha nang 6n dinh trong moi
trudng [1 - 4]. Nhiéu tinh chat cha vat lieu duge
tang lén rat nhiéu chi v6i thém thanh phan khoi
luong 2 - 4% clay hitu co dugc phan tian trong
polyme. Vi th€ gid thanh khong bi anh hudng
nhiéu ma vin duy trii dugc céc tinh chét cta
polyme ban dau. Nanoclay duy tri dugc cic tinh
chat co ban cung véi do trong suot thong thudng
ctia polyme, trong khi d6 vé6i bot tal, mica,
silica, than den doi hoi phéai c¢6 néng do cao
(> 30% thé tich) va do vay gay khé khian cho
cdc qud trinh gia cong va lam thay déi do trong
suot ctia polyme ban dau [5 - 7].

Cao su la mot loai vat liéu polyme cé tinh

chat dan hoéi cao, chiu mai mon, chiu hoa chat
va ¢6 tinh chét co 1y cao nén dugc tng dung
trong nhiéu linh vuc cong nghé cao. Cao su
nitril 1 cao su téng hop c6 nhiéu tinh nang co ly
tot, kha nang chiu dau cao nén dugc tng dung
trong cdc nganh cong nghé cao nhu cong nghé
ché tao may, 0 t0, may bay v.v.. Viéc nang cao
tinh chét co 1y ciing nhu tinh chat chiu hod chat
clia cao su nitril luén 1a nhu cau ddi hoi trong
cong nghé. Do vay, cdc nha khoa hoc thuong s
dung cao su nitril v6i cac chat don hoac bién
tinh cao su nitril v6i cic loai polyme khic nhu
PVC, acrylic [8, 9]. Viéc st dung nano clay lam
chat don gia cudng dé nang cao tinh chat clia
cao su nitril ¢6 thé dem lai vat liéu c6 tinh chat
co 1y cao hon cao su nitril thong thudng va van
dam bdo gilt nguyén mau sic clia cao su ban diu
vi ham luong clay st dung trong cao su nho.
Cho dén nay, cdc cong trinh nghién citu &
Viét Nam vé vat liéu polyme clay nanocompozit
cling da dang dugc cic nha khoa hoc quan tam
nghién cdu, chli yéu polyme la nhya nhiét déo
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[10 - 12]. Mot vai cong b vé elastome clay
nanocompozit trude day thi chi néi dén cao su tu
nhién va cao su butadien-styren [13, 14]. Trong
khuon khé cong trinh nghién citu ndy chiing toi
s€ trinh bay céc két qua nghién ctu dua cac 16p
clay ctia clay hitu co vao nén cao su nitril dé tao
thanh vat liéu nanocompozit va khao sit tinh
chat vat liéu thu duoc.

IT - THUC NGHIEM

1. Nguyén liéu va hoa chat

- Clay hitu co (nanoclay) cé tén thuong
pham 1a Nanofil-5 clia hang Siid-Chemie (CHLB
Dic) dugc hitu co hdéa bing Distearyl dimetyl
amonium clorua, khéi luong riéng 1,8 g/cm’.

- Cao su butadien nitril loai NBR 35 (Han
Qudc), ¢6 ham luong nhém nitril 14 35%.

- Luu huynh str dung loai bot clia hang Sae
Kwang Chemical Ind. Co. Ltd (Han Qudc).

- Chéit xdc tién st dung loai M (Mercapto-
benzothiazol) (Trung Qudc).

- Chat siéu xdc tién 1a DM (Dibenzothiazyl
disunfit) ctia hang PT. Orindo Fine Chemical
(Indonesia).

- Chat tr¢g xdc ti€n su dung la SantolD
(Trung Qudc); oxit kém Zincollied G/1183
(Indonesia).

2. Ché tao cao su nitril clay nanocompozit

- Qui trinh ché tao cao su nitril clay
nanocompozit bao gom 2 giai doan: giai doan 1
phan tan clay hitu co vio mot phan cao su, sau
d6 phan cao su nay sé dugc cdn tron véi luong
cao su con lai trong don phoi liéu va cac chat
luu hod dé tién hanh luu ho4.

- Quy trinh luu hod: cao su nitril dugc can
tron trén may can ciia hang TOYOSEIKY (Nhat
Ban) vdi ti 1é t6c do can U1/U2 = 1/1,2. Trinh tu
qua trinh can tron dugc tién hanh nhu sau: cao
su nitril dd dugc phan tin trudc véi nanofil5
duoc cén tron trén mdy, sau dé thém dan luong
cao su theo dung ty 1& da tinh sin, thém dan cac
chat trg xuc tién: ZnO, axit stearic, santol D,
chat xuc tién DM, siéu xic tién TS, cudi cling 1a
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chit luu hod luu huynh. Can tron déu sau dé
xudt tdm cho vao khuon ép tién hanh luu hod.
Quad trinh lvu hod & nhiét do 140°C véi luc ép
250 KG/cm® trong thdi gian 20 phiit.

- Néng do cua nanofil5 trong cao su nitril
duoc khao sat tir 0 dén 6,5% theo khoi lugng.
Céc méu duge ky hiéu 1a NO, N1, N2, N3, N4,
N5 tuong tng véi ham lugng nanofil5 1a 0,1%;
2%; 3,5%; 5% va 6,5%

3. Phuong phap nghién ciru
- Phutong phdp phan tich nhiéu xa tia X (XRD)

Phé nhiéu xa tia X dugc do trén may D8
ADVANCE ctia hang Brucker-Dic, véi detector
Cu, buéc séng A = 1,54 A tai Vién Dau khi.

- Xdc dinh tinh chdt co Iy

Céc tinh nang co ly dugc do trén mdy Zwick
do CHLB Diic ché tao ctia Vién K¥ thuat Nhiét
dé6i. Cac mau do do bén kéo dugc ché tao va do
theo tiéu chuan DIN 53505.

- Phé hong ngoai bién doi Fourier (FTIR)

M4u cao su va nanocompozit ché€ tao thanh
mang mong, clay dugc tron va ép vién véi KBr,
phé hong ngoai duoc do trén mdy Nexus 670
ctia hang Nicolet, Vién K§ thuat Nhiét déi.

- Kinh hién vi dién tit truyén qua (TEM)

Miu nghién ctu dugc cit nhd (mai nho),
dic trén mot nén epon sau dé 1am cing lai &
60°C trong 48h. Tiép d6 cat siéu mong bang
mdy Ultra Microtone LKB8. Lit cit mong duoc
dat trén Iuéi dong c6 mang cacbon (mang
cacbon day ¢& 50 nm, trong su6t) va sau d6 dua
méu di quan sit trén kinh hién vi dién tr JEOL
JEM 1010 & dién th€ 100 kV, do phan giai 3 A.

II - KET QUA VA THAO LUAN

1. Ché tao vat liéu elastome nanocompozit tir
cao su nitril va Nanofil 5
Trén hinh 1 1a phé hong ngoai ciia cao su
nitril, Nanofil 5, cao su nitril ¢6 chaa 3,5%
Nanofil 5. Tém téit cdc pic dao dong dic trung
cho cdac nhém chiic duge trinh bay trong bang 1.
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Hinh 1: Phé hoéng ngoai cia Nanofil5; cao su nitril; cao su nitril c6 chita Nanofil 5

Phé FTIR cao su nitril ¢6 chita Nanofil 5
(duong thi 2) khong nhitng cé nhitng pic dao
dong véi buéc séng tring véi budc séng ctia phd
FTIR cla cao su nitril (budc séng 2237 cm’
tuong tng v6i nhém —CN; budce séng 2922 cm’
' twong ting v6i nhém hydrocacbon —CH,) ma
con ¢6 céc pic 6 520 cm™ va 420 cm™ tuong tu
nhu phé cta Nanofil 5. Cdc pic nay tuong tng
v6i céc lién két Si-O, Al-O (mat bat dién cua
nhom) va lién két Mg-O cua silicat trong nano
clay hitu co. Cac két qua trén ching to Nanofil 5
da phan tan vao trong cao su nitril va khong cé
phan tng hod hoc xay ra gitta Nanofil 5 va cao
su nitril.

2. Su béc tach nanoclay vao nén cao su

Thong thuong clay ¢6 céu tric xép 16p, muc
dich clia qua trinh hitu co hod 1a dua cac hop
chat hitu co thap phan tlr vao giita cac thanh clay
nham thay ddi cdu tric va khoang c4ch (gian ra)
gitta cac thanh clay. Khoang cach giita céc 16p
silica trong clay dugc x4c dinh bang phd nhiéu
xa tia X va theo phuong trinh Bragg: nA =
2dsin® [15], trong d6 A 1a chiéu dai budc séng
ctia chum tia X, n 1a bac phan xa, d 14 khoang
cach gitta cic mat phan xa, 6 1a géc chiéu cua
chim tia X d&n mat phan xa.

Bdng 1: Céc pic dac trung cho cac dao dong
tuong Gng ctia cdc nhém chic

Budc séng, cm'™ Nhém chiic tuong ting

2960 - 2850 —CH;,

2260 - 2200 —CN
745 C-CN

1000 - 700 —CH=CH—

1040 Si-O
550 Al-O
470 Mg-O

Trén hinh 2 ta thdy Nanofil 5 ¢6 pic phan xa
& géc 20 1a 7° va 4,4° tuong Gng v6i khodng
cach giira cac 16p tinh theo phuong trinh Bragg
la 1,38 nm va 1,95 nm. tng véi khoang cach
1,38 nm la khoang cédch ban dau gitta cac thanh
silicat trong clay. Khoang cach 1,95 nm la
khoang cdch ma cdc thanh clay da bi ddy ra xa
hon so v6i khoang céach ban dau sau khi da dugc
hitu co hod bang hgp chét alkylamonium.

Trén hinh 3 1a phé XRD cua clay hitu co
Nanofil 5 trong cao su nitril véi cdc nong do
nanofil5 khéc nhau. Trén phd khong con pic
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Lin (Cps)

Lin (Counts)

phéan xa ctia géc 20 & 7° va & 4,4°, diéu nay cho
thay khoang cach 16p ciia Nanofil 5 trong cao su
nitril da bi thay ddi. Sau khi dugc dua vao cao su
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Hinh 3: Phé XRD cta clay hitu co nanofil 5 trong cao su nitril

nitril da xuat hién pic phan xa ctia géc 26 & 5,7%
¢ 2,4° va 6 1,9° tuong ting v6i khoang céch giita
cac 16p tinh theo phuong trinh Bragg 1a 1,56 nm;



3,74 nm va 4,69 nm. Két qua nay cho thdy
khoang cach giita cdc 16p silicat trong clay da
tang tir 1,38 nm 1én 3,74 (tang 2,36 nm) va tir
1,95 nm Ién 4,69 nm (ting 2,74 nm). Cic két
qua trén ching td cdu tao 16p cla clay Nanofil 5
da bi thay ddi, céc phan tir cao su nitril da xen
vao gifta cic 16p silicat trong clay va lam tang
khoédng céch giita céc 16p chuyén sang cau tric
xen 16p (intercalation) trong nén cao su.

3. Cau tric hinh thai caa vat liéu elastome
nanocompozit

Du6i day 1a 2 anh chup kinh hién vi dién tir
truyén qua cua vat liéu nanocompozit trén co s
cao su nitril chita 5 % Nanofil 5 & cac vi tri khac
nhau. Trén 4nh c6 thé thay rd da c6 su béc téch
kha hoan toan theo cdc huéng khiac nhau cla
cac thanh clay. Tuy nhién ta ciing thdy c6 su co
cum (bui) cia mot s6 16p clay & muc thap. Nhu
vay ta da thu dugc vat liéu cao su Nitril clay

nanocompozit dang xen I6p (intercalated) va cé
mot phan béc 16p (exfoliated).

Cic két qua phan tich bing phé hong ngoai
FTIR, phé nhiéu xa tia X (XRD) va kinh hién vi
dién tir truyén qua (TEM) da khang dinh ring
vat liéu polyme compozit tir cao su nitril va
Nanofil 5 dugc ché tao c6 cdu tric nano, trong
dé6 cao su da chen dugc vao giita cic 16p silicat
trong clay va ta thu dugc vat liéu nanocompozit.

4. Anh huéng cha ham luong clay hiru co
nanofil 5 lén tinh chat co 1y ctia elastome
nanocompozit

Dé khao st anh hudng cia clay hitu co lén
tinh chét co ly cua cao su nitril, cdc mau khac
nhau dugc ché tao véi thanh phan phu gia khac
cling nhu cong nghé gia cong c¢6 dinh, v6i ham
lugng Nanofil 5 thay déi (1, 2, 3,5, 5 va 6,5%
khoi lugng so véi cao su). Két qua danh gid tinh
chat clia vat liéu dugc trinh bay & bang 2.

Hinh 4: Anh TEM ctia cao su Nitril chita 5% Nanofil 5

Bdng 2: Tinh chét co 1y cta vat liéu cao su nitril v6i ham luong Nanofil 5 khac nhau

Ham lugng clay, % 0 1 2 3,5 5 6,5
Do bén kéo diit, MPa 49 5,8 6 8,2 15,5 12,4
Do dan dai tuong d6i, % 739 920 1004 1101 1364 1225

Tl bang 2 ta thdy do bén kéo dit cling nhu
do dan dai tuong d6i c6 xu huéng tang dan theo
ham lugng clay. Khi ham lugng clay thay ddi
trong khoang tir 1 - 5% thi do bén kéo diit luon
tang dan va dat cuc dai 15,5 MPa tai ham lugng
clay 1a 5%, tang 212%. Khi ham lugng clay 16n

hon 5% thi do bén kéo dut lai ¢c6 xu huéng

giam, tuy nhién van dat gia tri cao (12,4 MPa) &

ham lugng 6,5% clay, tang 149,5% so vGi ban
dau.

Nhu vay, su ¢c6 mat cta Nanofil5 trong cao

su nitril da c6 hiéu Gng l1am tang do bén kéo va
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do gidn dai cua cao su nitril. Su tang tinh chat co
ly phu thudoc vao ham Iugng Nanofil 5, ham
luong Nanofil 5 & 5% cho vat liéu c6 do bén kéo
dut va do dan dai tuong doi cao nhat.

IV - KET LUAN

Da ché tao va nghién ciu tinh chat co 1y cta
vat liéu compozit trén co s& cao su nitril va clay
Nanofil 5. Céc két qua phan tich bang phé nhiéu
xa tia X va kinh hién vi dién tit truyén da khang
dinh vt liéu ch€ tao dugc 1a cao su nitril clay
nanocomopozit dang xen 16p. Két qua nghién
ctu anh hudng cua clay Nanofil 5 dén tinh chat
co 1y ctia cao su nitril cho thdy vat liéu cao su
nitril nanocompozit chita 5% khai lugng Nanofil
5 ¢6 tinh chat co 1y vuot troi so véi cao su nitril
thong thuong. Két qua nay mé ra kha nang su
dung nanoclay trong cao su nitril v6i ham luong
nhé ma van nang cao dugc tinh chat co 1y cla
cao su nitril.
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