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ABSTRACT

In this work, the influences of multi-walled carbon nanotubes (MWCNTs) on mechanical
properties and structure of polymer blends natural rubber/polypropylene (NR/PP=50/50) and
natural rubber/styrene butadiene rubber (NR/ISBR = 50/50) were characterized. There was a
maximal reinforcement effect at ratio of 1% wt. MWCNT s for both polymer blends determined.
The thermo mechanical analysis (TMA) and the stress cycle measurements of samples after
accelerated climate test showed that polymer composite basing on NRISBRIMWCNT was more
stable than NR/IPPIMWCNT. Transmission electron microscope examinations proved that
MWCNTs well distributed and well adhered to polymer blends.

- MO PAU

Thoi gian gan day, trong linh vuc cong nghé
vat liu van dé gia cudng béang cdc vat liéu kich
thuéc nano ngay cang duoc quan tam nghién
cttu do nhiing hiéu Gng gia cuong cao d6i véi
mot sO tinh chat cua cac vat liéu polyme. Co ché
gia cuong clia cacbon nanotubes (CNTSs) la cac
sgi cacbon dan xen vao nhau tao mot mang luéi
gia cuong chinh vi vy né cé tic dong rat 16n
dén cau tric va tinh chat cla vat liéu polyme t6
hop tao thanh [1 - 4].

Noi dung bai bdo nay trinh bay cédc két qua
khao sat anh hudng ctia ham lugng CNTs dén
tinh chat va ciu tric cha vat liéu polyme t6 hop
trén co s& CSTN/PP va CSTN/SBR ty 1&¢ 50/50.
Mot s6 két qua nghién ctu bang céc phuong
phdp phan tich co nhiét (TMA) va kinh hién vi
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dién ti truyén qua (TEM) [5 - 7], tinh chét co
hoc va co hoc dong vé cdu triic va tinh chét cta
blends dugc trinh bay nham khao sit hiéu ting
gia cudong cta CNTs d6i v6i cac vat lieu néi
trén.

IT - THUC NGHIEM

1. Nguyén liéu

Cao su thién nhién duoc st dung la creep
hun khoéi loai RSS-1 cua Viét Nam (theo tiéu
chuén TCVN 3769-83)(1).

Cao su styren-butadien (SBR) loai CKC-
1502.

Nhua nhiét déo 1a polypropylen (PP) v6i mot
phan dong trung hop polyetylen tén thuong mai
Novolen 3000MC ctia hang TARGOR.



Cacbon nanotube la loai da 16p MWNTS-
4060 cta hiang Shenzhen Nanotech Port Co. Ltd
ctia Trung Qudc.

Heé luu héa cho hén hop CSTN/SBR: Xiic
ti€én M, TMTD cua Xingapo. Chat khau mach S,
trg xdc ti€n luu hod ZnO, axit stearic, phu gia
phong l3o 1a hod chat (PA) ctia Trung Qudc.

Hé khau luGi cho hdén hop CSTN/PP:
Dicumyl Peroxit (DCP) ctia hang Peoxidchemie
Muechen Pullach.

2. Phuong phap nghién citu
a) Ché’tao mdu vt liéu t6 hop

Céc thong s6 cua qud trinh tron hop ché tao
vat liéu t6 hop gdm mo6 men tron M, nhiét do T
va toc do tron dugc theo ddi bang may vi tinh
két noi truc ti€p vdi thiét bi tron Haake v6i phan
mém Polylab. Sau qué trinh tron hop, mau vat
lieu dugc ép tam trén may ép luu hod Toyoseiky
ctia Nhat Ban véi cdc diéu kién nhu sau:

- Mdu CSTN/PP: Nhiét do khuon 180°C;
thoi gian ép 5 phiit; luc ép 300 KG/cm®.

- Mau vdt liéu CSTN/SBR: Nhiét do khuon
150°C; thoi gian ép 20 phiit, luc ép 300 KG/cm?.

- Sau khi ép tdm, mau duoc cét theo tiéu
chuan ISO 53504 dé do co ly.

b) Cdc phuong phdp phan tich tinh chdt, cdu
triic vdt liéu va thir nghiém gia toc nhiét dm

- Tinh chat co 1y cua vat liéu géom modul
dan hoéi, do bén kéo dut, do dan dai khi dat, do
bén co dong hoc dugc x4c dinh theo tiéu chuédn
ISO/DIN—527 (TCVN 4509—388) trén thiét bi
thir nghiém da nang Zwick 2.5 (CHLB biic). S6
lieu dugc tinh todn bing phidn mém chuyén
dung TestXpert két n6i truc ti€p véi thiét bi
Zwick. Do ciing cta vat liéu dugc do theo tiéu
chudn ISO 868, ASTM D2240, DIN 53503, trén
dung cu do do cting Zwick.

- Méu duoc chup cdu tric trén kinh hién vi
dién tr truyén qua JEOL TEM 1010 thuodc
phong kinh hién vi dién tir truyén qua (TEM),
Vién Vé sinh dich t€ Trung uong. Mau do duoc
cét thanh 16p mong trén d€ epoxy, chup anh véi
dién th€ gia toc 80 kV va do phong dai 40.000
lan.

- Mau vat liéu dugc thir nghiém trong tu thir
nghiém gia toc nhiét 4&m UVCON—Model
UC—327—2 theo tiéu chudn ASTM A 4587—
91 vé6i 3 chu ky thir nghiém, cdc diéu kién thir
nghiém: thoi gian 72 gio, nhiét do 100°C.

- Mau phan tich nhiéet TMA dugc do trén
mdy Shimadzu TMA 50H cua Vién Hod hoc,
Vién Khoa hoc va Cong nghé Viét Nam. Toc do
dot nong 10°C/phdt, moi truong khong khi,
khoang do tir nhiét do phong dén 300°C, tai
trong dau do 1a 50 g.

3. Nghién cttu anh huong cia CNTs dén tinh
chat co ly cua cac vat liéu té hop

a) Anh huidng ciia thanh phdn vdt liéu

Két qua khao sat anh hudng ctia ham luong
CNTs dén do bén kéo dut va do dan dai khi dut
chia vat liéu t6 hop trén co s& CSTN/SBR dugc
trinh bay trén hinh 1, tir d6 c6 thé nhan thay:

Do bén kéo diit 6 va do dan dai khi dit €
clia vat liéu t6 hop CSTN/SBR/CNTs ting lén
theo ham luong CNTs va dat gia tri cuc dai khi
ham Iugng CNTs la 1% (o = 25,7 MPa, ¢ =
888,5%). V6i ham lugng CNTs tang lén trén
1%, céc tinh chat co 1y ¢ va & cha vat liéu t6 hop
lai giam xudéng. Nhu vay ham lugng chat don
CNTs t6i wu cho vat lieu t6 hop trén co so
CSTN/SBR la 1%. Hién tugng nay cho thdy dién
tich bé mat chat don va kha nang phan tin cta
CNTs ¢6 anh hudng 16n dén tinh chat co 1y cua
vat liéu [2].

Anh hudng ctia ham lugng CNTs dén do bén
kéo diit va do dan dai khi dit cha vat liéu t6 hgp
trén co s CSTN/PP dugc trinh bay trén hinh 2,
tlr d6 c6 thé nhan thay:

Do bén kéo dit o va do dan dai khi dit ¢
cha vat liéu té hop CSTN/PP/CNTs tang lén véi
ham Iuong CNTs va dat gia tri cuc dai khi ham
lugong CNTs 1a 1% (6 = 27,9 MPa, ¢ =
290,34%). Sau d6, tinh chat co 1y ¢ va € cla vat
lieu t6 hop nay ciing gidm dan khi ham luong
CNTs tang 1én qua 1% tuong tu nhu cua vat liéu
t6 hgp CSTN/SBR/CNTs.

Modun dan hoéi va do cing 1a hai thong s6
k¥ thuat quan trong cla vat liéu, thé hién kha
nang bién dang cua vat liéu khi chiu tic dung
luc co hoc [8, 13]. Két qua khao sit vé su phu
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thuoc ctia modun dan hoéi va do cing cta vat
lieu t6 hop vao ham luong chat gia cudng CNTs
duoc trinh bay trén hinh 3. Tir cdc d6 thi trén
hinh 3 c¢6 thé nhan thay:

- Modun dan héi cha vat liéu t6 hop
CSTN/SBR/CNTs giam trong khoang ham lugng
CNTs tr 0% dén 1%. Nhu vay, CNTs da lam
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tang do linh dong cta hé vat liéu. Khi ham
lugng CNTs tang 1én qua 1%, modun dan hoi
cta vat liéu lai gia tang.

- Do ciing cta vat liéu t6 hop trén co s&
CSTN/SBR/CNTs thay doi khong dang ké khi
gia tang ham lugng CNTs.
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bén kéo diit va do dan dai khi ddt cua vat lieu t6
hop trén co sd CSTN/SBR = 50/50
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Hinh 3: Anh hudng ctia ham lugng CNTs dén
do cing va E modul cla vat liéu trén co s&
CSTN/SBR = 50/50

Su thay déi do cing cla vat liéu t6 hop trén
co s& CSTN/PP phu thuoc vao ham lugng CNTs
dugc trinh bay trén hinh 4. Trén co s6 cac két
qua ctia d6 thi c6 thé rit ra cdc két luan sau:

- Modun dan héi cua vat liéu t6 hop trén co
s& CSTN/PP/CNTs giam dang ké khi tang ham
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Hinh 4: Anh huong ctia ham lugng CNTs dén
do cing va E modul vat liéu trén co s&
CSTN/PP = 50/50

Iwong CNTs. Vay khi ta thém CNTs vao hé vat
liéu da 1am tang do dan hoi ctia vat liéu.

- Do cling cha vat liéu t6 hop trén co s&
CSTN/PP/CNTs tang 1én khi tang ham lugng
CNTs.



2. Anh huéng cia thir nghiém khi hau gia toc
dén tinh chat co hoc dong cia vat liéu té
hop

Céc két qua khao sat vé anh hudng cta thu
nghiém khi hau nhiét 4m gia t6c dén tinh chat
co hoc dong cua vat liéu t6 hop duoc trinh bay
trén cac hinh 5, 6, 7 va 8. Trén cac hinh 5 va 6
la két qua thr nghiém vong chu ky kéo dan cta
mAu vat liéu t6 hop CSTN/SBR/CNTs = 50/50/1
truéc va sau khi thir khi hau nhiét 4m. C6 thé
nhan thdy tinh chét co hoc dong ctia vat liéu t6
hop CSTN/SBR/CNTs khong thay déi, vat liéu
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CSTN/SBR/CNTs = 50/50/1 truéc khi thi
nghiém gia toc
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Hinh 7: Vong chu ky kéo gidn vat liéu t6 hop

CSTN/PP/CNTs = 50/50/1 trudc khi thur nghiém

gia toc

nay c6 do bén nhiét 4m cao.

Trén cac hinh 7 va 8 la két qua thlr nghiém
vong chu ky kéo din clia miu vat liéu t6 hop
CSTN/PP/CNTs = 50/50/1 vé6i cac diéu kién
twong tu. V4i cung mic do bién dang, c6 thé
nhan thdy gia tri do bén kéo da giam xuong va
do bién dang luu khi chiu tai trong kéo dan cla
vat liéu t6 hop CSTN/PP da tang lén sau qua
trinh thir nghiém biic xa nhiét 4m. Su thay ddi
nay cho thdy vat liéu t6 hop CSTN/PP/CNTs c6
do bén nhiét 4am kém vat lieu t6 hop
CSTN/SBR/CNTs
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Hinh 6: Vong chu ky kéo gian vat liéu t6 hop
CSTN/SBR/CNTs = 50/50/1 sau khi thir nghiém
gia toc
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Hinh 8: Vong chu ky kéo gidn vat liéu t6 hop
CSTN/PP/CNTs = 50/50/1 sau khi thu nghiém
gia toc
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4. Khao sat cau tric hinh thai hoc cua vat
liéu t6 hop gia cuong CNTs

Céc két qua khao sét cdu tric hinh thai hoc
cua vat liéu t6 hgp CSTN/SBR/CNTs = 50/50/1
(hinh 9) va CSTN/PP/CNTs = 50/50/1 (hinh 10)
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Hinh 9: Anh TEM céu tric vat liéu t8 hop
CSTN/SBR/CNTs = 50/50/1(D¢ phéng dai 40
000 1an)

5. Khio sat do bén nhiét ciia vat liéu t6 hop
bang phuong phap phan tich nhiét TMA

Trén hinh 11 va 12 1a biéu d6 TMA clia cdc
mau vat lieu t6 hop CSTN/SBR/MT = 50/50/25
(gia cuong 25% muoi than) va CSTN/SBR/CNTs
= 50/50/1. Tir biéu d6 c6 thé xac dinh dugc anh
hudng ctia hiéu tng gian nd nhiét va qua trinh
chay mém dén kich thudc mau do. Tu hinh 11
c6 thé nhan thay su bién déi kich thuéc mau vat
liu t6 hop CSTN/SBR/MT nho hon so véi vat
liéu t6 hop CSTN/SBR/CNTs. Nhu vay, v6i ham
lugng chat gia cuong mudi than 16n hon rét
nhiéu, vat liéu t6 hgp CSTN/SBR/MT c¢6 do bén
nhiét hon vat liéu t6 hop CSTN/SBR/CNTs.

Biéu d6 TMA trén hinh 13 va 14 cho thay,
anh hudng cua hiéu tng gian nd nhiét va qua
trinh chay mém dén kich thudc cdc mau vat liéu
t6 hgp CSTN/PPMT = 50/50/25 va
CSTN/PP/CNTs = 50/50/1. Cac két qua cho thay
suy giam kich thudc trong qua trinh mém nhiét
cua vat liéu t6 hop CSTN/PP/CNTs 16n hon so
v6i miu vat lieu t6 hop CSTN/PP/MT va
CSTN/SBR/CNTs do anh hudng ctia thanh phan
nhua nhiét déo PP c6 d6 bén nhiét kém hon
SBR.
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bang kinh hién vi dién tit truyén qua (TEM) da
cho thdy cdu tric pha cta cdc miu vat liéu t6
hop noi trén khd déng déu. Trong cac vat liéu t6
hop da khong hinh thanh ré rét bé mat phan chia
pha, 1am can tr& hiéu tng gia cuong cia CNTs
va giam cédc tinh chat co ly clha vat liéu.
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Hinh 10: Anh TEM c#u tric vat liéu t6 hop
CSTN/PP/CNTs= 50/50/1 (Po phéng dai 40 000
14n)

IV - KET LUAN

Trén co s& khao sat tinh chat co 1y cta cic
vat liéu t6 hop trén co s& CSTN/SBR/CNTs,
CSTN/PP/CNTs da x4c dinh dugc ham lugng
CNTs 1% c6 hiéu tng gia cudng cao nhit doi
v6i cdc vat liéu t6 hop nay.

Céc két qua khao sait TMA cho thdy vat liéu
t6 hop CSTN/SBR/MT = 50/50/25 va
CSTN/PP/MT = 50/50/25 ¢6 do bén nhiét cao
hon cdc vat liéu t6 hop CSTN/SBR/CNTs =
50/50/1 va CSTN/PP/CNTs = 50/50/1. CNTs
khong c6 anh hudng nhiéu dén do bén nhiét cua
céc vat liéu t6 hop nay.

Két qua khéo cau tric hinh thdi hoc ban
phuong phap kinh hién vi dién tr truyén qua
(TEM) cho thdy CNTs c6 kha nang phan tan tot
trong cdc hén hop vat lieu CSTN/PP va
CSTN/SBR.

Tur cdc két qua thir nghiém bitc xa nhiét 4m
cho thdy vat lieu t6 hop trén co s&
CSTN/SBR/CNTs c6 do bén nhiét 4m cao hon,
nén c6 kha nang tng dung tét trong moi trudng
khi hau nhiét déi.



Thermal Analysis Data
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Hinh 11: Biéu d6 TMA cua vat liéu t6 hgp
CSTN/SBR/MT = 50/50/25

Thermal Analysis Data

A

DrTMA
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27200
18d70ac
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138 000
2000.00-
150000
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Hinh 13: Biéu d6 TMA cua vat liéu t6 hgp
CSTN/PP/MT = 50/50/25

Thermal Analysis Data

THA DeTMA
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Hinh 12: Biéu d6 TMA cua vat liéu t6 hgp
CSTN/SBR/CNTSs = 50/50/1

Thermal Analysis Data

s DiTMA
um umimin
000
2000.00
13z.07C
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1000.00
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0.00
000 10000 20000 300.00

Hinh 14: Biéu d6 TMA cta vat liéu t6 hop
CSTN/PP/CNTs = 50/50/1
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