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Nghién ctru sit dung carbon nanotube ting cwong tinh chat co Iy cho cao su
mat 10p xe may trong hé cao su thién nhién va cao su tong hop styrene-butadien
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Tém tiit:

Nghién ciru nay khao sat ham lwgng don ting cwong carbon nanotubes (CNTs) tir 0 dén 5% khdi lwgng vao hdn
hop cao su thién nhién va t6ng hop styrene -butadien dwge lam cao su mit lép Xe may dén tinh chit co ly ctia véat
liéu cao su. Két qua nghién ciru di chi ra rang, khi thém chat don CNTs thi thoi glan luwu hoa t01 uwu T 90 giam, toc
dd lwu héa ting va cac tinh chit co 1y nhw d9 cing, d9 bén kéo dirt, @9 bén xé, dd bén udn gip, kha ning khing
mai mon tang hiéu qua. Ngoai ra, hinh thai hoc ciia vat liéu nanocomposite trén co s¢ cao su/CNTs da dugc quan
sat hinh thai hoc qua phuwong phiap SEM va TEM. Cic tinh chét nhiét ciia vat liéu nanocomposite ciing dwge
khio sat bang gian d6 phan tich nhi¢t khéi lwrgng (TGA). Cac két qua thu dwgc cho thay, vat liéu nanocomposite
cao su/CNTs véi kha ning phan tan t6t CNTs sé 1a vat li¢u tiém niing cho viéc ing dung trong cong nghiép sin

xuat cac san pham lop xe c6 tubi tho cao.

Tir khoa: Cao su styrene-butadien, cao su thién nhién, nano composite, NR/SBR blends, 6'ng cacbon nano.
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Viéc pha tron cao su tu nhién voi cao su tong hop c6
tam quan trong vé mat thuong mai va k¥ thudt vi c6 nhiéu
uu diém, tao kha nang phdi hop cac tinh chat ma mot loai
cao su khong thé dat dugc [1-7]. Trong céac loai hdn hop
cao su, cao su tyr nhién (NR) va cao su tong hop styrene-
butadien (SBR) duoc sir dung nhiéu trong cong nghiép
san xuét lép xe do c6 dd bén kéo, do bén xé, tinh bén
nhiét va kha ning chdng mai mon cao [5]. Bén canh do,
céc tinh chat co 1y cta hdn hop cao su dugce ting cudong
béng cach st dung chit don khac nhau. Than den duoc st
dung nhiéu trong cong thirc phdi tron cao su vi gia thanh
thép, tinh chét co 1y t6t. Hién nay xu huéng nghién ctru sir
dung chit d6n nano v&i ham lugng thap trong cao su nham
tang cuong tinh chat co Iy cua san phim dang dugc quan
tam [8-10]. Trong cac chit don nano hién nay, carbon
nanotubes (CNTs) dang dwoc quan tim nhiéu boi c¢6 nhidu
tinh chat vuot troi khi duge dua vao cao su chi véi ham
luong thap.

Trén thé gidi, nhidu nghién ctru nham tim ra phuong
phép ting cuong kha ning phan tan CNTs vao hon hop
cao su da dugc thyuc hién. X. Zhou va cac cong sy nghién
clru viéc dua CNTs vao hdn hop SBR (SBR/CNTs) bang
phuong phép ép nong dé so sanh véi mau latex SBR/than
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den, két qua cho thdy SBR/CNTs c6 tinh chat co 1y cao
hon va cai thién dang ké tinh chét gia cong cua SBR [11].
Niam 2008, A. Das ciing da cong bd anh huong cua ham
lwgng CNTs tir 0-10% trong hdn hop 50:50 SBR va cao su
butadiene (BR) dén tinh chét dién, nhiét ciia no. Két qua
cho thdy CNTs voi ham lugng 3-5% trong hdn hop SBR/
BR cho san pham c6 tinh chét co 1y t6t, dic biét & ham
lwong 5% c6 tinh chit co 1y t6t nhit va dap ung dugc yéu
cau gia C(")ng [12]. Nam 2006, K. Kueseng cung cong su
da cong bd phuong phap dua CNTs vao hdn hop cao su
nitrile dé tang cudng co tinh ctia san pham va tinh khang
truong trong dung moi cua cao su [10].

Trong bai bao nay, chung t6i trinh bay két qua nghién
ctru vé anh hudng cua ham luong chit don CNTs trong
hdn hop NR/SBR (w/w: 70/30) dén kha ning khang mai
mon va cac tinh chét co 1y hudng t6i tng dung vao cac san
pham cao su k§ thuat 16p 6 t6, xe may.

Vat liéu va phuong phap

Vit liéu

Cao su thién nhién (SVR3L), SBR 1502 véi ham
luong 25% styrene, dugc cung cip lan lugt boi Cong ty

Cao su Viét Nam, Kumho Petrochemical (Han Qudc).
CNTs (NanocylTM NC7000) dugc cung cap tir Nanocyl
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Abstract:

In this research, we investigated the carbon nanotubes
(CNTs) as reinforced fillers with the concentration
of 0-5% into the mixture of natural rubber (NR)
and synthetic styrene-butadiene rubber (SBR) for
motorbike tires. The research exhibited that when
we increase the CNTs content in the rubber mixture,
the optimal rubber vulcanization time (T, ) has been
decreased from 4.28 min to 2.83 min, which increases
the rate of vulcanization about 28-34%. The physical
properties of the rubber mixture after vulcanization
including shore A, tear load, and tensil strength have
been improved, especially abrasion resistance testing
increased by 31%. Besides, the morphologies of the
resulting rubber nanocomposites were determined
via SEM and TEM. The thermal properties of the
resulting rubber nanocomposites were investigated
via thermal gravimetric analysis (TGA). Based on our
results, the nanocomposites based on rubber/CNTs
with the well-dispersed CNTs in the matrix will be
potential materials for long-life rubber tires.

Keywords: Carbon nanotubes, nanocomposite, natural
rubber, NR/SBR blends, styrene-butadiene rubber.
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S.A. In. ¢6 ham luong carbon 90%, duong kinh CNTs
~ 9.5 nm, chiéu dai sgi CNTs ~ 1,5 um va dién tich bé
mat riéng (BET) 250-300 m?/g. Than den N330 dugc
cung cép tir OCI Company Ltd, kich thuéc hat khoang
26-30 nm, dién tich bé mat riéng (BET) la 75-105 m?/g.
Chét tro xuc tién ZnO, axit stearic, chit chéng lao hoa
2,2 4-trimethyl-1,2-dihydroquinoline (RD-TMQ), chét
hoa déo dioctyl phthalat (DOP) va parafin, chat tro phan
tan polyethylene glycol 4000 (PEG 4000), chat xuc tién
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diphenyl guanidine (DPG), xuc tién n-cyclohexyl-2-
benzothiazole sulfenamide (CBS), xtc tién tetramethyl
thiuram disulphide (TMTD) va luu huynh S8, cac dung
moi hitu co duge cung cép tir hing Rubber Malaysia.

Phwong phap

Chuan bi hén hop CNTs/NR: Cho PEG vao ethanol
khudy trén trong 30 phut, téc d6 1.000 vong/phut, tiép do
CNTs dugc phan tan vao trong PEG va ethanol theo ty 1€
khéi lwong 1:10. Tiép theo hdn hgp CNTs/PEG duge cho
vao mdy siéu am trong 2,5 gio & nhiét do phong. Tiép do,
hdn hop duogc can tron véi NR trén may can hai truc &
nhiét d6 80°C trong 10 phut.

Chudn bi hén hop cao su thir nghiém: Hon hop CNTs/
NR tiép tuc dugc can luyén trén may can hai truc véi SBR
va cac hoa chit theo tht tu ZnO, acid stearic, chat chéng
lio hoa nhiét RD, chit don than den N330, dau parafin,
dau DOP va hé luu héa CBS, DPG, TMTD, luu huynh
theo ty 16 nhu don pha ché & bang 1, thoi gian can luyén
1a 20 phat, & nhiét do 80°C. Sau d6 hdn hop duoc giit 6n
dinh trong 12 gi¢ ¢ nhiét dd phong. Puong cong luu hoa
ctia hon hop cao su dugc x4c dinh & nhiét do 150°C dua
trén tiéu chudn ASTM D2084:2004. Cac mau thir nghiém
duoc luu hoa ¢ nhiét d6 150°C theo thoi gian ti uu T, va
mau duoc luu trir ¢ nhiét do phong trong 24 gio trude khi
kiém tra cac tinh chat co 1y.

Bang 1. Thanh phan don pha ché& ctia CNTs/NR/SBR.

Thanh phin don pha ché 1 2 3
SVR 3L 70 70 70
SBR 1502 30 30 30
CNTs - 3 5
Acid stearic 2 2 2
Phong ldo RD 1,5 1,5 1,5
Zn0 5 5 5
Chét don than den N330 40-45 40 40
Chat trg phan tan PEG 4000 0,75 0,75 0,75
Dau héa déo parafin 5 5 5
Dau hoa déo DOP 1,6 1,6 1,6
Chét xuc tién CBS 0,5 0,5 0,5
Chét xuc tién DPG 0,25 0,25 0,25
Chét xuc tién TMTD 0,25 0,25 0,25
Luu huynh S8 2 2 2

Phwong phdp kiém tra cic tinh chit co Iy ciia hén
hop nanocomposite cao su/CNTs

Puong cong luu hda cao su dya trén tiéu chuan ASTM
D2084:2004 dugc xac dinh bang may luu bién ké dia nén
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Rhéometer. DO ctiing Shore A dugc xdc dinh theo tiéu
chuian ASTM D2240:2004, d¢ bén kéo dut va do bén xé
cua san phém cao su duge xac dinh 1an luot theo tiéu chuin
ASTM D412:2004 mau loai C va ASTM D624:2004 voi
téc do kéo 500 mm/phiit. DO khang nit va sy phat trién
vét nut cia miu cao su dugce xac dinh theo tiéu chuin
ASTM D430:2004 v&i véan tde 300 chu ky/phut. Ty trong
va do mai mon ctia hdn hop cao su dugc xac dinh theo tiéu
chudn ASTM D297:2004 va ASTM D5963:2004.

Két qua va ban luan
Xdc dinh thong sé qud trinh luwu héa

Céc thong sb dic trung cla qua trinh luu hoa cao su
nhu thoi gian bét dau luu hoa T, (scorch time),’ thoi gian
luu hoéa t61 vu T ) (optimum cure time),ﬂluc xoan cuc dai
M, (maximgm torque), luc xodn cyuc ticu M, (minimum
torque) va toc do Iuu héa CRI (cure rate index: 100/(T, -
T,)) v6i ham lugng CNTs khac nhau trong hon hop NR/
SBR dugc xac dinh bdi may Rhéometer ¢ 150°C (bang 2).

Bang 2. Anh huéng ham lugng CNTs dén tinh chat luu héa
hon hgp NR/SBR.

Ham lugng CNTs (%) 0 3 5
T, (phut) 2,12 1,65 1,47
T,,, (phut) 4,28 3,08 2,83
M,, (Nm) 25,05 26,66 27,62
M, (Nm) 1,78 2,22 1,51
M,,- M, (Nm) 23,27 24,44 26,11
CRI 46,30 69,93 73,53

Két qua cho thay thoi gian bt dau luu hoa T, va thoi
gian luyu hoa téi wu T oo S1am dan khi luong CNTs tang dan
tr 0- 5% khoi luong Bén canh d6, luc xodn cyc dai M.,
hiéu s6 M, -M, va toc do lut} hoéa C}la hon hop cao su cung
tang khi lugng CNTs tdng dan. Diéu nay co6 thé giai thich
boi sy gia taing ham lugng CNTs, dugc xtr Iy véi ethanol
bang rung siéu 4m, lam tang su phan bd va phan tan cua
CNTs vao cac mach cao su, két qua 1a hd tro tang cuong
tinh chat co 1y ciia cao su. Hon nira, trong chu trac sgi va
bé mat cia CNTs ludn ton tai cac lién két doi khong bio
hoa va cac nhom chitc héa hoc (-COOH, -CHO, —’NHZ,
-OH...), vi vay trong qua trinh luu hoa céc lién két doi
nay va cac nhom cung tham gia Vao phan tmg tao lién két
ndi mang lam tang cuong mat d6 ndi mang trong hdn hop
cao su. Dua vao cac két qua trén, chung toi str dung céac
thong sb gia cong voi thoi gian luu hoa 1a 2,83 phut cho
mau chira 5% CNTs va 3,08 phut cho mau 3% CNTs, cho
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viéc chuén bi mau danh gia cac budc khao sat tiép theo.
Cdc tinh chit co' Iy
Két qua dat dugc vé do cung, do bén dan dai tai 100%,
300% va do bén kéo dut dugc trinh bay ¢ hinh 1 va hinh 2.
Két qua cho thay cac tinh chat trén déu tang dan khi tang
ham lugng CNTs tir 0% 1én 5%.
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Hinh 1. Anh huéng ham lugng CNTs dén d¢ cting.
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Hinh 2. Anh hudng ham lugng CNTs dén do bén kéo
100%, 300% va do bén kéo dit.

Bén canh d6, 46 bén x¢é ciing ting dang ké (tang 20,7%)
khi tang ham lugng CNTs 1én 5%, dugc trinh bay trén hinh
3(a). Anh huong cua ham luong CNTs dén kha ning khang
mai mon duoc thé hién & hinh 3(b), két qua cho thdy do
mai mon giam nhiéu (31%) khi taing ham luong CNTs 1én
5%, cu thé 1a & ham lugng 5% CNTs thi d6 mai mon chi
mat 0,49 cm? khi thir nghiém 1,61 km. Két qua nay duoc
giai thich 1a khi ting lugng CNTs trong hon hop NR/SBR
tao ra hon hop nanocomposite c6 mat do luu héa cao, gia
tang su lién két giita mach cao su va chat don tang cuong
(CNTs va than den), diéu nay lam ting kha ning khang
mai mon ctia hdn hop cao su nanocomposite.
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Hinh 3. Anh huéng ham lugng CNTs dén d bén xé rach
(a), d® mai mon (b).

Thong sé d6 bén udn gip bao gdbm vét nut xuét hién
dau tién va tc do phat trién vét nut 1a cac thong s6 co tinh
quan trong ddi v6i san pham cao su. Cac mau duge thyuc
hién trong cing 40.000 chu ky udn gip theo tiéu chuan
ASTM duoc trinh bay & hinh 4. Két qua cho thdy vét nirt
dau tién xuét hién & 10.000 chu ky udn gip trong miu
chira 3% CNTs, trong khi mau khong c6 CNTs vét nut
xudt hién & 8.000 chu ky uén gip, va khi ting ham luong
CNTs lén 5% thi vét it dau tién xuat hién & 16.000 chu
ky. Bén canh do, toc do phat trién vét niit giam dan khi
tang ham lwong CNTs. V&i mau khong c6 CNTs thi vét
nGt ting nhanh tir 1,36 1én 24 mm (chiéu rong ti da cua
mau udn gip), con mau voi 3% CNTs thi toc do phat trién
cham hon, tir 1,36 1én 19,71 mm, trong khi d6 v&i mau 5%
CNTs thi tc d6 phat trién vét nut chi tang tir 1,36 1én 15,9
mm. Nhu vy, khi st dung CNTs trong hon hop NR/SBR
gilip ting cudng dang ké tinh chét co 1y cua vét lidu.
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Hinh 4. Anh hudng ham lugng CNTs dén téc do phat trién
vét nut.
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Hinh thai hoc ciia hdn hgp nanocomposite NR/SBR/
CNTs duoc khao sat bang phuong phap chup SEM va
TEM. Két qua quan sat bang SEM ctia mau nanocomp051te
NR/SBR/CNTs cho thdy muc d6 phan tan dong déu cta
CNTs va than den trong hdn hgp cao su. Bén canh d6, hinh
anh TEM (hinh 5b) ciia mau nanocomposite ciing thé hién
16 sy phan tan cia CNTs trong hdn hop va cu tric cta
CNTs van duy tri dang soi, khong bi phd hiy trong qua
trinh ché tao mau cao su.

Hinh 5. Hinh anh SEM (a) va TEM (b) cia nanocomposite
NR/SBR/CNTs.

Kha nang bén nhiét cua vat lidu nanocomposite NR/
SBR/CNTs dugc danh gia qua phuong phap nhiét khoi
luong (TGA) trong mdi truong khi N, véi bude nhigt 10°C/
phut (xem hinh 6). Két qua phan tlch nhiét cho thiy: Mau
NR/SBR khéng str dung CNTs bét dau phan hay ¢ 250°C,
dat dén ham luong phan huy 40% khdi lwong & 400°C,
phan hay 80% khdi lugng ¢ 520°C va phan hay hoan toan
& 650°C. Trong khi d6, di v6i mau nanocomposite NR/
SBR/CNTs str dung 5% CNTs thi nhiét do bt dau phan
hay ctia hdn hop dat dén 400°C va khi nhiét d6 1én dén
650°C thi nanocomposite NR/SBR/CNTs phan huy hoan
toan. Nhu vay, chit don CNTs giup ting dang ké tinh bén
nhiét caa vat liéu cao su. Diéu nay co thé 1y giai boi mat do
lién két ngang cao trong hdn hop nanocomposite cao su.
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Hinh 6. Gian dé TGA clia hén hgp cao su NR/SBR va
nanocomposite NR/SBR/CNTs.
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Khi dua chat don CNTs voi ham lwong nho (khoang
5%) vao hon hop NR/SBR thi tinh chit co 1y dugc cai thién
dang ké. Thoi gian luu hoa tdi wu giam tir 4,28 phat xudng
2,83 phiit, toc do luu hoa ting tir 28-34%. Cac tinh chét co
Iy nhu d6 ctig, do bén kéo dit, d6 bén xé va do bén udn
gip tang dang ké (tir 20-30%) khi ting ham lwong CNTs.
Vé kha ning khang mai mon, khi dwa CNTs v6i ham luong
5% vao NR/SBR thi 6 mai mon dat gia tri 0,49 cm?® trén
1,61 km. Kha nang bén nhiét cua vat lidu nanocomposite
NR/SBR/CNTs cai thién dang ké so voi hdn hop cao su
khong su dung CNTs.
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