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VAT LIEU NANOCOMPOZIT TREN CO' SO' BLEND
CAO SU THIEN NHIEN/CAO SU BUTADIEN
CO ONG NANO CACBON DA TUONG

RUBBER NANOCOMPOSITES BASED ON NATURAL RUBBER/ BUTADIENE RUBBER BLEND

AND MULTI WALLED CARBON NANOTUBES

TOM TAT

Céc dac tinh ndi bat clia 6ng nano cachon dé tao ra cac loi ich khoa hoc va
kj thudt trong viéc phét trién hon hop polyme nano. Do d6, trong cong trinh
d4 nghién ciru mot phirong phap pha tron méi dé dat dugc sk phan tan tot
clia 6ng nano cacbon da twong (MWCNTS: Multi-walled carbon nanotubes)
trong hon hop cao su thién nhién va cao su butadien. Trong céch tiép can
nay, MWCNTs dwgc két hop vao mot hon hop 70/30 phén khdi luong (PKL)
clia dung dich cao su ty nhién va cao su butadien. Cac vat liéu nanocompozit
cao su duoc diéu ché theo phrong phap nhu vay cho thdy cac ddc tinh vat Iy
da c6 & ndng d6 nano rat thap. Ty Ié cao ctia 6ng nano cachon gilip tao thanh
mang ludi tiép xdc dan trong cac hop chét nay & nng do dudi 3% trong
lvgng 6ng nano cacbon da tudng.

Tir khéa: Ong nano cachon da tirng, nanocompozit, cao su thién nhién, cao
su butadien.

ABSTRACT

The outstanding properties of carbon nanotubes have generated scientific
and technical interests in the development of nanotube-reinforced polymer
composites. Therefore, a new mixing method for getting we investigated a novel
mixing approach for achieving a good dispersion of multiwalled carbon
nanotubes (CNTs) in a rubber blend Natural rubber/ Butadiene rubber was
studied. In this approach, the CNTs were incorporated of Natural rubber solution
and Butadiene rubber solution which ratio is 70:30 phr. The rubber
nanocomposites prepared by such method exhibit significantly enhanced
physical properties already at very low nanotube concentrations. The high aspect
ratio of the carbon nanotubes enabled the formation of a conductive percolating
network in these composites at concentrations below 3 wt.%.

Keywords: Multiwalled carbon nanotubes, nanocomposites, natural rubber,
hutadiene rubber.

'Khoa CAng nghé Hoa, Trrdng Bai hoc Cong nghiép Ha Noi
2Cdng ty C6 phan Cao su Sao Vang

*Email: nguyentuananh@haui.edu.vn

Ngay nhan bai: 15/01/2018

Ngay nhan bai stra sau phan bién: 30/03/2018

Ngay chdp nhéan déng: 25/04/2018

Nguyén Tudn Anh ** Bam Thanh Thu?

1. MO PAU

Mot dac tinh riéng biét cloa vat lieu polyme
nanocompozit dé la kich thurdc nhé clia chat don dan toi sy
gia tdng manh mé dién tich bé mat chung so voéi cac
polyme compozit truyén théng [1]. DU con nguoi khong
nglrng cai tién va téng hop nhiéu loai cao su tlr cac nguon
khac nhau nhing cao su thién nhién (CSTN) van dugc st
dung trong cdng nghé hién dai do ching c6 tinh chat co
hoc t6t va kha ning tao cac blend dé dang. Do vay, vat liéu
CSTN vira c6 tinh chat co hoc tét, vira la nguon nguyén liéu
san c6 clia Viét Nam nén viéc nang cao tinh chét ctia cao su
cling nhu cac sdn pham dwoc lam ra tlr loai cao su nay la
mot wu thé. DE tang kha nang ting dung cho vat liéu cao su
cling nhu cao su blend, cac vat liéu nay thudng duoc gia
cuong bang moét s6 chat don gia cudng nhw than den,
silica, nanoclay,..[2]. Cac 6ng nano cacbon (Carbon
nanotubes-CNTs) cling la loai chat gia cwong rat tot cho
polyme do MWCNTSs c6 tinh linh hoat cao, ty trong thap va
bé mat riéng I&n, diéu nay g6p phan tao nén vat liéu cao su
nanocompozit cé nhirng wu diém vwot troi [3].

Céc loai cao su duoc st dung nhiéu trong nghién ctru
CNT nanocompozit la CSTN [4] ti€p theo la cao su styren-
butadien (SBR) [5], cao su silicon [6], cao su nitril hydro hda
(HNBR) va cao su etylen-propylen-dien monome (EPDM).
Bai b&o dé tién hanh nghién cttu ché tao blend gitta cao su
thién nhién va cao su butadien cé méat mot sé phdi liéu méi
va c6 bo sung 6ng nano cacbon da twong.

2. THUC NGHIEM
2.1. Héachat

Cao su thién nhién SVR10 (CSTN) (Cong ty Cao su Bong
Nai Viét Nam); cao su Butadien BRO1- Kumho (Han Quéc); 6ng
nano cacbon da tvong (Shawa Denho - Nhat Ban); lvu huynh
(Miwon - Han Qudc), oxit kém (Trung Qudc), x2,4-Trimethyl-
1,2-Dihydroquinoline polymer (Nocil - An D), phong lao
4020: N(1,3-dimethyl-butyl)-N'-phenyl-P-phenylenediamine
(Nocil - An Do), chat hoan luu PVI: N-(cyclohexylthio)
phthalimide (An D6); dau Aromatic (RPO) (Singapore).
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2.2.Ché tao blend CSTN-BR

Cao su SVR10 va cao su BRO1 (tng 300g) dvoc dua lén
may can 2 truc @160 can luyén, dao déu, cat goc 45° sao
cho hén hgp nhuyén va khéng con hién teong tach tang
(theo thi giac), cho lan luvgt ZnO, stearic axit ddo tron déu,
cat xa hai dau truc, khi hdn hop phan tan déu, tiép tuc cho
phong ldo 2,2,4-trimethyl-1,2-dihydroquinoline polyme va
N(1,3-dimethyl-butyl)-N'-phenyl-p-phenylenediamine, khép
cy ly truc, cit xa déu tay, ti€p tuc cho than den nano
cacbon va dau RPO vao hon hop, phan tan déu. Khép cu ly
truc 1mm, ép thong 3 1an, cho ra hén hop giai doan 1. M&
cu ly truc 2mm, cho hén hop 1 vao, dao déu, cho xdc tién,
lvu huynh va céc chat hoén lvu, dao déo 3 lan, ép thong 2
lan. Mau cao su nanocompozit thu dugc & dang tdm day 2
mm, lvu héa & diéu kién 150°C, thoi gian dya theo tcy, sau
dé cat mau theo cac tiéu chudn Viét Nam dé do cac tinh
chéat lvu bién va céc tinh nang.

2.3. Phuong phap nghién ctu

D0 bén kéo dirt va dd dan dai du khi dit cha vat liéu
dugc xac dinh theo TCVN 4509:2006. B0 cleing Shore A dugc
xac dinh theo TCVN 1595 -1:2007. B9 cling cla vat liéu
duoc do bang dong hd do do cliing TECLOCK ky hiéu JIS
K7215 A (Nhat Ban). b6 mai mon cla vat liéu dugc xac dinh
bang phwong phap AKRON, theo tiéu chudn TCVN 1594-87:
bién soan lai nam 2008. Phan tich nhiét trong lvgng (TGA)
dugc thuc hién trén may Seterarm (Phap) - Pai hoc Sw
pham Ha N6i va phong Vat liéu vd co - Vién khoa hoc Vat
liéu, Vién Han lam Khoa hoc va Cdng nghé Viét Nam.

3. KET QUA VA THAO LUAN
3.1. Anh hugng ctia ham lvong cao su BR dén tinh chét
clavat liéu
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Hinh 1. Anh huéng clia ham lreng cao su BR t6i d ciing va khdi luong riéng
clia vat liéu, do dan dai kéo dit va gia tri dinh dan & M300% clia vt liéu: A:
(a- @0 cteng; b- khai luong riéng); B: (a- @6 dén dai kéo dirt; b- @0 dan M & 300%);
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Trén hinh 1, khi tdng ham lwvgng BR, d6 clng vat liéu
tang lén do momem xo&n cuc dai ting, mat do lién két
ngang day dac. Khéi lugng riéng tang khong dang ké, do
khoi lvong riéng clia BR va CSTN c6 gia tri gan tuong
duong. Khi thay déi ham lvgng BR, cac thanh phan khac
khong thay doi.
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Hinh 2. Anh hiréng clia ham Iueng cao su BR t6i do bén kéo dirt, do dan dai
duw va do bén xé rach, do mai mon clia vt liéu; A: (a- do bén kéo dit; b- do dan
dai du; B: (a-00 xé rach; b-do mai mon)

Hinh 1, 2 cho thay sy anh hwéng ctia ham luvgng cao su
BR dén tinh nang kéo dirt va dinh gidm & M300 clia vat liéu.
Lwgng BR cang cao, d6 gian dai kéo dit cang giam, cao su
da mat di s linh déng do dd cling tang, lién két ngang day
dac, do dan hoi giam, khi kéo dé dit, khéng cho gia tri dan
dai cao. Ngoai ra, cao su BR ¢6 tinh khdng mai mon cao, khi
tang ham luvgng cda BR, d0 mai mon giam, tuy nhién chi
gidm nhe do gia tri mai mon ty 1é thuan véi do cirng, cao su
cang ctrng, dd bén mai maon cang thap.

Nhu vay, tinh nang co ly va kha nang khang mai mon
cla blend CSTN/BR tang khi tang ham luwgng cao su
butadien (BRO1) do CSTN va cao su butadien (BRO1) cé
nhiét dd thdy tinh cach xa nhau, ban dau, lvgng BRO1 con
thap, 2 elastomer chuwa tvong hop nhiéu. Khi tang ham
lvgng BRO1 Ién dan va quéa trinh dao tron, 2 elastomer
tvong hop 1 phan va héa tron dong déu hon, Tuy nhién,
khi tang ham lvgng BRO1 qué 50PKL, tinh nang co ly cla
hdn hop di xudng. Bidu nay cé thé giai thich do tinh nang
co ly ctia CSTN cao hon hén cao su butadien, sy giam ham
luong CSTN dan dén tinh chat toan blend bi giam. Vi vay,

mau blend 70CSTN/30BR dugc Ira chon lam mau tiép tuc
nghién ctru & giai doan sau.
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3.2. Khao sat tinh chat bén nhiét va cau trdc ctia vat liéu
blend

Qua hinh anh FE-SEM (hinh 3) cho thay, bé maét cua
mau vat liéu co sv gd ghé thadp, than den tu thanh cac cum
nhoé nhwng phan tan déu. Trén hinh 3 con xuat hién cac day
chang, giai thich sy bién dang déo clia mau vat liéu. Dac
biét & ty & ndy, cac cau ti tvong hop tét voi nhau dan dén
tinh chét co ly tang, két qua nay phu hop véi két qua do
cwong lyc & trén,

Qua hinh 3 ta thay, & 140°C, mau vat liéu bat dau co
hién twgng gidm khéi lugng. Gian do cling cho thay khi
nhiét do khoang 350°C, mau vat liéu bi phan hdy manh va
khi & nhiét do 375,33°C (pic 1), mau bi phan hily manh nhét
cla giai doan nay (khdi lvgng bi mat chiém 7,63%). Viéc
mat khéi lugng nay co thé giai thich do su sut gidm Kkhoi
lvgng mot phan clia dau trong qua trinh hodc do dau héa
déo RPO dé bay hoi hodc 4m do trong CSTN va cao su
butadien. Trong khoang nhiét do tir 375,33°C dén 522,06°C,
khoi lwvgng mat di chiém 52,264%. Su gidm khdi lwvgng nay
¢ thé giai thich do s phan hly ctia CSTN va sv d6t chay
than den. T nhiét do 522,06°C dén 700°C, mau phan hiy
33,165% vé khéi lvgn
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Hinh 3. Anh FE-SEM mét cAt va gian d0 TGA clia mAu vat liéu CSTN/BR
(70/30(PKL)
3.3. Tinh nang co ly ctia blend CSTN/BR/MWCNTSs

Tinh nang co ly cla vat lieu dwgc thé hién & bang 1,
mau vat liéu chira 1 PKL MWCNTSs d4 c6 tinh chéat co ly cao
hon so véi mau pha ché gdc, tiép tuc gia ting ham luvong
MWCNTs dén 3 PKL, tinh nang co hoc tang, tuy nhién, khi
ham lwong MWCNTSs qué 3 PKL, cé&c tinh nang co ly bat dau

sut giam. Diéu nay cé thé giai thich la do MWCNTSs ¢6 cau
tric nano, dé dang phan tan vao cac khoang tréng gitta cac
phan t& cao su, lam cho téng thé mau bén chat va chéc
chén, ngoai ra MWCNTSs con ¢ thé lién két cong hoda tri voi
chubi polyme nén, tao si phan tan ddng déu. Khi ting ham
lwgng MWCNTSs c6 thé hit dau hoa déo t6t nén tao chudi
dam, cac phan t& phan tan chong chéo, tao cac bui pha vé
cau trdc dong nhat clia vat liéu, gay giam do bén kéo dt.
Bang 1. Tinh néng co Iy ctia blend CSTN/BR/MWCNTS

Nano |Bdcing| Khdi | O | Binh | D | DO | Dobén | DOmai
carbon | (shoreA) | lvong | dan |gidn® | bén | dan | xérach| mon
rieng | dai | M | kéo |daidu|(N/mm)| (cm¥

(g/em®)| kéo | 300% | dit | (%) 1,61km)

dit%]| (Mpa) | (MPa)

0 6400 | 1145 {5358 | 839 | 1960 | 2200 | 3000 | 0,66
1 6560 | 1145 {5005 | 865 |2052 | 2216 | 3210 | 053
3 66,00 | 1,15 |588,3| 9,88 |22,70|24,25| 33,60 | 0,50
5 6700 | 115 |5133| 923 | 21,18 | 2378 | 3105 | 068
7 69,00 | 1155 |4723| 822 |2020 | 21,05| 2830 | 0,73

Hinh 4. Anh SEM cia c4c méu: a-CSTN/BR/LPKL MWCNTs; b-CSTN/BR/3PKL
MWENTSs; c-CSTN/BR/5PKL MWCNTS
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Tir hinh 4 nhan thay, véi mau 3 PKL 8ng nano cacbon da
tuwong phan tan dong déu trong nén blend khdng xuéat hién
su tu dam. Chinh vi vy ma tinh chét co hoc da duoc cai
thién dang ké.

3.4. Nhiét trong lvgng TGA
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Hinh 5. Gian dd TGA clia mau vat liéu CSTN/BR/3PKL MWCNTs

Tl gian do hinh 5 cho thay, hai qua trinh xay ra khi cé su
can thiép cla nhiét vao mau can phan tich. O khoang nhiét
200-300°C, dién ra quéa trinh phan hay cac hop chéat dé bay
hoi trong don phéi liéu, cu thé la dau hoa déo. Trong mau
nay, ham luong do duoc 1a 54,465%. O buéc thit hai la qué
trinh phan hay polyme. Téng lvgng polyme mat di la
8,149g, chiém 36,533%.

4. KET LUAN

Phuong phéap tron hén hop & trang thai nong chay trén
may can 2 truc, lvu héa & 150°C, thoi gian 8 phit da tao ra
duoc hé vat lieu cao su nanocompozit trén co s& blend
CSTN/BR v6i ty 1€ thich hop 1a 70/30 PKL.

Trong cong trinh d& nghién ctu thanh céng phuong
phap tron hén hop néng chay, trén co s& nhitng két qua
nghién ciru gia cudng cho blend CSTN/BR bing MWCNTs
cho thay, tinh chat co hoc cla vat lieu CSTN/BR dat gia tri
I6n nhét voi ham lvgng MWCNTSs la 3PKL. O ham lvong nay,
do6 dén dai kéo dit tang 9,8%, do dan dai dv tang 9,8%, do
bén xé rach tang 12%, dd khang mai mon tang 24,2%.

Loi cAm on: Cong trinh nay duoc sv tai trg béi khoa Cong
nghé Hda - Trudng Dai hoc Cong nghiép Ha Noi va Cong ty Co
phan Cao su Sao Vang.
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