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TOM TAT: Cao su thién nhién (NR), cao su thién nhién epoxy héa 30% (ENR30) va cdc

organoclay (Nanomer 128E va I30E) dwoc tron hop trén mdy tron Brabender. Sw phdn tan organoclay

vao cao su thién nhién dwoc kiém tra bzing nhiéu xa tia X (XRD) va kinh hién vi dién tir quét (SEM). Két

qua cho thdy hiéu qud phéan tan dwoc cdi thién dang ké khi ¢6 mdt ENR30 nhu mét chat twong hop. S

hién dién ciia nanoclay I28E lam giam thoi gian heu héa, trong khi gid tri ngdu lyc ting nhe, cdc tinh

néng co Iy (d¢ khang mon, M100, M300, ting sudt kéo ditt, dg khang xé) dwoc cai thién dang ké.

Tir khéa: Tinh chat cia nanocomposit, organoclay, ENR30, Nanomer 128E va 130E.

1. GIOI THIEU:

Nanocomposite 1a vat li€u composite ma
trong d6 kich thude hat cua pha phan tan trong
khodng nanomet (t6i thiéu trén mot kich
thude)!.

Montmorillonite (MMT) la silicate dang
16p dugce sir dung rat phd bién. Tinh chit quan
trong nhat cia montmorillonite 1a kha ning co
gidn ving cau trac khong gian giita cac 16p
nhung toan bd hinh thé hoc cia hai phin kich
thudc con lai van giit duge nguyén ven 21,

Dua vao loai nén polymer sir dung ma céc
polymer/clay nanocomposite ¢6 thé phan chia
thanh 3 nhom khac nhau: polymer/clay
nanocomposite nén nhiét déo, nén nhiét rin va
nén cao su. Tuy nhién cho dén nay cac cong
trinh nghién ctru trén thé gidi vé polymer/clay
nanocomposite van cha yéu tip trung vao
nghién ctu trén nén nhiét déo nhu
polypropylene, polyamide, polystyrene, ...va

mot phén trén nhwa nhiét rin. Hiu nhu cac

nghién ctru vé polymer/clay nanocomposite
nén cao su con rat it.

Bén chit ciia Clay MMT 1a phan cuc nén
dé MMT tuong hop vdi cac polymer (ban chét
khong phan cuc), MMT cin phai dugc bién
tinh nhim giam di tinh phan cuc cta chung
bang cach thyc hién trao ddi cation giira cac
cation kiém c6 trong MMT béi cic onion
alkylammonium. Sy trao doi nay khong chi
gitip thay ddi su phan cuc bé mit ciia clay ma
con 1am gidn né khoang khong gian giira cac
16p clay. Clay MMT sau khi bién tinh tré nén
ua hiru co vi viy ma MMT clay sau khi bién
tinh duoc goi 1a Organoclay'™.

Mac du tinh phan cuc bé mat clia céc
organoclay c6 giam di nhiéu so v6i MMT
nguyén thuy nhung thyc t& sy phan cuc nay
van con rat 16n. Ching han cac organoclay
phén tin d& dang trong cac nén polymer phan
cuc hon so véi cac nén polymer khong phén

cuc nhu cao su thién nhién... Vi vay, dé cai

Trang 30



TAP CHi PHAT TRIEN KH&CN, TAP 14, S0 K1- 2011

thién khd nang phan tan cc organoclay vao cac
polymer khong phan cuc nhu cao su thién
nhién chung ta cin phai sir dung thém mot chat
twong hgp. Cao su thién nhién epoxy hoda
(ENR) 1a mot chit twong hop dwoc sir dung rat
thich hop cho truong hgp nay vi ddy cacbon

ctia chung c6 chira nhém phan cuc epoxy!™.

2. THi NGHIEM:

2.1. Vit lidu

Cao su thién nhién epoxy chtra 30%mol
ham lugng epoxy (ENR30).

Organoclay loai 128E nén MMT duoc bién
tinh boi hop chit octadecyltrimethylamine va
loai I30E nén MMT dugc bién tinh boi hop
chét octadecylamine. Céc organoclay nay dugc
san xut boi cong ty Nanocor, Hoa Ky.

Cac thanh phin hoa chét khac duogc sir
dung nhu: Ivu huynh, kém oxit, axit stearic,

chat phong lao (RD) va chat xac tién N-

Cao su thién nhién (NR) loai SVR 3L c6 cyclohexyl-2-benzothiazyl sulphenamide
d6 nhét Mooney ML (1+4) 100°C 1a 81. (CBS).
Bang 1. Cong thirc hdn hop cao su !
STT Thanh phan Ham luong (phr)”
1 Cao su thién nhién (SVR 3L) 100
2 Cao su thién nhién epoxy hoa (ENR30) 0, 10,20
3 Organoclay (I128E va I30E) 0,2,4,6,8,10
4 Luu huynh 2
5 Ké&m oxit 5
6 RD 2
7 AXxit stearic 2
8 CBS 1.5

* (Parts per hundred parts of rubber): Phan trén tram phan cao su.

2.2. Phwong phap thuc hién

Hdn hop NR va ENR30 duoc tron mastic héa trén may tron kin Brabender trong thoi gian ntra phut,

chat phong 130 RD dugc cho vao va tron trong nira phut, sau d6 cho organoclay va tron trong thoi gian 3

phiit. Hon hop duge tién hanh trén & tbe do 40 vong/phut, nhiét do 80°C va hé s6 lam day cua thiét bi

duoc chon la 0.75 - 0.85.

Trang 31



Science & Technology Development, Vol 14, No.K1- 2011

O
/

i¢m tr:

Kiém tra
o' 1y tinh

Hinh 1. So d quy trinh thuc nghi¢m.

Hon hop sau khi tron dugc dé ngudi mot
ngdy, lay mau chup XRD. Phan con lai dugc
can luyén trén may can hé hai truc voi mot )
phu gia, xtc tién, luu huynh. ..

Tién hanh xuit tim va do cac dic trung
luu hoa trén thiét bi Rheometer, sau d6 thuc
hién Iuu hoa trén may ép luu hda thiy luc &

150°C.

3. KET QUA VA BAN LUAN:

3.1. Khao sat khia ning phan tan cua
organoclay I28E vao cao su thién nhién khi

¢6 mit 20% chit twong hgp ENR3.

Tir phé nhidu xa tia X (hinh 2) cua céc
mau organoclay/NR nanocomposite, chiing ta
nhén thiy peak nhiéu xa nguyén thuy dic trung
cho organoclay 128E & 20 bang 3.51 déu da
dich chuyén vé phia trudc thanh 1.52; 1.65;
1.78; 1.85; 1.91 tuong Ung voi ham lugng
organoclay 128E suir dung 1a 2; 4; 6; 8; 10%.
Didu nay cho thdy di c¢6 hiéu qua chén tach
gilta cac 1op organoclay cua organoclay 128E
khi chung dugc tron hop véi blend NR/ENR30
trong may tron kin Brabender & téc do 40
vong/phut, nhiét do 80°C va thoi gian tron 3
phut.
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NR/ENR3O/I28E:100/20/10
NR/ENR30/I28 E: 100/20/8
NR/ENR30/I28 E: 100/20/6
NR/ENR3/128 E: 100/20/4
NR/ENR30/I28 E: 100/20/2
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Hinh 2. Anh nhiéu xa tia X ciia cdc mau organoclayI28E/NR nanocomposite.

Ngoai ra, hinh 2 ciing cho thiy khi ham
luong organoclay I28E su dung tang l1én hiéu
qua chén tach cac 16p organoclay 128E bi giam
xudng twong Ung. Ching han, khi ting ham
lugng organoclay 128E 1én thi cdc peak nhiéu
xa thu dugce clia cdc nanocomposite tuong Gng
& 20 bi doi ra phia sau theo tht tu 1.52, 1.65,
1.78, 1.85, 1.91 tng vo&i khoang cach d giita
cac 16p organoclay I28E trong cac
nanocomposite chira lan Iuwong 2; 4; 6; 8; 10%,
organoclay I28E bi giam xubng theo thir tu

5.79nm; 5.46nm; 4.97nm; 4.74nm va 4.6 1nm.

3.2. Anh hwéng cia ham lugng chét tuwong
hop ERN30 dén kha ning phin tin cia
oganoclay vao cao su thién nhién.

Hinh 3 va hinh 4 déu cho thy khi sir dung
chat tuong hop ENR30, hi¢u quid phan tan
organoclay 128E vao cao su thién nhién tang
lén 16 rét. Bang chimg 1a khoang cach d giita
cac lop organoclay déu da tang 1én dang Kké.

Cu thé vé6i truong hop ham luong

organoclay 128E sir dung 2% (hinh 3), khoang

cach d giira hai 16p organoclay da tang tir 5.71
nm [én 6.02nm va 5.79nm tuong tmg véi ham
luong chét twong hop st dung 13 0; 10 va 20%.

Tuong tu véi truong hop lugng organoclay
128E sur dung 10%(hinh 4), khoang céach d giira
hai 16p organoclay ciing da tang tir 4.21nm 1én
5.17nm va 4.61nm tuong Ung véi ham lugng
chét twong hop st dung 12 0; 10 va 20%.

Ngoai ra, hinh 3 va hinh 4 ciing cho ching
ta thdy cuong d6 peak nhidu xa cua
nanocomposite thu duogc trong truong hop cod
mit chét twong hop ENR30 14 rat 16n so véi
truong hop khong co chét twong hop ENR30.
Diéu nay cho thay sb lugng cic 16p organoclay
sip xép c6 trat tw trong cac organoclay
I28E/NR nanocomposite khong chira chat
tuong hop ENR30 1 rit nho so véi truong hop
¢6 mat chit twong hop ENR30. Noi cach khéc,
véi  truong  hop organoclayI28E/NR
nanocomposite thu dugce khi khong chira chét
twong hgp ENR30 khong nhitng cé kha nang
chén tach céc 16p organoclay ma con xdy ra

hién twong chén tach khong triét dé so voi khi
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¢6 mit chit twong hop ENR30. Kha ning nay organoclay/NR nanocomposite chtra 10%

dugc thidy rd rang hon trong truong hop organoclay 128E.

- | NR/ENRS/I2BE:100/0/2
=1 2 2 NR/ENRMVI2SE:100/10/2
3 3 NR/ENRM/I28E:100/20/2
A

Hinh 3. Anh huéng ham lugng chét twong hgp ENR30 trong organoclay/NR nanocomposite chtra 2%
organoclay 128E.

1 NR/ENRMV/I28E: 100/0/10
3 2 NR/ENRM/I28E: 100/10/10
3 NR/ENRM/I28E: 100/20/10

Hinh 4. Anh huéng ham luong chit trong hop ENR30 trong organoclay/NR nanocomposite
chira 10% organoclay I128E.

Tuy nhién, tir hinh 3 va hinh 4 chung ta
cling nhan thiy kha ning chén tach cac 16p
organoclay I28E tmg v&i ham lugng chit twong
hop ENR30 sir dung 1a 10% 16n hon nhiéu so
v6i ham lugng chat twong hop ENR30 sir dung

la 20%. Piéu nay co 1& do ham lugng chat

tuong hop ENR30 str dung 10% da du dé tuong
hop v6i cac organoclay 128E c6 mat trong
organoclayI28E/NR ~ nanocomposite. ~ Tuy
nhién, ciing ¢6 thé ham lwong ENR30 sir dung
20% da lam ting mic do dién ddy ciia may

Brabender nén di han ché kha ning phan tan
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cua organoclay so voi truong hop ENR30 su
dung 10%.

Nhu véy, anh huéng cua cht twong hop
ENR30 trong didu ché organoclayl28E/NR
nanocomposite 1a rit 16n. S¢ di diéu nay 1a do
cao su thién nhién epoxy héa xuit phat tir cao

su thién nhién nén rd rang ENR dé dang tuong

hop véi cao su thién nhién. Hon hop blend
NR/ENR thu dugc c6 chira nhém chirc phan
. S . T

Hinh 5. SEM cua NR/ENR30/128E: 100/10/4.

Céc anh SEM & hinh 5 va hinh 6 cho thy
organoclayI28E/NR nanocomposite chira 4%
organoclay I28E, mtrc d6 twong hop tét hon so
v6i 6%. Két qua nay ciing hoan toan phu hop

v6i két qua thu dugce tir két qua nhiéu xa tia X.

3.3. Nghién ciru anh hwéng chit twong hop
ENR30 lén organoclay/NR nanocomposite
trén co sé organoclay I30E

Phé nhifu xa & hinh 7 cia cac
organoclay/NR nanocomposite thu dugc giita
organoclay I30E va NR hay blend NR/ENR30
déu khong xuét hién bit cir peak nhifu ndo.

Diéu nay chimg to céu tric hinh thé hoc cta

cuc epoxy nén blend NR/ENR thu dugc co6 do
phén cuc 16n hon so vdi cao su thién nhién nén
blend ENR/NR dé dang tuong hop véi
organoclay hon. No6i cach khac, organoclay
I28E dé& dang phén tan hon trong hdn hop blend
NR/ENR so véi chi c6 cao su thién nhién. Va
lwong chét twong hop ENR30 st dung thich
hop nhét 1a 10% so voi luong cao su thién

nhién str dung.

Hinh 6. SEM ctia NR/ENR30/128E: 100/10/6
organoclay I30E da bj thay ddi khi tron hop véi
NR hay blend NR/ENR30. Tuy nhién, phép
kiém tra nhiu xa tia X chi c6 ¥ nghia dinh tinh
nén rat kho dé co thé két luan dwoc 1a trong
treong hgp nay cac 16p organoclay I130E da bi
tach boc hoan toan hay chi bi bién dang lam
cac 16p organoclay I30E bi sap xép khong song
song nén tin hiéu nhidu xa tia X khéng nhan
duoc. D& ¢6 két luan chinh xé4c hon chung ta
phai kiém tra boi phép do TEM. Tuy nhién,
trong diéu kién hién nay & Viét Nam vin chua
¢6 thiét bi do TEM phu hop véi loai mau cao
su nén dé tai chi co thé kiém ching qua cac két

qué do co tinh & phan sau.
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LT (Lps)

L= LI PN SRLIT Sy S

NR/3OE/ENR SO/ v/t: 100/2/10/60/40/3
NR/DOE/ENR3O/T/v/t: 100/2/10/80/40/3
NR/30E:100/2
NR/I30E/ENR30:100/10/10

NR/DOE: L00/10

DOE

7 MAUTRANG

Hinh 7. Hinh 4nh vé nhidu xa tia X ciia céc miu clay I30E/NR nanocomposite.

Tuy nhién, nhu ching ta bidt loai
alkylammonium sir dung bién tinh trong hai
loai organoclay I28E va I30E 1a hoan toan
khac nhau. Di véi I128E loai alkylammonium
sir dung 14 mudi octadecyltrimethylammonium,
day 1a loai alkylammonium bac 4. Con dbi vei
I30E loai alkylammonium st dung la
octadecylamin, day la loai alkylammonium bac
1. Chinh cdu tric cta alkylammonium bac 4
cdng kénh hon nén cac 16p organoclay trong
I28E dé dang chén tach hon so véi organoclay
I30E. No6i cach khac, kha nang cac ldp
organoclay chira trong organoclayl30E/NR
nanocomposite ton tai & trang thai bi bién dang

la rat cao.

34. Cac tinh niang cia organoclay/NR

nanocomposite

3.4.1. Tinh chét luu héa

T d6 thi hinh 8, chung ta thfiy cac dac
trung typ va toy clia cdc nanocomposite giam
dan khi tang ham lugng organoclay 128E. Diéu
nay cé thé giai thich 1a do sy hién dién cuia cac
nhém chirc amin trong organoclay 128E (két
qua cua qua trinh trao dbdi cation).

Hinh 9 cho thdy ngéu luc ti thiéu M,,;, gia
tding nhe véi su gia ting cta ham lugng
organoclay 128E. Ngau luc t6i da M,y gia ting
dang k& v6i ham luong nho I128E no6i 1én hiéu

ung tdng cuong cua loai don nay.
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Hinh 8. Dac trung T va Tyy cta clayl28E/NR

nanocomposite

3.4.2. Tinh chét co'ly

Qua bang 2 ching ta c6 thé khing dinh
rang cac két qua co tinh thu duge déu phi hop
v6i khao sat ciia phan nhiu xa tia X. Khi c6
mit organoclay I28E hiu hét cac tinh ning co
ly déu c6 su cai thién dang ké. Pic biét khi co
mit chit twong hop ENR30 sy cai thiét cang

vuot trdi. Con véi truong hop organoclay 130E

WS T e
400 345 o~ p—— ==
. KX 4025 LU
S L 3T ~&— Mmin
2 —&—Mmax
T —4&— Mmin-Mmax
e w w W
000 '\ '\ '\ 1
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Hinh 9. Ngau luc Max, Miins (Minax — Mpnin) ctia blend

NR/ENR30 va cac nanocomposite NR/ENR/I28E

mot sb tinh ning van cho théy ¢ su cai thién
nhung khong dang ké. Qua day chung ta c6 thé
khing dinh 14n nita du doan cac 16p organoclay
I30E trong organoclayI30E/NR nanocomposite
chi bj bién dang khong phai tach boc 1a phu
hop.

Nhu vdy, loai organoclay thich hgp cho

didu ché organoclay/NR nanocomposite 1a

organoclay 128E.
Bang 2. Cac tinh chét cia cac Clay/NR nanocomposite chira 4% organoclay 1 28E
STT Tinh ning NR/I28E: |NR/ENR30/128E:| NR/I30E:

100/4 100/10/4 100/4
1 D06 mai mon (cm’/dam) 0.82 0.67 1.23
2 Do cung (Shore A) 43 50 50 47
3 M100 (MPa) 0.84 1.68 1.78 1.62
4 M300 (MPa) 2.35 4.02 4.47 3.56
5 Ung suét kéo khi dut (MPa) 20.38 27.30 36.15 23.76
6 D¢ gian dai khi dat (%) 1003 943 1074 1046
7 b6 khang x¢ (N/mm) 44.71 59.41 67.23 47.12

4. KET LUAN nanocomposite.

e Chit twong hop ENR30 c6 ¥ nghia quan

trong trong diéu ché organoclay/NR

e Ham lugng chét twgng hop ENR30 sir
dung t6i wru dé didu ché organoclay/NR

nanocomposite 1a 10% so véi ham
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luong cao su thién nhién sir dung. hoa clua cac organoclay/NR
e Organoclay I28E rét thich hop cho diéu nanocomposite.

ché organoclay/NR nanocomposite. e Hau hét cac tinh nang co tinh cua cao su
e Ham luong I28E st dung khi c6 mat thién nhién khi tron hop voi organoclay

chat tugng hop ENR30 tdi uu ¢ 4%. I28E c6 mit chat tuong hop ENR30
e  Organoclay I28E lam giam thoi gian luu duoc cai thi¢n déng ké.

STRUCTURES AND PROPERTIES OF NATURAL RUBBER/ORGANOCLAY
NANOCOMPOSITES

Pham Quang Hien, Do Thanh Thanh Son, Nguyen Huu Nieu
University of Technology, VNU-HCM

ABSTRACT: Natural rubber (NR), 30% epoxidized natural rubber (ENR30) and organoclays
(Nanomer I28E and I30E) are blended in Brabender. Dispersions of the organoclay in NR are
investigated by X — ray diffraction (XRD) and scanning electron microscopy (SEM). The results
revealed the increase of dispersion efficiency by the addition of ENR30 as a compatibilizer. The
existence of organoclay I28E reduces the vulcanization time, while torque value increases slightly and
mechanical properties (abrasion resistance, modulus M100, modulus M300, tensile strength, tear
strength) are improved considerably.

Keywords: Natural ruber, ENR30, Nanomer I28E and I30E
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