TAP CHi PHAT TRIEN KH&CN, TAP 15, SO T1- 2012

CAU TRUC VA TINH CHAT CUA VAT LIEU NANO - COMPOSITE TU
POLYESTER BAO HOA VA PAT SET BIEN TINH BANG POLY
(ETHYLENE OXID)

Tran Duy Thanh"", Nguy&n Thi Kim Ngan", Nguyén Ding Mao", Ping TAn Tai®

(1) Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM
(2) Trung tam k¥ thuat Chit déo va Cao su, Thanh phé H6 Chi Minh, Viét Nam
(Bai nhdn ngay 10 thang 02 nam 2012, hoan chinh swa chita ngay 27 thdng 03 nam 2012)

TOM TAT: Trong nhitng ndm gan ddy vt liéu polymer nanocomposites dang la hieong nghién
civu hdp dén, ¢é nhiéu hira hen véi cdc wu diém hon hdn cdc logi san phdm truyén thong khdc. Pa cé
nhiéu nha khoa hoc nghién ciru vé logi vt lidu nay va da chirng minh rcing khi polymer nén dugc thém
vaio mét khéi lwong nho cua dat sét, tinh chaét ciia vt liéu dwoc tang cuong ddng ké. Béi vi ddr sét la
hop chdt wa nieée, khé dé phan tdn vao nhwa nén c6 ban chdt hitu co dwdi vai tro chdt gia cwong, do dé
khodng sét can dirge bién tinh dé tré nén than hitu co hon. Vi vy trong ngién cieu nay, Poly (Ethylen
oxid) dugc sk dung nhw mét chdt bién tinh méi thay thé cdc chat bién tinh truyén thong khdc la cdc
mudi Alkyl Ammonium hodc Alkyl Phosphonium véi nhiéu han ché da dwoc phdt hién nhw bi phan hiy ¢
nhiét ¢ cao tao thanh xiic tdc phd hity polymer, lam cho sin pham ¢é mau... Dé ddnh gid hiéu qua bién
tinh ciia Poly (Ethylen oxid), dat sét bién tinh dwoc khdo sdt cdu triic bang phé XRD. Sau dé ddt sét
bién tinh dugc siv dung ché tao vét liéu nanocomposite voi nhua nén Polyester bat bdo hoa. Cdu tric va
tinh chét ciia nanocomposite tao thanh dwoc kiém tra béi cdc thiét bi kiém tra XRD, TEM, TGA va mdy
kiém tra tinh chat co Iy, Két qua cho thdy cau triic ddt sét da chuyén thanh trang thdi intercalated hodc
exfoliated trong vdt liéu nanocomposite. Tinh chat ciia vt lidu nanocomposite dwoc cai thién khd 16t khi
ham lwong dat sét sir dung la Iphr.

Tir khéa: ddt sét, nanocomposite; montmorillonite, Polyester khong no.

MO DAU

Vit liéu Polymer nanocomposites (PCNs) 1a
mét trong nhitng huéng nghién ciru tiém ning
dé ¢6 thé tao ra céc loai vat liéu méi c6 nhiéu
tinh chét thay d6i va vuot troi c6 thé tmg dung
thay thé céc loai vat lidu truyén thong trong
nhiéu linh vyc khéc nhau [1, 2]. VAt liéu PCNs
trén co so nhya Polyester bat bio hoa va dét sét

kich thudc nano da duogc nghién ctru rong rai

boi cdc nha khoa hoc trén thé gidi trong nhidu
nim qua. Két qua thu duoc cho thiy khi
khodng sét phan tin vao polymer nén tao thanh
trang thai exfoliated hodc intercalated thi tinh
chéit cua vat liéu nanocomposite nhu do bén
kéo, do bén uén, kha nang chiu nhiét va do
thdm khi. .. dugc cai thién déng ké [3 - 6]. Thoi
gian gan day, khuynh huéng sir dung cic chat

hoat dong bé mit non-ion dé bién tinh dit sét
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tré nén cang ngly cang phd bién va c6 nhidu
htta hen [7-11]. Vi vay trong nghién clru nay
ching t6i st dung Poly (Ethylen Oxid) (PEO)
nhu 12 mot chat bién tinh méi dé thay thé cac
loai chét hoat dong bé mat ion truyén théng la
cic mudi Alkyl Ammonium hodc Alkyl
Phosphonium v6i nhiéu han ché da dwoc phat
hién nhu bi phan hiy & nhiét do cao tao thanh
xudc tdc phd hdy polymer, lam cho vat liéu c6
mau.... [12]. Vat liéu nanocomposite trén co s&
nhua Polyester bét bio hoa (UP) véi khoang sét
bién tinh PEO ciing dwoc ché tao bing phwong
phédp dung dich. C4u tric va tinh chat ciia vat
liéu thu dugc dwoc phéan tich thong qua phd
XRD, TEM, TGA va mdy kiém tra tinh chat co
ly....
VAT LIEU VA PHUONG PHAP
Vit liéu

Poly (Ethylen Oxid) (PEO), Mn = 100.000,
dugc str dung nhu mot chét bién tinh non-ion
dugc cung cip boi cong ty Alrich (Birc). Pét
sét (MMT) chua bién tinh ¢6 tén thuong mai la
N757 dugc cung cép tir cong ty Sud-chemie
(btrc). Nhya polyester bét bao hoa (UP) SHCP
268 BQT c6 ham luong Styren 32% duoc cung
cAp tr coéng ty Highpolymer Chemical
(Singapo). Wax 8 tir cong ty Meguiar (USA) va
Ethyl Methyl Keton Peroxide (MEKP) duoc
cung cip boi cong ty Akzo Nobel.
Phwong phap
Ché tao dit sét bién tinh bang PEO bang
phwong phdp nong chady
Bién tinh bing phwong phdp néng chiy kiéu

nghién 1

Qud trinh bién tinh dat sét bing PEO duoc
thuc hién theo hai ti 1€ N757: PEO 1a 10:3 va
10:5. Pau tién cic khoéi lugng thich hop cua
MMT va PEO dugc nghién min bang cbi va
chay trong 1 gio dé tao ra hén hop ddng nhit,
tang dién tich tiép xic giita PEO va dat sét. Sau
d6 hdn hop duoc U nhiét & 90°C trong 8 gio.
Trong giai doan nay PEO s& chay ra va hap phu
vao trong cdc khoang sét va lam md rong
khoang. Pat sét sau khi bién tinh dugc nghién
min tré lai, bao quan béng chit hit 4m va duge
dat trong mdt binh huit am.

Bién tinh bang phwong phdp néng chiy kiéu
tron nong chdy trén mdy trgn kin hakee

Trong kiéu bién tinh nay dét sét va PEO
ciing dugc nghién min bang cdi va chay trong 1
gio sau d6 hdn hop dugc dua vio mdy tron kin
Hakee & toc do 50 vong /phit, nhiét d 90°C va
thoi gian 30 phit.

Bién tinh bang phwong phdp néng chiy kiéu
trgn nong chdy trén mdy hakee va sau do u
nhiét

Pit sét va PEO dugc nghién min bang cdi va
chay trong 1 gio, tiép theo tién hanh trén néng
chay trén mdy Hakee theo cdc diéu kién nhu
kiéu bién tinh trén néng chay trén mdy trén kin
Hakee. Sau d6 hdn hop duoc léy ra va lai dugc
tiép tyuc 1 nhiét & 90°C trong 8 gid.

Ché tao dit sét bién tinh bang PEO bang
phwong phdp dung dich

Dit sét va PEO véi ti 18 khdi lugng 10/3
dugc hoa tan vao hé dung mdi Nudce: Ethanol
theo ti 1¢ dung mdi va dat sét thd 1a 30:1. Dung
dich dugc khudy & 40°C trong vong 4 gid. San

pham sau d6 duoc ly tim va rira bang ethanol.
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Phin chét rin dugc séy & 40°C dé thu dwoc dat
sét bién tinh.
Ché tgo vt ligu Nanocomposites

MAu nanocomposite dwoc diéu ché trén co s&
nhya nén UP va dat sét bién tinh véi cdc ti 1&
dat sét 1a Iphr, 3phr va Sphr so véi nhua nén.
Hbn hop nhya polyester va dét sét bién tinh
dugc cho vao hé phan Ung kin, c6 chira mét it
vién bi kim loai v6i muc dich dua vao cdc tic
dong co hoc ctia bi s& hd trg qua trinh phén tdn
clia khodng sét vao nhwa nén. Hé phan tng
duoc thuc hién ¢ 80°C trong 6 gio. Sau d6 liy
phan dung dich bén trong ra, dé ngudi vé nhiét
d6 phong, cho 1phr Ethyl Methyl Ketone vao
dung dich, st dung mdy khudy co IKA (Dirc)
trén déu hdn hop trong 1 phit rdi d6 ra khudn
dé dinh hinh san phém. Khuoén dugc dat vao ti
sdy & nhiét 6 60°C trong 24 gid' dé qué trinh
khiu mang nhya UP xdy ra. San phim sau d6
lwu trit & nhiét d6 phong trong 1 ngay dé qud
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trinh khau mang xay ra hoan toan, vat li¢u tro
vé trang thdi 6n dinh. Cudi ciing san pham
dugc dem phan tich cAu trdc va tao mau do tinh
chét vat lidu.
KET QUA VA THAO LUAN
Khio sat céu tric cia khoang sét N757 bién
tinh bing vat ligu PEO
Anh hwéng ham lwong chit bién tinh bién
tinh lén céu triic khodng sét

Dé khao sit céu tric clia khodng sét ching
t6i da tién hanh phén tich X-Ray bing mdy
D8-Advance Bruker (buc) véi dién dp gia tbe
40 KV, cuong d6 dong 40 mA, buc xa Cu-Ka.
Cau tric khoang sét truéc khi bién tinh cho
thiy mot pic xudt hién véi khoang céch giita
hai khoang sét 1a 12.37 A° (Hinh 1a). Sau khi
dugc bién tinh bang PEO vdi cdc ti 16 10/3 va
10/5, khoang céach khoang sét dugc nong rong
lén dén gid tri 17.9 A° va 18.2 A” theo thir tu
nhu trong Hinh 1b va lc.

2-Theta-scale

Hinh 1. Phd XRD géc rong ciia N757 ban diu (a) va N757 bién tinh bing PEO ty 18 10/3(b) va 10/5(c)

Két qua cho thdy khi st dung phuong phap
nghién u dé bién tinh MMT bang PEO vdi ti 1&
gita MMT/PEO tang tir 10/3 1&n 10/5 thi kha
nang nong rong khoang sét khdng ting lén

dang ké. Nhu vdy c6 nghia 12 bién tinh N757

theo phuong phdp néng chdy ty 1€ 10/3 da dat
dén gid tri bao hoa cua PEO chui vao khoang
sét, didu nay phit hop véi két qua nghién ciru

cua tac gia Zhiqi Shen [8].
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Anh hwéng ciia phwong phdp bién tinh lén
céu triic khodng sét
Anh hwong ciia kidu bién tinh nong chdy

Véi cung phuong phdp néng chdy nhung
trong khao sit nay ching t6i thuc hién theo ba
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kiéu khdc nhau: nghién 0, trén néng chdy trén
mdy Hakee va trén trén mdy Hakee két hop 1
nhiét. Két qua phd XRD géc rong thu duoc

duogc trinh bay trén Hinh 2.
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Hinh 2. Phd XRD géc rong ctia N7 bién tinh bang PEO véi ty 1& 10/3 theo phuong phap néng chiy bang cich: a)

nghién U, b) tron trén may Hakee, c) tron trén mdy Hakee rdi 1 nhiét.

Hiéu qua bién tinh N757/PEO theo ba kiéu:
nghién 4, tron néng chay trén Hakee va tron
néng chay trén Hakee két hop U nhiét gan nhu
turong duong nhau vé6i két qua khoang sét duoc
mo rong 18n 17.9 A°, 17.6 A” va 17.7 A” theo
the ty (Hinh 2). Tuy nhién bién tinh theo
phwong phdp nghién u cin thiét bi don gian, c6
gid tri kinh t& cao va d& lam hon phuong phép
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tron néng chay trén may Hakee. Do d6 bién
tinh N757 theo kiéu nghién U mang dén hiéu
qué kha thi hon hai kiéu con lai.
Anh hwong ciia phwong phdp bién tinh

Céu tric tinh thé cua N757 bién tinh bing
PEO theo hai phwong phdp khic nhau dugc
trinh bay trén Hinh 3.
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2-Theta-scale

Hinh 3. Gidn d6 XRD géc rong ciia N;5; bién tinh bang PEO véi ty 16 10/3 theo: a) phuong phap dung dich, b)

phuong phdp néng chay (nghién 1).
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Két qua cho thdy, vdi cling ty 18 bién tinh 12
10/3 thi bién tinh theo phuong phap néng chay
cho két qua t6t hon phuong phdp dung dich,
gid tri dyo; ctia khodng sét dugc bién tinh theo
phuong phéap nghién 1 (dop;=17.9 A°) cao hon
phuong phdp dung dich (dyp=17.4 AO), bén
canh d6 miii phd bién tinh theo phuong phdp
nghién U cling manh, rd, thon, gon hon so véi
phuong phip dung dich. Pidu nay cho ta thiy
ring bién tinh N757 biang PEO theo phwong
phép nghién 0 t5t hon phuong phép dung dich.
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Khio sat cAu tric va tinh chit vat lidu
nanocomposite trén co s¢ UP va khoang sét
bién tinh PEO
Ciu triic ctia vt ligu nanocomposite

Tir cic két qua bién tinh & trén ching toi
chon phuong phap nghién i dé thyc hién bién
tinh dét sét N757 bang PEO & ti 1& 10/3 dé dwa
vao ché tao vat liéu nanocomposite voi nhua
nén Polyester bt bo hda. CAu tric ctia vat lidu
nanocomposite dugce phan tich bing phd XRD
va TEM nhu ¢ Hinh 4 va Hinh 5.
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Hinh 4. Phd XRD cua miu nanocomposite chira khodng sét: 1, 3 va 5phr

Phd XRD cua vat liéu nanocomposite trén co
s nhwa polyester va 3 ham luong dit sét sir
dung 12 1, 3 va 5phr cho thdy & ham lugng 1phr
¢6 hiéu qua nong khoang tét nhit va d6 ddng
déu cao hon & cdc ham lugng khodng sét khac,
c6 mét pic xuat hién tai vi tri 41.3A°. Diéu nay
cho thdy dat sét da dugc mo rong chuyén thanh
trang thdi intercalated. Khi ting ham luong dét
sét 1én 3 va Sphr thi hi¢u suit nong khoang
giam din. Két qua 1a céc pic tai 18.7A° va
18.4A° v6i cuong do thip van xuét hién, chimg
t6 ngoai mot phan cau tric dat sét da dugc mo
rong bdi nhwa UP chen vao bén trong lam pha
v& céu tric khoang, thi phan con lai khong thé

phan tin dugc va van giit trang thdi cdu tric

16p ban dau. Nhu vy, sau khi dua dét sét vao
nhua nén, UP ¢6 kha nang cheén vao va md
rong cic khoang cua dét sét mic di khong thé
bung khoang ra dugc. Két qua ndy dwoc mo ta
chi tiét hon thong qua viéc khdo sat vat li€u
béang kinh hién vi dién tir truyén qua (Hinh 5),
v6i cdc mach phan tir UP da chen vao giira cic
16p dét sét va phan 16n céc 16p dat sét bi béc
tach. O Hinh 5A cho thdy cdu tric toan bo dat
sét hdu nhu dd chuyén thanh trang théi
intercalated. Trong khi d6 trong Hinh 5B va 5C
ta nhan thdy ngoai mot phan dat sét chuyén
thanh trang thdi intercalated thi van con ton tai
nhitng ving ma & d6 dét sét van con chua bj

tach béc, dugce goi 1a focculated, diéu nay lam
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xuit hién kha ning tich pha giita dit sét va
nhya nén, do d6 san phdm khéng tao thanh
nanocomposite ma tao thanh microcomposite
[13]. Piéu nay 1i gidi vi sao tinh chit cua vat

liéu & 3 va 5phr dét sét giam xubng.

Hinh 5. Phé TEM cua miu nanocomposites chira

khodng sét: (A) 1phr; (B) 3phr va (C) Sphr cua

MMT

Khio sdt tinh chéit co Iy cia vt ligu
nanocomposite

Dé khao sit anh hwong ham lugng cua
khodng sét 1én tinh chit co Iy cta vat ligu, cic
miu nanocomposite dwoc cit theo chudn
ASTM D638 va dugc thir dd bén uén va do bén
kéo trén mdy Comtech (Pai Loan). Hinh 6 va 7
cho thdy ring do bén kéo phu thugc vio ham
lugng khodng sét. Modun kéo ting tir miu
nhya tring dén miu chira ham lugng khodng
sét 1phr va sau d6 giam din (Hinh 6). Trong
khi d6 tng suit kéo ciing ting khi ting ham
Iugng pha gia cuong va dat gid tri cuc dai khi
ham lugng gia cuong ting 1én 3phr va sau d6
g suat lai giam khi ham lugng gia cudng

tang 1én Sphr (Hinh 7).
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Hinh 6. D4 thi biéu dién modun kéo ciia nanocomposites theo ham Iugng khosng sét.
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Hinh 7. D) thi biéu dién ung suit kéo clia nanocomposites theo ham lugng khodng sét.

Modun vd ¢ng sudt udn cua cdc mau
nanocomposite ciing c¢6 su thay doi khd an
tuong so voi mau tring (Hinh 8 va 9). Cdc miu
nanocomposite chra ham lugng khoang sét 1
va 3phr cho thiy kha ning gia cudng tot hon so

v6i cic mau con lai, ddc biét 1a mau chira Iphr.
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Piéu nay chimg to nanocomposite ché tao
duge da c6 tinh chit cai thién kha tbt so voi
mAu nhya tring ban dau. Tuy nhién, khi ham
lugng pha gia cuong ting 1én Sphr da lam cho
modun va ng sudt giam nhe 13 do dat sét
khong phén tan tét vao nhua nén, dan dén kha

nang tach pha.
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Hinh 8. D) thi biéu di&n modun ubn ctia nanocomposites theo ham lugng khodng sét.
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Hinh 9. D6 thi biéu dién tmg sudt udn ctia nanocomposites theo ham lugng khoang sét.
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Céc két qua do vé tinh chét co 1y cia vét liéu
nanocomposite trén co s& nhya nén UP va dét
sét bién tinh PEO da phan nao cho thdy su phan
tan kha tot ctia dat sét & ham lugng Iphr vao
nhua nén dat dén trang thdi intercalated. Tuy
nhién & ham lugng dat sét cao hon cho thay c6
su két tu lai v6i nhau cua pha khoang sét (Hinh
5B va C) chinh diéu nay lam giam tinh chét co
1y cua vat liéu. Lic nay cdc hat khodng sét
twong tac kha yéu voi pha nén polymer va déng
vai trd 12 noi khoi mdo cho cdc vét ran nut
trong ciu tric khi c6 lyc tic dong tir bén ngoai,
dan dén anh huong gia cuong ctia khodng sét bi

gidm manh.

Khdo sdt tinh chit nhiét cia vat ligu
nanocomposite

Cdc miu nanocomposite dugc khao sat do
bén nhiét béi mdy TA Instruments Q500 véi
téc do gia nhigt 20°C/ phiit, khoang nhiét d¢
do tir 0-800°C. Két qua cho thiy nhiét do bat
dau phan huy va nhiét do phan huy cuc dai cua
cdc mau nanocomposite déu thay ddi so voi
mAau UP trdng. Nhiét d6 phan hiy mau ting ro
rét va ting cao nhit khi ham lugng pha gia
cuong la 1phr va 3phr sau d6 giam nhe khi
ham lwong pha gia cuong ting 1én dén Sphr.
Piéu nay chimg t6 Ns; bién tinh PEO dd c6

tac dung gia cuong cho nhya UP.

Bang 1. Dit liéu do bén nhiét cua UPE/dAt sét nanocomposites theo ham lugng khodng sét.

Ham luong sét | Nhiét d6 bat dau phan | Nhiét do phan huy cuc
(phr) hiy ( °C) dai (°C)
0 373 412
1 374 419
3 358 424
5 370 423

KET LUAN

Nhu vy viéc thém vao ham lugng thép cua
khodng sét nano trong polyester khong no da
tao ra dugc vat li€u nanocomposite céu tric
tach 16p. Tir phd XRD, khoang céch dgy; cua
khoang sét di dugc mé rong tir 17.9A" dén
41.3A° tao trang théi intercalated & ham lugng
khodng sét lphr. Anh TEM cua vit lidu
nanocomposite ciing cho thdy sy c6 mit ciia
khodng sét da phan tan ¢ kich thudc nano tao
thanh trang théi exfoliated va intercalated trong
nén polymer. Nhiét do phan hiy ctia mau

nanocomposite tdng 1én khi ham lugng khodng

sét tang tir Iphr dén Sphr. Bén canh d6 tinh
chit co Iy cia vat liéu nanocomposite ciing
duoc gia cuong tot hon polyester ban dau, ding
ké nhat 12 & ham luwong khodng sét 1phr. Két
qua thu duoc tir nghién ctru céu tric va tinh
chét cua vat lidu PCNs cho thy chiing t6i da
ché tao thanh cong vat liéu nano trén co s&
nhya nén UP va dét sét duoc bién tinh béng
PEO, diéu ndy mé ra mot huéng méi trong viée
bién tinh khodng sét bing hop chét non-ion dé
ung dung vao linh vuc nanocomposite trong

tuong lai.
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STRUCTURE AND PROPERTIES OF NANOCOMPOSITE MATERIAL FROM
UNSATURATED POLYESTER AND POLY (ETHYLENE OXIDE) - MODIFIED
CLAY

Tran Duy Thanh”, Nguyen Thi Kim Ngan", Nguyen Dang Mao'”, Pang Tan Tai*®

(1) University of Science, VNU-HCM
(2) Plastic and Rubber Technology Center, Ho Chi Minh city

ABSTRACT: In recent years, polymer clay nanocomposites are attracting considerable interests
in polymers science because of many advantages. There are many scientists having researched about
this kind of material and demonstrated that when matrix polymer is added little weight of clay,
properties of material is enhanced considerably. Because clay is a hydrophilic substance so it is
difficult to use as filler in matrix polymer having hydrophobic nature, so clay needs to be modified to
become more hydrophobic. In this study, Poly (Ethylene Oxide) was used as a new modifier for clay to
replace some traditional ionic surfactants such as primary, secondary, tertiary, and quaternary alkyl
ammonium or alkylphosphonium cations having disadvantages: disintegrate at high temperature,
catalyze polymer degradation, and make nano-products colorific.... In order to evaluate modifying
effect of Poly (Ethylene Oxide), modified clay products were characterized by X-ray spectrum. And then
organoclay was used to prepare nanocomposite based on Unsaturated Polyester. Morphology and
properties of nanocomposites were measured by X-ray diffraction, Transmission electron microscopy,
tensile strength and thermal property. The results show that clay galleries changed to intercalated or
exfoliated state in the nanocomposites. Properties of nanocomposites were (significantly improved)

improved a lots when the loading of the organoclay was used at 1phr.

Keywords: Polymer—clay nanocomposite; montmorillonite, clay.
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