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SUMMARY

Polypropylene (PPilorganic montmorilonite (Org-MMT) nanocomposites were prepared via
direct melt compounding in an intermixer in the presence of 1.0wt% anhvdride maleic (AM). The
influence of Org-MMT contenr and of preparation conditions on several properties of PPIOra-MMT
nanocomposites were investigated with torque moment diagram analysis, mechanical testing and
thermal mechanical analysis (TMA). The mechanical testing results of samples with different
contents of Org-MMT showed that in the presence of 1.0wit% AM, the optimal Org-MMT content is
1.0wr%. Namely, the tensile strength and the elongation at break of PPIAMIOrg-MMT (100/1/1
nanocomposite were increased 2047% and ~3.2 times comparing with those of neat PP,
respectively. The TMA resulis has also proved that the nanocomposite conjaining Iwi% AM and
Iwt% Org-MMT expressed the best thermal dimension stability in the temperature range from
120°C to 200°C. We also found that the suitable technological conditions to prepare PPIAM/Org-
MMT nanocomposite via direct melt mixing are the mixing temperature at 180°C. the rate of rotor
at 50 rounds per minute and the mixing time at 3 minutes.

I - MG DAU

Polyme/clay nanocompozit (PCN) 1a mot
loai vat liéu mdi rat hdp dan, da va dang duge
tng dung rong rai trong nhiéu linh vuc trén thé
gidi do ¢6 nhiéu tinh chat t6t hon so vai vat licu
compozit thong thudng nhu tinh chat co 1y cao,
bén nhiét, chéng tham khi, chéng chay, it bj
bién dang trong qud trinh ché tao. Mot trong
nhimg PCN dang dugc nghién citu nhiéu |4
polypropylen/clay nanocompozit, ma dé ché tao
né nguoi ta thudng diung céc chdt tuong hop {1].

Polypropylen (PP) 1a mdt polyme nhiét déo
dugc sir dung rat rong rii trong nhiéu finh vuc
k¥ thuat va doi séng nhd cé: do bén kéo, do bén
udn va modul dan héi cao, bén dung méi ... Tuy
nhién, nhuge diém cia nd 1a: dé chdy, dé bi oxi
hod nhi¢t va bi phan hay bdi tia ur ngoai [2]. Gia
cudmg PP bang nanoclay 6 kha nang khic phuc
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duge cdc nhuge diém ké trén, déng thdi cai
thién manh mé cédc tinh chat vi md rong kha
ning ung dung cua nd. Trong céc cong bo trude
day [3, 4] chiing t0i da xdc dinh duge néng do
anhydrit maleic (AM) 181 uu va vai trd anh
huong cla né dén tinh chét va cdu tric cla
PP/clay nanocompozit ché tao biang phuong
phap tron hop truc tiép & trang thdi néng chay.
Bai bdo nay trinh bay dnh hudng cia ham lugng
clay va diéu kién cong nghé ché tao dén tinh
chat cia vat liéu PP/AM/clay.

1T - THUC NGHIEM

1. Nguyén vat liéu

Polypropylen (PP): dang hat, ¢ nhiét do
néng chdy 170°C - 180°C, ty trong 0,92 g/cm’ do
hiang Cemen Thai Chemicals (Thdi Lan) san
xudt. Clay: dang bot, 1a khodng sét tu nhién



montmorillonit (Binh Thuan-Viét Nam) d3 dugc
bién tinh bing mudi tri(n-hexadecyl) amoni
clorua [(CH:(CH,),:);NH]'Cl' (duédi day goi tat
la O-MMT). Anhydrit maleic (AM): 1a chat
tinh thé hinh kim, ¢6 nhiét dé néng chay 52,6°C,
do hdng Aldrich (M%) sian xuit,

2. Ché tao vat lieu PP/AM/O-MMT
nanocompozit

Trude hét, PP va O-MMT duogc sdy kho trong
10 sdy chan khong & 80°C trong 8 gidrn. Sau do,
chuyén PP, O-MMT va AM theo ti & % khai
luong (%klg) dinh trudc vao mdy tron noi
HAAKE (Dirc) da dugc gia nhiét trude dén ding
diéu kién cong nghe ché tao. Tién hanh tron cic
thanh phén néi trén & trang thai néng chay cho
dén khi vat liéu dat dén “cén bang ndng chay” thi
dimg lai (khoang 2,5 dén 3 phdt) rdi 1ay mau ra,
ép phang rén mdy ép thuy lyc TOYOSEIKI &
190°C trong thoi gian 2 phiit véi luc ép 10-12
MPa. Mau da ép dugc dé nguoi, bdo quan trong
binh hit 4m it nhat 24 gidy rdi méi dem khéo sat
cdc tinh chat, Cic méu so sanh PP va PP/AM
cling dugce ché tao trong cung diéu kién tuong .

3. Phuong phap nghién citu

Kha nang chay nhdt cha vat lieu compozit
PP/AM/O-MMT dugc phan dnh qua gian dé

momen xoan-thdi gian ghi bdi phidn mém
PolyLab két ndi voi mdy tron néi HAAKE
{btic). Xac dinh tinh chat ¢co 1y cia mau rén
mdy ZWICK Z2.5 (DPic), theo tiéu chuin
ASTM D638. Xac dinh tinh chit co nhiét trén
méiy SHIMADZU TMA 50H {Nhat Ban).

111 - KET QUA VA THAO LUAN

1. Kha niang chay nhét cta vat liéu compozit
PP/AM chita cac ham lugng O-MMT khac
nhau

Kha nang chay nhdt cua vat lieu compozit
duge phan dnh bdi su thay déi momen xo0an cla
né theo thoi gian & trang thdi nong chay. So
sdnh cdc gian d6 momen xodn ciia cdc mau
PP/AM (100/1), PP/AM/O-MMT (100/1/1) va
PP/AM/O-MMT (100/1/3) trinh bay trén hinh 1
cho thdy, ban dau sy ¢6 mat ciia O-MMT d3 [Am
gidm momen xodn cta PP/1% AM. Tuy nhién,
khi ham lugng O-MMT tang dén 3% thi qud
trinh chay cta PP/1% AM bi c¢an tro. Sau
khoang 2 phut tron ndng chay miu PP/AM
(100/1) chita 3% O-MMT ¢6 momen Xodn
khoang 4,4 Nm, 16n hon so v8i momen xoan ciia
mau PP/AM (100/1) (4,0 Nm) va miu PP/AM
(100/1) chira 1 % O-MMT (3,9 Nm).

9 FR/AM (10071)
4  PPIAMD-MMT (100/1/1)
O BRAMIG-MMT (106/1/3)

(3] 2 25 3 35
Thoi glan iphaty

Hinh I: Gian d6 mémen xodn cha PP/AM & cdc ham lugng O-MMT khéc nhau

Nhu vay, khi cho thém AM va clay hitu co
vao PP thi momen xodn ban ddu cla hé giam
xudng va hé cin it nang lugng hon trong qud
trinh tron hop néng chay, mot diéu kién rét thuan
19i cho vi¢e gia cong ché tao vat liéu polyme/clay

compozit theo phuong phép tron hop true tiép &
trang thdi nong chay. Hién tugng nay, theo ching
toi, chi ¢6 thé la do rong hé da xay ra su tuong
tdc 161 gitta pha nén PP va pha phan tdn clay hitu
0O khi ¢6 mat AM. Tuy nhién, hién tugng 1y thi
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nay chi xudt hién khi lugng O-MMT dua vao
khong vugt qué 1 %klg.

2. Tinh chat co ly cua vat liéu nanocompozit
PP/AM/O-MMT

a) Anh hudng ciia ham licgng O-MMT

Tinh chat co 1y cia vat liéu PP/AM phu
thuéc manh mé vao ham luong O-MMT dua
vao, nhu di thay tir hinh 2, trén d6 trinh bay két
qua khéo sdt do din dai khi ddt va do bén kéo
ditt ¢ia vat liéu nanocompozit PP/AM/O-MMT
khi ham lugng O-MMT thay déi tir 0-5%Kklg,
ham lugng AM khong déi 1a 1%klg, nhigt do
tron 190°C; thoi gian tron: 3 phit; to6¢ do tron:
50 vong/phit. Mau PP dugc ¢hé tao va xdc dinh
tinh chédt co 1y & ciung didu Kién cé do bén kéo
duat: 20,66 MPa va do dan dai khi dit 276,00%.
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Hinh 2: Tinh chat co 1y cha PPFAM/O-MMT
phu thuéc vao ham lugng O-MMT

K&t qua cho thay cdc tinh chat co 1y cla vat
liéu déu dat gid tri cuc dai & ham lugng O-MMT
=1 %kig (40 dan dai khi dat dat 881,86% ting
~ 3,2 14n va do bén kéo dit dat 24,89 MPa tang
20,47% so v6i cdc tinh nang twong Gng ctua PP).
K&t qué trén phi hgp véi két qua phan tich gian
d6 momen xoén trinh bay & trén va két qua phén
tich cau truc bang cdc phuong phip TEM, SEM
va nhidu xa tia X da cong bo trong [3]. Cic di
kién thuc nghiém cho phép suy dodn ring, trong
qué trinh tron hop néng chay, cic phan tr AM
ghép vao cac mach PP tao thanh in-situ
copolyme PP-g-AM ¢ val trd cia chat tuong
hgp gitta PP va O-MMT. Copolyme nay dong
thai xen k&, bdc tach cac 16p O-MMT thanh céc
phién nho, tao diéu kién cho sy phén tdn chiing
d6ng déu vio polyme nén. Két qua la tao thanh
nanocompozit xen k& va nanocompozil boc 16p
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¢6 cdc tinh nang co 1y duge cai thién rd rét [4).

Khi ham lugng O-MMT 16n hon 1%, d§ din
dai khi diit va do bén kéo dit cha vat liéu déu
giam. D¢ dan dai khi dat cGa vat ligu tham chi
con thdp hon nhiéu so véi mau ¢6 ham lugng O-
MMT nho (0,5 %klg) va mau PP ban diu. Khi
ham lugng O-MMT dua vao tir 1,5 t6i 5 %Kklg,
do bén kéo dut cia vat lieu c¢o giam di nhung
van 16n hon so v&i miu khong c6 O-MMT. Dicu
dé cé thé giai thich do cdc hat O-MMT ’du” da
két tu v&i nhau khong thé phan tdn déng déu
trong pha nén, can trd sy tuong tic gilta PP va
O-MMT din dén hinh thanh cic pha micro-
nanocompozit 1am gidn doan pha nén. Cic pha
gian doan 1a nguyén nhan lam giam kha nang
trirot lén nhau cha cdc mach PP, va do d6 lam
giam do dan dai khi dit va do bén kéo dut cna
vat héu {4, 5].

b) Anh hidng cia diéu kién céng nghé

Mot van dé con it duge nghién citu 12 anh
hudng clua diéu kién cong nghé ché tao vat liéu
nanocompozit PP/O-MMT dén tinh chét cua sén
phim thu dugc. Dé ¢6 thong tin vé van dé nay
chiing 101 da ti¢n hanh khao sat méi quan hé phu
thudc cua tinh chat co 1y coa san pham vao nhiét
do, toc do tron va thoi gian tron, Cdc mau vit
liéu nanocompozit déu ¢6 ham luong O-MMT
= 1%klg vdi AM = 1%klg. Cic két qua duge
trinh bay trén hinh 3,

Anh hudng ciia nhiét do

Hinh 3a cho thdy d¢ dan dat khi ddat va do
bén kéo dit cua vat liéu giam khi nhi¢t do trén
tang. C6 thé 1a & nhiét do 16n hon 180°C (nhigt
d6 néng chay cua PP) d& xdy ra phan tng phan
hity ¢t mach oxi héa PP thanh nhimg dai phan
tir nh6 hon. Tuong tac giita cdc phan tir PP di bi
cét mach bi yéu di, dong thai kha ning ho trg
tuong hop PP véi O-MMT va kha nang béce tach
céc 16p O-MMT ctia copolyme PP-g-AM ciing
gidm, dan dén do bén kéo din, do dan dai khi
dat ciia vat liéu giam.

Anh huong ciia toc do tron

Hinh 3b ¢ho biét anh hudng coa t6c do roto

trén PP, AM va O-MMT trong budng tron dén

tinh chat co ly cia vat liéu nanocompozit PP/O-
MMT. Miau nanocompozit PP/AM/O-MMT



(100/1/1) dugc ché tao vdi thoi gian tron 3 phiit,
nhiét d¢ trgn 180°C. Khi tang (6¢ do tron tir 30
dén 60 vong/phit, do din dai khi ddt, do bén
kéo dint cua vat li¢u tang, dat gid tri cuc dai tai
toc do tron 50 vong/phiit va sau d6, lai giam di
néu tiép tuc ting ¢ do tron. Nhu da phan tich &
trén, tinh chat co 1y cua vat liéu phu thudce rat
nhiéu vao kha ning phan tdn clia O-MMT vio
nén polyme. Khi téc do tron tang tir 30 t6i 50
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Hinh 3c trinh bay anh hudng ciia thisi gian
tron néng chay PP, AM va O-MMT 6i tinh chat
co 1y cua vat liéu nanocompozit. Mau dugc ché
tao & nhiét do 180°C, tdc do tron 50 vong/phiit
theo céc thdi gian tron khdc nhau. Nhu da thdy
tir hinh 3c, khi tang thai gian trén PP, AM va O-
MMT tir 3 dén 6 phiit, do dan dai khi dift va do
bén kéo dit cha vat licu déu ¢ xu hudng giam
dan. Nhur vay, c6 thé xem thdi gian tron hop
thich hgp dé ché tao miu compozit ¢6 cic tinh
chat co Iy cao 14 3 phat. Cic két qua nghién ciu
kha ning chdy nhdét clia vat liéu da trinh bay &
trén (hinh 1} cho phép khang dinh két luan nay.
Tir céc s6 ligu trén hinh 1 thay rat ro 1 tdt ca

vong/phit, tic dong trdén co hoc tang 1lam céac
hat O-MMT phin tdn vao nén polyme déu hon,
nh& do6 gia tang sy twong tic giita cidc pha dén
dén lam tang cédc tinh chat co 1¥ cha vat liéu
nanocompozit. Tuy nhién, khi téc do tron qud
16n (60 vong/phiit) dé gay hién twong phan hity
co héa, bé gay mach PP, lam céc dai phan tr PP
ngan lai dén dén tinh chat co 1y clia vat liéu
nanocompozit giam.

T e
i —o— Do bén kéo dat

—— D$ daa dii khi dint b

|
!
“

5 | 600

24

300

D¢ bin kéo dit (MPa)
Do dan dai khi didt (%)

23

30 40 &0 B0

56 vong gquay (vong/phdrn)

b

Hinh 3: Tinh chét co 1y cia PP/AM/O-MMT
' phu thude vao

a. Nhiét do tron;
b. Téc d6 tron;

¢. Thdoi gian tron

cac mau khdo sit déu ¢ momen xoén én dinh
sau 2,5 phit tron. Diéu dé ¢d nghia ta thoi gian
3 phiit du d¢ O-MMT tich va phan tan 16t vio
nén polyme. Néu thi gian tron tang qua 3 phuit,
¢ thé xay ra phin tmg phan hity oxi héa cit
mach PP & nhiét dé cao.
3. Tinh chat co nhiét cia vat lieu PP/AM/O-
MMT nanocompozit

Bing | trinh bay két qua khao sit tinh chat
co nhiét cia vit liu nanocompozit déi véi méiu
PP ban dau va cdc miu PP/AM/O-MMT
(100/1/1) va PPJAM/O-MMT (100/1/2). Két qua
cho thdy cdc miu c6 chita AM va O-MMT bt
dau cé su co ngdt & nhiét d6 cao hon so vdi mau
PP va hi¢u qua dn dinh kich thuéc miu cia hé
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PP/AM/O-MMT thé hién rdt ro & nhiét do thip
(120°C), khong phuy thudce vio ham lugng O-
MMT dua vao. Nhumg & mién nhiét dd cao tir
150 dén 200°C thi hiéu qua én dinh kich thudc
vat liéu chi phét huy t6t khi ham lugng cia AM
vi O-MMT déu 13 1%klg. Nhu vy, sy du

nong do O-MMT da khong 6 tic dung cai thién
d6 bén kich thudc cha vat lieu dudi tdc dung cia
nhiét d6 cao. Diéu ndy phil hgp véi cic két qua
nghién cdu tinh chat co 1y cla var liéu da trinh
bay & trén, mau chia 1% AM, 1% O-MMT cé
tinh chit co Iy troi hon so véi cdc mau khéc.

Bdng 1: Tinh chét co nhiét cha vat lieu PP/AM/O-MMT nanocompozit

Miu Nhiét do bit dau Do co ngét, %
bi co ngdt, °C &120°C 3 150°C &200°C
pp 86,5 0,68 71,7 82,6
PP/AM/ O-MMT (100/1/1) 108 0,03 66,9 68,8
IPP/AM/O-MMT (100/1/2) 120 0 77,0 80,0

IV - KET LUAN

1. Diéu kién cong nghé hop 1y dé ché tao vat
litu nanocompozit PP/O-MMT béng phuong
phap trén hop ndéng chay: nhiét do tron 180°C,
tdc d6é tron 50 vong/phit va thdi gian trén 3
phut.

2. Vat liéa nanocompozit PP/AM/O-MMT
¢6 do bén kéo dit, do dan dai khi dut cuc dai
khi ham lugng cia O-MMT va AM déu la
19%Kklg.

3. Miu c6 chita 1% AM va 1% O-MMT ¢6
kha nang 6n dinh kich thudc 16t nhat.

Cong trinh nay la két qud cia dé 1ai NCCB
do Bg Khoa hoc va Cong nghé tai trg.

TAI LIEU THAM KHAO

1. E. Manias, A. Touny, L. Wu, K.

278

Strawhecker, B. Lu, T. C. Chung. Chem,
Mater., 13, P. 3516 - 3523 (2001).

2. Ullmans’s, Polyolefin-polypropylene,
Encyclopedia of Industrial Chemistry,
A2l, P. 518 - 545 (1994).

3. Thai Hoang, Nguyen Thac Kim, Phan
Quang Thai, Nguyen The Anh. Structure
and Properties of Nanocomposites
Polypropylene  with modified Clay,
Advance in Natural Science {in Press).

4. Thai Hoang, Nguyen Thac Kim, Do Van
Cong, Nguyen Ngoc Chien. Proceedings
of the 2" International Symposium on
Advanced Materials in Asia - Pacific RIM
(ISAMAP'035), P. 33 - 35, Hanoi, Vietnam,
April 2005.

5. §. S Ray, M. Okamoto. Prog. Polym. Sci.,
28, P. 1539 - 1641 (2003).





