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Abstract 

Grafting reactions of glycidylmethacrylate on polyethylene were carried out in a Brabender internal mixer with 
capacity of 50 ml. There are strong and sharp peak in the PE-g-GMA IR spectra at about 1730 cm'' corresponding to 
earbonyl group (C=0) and at 850 vd 910 cm'' corresponding epoxy group, but these peaks have not seen in neat PE 
spectra. The parameters of process condition were selected to achieve the highest grafting content: the temperature at 
185°C, rotor speed of 40 rpm for 11 min. The received PE-g-GMA possessed: grafting content 1.705 wt.%, melt flow 
index 5.27 g/10 min and contact angle 45.21° 

I.M6DAU 

Phdn Idn cdc polyme khdng tuong hgp vdi cdc 
polyme khdc do yeu td entropy vd entalpy thudng 
khdc nhau. Cd mgt sd lugng hgn chl cdc blend 
tuang hgp vi dy nhu blend ciia polystyren vd 
polyphenylen oxit. Cdc blend ndy cd tinh chat 
thudng Id trung gian giira hai polyme thdnh phan. 
Cdc blend thuong mgi phdn ldn Id khdng tuong hgp 
nhung vdn cd cdc tinh chdt hiru ich [1]. Vd do vgy 
cdc nhd klioa hgc da tim cdch cdi thign khd ndng 
tuong hgp cua cdc polyme trong blend khdng tuong 
hgp bdng cdch them vdo dd cau tir thiir ba-chat trg 
tucmg hgp. Yeu cdu ddi vdi chdt ndy Id phdi cd mgt 
ddu tuong hgp dugc vdi cdu tu thu nhat cua blend vd 
dau kia cd khd ndng tuong hgp vdi cdu tir thir hai 
ciia blend. poly(etylen-co-glycidyl metacrylat) 
(PE-g-GMA) Id mgt trong nhirng chat dd. 

0 Viet Nam, viec nghien ciru chl tgo chat trg 
tuong hgp cho blend mdi chi dugc bdt dau trong 
nhirng ndm gdn ddy tgi mgt so co sd nghien cuu vd 
ddo tao nhu Trudng Dgi hgc Bdch khoa Ha Ngi, 
Vign Khoa hgc vd Cdng nghg Vigt Nam, Vign Hod 
hgc Cdng ngh igp Vigt Nam... Tdc gid Thdi Hoang va 
cdc cgng su dd thuc hign phdn irng ghep axit acrylic 
len PE cd vd khdng cd mat styren [2, 3]. Tdc gid 
Phgm Nggc Ldn vd Nguyin Chau Giang dd thgc 
hien phdn iimg ghep dj thi anhydrit maleic len PE 
[4]. Tuy nhien hign d Vigt Nam vdn chua cd cdng 
trinh ndo nghien ciru phdn Orng ghep ciia GMA len 
PE cdng bd. Chinh vi vgy, nghien ciiru mgt each cd 
hg thong cdc ylu td anh hudng dk dua ra quy trinh 
chudn chl tao chat trg tuong hgp PE-g-GMA la ngi 
dung ciia bdi bdo nay. 

Sg thdnh cdng cua phdn iimg ghep thudng dugc 
xdc djnh thdng qua ham lugng ghep-ld lugng GMA 
tinh theo khoi lugng hodc theo moi ghep len PE so 
vdi lugng PE. Cd nhilu yeu to phy thugc ldn nhau 
dnh hudng tdi hieu sudt ghep vd do dd dnh hudng tdi 
hdm lugng ghep. De cd dugc hdm lugng ghep cao 
nhdt thi cdc yeu td ndy can dugc ddnh gia mdt cdch 
khdt khe de gidm tdi thieu cdc phdn img phy vd kilm 
sodt ddc trung cua sdn phdm ghep. Cdc yeu td nay 
bao gdm: yeu td cdng nghg vd yeu td hda hgc. Vdi 
mgt thiet bj phdn img cy the, cdc yeu td cdng nghe 
dnh hudng tdi phdn un^ ghep bao gdm: nhiet do 
ghep, thdi gian ghep vd tdc dg tryc quay cua thilt bj. 

2. THUC NGHIEM 

2.1. Nguyen ligu 

Polyetylen ty trgng thdp (LDPE) cua hang Sasol, 
Dubai, A Rgp: Tn, ~ 150°C, MFI 4,54 g/10 phiit 
(190°C, 2,16 kg); glycidyl metacrylat (Merck, Dure): 
Idng, Ts = 189°C, d = 1,073 g/cm^ Dicumyl peoxyt 
(Aldrich, Dure); NaOH va HCI 0,1 N (Viet Nam); 
etanol, xylen, axeton (Trung Quoc). Poly(etyIen-co-
glycidylmetacrylat) 8% GMA (Aldrich) (PE-g-
GMA8). 

2.2. Tong hgp PE-g-OMA 

Phdn iirng ghep dugc thuc hign trong mdy trgn 
Brabender vdi dung tich buong 50 cm^ Monome 
Idng (GMA va cd hogc khdng cd styren) va peroxyt 
dugc trdn vdi PE d nhigt do phdng roi u trong 
khoang 15 phiit. Sau do phan iimg ghep dugc thuc 
hign tren may trgn tgi cac dilu kien xac djnh. Sg 
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thay ddi momen xodn dugc quan sat trong suit qud 
trinh thuc hign phdn irng ghep. Sdn pham de on djnh 
trong thdi gian mdt ngdy rdi cat nhd de thuc hign cdc 
qud trinh tiep theo. 

2.3. Phuo'ng phap phan tich 

2.3.1. Chudn do hda hgc 

Mdu sdn phdm cua qud trinh ghep dugc hda tan 
trong xylen (4 g/100 ml dung mdi) d 120°C cd hdi 
luu, sau dd ket tiia trong axeton. Lgc vd rira ket tiia 
trong axeton tir ba den ndm ldn rdi sdy khd d 100°C 
tdi khdi lugng khdng ddi. Thu dugc "mdu sgch" 

Ldy khoang 1 g "mdu sgch" (mpE-g-cMA) hda tan 
trong 50 ml xylen ndng trong binh tam gidc 100 ml. 
36 sung 1,0 ml dung djch HCI 0,1 N trong etanol. 
Phdn ung md vdng epoxy dugc thuc hien trong thdi 
gian 45 phiit tgi 80°C. Lugng HCI du dugc chuan do 
bdng dung djch NaOH 0,1 N vdi su cd mat ciia chdt 
chi thj phenolphtalein. Qud trinh chudn do ket thiic 
khi mdu hong xudt hien vd khdng mdt di sau 30 gidy. 
The tich dung djch NaOH tham gia chudn do Id V,d. 
Tien hdnh tuong tu vdi mdu trdng. The tich NaOH 
tham gia chudn do Id VQ. Hdm lugng ghep xdc dinh 
theo cong thuc [2, 3]: 

.1910/1720 0 11730/1720 

[GMA] % = 
(Vo -V td ) xO, l X 1 0 ' ^ X M G M A X 100 

mpE-g-GMA 

2.3.2. Phd hdng ngogi IR [5, 6, 7] 

Sir dyng mdy Tensor 27 (Bruker) de tien hdnh 
phan tich phd hdng ngogi ciia sdn phdm ghep (d 
dgng mdng mdng) de djnh tinh vd djnh lugng cho 
phdn u"ng ghep GMA Ien PE. 

De djnh lugng GMA ghep len PE can tien hdnh 
xdy dung dudng chuan FTIR [5]: sir dyng PE-g-
GMA8 kit hgp vdi LDPE de tgo ra cdc sdn phdm 
chudn vdi hdm lugng GMA trong dd Id 1, 2, 4 vd 6% 
khoi lugng vd tien hdnh phan tich phd hdng ngogi. 
Xdc djnh ti sd cudng do pic tgi 910 cm"' vd 720 cm'' 
hodc 1730 cm'' vd 720 cm' Trong dd pic tgi 910 
cm"' ddc trung cho phd hdng ngogi cua nhdm epoxy, 
pic tgi 1730 cm'' ddc trung cho phd hdng ngogi 
nhdm cabonyl ciia GMA dugc ghep vd pic tgi 720 
cm'' lien quan tdi lien kit CH2 trong mgch PE. Xdy 
dung dudng chudn vdi do thj cd tryc hodnh Id hdm 
lugng GMA dugc ghep, tryc tung la ti sd cudng do 

pic I910/I72O hodc Il73p/l720-
Vdi cac sdn pham thuc nghiem ghep khdc: tien 

hdnh phdn tich pho hdng ngogi. Xdc djnh ti sd cudiig 
do pic I910/I720 hodc I1730/I720. Sir dyng dudng chudn 
FTIR d tren dl xdc djnh hdm lugng GMA dugc 
ghep. 

O) 
c 

2 4 6 8 

Hdm lu'9'ng GMA, % 

10 

Hmh 1: Do thj dudng chudn FTIR 

2.3.4. Xdc dinh gdc tiep xuc 

Gdc tiep xuc dugc xdc djnh tren mdy Cahn, 
Radian series 300, My. 

2.3.5. Xdc dinh chi sd chdy 

Chi sd chdy dugc xdc djnh tren mdy Tinius 
Olsen cua My vdi dieu kign do: tdi trgng 5 kg vd 
nhigt do 230°C. 

3. KET QUA VA T H A O LUAN 

3.1. Pho hong ngoai ciia PE va PE-g-GMA 

De chirng minh su thdnh cdng ciia phdn ung 
ghep GMA len PE da tien hdnh ep "mdu sach" thdnh 
dgng mdng mdng cd 90 -̂  100 pm de phan tich phd 
hdng ngogi. Ket qud phdn tich trinh bdy tren hinh 2. 
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Hlnh 2: Phd hong ngogi: (a) PE, (b) PE-g-GMA 

Tir phd IR ciia PE-g-GMA thdy xudt hien pic cd 
cudng do hdp thy rdt mgnh ndm tgi vj tri 1730 cm'' 
ddc trung cho nhdm 0 = 0 ciia GMA vd hai pic hap 
thy tgi 850 vd 910 cm"' ddc trung cho nhdm epoxy 
ciia GMA. Cdc pic ndy hodn todn khdng cd trong 
phd IR ciia PE. Dieu ndy chirng minh rdng phdn ung 
ghep GMA len PE da thuc hien thdnh cdng. 
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3.2. Anh hudng ciia ydu to cong nghe den qua 
trinh ghep 

3.2.1. Anh hudng ciia nhi?t dg den 

a. Hdm lugng ghep 

Phdn ung ghep dugc tiln hdnh trong 10 phut, 
duy tri d toe do tryc quay 50 vdng/phiit, vdi hd|n 
lugng chat khai mao DCP dimg cho tat cd c;ic mdu 
Id 0,5 PKL, (iMA 10 PKL, nhiel dg qua trinh ghdp 
thay doi tir 170 ^ 185"C San pham sau khi ghep 
dugc lam sach roi tiln hanh chuan dg vd phan tich 
pho hong ngoai dl xac djnh ham lugng GMA dugc 
ghep len PE. Kit qua xac djnh ham lugng ghep dugc 
trinh ba\ tren bang 1. 

Bdng 1: Anh hudng ciia nhiet dg tdi hdm lugng ghep 

Nhiet dg, 
"C 

170 

175 

180 

185 

%GMA 
(I910/I720) 

1,228 

1,454 

1,535 

%GMA 
(I1730/I720) 

1,211 

1,416 

1,573 

%GMA 
(chuan dg) 

1,137 

1,202 

1,421 

1,563 

Tir bdng 1 nhdn thay hdm lugng ghep GMA len 
LDPE xdc djnh theo hai phuang phdp: chuan do vd 
pho hdng ngogi cho ket qud vdi do sai khdc nhd hon 
3%. Hdm lugng GMA ghep len LDPE phy thugc rat 
nhieu vdo nhiet do. Ciing vdi sg tdng nhiet do ham 
lugng GMA ghep len LDPE cung tdng vd dgt 
1,535-1,573% vdi nhiet do ghep 185°C. Trong 
nghien ciru ndy khdng tien hdnh d nhiet tren 185°C 
vi nhiet do sdi cua GMA Id 189''C. 

b. Chi sd chay ciia sdn phdm ghep 

Sdn phdm ghep vdi cdc nhiet dg khdc nhau dugc 
xdc djnh chi sd chdy tgi nhiet do 230°C vd tdi trgng 5 
kg. Ket qud do trinh bdy tren hinh 3. 

% GMA —•—Chi s6 chdy 

170 175 180 185 

Nhlftt a^, oC 

Hinh 3: Anh hudng ciia nhiet do din chi sd chdy 

Tir hinh 3 nhdn thay, cimg vdi su tdn^ nhigt do, 
hdm lugng GMA ghep len LDPE tdng. Dieu ndy ddn 
tdi KEPT cua mgch polyme tdng nen chi sd chay ciia 

Nguyin Thi Thuy vd ^gngsif 

sdn pham ghep gidm tir 14,64 g/10 phut vdi nhigt dg 
ghep 170°C xuong cdn 8,26 g/10 phut vdi nhigt dg 
ghep 185°C. 

c. Gdc tiep xuc ciia sdn phdm ghep 

Dl khdng djnh them vl sg thdnh cdng cua phan 
irng ghep, dd tiln hdnh do gdc tilp xiic cua cac mdu 
sdn pham PE-g-GMA trong mdi trudng nude. Ket 
qud do gdc tilp xuc dugc trinh bdy trong bang 2. 

Bdng 2: Gdc tilp xiic ciia PE vd PE -g-GMA 

Mdu 

GMA,% 

0" 

PE 

0 

80,27 

PE-g-GMA 

170°C 

1,137 

72,34 

175°C 

1,202 

66,11 

180°C 

1,421 

50,24 

185°C 

1,563 

49,6 

Tir bdng 2 nhdn thay, khi hdm lugng GMA dugc 
ghep len PE tdng, gdc tilp xiic cua sdn phdm ghep 
diu gidm xuong so vdi PE vd mdu sdn phdm tai 
185°C cd *gdc tilp xuc nhd nhdt 49,6° tire Id cd kha 
ndng tham udt cao. Dilu ndy dugc hieu rdng, ham 
lugng nhdm epoxy (nhdm ua nude) tren mgch PE 
tdng dan tir mdu ghep tgi 170°C den mdu ghep tai 
185"C. 

3.2.2. Anh hudng ciia thdi gian phdn img den 

a. Ham lugng ghep 

De khdo sdt dnh hudng cua thdi gian phdn Orng 
tdi qud trinh ghep GMA len PE, tien hdnh phdn irng 
ghep d 185°C, tdc dg tryc quay 50 vdng/phiit vdi 
hdm lugng DCP sir dyng trong hdn hgp 0,5 PKL, 
GMA 10 PKL, vdi nhung khodng thdi gian khac 
nhau. Ket qud xdc djnh hdm lugng ghep dugc trinh 
bdy d bdng 3. 

Bdng 3: Anh hudng cua thdi gian den 
ham lugng ghep 

Thdi gian, 
phiit 

9 

10 

11 

12 

%GMA 
(I910/I720) 

1,519 

1,535 

1,680 

1,454 

%GMA 
(I1730/1720) 

1,570 

1,573 

1,699 

1,432 

%GMA 
(chuan do) 

1,560 

1,563 

1,704 

1,421 

Tir bdng 3 nhdn thay phdn ung ghep dugc tiln 
hanh trong khoang thdi gian tir 9 den 10 phiit thi 
higu suat phan ung biln doi khdng nhieu va ham 
lugng ghep dgt thap khoang 1,519 - 1,573%. Nhung 
khi keo ddi thdi gian phdn ung ghep tdi 11 phiit thi 
khd ndng ghep cua GMA len PE tang va dgt ham 
lugng ghep khoang 1,680 - 1,704%. Tuy nhiSn, neu 
tilp tyc keo ddi thdi gian phdn ung thi ham lugng 
ghep lgi giam. Dieu do hodn toan phii hgp vdi kit 
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qud thuc nghiem cua Kuk Young Cho vd cgng su. 
Ong nhan thdy, viec keo ddi thdi gian phdn ung 
khong lam phd vd vdng epoxy ciia GMA md xdy ra 
qua trinh khu triing hgp cua GMA. Ong cho rdng khi 
GMA ghep len PE thi cd the xdy ra theo hai phdn 
img khdc nhau: phdn ung 1 Id su md rgng chudi 
nhdnh ciia GMA vd phdn ung 2 Id ghep don phdn tir 
monome GMA len mgch PE. Cd hai phdn ung ndy 
diu dien ra d giai dogn ddu cua qud trinh ghep. Tuy 
nhien neu keo ddi thdi gian vd nhigt dg tren nhiet dg 
trdn thi chi cd phdn ung 2 tiep tyc dien ra cdn chudi 
nhdnh ddi cua GMA se bj khir triing hgp. Cuoi ciing 
phdn irng 2 cQng dirng khi cdc goc tg do ciia chat 
khoi mdo het, chinh.vi vgy hdm lugng GMA ghep 
len PE gidm [8]. 

b. Chi sd chdy cua sdn phdm ghep 

Ciing vdi viec xdc dinh hdm lugng ghep, tiln 
hdnh xdc djnh chi sd chdy cua cdc sdn phdm ghep 
vdi thdi gian khdc nhau tgi nhigt dg 230°C vd tdi 
trgng 5 kg. Kit qud do trinh bdy tren hinh 4. 

I %GMA 
2 ^ 

S5 1.5 T 

d 1 
JZ 
0) 1 

1 'i 
1 15 t 

J 

1,56C ) 

8.45 

1,563 

r 20 

15 2 
Q. 
O 
"B) 

ioi^ 
.C 
u 

•o w 
5 2 

u 

\o 
10 11 

Th6>i gian, phut 
12 

Hinh 4: Anh hudng ciia thdi gian phdn iirng den 
chi sd chdy 

Tir hinh 4 nhdn thdy, trdi ngugc vdi hdm lugng 
GMA ghep len PE, ciing vdi viec keo ddi thdi gian 
phdn ung chi sd chdy ciia sdn phdm ghep gidm ddn 
vd cd gid trj nhd nhat 5,27 g/10 phiit tgi thdi gian 
phdn irng Id 11 phut sau dd chi sd chdy lgi tdng Ien 
neu tiep tyc keo ddi thdi gian. 

c. Goc tiep xiic ciia sdn pham ghep 

Song song vdi vigc xdc djnh chi so chdy, tien 
hdnh do gdc tiep xiic cua cdc sdn pham ghep trong 
mdi trudng nude. Ket qud trinh bdy tren bdng 4. 

Bdng 4: Gdc tiep xiic ciia PE vd PE-g-GMA 

Mdu 

GMA,% 

6" 

PE 

0 

80,27' 

PE-g-GMA 

9 phiit 

1,560 

50,21 

10 phut 
1,563 

49,60 

11 phut 

1,704 

45,56 

13 phut 
1,421 

52,83 

Cung gidng nhu chi sd chdy, gdc tilp xiic ciia 
sdn phdm ghep gidm dan khi tang thdi gian phdn irng 
vd dgt gid trj nhd nhat 45,56° cung vdi thdi gian phdn 
irng la 11 phut. Gid trj .gdc tilp xiic cung tdng len 
neu tiep tyc keo ddi thdi gian phdn iirng. 

3.2.3. Anh huang ciia tdc dg true quay den 

a. Hdm lugng ghep 

Tiln hdnh phdn irng ghep vdi hdm lugng DCP Id 
0,5. PKL, GMA Id 10 PKL tgi 185°C trong thdi gian 
11 phut vdi toe dg tryc quay bien doi tir 30 -̂  60 
vdng/phiit. Sdn phdm ghep dugc xdc djnh mirc do 
ghep GMA len PE. Kit qud ghep dugc trinh bdy tren 
bang 5. 

Bdng 5: Anh hudng ciia tdc do true quay (v/p) 
din hdm lugng ghep 

Tdc dg tryc 
quay, v/p 

30 

40 

50 

60 

%GMA 
(I910/I720) 

1,527 

1,737 

1,680 

1,123 

%GMA 
(I1730/I720) 

1,580 

1,724 

1,699 

1,164 

%GMA 
(chudn do) 

1,563 

1,705 

1,704 

1,137 

Khi tdng tdc do tryc quay tir 30 den 50 
vdng/phut thi mure do ghep tdng len vd dn djnh trong 
khodng 1,680 ^ 1,737% img vdi toe do trdn 40 - 50 
vdng/phut. Dieu ndy cd the gidi thich bdi su tdng 
higu qud trdn ciia cdc chat phdn ung trong polyme 
ndng chdy. Tuy nhien, neu tdng tdc do quay tren 50 
vdng/phiit se ldm tdng nhiet do phdn ung do tdng 
nhiet cua momen xodn trang thdi nhdt cao. Dieu ndy 
se ldm tdng tdc do bay hoi cdc chdt phdn ung, do dd 
lam gidm hieu sudt ciia phdn ling ghep vd tdng khd 
ndng xdy ra phdn irng phy nhu phdn ung khdu mgch 
PE, phdn irng ddng triing hgp GMA.... Them nira, 
vi do nhdt khdc nhau giira chat thdp phdn tir (GMA 
d trgng thdi Idng) vd pglyme d trgng thdi chdy nhdt 
lam cho tdc do tuong ddi giira chiing vdi nhau se 
thay ddi khi tdc do trgn thay ddi (hodc dudi tdc ddng 
cua cdc tdc dg trgn khdc nhau), dnh hudng rdt ldn tdi 
khd ndng tuong tdc cua monome Ien gdc PE thu cap. 
Toe dg trgn qud cao Idm gidm xdc sudt thanh cdng 
cua tuong tdc ndy. 

b. Chi sd chdy cua sdn phdm ghep 

Tdc do tryc quay tdng, ham lugng ghep thay ddi 
vd chi sd chdy cua sdn phdm ghep cung vay. Chi sd 
chdy cua sdn phdm ghep gidm khi tdng tdc do true 
quay ttr 30 v/p den 40 v/p, dn djnh vdi tdc do tryc 
quay trong khoang 40 ^ 50 v/p vd lai tang len neu 
tilp tuc tang tdc do tryc quay. Dilu nay dugc thi 
hien rat rd tren hinh 5. 
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Hmh 5: Anh hudng ciia toe dg tryc quay 
den chi so chdy 

c. Gdc tiep xiic ciia sdn phdm ghep 

Anh hudng cua toe dg tryc quay din hdm lugng 
ghep con dugc khdng djnh mgt lan nua thdng qua 
gid trj gdc tiep xiic cua cac sdn pham ghep. Vdi tdc 
dg true quay phii hgp (40 50 vdng/phut) thi sdn 
phdm ghep cho gdc tiep xuc nhd khodng 45,21 ^ 
45,56°. Vdi tdc dg tryc quay Idn (60 vdng/phiit) thi 
gdc tilp xiic cua sdn phdm ghep Idn tdi 60,45° 
(bdng 6). 

Bdng 6: Gdc tiep xuc ciia PE vd PE-g-GMA 

Mdu 

GMA,% 

e» 

PE 

0 

80,27 

PE-g-GMA 
30 v/p 

1,563 

47,72 

40 v/p 

1,710 

45,21 

50 v/p 
1,704 

45,56 

60 v/p 

1,137 

63,45 

4. KET L U A N 

Ket qua phan tich phd hdng ngogi cho thdy 

phdn irng ghep glycidylmetacrylat Ien poly tylen dd 
dugc thgc hign thdnh cdng. 

2. Cdc ylu to dnh hudng cdng nghe ihu: nhigt 
dg, thdi gian, toe dg tryc quay din higu qua ghep 
dugc xac djnh bdng IR, phdn tich hda hgc, chi sl 
chdy vd gdc tilp xuc. Ham lugng ghep cao nhat dat 
1,705% khoi lugng d nhigt dg 185°C vd toe dg tryc 
quay 40 v/p trong thdi gian 11 phut. 
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