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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
carbonyl group (C=0) and at 850 va 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°.

1. MO DAU

Phan 16n céc polyme khong tuong hop voi cac
polyme khac do yéu to entropy va entalpy thuong
khac nhau. C6 mot sd lwong han ché cac blend
tuong hop vi du nhu blend cua polystyren va
polyphenylen oxit. Cac blend niay c6 tinh chat
thuong 13 trung gian giita hai polyme thanh phan.
Céc blend thuong mai phan 16n 1a khong twong hop
nhung van c6 cac tinh chat hitu ich [1]. Va do vay
cac nha khoa hoc da tim cach cai thién kha niang
twong hop cia cac polyme trong blend khong tuong
hop bang cach thém vao d6 ciu tir thir ba-chit trg
trong hop. Yéu cau d6i voi chit nay 1a phai c6 mot
dau twong hop dugc véi cau tir thir nhét cia blend va
dau kia c6 kha nang tuong hop véi cau tir thir hai
cua blend. poly(etylen-co-glycidyl ~metacrylat)
(PE-g-GMA) 1a mdt trong nhiing chat do.

O Viét Nam, viéc nghién ctru ché tao chit trg
tuong hop cho blend méi chi duoc bat dau trong
nhitng nim gan day tai mot s co s nghién ciru va
dao tao nhu Truong Pai hoc Bach khoa Ha Noi,
Vién Khoa hoc va Cong nghé Viét Nam, Vién Hoa
hoc Cong nghiép Viét Nam...Tac gia Thai Hoang va
cac cong su da thuc hién phan Gng ghép axit acrylic
lén PE c6 va khong c6 mat styren [2, 3]. Tac gia
Pham Ngoc Lan va Nguyén Chau Giang di thuc
hién phan tmg ghép di thé anhydrit maleic 1én PE
[4]. Tuy nhién hién & Viét Nam van chua co cong
trinh nao nghién ctru phan ing gheép cua GMA 1én
PE cong b6. Chinh vi vdy, nghién ciru mét cach co
hé thong cac yeu t6 anh huong dé dwa ra quy trinh
chuan ché tao chit tro twong hop PE-g-GMA 14 noi
dung cuia bai bao nay.

Su thanh céng cia phan tng ghép thuong duoc
xac dinh thong qua ham lugng ghép-la lugng GMA
tinh theo khdi lugng hodc theo mol ghép 1én PE so
v6i lugng PE. C6 nhiéu yéu t6 phu thudc 1dn nhau
anh huong t6i hidu suat ghép va do d6 anh hudng t6i
ham lugng ghép. Pé c6 duge ham luong ghép cao
nhét thi cac yéu t6 ' nay can duoc danh gia mot cach
khit khe dé giam t6i thiéu cac phan tng phu va klern
soat ddc trung cua san pham ghép. Cac yéu t6 nay
bao gém: yéu t6 cong nghé va yéu t6 hoéa hoc. Véi
mot thiét bi phan ung cu thé, cac yéu té cong nghé
anh huong t6i phan Gng ghép bao gém: nhiét do
ghép, thoi gian ghép va toc do truc quay cua thiét bi.

2. THUC NGHIEM
2.1. Nguyén liéu

Polyetylen ty trong thip (LDPE) cta hing Sasol,
Dubai, A Rap: T, ~ 150°C, MFI 4,54 g/10 phat
(190°C, 2,16 kg); glycidyl metacrylat (Merck, Duc):
long, Ty = 189°C, d = 1,073 g/cm’. Dicumyl peoxyt
(Aldrich, buc); NaOH va HCI1 0,1 N (Viét Nam);
etanol, xylen, axeton (Trung Qudc). Poly(etylen-co-
glycidylmetacrylat) 8% GMA (Aldrich) (PE-g-
GMARB).

2.2. Tong hop PE-g-GMA

Phan ung ghép dugc thuc hién trong may tron
Brabender véi dung tich budng 50 cm’. Monome
long (GMA va c6 hodc khong cé styren) va peroxyt
duoc trén véi PE ¢ nhi¢t d0 phong roi U trong
khoang 15 phut. Sau d6 phan ung ghép duoc thuc
hién trén may tron tai cac didu kién xac dinh. Su
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thay d6i momen xodn duogc quan sat trong suét qua
trinh thyc hién phan ing ghép. San pham dé 6n dinh
trong thoi gian mdt ngay roi cit nho dé thyc hién cac
qua trinh tiép theo.

2.3. Phwong phap phén tich
2.3.1. Chuén dé héa hoc

Mau san phdm cua qua trinh ghép dugc hoa tan
trong xylen (4 g/100 ml dung méi) & 120°C ¢ hoi
lIuu, sau dé két tua trong axeton. Loc va rira két tua
trong axeton tir ba dén nam 1an rdi siy khé & 100°C
t61 khoi lugng khong d6i. Thu duoc “mau sach”.

Léy khoang 1 g “mau sach” (mpg-g-gma) hoa tan
trong 50 ml xylen néng trong binh tam giac 100 ml.
B6 sung 1,0 ml dung dich HCI 0,1 N trong etanol.
Phan tng md vong epoxy dugc thuc hién trong thoi
gian 45 phut tai 80°C. Lugng HC1 du dugc chuan do
bﬁng dung dich NaOH 0,1 N v¢i su c6 mat cua chét
chi thi phenolphtalein. Qua trinh chuan do két thuc
khi mau hong xuét hién va khong mat di sau 30 gidy.
Thé tich dung dich NaOH tham gia chuan d6 1a V.
Tién hanh twong tu v6i mau tréng. Thé tich NaOH
tham gia chuan d6 1a V,. Ham luong ghép xac dinh
theo cong thuc [2, 3]:

(Vo - Vig) x0.1x 107 x Mgua x 100

[GMA] % =

MPpE-g-GMA
2.3.2. Phé hong ngoqi IR [5, 6, 7]

St dung may Tensor 27 (Bruker) dé tién hanh
phan tich phé hong ngoai ciia san pham ghép (&
dang mang mong) dé dinh tinh va dinh luong cho
phan ung ghép GMA 1én PE.

Dé dinh luong GMA ghép 1én PE can tién hanh
xdy dung duong chuan FTIR [5]: st dung PE-g-
GMAS két hop v6i LDPE dé tao ra cac san phim
chuin véi ham lugng GMA trong d61a 1, 2,4 va 6%
khdi lugng va tién hanh phén tich phd hdng ngoai.
Xéc dinh ti s6 cuong do pic tai 910 cm™ va 720 cm’™
hodc 1730 cm™ va 720 cm™. Trong dé pic tai 910
cm™ didc trung cho phd hong ngoai ctia nhom epoxy,
pic tai 1730 cm” dic trung cho phd hdng ngoai
nhom cabonyl cia GMA dugc ghép va pic tai 720
cm™ lién quan t6i lién két CH, trong mach PE. Xay
dung dudng chuan véi d6 thi ¢ truc hoanh 1a ham
lwong GMA duoc ghép, truc tung 1a ti s cuong do
pic Lo1o/I720 hodc Li730/I70.

Vi cac san pham thue nghiém ghép khac: tién
hanh phan tich phd hong ngoai. Xac dinh ti s6 cuong
d6 pic loi¢/l720 hodc 11730/1720. S dung duong chuin
FTIR ¢ trén dé xac dinh ham luong GMA duoc
ghép.

Phan ung ghép glycidylmetaacrylat...

« 1910/1720 o 11730/1720

Ti s6 cwong do
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Ham lwong GMA, %
Hinh 1: D4 thi duong chuan FTIR
2.3.4. Xdc dinh goc tiép xiic

Goc tiép xtc dugc xac dinh trén may Cahn,
Radian series 300, My.

2.3.5. Xac dinh chi sé chay

Chi sb6 chay dugc xac dinh trén may Tinius
Olsen cua My véi diéu kién do: tai trong 5 kg va
nhiét d¢ 230°C.
3. KET QUA VA THAO LUAN
3.1. Pho hdng ngoai ciia PE va PE-g-GMA

Pé chimg minh sy thanh cong cua phan Ung
ghép GMA 1én PE da tién hanh ép “mau sach” thanh

dang mang mong ¢& 90 + 100 pm dé phan tich pho
hong ngoai. K&t qua phan tich trinh bay trén hinh 2.
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Hinh 2: Ph hdng ngoai: (a) PE, (b) PE-g-GMA

Tt phd IR ciia PE-g-GMA thdy xuat hién pic ¢
cuong do hép thu rAt manh nam tai vi tri 1730 cm™
dic trung cho nhom C=0 ciia GMA va hai pic hép
thu tai 850 va 910 cm™ dic trung cho nhém epoxy
cua GMA. Céc pic nay hoan toan khong cé trong
phd IR ciia PE. Diéu nay chimg minh ring phan tng
ghép GMA 1én PE da thyc hién thanh cong.
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3.2. Anh hwéng cia yéu to cong nghé dén qua
trinh ghép

3.2.1. Anh huong cua nhiét do dén
a. Ham lugng ghép

Phan tng ghep dugc tién hanh trong 10 phut,
duy tri & téc do truc quay 50 vong/phut, véi ham
luong chat khoi mao DCP dung cho tit ca cac miu
la 0,5 PKL, GMA 10 PKL, nhiét d0 qua trinh ghép
thay d6i tir 170 + 185°C. San pham sau khi ghép
duoc lam sach roi tién hanh chuén dd va phan tich
phé hong ngoai dé xac dinh ham lwong GMA duoc
ghép 1én PE. Két qua xac dinh ham luong ghép duoc
trinh bay trén bang 1.

Bdng 1: Anh hudng cua nhiét d6 téi ham lugng ghép

Nhigtdo, | %GMA | %GMA | %GMA
°C (Io10/T720) | (Liz30/I720) |(chuan d9)
170 - - 1,137
175 1,228 1,211 1,202
180 1,454 1,416 1,421
185 1,535 1,573 1,563

Ttr bang 1 nhan thdy ham luong ghép GMA 1én
LDPE xéc dinh theo hai phuong phap: chudn d6 va
pho hong ngoai cho két qua voi do sai khac nhé hon
3%. Ham lugng GMA ghép 1én LDPE phu thudc rat
nhiéu vao nhiét do. Cung voi sy tang nhiét d0 ham
luong GMA ghép 1én LDPE ciing ting va dat
1,535+1,573% v&i nhiét do ghép 185°C. Trong
nghién ctru nay khong tién hanh & nhiét trén 185°C
vi nhiét d6 s6i cia GMA 1a 189°C.

b. Chi sb chay ctia san phadm ghép

San pham ghép véi cac nhiét do khac nhau duoc
xéc dinh chi sb chay tai nhiét do 230°C va tai trong 5
kg. Két qua do trinh bay trén hinh 3.

% GMA —e—Chi s6 chay
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Hinh 3: Anh hudng cua nhiét do dén chi sb chay
Tt hinh 3 nhan théy, cung voi sy téng nhiét do,
ham luong GMA ghép 1én LDPE tang. Di€u nay dan
téd1i KLPT cua mach polyme tang nén chi s6 chay cua

Nguyén Thi Thiy va cng su

san pham ghép giam tur 14,64 ¢/10 phut voi nhiét do
ghép 170°C xuong con 8,26 g/10 phuat vdi nhiét do
ghép 185°C.

c. Goc tiep xuc cua san pham ghép

Dé khang dinh thém vé sy thanh cong cua phan
ing ghep, da tién hanh do goc tiép xtic cua cac miu
san pham PE-g-GMA trong mdi truong nudc. Két
qua do goc tiép xtic dugc trinh bay trong bang 2.

Bdng 2: Goc tiép xtic cia PE va PE —g-GMA

Miu | PE PE-g-GMA
170°C [ 175°C | 180°C [ 185°C
GMA% | 0 |[1,137] 1,202 | 1,421 | 1,563
0°  [80,27]7234| 66,11 | 50,24 | 49,6

Tir bang 2 nhan thiy, Kkhi ham lugng GMA dugc
ghép Ién PE tang, goc tiép xuc cua san pham ghép
déu giam xuong so v6i PE va miu san pham tai
185°C ¢6 gbc tiép xuc nho nhét 49,6° tic 1a ¢ kha
ning thim w6t cao. Pidu ndy dwgc hiéu ring, ham
luong nhom epoxy (nhom wa nudc) trén mach PE
tang dan tr mau ghép tai 170°C dén mau ghép tai
185°C.

3.2.2. Anh hwéng ciia thoi gian phan img dén
a. Ham lugng ghép

Pé khao sat anh hudng cua thoi gian phan tng
t6i qua trinh ghép GMA 1én PE, tién hanh phan tng
ghép & 185°C, téc do truc quay 50 vong/phut véi
ham lugng DCP sir dung trong hon hop 0,5 PKL,
GMA 10 PKL, véi nhitng khoang thoi gian khac
nhau. Két qua xac dinh ham lugng ghép dugc trinh
bay o bang 3.

Bdng 3: Anh huong cua thoi gian dén

ham lugng ghép
Thoi gian,| %GMA %GMA %GMA
phut (Io10/T720) | (Liz30/l720) | (chuan do)
9 1,519 1,570 1,560
10 1,535 1,573 1,563
11 1,680 1,699 1,704
12 1,454 1,432 1,421

Tir bang 3 nhan thiy phan tng ghép duoc tién
hanh trong khoang thoi gian tir 9 dén 10 phut thi
hiéu suit phan Gng bién d6i khong nhiéu va ham
lwong ghép dat thip khoang 1,519 + 1,573%. Nhung
khi kéo dai thoi gian phan g ghép téi 11 phut thi
kha nang ghép cua GMA 1én PE tang va dat ham
lwong ghép khoang 1,680 = 1,704%. Tuy nhién, néu
tiép tuc kéo dai thoi gian phan g thi ham luong
ghép lai giam. Piéu d6 hoan toan phu hop véi két
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qua thyc nghiém cta Kuk Young Cho va cong su.
Ong nhén thy, viéc kéo dai thoi gian phan ung
khong lam phd vo vong epoxy cua GMA ma xay ra
qua trinh khtr tring hop cia GMA. Ong cho rang khi
GMA ghép 1én PE thi co thé xay ra theo hai phan
tmg khac nhau: phan tng 1 1a sy mo rong chudi
nhanh cua GMA va phan tng 2 1a ghép don phan tir
monome GMA 1én mach PE. C& hai phan ung nay
déu dién ra & giai doan déu cua qua trinh ghép. Tuy
nhién néu kéo dai thoi gian va nhiét d¢ trén nhiét do
tran thi chi c6 phan tng 2 tiép tuc dién ra con chudi
nhanh dai cia GMA s& bi khtr tring hop. Cudi ciing
phan ng 2 ciing ding khi cac gbc tu do cua chét
khoi mao hét, chinh vi vy ham luong GMA ghép
1én PE giam [8].

b. Chi s6 chay ctia san pham ghép

Cung véi viée xac dinh ham luong ghép, tién
hanh x4c dinh chi s chay cua cac san pham ghép
v4i thoi gian khac nhau tai nhiét do 230°C va tai
trong 5 kg. Két qua do trinh bay trén hinh 4.
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Hinh 4: Anh huong cua thoi gian phan tng dén
chi so chay

Tir hinh 4 nhan thdy, trai nguge véi ham lugng
GMA ghép 1én PE, cung voi viée kéo dai thoi gian
phan tng chi sd chay cua san pham ghép giam dan
va co gia tri nho nhat 5,27 g/10 phut tai thoi gian
phan ung 1a 11 phut sau d6 chi so6 chay lai tang 1én
néu tiép tuc kéo dai thoi gian.

c. Goc tiép xuc cua san phdm ghép

Song song véi viéc xac dinh chi s chay, tién
hanh do goc tiép xuc cia cac san pham ghép trong
moi truong nude. KEt qua trinh bay trén bang 4.

Bdng 4: Goc tiép xuc cia PE va PE-g-GMA

Miu | PE PE-g-GMA
9 phut [10 phat| 11 phat[13 phit
GMA,% 0 | 1,560 | 1,563 | 1,704 | 1,421
0° 8027|5021 | 49,60 | 45,56 | 52.83

Phan ung ghép glycidylmetaacrylat...

Ciing giéng nhu chi s chay, goc tiép xuc cua
san phim ghép giam dan khi tang thoi gian phan tmg
va dat gia tri nho nhét 45,56° ciing v6i thoi gian phan
tmg 1a 11 phut. Gia tri goc tiép xtc ciing ting 1én
néu tiép tuc kéo dai thoi gian phan tmg.

3.2.3. Anh huéng ciia téc dé truc quay dén

a. Ham lugng ghép

Tién hanh phan ing ghép voi ham luong DCP 1a
0,5 PKL, GMA 1a 10 PKL tai 185°C trong thoi gian
11 phut vé6i toe do truc quay bién ddi tir 30 + 60
vong/phiit. San pham ghép duoc xac dinh muc do
ghép GMA 1én PE. Két qua ghép duogc trinh bay trén
bang 5.

Bdng 5: Anh huong cua toe d6 truc quay (v/p)

dén ham lugng ghép
Téc do truc | %GMA | %GMA %GMA
quay, v/p | (Inio/Ir20) | (Ii730/l720) | (chuén d9)
30 1,527 1,580 1,563
40 1,737 1,724 1,705
50 1,680 1,699 1,704
60 1,123 1,164 1,137

Khi ting téc d6 truc quay tir 30 dén 50
vong/phit thi mirc 46 ghép ting 1én va 6n dinh trong
khoang 1,680 + 1,737% ung voi tdc do tron 40 + 50
vong/phut. Diéu nay c6 thé giai thich boi sy ting
hiéu qua tron cua cic chat phan mg trong polyme
néng chay. Tuy nhién, néu ting tbc d6 quay trén 50
vong/phut s€ lam tang nhiét d6 phan ung do tang
nhiét cia momen xodn trang thai nhot cao. Diéu nay
s& lam tang toc d6 bay hoi cac chat phan tng, do d6
lam giam hiéu suét cua phan tmg ghép va ting kha
nang xay ra phan tng phu nhu phan ung khau mach
PE, phan ung dong tring hop GMA.... Thém nira,
vi d6 nhét khac nhau giita chét thap phan tor (GMA
O trang thai long) va polyme ¢ trang thai chay nhot
lam cho tbc do twong ddi gitta ching véi nhau s&
thay d6i khi tbc do tron thay ddi (hodc dudi tac dong
ctia cac tde do tron khac nhau), anh huéng rat 16n t6i
kha ning tuong tac ciia monome 1én gbc PE thir cép.
Tbc d6 tron qua cao lam giam xac sudt thanh cong
cua tuong tac nay.

b. Chi s6 chay ctia san pham ghép

Téc do truc quay tang, ham lugng ghép thay 601
va chi sb chay cta san phim ghép ciing vdy. Chi s6
chay cua san pham ghép giam khi tang toc dd truc
quay tir 30 v/p dén 40 v/p, 6n dinh véi téc do truc
quay trong khoang 40 + 50 v/p va lai tang 1én néu

tiép tuc tang tbc do truc quay. Piéu nay dugc thé
hién rét rd trén hinh 5.
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Hinh 5: Anh hudng cua toc do truc quay
dén chi so chay

c¢. Goc tiép xuc cua san pham ghép

Anh huéng cua toc do truc quay dén ham lugng
ghép con dugce khiang dinh mot lan nira thong qua
gia tri goc tlep xUc cla cac san pham ghép. Vi toe
do truc quay phu hop (40 - 50 vong/phut) thi san
pham ghép cho goc tiép xac nho khoang 4521 +
45,56°. Véi toe do truc quay lén (60 vong/phut) th1
goc tiép xtic cua san pham ghép 16n téi 60,45°
(bang 6).

Bdng 6: Goc tiép xuc cia PE va PE-g-GMA

) PE-2-GMA
M PE
au 30 v/p | 40 v/p | 50 vip | 60 v/p
GMA,%| 0 | 1,563 1,710 1,704 | 1,137
0°  |8027 | 47,72 | 4521 | 45,56 | 63,45
4. KET LUAN

1. Két qua phan tich phd hong ngoai cho thiy

Lién h¢: Bui Chwong
Trung tdm Nghién curu vat liéu polyme
Truong Pai hoc Bach khoa Ha Noi
S6 1 Pai C Viét, Ha Noi
Email: buichuong-pc@mail.hut.edu.vn

Nguyén Thi Thiy va cng su

phan ung ghép glycidylmetacrylat 1&€n polyetylen da
duogc thyc hién thanh cong.

2. Cac yéu té anh huong céng ngh¢ nhu: nhiét
do, thoi gian, toc do truc quay dén hidu qua ghép
dugc xac dinh bang IR, phéan tich héa hoc, chi sb
chay va goc tiép xtic. Him luong ghép cao nhét dat
1,705% khéi lwong & nhiét do 185°C va téc do truc
quay 40 v/p trong thoi gian 11 phut.
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