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Abstract

The influence of the content of epoxy resin modified by castor oil (ECO), dianhydrite piromelitic (PMDA) and
dimetylbenzylamin (DMBA) on the crosslinking reaction of ECO by PMDA have been studied and the optimal
conditions for the curing have been determined. It was showed that at the optimal conditions: The mol ratio of
anhydrite/epoxy = 1.3, reaction temperature 120 °C, the DMBA content of 2.3 % of the total mass of ECO and PMDA,
the epoxy and anhydrite groups had been totally converted after 60 min of reaction. The mol ratio of anhydrite/epoxy =
1.3 have been determined to be optimal condition for formation of the cured coating having gel fraction, swelling
degree, flexibility, adhesion, impact resistance and relative hardness of 93 %; 150 %; 1 mm, 1 point, 200 kG.cm, and

0.88, respectively.
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1. MO bAU

Nhura epoxy noi chung va nhya epoxy bién tinh
dau thue vat n6i riéng c6 nhiéu nhém dinh chire nhu
nhém epoxy, nhém hydroxyl... nén cé thé bién doi,
khau mach bang nhiéu phuong phéap khac nhau, tao
cac san phdm déng rin da dang, dap Gng nhiéu yéu
cau cua thuc tién [1-9].

Bai bao nay trinh bay mot sé két qua nghién ctru
phan tng khau mach nhya epoxy bién tinh diu ve
bang dianhydrit piromelitic.

2. THUC NGHIEM
2.1. Nguyén li¢u va héa chit

Nhya epoxy dian E44 bién tinh dau ve (EDV) do
Phong Vat liéu cao su va dau nhya thién nhién, Vién
Ky thuat nhiét doi ché tao, c6 ham lwong dau 39 %,
ham luong nhém epoxy = 2 mol/kg, ham lrong
nhom hydroxyl = 4,5 mol/kg, d6 nhét von dugce tinh
theo cong thac [10]:

lni

MNvénco = ? =4,8dL/g.

Trong do: Myén o 12 d0 Nhét von ¢6; t 1a thoi gian
chay cua chat nghién cau ndng do c; t, 1a thoi gian
chay cua dung moi.

Dung moi: Axeton, metyletylxeton loai k¥ thuat
(Singapore).

Dianhydrit piromelitic (PMDA) va N,N—dimety!l

benzylamin (DMBA) loai P, Aldrich (CHLB bric).
2.2. Tao hé khau mach

Céac hé khau mach nghién ctru duoc tao béng
cach pha dung dich nhya EDV, PMDA va DMBA
trong h¢ dung moéi axeton, metyl etyl xeton theo ti 1¢
khéi lwong axeton/metyl etyl xeton = 2/1 véi cac ty
1€ mol cta nhém anhydrit (A), epoxy (E) va ham
luong DMBA (%) so v&i tong khéi lwong cuia EDV
va PMDA khac nhau (bang 1).

Bang 1: Ty ¢ thanh phan ctia c&c mau nghién cu.

6 miu Anhydrit | Epoxy DMBA
mol mol (%)
Mau 1 0,5 1 2,3
Mau 2 0,75 1 2,3
Miu 3 1 1 2,3
Miu 4 1,3 1 2,3
Miu 5 1,6 1 2,3

2.3. Khiau mach

H¢ khau mach nghién ctru dugc tao mang day 25
pm, sdy ¢ nhiét do 120 °C trong tu say. Sau nhiing
khoang thoi gian nhat dinh 1ay mau phan tich, thwr
nghi¢m.

2.4. Cac phuwong phap phan tich, thir nghiém

Mang khau mach duoc tao trén vién KBr dé
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phan tich hong ngoai; trén kinh dé xac dinh d6 cing
tuong d6i, xac dinh phan gel, d6 truong va trén thép
CT3 dé xac dinh d6 bén va dap, 46 bam dinh; trén
tam dong dé xac dinh do bén udn.

2.4.1. Phdn tich hong ngogi

Sy bién ddi cac nhom chuc trong qua trinh khau
mach dugc xac dinh bang pho hong ngoai, trén may
FTIR, NEXUS 670, Nicolet (M) tai Vién Ky thuat
nhiét dgi, Vién Han 1am Khoa hoc va Céng nghé
Viét Nam.

M3u phan tich hdng ngoai 12 mang nhua duoc
tao trén vién KBr. Bién dbi cua cac nhdm chire duoc
xéac dinh dua vao sy thay d6i cuong do hap thu dic
trung ctia ching. Sy bién d6i nay duoc xac dinh
bang phuong phap ndi chuan theo hap thu ciia nhom
CH no tai 2929 cm™, ¢6 cuong do hip thu khong
thay d6i trong qua trinh khau mach.

2.4.2. Xdc dinh phan gel, @6 truong

Phan gel, dg truong xac dinh theo phuong phap
da duoc cbng bo [9].

2.4.3. Dé citng twong doi: P cing tuwong ddi cua
mau dugc xac dinh bﬁng dung cu PENDULUM
DAMPING TESTER model 300 (Ptc), theo tiéu
chuan 1SO 1522 tai Vién Ky thuat nhiét doi, Viéen
Han 1dam Khoa hoc va Cong nghé Viét Nam.

2.4.4. 6 bén va ddp: Pugc xac dinh béng dung cu
IMPACT TESTER, model 304 (buc) theo tiéu
chuan ISO 6272 tai Vién Ky thuat nhiét dai, Vién
Han lam Khoa hoc va Cbng nghé Viét Nam.

2.4.5. B¢ bam dinh: Pugc xac dinh bang dung cu
Elcometer Cross Hach Cutter (Anh), theo tiéu chuan
ISO 24009 tai Vién Ky thuat nhiét doi, Vién Han 1am
Khoa hoc va Céng nghé Viét Nam.

2.4.6. BJ bén uon: Puogc xac dinh béng dung cu I
I'-1 theo tiéu chudn TOCT 6806-53 tai Vién Ky
thuat nhiét doi, Vién Han l1am Khoa hoc va Cong
nghé Viét Nam.

2.4.7. B¢ bong: Pugc xac dinh theo tiéu chuan
ASTM D523-14 tai Vién K¥ thuat nhiét doi, Vién
Han 1am Khoa hoc va Céng nghé Viét Nam.

2.4.8. Phan tich nhiét: Puoc x4c dinh bing may
TGA 209 F1 cua NETZSCH (btc), may DSC204
F1 Phoneix cia NETZSCH (buc) tai Vién Ky thuat
nhiét dgi, Vién Han 1am Khoa hoc va Céng nghé
Viét Nam, luong mau 5,53 mg, chén dung mau bang
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nhom, téc do ting nhiét 10 °C/phdt, trong moi
truong khong khi.

3. KET QUA VA THAO LUAN

3.1. Phan tich nhiét vi sai quét ciia hé
PMDA/EDV

Gian d6 phan tich nhiét vi sai quét (hinh 1) cho
thay nhiét ‘phan ung xay ra trong khoang 70-175 °C.
Véi van téc cuc dai tai 127 °C va nhiét phan tng la
49,94 J/g. Vat lidu bat dau phan hay tr 300 °C va
phan hay cuc dai & 385 °C.

DSC /(mW/mg)
1 exo
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Hinh 1: Gian do phan tich nhiét vi sai quét caa
PMDA/EDV
Qua phén tich nhiét vi sai quét da lya chon nhiét
d6 120 °C @ nghién ciu anh huong cua ty 18 cac
thanh phan dén phan tng khau mach nhya epoxy
bién tinh dau ve bang dianhydrit piromelitic.

3.2. Nghién ciru khiu mach ¢ 120 °C

3.2.1. Nghién citu phé hépg ngogi cua hé khau mach
trén co s¢ nhya epoxy bien tinh dau ve va dianhydrit
piromelitic frurdc va sau khi khadu mach

Bién d6i cac nhom dinh chirc cua cac hé nghién
ctru trong qua trinh khau mach duogc xac dinh biang
phd hong ngoai.

Két qua nghién ctu cac hap thu dic trung cho
cac nhom dinh chuc trong cac hop phan cua hé khau
mach trén phd hdng ngoai va bién ddi cua ching
trong qué trinh khau mach cho thay trong qua trinh
khau mach, hip thu dic trung cho dao dong héa tri
ctia CH no tai 2929 cm™ ciing nhu cudng do cia nd
hau nhu khong thay dbi. Cac hap thu ddc trung cho
nhom epoxy tai 917 cm™ va cho nhém anhydrit cua
PMDA tai 1855 cm™ giam rat manh sau khi khau
mach. Vi vay, trong nghién ctru da khao sat su thay
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ddi cua cac nhém dinh chic néu trén dua vao bién
doi cuong do cua cac hap thu cua chung bang

Bij truyén qua (%)
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phuong phap ndi chuan theo hip thu dic trung cua
CH no tai 2929 cm™.
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Hinh 2: Phd hong ngoai cia mang trén co sé nhya epoxy bién tinh dau ve va dianhydrit piromelitic
truge (a) va sau 60 phat khau mach ¢ 120 °C (b). Ty 1é mol A/E = 1,3

3.2.2. Nghién citu bién doi cdc nhém chire trong qud
trinh khau mach

Anh huong cua ty 1é mol A/E dén bién dbi nhém
anhydrit trong qué trinh phan tmg dugc trinh bay trén
hinh 3.

Tu hinh 3 ¢6 thé thay, khi ting ham luong chat
dong ran PMDA trong hé, su chuyén héa nhém
anhydrit cham dan. Vi mau c6 ty 18 A/E = 0,5; 0,75
chi sau 10 phat phan tmg nhém anhydrit da chuyén
hoa hét. Véi mau co ty lé A/E = 1; 1,3 sau khoang
15 phat phan ¢ng nhém anhydrit chuyén hoéa gan
nhu hoan toan. Mau ¢ ty 1é A/E = 1,6 ham luong
nhém anhydrit con lai dén 16 % sau 30 phat phan
ung.

®1,6

Ty 1€ mol A/E:

Bién d&i ham lwgng nhém anhydrit (%)
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Theoi gian phan &ng (phat)

Hinh 3: Bién d6i ham lugng nhom anhydrit

Anh huong cua ty 18 mol A/E dén bién ddi ham
lugng nhom epoxy trong qua trinh phan tmg duoc
trinh bay trén hinh 4.

-
o
o
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Hinh 4: Bién d6i ham luong nhom epoxy

Tir hinh 4 ¢6 thé thay khi ty 1¢ mol A/E thay d6i
tir 0,5 dén 1,6, ham lugng nhém epoxy giam nhanh
trong khoang 5 phut dau. Sau d6 chuyén héa nhom
epoxy cham dan. O thoi diém 15 phdt phan @ng,
ham lugng nhdm epoxy cua cac mau co ty Ié mol
A/E = 0,5; 0,75; 1; 1,3; 1,6 dat cac dd chuyén hda
twong ung 80 %,; 87 %,; 98 %,; 100 %; 100 %. O mau
c6 ty 1é A/E = 1,3 nhom epoxy chuyén héa dugc 99
% sau 15 phat phan ung.

3.3. Mt s tinh chit ciia san phim

Gian db phan tich nhiét TGA cia mang phu
EDV/PMDA sau khi khau mach duoc trinh bay trén
hinh 5.

Qua gian db phan tich nhiét TGA va DTG cd thé
thdy trén gian ¢6 DTG c6 xuat hién hap thu trong
khoang 70-90 °C. Tuy nhién trén gian 46 TGA hau
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nhu khong thay su thay d6i khéi lugng trong khoang
nhiét d6 nay. Piéu nay c6 thé giai thich 1a do hap thu
nay la nang lugng hoa hoi cua nudc va nang luong
hoa hoi nay 16n, nhung do khdi lwong nudc rit nho
nén sy thay d6i khéi lugng trén duong TGA la
khong dang ké. Nhiét do bat ¢au phan hay tinh tur
thoi diém ton that 5 % khdi lwong 1a 330 °C. Téc do
phan huy cuc dai tai 387,4 °C, ton that 65,9 % khdi
luong & 800 °C.
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Hinh 5: Gian d6 TGA cua EDV/PMDA

Tir hinh 6 c6 thé thdy do cimg twong ddi cua
mang nghién curu tang manh trong 150 phut dau
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phan ung ddi vai cac he A/E = 1; 1,3; 1,6, sau do
tang cham dan va hau nhu khong ddi sau 300 phut
phan &ng. Mang phu c6 ty 1€ A/E = 1,3 dat d6 cung
tuong ddi cao nhat. Mang phu c6 ty 1é A/E = 0,5 dat
gia tri do ctng thap nhat. O ty 1& A/E = 1,6 do ctng
dat 0,86 sau 200 phuat phan Gng.

Ty 1é mol A/E:
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Hinh 6: Bién d6i do ctring cuia mang khau mach

Vi sau 300 phat khau mach do ciing cua cac mau
nghién ctu hau nhu khong thay d6i nén thoi gian
khau mach 300 phut duoc lya chon dé nghién ctu
céc tinh chat co 1y tiép theo. O diéu kién da lua
chon: Ham lwong DMBA 14 2,3 % so voi tong lugng
EDV va PMDA, nhiét do phan tng 120 °C, thoi gian
phan ng 300 phit mang phu cé cac tinh chat duoc
trinh bay trén bang 2.

Bang 2: Tinh chat caa mang pha polyme

Diéu kién dong
Ty lé ran . | Phan | D6 | DPocing | Dobén | Do bén |[Dobam| Do
- - Ngoai n £ p .
T mol | Nhiét | Thoi quan gel | truong tuoil}g va dap uon d.lflh bong
AE | @b gian (%) (%) doi (kG.cm) | (mm) | (diém) | (%)
(°C) | (phat) ,

1 05 | 120 200 | trongsuot | 61 145 0,33 200 1 0 69

2 | 0,75 | 120 200 | trongsudt | 82 177 0,57 200 1 0 78

3 1 120 200 |trongsudt| 91 162 0,82 200 1 0 92

4 1,3 120 200 | trongsudt | 93 150 0,90 200 1 0 91

5 1,6 120 200 |trongsudt| 91 148 0,86 200 1 0 75

4. KET LUAN EDV dén phan tng khau mach ¢ 120 °C di lwa chon

1. Qua phan tich nhiét vi sai quét da xac dinh
dugc phan ung ctia nhom epoxy v6i nhom anhydrit
trong hé trén co s& nhua epoxy bién tinh dau ve va
dianhydrit piromelitic xay ra trong khoang 70-162
°C va lya chon nhiét do nghién ctru la 120 °C.

2. Tur cac két qua nghién ctru anh hudng cua ty
1€ mol anhydrit/epoxy véi ham lugng N,N-dimetyl
benzyl amin = 2,3 % tong khéi lugng PMDA va

duogc diéu kién t6i wu dé thuc hién phan tmg la: Ty
1é mol A/E = 1,3, nhiét do 120 °C, thoi gian khau
mach 60 phut. O diéu kién nay mang khau mach co
phan gel va do truong dat twong tng 93 % va 150
%, d6 cung twong dbi dat 0,9, d6 bam dinh dat diém
1, dd bén ubn dat 1 mm, do bén va dap dat 200
kG.cm, nhiét do bat dau phan huay 1a 330 °C.

3. Vi céc tinh chét co 1y trén, mang phu trén co
s& PMDA/EDV c¢6 thé ding lam 16p phii bao vé,
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trang tri trong mot s6 linh vue.

Loi cam on. Tdp thé tic gia chan thanh cam on
Vién Ky thudt nhiét doi, Vién Han ldm Khoa hoc va
Céng nghé Viét Nam da hé tro kinh phi dé hodn
thanh c6ng trinh nay.
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