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Abstract

The influence of the contents of epoxy resin modified by castor oil (ECO), polyisocyanate (PI) on the crosslinking
reaction of ECO by PI at 155 °C have been studied. It was shown that the increase of PI content in the curing systems
from 20 to 60 % led to decrease of the rate of the consumtion of isocyanate, hydroxyl and epoxy groups and
corresponding change of amide groups, resulted in considerable improvement of the relative hardness and gloss of the
cured coatings. The weight ratio of EDV/PI = 50/50 have been determined to be optimal condition for formation of the
cured coating having gel fraction, swelling degree, flexibility, adhesion, impact resistance, gloss at 60° and relative
hardness of 98 %; 126 %; 1 mm, 1 point, 200 kG.cm, 95 % and 0.97, respectively.
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1. MO PAU

Mot s6 két qua nghién ciru cho thy cac hop chat
c6 nhém hydroxyl trong d6 c6 dau ve ¢ thé tac
dung voi cac isoxyanat, tao mang ludi khong gian ba
chiéu [1-5]. Nhua epoxy bién tinh dau thuc vat cé
thé dong ran bang nhiéu tac nhan khac nhau, tuy
thudc vao cac nhom dinh chirc ¢é trong phén tir nhu
nhém hydroxyl, nhém epoxy, lién két do6i. Theo
huéng nay polyisoxyanat (P1) di duoc sir dung dé
dong rin nhua epoxy bién tinh dau dau nanh thu
dugc mang khau mach cé céc tinh chit co 1y tét [5].

Do dau ve c6 trong phan tir ba nhém hydroxyl
nén nhya epoxy bién tinh diu ve c6 nhidu nhoém
hydroxyl hon nhya epoxy bién tinh dau d4u hay cac
dau khac. Piéu nay chic chin s& anh huéng t6i phan
mg khau mach nhya epoxy bién tinh dau ve bang
polyisoxyanat ciing nhu tinh chét ctia san pham khau
mach. Bai b4o nay trinh bay mot sé két qua nghién
ctu anh huong cia ham lugng polyisoxyanat dén
qué trinh khau mach nhya epoxy bién tinh dau ve
(EDV) 6 nhigt d6 cao.

2. THUC NGHIEM
2.1. Nguyén liéu va hoéa chét

Nhua epoxy bién tinh dau ve (EDV) do Phong
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Vit liéu cao su va dau nhya thién nhién, Vién Ky
thuat nhiét doi ché tao, c6 ham lugng nhém epoxy =
2 mol/kg, ham lwgng nhdm hydroxyl = 4,5 mol/kg,
ham luong dau 39 %, d6 nhot von cé = 4,8 dL/g.
Polyisoxyanat (PI) loai Desmours N-75 cua hang

Sigma, CHLB Bric, ¢6 cong thirc cu tao nhu sau:
o)
NH—(CH,)s—NCO
OCN—(CH,)s—N

NH—(CH,)s—NCO
o

Dung mdi: xylen va axeton loai P cta Singapore.
2.2. Tao hé khau mach

Cac hé nghién ctru dugc tao bang cach tron déu
EDV va PI trong hdon hop dung mdi xylen va axeton
vai ty 1& khdi lugng xylen/axeton = 80/20. Ty 1&
EDV/PI dugc trinh bay trong bang 1.

Bang 1: Ty I¢ theo khdi luong cua
cac mau nghién ctru

S6 mau EDV Pl
1 80 20
2 70 30
3 60 40
4 50 50
5 40 60
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2.3. Khau mach

H¢ khau mach nghién ctru dugc tao mang day 20
um, sdy & nhiét do 155 °C trong ti sdy. Sau nhimng
khoang thodi gian nhat dinh 14y mau phan tich, thir
nghiém.

2.4. Cac phuong phap phéan tich, thir nghiém

Mang khau mach dugc tao trén vién KBr dé
phan tich hdng ngoai; trén kinh dé xac dinh do cing
tuong ddi, xac dinh phan gel, d6 truong va trén thép
CT3 dé xac dinh do bén va dap, do bam dinh; trén
tam ddng dé xac dinh d6 bén uén.

2.4.1. Phdn tich hong ngoqi

Sy bién d6i cac nhém chirc trong qué trinh khau
mach duoc xac dinh bang phé hong ngoai, trén may
FTIR, NEXUS 670, Nicolet (My) tai Vién Ky thuat
nhiét doi, Vién Han 1dam Khoa hoc va Cong nghé
Viét Nam.

Mau phan tich hdng ngoai 1a mang nhua duoc
tao trén vién KBr. Bién d6i cua cac nhém chuc dugc
xac dinh dwa vao su thay d6i cuong do hap thu dic
trung cua ching. Su bién d6i nay dugc xac dinh
bang phuong phap ndi chuan theo hip thu cia nhém
CH no tai 2928 cm™, ¢ cudng do hap thu khong
thay doi trong qué trinh khau mach.

2.4.2. Xdc dinh phan gel, @j truong

Mau khéi lugng m; dugc ngdm vao céc dung
hdn hop dung xylen va axeton véi ty 1& khéi lwong
xylen/axeton = 80/20 trong 24 gio. Ly miu ra can
duoc khdi luong m,, sdy khd trong tu sdy & 50 °C
dén khéi luong khong doi ms.

Truyén qua (%)

P4 Minh Thanh va céng s

Phan gel, do truong duoc tinh theo cong thirc
sau:

Phan gel (%) = [ms/ m,] x 100 %

Do truong (%) = [my/ mg] x 100 %
Trong do:

+ my: khéi luong mau ban dau (g).

+ m,: khdi lwong mau sau 24 gio ngam trong
dung moi (9).

+ mg: khdi luong con lai cia mau m, sau khi say
kho (g).

2.4.3. P cimg twong doi: P cung twong ddi cia
mau dugc xac dinh béng dung cu PENDULUM
DAMPING TESTER model 300 cia CHLB Buc
theo tiéu chuan 1SO 1522 tai Vién K¥ thuat nhiét
déi, Vién Han 1dam Khoa hoc va Céng nghé Viét
Nam.

2.4.4. Bg bén va ddp: Pugc xac dinh bang dung cu
IMPACT TESTER, model 304 cua CHLB Duc theo
tiéu chuan 1SO 6272 tai Vién Ky thuat nhiét doi,
Vién Han Iam Khoa hoc va Céng nghé Viét Nam.

2.4.5. P¢ bam dinh: Pugc xac dinh bing dung cu
Elcometer Cross Hach Cutter caa Anh, theo tiéu
chuan 1SO 2409 tai Vién Ky thuat nhiét doi, Vién
Han I&am Khoa hoc va Céng nghé Viét Nam.

2.4.6. BJ bén uéq: Puoc xac dinh bﬁng dung cu 11
I'-1 theo tiéu chuan I'OCT 6806-53.

3. KET QUA VA THAO LUAN
3.1. Nghién ctru khau mach & 155 °C
Bién dbi cac nhom dinh chic cua céc hé nghién

cuu trong qua trinh khau mach duoc xéac dinh bang
pho hong ngoai.

1000

2000

S song (cm™)

Hinh 1: Phd hdng ngoai ciia EDV (a), polyisoxyanat (b), mang trén co s& nhua epoxy bién tinh dau ve va
polyisoxyanat trudc () va sau 450 phat khau mach & 155 °C (d). Ty Ié¢ EDV/PI = 50/50
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3.1.1. Nghién ciru phé hong ngoai cua h¢ khau mach
trén co so nhwa epoxy bién tinh ddau ve va

polyisoxyanat trudce va sau khi khdau mach

Két qua nghién ctau cac hap thy dac trung cho
cac nhom dinh chuc trong c&c hop phan cua hé khau
mach trén phé héng ngoai va bién ddi cua chdng
trong qué trinh khau mach cho thay trong qua trinh
khau mach, hip thu dic trung cho dao dong hoa tri

Bang 2: Bién d6i cac hap thy dic trung

Nghién citu anh huong cua ty 1é...

ciia CH no tai 2928 cm™ ciing nhu cudng do cua nd
hau nhu khong thay d6i. Cac hap thu dic trung cho
cac nhom hydroxyl tai 1106 cm™, nhdm isoxyanat
tai 2270 cm™ va nhdm epoxy tai 917 cm™ giam rat
manh sau khi kh&u mach. Bén canh do, nhom amit
tai 1689 cm™ ting manh (hinh 1, bang 2). Vi vay,
trong nghién ctru da khdo sat su bién ddi cuong do
cua cac hap thu ndy bang phuong phap ndi chuin
theo hap thu dic trung cia CH no tai 2928 cm™.

cho cic nhom dinh chic caa hé khau mach

trén phd hong ngoai trong qué trinh khau mach

C ] Nhan xé ién
STT | So6s6ng (cm™) Dao dong déc trung ? Xgéisu bie

1 3413 Dao dong héa tri cuia lién két OH t thay doi

2 3384, 3260 Dao dong hda tri cia NH trong nhém uretan Giam

3 2928 Dao dong héa tri doi xang va} bat d6i xrng cua CH trong Khong dbi

—CH,—va —CH;
4 2272 Dao dong héa tri cia N=C trong -NCO Giam manh
5 1736 Dao dong héa tri caa C=0 Téang 1én
Dao dong hda tri caa C-N ha it cua nho
5 1689 ao dong hoa tri cua C-N trong phan amit caa nhom Tang lén
uretan
7 1106 Dao dong hoa tri cua lién két C-O trong ruou bac 2 Giam di
8 917 Dao dong dac trung ciia nhom epoxy trong EDV Giam di

3.1.2. Nghién citu bién doi cdc nhém chire trong qud
trinh khdau mach

~ Anh huéng cua ty ¢ khoi lugng EDV/PI dén bién
doi nhom isoxyanat trong qué trinh phan tng duoc
trinh bay trén hinh 2.

100 §

a Ty 1 (khbilwgng) EDV/PI:

g % ¢ 80/20
P

g " 70/30
s

g 60 60/40
E 40 x 50/50
=

S 40/60
on

£

2 5 Ls

£

g 0 30 60 9 120 150

Thoi gian phan (g (phut)

Hinh 2: Bién d6i ham luong nhém isoxyanat
trong qua trinh phan {tng

Tir hinh 2 ¢6 thé thay khi ting ham lugng chat
dong ran Pl trong hg, bién d6i cua ham luong nhom
isoxyanat giam dan. Véi miu cé ty 16 EDV/PI bang
80/20 nhém isoxyanat bién dbi gan nhu hoan toan
sau 15 phut phan @ng. Khi ty 1¢ EDV/PI bang 70/30

va 60/40 nhom isoxyanat bién d6i gan nhu hoan toan
sau 30 phat phan ung. Khi ty 16 EDV/PI bang 50/50
va 40/60, ham luong nhém isoxyanat giam dan trong
khoang 60 phtit ¢au va bién d6i gan nhu hoan toan
sau 90 phut.

Anh huong cua ty 1 khéi luong EDV/PI dén bién
ddi ham lwong nhém hydroxyl trong qué trinh phan
ung duoc trinh bay trén hinh 3.

100 § Ty 1é (khdi lwgng) EDV/PI: 80-20

80 1 = 70-30

o Py

N~

60

60 - 60-40

20 | X 50-50

40-60
20

Ham lwgng nhém hydroxyl (%)

30 90 120 150

Thoi gian phan {ng (phit)

Hinh 3: Bién d6i ham lwong nhém hydroxyl
trong qua trinh phan ung

Tir hinh 3 ¢6 thé thay tang ham lugng Pl lam

taing bién ddi cudi cung cia ham lwong nhém
hydroxyl. O ty Ié¢ khéi luong EDV/PI la 80/20,
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70/30, 60/40, 50/50, 40/60 bién d6i ham luong nhom
hydroxyl tuong tng 1a 30, 38, 49, 71 va 77 %. Két
qua nay cho thay bién d6i nhém hydroxyl phi hop
Vv6i bién d6i nhom isoxyanat trén hinh 2. Khi nhém
isoxyanat bién doi hét, nhom hydroxyl ciing ding
bién dbi.

Anh huong cia ty 1é khdi lugng EDV/PI dén bién
d6i nhém amit trong qué trinh phan tmg dugc trinh
bay trén hinh 4.

1.6 4
T 1¢ (khdi lugng) EDV/PL: g0

=
>

= 70/30

=
]

60/40

* 50/50

D1689/D2928
-
=}

© 40/60

o
0

0 30 60 920 120 150

Theoi gian phan ing (phit)

Hinh 4: Bién doi ty s6 mat ¢6 quang caa nhom
amit so véi nhém C-H no trong qua trinh phan tng

Ttir hinh 4 ¢6 thé thiy ham lwong nhém amit ting
twong tng Vi su bién dbi cia ham lwong céc nhom
hydroxyl va nhém isoxyanat.

Anh huong cua ty 1é khéi luong EDV/PI dén bién
d6i ham lwong nhém epoxy trong qua trinh phan tng
duoc trinh bay trén hinh 5.

100

2 Ty1¢ (khéil EDV/PL:

> w0 | V& (khoilwgng) +80/20
]

g = 70/30
E 60/40
< 40 4

w o * 50/50
9 © 40/60
E 0 T T T T T T T T 1

«©

I

0 50 100 150 200 250 300 350 400 450

Thi gian phan (ng (phat)

Hinh 5: Bién d6i ham lugng nhém epoxy
trong qué trinh phan ung

Céc két qua trinh bay trén hinh 5 cho thiy ham
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lwong nhom epoxy bién d6i manh sau khi phan lon
nhom isoxyanat da phan ung. Ham lugng nhom
isoxyanat cang lon, ham lugng nhém amit trong hé
trugc Va trong qua trinh phan tng cang nhiéu. Nho
vay, phan ang cta ching véi nhém epoxy cang dé
dang. Vi vay, ham lugng nhdm isoxyanat cang cao,
nhom epoxy cang phan tng nhanh va nhiéu. Cu thé,
sau 450 phat phan g ham lugng nhém epoxy & cac
hé 80/20, 70/30, 60/40, 50/50, 40/60 bién doi tuong
tng 1a 47 %, 67 %, 72 %, 76 % va 86 %.

3.2. Mt s6 tinh chét ciia sain pham

Tur hinh 6 ¢c6 thé thiy d6 cimg twong ddi cua
mang tang khi thoi gian phan ung ting. Gia tri cao
nhat ctia d6 cung tuong dbi tang khi ty 1¢ khdi luong
ED/PI thay d6i tir 80/20 dén 40/60. Khi cang ting
ham lwong nhém isoxyanat téc do ting do cing &
cac hé cang tang nhanh. Tuy nhién, su bién ddi do
clmg twong d6i trong qua trinh phan ung cia mang
pha c6 ty lé EDV/PI = 50/50 va 40/60 gan nhu
tuong dong theo thoi gian.

Ty 1¢ (khéilwgng) EDV/PI:

14 + 80-20
~i§ 0.8 = 70-30
& A 60-40
§ 06
s % 50-50
s 04 A
5 ® 40-60
g 02

0

0 300 600 900 1200 1500

Thoi gian phan wng (phit)

Hinh 6: Bién d6i do cung tuong doi
trong qua trinh phan tng

Mot sb tinh chat caa san pham khau mach va
diéu kién khau mach duoc trinh bay trén bang 3.

Tir bang 3 c6 thé thay xét vé chi tiéu ky thuat,
mang phu véi ty 18 khdi lwong EDV/PI = 50/50 va
EDV/PI = 40/60 c6 tinh ning twong duong nhau va
t6t nhat trong cac mang nghién ctru. Tuy nhién,
mang phu voi ty 16 EDV/PI = 50/50 st dung it PI
hon s& giam gia thanh ciia san pham, do do ty 1¢ nay
dugc chon 14 ty 18 thich hop dé tao mang phu. O ty
1¢ nay, mang phi sau 450 phit dong ran c6 ham
luong phan gel 98 % va dé truong 126 %.
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Nghién citu anh huong cua ty 1é...

Bang 3: Tinh chét cia mang pha polyme

s biéu kién K . Do bong
Tyl déng rén Pocung | Pobén | DO | PO (%)
khoi — = . . ben bam
STT Nhiét | Thoi Ngoai hinh tuong va dap F ;
luong | 46" | gian i | (kG.cm) | MO | dinh gno | g
EDV/PI Q) | (phat) (mm) | (diem)
1 | 8020 | 155 | 1500 | Vvangnhat |4 44 200 1 1 | 69 | 37
trong suot
2 | 7080 | 155 | 1500 | VAnGratmhat g6 | o00 | 1 1 | 78| 45
trong suot
C6 sic vang,
3 60/40 155 | 1500 trong suét 0,81 200 1 1 97 78
4 | 50550 | 155 | 450 | COSacVANg. | ¢ qg 200 1 1 | 95| 70
trong suot
C6 sic vang,
5 40/60 155 450 trong suét 0,97 200 1 1 98 58
4. KET LUAN thanh cong trinh nay.
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