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NGHIEN CUU QUA TRINH KHAU MACH NHIET TREN CO SO
NHUA EPOXY BIEN TiNH DAU TRAU VA ANHYDRIDE MALEIC

LE XUAN HIEN, VO MINH HOANG, NGUYEN THI VIET TRIEU, NGUYEN TH| THUC

1. MO PAU

Mot sb ‘két qua nghién ctru tong hop, khau mach nhua epoxy bién tinh dau trau & 155°C,
khau mach bang phuong phap quang héa theo co ché gbc (hé khau mach quang héa ETT39-HD
DA-I-184), khau mach biang phuong phap quang héa theo co ché cation (hé khau mach quang
hoa ETT39-BCDE-TAS) cua Phong Vat ligu Cao su va Déu nhua thién nhién, Vién Ky thuat
Nhiét déi da duge thong bao [1 - 4]. Bai bao nay tiép tuc trinh bay mot sé két qua nghién ciru
cua hé khau mach nhiét trén co s& nhua epoxy bién tinh dau trau va anhydrit maleic.

2.THUC NGHIEM

2.1. Nguyén liéu va hoa chit

- Nhua epoxi bién tinh dau tréu sir dung loai ETT39 duoc diéu ché tai Vién Ky thuét
Nhiét déi ¢6 ham lugng dau trau trong nhua 39%, ham lugng nhom epoxi = 2,4 mol/kg.

- Anhydrit maleic (AM): sir dung loai PA cua hang Aldrich. CHLB Dirc

- Dung méi HT 92 duoc ché tao tai phong Vit liéu Cao su va Dau‘nhua Thién nhién,
Vién Ki thuat Nhiét doi.

- Ruogu etylic: str dung loai con tuyét déi cua xi nghiép hoa dugc, B6 Y té.

2.2. Tao hé khiu mach nhiét

Hé khau mach nhiét dugc tao béng cach trén déu cac hop phén nhua ETT 39 véi anhydrit
maleic theo ti [é mol epoxy/AM khac nhau.

n = Tilé (mol
STT Tén mau Epoxy ) AM
I Miu | ! 0,7 |
| 2 Mau 2 I [ |
3 Miu 3 1 13 |
4 Mau 4 I 1,6 |
5 Mau § | I 2,0

2.3. Khau mach nhiét



Miu khau mach nhiét duoc tao mang cé dé day 20 mm trén vién KBr hodc 30 mm trén
kinh, trén thép CT3, dugc say & 150°C trong tu say tai Vién Ky thuat Nhiét doi (Vién KTND),
Vién Khoa hoc va Cong nghé Viét Nam (Vién KH&CNVN).

2.4. Cac phwong phap phan tich, thir nghiém

- Phén tich nhi€t vi sai quét (DSC) trén may DSC131 SETARAM (Phap) tai khoa Hoa hoc,
Truong Dai hoc Khoa hoc Tu nhién, Pai hoc Quéc gia Ha Noi.

- Phuong phap xac dinh phan gel va dé truong: Da dugc trinh bay trong cac cdng trinh da
cong bo [5, 6].

- Céc tinh nang co li:

+ D6 cimg tuong déi duoc xac dinh trén may PENDULUM DAMPING TESTER.

MODEL 299/300 (CHLB Dirc) theo tiéu chuan PEROZ (NET- 3-16) tai Vién KTND, Vién
KH&CNVN.

+ bo bén va dap dugc xac dinh trén dung cu IMPAC TESTER model 304 (CHLB Diic)
theo tiéu chuan ISO 304 tai Vién KTND. Vién KH&CNVN.

+ Do bén ¢ép gidn dugce xac dinh’trén may LACQUER and PAINT TESTING MACHINE,
model 200 (CHLB buc) theo tiéu chuan ISO 1521 tai Vién KTND, Vién KH&CNVN.

_+ D0 bam dinh xac dinh bang dung cu Elcometer 1542 Cross Hatch Cuttercuar (Anh) theo tiéu
chuan 1SO 2409 tat Vién KTND, Vién KH&CNVN.

3. KET QUA VA THAO LUAN

Qua trinh khau mach nhiét cua hé nghién ctru dugce khao sat dua vao phin tich nhiét vi sai
quét, bién doi nhom dinh chue, bién doi phan gel, do truong cling nhu mét so6 tinh nang co li cua
mang trong qua trinh khau mach nhiét.

3.1. Phan tich nhiét vi sai quét (DSC)

Mau phan tich DSC la h¢ c6 ti I¢ (mol) epoxy/amin = I/1dugc trinh bay trén hinh 1.
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Hinh |. Gian d6 DSC cua hé ETT 39 — AM véi ti I& (mol) epoxy/AM = 1/1,3
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Két qua phan tich nhiét vi sai quét cho thay nhiét do bat dau cua phan img gitta ETT 39 voi
AM 12 60°C. Tiép tuc tang nhiét d6 trén gian do xuat hién mét dinh toa nhiét tai 94°C vai hiéu img
nhiét 19.05 (J/g) va dinh toa nhiét & 340, 98°C. Dinh toa nhiét thir nhét biéu thi nhiét luong cua
phan mg dong ran, dinh toa nhiét tha hai biéu thi nhiét luong phan (mg phan huy nhiét cua hé
nghién ctru. Dé phan (mg déng ran cua nhua epoxy va anhydrit maleic xay ra triét dé nguoi ta
thuong thuc hién qua trinh dong rin & 150°C.

3.2. Bién déi nhém dinh chirc

Nghién ciru phd hong ngoai cé thé thdy cuong d6 cua hap thu dac trung cho nhém epoxi
cua ETT 39 tai 914 cm™ va lién két - C=0O trong AM tai 1776 cm™ giam manh trong qua trinh
khau mach. Trong khi dé cudng do hap thu dac trung cho dao dong cua vong benzen & 1510 cm’
" khéng thay doi.

Dung phuong phap néi chuan theo cudong d6 hap thu ciia nhém C =0 & 1730 cm™ da xac
dinh dugc su bién dbi dlnh luegng nhom epoxi cua ETT 39 va AM theo su bién déi cuomg do hap
thu dac trung & 914 ¢cm™; 1776 cm™. Bién ddi ham lugng anhydrit maleic trong qua trinh dong rin
ctia mang day 20 pm vai céc ti 1€ (mol) ETT 39/AM khac nhau duoc trinh bay ¢ hinh 2.
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Hinh 2. Bién déi ham luong anhydrit maleic trong qua trinh phan tmg

T hinh 2 ¢ thé thiy khi tang ham lugng chét dong ran su chuyén hod anhydrit maleic
cham dén. V&i mau | chi sau khoang 40 phut phan tng anhydrit maleic da chuyen hoa hét, voi
mau 3 sau khoang 130 phut phan tng ham luong anhydrit maleic chuyén hoa gan nhu hoan
toan. Mau 5 ¢6 ham lugng anhydrit maleic du nhiéu nhat 32% sau 160 phut say.



Su bién ddi ham luong va cuong do hédp thu dic trung cho nhom epoxy cia ETT 39 tai
914 cm’ trong qué trinh déng rdn cua mang day 20 um dugc trinh bay & trén hinh 3.
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Hinh 3. Bién dbi ham luong nhom epoxy cua ETT 39 trong qua trinh phan (ng

Tir hinh 3, ¢6 thé thay khi ti 1é mol epoxy/AM thay di tir 1/0,7 dén 1/2 (mol), ham luong
nhom epoxy giam nhanh trong khoang tir 2 dén § phat dau. Sau 5 phat ham lugng nhoém epoxy
cua mau 1, 2, 3, 4, 5 dat cac do chuyén hod 10%; 42%, 44%; 79%; 100% tuong Ung. Sau do
chuyén hoa nhom epoxy cham dan. O mau 3 nhém epoxy chuyén hoa mét cach tur tir va sau 180
phut phan (g chuyén hoa dugc 83%.

Nhu vay dudi tac dung cta nhiét dé, khi taing ham lugng AM chuyén hoa nhém epoxy
trong hé tang va dién ra rat nhanh. O ti 1¢ mol epoxy/AM = 1/1,3 qua trinh khau mach dién ra
mot cach tir tir. Vi vay chang t6i chon ti 1€ mol epoxy/AM = 1/1,3 la hé tdi wu cho cac nghién
cru tiép theo. Vi ti 1¢ nay sau |30 phit phan tng ham lugng AM va epoxy chuyén hoa tuong
ing 100% va 83%.

3.3. Phin gel, d6 truong

Két qua nghién ctu bién dbi phin gel va do truong cua hé khau mach cé ti 1& mol
epoxy/AM = 1/1,3 trong qua trinh déng ran & 150°C duge trinh bay trén hinh 4.

Tur hinh 4 c6 thé thay: Phan gel tang theo thai gian dong rén. Sau 40 phit va 80 phat dong
ran phan gel dat 44% va 63%, sau d6 bién doi chdm dat 66% sau 180 phut. O thoi diém nay do
truong gidam con 330%. Rd rang nhém epoxy va anhydrit maleic da chuyén hoa tao mang luéi
polyme khong gian ba chidu chat ché. Mang nhua ban dau long, dinh. Sau 180 phut phan ung da
tro lén ran, danh va hau nhu khéng tan.
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Hinh 4. Bién ddi phan gel va dé truong cua hé ETT 39/AM trong qua trinh déng ran o 150°C

3.4. D6 cirng twong doi
D6 clrng wong dbi
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Hinh 5. Bién déi do cimg tuong dbi cua hé ETT 39-AM trong qua trinh khau mach
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Két qua khao sét bién ddi do cing tuong ddi cua hé ETT 39 — AM trong qua trinh dong ran
& 150°C duogc trinh bay trén hinh 5.

Tir hinh 5 ¢6 thé thdy hé khau mach nghién ciru tao mang ludi khong gian ba chiéu véi do
clmg khong cao. D¢ cirng cua mang tang khi tang ti l¢ (mol) ctia chat déng ran so véi nhém
epoxy. Mau | ¢é do cling cua mang nho nhét va bano 0.08 sau 180 phut phan ung. Mau 4 ¢6 do
clg ciia mang la 0,29. Mau 5 cé ti 1€ chat dong ran nhiéu nhét va dé cirg cia mang cao nhat,
nhung ciing chi dat 0,34 sau 180 phut say Mau 3 sau 180 phut phan (ng dd cing chi dat 0,26.
Qua hinh 5 ta ciing thay trong 60 phut dau d¢ cimg tang nhanh sau do bién d6i cham.

3.5. D6 bén va dap

- bd bén va dap cua mang nghién ctru véi céc ti 16 (mol) epoxy/AM khac nhau sau 180 phit
sy & 150°C dugc trinh bay ¢ bang 1.

Bang 1. Do bén va dap cua hé ETT 39-AM

Tén mau 1 Ti 1&(mol) epoxy/AM P bén va déap (kg.cm)
Mau | | 1/0.7 150
Mau 2 11 170
Mau 3 1/1.3 >200
Mau 4 1/1.6 > 200
Mau 5 172 > 200

Qua bang 1 ¢6 Iheithéy dé bén\ va dap cla cac mau cé gia tri cao, va tang khi tang ham
luong chat dong ran. Mau 1 ¢6 do bén va dap 150 (kg.cm) sau 180 phut sdy. Cac mau 2, 3,4, 5
c6 d6 bén va dap dat > 200 ( kg.cm).

3.6. Do bén ép gian
D6 bén ép gian cua mang nghién clru véi cac ti 1& (mol) epoxy/ AM khéac nhau sau 180

phut say & 150°C dugc trinh bay & bang 2.

Bang 2. D6 bén ép gian cia hé ETT 39-AM

Tén mau Ti I&(mol) epoxy/AM D6 bén ép gian (mm)
Mau | 1/0,7 5,8
Mau 2 1/1 8,6
Mau 3 /1,3 > 10
Mau 4 t/1,6 > 10
Mau 5 112 > 10




Tu bang 2 ¢o6 thé thiy do bén ¢p gian tang khi tang ham luong AM trong hé. Mau | do ben
€p gian thap nhét, dat 5.8 mm. Miu 2 ¢6 d6 bén ép gian 8,6 mm. Cac mau con lai nhin chung c6 do
bén ép gian cao > 10 mm.

3.7. D§ bam dinh

B0 bam dinh cua mang nghién ciru véi cac ti 1é (mol) epoxy/ AM khac nhau sau 180 phut
say & 150°C dugc trinh bay & bang 3.

Bang 3. D6 bam dinh cua hé ETT 39-AM

Tén mau Ti € (mol) epoxy/AM | Po6 bam dinh N
Mau | 1/0,7 Piém O
Mau 2 1/1 Piém O
Maiu 3 11,3 Piém O
Mau 4 1/1,6 Piém O
Mau 5 172 Piém O

Qua bang 3 ta thiy cac mau c¢6 do bam dinh rat t6t, déu dat diém O

4. KET LUAN

ba khao sat qua trinh khau mach cua mang trén co so nhua epoxy bién tinh dau trau (ETT
39) chira ham lugng chat déng ran anhydrit maleic (AM) khac nhau & 150°C va lua chon dugc ti
1€ (mol) cac hop phan téi uu: epoxy /AM = 1/1.3.

Mang lua chon voi d§ day 20 pn sau 180 phut say & 150°C c6 cac tinh chat: ham gel 66%,
dé truong 330%. dé cung tuong doi 0.26. do ben va dap > 200 (kg.cm), do bén €p gidn
> 10 mm. d6 bam dinh dat diém O.

Bang phuong phap phan tich nhiét vi sai quét da xac dinh dugc hiéu ung nhiét cia phan
tng gitra ETT39 va AM 1a 19.05 (J/g).

Mang dong ran cua hé khau mach nhiét trén co s& nhua epoxy bién tinh dau trau (ETT 39) va
anhydrit maleic (AM) v&i ti 1€ (mol) epoxy /AM = 1/1.3 v&i céc tinh nang néu trén co thé su
dung lam lop phu bao vé va trang tri bé mat chat lugng cao.

L&i cdm on. Tap thé tac gia chan thanh cam on Chuwong trinh nghién clru co ban trong linh vuc
Khca hoc Ty nhién da hé tro kinh phi dé hoan thanh céng trinh nay.
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SUMMARY

STUDY OF THE THEMAL CURING OF THE CURABLE SYSTEM BASED ON
EPOXY RESIN MODIFIED BY TUNG OIL AND ANHYDRIDE MALEIC

The themal curing behavior of epoxy resin modified by tung oil and anhydride maleic was

studied at 150°C. The quantitative changes in concentrations of anhydride, epoxy were
measured by FT-IR spectroscopy. The polymerization of epoxy group in the 20 mm thick film
of the system containing epoxy resin modified by tung oil (ETT39) and Anhydride maleic with
different mol ratios epoxy/anhydride maleic: 1/0,7; 1/1; 1/1,3; 1/1,6; 1/2 have been studied. The
fastest rate of the reaction was observed in the system with the mol ratio epoxy/anhydride =
1/1.3 leading to epoxy convertion of the ETT39 and anhydride 83% and 100% respectively after
130 minutes at 150°C.

Dia chu: Nhan bai ngay 5 thang 1 nam 2008

Vién Ky thuét nhiét déi.

Vién Khoa hoc va Céng nghé Viét Nam.
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