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Abstract

The brittleness or low strain-to-failure is and inherent problem of any high cross-linked thermosets, such as epoxy,
unsaturated polyester, and vinylester resins. For epoxy resins, this can be accomplished by a small amount of highly
reactive liquid elastomer, for example, carboxylterminated butadiene-acrylonitrile oligomer, which forms a second
phase in the cured matrix and impedes its microcracking. In this article, the epoxy-laccol (EP-LC) oligomes were used
as modificator to improve impact strength of the epoxy polymer. The laccol (LC) is a natural phenol with two hydroxyl
groups in octo-position and long side unsaturated hydrocarbon substitute C,;H;;. The reaction of the LC with the epoxy
resin ED-20 (ED-20:LC = 1:1 eq.) was carried out within 3 hours at 120°C. The reaction product was named EPOLAC.
The epoxy-laccol composition with LC content about 20% was prepared by mixing EPOLAC with additional amount of
epoxy ED-20. This composition named EL composition. To analyze component content of the composition EL, gas
chromatography combines with IR spectroscopy were used. The results show that the LC had not completely reacted
with the epoxy resin despite a cooking for 4 hours at 140°C. It still contains some free LC (~3%), as expected, about 15-
20% EP-LC monoadduct plus 12-16% EP-LC bisadduct. Some epoxy appears to have homopolymerizied. The
composition EL cured with polyethylenepolyamine (120°C, 3 hours) was coated by thin layer 50-60 um on the surface
of different samples. The testing results of mechanical properties show that the polymer layer based on EL composition
possesses high impact strength. It is higher 25 times in comparison with the layer without LC. Thus, LC is excellence

modificator for epoxy resin.
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1. MO PAU

Nhura epoxy 1a mét loai nhya nhiét ran c6 nhidu
wu diém nhu tinh chét co hoc cao, chiu nhiét, chiu
hoa chat, bam dinh tdt 1én nhiéu loai vat lidu va it co
ngot khi dong rin nhung polyme nhén duoc sau khi
dong rén c6 nhuge diém cb hitu 1a don va bién dang
nho khi pha hay. Pé nang cao d6 bén va dap cua
polyme epoxy thuong dung gidi phap hoéa déo ndi
phan tir bang cach dua vao nhwa epoxy nhimng hop
chit ¢6 chira nhém epoxy véi khdi lugng phan tir
thich hop, vi du epoxyeste trén co s& oligome
epoxydian va axit béo [1] hay thém mot lugng nhd
elastome long tu butadien-acrylonitril c6 nhom
cacboxyl & cudi mach c6 hoat tinh hoa hoc cao [2].

Ban chat hoa hoc va luong chét dong ran duge
st dung ¢ anh huéng quyét dinh dén tinh chét co
nhiét cta polyme di khau mach. Dbi véi cing mot
loai nhya epoxy, co thé thay ddi tinh chit cua vat
liéu trong mot khoang rong béng cach lua chon chit
dong ran thich hop. Vi du, d6i voi nhya dian, khi
dong ran bang amin thom, polyme c6 nhiét d6 hoa
thuy tinh cao, trong lic d6 néu doéng ran bang
Jeffamin (mot loai diamin c6 mot sb mat xich oxit

propylen ¢ gitra c6 Mn > 800 g/mol) tao ra vat liéu
dan hoi tira cao su chju va dap va rung rét tot [3].

Giai phap hoa déo ngoai bang cach sir dung cac
chat hoa déo phén tir thdp nhu dibutylphtalat chua
dugc thap nhan rong rdi vi khong twong hop véi
nhwa epoxy sau khi dong rén [4].

Hién nay, khuynh hudéng st dung nguyén li€u tai
tao trong ty nhién rat duoc coi trong. Chinh vi vay,
trong cong trinh nay da sir dung laccol — médt phenol
son (tach tir son ty nhién Viét Nam — son ta) dé bién
tinh nhya epoxy. Mot nhi€ém vy quan trong dit ra
cho cong trinh nay 1a xac dinh chinh x4c thanh phan
cac cAu tir cua to hop epoxy-laccol (EP-LC) sau khi
phan ng ¢ nhiét d§ nang cao. Trén co s¢ do, giai
thich tac dung cta laccol trong viéc ning cao do bén
va dap cuia polyme epoxy.

2. THUC NGHIEM
2.1. Vit liéu
Nhya epoxy ED-20 (Nga) c6 ham lugng nhém

epoxy 22%, ham luwong chat boc khong 16n hon
0,4%, ham luong nhom hydroxyl khong l6n hon
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1,7%, @6 nhot dong hoc & 25°C 16-22 Pa.sec.

Latex (mu) son ban dau léy tor huyén Ha Hoa,
tinh Pha Tho c6 thanh phan: 35-36% laccol; 21-22%
polysaccarit, laccase va tap chét; 39-40% nudc.

Laccol duoc tach tir latex son bang toluen, rira
dung dich laccol trong toluen bing nudc cét roi
chung chan khong trong moi truong nito ¢ nhiét do
khong qua 80°C dé tranh trung hop laccol va thu hoi
toluen. P tinh khiét cia laccol duoc kiém tra bang
phuong phép sic ky ban mong (tdm Silufol UV254)
v6i hon hop dung moéi axeton:hexan = 30:70 (thé
tich). Lam xuét hién vét bang dung dich FeCl; 1%
trong axeton. Vét cua laccol xut hién rat rd rang véi
hé s6 Ry = 0,47, tap chét khong dang ké thé hién &
mot vét nhd mo Re= 0,36.

2.2. Phuwong phap phén tich

Ham lugng nhom epoxy dugc xac dinh theo
phuong phap mercurimetry — HCI trong dioxan va

—
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Thanh phan hoa hoc va céu tric chi tiét ciia R
trong laccol dugc trinh bay trong cong trinh ctia Lé
Thi Phai et al. [6].

C6 thé dy kién, ngoai hai san pham (I) va (II)
con c6 LC va EP con lai chua tham gia vao phan
ung va mét lugng nao d6 EP ty trung hop.

Pi tién hanh tong hop oligome EP-LC theo ty 1¢
ED-20:LC = 1:1 dl (100:82,3 tl). Sy thay d6i ham
lugng nhém epoxy trong hdn hop phan mg & cac
nhiét d6 130, 140 va 150°C trinh bay ¢ hinh 1. T
hinh 1 nhan thdy diéu kién t6i vu dé tién hanh phan
ung: 140°C trong 4 gid trong moi trudng nito.
Oligome EP-LC nhan dugc c¢6 ham lugng nhoém
epoxy 8,86%, duoc goi tit 1a EPOLAC. Tat ca cac
% trong bai bao nay déu tinh theo trong luong, dl la
duong lugng.

3.2. Phan tich thanh phan cia t6 hop
EPOLAC+ED-20

Muc dich cta phan tich nay la xac dinh xem LC

(l)H
—-—@—OCHZCHCHZO
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dinh phan nguoc bang nitrat thuy ngan [5].

Sac ky khi. St dung hé thong sac ky khi Model
7890A GC. Agilent Technologies

Pho6 hong ngoai. Po pho hong ngoai trén may
Nexu 670, Nicolet.
2.3. Phwong phap xac dinh tinh chit co hoc

Tinh chét co hoc cua mang di tir t6 hop EP sau
khi déng ran bang polyetylenpolyamin dugc xac
di‘nh theo do bén va dap (TCVN 2100-1: 2007), d’(f)
bén uon (TCVN2099: 2007), d0 ctng tuong doi
(ISO-1522) va @6 bam dinh (ISO-2409).
3. KET QUA VA THAO LUAN
3.1. Téng hop oligome epoxy-laccol (EP-LC)

Phan tng cua laccol (LC) véi nhya epoxy (EP)
xay ra theo so do sau:
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Hinh I: Pudng cong dong hoc phan ing cia nhua
epoxy ED-20 véi LC (ED-20:LC = 1:1 dl) 6 cac
nhiét dd khac nhau trong moéi trudng nito
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Trong EPOLAC c¢6 45% LC. B6 sung thém nhua
epoxy ED-20 sao cho ham lugng LC chiém 20%
trong t6 hop (goi 1a t6 hop EL). Tién hanh phan
tichtdo hop EL trén hé thng sic ky két hop véi do
phd hdng ngoai. Sir dung cac mau déi ching 1a LC
va nhya epoxy ED-20 chua tham gia phan ung dé
nhan biét nhitng nhém dic trung ciia cac hop chat
trong t6 hop EL. LC silyl hoa c6 vach hap thu ¢ tan

Nghién cuu ndng cao do bén va dap...

6 2932 cm™ (hinh 2a), con nhém epoxy c6 vach hap
thu & tin s6 2975 cm™ (hinh 2b). Tién hanh silyl hoa
hai nhém —OH ctia LC bang trimetylclosilan dé
chuyén LC sang dan xuit c6 thé phan tach dugc trén
cot séc ky khi.

Két qua phan tich thanh phan cta cac ciu tir
trong t6 hop EL bang sic ky khi trinh bay & bang 1.
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Hinh 2: Phd hong ngoai ctia LC d silyl hoa (a) va cia nhya epoxy ED-20 (b)
Bdng 1: Thanh phan ctia cac cdu tir trong to hgp EL
Lo, EP da phan EP con Trong o
Cau tr Mo | Mol img (dl) lai (d) | Tuong (ke) | 7°
Laccol 346 0,087 - - 0,030 3,0
EP-LC bis adduct 1032 0,14 0,28 0,28 0,144 14,4
EP-LC mono adduct 686 0,27 0,27 0,27 0,185 18,5
EP-oligome 860 0,14 0,28 0,28 0,190 19,0
EP-oligome tring hop dong thé 1020 0,07 0,28 0,14 0,071 7.1
Nt 1360 0,03 0,17 0,06 0,038 3,8
Nhua epoxy 392 0,89 - 1,77 0,347 34,7
1,28 2,80 1,005 | 100,5
Du kién 1,28 2,80 1,00 100

Tir bang 1 nhéan thiy LC khong phan tng hoan
toan v4i nhua epoxy, mac du gia nhiét & 140°C trong
4 gio. LC ty do con lai khoang 3 - 4%, tao thanh 15 -
20% EP-LC monoadduct, 12 - 16% EP-LC
bisadduct va mot lugng nhua epoxy 10 - 11% tham
gia trung hop ddng thé.

3.3. Tinh chit co hoc ciia mang phii trén co' sé
cac t6 hgp EL sau khi déng ran

Pé khao sat anh huong ciia ham luong LC dén
tinh chit co hoc cua mang phu, da chuan bi céc to
hop EL chira 20 - 50% EPOLAC. Céc t6 hgp EL
duoc dong rin bang polyetylenpolyamin ¢ nhiét do
120°C trong 3 gior dé phan Gmg dong ran két thuc
hoan toan. Ham luong phan gel cua cac td hop EL
sau khi déng ran déu dat 97 - 99%. Két qua xac dinh
tinh chat co hoc cta mang phu trinh bay ¢ bang 2.

Tt bang 2 nhan thdy, tinh chat co hoc dat gia tri
cao nhit & mang phu trén co s& t6 hop EL v6i 40%
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EPOLAC (No.5), trong d6 LC chiém khoang 20%.
Pat duoc két qua do 1a do ting lién két gitra cac
phan tir nho cac ndi dbi trén mach nhanh khong no
Ci7H3, cua LC, déng thoi mach nhanh nay ciing tao
nén d6 linh dong cta mang lién két ba chiéu cua
polyme epoxy.

Trong t6 hop No.2, cac phéan tir dioctylphtalat
(DOP) lam giam b6t do cimg cua cdu trac khong
gian va do vay ting do bén cia mang phu. Tuy
nhién, ham lugng phan gel ¢6 gia tri thap (67%) do
DOP, vé mit hoa hoc khong tac dung voi nhua
epoxy va chat dong ran. T6 hop No.7 (100%
EPOLAC) ciing ¢6 ham luong phan gel thip (69%)
do con c6 mot lwong nhé LC khong tham gia phan

Tran Vinh Diéu va cong sy

ung va do chtic cua phan tt EPOLAC bi giam di do
bi che chén béi cac phan tir LC.

Thong thuong, theo tidu chudn, khi thir d6 bén
va dap, déu thir dap truc tiép 1én mang polyme duoc
phu 1én tm thép ¢ chiéu day 0,5 mm (goi 1a thir va
dap 1én mat truéce). Khi st dung hét thang do cua
dung cu nhung mang phu chua bi pha hong thi phai
1at tAm mau quay vé mat thép 1én phia trén va tiép
tuc thir (goi 1a thur va dap mat sau). Cach thir nay
khic nghiét hon nhiéu.

Nhu vy, khi trong t6 hop chira khoang 20% LC,
d6 bén va dap cua mang polyme ting 25 lan so véi
mang epoxy khéng co6 LC.

Bdng 2: Tinh chit co hoc ctia mang phu trén co sé epoxy ED-20 bién tinh bang EPOLAC

Ham g pankhi | Pobén | Do cimg | D6 bam dinh
luong P 1 LA
2 va dap lén uon, tuong theo cat 6
phan gel, 8 . " 2
o, mat sau, J mm doi vudng, diém
No | ED-20 | DOP | EPOLAC
1 100 - - 98 0,1-0,3 1-3 0,79 2
2 80 20 - 67 4,5 1 0,87 1
3 800 - 20 97 0,5 1-3 0,92 1
4 70 - 30 97 1,0 1 0,91 1
5 60 - 40 98 5,0 1 0,89 1
6 50 - 50 97 3,5 1 0,88 1
7 - - 100 69 1,0-1,2 1 0,87 1
Ghi chii: Mang phu ¢6 chiéu day 60 - 70 pm.
4. KET LUAN TAI LIEU THAM KHAO

1. Pa tong hop duoc chit bién tinh cho polyme
epoxy bang cach cho nhua epoxy ED-20 phan tng
v6i LC & 120°C trong 3 gid. San phiam nhan dugc
goi la EPOLAC c6 ham lugng nhom epoxy 8,86%.

2. Dung sic ky khi két hop Vol phd hong ngoai
dé phan tich thanh phan cac ciu tir trong t6 hop
EPOLAC véi ED-20. Két qua phén tich cho thdy LC
khong tham gia phan ing hoan toan, con lai khoang
3%. San phim chinh tao thanh gém c6 EP-LC
bisadduct (14,4%) va EP-LC monoadduct (18,5%).

3. LC c6 tac dung nang cao o rét do bén va dap
va cac tinh chét co hoc khac cia mang epoxy dong
rén bang polyetylenpolyamin. Véi 20% LC trong t6
hop, do bén va dap ting 25 lan so voi truong hop
khong c6 LC.

Loi cam on: Xin chdn thanh cim on tién si V.
Gruber (Ciba-Geigy — Thuy Si) da giup do phdn tich
thanh phan cdc cdu tir trong t6 hop EL.
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