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TOM TAT

Nhua epoxy 1a nhya nhiét rin duogc ung dung rong rdi trong cac linh vye céng nghiép
nhung c¢é nhuge diém 12 gion va d bén dai thap. Laccol (LC) 1a mét phenol son ty nhién ¢6 2
nhom hydroxyl & vi tri octo va ¢6 mach nhdnh hydrocacbon dai khong no (Cy7Hjy,). Oligome
epoxy-laccol (EP-LC) nhin duge tir phan g tong hop giita nhyra epoxy Epikote 828 véi LC (4
1& mol 1 : 1) & nhiét d6 140 + 2 °C, 4 gi®, trong mdi trudmg nite. Té hop EP-L.C nhén duge tron
vat nhua epoxy duge goi 1a Epolac. Viée sir dung Epolac, va anh hudng cua ham lugng LC
trong Epolac dén d0 bén dai tach 16p (Gic) va tinh co hoc cia polyme epoxy dad duge khao sit,
Két qua thir nghiém cho thay, vit liéu compozit trén co s& nhya epoxy gia cudng bang sgi thily
tinh c6 d bén va dap Izod ting 1én (41 %) tir 179,05 KJ/m® 1én 258,04 KJ/m”. Khi dua 20 %
laccol vao t6 hop nhua nén epoxy Epikote 828 lam cho qua trinh tach 1ép chiam hon, dﬁng thm
ning lugng tach 1dp cha vit liéu cung [on hon. Cu the Gic tang tir 693,6 J/m® 1én 735,1 J/m’
(tang 29,5 %), Gip tang tu 898,22 J/m? 18n 1078,0 J/m® (ting 20 %). Két qua phan tich nhiét cho
thay, khi dua laccol vao nhua epoxy da lam giam nhe nhiét dt;: hoéa thay tinh. Quan sat anh SEM
cling cho thiy, khi c6 mat cua LC, cac vét nirt xudt hién nhiéu hon, thoi gtan tach Iop dai hon va
on dinh hon so v&i mau khéng ¢6 LC. Nhur vay, vdi su ¢o mat ctia LC d5 bén dai tich 1op va dd
bén va dap coa vit liéu polyme compozit da dwoc cai thién dang ké.

Tir khoa: nhua epoxy, laccol, cyanethyl-diethylentriamin, d§ bén dai pha hiy tach 16p, soi thiy tinh,

1. MO PAU

Cﬂmpozit chat lwgng cao duoc ché tao trén co s& nhua nhiét rén ngdy cang dugce tmg dung
rong rdi, tuy nhién O loai vat liéu nay van ton tai nhirng khuyét diém nhu kha ning chang lai luc
va dap va tach lop trong vt ligu thap. Hién nay, dé cai thi¢n kha nang chéng phé huy tach lop
cua nhya epoxy ¢o rat nhiéu phuong an dugce thyce hién bang cach dua cac phan tir kich thudc
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nano nhy nanoclay, éng cacbon nano, vi hat cao su, dua pha ting dai phin tan vao nén EPOXY...
[1-35]. D§ hen dai tach 16p (Gic) duge céc nha khoa hoc xéc dinh dé danh gia kha ning chong
lai su phat trién vét nirt tach 1op cua vit ligu mmpumt gia cudng bang s¢i lién tuc.

Romhany G. va cong sy [6] da dung nng cacbon nano véi ham lugng 0,3 % phan khéi
lm;mg (PKL) phén tan vao nén epoxy, két qua da lam ting gia tr1 Gic [en 33 % so vdi mau khong
c6 ong cacbon nano. Nguyen Tien Phong va cong su [7] da dung nano-polyvinyl ancol (PVA)
véi kich thude 40 - 80 nm phan tan vao nén epoxy ¢ ham lugng 0,1 % PKL @3 ci thién duogc
Gic tang 65 % va Gyp tang 73 % so voi méu khong co PVA.

Trong cong trinh nay da dung laccol, mét phenol son tur nhién ¢6 ¢ Viét Nam. Laccol ¢
nhéan catechol va mach nhanh aliphatic d&i khéng no {8], dua vao vit liéu epoxy nhim cai thién

dd bén dai pha huty clia polyme epoxy.

O céng trinh [9] ching t6i da khao sat ham luong laccol téi tinh chat ¢o ly cua mang phu va
d6 bén dai pha hay Kic cho thdy & ham lugng laccol 20 % cho két qua t6t nhat. Vi vay O nghién
ciru nay sir dung 20 % laccol dua vao vat ligu epoxy Epikote 828, gia cuong bing vai thiy tinh
dé xac dinh cac tinh chit co hoc va dic biét 1a do bén dai pha huy tach 1op (Gc) cua vat hiéu. Y
bén dai pha hiy tach 16p (Gic) cha vit liéu compozit duge thuc hién trén mau dam cong-x6n kép
(Double Cantilever Beam-DCB) sir dung rat phé bién hién nay dé xac dinh niing lwong pha hiy
tach I&p coa vat ligu {10].

2. THU'C NGHIEM

2.1. Héa chét va vt liéu

Xyanetyldietylentriamin (XEDETA) tong hop theo tai liéu {11]. XEDETA c6 ham luong
MONOXEDETA 90,21 % va DIXEDETA 9,79 %,

Nhua epoxy Epikote 828 (Shell Chemicals) ¢ ham luong nhém epoxy 22,6 %.
Vai thiy tinh C 350 g/m’ (Trung Quéc).
laccol trich I tir son trr nhién Viét Nam (Phit Tho).

2.2, Phwong phiap nghién ciru
2.2.1. Phicong phdp tinh todn heong chat dong rdn amin

Lurgng chat dong rin amin X (g) cho 100 g nhwra epoxy dugc tinh theo cong thire

M

£ 1
43 ()

trong dé: £ 1a ham lwong nhém epoxy; M la khm lm:mg phan tir clia chit déng rin amin; # 1a sn

nguyén tir hidro hoat dong trong chat dong rin amin; 43 1a khéi lugng nhom epoxy; 12 hé sb
diéu chinh.

Bm voi XEDETA, M va r duge tinh toan theo nguyén tic cdng ti phan dua vao két qua phén
tich séc ki khi, biét dugc ham lwgng MONO va DIXEDETA.

2.2.2. Ché tao mdu ddm céng-xon kép (DCB)
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Vit liéu compozit dang tam gom 8 16p vai dugc ché tao theo phirong phap lan ep bang tay.
Nhua nén epoxy dugc dong rin & nhiét d6 phong bang chit dung rin XEDETA voi hé s6 ham
lwgng chit déng rin k = 1,2. Ti 18 nhua/sgi = 40/60. Dé tao vét nirt ban dau, mot tdm teflon day

khoang 10 pm dugc dat vao sau lop vai thir 4 sao cho chiéu dai vét nirt ban dau ay = 50 mm. Sau
3 tudn tim compozit duge dem di cit va xdc dinh céc tinh chét co hoc.

Mau dim cong-xdn kép (DCB) ¢o chiéu dai 150 mm, chiéu rong 20 mm duge cht ra tir tim
compozit. Canh bén clia mau duge mai nhan va danh diu bang son trang voi khoang cach 1 mm dé
dé dang theo doi chleu dai vet nit phat tnen Hai khép nbi dong bang nhém dl.rqc dan vao hal mat
ctia mau & phia cudi dau c6 vét nit tao sin bing keo dan 502. Hinh 1 mé ta cdu hinh cia miu DCB
ding cho phuong phap xé4c dinh do bén dai pha huy tach I6p theo phwong thire I [7, 10].

P Khéi dit hee
bang nhdm

Vét nirt
ban dau

Hinh 1. Mau dam cbng x6n kép (DCB).

2.2.3. Thir dg dai phd huy tdch 16p bién dang phing (Mode-I interlaminar fracture toughness test)

Phuong phap thir 46 dai pha hiy tach 16p bién dang phing duoc thuc hign theo tiéu chuin
ASTM D3528-01, trén may do ¢o hoc da nang LLDYD 500 N (Anh) vai téc do kéo 2 mm/phut,

Lyc tac dung, 4o dn:h chuyén clia chiéu rong vét niit va chiéu dai vét nit dugc ghi lai trong qua
trinh vét nirt phat trién.

Phuong phéap hiéu chuén cai tié:n (modified compliance calibration, MCC) duwoc sur dung dé
tinh toan 4§ dai pha huy tach lop bién dang phiang cua mau compozit. Gy va Gyp duge tinh bang

cong thuae sau [/, 10]:
2 2/3
GIC — 3m ‘E" E F (2)
2(2h) N

G = (PNBCTF (3)
2(2h) N
3(8Y 3(6¢
. . _2 £ 4
F=1 10( ) 2( 3) (4)
EREIERE e
a 8 a a 35\ a
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trong d6: Gy - 46 dai pha hiy tach lop khi vet nit bat dau xay ra; Gp - 4 dai pha hay tach lgp
trung. binh cua ca qua trinh; B - chiéu rong méu DCB; 2k - chiéu day mau DCB; P, - lyc 1én nhat
khi vét nit bt dau xay ra, N; P,- luc trung binh cuia ca qua trmh tach 1op, N; & - d6 dich chuyen
ctia chiéu rong vét nit, m; a - chieu dai vét nirt, mm; C - hé s thuédn twong (ng véi chiéu dai vé

nir.

)
C=— 6
> (6)

N-he¢ 36 hiéu chinh cua 8 khi xét dén anh hudng cia khop néi dong bing nhom dén do cirng cia
mau; F - hé su hiéu chinh lién quan dén d6 dich chuyén vét nitt; m - hé so goc cha dudng thing
biéu dién mdi quan hé giira (BC’/N)” va (a/2h); t - khodng cach dugc dinh nghia trén Hinh 1,
mm; L' - khoang cach tir tdm cua chdt dinh vi trén khdi nhom dén canh ciia khoi nhém vé phla
chiéu vét nirt phat trién (Hinh 1), mm.

2.2.4. Phuirong phdp xdc dinh tinh chat co hoc cia vét liéu polyme compozit

D6 bén kéo duoc xac dinh trén may INSTRON 5582-100 KN (M¥) theo tiéu chuan ASTM
D638, toc do kéo 2 mm/phit, nhiét d 25 °C, d6 am 70 %.

Do bén uc:n duoc xéc dinh trén may INSTRON 5582-100 KN (My) theo tiéu chuén ASTM
D790, téc dd ubn 2 mm/phat, khoang cach gilra hai gbi d& bang 80 mm, nhiét d6 25 °C, d6 &m
70 %.

D§ bén va dap Izod cia nhya nén dugc xéc dinh theo tiéu chuan ASTM D256 trén may
Tinius Olsen (M), nhiét 46 25 °C va d5 am 70 %.

2.2.5. Kinh hién vi dién tir quét

Céu triic hinh thdi hoc bé mit pha hay tach 1op clia cac mau compozit duge quan sat trén
kinh hién vi dién tir quét (SEM) JEOL JSM 6360LV (Nhat Ban). Trudce khi quan sat bang SEM,
tat ca cac mau dugce phi bang 16p mong Pt dé tranh hién tuong tich dién.

2.2.6. Phdn tich co nhiét dong (DMTA)

Phan tich co nhiét dong (Dynamic Mechanical Thermal Analyzer - DMTA) ciia mau duge
xa¢ dinh trén may DMA 8000 Perkin Elmer.

3. KET QUA VA THAO LUAN

3.1. Duong cong co nhiét dong (DMTA) ciia nhya nén epoxy Epikote 828 bién tinh bing
laccol (Epolac) sir dung dong rin XEDETA

Trong qua trinh sir dung & mdi trudng khic nhiét nhir chiu rung lac, nhiét dg, d6 am., . ta
phai biét dugc kha néng chuyén trang thai cua polyme dé str dung cho phu hqp, do véy da tién
hanh xéc dinh tinh chat co nhiét ddng cta miu nhra epoxy khéng bién tinh va c6 bién tinh bing
laccol, sir dung dong ran XEDETA. Mau duge d6 trong khudn thép c6 kich thude 50 x 7 x 2

mmn, sau 3 tuan khi d dong ran hoan toan, dem di xac dinh co nhiét ddng. Két qua nhén dugc
thé hién trén Hinh 2,
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D6 bén dai tach I6p va tinh chét co hoc cua vat lisu polyme compozit irén co 86 nhiwea epoxy/accol. ..

tand

0 50 100 150 200
Nhiét 4§ (°C) |

Hinh 2. Pudng cong co nhiét dong (DMTA) cua nhya nén
epoxy Epikote 828 bién tinh va khong bién tinh bang laccol.

Két qua trén Hinh 2 cho thay, & mau khéng bién tinh laccol nhiét dé hoa thay tinh Tg=91,5%C
va tand = 0,72. Trong khi d6 & mau c6 bién tinh 20 % laccol, nhiét 6 hoa thiy tinh giam xudng
T, = 73,8 °C va tand = 1,05. Két qua nay hoan toan ph hqp vol du doan ban dau la khi dua
laccnl vao nhya epoxy da lam giam mét do khau mach, dﬂng thoi 1am téng tinh mém déo ciia
nhua epoxy va két qua la kha nang chiu nhi¢t kém hon so voi nhua epoxy khong bién tinh. Cac

tac gia [12, 13] ciing chira rang khi dwa céc chat bién tinh vao nhua epoxy dé cai thién kha nang
dai hoa cua nhua, két qua ciing lam cho T, giam mét cach o rét,

3.2. Tinh chit co hoc cia vt lidu compozit trén co' s¢' nhya epoxy Epikote 828 va Epolac
gia cuong soi thay tinh dong rin bang XEDETA

D tién hanh xéc dinh tinh chét co hoc cua vit liéu epoxy Epikote 828 blén tinh 20 % laccol,
gia cuomg sgi thity tinh C-350 g/m” vai ti 1€ nhua/sgi = 40/60, sir dung dong ran XEDETA. Mau
vat liéu duge lan ép bang tay, sau 3 tuan duoc dem di cat mau va xac dinh tinh chét co hoe. Két
qua nhan dugec trinh bay ¢ Bang 1.

Bdng 1. Tinh chét co hoc ciia epoxy Epikote 828 va Epolac gia cuong sgi thuy tinh.

TT Vit lidu Kéo Udn Bén va

Pobéen Modun Bébén  Modun dap 5
(MPa)  (GPa) (MPa) (GPa) (KI/im’)

1 Epikote 828/sgi thuy tinh/
XEDETA k=1,2 185,8 5.9 246,8 19,5 179,05
2 Epolac/sgi thiy tinh/ XEDETA.
k=12 210.8 4,2 243.0 18,7 258,04

Tir Bang 1 nhan thay, khi dua laccol véo té hnp Epikote 828 (Epolac), déng rin bang
XEDETA véi hé sb k= 1,2 gia cudng soi thiy tinh, cac tinh chit co hoc déu thay doi. Cu thé d6
bén kéo ting nhe 13,4 % (tir 185,8 1én 210,8 MPa), modun kéo lai giam xudng 28,8 % (tur 5,9
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xuung 42 GPa). Db bén ubn va modun udn déu giam xubng, Nhu vay ca hai tinh chit kéo va
udn déu 1am giam modun khi cé mit laccol. Hién tirong nay xay ra cé thé 1a do khi dua laccol
vao nhua €pOXy da lam ting khbi luong phan tr gilra cac cdu ndi ngang, dan dén mach mém
déo. Cac két qua nghién ciru [7, 12] da chi ra ring khi dua cac chit 1am ting d6 bén dai cta nhira
epoxy, hiu nhur do bén kéo cai thién khong dang ké hodc c6 thé bi giam chat it.

Tuy nhién, dé bén va dap Izod c6 khia ting tir 179,05 K¥/m® 1én 258,04 K¥/m’ (tang
44,1 %). Nhu vdy khi dua laccol vao vat liéu compozit hau nhir khéng 1am thay d5i nhiéu dén 5
bén kéo va d6 bén udn, nhung da [am tang dd bén va dap mét cach dang ké.

3.3, Bo bén dai tach lop cia vit liéu epoxy Epolac gia cwdng s¢i thay tinh, sir dung dong
ran XEDETA

3.3.1. Puomg cong tdc dung lyc-dé dich chuyén

P sur dung Epolac ¢6 chira 20 % laccol trong cAu tric phén tir, déng rin bang XEDETA va
gia cudng soi thiy tinh C-350 g/m’ véi ti 18 khdi luong nhua/sgi = 40/60. Két qua nhin duge
trinh bay trén d6 thi Hinh 3,

Hinh 3 biéu dlen cac duong cong dac trung cho mbi quan hé glua luc kéo P va d6 dich
chuyén mé rdng vét nitt § cia mau DCB c6 va khéng ¢6 laccol. O méu khdng cg laccol cho thay
Iue tac dung 1ém nhét khi vet nurt bat dau xuat hién va dat 24,1 N, nhé hon nhiéu so v&i miu c6

lacco] 34,6 N. Sau khi xuét hién vét nit dau tién, lwc tic dung giam dan va ti 1é nghich véi dd
dich chuyén.

40
35
30
25
20
15
10

Luc, N

0 20 . 40 . 60 80
P4 dich chuyén, mm

Hinh 3. Dudng cong dic tnung hre tac dung-dé dich chuyén ctia phép do
d6 bén dai tach l6p trén mau DCB ciia vt liéu cé va khong ¢6 laccol.

3.3.2. B¢ bén dai tdch Iép Gye

M&4i quan hé giita d6 bén dai tach l6p Gie vai chiu dai vét nirt coa vat lidu polyme compozit
khi khong ¢6 laccol va ¢o laccol duogc trinh bay tren Hinh 4. Két qua trén Hinh 4 cho thay, cung

mot 46 dai tach Iop nhung & mau c6 laccc:l tAn suit xuat hién vét nirt nhiéu hon, thoi gian tach
l6p chdm hon va 6n dinh hon so véi miu khéng c6 laccol.
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Hink 4, Quan h€ gilta nang lugng tach 16p Gy va chiéu dai vét nirt ctta m3u DCB.

P56 bén dai tach lép ban dau Gic 0 mau ¢o laccol cao hon so v&i miu khong co laccnl 14
29,5 % (tr 693,6 1én 735,1 Jim?), trung khi d6 d6 bén dai tich lop cia ca qua trinh Gip & mau ¢
laccol cao hon so véi méu khong co laccol 20 % (tir 898,2 1én 1078 J/m?), (thé hién trén Hmh ).
Cac tac gia [14] cling chi ra rang khi dua 10 % nanosilica, 10 % cao su léng CTBN hay t6 hop
lai tao 10 % nanosilica va 10 % CTBN vao nhua nén epoxy déu lam tang ndng hrong pha huy
tach lop cua vét éu polyme compozit. Nhur vy, khi dua 20 % laccol vao t6 hop nhwa nén da cai
thién dang ké d6 bén dai tach 1&p cua mau vat licu polyme compozit.

1200 —————— . o . .

=
=
(@)
l

3

Do bén dai tich I16p (J/m?)
£ o
S 8
| |

3

0% Laccol F i 20%Laccol

Hinh 5. D bén dai phé hity tach 16p ctia miu compozit c6 va khéng cé laccol.

Dé danh gia vai tro cia laccol trong nhya nén epoxy, da chup anh SEM bé mit pha huy
tach 1ép ciia mau vit lidu compozit. K&t qua nhan duoe trinh bay trén Hinh 6.
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(a) - 0 % laccol (b} - 20 % laccol

Hinh 6. Anh SEM bé mit pha hity tach 1dp cita mau vét liéu compozit
(a) - khong sir dung va (b) - ¢6 sit dung laccol 1am tac nhan ting dd bén dai.

Quan sat anh SEM cho thdy, & miu khong c6 laccol bé mit pha hity clia mau nhin hon va
trén bé mat soi ¢d rat it shya bam lai. Trong khi d6 & mau c6 20 % laccol bé mat phﬁ hily khdng
nhén va [uong nhua bam dinh Ién bé mit sgi sau qua trinh tach lop nhiéu hon. Diéu d6 ching o
khi ¢6 mit laccol dé lam tang kha néng lién két giita sgi va nen két qua dan dén nang lugng tach
l6p can thiét ciia mau cé chira 20 % laccol 16m hon so vé&i mau khong chia laccol. Nhur véy, vai

trd ciia laccol trong t6 hop vat liéu da dugce kiém chimg va hoan toan phi hop véi két qua nhan
duogc nhd anh SEM.,

4. KET LUAN

D bén kéo, udn cia vit lidu epoxy Epikote 828 sir dung dong rin XEDETA & ham lugng
laccol 20% va gia cudng bing soi thiy tinh khong co su thay d6i nhiéu so véi tb hcrp vat liéu

khcm% bién tinh bing laccol, tuy nhién d6 bén va dip Izod tang tir 179,05 KJ/m? lén 258,04
KJ/m” (ting 44,1%).

Khi dra 20 % laccol vio td hop nhua nén epoxy Epikote 828 lam cho qua trinh tach 16p
chim hon, dong thm nang lugng tach 1ép caa vat ligu cung [om hon. Cu thé G ting tir 693,6
J/m® 1én 898,2 J/m* (ting 29,5 %), Gp ting tir 735,1 J/m? 1én 1078,0 J/m’ (tang 46,6 %).

Léi cam on. Céc tac gia xin chan thanh cam on Phong Thi nghiém Trong diém Vit liéu polyme va
Compozit, Trudong Dai hoc Bach khoa Ha Néi d4 tao diéu kién thudn lgi trong qua trinh nghién cin.
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Epoxy resins are widely utilised as high performance thermosetting resins for many
industrial applications but unfortunately some are characterised by a relatively low toughness.
Laccol (ILC) is a natural phenol with two hydroxyl groups in ocfo-position and long side
unsaturated hydrocarbon substitute C;;Hs;. Epoxy-laccol (EP-LC) oligomers were synthesized
by reaction of epoxy resin Epikote 828 with LC (1 : 1 eq) at temperature 140 =+ 2 °C for 4 hrs in
nitrogen condition. The mixture of EP-LC with Epikote 828 1s named Epolac. Using Epolac, the
effect of LC content on the mode I interlaminar fracture toughness {Gic) and mechanical
properties of epoxy polymers were evaluated. The obtained testing results showed that the Izod
impact strength of glass fabric/epoxy (GF/EP) composites significantly increased by 44.1 %
from 179.05 KJ/m® to 258.04 KJ/m’®, while the mode-I interlaminar fracture toughness for crack
initiation and propagation also improved by 29.5 % and 20.0 %, respectively, when 20 % LC
was participated in the epoxy matrix. Results obtained from dynamic mechanical thermal
analysis (DMTA) showed that the glass transition temperatures of the epoxy resin matrix were
slightly reduced on the addition of laccol. The scanning electron microscopy (SEM) observation
revealed that LC delayed the crack growth in GF/EP composite as well as the onset of matrix
crack. The overall results have shown that it is possible to obtain excellent impact strength and

the mode I interlaminar fracture toughness (Gic) with the use of laccol as a toughness agent for
the epoxy resins.

Keywords: epoxy resin, laccol, cyanethyl-diethylenetriamine, interlaminar fracture toughness,
glass fiber.
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