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TOM TAT

Nhya epoxy la nha nhgt rin duoc tng ding ©ng réi trong cacihh wc céng nghip
nhung c6 nhroc diém la gion vado bén dai thip. Laccol (LC) 1a mit phenol sn tr nhién c6 2
nhém hydroxyld vi tri octo va c6 rch nhanh hydrocacbon dai khdng na-fG;). Oligome
epoxy-laccol (EP-LC) nin dugc tir phan ang tng hop giita nhra epoxy Epikote 8286 LC (ti
lé mol 1 : 1)¢ nhiét @6 140+ 2°C, 4 gb, trong mdi teong nito. To hop EP-LC nlan duoc tron
véi nhpa epoxyduoc goi 1a Epolac. Véc ar dung Epolac, vanh hréng aia ham tong LC
trong Epolaaién d6 bén dai tAch ép (Gc) va tinh @ hoc aia polyme epoxyid dugc khao sét.
Két qua thir nghigm cho thy, vat liégu compozit trén € sy nhya epoxy gia eong bing i thay
tinh c6do bén vadap Izod ting 1én (41 %)t 179,05 KJ/m1én 258,04 KJ/fm Khi dua 20 %
laccol vao é hop nhra rén epoxy Epikote 828 lam cho qué trinh tagp €him hon, dong thi
nang hrong tach &p aia it liéu cing l6n hon. Gu thé G tang tir 693,6 J/mlén 735,1 J/rh
(ting 29,5 %), G ting tr 898,22 J/rhlén 1078,0 J/f(ting 20 %). Kt qua phan tich nidt cho
thdy, khi dua laccol vao nira epoxyda lam gim nhe nhiét do héa thiy tinh. Quan s&nh SEM
ciing cho thy, khi c6 miit caa LC, cac 6t nut xuit hién nhiéu hon, thyi gian tach &p dai fon va
6n dinh ton so Wi mau khéng c6 LC. Nb vay, voi sy c6 mit cia LCdo bén dai tachdp vado
bén vadap aia \at liéu polyme compozifé duoc i thién dang K.

Tir khéa nhra epoxy, laccol, cyanethyl-diethylentriamiig, bén dai pha fiy tach bp, si thay tinh.

1. MO PAU

Compozit clit lugng caoduoc ché tao trén @ sd nhya nhigt ran ngay cangtugc tng ding
rong rai, tuy nhiéro loai vat liéu nay \an ©n tai nhitng khuyét diém nhr kha nang clong lai luc
va dap va tachdp trong \it liéu thip. Hién nay,dé cai thién kha ning ctbng pha ly tach bp
cia nhra epoxy c6 4t nhiéu phrong anduoc thrc hign bing cachdwa cac phn tir kich thréc
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nano nlr nanoclaydng cacbon nano, viahcao sudua pha ing dai phan tan vacin epoxy...
[1 - 5]. D6 bén dai tachdp (Gc) dugc cac nha khoade xacdinh dé danh gia ki ning chng
lai sy phét trén vét nit tAch bp cia VAt liéu compozit gia eong bing i lién tuc.

Romhany G. vadng sr [6] da dungong cacbon nanoév ham krgng 0,3 % phn khoi
luong (PKL) phan tan vaoén epoxy, Kt qua da lam ting gia ti G Ién 33 % so & mau khéng
c0O 6ng cacbon nano. Nguyen Tien Phong éagsr [7] d& dung nano-polyvinyl ancol (PVA)
véi kich thréc 40 - 80 nm phan tan vaémepoxyd ham lrong 0,1 % PKLJA cii thien dugc
Gic ting 65 % va G ting 73 % so & mau khéng co PVA.

Trong cbng trinh nayé dung laccol, @t phenol sn tx nhién c66 Viét Nam. Laccol c6
nhan catechol va mh nhanh aliphatic dai khéng no [8}ya vao vt liéu epoxy nim cii thién
d6 bén dai pha hy caa polyme epoxy.

O céng trinh [9] chang taia khio sat hamuong laccol i tinh cHit co ly cia mang ph va
d6 bén dai pha hy K¢ cho thiy & ham Lrong laccol 20 % chodt qua tét nhat. Vi vay & nghién
cau nay & dung 20 % laccotiva vao it licu epoxy Epikote 828, giarong king \vai thuy tinh
dé xacdinh céac tinh cft co hoc vadic biét 1a do bén dai pha hy tach bp (Gc) cua vat liéu. Bo
bén dai phéa iy tach bp (Gc) caa vat liéu compozitdugc thyc hién trén nau dim cong-xon kép
(Double Cantilever Beam-DCB)rsiung rt phj bién hién naydé xacdinh ring luong pha fy
tach bp aia vat li¢u [10].

2. THU'C NGHIEM
2.1. Hoa clat va vat liéu

Xyanetyldietylentriamin (XEDETA)dng hyp theo tai igu [11]. XEDETA c6 hamuong
MONOXEDETA 90,21 % va DIXEDETA 9,79 %.

Nhya epoxy Epikote 828 (Shell Chemicals) cé hatmb nhoém epoxy 22,6 %.

Vi thiy tinh C 350 g/mi(Trung Quc).

Laccol trich li fr son tw nhién VEt Nam (Pha Th).

2.2. Phrong phap nghién @éu
2.2.1. Plwrong phép tinh toandong chit @éng rin amin

Luong chit d6ng &n amin X (g) cho 100 g nia epoxyduoc tinh theo céng trc

M

:_nk 1

43 @)

trongdo: E la ham irgng nhom epoxyM la khol lwong phant cua chit déng &n amin;n la S)

nguyén t hidro haat dong trong cht dong #n amin; 43 1a kbi luong nhém epoxyk 1a b sb
diéu chinh.

Ddi véi XEDETA, M van duoc tinh toan theo nguyéac cyng ti phan dya vao Kt qua phan
tich gic ki khi, bt dugc ham trgng MONO va DIXEDETA.

2.2.2. Clé tgo miu dim cdng-xén kép (DCB)
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Vit ligu compozit dng im gdm 8 I6p vai duoc ché tao theo plrong phapin ép ling tay.
Nhua rén epoxydugc déng &n & nhiét d6 phong ing chit déng Bn XEDETA Wi hé sb ham
lwong cHit dong Bn k = 1,2. Ti 18 nhya/syi = 40/60.Dé tao Vét nat bandau, mbt tim teflon day
khoang 10pum dugc dat vao saudp vai tha 4 sao cho clis dai vt nit bandau a; = 50 mm. Sau
3 tuin tim compozitduoc demdi cit va xacdinh céc tinh cit co hoc.

Mau dim cdng-x6n kép (DCB) c6 chi dai 150 mm, cBi rong 20 mmduoc cit ra ir tim
compozit. Gnh bén éa miu duoc mai nkin vadanh du bing syn tring Wi khoang cach 1 mndé
dé dang theo d&i chii dai \ét nat phat trén. Hai kkép nbi dong bing nhémdugc dan vao hai i
cua mhu & phia cli diu cé ¥t nat tao sin bing keo dan 502. Hinh 1 md ddu hinh ¢a miu DCB
dung cho phong phap xadinhdo bén dai pha hutach bp theo plrong thic | [7, 10].

P Khéi dat lec
A bang nhom
L1
-
v —_
0—7Lt , hi2 , 2h 2 /B
, > .
Vét nat | o ' A
bandau d a N
< L N
oV

Hinh 1.Mau ddm céng x6n kép (DCB).

2.2.3. Thi d dai pha hiy tach bp bién dzng phing (Mode-I interlaminar fracture toughness test)

Phrong phap tir d6 dai phéa lay tach bp bién cang phing duoc thyc hién theo tiéu chan
ASTM D5528-01, trén méago o hoc da ring LLOYD 500 N (Anh) i toc d6 kéo 2 mm/phdt.
Luc tac ding, do dich chuyn cia chéu rong et nit va chéu dai ét nit duogc ghi ki trong qua
trinh vt nat phat trén.

Phrong phap Hju chuin i tién (modified compliance calibration, MC@oc sr dung dé
tinh toands dai pha kay tach bp bién dang phing aia miu compozit.Gc va G duoc tinh king
cbng thirc sau [7, 10]:

G, s_m[zj(B_Cj” - @
2(2h)\ B N
2 %
Gs_m(ij (B_Cj . @)
2(2h) B) U N
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trongdé: G - d dai pha ky tach bp khi vét nat bat dau xay ra; G - d6 dai pha lay tach bp
trung binh @a i qua trinhB - chiéu 19ng miu DCB; 2h - chieu day ndu DCB; P, - luc lon nht
khi vét nat bit dau xay ra, N; Py - luc trung binh ga & qua trinh tachdp, N;J - d6 dich chuyzn
ctua chiu rong \ét nat, m; a - chiéu dai \ét nat, mm; C - h¢ s thuan twong g Wi chidu dai \ét
nat.
o

c=3 6)
N - hé b hiéu chinh aia 8 khi xétdén anh hrong aia khyp ndi dong bing nhémdén do cirng aia
mau; F - hé s5 hiéu chinh lién quanién do dich chugn vét nat; m - hé sb goc aia dudong thing
biéu dién mbi quan & giita (BC/N) va (a/2h) t - khoang cachdugc dinh ngha trén Hinh 1,
mm; L’ - khoang cach tam @a cht dinh i trén kioi nhémdén canh aia khdi nhém & phia
chiéu vét nut phat trén (Hinh 1), mm.

2.2.4. Plrong phéap xaainh tinh clat co hoc aia Vit liéu polyme compozit

Do bén kéodugc xacdinh trén may INSTRON 5582-100 KN ¢Mitheo tiéu chin ASTM
D638, Hc do kéo 2 mm/pht, nkt do 25°C, d6 am 70 %.

Do bén uon dugc xacdinh trén méay INSTRON 5582-100 KN §Witheo tiéu chin ASTM
D790, tc do uon 2 mm/phut, khang cach gra hai @i do baing 80 mm, nhit 46 25 °C, do am
70 %.

Do bén vadap Izod dia nhra rén duoc xacdinh theo tiéu chin ASTM D256 trén may
Tinius Olsen (M), nhiét do 25°C vado am 70 %.

2.2.5. Kinh hin vidién tr quét

CAu trdc hinh thai bc & mat pha hiy tach bp aia cac riu compozitdugc quan sat trén
kinh hién vi di¢n tir quét (SEM) JEOL JSM 6360LV (MhBan). Trrée khi quan sating SEM,
tat ca cac mu dugc phi bang lop mong Ptdé tranh hén tuong tichdién.

2.2.6. Phéan tichenhiét dong (DMTA)

Phan tich ¢ nhi¢t dong (Dynamic Mechanical Thermal Analyzer - DMTA)acmiu dugc
xacdinh trén may DMA 8000 Perkin Elmer.

3. KET QUA VA THAO LUAN

3.1.Pwong cong @ nhigt dgng (DMTA) ciia nhrra nén epoxy Epikote 828 bén tinh bing
laccol (Epolac) s dung dong ran XEDETA

Trong qué trinhisdung & moi trrong khic nhigt nhr chiu rung fic, nhigt do, do am... ta
phai biét duoc kha nang chugn trang thai @a polymedé sir dung cho phu bp, do \iy da tién
hanh xaatinh tinh clat co nhiét dong aia mhu nhra epoxy khéng i tinh va cé tin tinh king
laccol, sr dung dong fin XEDETA. Mau duoc dé trong khudn thép co kichuhc 50x 7 x 2
mm, sau 3 tin khi d4 dong #n hoan toandemdi xac dinh @ nhiét dong. Két qua nhan dugc
thé hién trén Hinh 2.
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Hinh 2.buong cong o nhi¢t dong (DMTA) cia nhra ren
epoxy Epikote 828 bn tinh va khdng B tinh king laccol.

Két qua trén Hinh 2 cho ty, & mau khong ben tinh laccol nidit &6 hda thiy tinh T, = 91,5°C
va tard = 0,72. Trong khité & mau cé bén tinh 20 % laccol, nbi d6 héa thiy tinh giam xuéng
T, = 73,8°C va tad = 1,05. K€t qua nay hoan toan phioh v6i du doan bandau l1a khidua
laccol vao nira epoxyda lam gam mat do khau mach, déng thi 1am ting tinh ném déo caa
nhya epoxy va & qua 1a khi nang chu nhigt kém ton so i nhya epoxy khéng n tinh. Céac
tac gi [12, 13] ding ch ra fing khidua cac cht bién tinh vao nira epoxydé cai thién kha ning
dai h6a @a nhra, Kt qua ciing lam cho T giam mot cach ro ét.

3.2. Tinh chit co hoc cia vt li éu compozit trén ar so nhwa epoxy Epikote 828 va Epolac
gia arong Syi thiy tinh déng ran bang XEDETA

D4 tién hanh xadinh tinh clit co hoc cia vat liéu epoxy Epikote 828 b tinh 20 % laccol,
gia arong i thay tinh C-350 g/mivéi ti 1¢ nhya/syi = 40/60, & dung d6ng Bn XEDETA. Mau
vt liéu duoc lin ép Bing tay, sau 3 fin duoc demdi cit miu va xaadinh tinh clat co hoc. Két
gua nhan dugc trinh bayd Bang 1.

Bang 1.Tinh chit co hoc cia epoxy Epikote 828 va Epolac giaong i thiy tinh.

T Vit liéu Kéo wn Bén va
Pobén  Modun Dobén  Modun dap
(MPa) (GPa) (MPa) (GPa) (KJ/m)

1 Epikote 828/si thuy tinh/
XEDETA. k=1,2 185,8 59 246,8 19,5 179,05
2 Epolac/si thuy tinh/ XEDETA.
k=12 210,8 4,2 243,0 18,7 258,04

T Bang 1 nfan thay, khi dua laccol vaod hop Epikote 828 (Epolac)iong #n bing
XEDETA v6i hé s k = 1,2 gia aong i thuy tinh, cac tinh cht co hoc déu thaydoi. Cu the do
ben kéo ting nke 13,4 % (tr 185,8 1én 210,8 MPa), rdén kéo 4i giam xuong 28,8 % (i 5,9
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xu0ng 4,2 GPa)Po bén udn va matun wn déu giam xudng. Nhr vay ca hai tinh clit kéo va
udn déu lam gim maiun khi c6 nat laccol. Heén trong nay xy ra cé th 1a do khidua laccol
vao nhra epoxyda lam &ng khbi luong phan t gitra cac &u ndi ngang, dn dén mach mém
déo. Cac Kt qua nghién &u [7, 12]d4 cH ra rang khidwa cac cht lam tingdo bén dai dia nhra
epoxy, hu nhr d6 bén kéo ai thién khéngdang K haic co thé bi giam chat it.

Tuy nhién,do bén va dap lzod c6 khiaang tr 179,05 KJ/ri 1én 258,04 KJ/m (ting
44,1 %). Nhr vay khi dua laccol vao §t ligu compozit Bu nhr khéng lam thaytdi nhiéu dén do
bén kéo vadd bén usn, nhing da lam ting do bén vadap mot cachdang K.

3.3.b) bén dai tach l6p cia vat liéu epoxy Epolac gia eong i thiy tinh, sir dung déng
ran XEDETA

3.3.1.Puong cong tac dng lec-d5 dich chuyn

D4 gr dung Epolac cé ala 20 % laccol trongau tric phanit, dong fin bing XEDETA va
gia arong i thay tinh C-350 g/ véi ti 1¢ khdi luong nhra/syi = 40/60. Kt qua nhan duoc
trinh bay trénto thi Hinh 3.

Hinh 3 béu dién cacduong congdic treng cho ndi quan 1§ gitra luc kéo P vado dich
chuyén mo rong Vet nat & ciia mhu DCB ¢6 va khéng c6 laccdli méu khong cé laccol cho iy
lyc tac ding I6n nhit khi vét nat bat dau xuit hién vadat 24,1 N, nid hon nhéu so Wi mau cé
laccol 34,6 N. Sau khi i hién vét nit du tién, krc tAc ding giam dén va 1 1é nghich Wi do
dich chuyn.

40
35
z /M
.30 A\
g8 5 / V\A 20% laccol
= \""\——-’\_
20 //
15 ———
10 / 0% laccol
/
O = T T T 1
0 20 40 60 80
b dich chugn, mm

Hinh 3.Buong congdéc trung luc tac ding-do dich chugn cia phépdo
d6 bén dai tachdp trén niu DCB aia \at liéu c6 va khdng c6 laccol

3.3.2.P¢ bén dai tach bp Gc
Mai quan f¢ giitado bén dai tachdp G véi chiéu dai \ét nit cua vat ligu polyme compozit
khi khdng co6 laccol va co laccdirgc trinh bay trén Hinh 4. & qua trén Hinh 4 cho tiy, cung

mot do dai tach &p nhung ¢ méu co laccol &n stit xuat hign vét nat nhieu hon, thyi gian tach
I6p cham hon vaon dinh hon so Wi mau khéng cé laccol.
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Hinh 4 Quan k giita ning hrong tach &p G¢ va chiéu dai vét nirt cia miu DCB.

Do bén dai tach dp banddu Ge ¢ miu ¢ laccol cao dn so Wi miu khéng co laccol 1a
29,5 % (tr 693,6 1én 735,1 Jfy trong khidd do bén dai tAchdp cia ¢ qua trinh G- & mau c6
laccol cao bin so Wi miu khéng c6 laccol 20 %:i(t898,2 Ién 1078 J/M (thé hién trén Hinh 5).
CAéc tac gi [14] ciing cH ra ring khidwa 10 % nanosilica, 10 % cao sudg CTBN hay & hop
lai tao 10 % nanosilica va 10 % CTBN vaoushrén epoxydéu lam ting ring lrong pha ky
tach bp aia vat liéu polyme compozit. Ninvay, khi dua 20 % laccol vaothop nhra rén da cii
thién dang K d6 bén dai tachdp cia miu vat liéu polyme compozit.

1200

1078

1000

800

600

400

Do bén dai téch 16p (J/m32)

200

0% Laccol 20%Laccol

Hinh 5.D6 bén dai pha fy tach bp caa miu compozit c6 va khong cé laccol.

Dé danh gid vai tro ga laccol trong nisa ren epoxy,da chup anh SEM & mét pha hiy
tach bp cia mau vat liéu compozit. Kt qua nhan duoc trinh bay trén Hinh 6.
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(a) - 0 % laccol (b) - 20 % laccol

Hinh 6 Anh SEM k& mit pha hiy tach bp cia miu vat liéu compozit
(a) - khdng & dung va (b) - c6& dung laccol lam tac nharrg do bén dai.

Quan satnh SEM cho thy, & mau khong c6 laccol dmat pha iy cua miu nhin hon va
trén k& mat soi c6 rat it nhya bam 4i. Trong khidé & miu c6 20 % laccol bmat pha hiy khong
nhin va rong nhra bam dinh 1éndbmiat soi sau qua trinh tackip nhiéu hon. Biéu d6 ching ©
khi c6 mit laccolda lam ting khi nang lién Kt giita syi va rén, két qua dan dén ning legng tach
l6p can thiét caa miu c6 chira 20 % laccoldn hon so \6i mau khéng clra laccol. Nix vy, vai
tro aza laccol trongd hop vat liéu da duoc kiém ching va hoan toan phiph véi két qua nhan
dugc nhy anh SEM.

4. KET LUAN

Do ben kéo, bn cia vat ligu epoxy Epikote 828usdung dong fin XEDETA ¢ ham lrong
laccol 20% va giawyng king i thuy tinh khong c6 & thay ddi nhidu so i té hop vat lidu
khéng bén tinh king laccol, tuy nhiénio bén vadap Izod ting tr 179,05 KJ/r |én 258,04
KJ/nt (ting 44,1%).

Khi dwa 20 % laccol vaosthop nhra rén epoxy Epikote 828 lam cho qué trinh taép |
cham hon, déng thyi nang hrong tach &p aia vat liéu ding l6n hon. Gu thé G ting tr 693,6
J/nf 1&n 898,2 J/Mm(ting 29,5 %), G tang tir 735,1 J/mMIén 1078,0 J/M(ting 46,6 %).

Loi cdm on. Cac tac gi xin chan thanh @m on Phong Thi ngm Trong diém Vat lisu polyme va
Compozit, Toeong bai hoc Bach khoa Ha §l da o dieu kién thuin lgi trong qua trinh nghiéniei.
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ABSTRACT
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Epoxy resins are widely utilised as high perfornsartbermosetting resins for many
industrial applications but unfortunately some eharacterised by a relatively low toughness.
Laccol (LC) is a natural phenol with two hydroxyfogps in octo-position and long side
unsaturated hydrocarbon substituteHz;. Epoxy-laccol (EP-LC) oligomers were synthesized
by reaction of epoxy resin Epikote 828 with LC (1 eq) at temperature 140 £@Q for 4 hrs in
nitrogen condition. The mixture of EP-LC with EpikdB28 is named Epolac. Using Epolac, the
effect of LC content on the mode | interlaminarcftae toughness (§ and mechanical
properties of epoxy polymers were evaluated. Thaiokd testing results showed that the I1zod
impact strength of glass fabric/epoxy (GF/EP) cosies significantly increased by 44.1 %
from 179.05 KJ/rhto 258.04 KJ/rfy while the mode-I interlaminar fracture toughnfsscrack
initiation and propagation also improved by 29.5af@ 20.0 %, respectively, when 20 % LC
was participated in the epoxy matrix. Results oigdi from dynamic mechanical thermal
analysis (DMTA) showed that the glass transitiomgeratures of the epoxy resin matrix were
slightly reduced on the addition of laccol. Thersdag electron microscopy (SEM) observation
revealed that LC delayed the crack growth in GFEERposite as well as the onset of matrix
crack. The overall results have shown that it issfme to obtain excellent impact strength and
the mode | interlaminar fracture toughnesg)®@iith the use of laccol as a toughness agent for
the epoxy resins.

Keywords epoxy resin, laccol, cyanethyl-diethylenetriaminmgerlaminar fracture toughness,
glass fiber.
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