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Abstract

Carbon fabric/epoxy (CF/EP) composite toughened by OELO was prepared to improve fracture toughness of the
composite. The obtained testing results showed that the lzod impact strength of carbon fabric/epoxy composites
significantly increased by 31.4 % from 37.2 KJ/m? to 48.9 KJ/m? just by adding 6 phr (part per hundred of resin) OELO
was dispersed in the epoxy matrix. Both mode-I interlaminar fracture toughness of carbon fabric/epoxy (OELO/EP)
composites at crack initiation and propagation also improved by 37.2 % and 17.7 %, respectively by content of 6 phr
OELO in compositions. Damaged surfaces of fractured samples were investigated using scanning electron microscopy
(SEM) techniques. 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 6phr OELO.
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1. MO PAU

Vat ligu polyme compozit gia cuong soi lién tuc
duoc Gng dung rong rai trong nhiéu linh vyuc khéac
nhau nhu: Cong nghé 6td, hang khéng, hang hai, hé
thdng duong 6ng va cong nghiép dan dung... [1-3].
Hién nay, vat liéu polyme compozit ngay cang dugc
lva chon sir dung trong cong nghé hang khong do
cac wu diém noi bat. Hang Boeing sir dung t6i 50 %
va hdng Airbus str dung 25 % vat liéu compozit trén
co s& nhua epoxy dé ché tao than, canh va dudi may
bay [4]. Tuy nhién, dé sir dung cho cac muc dich néu
trén, vat liéu polyme compozit can dap Gmg dwoc cac
chi tiéu nhu d6 bén dai cao, nhe va kha ning chdng
phan 16p tot. Mot nhuge diém cb hiru cua vat lidu
polyme compozit trén co s& nhya epoxy Epikote 828
la don, kha nang chdng va dap va phan I6p kém.

Vi vay, viéc nghién ctru nang cao do bén dai cia
vat liéu polyme compozit gia cuong sgi cacbon trén
co s& nhya epoxy Epikote 828 1a rat can thiét, nham
muc dich mé rong pham vi ttng dung chung.

Hién nay, c6 rat nhiéu cong trinh tap trung cha
yéu vao viéc ning cao do bén dai cua vat liéu
polyme compozit trén co s& nhua epoxy, tdc nhan
tang d6 bén dai cha yéu la cachon nano, vi sgi nano,
céc loai cao su long v.v. K. L. Kepple va dong

nghiép [5] da dung dng cacbon nano phan tan vao
nén epoxy, két qua cho thay da lam ting 46 % do
bén dai pha hiy tach 16p (Gic). N. T. Phong va cong
su [6] lai st dung 0,1 % sg¢i nano-polyvinyl alcohot
(NPVA) phan tan vao nén epoxy, két qua cho thay da
lam tang niang luong tach 16p ban dau (Gc) 1én 65 %
va ning luong tach lép cua qua trinh (Gyp) 1én 73 %.

Trong cong trinh nay, da nghién ctu anh huéng
cua oligome dau lanh epoxy héa (OELO) cé ngudn
gdc tir thién nhién dén kha ning dai hoa cua vat liéu
polyme compozit trén co s& hhya epoxy Epikote 828
gia cuong soi cachon.

2. THUC NGHIEM
2.1. Hoa chat va vat ligu

Dau lanh epoxy hoa, Akcros (Anh) c6 ham
lugng nhom epoxy 22,9 %.

Nhya epoxy Epikote 828 (Shell Chemicals), cé
ham lugng nhém epoxy 22,6 %.

OELO dugc tong hop tai Trung tim Nghién ctu
vt liéu polyme, Truong Pai hoc Bach khoa Ha Noi
¢6 ham lugng nhom epoxy 17,8 %.

Xyanetyldietylentriamin (XEDETA), dugc tong
hop theo tai liéu [7].
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Vai cacbon loai AS4 (Hexcel) c6 mat d6 230 g/m?.
2.2. Phwong phap nghién ciru

2.2.1. Phuong phdp tinh todn lhrong chdt déng ran
amin

Luong chit dong rdn amin X (g) cho 100 g nhwa
epoxy dugc tinh theo cong thuc:

eM

X =—

43 @

Trong d6: E 1a ham luong nhom epoxy; M la khoi

luong phan tr coa chat déng ran amin; n la sé
nguyén tir hidro hoat dong trong chit déng ran amin;
43 13 khéi luong nhém epoxy; k 1a hé sé diéu chinh.

2.1.2. Chuan bi mau

OELO duoc phan tan tryuc tiép vao nhua epoxy
Epikote 828 v&i cac ham luong 0, 4, 6, 8, 10 va 12
PKL (phan khéi luong), sau d6 t6 hop duoc dong
ran boi chat déong rin XEDETA (xyanetyl-
dietylentriamin) & hé s6 k = 1,2. Vit liéu compozit
gia cudng soi cacbon dwoc 1an ép bang tay, sau 3
tuan cit va dem di xac dinh tinh chat co hoc.

2.2.3. Phwong phdp xdc dinh tinh chdt co hoc cia
vt liéu polyme compozit

Do bén kéo duge xac dinh trén may INSTRON

Khéi dat hec
bing nhom

Dang Hiru Trung va cong su

5582-100 KN (M¥) theo tiéu chuin ASTM D638,
toc do kéo 2 mm/phdt, nhiét do 25 °C, do am 70 %.

Do bén ubn duoc xac dinh trén may INSTRON
5582-100 KN (M¥) theo tiéu chuin ASTM D790,
tbc d6 udn 2 mm/phat, khoang céch giita hai gbi do
bang 80 mm, nhiét do 25 °C, d6 am 70 %.

Do bén va dap Izod duoc xac dinh theo tiéu
chuan ASTM D256 trén may Tinius Olsen (M),
nhiét 6 25 °C va d6 am 70 %.

2.2.4. Ché tgo mau dam cong-xon kép (DCB)

Vit ligu compozit dang tam gom 10 lop vai
cacbon dugc Che tao theo phuong phap lan ép bang
tay. Nhuya nén epoxy dugc dong rin & nhiét do
phong bang chat dong rin XEDETA v&i hé s6 k =
1,2. Ty 1& khdi luong nhya/soi = 40/60. Dé tao vét
nirt ban dau, mot tim PTFE (polytetrafloetylen) day
khoang 10 um dugc dat vao sau lop vai tha 5 sao
cho chiéu dai vét niit ban dau a; = 50 mm. Sau 3
tudn miu dugc cit va dem di xac dinh do bén dai
pha huay tach 16p.

Mau dam cong-xon kép (DCB) c6 chiéu dai 150
mm, chiéu rong 20 mm dugc cét ra tir tim compozit.
Canh bén ctia miu dwoc mai nhdn va danh dau bing
son tring voi khoang cach 1 mm dé d& dang theo dGi
chiéu dai vét nat phat trién. Hai khop ndi dong bang
nhém dugc dan vao hai mat cia mau ¢ phia cudi dau
c6 Vvét niit tao san bang keo dan 502. Hinh 1 mé ta cau
hinh cia mau DCB duing cho phuong phép xac dinh do
bén dai pha huy téch I6p theo phuong thirc | [8].
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Hinh 1: Mau dam céng xon kép (DCB)

2.1.5. Thir dé dai pha huiy tach 16p bién dang phang
(Mode-I1 interlaminar fracture toughness test)

Phuong phap thir do dai pha huy tach 16p bién
dang phang duoc thuc hién theo tiéu chuan ASTM
D5528-01 [8], trén may do co hoc da nang LLOYD
500N (Anh) véi téc do kéo 2 mm/phdt, thé hién trén
hinh 2. Luc tac dung, do dich chuyén ciia chiéu rong
vét nat va chiéu dai vét nut duoc ghi lai trong qua
trinh vét nat phét trién. Phuong phéap hiéu chuan cai
tién (modified compliance calibration, MCC) duoc
sir dung d¢ tinh todn d6 dai pha hiy tach Iop bién

dang phéng ctia mau compozit. Gic va Gp duoc tinh
theo cong thuc sau [8, 6]:

am (P (BC\” 2
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N3 N2 2
(N 0
a 8 a a’*) 35\a
Trong dé: Gic - d6 dai pha hity khi vét nut bt dau
xay ra, JJm%; Gp - d6 dai pha huy cua qué trinh phat
trién vét niit, J/m?; B - chiéu rong mau DCB, mm; 2h
- chiéu day mau DCB, mm; P, - luc lon nhét khi vét
nat bat ddu xay ra, N; Pp- luc qua trinh phat trién vét
nut, N; 6 - d6 dich chuyen cua chiéu rong Vet nut,

mm; a - chiéu dai vét nat, mm; C - hé sd thuan
tuong (ng vai chieu dai vet nut.

H¢ bén dai tach I6p va tinh chat...

o

c=3 (6)

N - hé sé hiéu chinh cua & khi xét dén anh huong caa
khop ndi dong bang nhom dén do cung caa mau; F -
hé s6 hiéu chinh lién quan dén d¢ dich chuyén vét
nit; m - hé sé géc cua duong thang biéu didn méi
quan hé gitta (BC/N)"® va (a/2h); t - khoang céach
dugc dinh nghia trén hinh 1, mm; L’ - khoang céch
tir tim cua chét dinh vi trén khdi nhém dén canh cua
khdi nhom vé phia chidu vét nut phat trién (hinh 1),
mm.

Load (N)

Hinh 2: Thiét bi x4c dinh do bén dai tach lop (a) va do thi ddc trung tac dung lyc-do dich chuyén cua
phép do (b) trén mau DCB cua vat liéu polyme compozit gia cuong sgi cachon

2.2.6. Kinh hién vi dién tir quét

Céu trc hinh thai hoc bé mat phéa huy cua cac
mau compozit dugc quan sat trén kinh hién vi dién
tr quét (SEM) JEOL JSM 6360LV (Nhat Ban).
Truéc khi quan sat bang SEM, tat ca cac mau duoc
phu bing mét 16p mong Pt dé tranh hién tuong
tich dién.

2.2.7. Phan tich co nhiét dong (DMTA)

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

3. KET QUA VA THAO LUAN

3.1. Pudng cong co nhiét dgng (DMTA) cia nhya
nen epoxy Epikote 828 bien tinh bang OELO

Trong qué trinh st dung & mdi trudng khic nhiét
nhu chiu rung lic, nhiét do, ¢ am... ta phai biét
duoc kha nang chuyén trang thai cua polyme dé su
dung cho phu hop, do vay da tién hanh xac dinh tinh
chat co nhiét dong cua mau nhya epoxy khéng bién
tinh va c6 bién tinh 6 PKL-OELO, str dung chat

dong ran XEDETA. Mau duoc db trong khuon thép
c6 kich thuéc 50x7x2 mm, sau 3 tuan déng ran hoan
toan dem di xac dinh co nhiét dong. Két qua nhan
duoc thé hién trén hinh 3.

0.8 ~ =80.3

T@xy— LO)

30 80 130 180

. 230
Nhiét d6 (°C)

Hinh 3: Buong cong co nhiét dong (DMTA) cua
nhua nen epoxy Epikote 828 bien tinh va
khong bién tinh bang OELO

Két qua trén hinh 3 cho thiy, & mau khong bién
tinh OELO nhi¢t d6 hoa thiy tinh Ty = 91,5 °C va
tand = 0,72. Trong khi d6 & mau co blen tinh 6 PKL-
OELO, nhiét &6 héa thay tinh giam xudng T,=80,3
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°C va tand = 0,71. Két qua nay hoan toan phu hop
v6i du doan ban dau 1a khi dua OELO vao nhya
epoxy di lam giam mat do khau mach, dong thoi
lam tang tinh mém déo cua nhwa epoxy va két qua la
kha nang chiu nhiét kém hon so voi nhya epoxy
khong bién tinh. Cac tac gia [9, 10] ciing chi ra rang
khi dua cac chét bién tinh vao nhua epoxy dé cai
thién kha nang dai hoa cta nhya, ciing lam giam T,
mot cach dang ké.

3.2. Tinh chit co' hoc cia vat ligu compozit trén
nén epoxy Epikote 828/OELO gia cudng bang s¢i
cacbon, sir dung dong ran XEDETA

Trong cdng trinh [11] ching t6i da khao sat anh
hudng cua ham lugng OELO dén ’tl'nh chat co hoc
cua vat liéu epoxy Epikote 828. Két qua cho thay &

Dang Hiru Trung va cong su

ham lugng 6 PKL-OELO cho két qua tét nhit.
Trong cdng trinh nay str dung 6 PKL-OELO dwa vao
vat liéu compozit gia cuong s¢i cacbon trén co s&
nhyua epoxy Epikote 828. Két qua nhan duogc trinh
bay trén hinh 4.

Tur hinh 4a va 4b cho thay, vat liéu compozit khi
dua OELO vao nhya nén khong lam thay déi nhiéu
dén tinh chét kéo va udn, cu thé do bén kéo ting nhe
8,6 % (tir 240,6 MPa 1én 261,3 MPa), d6 bén udn
giam nhe 8,6 % (tir 552,4 MPa xubng 508,2 MPa).
Trong khi ¢6 modun kéo va udn déu giam (thé hién
qua duong cong tng suat tré hon). Tuy nhién, & hinh
4c cho thay, do bén va dap 1zod c6 khia cua vat liéu
polyme compozit gia cuong bing soi cacbon ting
dang ké khi c6 mat OELO. Cu thé khi c6 mit 6
PKL-OELO, d6 bén va dap ting 31,4 % (tir 37,2
KJ/m? Ién 48,9 KJ/m?).
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Hinh 4: D thi tng suat kéo, uon va va dap cia mau vat ligu compozit gia cudng sei cacbon,
trén co s& nhua epoxy Epikote 828, bién tinh va khdng bién tinh bang OELO

Nhu véy, khi dwa OELO vao vt liéu compozit
cho thay t6 hop nhya epoxy Epikote 828 sau khi
dong ran ¢ tinh mém déo hon.

3.3. b bén dai tach Iép cua vat liéu compozit
t(én nén epoxy Epikote 828/OELO gia cudng
bang s¢i cacbon, véi chat déng ran XEDETA

3.3.1. Puong cong tac dung luc-dg dich chuyén

Da sir dyng 6 PKL - OELO dé bién tinh nhya
nén epoxy Epikote 828, vdi chat dong ran XEDETA
va gia cuong bang sgi cacbon, vai ty 1¢ khéi lugng
nhua/soi = 40/60. Két qua nhan dugc trinh bay trén
hinh 5.

Hinh 5 biéu dién cac dudng cong dic trung cho
mbi quan hé giira luc kéo P va do dich chuyén mo
rong vét nut & cia mau DCB c6 va khong c6 OELO.
O miu c6 6 PKL-OELO quan sat thay toc do dich
chuyén cua vét nut cham va sé 1an khdi phuc dé hinh
thanh vét nit mai nhiéu son so v6i mau khéng c6
OELO, diéu nay duoc thé hién rd trén duong cong

dic trung tac dung lec-do dich chuyén (hinh 6). O
mau khdng c6 OELO lyuc tac dung Ion nhit khi vét
nut bat dau xuat hién va dat 39,8 N, nho hon nhiéu
S0 voi mau ¢6 6PKL-OELO 53,6 N. Sau khi xuat
hién vét nit dau tién, luc tac dung giam dan va ty 18
nghich véi d6 dich chuyén.

<0 A (Epoxy-OELQ)
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Hinh 5: Buong cong dac trung luc tac dung-dé dich
chuyén cuaa phép do d6 bén dai tach Iop trén mau
DCB cua vt liéu compozit c6 bién tinh va
khéng bién tinh OELO
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3.3.2. B¢ bén dai tach lop

Do bén dai phé huy tach 16p phu thudc nhiéu yéu
t6 nhu ban chat cua nhya nén, loai soi gia cuong,
modun sg¢i hay phuong phap gia cong vv... Mot bao
céo cua tac gia N. Baral va ddng nghiép [12] cho
thdy modun cua soi gia cuong c6 anh huéng truc
tiép dén ning luong tach 16p. Bao céo két luan soi
gia cudng c6 modun cang cao thi kha niang chéng lai
su pha huy tach 16p cang thap.

MGi quan hé giira do bén dai tach 16p véi chiéu
dai vét nat cua vat liéu polyme compozit khi khong
cd OELO va c6 6 PKL-OELO dugc trinh bay trén

hinh 6.
800 (Epoxy-OELO)

o 600 :}L::?%f
5

= 400 \Epul\y)
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O 200

0 T T T T T
45 55 65 75 85 95
Chiéu dai vét nirt, mm

Hinh 6: Quan h¢ giita d¢ bén dai tach I6p Gic va
chiéu’dai Vet niit ciia mau vat Iiéq compozit cé
bién tinh va khéng bién tinh bang OELO

Két qua trén hinh 6 cho thdy, néu s dung 6
PKL-OELO bién tinh nén epoxy Epikote 828, do
bén dai tach I6p ban dau G ting 37,2 % soO Vi
mau khoéng c6 OELO (tir 421,3 1én 578,3 J/m?).
Trong khi d6 d6 bén dai tach 16p cua qué trinh Gp
khi str dung 6 PKL-OELO tang 17,7 % (tur 521,8 1én
614,2 J/m?), thé hién trén hinh 7.

H¢ bén dai tach I6p va tinh chat...

700

6142

600

500

GIC, J/m2

400 -

300 +

200 A

100 -

Epoxy Epoxy-OELO

Hinh 7: D6 bén dai phé huy tach 16p cia mau vat
liéu compozit khéng sir dung va cé stir dung OELO

C6 duoc diéu d6 c6 thé 1a do véi sy ¢6 mat caa 6
PKL-OELO trong to hop vat liéu di lam ting két
dinh noi cua polyme, két qua Ia lam ting nang lugng
tach 16p gitra soi va nén trong vat liéu compozit.

Nhu vay, khi dua 6 PKL-OELO vao vat liéu
compozit gia cudng soi cacbon, di cai thién dang ké
nang lugng pha huy tach 16p caa vat liéu compozit.

3.3.3. Anh SEM bé mgt pha huiy tach Ip ciia mdu c6
va khoéng c6 OELO bién tinh

Dé hiéu 5 co ché pha huy tach 16p ciia mau vat
liéu compozit cé sir dung va khong sir dung OELO
lam tac nhan cai thién do bén dai pha hay tach 16p.
D3 tién hanh chup anh SEM bé mit pha huay tach 16p
cua mau vat liéu epoxy Epikote 828, sur dung dong
ran XEDETA, gia cudng bang sgi cachon, ty 1¢ khoi
luong nhya/sgi = 40/60.

Két qua nhan duoc thé hién trén hinh 8.

Hinh 8: Anh SEM bé mat pha hay tach 16p caa mau vat liéu compozit c6 va khong c6 6 PKL-OELO

Quan sat anh SEM cho thiy, & mau khéng cé
OELO bé mat ph& hay cua mau nhin hon va trén bé
mat soi ¢6 rat it nhua bam lai.

Trong khi 6 & mau c¢6 6 PKL-OELO bé mat pha
hity khong nhin va luong nhwa bam dinh 1én bé mat

soi sau qué trinh tach 16p nhidu hon. Diéu d6 ching
t6 khi c6 mat OELO di lam tang kha nang lién két
giita soi va nén, két qua din dén ning luong tach 16p
can thiét ctia mau c6 chia 6 PKL-OELO I6n hon so
véi mau khéng chira OELO.
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Mot bao cao tuong ty cua tac gia J. Zhang va
cong su [13] qua anh SEM cho thay, khi dua to hop
lai tao nano-silica va cao su long CTBN vao nhua
nén epoxy, bé mit soi sau qua trinh tach lép co
lwrong nhya bam dinh nhiéu hon so véi mau khdng
bién tinh, diéu d6 di 1am ting bé mat bam dinh giira
soi va nén. Két qua lam ting ning luong pha huy
tach lop.

Nhu vay, vai trd cua OELO trong t6 hop vat liéu
compozit da duoc kiém ching va hoan toan phi hop
vé6i két qua nhan dugc nhd anh SEM.

4. KET LUAN

Khi dua 6 PKL-OELO vao vat liéu compozit gia
cuong soi cachon, str dung chat dong rain XEDETA
cho thiy: Do bén kéo va ubn khdng co sy thay doi
nhiéu.Tuy nhién, do bén va dap Izod c6 khia ting
31,4 % (tir 37,2 KJ/m? 1én 48,9 KJ/m?).

Do bén dai tach I6p ban dau G, cua vat lidu
compozit ting 37,2 % (tir 421,3 1én 578,3 J/m?) va
d6 bén dai tach 16p cua ca qua trinh Gp cua vt liéu
compozit ting 17,7% (tir 521,8 1&n 614,2 J/m?).

Loi cam on. Cac tac gia xin chan thanh cam on
Phong Thi nghiém Trong diém Vat liéu Polyme va
Compozit, Truong Pai hoc Bach khoa Ha Néi da tao
dieu kién day du trang thiét bi trong qué trinh
nghién cuzu.
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