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NGHIEN cUU HE EPOXY DER-331 DONG RAN BANG
METYLTETRA HYDRO PHTALIC ANHYDRIT (MTHPA)
DE CHE TAO VAT LIEU COMPOZIT TIEN TIEN

PHAN Il - ANH HUGNG CUA NANOCLAY DEN SU DPONG RAN CUA
HE EPOXY DER-331/MTHPA/DMP-30
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ASBTRACT

Nanoclays were added to DER-331 epoxy cured with metyltetra hydro phatalic anhydride
(MTHPA) and DMP-30 catalyst. Effect of adding nanoclay to the epoxy on cure reaction of the
composites was studied by measuring gel contents. X-ray diffraction (XRD) technique was
employed to investigate the inter-planar distance between the nanoclay platelets in different
samples. Scanning electron microscopy (SEM) was used to investigate the morphology of
composites. The mechanical properties of the composites were characterized in terms of tensile,
flexural and compression tests. The results show that adding nanoclay to the epoxy composites
decreases the gel contents of epoxy but increases the mechanical properties of the epoxy

composites by 16% in tensile, 10% in compression and 16% in flexural strength.

- MO PAU

Nhitng nam gan day, da c6 nhiéu cong trinh
khoa hoc nghién ctu vé vat liéu nanoclay
polyme compozit n6i chung va vat liéu nanoclay
polyme compozit trén co s& nhua epoxy noi
riéng. Cac cong trinh nghién cttu da chitng minh
rang, chi v6i mot ham lugng rdt nho vai phéan
tram trong luong nanoclay thi vat liéu polyme
compozit trén nén nhua epoxy da mang lai nhiéu
tinh chat uu viét hon so v6i ban dau. Tinh chat
co hoc, tinh chat nhiét, kha nang chong chay,
bén hod chat, chéng tham khi... déu tang lén [1-
3]. F. H. Chowdhury va cdc dong nghiép st
dung 2% nanoclay trong hé epoxy-nanoclay gia
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cudng béng vai cacbon thi do bén udn da ting tir
306 MPa 1én 383 MPa, modun tang tir 35 GPa
lén 40 GPa, modun tich trit ting 52%, nhiét do
thily tinh tang 1én 13°C (tir 82°C lén 95°C) [4].
Yuan Xu, Suong Van Hoa da su 4% nanoclay
trong hé epoxy déng rin bing 44’-
diaminodiphenylsulfone (DDS) gia cudng bing
soi cacbon. Két qua cho thdy, do bén udn cla
vat liéu da tang 38% va do dai va dap tang 85%
0 vGi ban dau [5].

Tuy nhién, bén canh nhiing tic dung tich
cuc thi vat liéu nay ciing gay nén nhiing han ché
lam gidm mot s6 tinh chat cua vat liéu ban dau.
Nguyén nhan 1a do v6i méi loai nanoclay thi
qué trinh ch€ tao, bién tinh khic nhau dan dén



kha nang tuong hop véi vat liéu cling khac nhau
[1,2].

Chiing toi di nghién ciu va tim dugc diéu
kien déng rin he DER-331/MTHPA/DMP-30
¢ cdc tinh chat tot nhat véi ty 1€ mol
MTHPA/DER-331 1a 0,75/1 va DMP-30/DER-
331 1a 0,0028/1 & nhiét do 115°C trong 3 gio.
Bai bdo nay trinh bay cadc két qua nghién ciu vé
dnh hudng cla nanoclay dén nhiét do déng rin
cling nhu thanh phan cdc cau tr trong hé. Mot
sO tinh chdt cia hé cé nanoclay ciing dugc
khao sit.

II - THUC NGHIEM

1. Nguyén liéu va héa chat

- Nhya epoxy DER-331 cua hang Dow
Chemicals (Hoa KVy) c6é duong lugng epoxy
188,6 g/mol, d6 nhét & 25°C: 1.348 poise.

- Chat déng ran metyltetra hydro phtalic
anhydrit (MTHPA) ctia hang Dow Chemicals
(Hoa Ky) c6 khoi lugng duong lugng anhydrit:
166, 0 nhét & 25°C: 0,6 poise.

- Chit xiic tic déng rin 2, 4, 6 tri(dimetyl
amino metyl) phenol (DMP-30) dugc téng hop
¢6 khoi lugng phan tir: 265, ham lugng amin bac
3: 15,85, do nhét & 25°C: 3 poise.

- Nanoclay I28E va I30E cua hiang Nanocor
(Hoa Ky).

- Nanoclay 6A cua hang Southclay (Hoa
Ky).

2. Ché tao vat liéu

Nanoclay dugc dua vao nhua epoxy DER-
331 va khudy véi téc do 2000 vong/phit trong 2
gi0, sau d6 dugc tron véi MTHPA va DMP-30
theo ty 1& dinh truGc. Mau duoc hiit chan khong
dé loai bo hét bot khi va cho déng rin & nhiét do
quy dinh.

3. Phuong phap nghién ciu

- Ham luong phan gel duoc xé4c dinh béng
cich trich ly trong axeton trén dung cu xoxhlet
trong 16 gio.

- Pho nhiéu xa tia X dugc ghi trén may
Siemens D5005.

- Anh SEM duoc chup trén may JSM-6868
LV, JEOL (Nhat Ban). Nguén biic xa cé hiéu
dién thé€ 25kV, muic do phéng dai 10.000 lan.

- Tinh chat co hoc: Do bén uén duge xic
dinh theo tiéu chudn ISO 178 1993 (E), do bén
nén x4c dinh theo tiéu chuin ISO 604 1993 (E),
do bén kéo dugc xdc dinh theo tiéu chudn ISO
3268 1978 (E) trén mdy Tinius Olsen HIOOKT
Hounfield, toc do kéo 2 mm/phiit.

III - KET QUA VA THAO LUAN

1. Pho XRD ciia cAc mau epoxy

Trén hinh 1 trinh bay phé XRD clia cic mau
epoxy voi cac nanoclay I30E, I28E va 6A.

Két qua tinh khoang cach co s& d cta céac
nanoclay trén tir phé XRD dugc trinh bay trong
bang 1.

Bdng I: Khoang céch d clia cdc mau nanoclay trude va sau khi phan tdn vao nén epoxy

STT M Khodng cich co 0 d g, A Khoang céch sau }(hi ophfm tdn vao pha
nén, A
1 128E 23,338 37,55
2 130E 26,715 Tréc 16p
3 6A 37,11 35,46

Céc két qua trén cho thdy, v6i phuong phap
tron co hoc nhu trén, chi ¢6 128E va I30E c6 kha
ning phan tdn xen k& hodc tréc 16p trong nén
epoxy DER-331.

2. Anh huéng cia nanoclay dén nhiét do
dong ran
Nhua epoxy DER-331 dugc tron véi 3 phan
khoi lugng (PKL) nanoclay va déng rin béng
MTHPA véi ty 1&é mol MTHPA/DER-331 la
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0,75 va DMP-30/DER-331 1a 0,0028. Khao st
ham luong phan gel & céc nhiét do déng rén tr
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Hinh I: Phé XRD cuia nanoclay 130E(a), I28E(b) va 6A(c) va cac méu tuong tng sau khi phan tan
trong nén epoxy: I30E(d), I28E(e) va 6A(f)
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Hinh 2: Anh huéng cia nanoclay dén ham lugng phan gel & céc nhiét do déng ran khéc nhau

C6 thé nhan thay khi dua nanoclay vao ham
lugng phan gel cua hé giam di so v6i khi khong
¢6 nanoclay: Mau véi I30E dat 88,3% va mau
I28E dat 80,4%. Ngoai ra, nhiét do dong ran
ung v6i phan gel cao nhét cling tang: V&i mau
c6 I30E, nhiét do nay dat t6i 160°C nghia I
tuong duong v6i miu khong c6 DMP-30. Mau
I28E tuy c6 phan gel 6n dinh tit 115°C nhung
ciing khong vuot qud 80%. Diéu nay chiing to
viéc dua nanoclay vao lam giam mic do déng
rin ctia hé¢ DER-331/MTHPA/DMP-30.
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3. Anh huong nanoclay dén hé dong rin va
xtc tac dong ran

Viéc giam ham lugng phéan gel va tang nhiét
do déng ran khi dua nanoclay vao hé c6 thé do
nanoclay tuong tdc véi cdc chat déng rin va xic
tdc déng ran lam gidm hoat tinh clia cdc chat
nay. Dé kiém tra gia thiét nay, da khdo st anh
hudng ctia nanoclay dén ham lIugng phéan gel khi
thay d6i lugng déng ran MTHPA (hinh 3) va
DMP-30 (hinh 4). Trong ca hai truong hop nhiét
do déng ran 1a 115°C, thoi gian 3 gid, ham
Iuong nanoclay 1a 3 PKL.
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Hinh 3: Anh huéng cia MTHPA dén ham luong phan gel
(ty 1¢ mol DMP-30/DER-331 = 0,0028/1)
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Hinh 4: Anh hudng cia DMP-30 dén ham lugng phan gel
(Ty 16 mol MTHPA/DER-331 = 0,75/1)

Két qua trén hinh 3 cho thay, mac du ty lé
MTHPA/DER-331 thay déi trong mot khoang
rong nhung ham lugng phan gel chi dat tGi
khoang 82% dén 84%, nhd hon so véi khi
khong c6 nanoclay (94% dén 95%). C6 nghia la
nanoclay it anh hudng dén lugng MTHPA du,
do dé viéc giam mic do déng rin it phu thudc
vao MTHPA.

Ciing tuong tu, khi luong DMP-30 nhd
(0,0028 mol/mol epoxy), ham luong phan gel
ctia mau c6 nanoclay I28E chi dat 80% (so véi
95% clia mau khong c6 nanoclay), con mau véi
I30E tham chi con thap hon (hinh 4). Tuy nhién,
khi luong DMP-30 du 16n (0,0042 mol trong
mau vé6i 128E va 0,0105 mol trong méau véi
I30E), ham luong phan gel da dat t6i 92 - 95%,
tuong duong mau véi 0,0028 mol DMP-30 va
khong c6 nanoclay (hinh 4).

Nhu vay, su gidm ham luong phan gel khi
dua nanoclay vao hé epoxy la do tuong tac giita
nanoclay va DMP-30. Pé tim hiéu ban chat
twong tdc nay, chiing t6i da chup phé hong
ngoai cdc hén hgp DMP-30/I30E, DMP-
30/128E. Két qua cho thdy, so vé6i phé IR cha
DMP-30, I30E, 128E, phé clia hén hop DMP-
30/128E va DMP-30/I130E khong cé thém pic
dac trung ndo méi. Diéu nay ching to giita
nanoclay va DMP-30 khong c6 tuong tic hda
hoc. Néu chd y ring nanoclay dugc bién tinh bé
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mit bing cdc alkyl amin, c6 thé gia thiét mot
phan DMP-30 da bi hdp phu boi cic 16p
nanoclay do dé tidc dung xtc tic déng rin gidm
di. I30E dugc bién tinh biang mudi octadexyl
amoni (amin bac bon) ¢6 do axit Lewis cao hon
I28E bién tinh bang amin bac hai (octadecyl
amin) s€ hap phu DMP-30 manh hon. Chi khi
b6 sung DMP-30 du dé bu dép lugng hao hut do
hap phu, ham luong phan gel méi dat midc nhu
khong cé nanoclay. Ciing vi li do trén, lugng
DMP-30 cén thié€t b6 sung vao miu c6 I30E cao
hon hén so v6i méu c6 128E.

4. Tinh chat co hoc va cau tric hinh thai vat
liéu epoxy - nanoclay

Viéc dua nanoclay vao c6 tic dung tang
cuong tinh chat co hoc ctia hé nhua epoxy
(bang 2).

Su tang tinh chat ciing c6 thé nhan thay khi
quan sit bé mat gdy cia mau ¢6 va khong cé
nanoclay (hinh 5).

Qua cidc anh SEM nhan thdy ro sy khac
nhau trong cau triic bé mat cia méu pha nén c6
va khong ¢6 nanoclay I30E. Mau pha nén khong
¢6 nanoclay I30E c6 céu tric chua bén chat, bé
mat miu con nhiéu nhdp nho va cdc hat tho.
Mau pha nén ¢6 nanoclay I30E chi véi 3PKL
nhung ciu tric di bén chat hon ding ké,
nanoclay I130E da lam giam dugc cic hat tho va



san phang nhitng nhap nho trén bé mat. Két qua
nay tao su déng nhét trong cdu triic clia pha nén,

han ché€ gy ra nhiing vét nat do Gng suat noi tir
d6 cai thién cac tinh chat co hoc.

Bdng 2: Tinh chéit co hoc clia hé epoxy c6 va khong cé nanoclay

Tinh chat co hoc
STT Méu Do bén kéo Do bén nén, Do bén uodn,
duat, MPa MPa MPa
1 DER-331/MTHPA/DMP-30/130E 36,42 75,89 72,96
2 DER-331/MTHPA/DMP-30 31,53 68,70 63,12

IV - KET LUAN

1. Khi dua nanoclay vao hé¢ epoxy DER-
331/MTHPA/DMP-3 miic do dong rin cla hé
gidm xu6ng. Su gidm nay c6 thé giai thich l1a do
mot phan DMP-30 da bi hap phu bdi nanoclay
¢6 bé mat bién tinh amin.

2. Nanoclay I30E c¢6 tiac dung tang céac chi
tieu do bén cuia hé epoxy néi trén. Khao sét so
bo cho thdy v6i 3PKL I30E, céc chi tiéu do bén
tang khoang 10% - 16%.
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