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Tom tit:

Nghién ctru tap trung khao sat ki thuit phan tan nanoclay vao epoxy Epikote 828 ¢ trang thai 16ng biang phwong
phap tron kin tao masterbatch va rung siéu am két hop khuziy co hoc, phan tan nanoclay vao nhua duong b?lng
phwong phap trén h0’p nong chdy. Phuwong phap XRD da dwogc sir dung dé xac dinh khodng cach co béan d, ci
nanoclay. Trén thiét bi Brabender, trén hop & nhiét do 40°C, véi toc do 50 vong/phit cho masterbatch Eplkot/
I30E=100/80 c6 d9 phan tan tot nhat, dat gia tri d, =33,818 A. Rung si¢u Am 4% I30E trong Epikote 828 sau khi
khuay co hoc duge khao sat ¢ 5, 10 va 20 phut. Thoi gian rung siéu Am 10 phit dwgre coi 1a tdi uru, d, =41,65 A.Khio
sat phan tin 4% I30E trong bitum néng chay & 120, 130, 140, 150 va 160°C trong 2 h nhén thay, & nhiét do 120°C d,,
ciia I30E dat gi tri 49,5916 A. o nhiét do cao, kha nang xAm nhép, tach 16p cia bitum cao hon Epikote 828, mic du
khdi lwong phan tir ciia Epikote 828 thip hon.

Tir khéa: bitum, Epikote 828, nanoclay I30E, phan tan nanoclay, rung siéu Am.
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trong xe hoi [1, 2]. Mot trong nhiing phu gia nano dugc su
dung nhicu la nanoclay, phu gia nay Céfhénh phém chinhla  gipp 1. Trang thai phan tan nanoclay trong chit tao mang la nén
montmorillonite (MMT) do ching c¢6 san trong ty nhién va  polyme.
ré tién. Ham luong cia cac chit phy gia nano chi tir 1 d&én
6% khdi lugng da c6 thé cai thién dang ké dic tinh cua nha . '
nén polyme nhu ting mo-dun udn 1én dén 31% va giam hé polyme nhu trung hop tai cho, khudy co hoc, rung siéu am,
sO gidn no nhiét t6i 66% [2-5]. Nanoclay phan tan trong  tron hop nong chay [3]. Nghién ciru ndy tap trung nghién ciru
nén polyme & céc trang thai: (i) thong thuong nhu chit don  k§ thuat phan tan nanoclay vao epoxy Epikote 828 & trang
micro, (ii) chén 16p va (iii) troc 16p [3]. thai 1ong bang phuong phap rung siéu am két hop khudy co
Trong thuc t&, hdn hop cudi cing c6 thé la sy két hop cua  hoc va bing phuong phap tron kin tao masterbatch, phan
3 hinh théi, trong d6 truong hop tét nhat 1a hinh théi tréc 16p  tan nanoclay vao nhua dudng bang phuong phap tron hop
hoan toan dudi dang trt tu hodc hon loan [1, 6]. noéng chay.

C6 nhiéu phuong phap dé phan tan nanoclay vao nén
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Abstract:

Dispersion of nanoclay in Epikote 828 resin is
conducted by closed mixing of the liquid composition,
mechanical mixing combined with ultrasonic vibration
to form masterbatch; meanwhile, nanoclay dispersion in
bitumen is processed by melted bitumen mixing. XRD
techniques were used to determine the basal d-spacing of
nanoclay. The dispersion was performed in Brabender
mixer at temperature 40°C, speed 50 rpm, an Epikot/
I30E=100/80 masterbatch provided the best dispersion
with d , =33.818 A. After mechanical mixing, an Epikote
828 composition with 4% I30E was sonicated for 5, 10,
and 20 minutes. The value d , =41.65 A achieved after 10
minutes of sonication was deemed optimal. Dispersion
of 4% I30E in melted bitumen at 120, 130, 140, 150, and
160°C after 2h reached d  =49.5916 A for the sample
processed at 120°C. At high temperatures, penetration
and delamination of bitumen were better than those
of Epikote 828 despite the lower molecular weight of

Epikote.

Keywords: bitumen, Epikote 828, I30E nanoclay,
nanoclay dispersion, ultrasonic vibration.
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Noi dung nghién cuu
Nguyén li¢u

- Nanoclay: I30E cua hang Nanocor (Hoa Ky), c6
khoang cach co so d,=25,902 A.

- Nhua epoxy: Epikote 828 cta hang Shell Chemmicals
(Singapore), c6 ham lugng nhom epoxy 22,6%.

- Nhya duong: Bitum 60/70 cua Cong ty ADCo, c¢6 do
kim 1an 60-70, diém héa mém 46°C.

Thiét bi va phwong phdp nghién ciru
Thiét bi nghién ciru:
- May khudy co tdc d6 cao EUROSTAR/IKA ciia Dirc.

- Ultrasonic Homogenizer, model 300VT, BioLogics,
Inc., cong sudt phan rd 300 W.

- May tron kin Brabender Plastograph® EC plus
Brabender.

- May chup phd nhiéu xa tia X (XRD) BRMCKE - D8
ADVANCE, véi ngudn phong xa CuKo (50 kV, 40 mA).

Phwrong phap nghién ciru:

Phan tan nanoclay vao nhya epoxy bang phwong phap
tron kin tao chat chu (masterbatch): nanoclay I30E dugc
phéan tan vao nhya epoxy Epikote 828 dé tao masterbatch
trén thiét bi tron kin Brabender. Khi lugng nguyén lidu st
dung 13 50 g véi ty 1¢ Epikote 828/I30E=100/80 pkl, hé sd
nap li€u 0,7. Nhiét do cua td hop vat li€u khi tron dugc duy
tri & 40°C. Kha ning phan tan nanoclay dugc khdo sat ¢ 40,
50 va 60 vong/phut.

Phan tan nanoclay vao nhya epoxy bang phwong phap
rung siéu am, két hgp khudy co hoc: nanoclay I30E duoc
phan tan tryc tiép vao nhwa epoxy Epikote 828 v&i ham
luong 4%. Giai doan diu dugc phan tan bang may khudy &
nhiét do 70°C trong thoi gian 5 gid vai tc d canh khuay
3000 vong/phut. Giai doan tiép theo dugc phan tan bang
rung siéu 4m trén thiét bi Biologies. Kha nang phan tan cta
nanoclay dugc khdo sat trong cac khoang thoi gian rung
siéu am 5 phut, 10 phut va 20 phut & nhiét do phong va cong
sudt phan rd 300 W.

Phan tan nanoclay vao nhira duong (bitum) bang phuong
phap tron hop nong chay: sdy bitum & nhiét 6 khoang 70°C
dé d& dang lay bitum ra khoi thung chira. Gia nhiét bitum
trong binh phan tmg dén 100°C. Phan tan I30E vao bitum
v6i ham luong 4% bang may khudy co téc d6 cao 3000-
4000 vong/phut. Khao sat kha nang phan tan nanoclay &
nhiét do 120, 130, 140, 150 va 160°C. Thoi gian phan tan
khao sat1a 2, 20 va 30 h.



Phén tin nanoclay bing phwong phdp trén kin tao
masterbatch

Moment xo0dn cia cac miu epoxy/nanoclay duoc tron
hop & cac tde d6 40; 50; va 60 vong/phut thé hién trén cac
hinh 2, 3 va 4. Hi€u qua tron hop dugc danh gia theo ing
xUr cia moment xo4n khi dat gia tri khong ddi sau mot thoi
gian nhat dinh.

Nhan thy rang, & tbe do tron 40 vong/phut (hinh 2), sau
gan 6 phat moment xoén bét ddu 6n dinh & gia tri khoang 13
Nm. O hinh 3, v6i téc do tron 50 vong/phit, chi sau 2 phut
monent xodn da 6n dinh ¢ gia trj 10 Nm. O hinh 4, vdi tc
d tron 60 vong/phut, sau 3 phut momen xoin méi 6n dinh
& gia trj 14 Nm. Moment xoén ty 1¢ v6i do nhét ndi, phan
anh mirc d0 déng nhét cua hdn hop. Nhu vay, voi tde do tron
50 vong/phut, chi sau 2 phut, nanoclay da phan tan tot vao
nhwa nén epoxy. Kha ning phan tan nanoclay dugc xac dinh
bang khoang cach co ban cua tinh thé naoclay.
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Hinh 2. Gién dd moment xoin trgn hgp & téc do 40 vong/phit.
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Hinh 3. Giin d6 moment xoin trén hop & téc do 50 vong/phut.
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Hinh 4. Gidn d6 moment xoiin tron hop & téc do 60 vong/phut.
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Phd XRD cua masterbatch nhin duge & cac téc do tron
hop khac nhau trinh bay ¢ hinh 5.
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Hinh 5. Gian d6 XRD ciia masterbatch Epikote/I30E trgn hop & cac
toc do khac nhau. 1: nanoclay I30E; 2: 40 vong/phut; 3: 50 vong/phut;
4: 60 vong/phut.

Khoang cach d, cua I30E co gia tri ban dau 1a 25,902
A. Trong masterbatch, Epikote 828 di x4m nhap vao giita
cac 16p tinh thé nanoclay I30E, lam tang khoang cach dyo,-
Trénhinh 5 thay rang, d,,, co gia tri lon nhat & mau s6 3 co
tdc do tron hop 50 vong/phut, dat 33,818 A, 16n hon ca mau

s6 4 duoc tron hop ¢ 60 vong/phut.

Nhu vay, tron hop & nhiét do 40°C véi toe do 50 vong/
phut cho masterbatch Epikot/I30E=100/80 c6 d phan tan t6t
nhat, dat gia tri d , cao nhat. Che d tron hop nay la toi uu.

Két qua khao sat khoang cach co ban d,,, cua nanoclay
I30E hoan toan phu hop véi két qua khao sat qua trinh tron

hop tao mastebatch.

Phén tin nanoclay bang phwong phdp rung siéu am
két hop khmi'y co hoc

Khao sat kha nang phan tan nanoclay I30E vao nhya
epoxy Epikote 828 bang phuong phap rung siéu 4m duoc
thyc hién sau khi két thiic qua trinh khudy co hoc. Thoi gian
rung siéu am duoc khao sat ¢ 5, 10 va 20 phat. Khoang cach
co ban d, cua nanoclay sau khi phan tan bang khudy co
hoc va sau khi rung siéu am & nhiing khoang thoi gian 5,
10 va 20 phut dugc ky hi¢u 1a US-0, US-5, US-10, US-20
tuong Ung (bang 1).

Bing 1. Anh huéng ciia thoi gian rung siéu am téi khoang cach co

bén cta nanoclay d .

Tén miu US-0 US-5 US-10  US-20
Thoi gian (phut) 0 5 10 20
dyy, (A) 36,03 38,48 41,65 37,06
91
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Trén bang 1 thdy rang, khudy co hoc da c6 tac dung phan
tan kha tot nanoclay I30E vao nhya Epikote 828. Khoang
cach co ban d, cua I30E da tang tur 25,902 A 1én 36,03
A. Nhua Epikote 828 ¢ khdi lugng phan tir rat thap (184-
190 g/eq) nén dé dang xam nhap, chén vao gilta cac 16p
Montmorillonite (MMT) cua nanoclay. Bang 1 ciing cho
thdy, rung siéu 4m da tiép tuc phan tan tét hon nanoclay
trong nhya epoxy. Mau US-10 c6 d,,, lon nhit, dat gia tri
41,65 A. Gia tri d,, cua mau US-20 duoc rung siéu am 20
phut nhung lai thap hon gia tri d ,, cia mau US-10 khi rung
siéu am 10 phut. Thoi gian rung si€u am 10 phut dugce coi
1a t6i wu. Néu kéo dai thoi gian rung siéu am, d6 phén tan
cua nanoclay lai bi giam. Tuy nhién, thoi gian rung siéu am
dai hon da dugc khao sat bang cach tang sb lan 10 phat rung
siéu am.

Bang 2 thé hién khoang cach co ban d,,, cia cac miu
US10-1, US10-2, US10-3 va US10-4 dugc rung siéu am 1
lan, 2 14n, 3 1an va 4 1an véi thoi gian 10 phut trong tng.
Bang 2. Anh huéng ciia ché d§ rung siéu am t6i khodng cich co ban

cia nanoclay d,, .

Tén miu US10-1 US102  US10-3  US10-4
Thoi gian (phat) 10’ x 1 10°x 2 10°x3 10° x 4
dyy, (A) 41,65 36,91 38,48 37,56

Ché d6 kéo dai thoi gian rung siéu 4m bang cach ting sd
lan rung siéu 4m trong thoi gian 10 phut t6 ra khong hiéu
qua dé tang do khuyéch tan nanoclay vao nén epoxy. Cac
mau US10-2, US10-3 va US10-4 déu c6 gid trid,, thap hon
mau US10-1, giong nhu véi mau rung 1 lan & 20 phuat da
khdo sat trén bang 1.

Rung siéu am c6 hi€u qua phan tan rat tot nanoclay vao
cac nén polyme c6 khoi lugng phan tir thap nhu Epikote 828
hodc cac dung dich polyme tuong tu.

Phan tan nanoclay b&ng Pphwong phdp tron hop nong
chay

Bitum & dang rin va héa mém ¢ 46°C. Mu6n phan tin
nanoclay vao bitum, chi c6 thé phén tan & trang thai nong chay.
Bitum 60/70 di dugc Iiwa chon dé nghién ciru kha ning phan
tan ciia nanoclay I30E bang phuong phap tron hop ¢ trang thai
nong chay.

Khao sat nhiét do tron hop: 5 nhi¢t do khac nhau: 120,
130, 140, 150 va 160°C da duoc lua chon dé khao sat kha
nang phan tan cua nanoclay I30E, thoi gian trén hop 1a 2 h.
Gian dd XRD ctia cac mau bitum cé chtra nanoclay sau thoi
gian phan tan 2 h ¢ 120, 130, 140, 150 va 160°C duogc trinh
bay trén hinh 6. Cac mau duoc ky hiéu 1a B1, B2, B3, B4,
BS5 tuong ung.
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Hinh 6. Gian do XRD ciia bitum/I30E tron hop & cac nhiét do. Bl:
120°C; B2: 130°C; B3: 140°C; B4:150°C; B5: 160°C.

Ttr hinh 6 nhan thy, khi nhiét d6 tang tir 120 dén 160°C,
gia tri d,;, c6 xu huéng giam dan. Giai doan dau do suy
giam d , kha manh (tr 49,591 X}léng 44,126 A), npiét do
cang cao dg suy gidm nay chdm dan va c6 xu hudng 6n dinh
6 khoang 37 A. Nhu vay, phdi tron & 120°C cho két qua tot
nhét va hop 1y v& mat cong nghé. Nhiét d6 nay du dé dam
bao cho hdn hop c6 dd nhét thép, tao diéu kién thuan loi
cho qua trinh troc 16p nanoclay va khong gay 1do hoa bitum.

So voi kha nang phan tan cua nanoclay trong nhua
epoxy, gia tri d , ctia I30E trong ’bitum 16n hon. O nhiét do
cao, bitum néng chay, d¢ nhét thap nén kha ndng xam nhap,
tach 16p cua n6 dé dang hon.

Khao sdt thoi gian trén hop: mau Bl c6 d,,, dat gia tri
49,591 A 1a két qua phan tan nanoclay I30E trong bitum &
120°C trong 2 h. Thoi gian phén tan cao hon, 6 20 va 30 h
da duogc khao sat vai nhiét dd 120°C. Gian dd XRD cua cc
mau bitum c6 chira nanoclay sau thoi gian phan tan 20 h va
30 h & 120°C duoc trinh bay trén hinh 7. Cac mau duoc ky
hiéu la B20 va B30 tuong ung.
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Hinh 7. Gidn dd XRD ciia bitum/I30E trgn hop & cic thoi gian khac
nhau. B20: 20 h; B30: 30 h



T hinh 7 nhan thdy, ting thoi gian tron hgp khong c6
anh hudng tich cuc dén kha nang troc 16p cua nanoclay. Gia
trid,, cua2 mau B20 va B30 tuong tu nhau (43A va 42,8A)
sau 20 va 30 h phan tan tuong tng. Tuy nhién, so v6i mau
B1 (d001=49,591 A) chi phén tan trong 2 h, cac gia tri d
nay thap hon nhiéu

Nhu vay, nhiét d6 va thoi gian c6 tac dung gia tang kha
nang xam nhap cua cac phan tir polyme vao gitta cac 16p
MMT cuta nanoclay. Tuy nhién nhiét d6 va thoi gian cling
¢6 gidi han trong qua trinh phan tan. Dbi voi bitum, 4%
nanoclay I30E phan tan trong 2 h ¢ nhiét d¢ 120°C 1a phu
hop, dam bao kha ning phén tan cao, san phim khong bi
phan huy.

Céc vat liéu nano ndi chung va nanoclay noi riéng co
thé phan tan vao chat nén polyme dudi dang chat long,
trong dung dich hay dudi dang noéng chay. Rung si€éu am
l1a phuong phap phan tan nanoclay vao polyme ¢ dang 1ong
nhu Epikote 828 hay dung dich rat c6 hiéu qua. So vé6i kha
nang phén tan cia nanoclay trong nhya epoxy, gia tri d
cta I30E trong bitum 16n hon. O nhiét d6 cao, kha nang xam
nhép, tach 16p cta bitum cao hon Epikote 828, mac du khéi
lwong phan tir cua Epikote 828 thip hon. Ché d6 phan tan
nanoclay vao Epikote hay bitum nong chay duoc xac dinh ¢
nhitng diéu kién nhiét 49, tc do khudy tron va thoi gian tdi
wu dé dat duoc gia tri d , cao nhét.
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LGOI CAM ON

Nghién ctru dugc hoan thanh véi sy tai trg kinh phi cua
Bo Khoa hoc va Cong nghé thong qua Dy 4n SXTN cép nha
nude ma s6 KC.02.DA.06/16-20. Nhom nghién ciru xin trin
trong cam on.
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