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1. Giégi thiéu

Viét Nam nam trong vang khi hau nhiét d6i nong am. Vai bién doi khi hau hién nay, cang lam
cho khi hau nuéc ta thém khac nghiét, nhiét d ting cao, chénh léch nhiét do ngay dém 16n nén
céc vat liéu trong moi trudng nay bi phé huy nhanh chéng [1]. Nhya duong 60/70 la san pham
thuong mai duoc chi dinh sir dung cho ving nhiét d6i néng am. Tuy nhién, véi dicu kién thoi tiét
khéc nghiét nhu Viét Nam, vat ligu nhya duong 60/70 khong dat duoc tinh chét st dung nhu
mong muén. Do vay, viéc nghién cau bién tinh nhya duong 60/70 dam bao tinh chat sir dung
dugc dit ra. Bai bao da khao sat mot sb vat liéu 1a dng nanocarbon, éng nanocarbon bién tinh, bot
than va san pham Elvaloy AM véi vai tro 1a phu gia nham ting tinh nang sir dung cua vat ligu
nhya duong 60/70 [2]-[6], mot loai vat li¢u thong dung san co trén thj truong Viét Nam.

Vit liéu 6ng nanocarbon (CNTS) va ong nanocarbon bién tinh Ia nhing san pham cua cong nghé
nano duoc (g dung hi¢n nay trong nhiéu linh vuc, mang lai nhiéu két qua kha quan [7], [8].

Elvaloy AM la san phdm cdng nghé méi cia Cong ty DuPont (M§), vé6i cdng thirc phan tir 1a
terpolymer ethylene glycidyl acrylate (EGA) chira nhém epoxy, ¢é kha nang phan ung, tao lién
két voi nhém carboxyl, amine, hydroxyl,... trong thanh phan caa nhya dudng, tao mang dan luéi
giita cac phan tir. Do do, Elvaloy AM d to rd nhitng wu diém vuot troi khi duoc bd sung vao
trong thanh phan nhya duong [9]-[12].

2. Thuc nghiém
2.1. Nguyén vt ligu, dung cu
2.1.1. Nguyén vt liéu, héa chat

Nhya duong 60/70 (Petrolimex, Viét Nam); carbon nanotubes (Trung Quéc); bot than (kich
thudc 15 - 300 nm, Trung Quoc); san pham Elvaloy AM (DuPont, My); HNOs 68% (AR, Trung
Quoc); H2S04 98% (AR, Trung Qudc); xang dung méi (Viét Nam); nuwdc cat (Viét Nam).

2.1.2. Vat tu, dung cu

Binh cau 3 ¢ (dung tich 250 ml, Schott-Duran, Birc); dng sinh han xoin (Glassco, An Do);
6ng dong 100 ml (Schott-Duran, Puc); nhiét ké nham 14,5 véi gidi han dén 300°C (Amarell,
buc); bép dun co khudy tir, giéi han nhiét do dén 500°C (IKA C-MAG HS 7); may ly tam
Centrifuge 80-2B (Jiangsu zhengji instruments Co., Ltd.); gidy pH (Isolab, Dirc).

2.2. Phwong phdp nghién ciru
2.2.1. Bién tinh carbon nanotubes

Can 3,0 g CNTs va dua vao binh cau 3 ¢ (dung tich 250 ml), lap nhiét ké, khudy tir va dng
sinh han xoan. Thém 100 ml hdn hop axit HNO3; 68% va H,SOs 98% (vai ty 18 thé tich 30 ml
HNO3 va 70 ml H2S04) vao binh cau 3 ¢6. Bat ta hat, nang dan nhiét do bép dun véi toc do gia
nhiét 1 - 2°C/phut két hop véi khudy tir lién tuc. Duy tri hdn hop phan ¢ng tai nhiét do 90°C trong
3 gio. Két thic phan tng, dé nguoi hdn hop dén nhiét d6 phong, pha loang va dé lang hdn hop
san pham trong thoi gian 12 - 15 gio. Rira va tach axit khoi hdn hop san pham CNTSs bién tinh
nhiéu lan bang nudc cat mot lan, sir dung may ly tam Centrifuge 80-2B (Jiangsu zhengji
instruments Co., Ltd.) dé tach san pham CNTSs bién tinh véi toc do ly tam 3500 vong/phut trong
thoi gian 5 pht. Rira va tach san pham dén khi thu dugc CNTS bién tinh trung tinh, kiém tra
bang glay do pH.

Say san pham CNTSs bién tinh trong ta say chan khong ¢ nhiét d6 90°C dén kho1 lugng khéng
ddi. Két qua chup anh SEM trén Hinh 1 cho thdy, CNTSs bién tinh thu duoc ¢d cau tric dang hinh
dng dan xen nhau voi kich thude duong kinh dng dao dong trong khoang 44,8 - 67,1 nm, ¢ kha
ning hoa tan 6,78 g/lit nudc. Hiéu suat thu hdi san pham dat khoang 70%.
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2.2.2. Ché tqo cac mau vat liéu trén co s¢ nhya diong 60/70 va mgt so phu gia (CNTs, CNTSs
bien tinh, bgt than va Elvaloy AM)

Pun ndng chay nhya duong 60/70 téi 170°C, két hop khudy tron déu, bd sung tir tir phu gia
(CNTs, CNTSs bién tinh, bot than hoic Elvaloy AM tiy ting mau ché tao) véi ham lugng khéc
nhau vao nhira dudng nong chay va duy tri ché do khudy trong cac khoang thoi gian khéc nhau
(15 phat, 30 pht, 60 phat va 90 phdt tly ting hdn hop). Chi tiét thanh phan mau vat liéu va thoi
gian duy tri ¢ nhiét do 170°C duoc dua ra trong Bang 1.

Bang 1. Thanh phan mdu vat liéu va thoi gian khudy trén hén hop ¢ nhiér dé 170°C

Thanh phan miu vét liéu Thai gian khudy trén tai 170°C

Nhua duong 60/70 15; 30 va 60 phat

Nhua duong 60/70 + 1% CNTs 15; 30 va 60 phut

Nhua duong 60/70 + 2% CNTs 15; 30 va 60 phut

Nhua duong 60/70 + 3% CNTs 15; 30 va 60 phut

Nhua duong 60/70 + 1% CNTs bién tinh 15; 30 va 60 phut

Nhua duong 60/70 + 2% CNTs bién tinh 15; 30 va 60 phut

Nhua duong 60/70 + 3% CNTs bién tinh 15; 30; 60 va 90 pht

Nhua duong 60/70 + 3% bot than 60 phut
Nhua duong 60/70 + 2% Elvaloy AM 60 phut

2.2.3. Cac phuong phdp xdc dinh

D6 kim lan duge xac dinh theo TCVN 7495:2005 [13], trén thiét bi Matest B057 Kit (ltaly).

Nhiét ¢6 chay mém duoc xac dinh theo TCVN 7497:2005 [14], trén thiét bj DF12 (Trung
Qudc), sir dung nude cat dun sodi dé ngudi trong coe dun.

Do cung l6p son phu duoce xac dinh theo TCVN 2098:2007 [15], sir dung phép do vai con lac
Persoz trén thiét bi Pendulum Damping Tester Model 299/300.

Quy trinh, so do thi nghiém duoc thé hién trén Hinh 2.

3. Két qua va thao luan
3.1. Khdo sdt dg kim 1Un ciia mdu nheea dwong 60/70 chira phu gia

bo kim IGn ctia cAc mau vat liéu trén co SO nhya duong 60/70 dugc bd sung phu gia ((;NTs,
CNTs bién tinh, bt than hoac Elvaloy AM) bang phuong phap phéan tan khuay tron deu, két hop
gia nhiét ¢ 170°C trong cac khoang thoi gian khac nhau (15, 30, 60 va 90 phut) xac dinh theo
TCVN 7495:2005, vai dieu kién thir tai 25°C, tai trong 100 g va thoi gian 5 s. Két qua dugc tong
hop trong Bang 2.
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S6 lieu Bang 2 cho thay, cac mau nhya duong bo sung CNTs c6 d6 kim lun thay d6i khong
nhiéu so véi mau nhya dudng ban dau, mac di CNTs hoat dong manh hon so véi carbon graphite
nhung van tuong ddi tro vé mat héa hoc, nén khi thém CNTs vao thanh phan cua nhya duong,
don thuan chi Ia bién tinh vat 1y, d6 kim 14n giam xuéng mot chut 14 do khi dun néng, mot phan
nhom chat dau nhe trong nhwra dudng bay hoi, mot phan chuyén héa thanh nhém chat nhwa, sau
d6 thanh asphalt va tiép tuc bi oxy hda tao thanh cac hop chit c6 phan tir lvong cao hon.

Béng 2. Két qua xdc dinh dg kim 1tn cac mau nhya duong bé sung phu gia,
vdi cac thoi gian khuay trgn khac nhau
Po kim 1Un, 0,1 mm

Thanh phan miu vit liéu

15 phat 30 phat 60 phat 90 phat
Nhya duong 60/70 65 64 64 -
Nhya duong 60/70 + 1% CNTs 65 65 64 -
Nhya duong 60/70 + 2% CNTs 65 64 63 -
Nhya duong 60/70 + 3% CNTs 63 63 62 -
Nhua duong 60/70 + 1% CNTs bién tinh 63 61 57

Nhua duong 60/70 + 2% CNTSs bién tinh 60 56 50 -

Nhya duong 60/70 + 3% CNTSs bién tinh 58 52 46 44
Nhuya duong 60/70 + 3% bét than - - 66 -
Nhua dudong 60/70 + 2% Elvaloy AM - - 41 -

V6i cadc mau nhya duong dugc bd sung CNTs bién tinh, khi ting ham luong trong nhua
duong hoic tang thoi gian khudy tron thi do kim lin déu giam xuéng. Khi sir dung 3% CNTSs
bién tinh véi thoi gian khudy tron 60 phut, d kim lun da giam téi 28,13% (dén gia tri 46). Néu
tiép tuc dun néng thém 30 phit nita, d6 kim lGn giam toi gid tri 44. Sy giam d6 kim 1Gn khi bd
sung CNTs bién tinh c6 thé duoc giai thich nhu sau: trong thanh phan cua nhua duong cé chira
nhom phan cyc asphalt nén d& dang lién két vai cac nhém phan cuc trén bé mat CNTs bién tinh
(nhém - COOH, - OH,...), kéo dai mach phan tir tao nén cac hop chit chira cac lién két bén viing
va 6n dinh 1am giam do kim 1Gn. Ngoai ra, phan tir CNTs bién tinh véi kich thuéc nhé & nano dé
dang chén va lap day cac khoang trong gitra cac phan tir nhua duong lam ciu trdc nhua duong
dic khit hon, viing chic hon. Piéu nay cho thay, viéc bd sung CNTs bién tinh mang lai hiéu qua
rd rét doi vai do kim 10n caa nhua duong.

V6i cac mau nhya duong 60/70 duoc bo sung 3% bot than, do kim lun khong thay doi so véi
mau nhya dudng ban dau, do bot than 1 carbon vo dinh hinh, ¢6 cau trdc khong trat tu va khdng
theo quy luat, khdng két hop véi nhau thanh dang tinh thé 16n, rat tro vé mat hda hoc nén khi bo
sung vao nhyua dudng, bot than khdng c6 phan ang lién két véi cac hop chat trong nhwa duong,
do vay khong 1am thay doi ¢o kim ldn.

Vi mau nhya dudng dugc bo sung 2% Elvaloy AM, d6 kim ldn giam téi 35,94% (dén gia tri
41, véi thoi gian khudy tron 1a 60 phut). Diéu nay cé thé dugc giai thich vé mat cau tric hoa hoc
cua Elvaloy AM [16] dugc minh hoa trén Hinh 3 va phan ing tuong tac vai nhya duong [9] trén
Hinh 4.
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Hinh 3. Cong thizc hda hoc cua Elvaloy AM
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Trong mach phan tir caa Elvaloy AM c6 chira nhém chirc epoxy, con san pham nhya dwong
chira cac nhom chirc phan cyuc (-COOH, -OH,...), c&c nhém nay tao phan Gng lién két véi nhom
epoxy trong Elvaloy AM tao thanh cac hop chit héa hoc rat bén viing lam giam d6 kim I0n cua
mau nhya dudng khi dugc thém Elvaloy AM.

HO CHa

! AN

o CH: 0 CH

I l I I

ASPHALTENE — C — OH 0 —— CHiy — ASPHALTENE — C — 0 — CH:
CH2

Hinh 4. Phan #ng cua Elvaloy AM va nhya dirong

3.2. Khdo sat nhigr dé chay mém

Céc mau vat ligu duoc ché tao v6i diéu kign khudy tron hon hop ¢ nhiét do 170°C trong thoi
gian 60 phut. R6t hon hop nhya duong nong vao timg vong chira mau, dé ngudi trong khong khi
tor 1 dén 2 gio. Sau thoi gian 3 dén 4 gio, tién hanh xac dinh nhiét d6 chay mém caa hon hop
nhua duong. ‘ y q

Gia tri nhiét d6 chay mém cua cac mau vat liéu dugc tong hop trong Bang 3.

Bang 3. Két qud xdc dinh nhiét g chay mém cia cac mau nhuea dwong bé sung phu gia

Ky hiéu miu Thanh phan Nhiét do chay mém, °C
B60/70 Nhya duong 60/70 52
B60/70 - 1%CNT Nhua duong 60/70 + 1% CNTSs 55
B60/70 - 29%CNT Nhua duong 60/70 + 2% CNTs 59
B60/70 - 3%CNT Nhua duong 60/70 + 3% CNTs 62
B60/70 - 2%CNTm Nhua duong 60/70 + 2% CNTSs bién tinh 66
B60/70 - 3%CNTm Nhua duong 60/70 + 3% CNTs bién tinh 70
B60/70 - 3%C Nhua duong 60/70 + 3% bot than 60
B60/70 - 2%EIAM Nhua duong 60/70 + 2% Elvaloy AM 70

Két qua trong Bang 3 cho thdy, mau B60/70, cac mau B60/70 dugc bd sung CNTs hoic
B60/70 - 3%C c6 nhiét d6 chay mém thay doi khdng nhiéu. Déi véi mau B60/70 - 3%CNTm va
B60/70 - 2%EIAM, nhiét do chay mém co su thay doi rd rét, ting 1én 18°C (twong dwong ting
34,62%) so voi mau B60/70.

Nhiét d6 chay mém cua mau nhua duong dugc bo sung CNTs bién tinh ting 1én 1a do CNTs
bién tinh c6 d6 dan nhiét cao 1am cho hdn hop hap thu nhiét it hon. Hon nita, CNTSs bién tinh c6
modul dan héi kéo (modul Young) va tinh 6n dinh cao 1am hdn hop nhwa duong chita CNTS bién
tinh 6n dinh hon, chdng lai sy chay mém, do d6 nhiét d6 chay mém ting 1én. Ngoai ra, trong qua
trinh khudy tron cé gia nhiét dé tao hdn hop nhua dudng véi phu gia, thanh phan nhém asphalt
dugc ting 1én (ddy 1a nhom quyét dinh tbe do chuyén tir trang thai ran sang trang thai long cua
nhya duong), 1a do mot phan nhém chat dau va chit nhya trong nhua dwdng chuyén hoéa thanh
nhom asphalt. Nhém asphalt phan cuc nén d& dang lién két voi nhém chirc gan trén bé mat CNTs
trong qua trinh bién tinh (nhu nhém - COOH, - OH,...), do d6 nhiét d6 chay mém ting.

3.3. Khdo sadt dp cing cua lop son phu

D¢ khao sat su thay doi do cting cua lop son phi trén co s¢ nhya duong 60/70, da st dung
mau nhya duong 60/70, nhuya duong 60/70 + 3% CNTs bién tinh va nhya duong 60/70 + 2%
Elvaloy AM véi thoi gian khuay tron 60 phat tai nhiét d6 170°C.
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Hoa tan cAc mau trén vao xiang dung moéi theo ty 1&: mau thi nghiém/xiang dung méi = 3/7 vé
khdi lugng, khudy tron dé tao hon hgp dong nhat. Tao I6p phi mong 1én bé mit céc tam thuy tinh
bang phuong phép quét, dé kho ty nhién. Sau thoi gian it nhat 7 ngay, tién hanh do do cuang l6p
son phu trén thiét bi Pendulum Damping Tester Model 299/300, sir dung phuong phap con lic
Persoz. Két qua thé hién trong Bang 4.

Bang 4. Két qua xdc dinh d¢ cumg |6p son phii trén co sé nhwa dwong 60/70 chira phu gia

Ky hiéu mau Thanh phan Po cieng |6p son phit
B60/70 Nhya duong 60/70 0,17
B60/70 - 3%CNTm Nhya duong 60/70 + 3% CNTSs bién tinh 0,43
B60/70 - 2%EIAM Nhya duong 60/70 + 2% Elvaloy AM 0,54

Két qua trong Bang 4 cho thiy, do cing 16p son phi B60/70 - 3%CNTm va B60/70 -
2%EIAM di ting 1én rd rét va khac biét nhiéu so véi 16p son phi B60/70. Do cing lép son
B60/70 - 3%CNTm ting 152,94%, do cang 16p son B60/70 - 2%EIAM ting 217,65% so Véi 16p
son trén co so nhya duong 60/70.

Cac két qua nghién cau trén cho thdy, co tinh cia nhua duong 60/70 thay ddi rd rét khi thay
dbi ty 18 cac chat phu gia. Khi ting ty & cac chit phu gia trong thanh phan cua nhwa dudng 60/70
thi co tinh tang (tc 1a d6 kim 1an giam, nhiét d6 chay mém ting, d6 cimg mang son ting). Vi
chat phu gia Ia CNTSs bién tinh va Elvaloy, co tinh ting 1én rd rét hon; con véi CNTs va bot than,
su tang 1én 1a khong dang ké. Sy ting co tinh nay c6 thé dwoc ly giai 1a do xay ra phan ung, tao
lien két, tang sy hinh thanh céc phan tir 16n hon giita phan tir nhira dudng 60/70 véi cac phan tu
chat phu gia.

4. Két luan

Khi thém 1% dén 3% khéi lwong 6ng nanocarbon hoac bot than thi tinh chat co 1y cua nhua
dudng 60/70 thay dbi khdng nhiéu.

Khi b sung 3% khéi lwong 6ng nanocarbon bién tinh hoic 2% san pham Elvaloy AM két hop
gia nhiét tai 170°C va khudy tron déu, do kim 1Gn, nhiét do chay mém va do cing cua 16p son phu
trén co s nhya duong 60/70 da duoc cai thién rd rét. Vi 3% khéi luong dng nanocarbon bién tinh
trong thanh phan cia nhya duong 60/70, do kim ldn giam 28,13%, nhiét d6 chiay mém ting
34,62%, d6 cing 16p son phii ting 152,94%. Vi 2% san pham Elvaloy AM trong thanh phan cua
nhua duong 60/70, d6 kim 1tn giam 35,94%, nhi¢t do chay mém ting 34,62%, do cung 16p son phu
tang 217,65%. Cai thién tinh chat co ly cua nhya duong 60/70 1am tang khd néng thich tmg st dung
cua loai san pham thuong mai nay trong diéu kién khi hau nhiét doi nong am ¢ Viét Nam.
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