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Abstract. In Vietnam, the increased traffic loading and traffic volumes require higher quality
of road pavement materials. In recent years, the SBS (styrene—butadiene—styrene) modified
asphalt mixtures are used largely in road pavement construction that achieved good results.
This paper presents some experimental tests on the SBS polymer modified bitumens with
various SBS additive contents. The conventional tests (penetration, softening point and elastic
recovery tests) of asphalt binders were performed. In addition, the complex shear modulus
and the performance grade (PG) tests were also carried out. The experimental results showed
that the SBS additive enhances significantly the mechanical properties and the performance
grade of the original bitumen. The effect of aging when mixing the binder can be considered
to be negligible. The master curve of the complex shear modulus of the original and SBS
polymer modified bitumens were built and helps to evaluate the linear viscoelastic behaviour
of the tested materials. The effects of the SBS content and the SBS mixing time on the
mechanical properties of the asphalt binder were clearly observed.

Keywords: SBS polymer modified bitumens, additive content, complex shear modulus,
mechanical properties, linear viscoelasticity.
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Tom tat. O Viét Nam, van dé gia tang nhanh chong vé luu lugng va tai trong xe doi hoi sur
nang cao chat luong cua vat liéu xay dung két cau ao duong. Hién nay, bé téng nhya su dung
phu gia SBS (styrene—butadiene—styrene) dang hat dang dugc sir dung kha rong réi tai cac
cong trinh duong giao thdng va mang lai nhiing hiéu qua nhat dinh. Bai bao trinh bay cac
nghién cau thuc nghiém trong phong trén mau nhya duong dugc tron phu gia SBS tai cac
ham lugng khac nhau. Céc thi nghiém duoc thuc hién nham xac dinh cac chi tiéu co 1y co ban
ciia nhwa duong SBS bao gom: do kim 1an, nhiét héa mém va do6 dan hoéi. Ngoai céc thi
nghiém co ban, thi nghiém mé dun cit phic va xac dinh chi tiéu PG ciing duoc tién hanh. Két
qua thyc nghiém cho thay phu gia SBS cai thién dang ké dac tinh co hoc va phéan cap PG cua
nhya duong gbc. Viéc tron phu gia trong phong khong tac dong nhiéu dén do hda gia cua
nhya dudng. Pudng cong dic trung gia tri mo dun cat phic cua nhya dudng gc va nhya
duong SBS duoc xay dyung giup danh gia dic tinh dan nhot tuyén tinh cua vat liéu. Anh
hudng cia ham luong phu gia va thoi gian tron mau dén ting tinh chét cua nhwa duong 1a ro
ret.

Tir khéa: nhwa duong, ham lwong phu gia SBS, mé dun cit phie, dic tinh co hoc, dan nhét
tuyén tinh.

© 2019 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Nhya duong la loai vat lieu duoc ung dung rong rdi trong xay dung nhu lam chat két
dinh, keo, chat chong thim va dac biét 1a bé tdng nhya trong két ciu mat duong. Tuy duoc st
dung pho bién tir rat 1au nhung dic tinh co hoc cua nhya duong kha phic tap. Pay 1a loai vat
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ligu dan nhot déo, tré nén cang va gion ¢ nhiét do thip, mém va chay ¢ nhiét do moi truong
cao [1]. O Viét Nam, hon 90% ket cau do duong st dung chat ket dinh nhya duong. Trong
nhimg ndm gan day, viéc luu lugng va tdi trong xe ngay mot tang dan dén yéu cau bat bugc
phai nang cao chat lwong mat duong. Hai giai phap thuong duge dua ra doi vei [6p mat do la
tang chiéu day va cai thién chat luong vat liéu bé tong nhya. Mot s6 tac gia cho rang giai phap
tang chiéu day s& dan dén chi phi xay dung ting cao hon so vai giai phép cai thién chit luong
vat ligu [2].

Nhya duong, thanh phan dong vai tro quan trong dén chat luong bé tdng nhua, duoc ché
tao chu yéu théng qua qua trinh loc dau. Lya chon ngudn dau thd tét va cai tién quy trinh loc
dau 12 mot trong nhitng bién phap tao ra ngudn nhwa duong chat lwong cao. Tuy nhién, cac
ngudn dau thd tét dé ché tao nhwa duong rat han ché. Thém nita, loi ich kinh té cua viéc cai
tién quy trinh loc hoa dau dé tao ra ngudn nhua dudng co chit lwong la khdng nhiéu. Do vay,
trén thé giéi cling nhu & Viét Nam, viéc cai thién chat lwong nhua st dung phu gia dwoc cha'y
hon [3]. Thuat ngit nhya duong polymer dung dé chi vat liéu nhya dudng duoc cai tién bang
cach thém céc loai polymer vao trong nhya théng qua viéc tron co hoc hoac tuong tac héa hoc
[4]. Rat nhiéu loai polymer c6 thé st dung dé cai thién tinh chat cua nhuya dudng nhu:
polyethylene (PE), polypropylene (PP), ethylene-vinyl acetate (EVA), ethylene-butyl acrylate
(EBA) thudc dang plastomer va styrene-butadiene-styrene (SBS), styrene-isoprene-styrene
(SIS), styreneethylene/butylene-styrene (SEBS) thudc dang elastomer nhiét déo [5-9]. Rat
nhiéu cac nghién ctru [10-12] chi ra rang sir dung phu gia polymer cai thién dang ké cac dic
tinh co 1y cua nhya duong va bé tdng nhya nhu d6 cing, kha nang chéng han 1dan, chiu moi,
chéng nut... Ham luong chat phu gia 1a mot trong cac thdng sé quan trong dé vira dam bao
nang cao dic tinh 1am viéc caa vat lidu, khdng lam mat di nhitng tinh chat co ban caa nhya
duong ciing nhu ¢6 hiéu qua vé kinh té.

O Viét Nam hién nay, SBS 1a phu gia duoc sir dung phd bién cho nhiéu céng trinh xay
dung. Bai béo nay s& nghién ciru tinh chat co 1y cua nhya duong tron SBS ¢ cac ham lugng
phu gia khac nhau. Ngoai cac thi nghiém co ban (46 kim 1un, nhiét hda mém, d6 dan hoi), cac
thi nghiém do mé dun cat phirc caa nhua ciing duoc thyc hién trén may DSR (Dynamic Shear
Rheometer). Két qua chi ra mdi lién hé giita ham luong phu gia va cac dic tinh co hoc cua
nhya duong SBS. Hon thé nita, sy phuc thugc cua mé dun cat phirc vao tan sé va nhiét do gia
tai ciing nhu nguyén tic tvong quan tan s nhiét do [13-15] ciing s& dugc nghién ctu trong
bai bao nay. Cac két qua vé mo dun cat phic va duong cong dic trung mé dun con khd méi &
Viét Nam hién nay.

2. VAT LIEU VA CAC THi NGHIEM

2.1. Vat ligu

Vit ligu sir dung trong thi nghiém bao gém nhwa duong nguyén goc va phu gia SBS dang
hat. Loai nhya duong st dung 1a 60/70 théa man cac yéu cau k§ thuat quy dinh tai thong tu
27/2014/TT-BGTVT ngay 28/7/2014 cua B Giao thong Van tai va theo TCVN 7493: 2005
[16]. Phu gia SBS str dung c6 dang hat mau tring (xem hinh 1) va thoa man cac yéu cau ki
thuat trong bang 1.
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Hinh 1. Phy gia SBS dang hat si dung trong nghién cuzu.

Bdang 1. Cac chi tiéu ki thudt cua phy gia SBS.

STT Cac chi tiéu Quy dinh Phwong phap thir

N Dang hat 3 <

1 Hinh dang (Dang bét) Bang mat

2 | Mau sic Mau tring Bang mat

3 | Khdi lugng thé tich, g/cm® 0.85-1 ASTM D792

4 | Ham luong chat dé bay hoi, % <05 ASTM D5668

5 Luong tro con lai sau khi nung, % <1 ASTM D5667
5 nhé 0

5 ?PQ) nhat (25% trong lugng trong Toluene, 4500 — 6000 ASTM D2196

2.2. Thiét bi va phwong phap trén phu gia SBS véi nhua 60/70

Thiét bi tron phu gia hang IKA phién ban phong thi nghiém (xem hinh 2) duoc st dung
trong nghién ctu nay c6 cau tao bao gom 3 by phan chinh: hé thdng dau truyen nhiét, hé
thdng tron phu gia so by va h¢ théng nghién tuan hoan. Trong d6 hé thong nghién gom co:
méy nghién, may bom tuan hoan 1a bo phan quan trong ciia toan b hé thong.

Hinh 2. Thiét b; trn phu gia cia hang IKA.
Qua trinh trén phu gia theo huéng dan cua nha san xuat thiét bi gdbm cac budc chinh sau
day:
- Bué6c 1: Gia nhiét nhya dén khoang 170°C va cho vao may khudy. Cho tir tr mét nira
lugng SBS vai céc ty & dinh trude vao va khai dong hé thdng nghién tuan hoan dé tron trong
10-15 pht.
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- Budc 2: Xa hoan toan hdn hop va cho hdn hop vira xa vao lai hé thdng tron va nghién
nham muc dich tron déu hoan toan céc hat SBS bi ndi trén bé mat. Cho tur tir tiép mot nira
lwong SBS con lai vao tron va nghién trong vong 10-15 pht.

- Bué6ce 3: Lap lai qua trinh xa - cho lai - tron nghién dé dat duoc hdn hop dat yéu cau. Qué
trinh Iap nay cd thé thuc hién thém nhiéu 1an néu thay can thiét.

2.3. S6 lwong miu va cac thi nghiém tién hanh

Cac thi nghiém duoc tién hanh trén mau nhua duong nguyén chat va mau nhua duong
tron SBS & céc ti 1é tron va thoi gian tron khac nhau. Cac thi nghiém thuc hién bao gom: do
kim 1n, nhiét h6a mém, d6 dan hdi, mé dun cit phac G va thi nghiém xac dinh G*/sing tai
cac nhiét do theo cép dic tinh PG (goi tét 1a thi nghiém xac dinh G*/sind). Bang 2 téng hop s6
lugng mau va cac thi nghiém dugc thyc hién trong nghién ciru. Trong d6, ham luong SBS
tron (theo khdi lwong nhya) gom c6 0% (d6i ching), 2.5%, 3.5%, 4.5%, 5%, 5.5%, 6.5%,
7.5%. V&i ham luong 5% SBS, hon hop nhya va phu gia dugc ché tao theo 3 thoi gian tron l1a
30 phut, 45 phat va 60 phat dé nghién ctu anh huéng cua thoi gian tron dén chat luong nhya.
O cac ham luong SBS con lai thi chi tron hdn hop voi thoi gian 1a 60 phat. Ngoai ra, nhya
duong 60/70 gdc ciing s& dugc tron 60 phat theo quy trinh tron nhung khéng thém phu gia
(0%) dé danh gia anh huong qué trinh tron dén su hda gia cua nhya. Céc thi nghiém mé dun
cit phuc va xac dinh PG duoc thyc hién trén may DSR. Thi nghiém xac dinh PG theo tiéu
chuan AASHTO T315 [17] va phan cip nhwa theo AASHTO M320 [18]. Thi nghiém mé dun
cit phire dugc thuc hién ¢ 8 nhiét do: 5°C, 15°C, 25°C, 35°C, 45°C, 55°C, 65°C, 75°C va 6
tan s6: 0.05Hz, 0.1Hz, 0.5Hz, 1.5915Hz, 5Hz, 10Hz. Véi nhiét do thi nghiém tir 35°C tré 1én
dung dia duong kinh 25 mm, mau day 1mm. Céc nhiét do con lai sir dung dia duong kinh 8
mm, mau day 2mm. Thi nghiém mé dun cat phirc dugc thuc hién rat pho bién trén thé gisi dé
xéac dinh ddc trung dan nhét G™ cua nhwa. Nguyén tic va két qua thi nghiém nay cé thé tham
khao tai mot vai nghién ciru da thuc hién tai Viét Nam [19-20].

Bdng 2. Bang tong hop sé lirong mau thi nghiém.

Ham Thoi gian Céc thi nghiém
o r('go ) tron (phat) qim1gn | H6a | Podan | Mo dun cit | Thinghi¢m xic dinh
mém hoi phuc G G'/sind
0 - 01 01 - - 01
0 60 01 01 - 01 -
2.5 60 01 01 01 - -
35 60 01 01 01 01 -
4.5 60 01 01 01 - -
5.0 30 01 01 - - -
5.0 45 01 01 - - -
5.0 60 01 01 01 01 01
55 60 01 01 01 - -
6.5 60 01 01 01 - -
7.5 60 01 01 01 - -
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3. KET QUA THI NGHIEM VA PHAN TiCH

3.1. Anh huwéng ciia thoi gian tron dén tinh chét co 1y ciia nhwa dwong SBS

90 70
80 65 2
O 70 — 60 E
= 60 55 =
<« —
£ 50 50 \;
s 40 —& = 45 3
<= 30 S 40
G 20 ®Nhiét hda mém 35 E
= At 1 ©
Z 10 *PJ kim lin — 30

0 | | 25
30 60

40 50
, Thot gian tron (phﬂl‘t)
Hinh 3. Anh hwong cua thoi gian trén den nhiét hdéa mem va do kim lan cua nhya 5% SBS.

Dé nghién ctu anh huéng caa thoi gian tron dén chit luong nhua duong SBS, nhua
duong 60/70 duoc tron véi SBS o ty 1¢ 5.0% so vai khdi luong nhya tai cac thoi gian tron lan
lwot 12 30 pht, 45 phat va 60 phat. San pham thu duoc tai cac 1an tron sé& dugc ché bi mau dé
tién hanh kiém tra 2 chi tiéu 1a ¢6 kim 1n va nhiét d6 hda mém. Hinh 3 thé hién anh huong
cua thoi gian tron dén cac chi tiéu nhiét hda mém va do kim lun. Két qua thi nghiém cho thay
thoi gian tron cang tang thi nhiét héa mém cang ting. Didu ndy cd thé giai thich boi thoi gian
tron ting 1am cho mang ludi polymer cua SBS phan tan tot hon vao nhya duong. Két qua thuc
nghiém ciing chi ra thoi gian tron khdng thé hién sy anh hudng rd rét ¢én do kim 1an caa hdn
hop nhya tron SBS.

3.2. Anh hwéng ciia ham lwong SBS dén cac chi tiéu co ban ciia nhya duong

Pé danh gi4 anh huong ctia ham luong SBS dén chat lugng nhua, nhya 60/70 dugc tron
v6i SBS va tién hanh thi nghiém 3 chi tiéu co ban dugc xem la quan trong véi nhya dudng
polymer 13 d6 kim 10n, nhiét d6 h6a mém va do dan hoi. Cac hinh 4 va 5 thé hién anh huong
ctia ham lugng SBS dén céc chi tiéu nhiét ¢6 hda mém, do kim lun va do dan hoi.

~ 70 , 130
g | Nhua gbe 60/70| O Nhya gbc 60/70 p
S 60 ™ (0%SBS) +60 | 110 | (0965BS) + 60
= phut trén ’(GE) % phit tron
£ 50 RN = '
= \ 8 70
£ 2 2 50 —
©- Z ‘
2 30 30
0 2 4 6 8 0 2 4 6 8
Ham luong SBS (%) Ham lugng SBS (%)

Hinh 4. Anh huong ciia ham lwong SBS dén dg kim 1an (a) va nhiét héa mém (b).
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Hinh 5. Anh hwong ciia ham heong SBS dén do dan hoi.

Két qua trén cac Hinh 4 va 5 cho thiy ham lugng SBS sir dung cang ting thi chi tiéu
nhiét hda mém cang tang, do kim Iin (giam va cang tang kha nang dan hdi cua nhya. Tir két
qua thi nghiém nhya 60/70 nguyén chat (ham lugng SBS 0%) khong khuay va khuay 60 phut
qua may tron IKA cho thay két qua 2 chi tiéu d6 kim IGn va nhiét hoa mém khong thay doi
nhiéu (xem hinh 4). Diéu nay chang té hai chi tiéu kim IGn va héa mém cia nhya duong
60/70 khong bi anh huong nhiéu boi qua trinh hoa gia khi khudy. Két qua thi nghiém ciing
cho thay d6 dan hoi caa hdn hop nhya SBS tang nhanh khi sir dung tir 2.5 dén 5% ham luong
SBS. Do kim 1un cua nhya tron SBS giam nhanh khi tron thém tir 0 dén 5% SBS. Khi ting
ham lugng SBS tron qua 5%, hai chi ti€u dan héi va kim lun ¢6 xu huéng ting (hodc giam)
cham lai. Trong khi d6 véi nhiét hoa mém, ham lugng SBS tir 5% tré 18n mai cho thay rd su
khac biét so vai nhua nguyén goc 60/70. Do vay, ham luong 5% SBS Ia ti 1é tron kha hop ly
khi phan tich cac chi tiéu vé& kim 1an, héa mém va d6 dan hoi. Két qua céc chi tiéu cua nhya
tron véi SBS ¢ ham lugng 5% ciing déu thoa man cac yéu cau cia nhya PMB 111 theo 22TCN
319:04 [21].

3.3. Két qua thi nghiém mé dun cit phirc G* va xac dinh PG

Thi nghiém mé dun cit phiec G™ cua nhya 60/70, nhwa 60/70 + 3.5% SBS va nhwa 60/70
+ 5% SBS duoc thyc hién tai 8 nhiét d6 va 6 tan sé khac nhau. Nhu vay mdi loai nhya thi
nghiém nhan duoc 48 gia tri mod dun cat phirc G™. Tir c4c gid tri nay, cac dudng dic trung G
cua tirng loai vat liéu duoc xay dung va thé hién trén hinh 6. So sanh cac duong dic trung co
thé nhan théy tang ham lugng SBS s€ lam tang gia tri m6 dun cat phuc cua nhua. 0 nhiét do
cao (tan sé thap), anh huong cua phu gia SBS thé hién rd rét hon. Ciing can luu y rang, 3
duong ddc trung G trén hinh 6 duoc xay dung véi cung hé 50 dich chuyen ar. Dleu nay cho
thdy, tinh chat twong quan tan sd nhiét do théng qua hé sé dich chuyén ar van duogc giir
nguyén tir nhya duong goc dén nhya dudng polymer tron SBS.

| |
1E+07 | Nhiét dg éﬁal
1E+06 U tham chicu &
45°C o
= 1E+05 ga@
= g8 8$
R d
1E+03 | — g fa® = Nhua 60/70
1E+02 |xxa® x Nhuya 60/70 + 3.5% SBS
[}
1E+01 " o Nhua 60/70 + 5% SBS
1E-3 1E-1 1E+1 1E+3

Tan s6 trong duong (Hz)
Hinh 6. Puong ddc trung G~ cua cac logi nhya thi nghiém.
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Két qua xac dinh G*/sind cuia nhya 5% SBS va nhya 60/70 duoc thé hién trong bang 3.
C6 thé nhan thdy voi chi tiéu G'/sin(8) ddi véi nhya nguyén gde (ngudng min 100 Pa theo
AASHTO M320), nhya duong 60/70 dat PG 64, nhua 60/70 tron 5% vuot qua ngudng PG 82.

Bdng 3. Két qua thi nghiém xdc dinh G/sind cia nhira 5% SBS va nhwa 60/70.

Nhiat do Nhua 60/70 tron 5% SBS Nhura 60/70
(°C) G (Pa) G'/sin(8) (Pa) G (Pa) G'/sin(8) (Pa)
46 24529.3 44090.6 16510.0 17077.2
52 18709.5 36375.9 7635.1 7873.2
58 13929.5 27652.0 3575.4 3664.3
64 10596.3 20452.4 1753.1 1781.3
70 8143.3 14982.1 929.7 937.8
76 6150.5 10457.7 502.6 504.2
82 4517.9 6961.4 282.5 282.6
4. KET LUAN

Thong qua cac thi nghiém da thyc hién va phan tich két qua, bai bao di chi ra mot s6 cac
két luan chinh nhu sau:

- Tang thoi gian tron 1am ting nhiét hoa mém cua hdn hop nhya duong SBS. Khi ting
thoi gian tron tir 30 phat 1én 60 phat, nhiét héa mém ting 1én gan 25°C.

- Khi ting ham luong SBS, do kim 10n cta nhya dudng giam, nhiét héa mém va do dan
hdi ctia nhua dudng tang 1én.

- Anh huong cta qua trinh khudy tron (sy hoa gia khi tron) dén do kim lin va nhiét hoa
mém cta nhua dudng nguyén goc 1a khong déng ké.

- Xay dung duogc duong cong dic trung G~ ciia nhya. Phy gia SBS ¢6 4nh hudng rd rét va
lam ting G” cua nhya dudng dic biét tai nhiét do cao. Tuy nhién, tinh chét nhay cam nhi¢t
thong qua hé s dich chuyén ar ctia nhya SBS van giit nguyén so véi nhua gde 60/70.
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