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Abstract. The use of Reclaimed Asphalt Pavement (RAP) to produce asphalt concrete is
becoming more and more popular in the world because of its technical, economic and
environment. However, when a high RAP is used, causing a negative effect on the
performances of the mixtures. Therefore, rejuvenators are used to improve the properties of
bitumen and to recycle asphalt mixtures. This paper presents a study on the influence of the
type and content of the rejuvenators on the penetration and the softening point of bitumen.
The types of bitumen were evaluated including the virgin bitumen, aged bitumen recovered
from RAP and bitumen blends (including virgin bitumen, RAP aged bitumen with the
recycled binder ratio (RBR) of 0.3, and rejuvenator). Two rejuvenators used in the study are
petroleum-based recycling agent (HS1 rejuvenator) and vegetable oil-based (Prephalt@FBK
rejuvenator) with different contents from 0%, 4%, 8% and 12%. The obtained results have
shown the effectiveness of rejuvenators in restoring the physical properties of bitumen. In
order to meet the requirements of the penetration and softening point as bitumen 60/70, the
rejuvenator content should be about 9.0% with HS1 and about 5.0% with Prephalt@FBK.

Keywords: Reclaimed asphalt pavement (RAP), bitumen blends, rejuvenators, HS1,
Prephalt@FBK, penetration, softening point.
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Tom tat. Xu hudng su dung vat liéu mit duong bé tong asphalt tai ché (Reclaimed Asphalt
Pavement - RAP) dé san xuat bé tong asphalt dang ngay cang trd nén phd bién o trén thé gioi
vi nhitng loi ich mang lai vé k¥ thuat, kinh té va méi trudng. Tuy nhién, khi ham luong RAP
cao duoc sir dung c6 thé gay ra nhitng anh hudng tiéu cuc dén cac tinh nang caa hdn hop. Do
vay, phu gia tai sinh thuong duogc sir dung dé cai thién cac tinh chét cua bitum va hdn hop bé
tong asphalt tai ché. Bai bao trinh bay nghién ciu anh huong caa loai va ham luong phu gia
tai sinh dén chi tiéu do kim 14n va nhiét d6 hoa mém cua bitum. C4c loai bitum dugc danh gia
bao gom bitum mai, bitum cii thu hoi tir vat liéu bé tong asphalt tai ché -RAP) va bitum hon
hop (bao gdm bitum méi, bitum cii thu hdi tir RAP véi ty Ié bitum tai ché (Recycled Binder
Ratio - RBR) la 0,3 va phu gia tai sinh). Hai loai phu gia tai sinh dugc sir dung trong nghién
ciu la phu gia tai sinh géc dau mo (HS1), va phu gia tai sinh gbc dau thyc vat
(Prephalt@FBK) véi cac ham lwong ding tir 0% ; 4,0% ; 8,0% va 12,0% theo khéi lugng
bitum cii thu hoi tir RAP. Két qua nghién ctu da chi ra hiéu qua cia phu gia tai sinh trong
viéc khdi phuc lai cac tinh chét vat ly caa bitum. Dé dat duoc yéu cau vé chi tiéu do kim 1Gn
va nhiét ¢6 hod mém nhu bitum méi 60/70, khoang ham lwong phu gia tai sinh dugc xac dinh
la khoang 9,0% vai phu gia tai sinh HS1 va khoang 5,0% vai phu gia tai sinh Prephalt@FBK.

Tu khoa: Vat liéu bé tbng asphalt tai chef: (RAP), bitum hdn hop, phu gia tai sinh, HS1,
Prephalt@FBK, d6 kim lan, nhiét d6 hoa mem.
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1. PAT VAN PE

Hon hop bé téng asphalt tai ché nong voi ham lugng RAP cao thudng ciang va gion hon
so vai hdn hop bé tdng asphalt nong truyén théng, do d6 hdn hop nay thuong kho dam nén
ngoai hién trudng, dé bi nat, va cac cac dic tinh do bén thuong khac so véi hdn hop bé tong
asphalt khéng c6 vat liéu tai ché [1]. Do vay, bén canh nhiing loi ich dat duoc, thach thie dat
ra 1a st dung ham lugng RAP cao trong hdn hop bé tong asphalt tai ché nhung van dam bao
duoc do bén khai thac va tudi tho cua mat duong. Dé giai quyét van dé nay, phu gia tai sinh
thuong duoc sir dung dé cai thién cac tinh niang cua hdn hop bé tdng asphalt tai ché.

Phuy gia tai sinh 1a san pham c6 cac dac tinh hda hoc va vat 1y duoc thiét ké dé khoi phuc
cac tinh chat vat ly va dic tinh luu bién cua bitum cii bang cach cai thién ty 1& nhém
asphalt/maltene. Piéu ndy dan dén giam do6 cing va 1am ting d6 déo cua bitum cii [2]. M6t s6
loai phu gia tai sinh c6 sin trén thi truong, c6 thé dugc phan loai theo NCAT (2014) [3] 1 dau
parafinic, aromatic extracts - chiét xuat thom, tall oils - dau gd thong, dau naphthenic,
triglycerides and fatty acids - chat béo trung tinh va cac axit béo (tir dau thuc vat). Cac nghién
ctru chi ra rang phu gia tai sinh ¢6 anh hudng dang ké dén céc tinh chat cua bitum cii thu hoi
tir RAP va bitum hon hop [4-8].

O My, S Giao thdng van tai cac Bang (DOTS) cho phép sir dung ham lugng RAP tbi da
trong hdn hop asphalt théng qua ty 18 bitum cii RAP duoc tai ché (recycled binder ratio -
RBR). RBR duoc dinh nghia 1a phan trim bitum trong RAP, theo khéi lugng, so véi tong ham
lwgng bitum theo khéi lugng hdn hop bé tong asphalt [4].

RBR = Porar X Prap (1)
100x P,

Trong d6, Porap 12 ham luong bitum trong RAP, Prap 12 ty 1¢ RAP theo khéi luong hdn
hop va Py [a ham lugng bitum trong hdn hop.

Hién nay, dé xac dinh ham luong phu gia tai sinh, mot s6 nghién ctu da sir dung phuong
phap pha tron gitta bitum mai, bitum cii thu hoi tir RAP, va phu gia tai sinh, tir d6 thiét lap
biéu d6 pha tron. Trong biéu db pha tron, nhimg thay d6i vé d6 kim lan, 6 nhét hoic cip PG
(Performance Grade) ctia bitum hon hop véi ham lugng phu gia tai sinh duge danh gia. Mot
s6 nghién ctru da str dung biéu d6 pha tron dua trén do nhot hodc do kim 10n va nhiét do hoé
mém ctia bitum hdn hop véi cac ham lugng phu gia tai sinh khac nhau dé lya chon ham luong
[9, 10]. Cac nghién ctu gan day di st dung cap PG dé lva chon ham lwong phu gia téi sinh
trong d6 ham luong téi thiéu dé dam bao du kha niang chdng nat ¢ nhiét d6 thip va ham luong
t6i da dé dam bao khang han 1an [11-13].

Trong phan loai mac bitum & Viét Nam hién nay, d6 kim 1an va nhiét ¢6 hod mém 12 hai
trong s6 céc chi tiéu ki thuat quan trong dung dé danh gia chat lwong bitum. Bén canh do,
TCVN 13567-1:2022 [14] ciing d4 dua cach phan loai bitum theo cip PG. D4i véi hdn hop bé
téng asphalt tai ché voi ham lugng RAP cao, ¢6 su thay doi cac tinh chat vat 1y va co hoc cua
bitum hdn hop (bitum mai 60/70, bitum cii thu hoi tir RAP va phu gia tai sinh) do xét dén
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bitum trong RAP duoc tron 1an trong hon hop. Trong pham vi nghién cau ¢ day, nghién cau
bude dAu dénh gid anh huéng cia loai va ham lugng phu gia tai sinh dén chi tiéu do kim 1n
va nhiét d6 hoa mém caa bitum hdn hop. Trén co s két qua thi nghiém, nghién ciru tién hanh
phan tich anh huong cua loai va ham luong phu gia khic nhau dén chi tiéu do kim lun va
nhiét @ hod mém. Tur d6, dwa ra khoang ham luong phu gia téi sinh téi vu dwoc lua chon dé
dat duoc gia tri do kim 1Gn va nhiét d6 hod mém twong duong véi cap bitum méi.

2. NGHIEN CUU THU'C NGHIEM
2.1. Vat liéu

Chét két dinh bitum méi 1a loai bitum 60/70 ciia Cong ty Nhua dudng Petrolimex duoc
sir dung trong nghién ctru nay. Hon hop RAP st dung cho nghién ctu la loai 12,5 (RAP 12,5)
dugc lay tir tram tron Tan Cang, Pong Nai cua Cong ty Co phan Pau tu xay dung BMT.
Bitum cii (bitum RAP) duoc tach ra tir vat liéu RAP bang phuong phap chiét ly tim theo tiéu
chuan AASHTO T164 [15]. Thiét bi quay ly tim dugc st dung dé tach phan dung dich c6
chua bitum va bot khoang trong hdn hop RAP (Hinh 1a). Tiép theo, bot khoang tir dung dich
da chiét s& dugc chiét tach tiép dé tao ra dung dich chi chtra bitum st dung thiét bi quay ly
tam tdc d6 cao (Hinh 1b). Cudi cling, bitum RAP dugc thu héi theo phuong phap Abson theo
tiéu chuan AASHTO R59 [16] (Hinh 1c). Cac chi tiéu ky thuat cia bitum trong RAP va bitum
méi 60/70 duoc thé hién & Bang 1. Hai loai phu gia tai sinh duoc st dung trong nghién cau 1a
phu gia tai sinh géc dau mo (HS1-rejuvenator), va phu gia tai sinh goc dau thuc vat
(Prephalt@FBK-rejuvenator). Hai loai phu gia tai sinh nay da duoc thuong mai hod va cé san
trén thi trudng. Bang 2 dua ra két qua thi nghiém maot s6 chi tiéu ki thuat cua phu gia tai sinh
HS1 va Prephalt@FBK (P)

(©)
Hinh 1. Qué trinh chiét va thu hdi bitum trong RAP.

(a) Chiét bitum bang thiét bi quay ly tam, (b) Tach bot khoang tir dung dich chiét dugc bang thiét bi
quay ly tam téc do cao, () Thu hdi bitum tir dung dich theo phuong phap Abson

Bang 1. Mot s6 chi tiéu caa bitum méi 60/70 va bitum cii thu hdi RAP.

Chi tiéu Bitum 60/70 Bitum RAP Tiéu chuén thi nghiém
Ham lugng bitum trong RAP (%) - 3,0 -
Do kim lin ¢ 25 °C, 0,1 mm 64,2 25,4 ASTM D 5
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Chi tiéu Bitum 60/70 Bitum RAP Tiéu chuan thi nghiém
Nhiét d6 hoa mém, °C 49,6 64,6 ASTM D 36
G*/sind & 64 °C, kPa 2,02 -
G*/sind & 82 °C, kPa - 1,1 AASHTO T315

Bang 2. C&c chi tiéu k¥ thuat cta phu gia tai sinh HS1 va Prephalt@FBK.

Chi tiéu, don vi HS1 Prephalt@FBK
Do nhét ¢ 25°C (cPs) - 1500-2500
Do nhat 6 60°C (cSt) 67 -
Mau sic Nau den Nau den
Diém chop chay, °C 256 248

HS1 rejuvenator Prephalt@FBK rejuvenator

(a) phu gia tai sinh HS1  (b) phu gia tai sinh Prephalt@FBK (c) mau sic
Hinh 2. Phu gia tai sinh da thwong mai hoa.

2.2. K& hoach va tién hanh thi nghiém

Sau khi bitum cii duoc thu hdi tir vat liéu RAP, tién hanh tron bitum mai véi bitum RAP
va phu gia tai sinh dé tao thanh bitum hdn hop. Hai loai phu gia tai sinh HS1 va
Prephalt@FBK dugc sir dung véi ham luong tir 0-12% theo khdi lwgng bitum RAP. Trong
nghién ciu ndy, ty Ié bitum RAP duoc tai ché 1a 0,3 (RBR = 0,3), twong ung voi hdn hop
asphalt tai ché sir dung 50%RAP. Ké hoach thi nghiém chi tiét caa nghién ciru duoc thé hién
trong Bang 3. Trong qua trinh tron, nhiét do caa hon hop bitum Iudn duy tri trong khoang
nhiét do 155°C. Chi tiét cac budc tron phu gia tai sinh vai bitum dugc thé hién ¢ Hinh 3. Phy
gia tai sinh duoc tron véi bitum bang phwong phéap co hoc sir dung diia thuy tinh (Hinh 4).

Bang 3. K& hoach thi nghiém.

TT Kyhiéu Mo ta
1 60/70 Bitum méi 60/70
2 R Bitum cii thu hi tir RAP (bitum RAP)
3 B 70% bitum mai + 30% bitum RAP + khdng co6 phu gia tai sinh
4 HS1-4 70% bitum mai + 30% bitum RAP + 4% phu gia tai sinh HS1
5 HS1-8 70% bitum mai + 30% bitum RAP + 8% phu gia tai sinh HS1
6 HS1-12 70% bitum mai + 30% bitum RAP + 12% phu gia tai sinh HS1
7 P-4 70% bitum mai + 30% bitum RAP + 4% phu gia tai sinh Prephalt@FBK
8 P-8 70% bitum mai + 30% bitum RAP + 8% phu gia tai sinh Prephalt@FBK
9 P-12 70% bitum mai + 30% bitum RAP + 12% phu gia tai sinh Prephalt@FBK
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Gia nhiét cho Tron bitum Thém bitum
bitum m¢i 60/70 méi véi phu RAP va tiép . _
vabitum RAP & |—»| giatéisinh  |—»| tuctrontrong1 |—s| HON hop bitum
155°C dén khi trong 1 phut phat
chay long

Hinh 3. Cac budc tron phu gia tai sinh vai bitum.

Hinh 4. Tron co hoc dung daa thuy tinh.

Pé danh gia sy thay d6i vé céc tinh chat vat ly caa bitum mai, bitum cii thu hoi tir RAP
va bitum hdn hop (bao gébm bitum mai, bitum cii thu hdi tir RAP va phu gia tai sinh), thi
nghiém xéc dinh d6 kim 1Gn va nhiét d6 hod mém duoc thyc hién. D6 kim 1Gn 13 chi tiéu dung
dé danh gia tinh quanh cua bitum va phan loai méc bitum ¢ Viét Nam hién nay. Thi nghiém
do @6 kim lun duoc thyuc hién ¢ nhiét do 25°C theo tiéu chuan ASTM D5 [17] (hoic TCVN
7495-2005) (Hinh 5). Nhiét do hod mém la chi tiéu dung dé danh gia tinh 6n dinh nhiét cua
bitum khi nhiét do thay déi. Trong nghién ctiu nay, thi nghiém nhiét do hod mém duoc thyc
hién dé danh gia anh hudng cua viéc sir dung phu gia tai sinh d&én kha nang chiu nhiét d6 cua
bitum c6 phu gia tai sinh theo tiéu chuan theo tiéu chuan ASTM D36 [18] (hoic TCVN 7497-
2005) (Hinh 6).

Hinh 5. Thi nghiém do d6 kim ltn.  Hinh 6. Thi nghiém nhiét d6 hoa mém.
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3. KET QUA VA THAO LUAN

Hinh 7 thé hién két qua thi nghiém do d6 kim IGn cho cac mau bitum 60/70, bitum cii thu
hoi tir RAP, va bitum hdn hop str dung phu gia tai sinh & cac ham lwong khéc nhau 0, 4, 8 va
12% (theo khdi lwong bitum cii thu hdi tir RAP). Dua trén két qua thi nghiém d6 kim In,
bitum cii thu hoi tir RAP ¢6 su suy giam dang ké vé do kim lun (d6 kim 1an 1a 25,4). Nguyén
nhan dan dén su suy giam d6 kim 1dn 1a do sy thay d6i thanh phan cac nhém chat cua bitum
do vat liéu RAP bi hod gia theo thoi gian, din dén sy gia ting ctia nhom asphalt va su bay hoi
ciia nhdm matene (nhdm chat dau) [19]. Po kim 1Gn caa bitum hdn hop (bitum méi va bitum
cii thu hoi tir RAP) khong dat dugc muc tiéu cap do kim 1Gn 60/70 khi 30% bitum RAP duoc
thém vao, gia tri d6 kim lun do duoc la 54,8. Tuy nhién, khi thém phu gia tai sinh, gia tri do
kim 10n cua bitum ting 1én cing Vi sy gia ting ham luong phu gia tai sinh tir 4 dén 12%.
Bitum hon hop st dung phu gia tai sinh Prephalt@FBK cho gia tri d6 kim lin cao hon so voi
st dung phu gia tai sinh HS1. Béi véi phu gia tai sinh HS1, d6 kim 1an caa bitum hdn hop
tang tir 2,8% (56,3) dén 26,2% (69,1) va tir 9,1% (59,8) dén 56,7% (85,8) ddi véi phu gia tai
sinh Prephalt khi ham luong phu gia tai sinh ting tir 4% dén 12%. Nhu thé hién trong Hinh 7,
cac gia tri do kim 1an cua bitum bién tinh c6 chira 8% HS1 va 8% Prephalt@FBK gan gidng
véi gia tri cua bitum mai 60/70.

100

P kim hin (0.1 mm)
=

& & QE“‘“*V TN
Loai bitum

Hinh 7. Két qua thi nghiém d6 kim 1dn cua céc loai bitum.

Hinh 8 thé hién két qua thi nghiém nhiét d6 hod mém cua bitum méi 60/70, bitum cii thu
hoi tir RAP va bitum hdn hop sir dung phu gia téi sinh. Nhu duoc thé hién & Hinh 8, nhiét do
ho& mém cua bitum mai 60/70 12 49,6°C (16n hon yéu cau nhiét do hoa mém tdi thiéu) va cua
bitum RAP la 64,6°C. Vi bitum hdn hop dugc thém 30% bitum RAP cho thay nhiét do hoa
mém cao nhat (54,9°C), trong khi bitum hén hop cd phu gia tai sinh c6 su giam nhiét do hoé
mém, dac biét thé hién rd rét khi sir dung phu gia tai sinh Prephalt@FBK. Khi ham luong phu
gia tai sinh tang tir 4% dén 12%, nhiét d6 hda mém cua bitum hdn hop ¢ phu gia tai sinh
Prephalt@FBK giam tir 52,8°C (3,7%) xubng 48,2°C (12,2%) va giam tir 52,4°C (4,5%)
xudng 50,8°C (7,4%) ddi véi phu gia tai sinh HS1. C6 thé thay rang, bitum hdn hop dung phu
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gia tai sinh HS1 cho hiéu qua thip hon so véi dung phu gia tai sinh Prephalt@FBK. Do d6
cac tinh chat cua bitum sir dung phu gia tai sinh HS1 thay ddi it hon so véi st dung phu gia tai
sinh Prephalt@FBK.

als]

Nhiét d6 hoa mém (°C)
= = ()] Lk (] [ )
[ ] [ ] += (=] [ ]
I T T T T
| I
I
|
L I
- |
¥ |
I
B |
+ |
| |
|
L |
» |
]
i I
|

= T B W = = v
&3{‘ Q&} _2;,} .2:9\3\ Q T g
Loai bitum

Hinh 8. Két qua thi nghiém nhiét d6 hod mém cua céc loai bitum.

100 58
o0 b =-0,314x + 54,40 5
$eunenn, RZ=10,908

=80 F TTTTtttscceeenii. <
= & T, e — ¥ 32 g
— 70 o :. PEE
S 60 [ eessseretttt e
= " PP L [ =
g 50 { 46 2
= y=1,238x + 33,33 e
g 40 R?=0,945 =
230 | 0 @
L =1] . =
A 20+ 4

10

0 : — : 34
0 4 8 12
Ham heong phu gia tai sinh HS1 (%)
= B§kim lin (0, 1mm) 4 Nhiét & hod mém (o0)
+++++« Linear (D3 kim lin (0,1mm))  =***-* Linear (Nhiét d6 hod mém (oC))

Hinh 9. Biéu d6 xéac dinh ham lugng phu gia tai sinh HS1 t6i .

Khoang ham lwong phu gia tai sinh tdi wu c6 thé duoc xac dinh dua trén két qua thi
nghiém d6 kim 1Gn va nhiét do6 hod mém cuaa bitum. Trong nghién cau nay, mot biéu do pha
tron gitra hon hop bitum (70% bitum méi 60/70 va 30% bitum cii thu hoi tir RAP) véi phu gia
tai sinh & cac ham luong khac nhau dwogc thé hién ¢ Hinh 9, Hinh 10. Hinh 9 chi ra rang, ham
lwong phu gia tai sinh HS1 dé dat duoc yéu cau vé d6 kim lun nhu bitum méi 60/70 nén
khoang 9,0% theo khdi lwong bitum cii thu hdi tir RAP. Bdi véi bitum sir dung phu gia tai
sinh Prephalt@FBK, dé dat dugc d6 kim lun nhu bitum 60/70 thi ham luong phu gia tai sinh
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nén khoang 5,0% (Hinh 10). Cac ham luong phu gia thir nghiém déu cho két qua nhiét d¢ hoa
mém thoa man va I6n hon gia tri nhiét d6 hod mém yéu cau cua bitum 60/70. Dé khing dinh
ham luong phu gia tai sinh téi wu Iya chon, nghién ciru tién hanh thi nghiém xac dinh d6 kim
lGn va nhiét @6 hoa mém cho hai loai bitum hdn hop 1a HS1-9 va P-5. Bang 4 thé hién két qua
thi nghiém do kim 1Gn va nhiét d6 hod mém cuaa bitum hén hop véi ham lugng phu gia tai sinh
t61 wu. K&t qua chi ra rang, gia tri do kim I1Gn va nhiét d6 hod mém caa bitum hdn hop wng voi
ham luong phu gia tai sinh téi vu duoc lva chon dat duoc twong dwong véi bitum mai 60/70.

100 58
90 L y=-0,531x+ 54,97 —
= w0 L R2= 10,994 R
E . = 32 =
~ 0T @
S 60 t E
g 50 f {46
= y=2.550x + 51,08 4
g 40 R2=0(936 'y
2 30 ¢ o
L i =
R 20 =
10
0 . . . 34
0 4 g 12
Ham hegng phu gia tai sinh Prephalt@FBK (%)
D kim lin (0, 1mm) Nhiét 3 hod mém (oC)
Linear (D6 kim 1on (0, 1mm)) Linear (Nhiét 46 hod mém (oC))

Hinh 10. Biéu do xac dinh ham luong phu gia tai sinh Prephalt@FBK t6i uu.
Bang 4. Két qua thi nghiém d6 kim 1Gn va nhiét d6 hoa mém cua bitum hdn hop véi ham lugng
phu gia tai sinh ti vu.

Chi tiéu k¥ thuat HS1-9 P-5
Do kim 1an (0,1mm) 63,5 64,0
Nhiét d6 hoa mém (°C) 51,5 51,0

4. KET LUAN

Dua trén cac két qua nghién ctu thuc nghiém, c6 thé dua ra mot s6 két luan nhu sau:

- Phu gia téai sinh khoi phuc lai cac tinh chat vat Iy (46 kim IGn va nhiét do hoa mém)
cua bitum. Khi tang ham lwong phu gia tai sinh, gia tri do kim lin c6 xu hudng tang va xu
huéng giam nhiét d6 hod mém.

- Khi so sanh véi phu gia tai sinh Prephalt@FBK, bitum hdn hop (70% bitum moi
60/70 va 30% bitum cii thu hoi tir RAP) ding phu gia tai sinh HS1 cho hiéu qua thép hon.
Céc tinh chat caa bitum hon hop stir dung phu gia tai sinh HS1 thay d6i it hon so véi st dung
phu gia tai sinh Prephalt@FBK.

- Ddi voi bitum hdn hop sir dung phu gia tai sinh, dé dat dwoc yéu cau vé chi tiéu do
kim 1Gn va nhiét ¢ hod mém tuong Gng véi bitum cd mac 60/70, khoang ham lugng phuy gia
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tai sinh téi wu dugc xac dinh 1a khoang 9,0% (theo khéi lwong bitum cii thu hdi tir RAP) di
vai phu gia HS1 va khoang 5,0% véi phu gia tai sinh Prephalt@FBK.
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Nghién ciru nay duoc tai trg bai Truong dai hoc Giao théng van tai trong dé tai ma sé T2022-
XD-006.
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