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Abstract. Cold recycled asphalt technology is an economically and environmentally
effective solution because the asphalt mixture is produced and constructed at ambient
temperature conditions. The biggest disadvantages of cold recycled asphalt mixtures are the
slow strength formation time and poor water stability. Using additional cement additives is
considered a solution to help improve the emulsion breaking time to form and develop
strength. Because the emulsion contains water, the process of formation and strength
development of the mixture depends on curing conditions. This article presents the results of
experimental research analyzing the microstructure and chemical composition of cement
emulsion mortar - the element that contributes to the stiffness of cold recycled mixtures. The
cement content selected for the experiment is 0%, 1.5% and 2.5%, respectively. The curing
time of the emulsion mortar mixture after mixing with cement is 1 day, 7 days, 14 days, and
28 days. The results show that with the same cement ratio, when the temperature and curing
time are increased, the cement hydrates faster and more hydration products are formed. At
the same curing temperature, different cement ratios also affect the ratio of hydration products
and the growth of calcium silicate hydrate crystals (3Ca0.2Si02.3H20 — C3S;H3).
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Tom tat Cong ngh¢ bé tong asphalt tai ché nguai la giai phap cong ngh¢ dem lai nhiéu hiéu
qua vé mat kinh té va moi truong do hén hop duoc san xuat va thi cong & diéu kién nhiét do
moi truong. Nhuge diém 16n nhat caa hdn hop asphalt tai ché nguoi la thoi gian hinh thanh
cuong do 1au va tinh 6n dinh nuée kém. Sir dung thém phu gia xi ming duoc xem 12 giai
phép gilp cai thién thoi gian nhil tvong phan tach dé hinh thanh va phét trién cuong d6. Do
trong thanh phan cua nhii trong c6 nuwdc nén qua trinh hinh thanh va phat trién cuong do ciua
hén hop phu thude vao diéu kién bao dudng.Bai bao nay trinh bay két qua nghién ctu thuc
nghiém phan tich vi ciu tric va thanh phan héa cua vita nhii twong xi mang-thanh phan gop
phan tao nén do cang cho hdn hop tai ché ngudi. Ham luong xi ming duoc lya chon thi
nghiém lan luong 1a 0%, 1,5% va 2,5%.Thoi gian bao dudng hon hop vita nhii twong sau khi
tron véi xi mang lan luot 1a 1 ngdy, 7 ngay,14 ngay va 28 ngay. Két qua cho thay rang, véi
cung ti 1€ xi mang khi tang nhiét d6 va thoi gian bao dudng 1én thi xi mang thuy hdéa nhanh
hon va cac san pham thuy hoa hinh thanh nhiéu hon. O nhiét 46 bao dudng nhu nhau, ti 18 xi
ming khac nhau cling anh huong dén ti 18 cac san pham thity hoa va sy phat trién caa tinh
thé calcium silicate hydrate (3Ca0.2Si02.3H20 — C3S2Hs) .

T khéa: Asphalt tai ché nguoi, Nhii twong nhua duong, Nhiét do bao dudng, Thoi gian bao
dudng, vi cau tric.
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1. PAT VAN PE

Téi ché nguoi 100% vat liéu cao boc mit dudng bé tong asphalt cii (Reclaimed Asphalt
Pavement - RAP) la mét giai phap cdng nghé dem lai nhiéu hiéu qua vé mat kinh té va moi
treong khi xay dung mat duong [1, 2].

V6i hdn hop bé tong asphalt (BTAP) tai ché ngudi chi sir dung chat két dinh nhii twong thi
qua trinh hinh thanh cudng d6 cua hdn hop tai ché ngudi cd thé can vai tuan hoac tham chi vai
thang va phu thudc vao mét sé yéu té nhu nhiét do, d6 4m twong ddi, diéu kién thoat nuéc va
chiéu day 16p tai ché [3, 4]. Bé day nhanh qué trinh hinh thanh cudng d6 va tang tinh 6n dinh
nuéc cho hdn hop, phu gia khoang nhu xi miang (XM), vdi thuy hod hoic xi 10 cao nghién min
thudng duoc st dung [5-8]. Trong s cac phu gia khoang trén, xi mang Portland duoc str dung
nhiéu nhit va cé hiéu qua tét hon so voi cac san pham khéac [9, 10]. Anh huong chinh cua Xi
ming dén tinh nang cia hdn hop duoc Kiém soét bai cac twong tac hoa 1y gitra xi mang va nhil
twong nhya duong. Theo nghién ctu cua J.Xiao va cong sy, thong qua phuong phép kinh hién
vi dién tir quét (SEM) va chup cit 16p (CT) cho thiy cac cau tric rong siéu nhé hinh thanh &
cac ham luong xi ming va nhya dudng nhii twong khac nhau ciing 4nh hudng dang ké dén tinh
chat co hoc va tinh nang hdn hop nhii twong-xi mang[11]. Trong mot nghién cau khéc cua J.
Lin va cong su, cuong do giai doan dau cua hdn hop tai ché ngudi sir dung nhii tuong nhya
duong va xi mang (CRME) bi anh huéng boi xi mang va dé am. Qua trinh thay héa xi mang
ldy nude trong nhil twong nhya duong, tir d6 c¢6 thé day nhanh qua trinh phan tach nhil tuong
va dan dén ting cuong do giai doan dau cia CRME. Anh SEM vé hinh thai bén trong caa
CRME sau 3 ngay va 7 ngay bao dudng cho thay c6 rat nhiéu san pham hydrat h6a bao gom
ettringite va canxi hydroxit ton tai trong bé mit tiép xuc giira cét liéu va vira nhii twong nhua
duong. Qué trinh hinh thanh cau tric vi méd cia CRME chu yéu duoc kiém soét bang su khuéch
tan phan tir gitra cac hat nhua duong [12]. Vi cau tric cia CRME véi cac diéu kién hoa gia ting
cuong khac nhau ciing dugc mo ta bai kinh hién vi dién tir quét moi truong (ESEM)[13]. Theo
d6 sau 10 ngay héa gia & 60°C hoic 5 ngay hoa gia & 75°C, CRME c6 thé tao thanh mot cau
trdc vi mo lién tuc va dic sit dugc ciu tao boi cac san pham thity hoa xi ming va chét két dinh
nhyua duong. Ngoai ra, khi nhiét do 140 hoa la 75°C, tir 5 ngay dén 10 ngay, su thay doi vi cau
tric cia CRME 14 rat nho.

Nhu vay, tly thuéc vao thanh phan hdn hop bé téng asphalt tai ché ngudi, qua trinh ran
chic duoc tao thanh bai sy két hop ciia mot s6 co ché nhu nhii twong phan tach, mat mat do am
va qua trinh hydrat hoa cac thanh phan khoang vat cia xi mang [14-18]. Céc qua trinh nay s&
bi anh hudng boi nhiét do, nhiét do cao s& day nhanh qua trinh dong ran [19]. Do vay, viéc
nghién cau thuc nghiém vé thanh phan vira nhii tvong nhya dudng xi mang trong hon hop tai
ché ngudi dé tim hiéu rd hon co ché hinh thanh va phat trién cac san phan thuy hoa véi céc ti 1¢
xi mang va thoi gian bao dudng khac nhau di dugc tién hanh.

2. NGHIEN CU'U THU'C NGHIEM

2.1. Thanh phéan vira nhii twong xi ming

Vira nhii twong-xi mang (NTX) 12 hdn hop vt liéu gdm nhii twong nhya duong, xi miang
va nudc.

Nhii twong. Nhii twong cationic phan tach cham CSS-1h da dugc Iu:@ chon sur dung theo
khuyen céo cia AASHTO MP31 [20]. Loai nhii trong nay dugc san xuat ¢ trong phong thi
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nghiém theo cong nghé cua tap doan Colas vdi ty 1¢ chat két dinh 63,3%, ty & con lai 1a nudc,
chat nhii hoa va phu gia, d6 pH bang 2,38. Hinh 1 thé hién mau sac va trang thai caa loai nhii
tuong nay.

Phu gia khoang. Nghién ctru str dung phu gia la xi mang portland hon hop PCB30 véi céac
chi tiéu dép ung theo yéu cau caia AASHTO M85 [21]. Theo khuyén céo cua tiéu chuan
AASHTO PP86 [22] va ARRA-CR201 [23], lva chon ham lugng xi ming tir 0,25 dén 2,5 %
theo khdi lwong RAP. Trong nghién ctru nay, ham lugng xi mang duoc lua chon la 0%, 1,5%
va 2,5% theo khdi lwong kho cua RAP di duoc tinh toan khi thiét hé thanh phan hdn hop BTAP
tai ché nguoi trong phong.

Hinh 1. Nhi twong CSS-1h. Hinh 2. Phu gia xi mang PCB30.

Nuéc. Nude dugc sir dung cho hdn hop tai ché véi vai tro cai thién do chat dam nén. Nudc
dung dé tron phai 1a nudc sach va c6 cac chi tiéu ky thuat phi hop véi AASHTO MP 31. Theo
khuyén céo cua tiéu chuan AASHTO PP86 va ARRA_CR201 lya chon ham luong nuéc tir 1,5
dén 3,5 % theo khdi lugng RAP kho [23]. Péi véi hdn hop vita nhii twong xi mang nghién ciu,
ham luong nude duoc lay theo ti 1¢ da thiét ké trong hon hop BTAP tai ché ngudi tuong tng
V61 luong nhil tuong.

Ham lugng nhii twong. Mot ham luong nhil trong duoc lya chon Iz‘iq 3,3%(theo khéi luong
RAP kho) dua két qua nghién ctiru ctia nhom da duogc thuc hién [24] dé tron véi nudc va cac
ham lugng xi mang 1,5 % va 2,5 %.

2.2 Chuan bi miu thi nghiém

Trén co sé thanh phan hén hop da duoc xac dinh, nghién ctu tién hanh tao mau vira thi
nghiém thanh phan hda va vi cu trac, qua trinh dugc thuc hién nhu sau: tron Xi ming véi nudc
trong cdc inox rdi khudy déu bang diia thity tinh, tiép d6 hdn hop dugc tron déu véi nhii tuong.
Hon hop sau khi khuay déu lién tuc s& duogc rét vao cac coc nho dé bao dudng o 3 diéu kién
nhiét do. S6 lwong mau thi nghiém caa méi t6 mau wng véi cac nhiét do bao dudng va ti 1é xi
ming khéac nhau 1a 3 mau. Vay tong sé mau thi nghiém 12 9 mau. Cac mau sau khi chuan bi
xong duoc tién hanh bao dudng & cac nhiét do 25°C, 40°C, 60°C. Thoi gian bao dudng cac mau
& madi nhiét do 1an luot 1a 1 ngay, 7 ngay va 14 ngay. Hinh 3 thé hién qué trinh tron mau va mau
sau khi bao dudng trong tu say.
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(©)
_Hinh 3. Chuén bj mau thi nghiém: () trinh ty tron tao mau vira
(b). Chia mau sau khi tron (). Mau sau bao dudng trong ta say ¢ 40°C, 60°C va 25°C.

2.3. Thi nghiém chup vi c4u tric va phan tich thanh phan hoéa ciia vira nhii twong xi ming

Sy hinh thanh ciu trdc vi md caa hdn hop vira & giai doan dau dugc xac dinh bang kinh
hién vi dién tr quét (SEM). Pay 1a mot loai kinh hién vi c6 thé tao ra anh véi do phan giai cao
bang céach str dung mot chum dién tir (cham cac electron) hep quét trén bé mat mau. Ngoai ra
d6 phan giai con phu thudc vao tuong tac gitra vat liéu tai bé mat mau vat va dién tir. Chlng
cho phép danh gia cac dic trung cua cac vat liéu vo co cling nhu hitu co trong khoang kich
thude tir nm téi pm. Nghién ciru nay sir dung kinh hién vi dién tir quét Hitachi S-4800 tai Vién
Khoa hoc vit liéu- Vién Han 1am Khoa hoc va Cong nghé Viét Nam (Hinh 4).

1 g ; = i

Hinh 4. Hinh anh qua trinh phan tich vi cdu trdc mau vira nhii twong xi méing.
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AN, TS e

IMS-NKL 5.0kV 6.1mm x10.0k SE(M)

(a) 1,5%X-1 ngay

5.00um

(c) 1,5%XM - 7 ngay (d) 2,5%X-28 ngay
Hinh 5. Hinh anh chup SEM ctia cac mau dugc bao dudng & 25°C.

thay héa |

IMS-NKL 5.0kV 6.2mm x10.0k SE(M) IMS-NKL 5.0kV 6.8mm x10.0k SE(M)

(c) 1,5%X-14 ngay (d) 2,5%X-7 ngay

Hinh 6. Hinh anh chup SEM cua cac mau dugc bao dudng ¢ 40°C.

_ Thiét bj nay c6 do phan giai toi da 1én t6i 2 nm va do phong dai cao nhét la 800000 lan.
bong thoi, thiet bi con cd bo phan phén tich pho tan sac nang luong (Energy Dispersion X-ray
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Spectrommeter — EDX) EMAX ENERGY cua hang Horiba (Anh) dinh kém cho phép phan tich
thanh phan cac nguyén t6 hoa hoc cé trong mau.

3. KET QUA THI NGHIEM VA THAO LUAN

3.1 Phan tich két qua chup SEM

Két qua chup SEM cuia c&c mau vai cac ti 18 xi ming & cac thoi diém va nhiét do dong ran
khac nhau duoc thé hién nhu Hinh 5,6,7. Theo d6, hinh anh SEM vé hinh thai bén trong cua
hdn hop chét két dinh sau 1 ngay, 3 ngay, 7 ngay va 14 ngay bao dudng. C6 thé nhan thay rang,
¢6 nhiéu san pham hydrat hoa bao gdom ettringite va calcium hydrox-ide ton tai trong cau trdc
vira nhii tuong-xi mang.

& ¢
LR
-l

IMS-NKL 5.0kV 5.4mm x10.0k SE(M)

(e) 2,5%X-14 ngay (9) 1,5%X-14 ngay
Hinh 7. Hinh anh chup SEM cua cac mau dugc bao dudng & 60°C.
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Nhin chung cac san pham thuy hoa trén bé mat vira ting dan 1én khi ting nhiét d6 va thoi
gian bao dudng hdn hop tng véi mdi ti 16 xi mang. Tuy nhién ty 1& cac san pham thay héa it
hon khi hdn hop vita dugc bao dudng & 25°C so véi & diéu kién 40°C va 60°C & cuing ti 1 xi
ming va thoi gian bao dudng. Ngoai ra, Hinh 5a cho thiy cac san pham thiy hoa duoc bao boc
boi nhya dudng trong khi & Hinh 7b san pham thuy hoa d3 hinh thanh 1& voi mat do ting dan
va bit dau xuyén qua mang nhwa. O Hinh 6 va Hinh 7, ty 1& cac san pham hydrat héa tang 1én
khi tang nhiét d6 va thoi gian bao dudng hdn hop. Hinh 7d, 7g cho thay ty 1& cac san pham thity
hoa chiém wu thé khi ting thoi gian bao dudng tir 7 18n 14 ngay véi cung ti 1é xi méing va nhiét
d6 bao dudng 60°C.

V& anh hudng cia ham luong xi ming, & cung diéu kién nhiét do va thoi gian thi hdn hop
vira ¢ ti 18 xi ming cao hon s& hinh thanh san pham thiy héa nhiéu hon. Hinh 6b va 6d cho
thiy véi nhiét do bao dudng 40°C, hdn hop vita 2,5%X da xuat hién nhiéu sgi CSH tham nhap
qua mang nhya so Véi vira 1,5%X. Didu ndy cho thiy ham huwong xi ming c6 anh huéng dén
su hinh thanh, phat trién va ti 1& san pham thay hoa. Bén canh do, su lién két giira mang nhua
duong va céac san pham hydrat hda dién ra lién tuc va tron tru, khong c¢6 vét nat nhu Hinh 8
chting minh c6 sy bam dinh tét gitra mang nhua duong va cac san pham thay hoa.

~

| ng CKD Asphalt

Hinh 8. Trang thai dinh bam giita mang nhua va san phdm thiy hoa.

3.2 Phan tich thanh phan héa hec

Xi mang Portland chii yéu duoc tao thanh tir cac khoang 3Ca0.SiO2 (C3S), 2Ca0.SiO;
(C2S), 3Ca0.Al203 (C3A), 4Ca0.Al20s.Fe;03 (C4AF), CaSOs, v.v.. Nhil tuong nhya duong
chu yeu chtra cac nguyén té C, H, S, O, N. Qua trinh thuy hoa xay ra khi xi méng gip nudc.
San pham thiy hoa xi mang cha yéu 1a khoang calcium silicate hydrate (3Ca0.2Si02.3H20 —
C3S2Hs) chira cac nguyén té Ca, Si, Al, Fe, O [25]. Bé xac dinh thanh phan hoa trong cac mau
vita nhil twong dugc dudng hd & cac nhiét d6 va thai gian khac nhau, thi nghiém phan tich phd
tan sic nang luong EDX di duoc thuc hién. Hinh 9 dén Hinh 15 trinh bay mot s6 két qua phan
tich phd tan sic nang luong va thanh phan cac nguyén té hda hoc cha yéu.
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y 500um 1 Electron Image 1 ull Scale 3498 cts Cursor: 15149 keV (2 cts) ev]

Hinh 9. Pho EDX ciia mau khong c6 xi mang.

—Som
200pm Electron Image 1

—
200pm Electron Image 1

5pectrum 1

2000m Electron Image 1

ull Scale 389 cts Cursor: 14.803 ke (2 cts)

Hinh 12. Phé EDX cta mau 1,5% - bao dudng 60°C - 3 ngay
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Két qua pho tan xa nang luong tia X ctia mau vira khong ¢6 xi mang bao gom chu yéu la
carbon (Hinh 9). Trong quang phd ¢ mit cac dinh cua C, O, Si, Ca (Hinh 10,11,12) khing dinh
sw c6 mat cua san pham thiay hda. Tuy nhién, ham lugng nguyén t6 O, Si, Ca ting va ham luong
nguyén t6 C giam trong cac Mau ¢ xi ming (Hinh 13). Cu thé, khi ham luong xi mang tang tir

1,5% 1én 2,5% thi tong ham luong cac nguyén t O, Si, Ca ting twong ung 18,1 % va 10,6 %
$0 V&I mau dbi chung khong c6 xi ming. Két qua nay cho thiy hdn hop vira nhii twong xi ming
duoc hinh thanh boi san pham thay héa va nhii twong nhya dudng.

100 ~ 100
90 - 90
X 80 - & 80
¢ N
‘3 70 - g 70
) 60 - mC & 60
050 50 - > 50
2 40 - mO B 40
@Y 30 A mSi @ 30
£ 20 - = 20
F
10 HCa 10 I
0 - 0 .
0% 1,5% 2,5% 1 ngay 3 ngay 14 ngay
Ti 1¢ xi ming trong mau vira(%) Thoi gian bao dudng

Hinh 13. Thanh phan cac nguyén t5 chinh cua Hinh 14. Thanh phan céc nguyén t6 chinh cua
C4C MAu vira véi ti |é xi mang khac nhau. cac mau vira 1,5%X & 40°C vai thoi gian bao
dudng khac nhau.

Sy thay d6i ham lugng cac nguyén té & cac ngay bao dudng khéac nhau cua hdn hop tng
v6i ham luong 1,5% xi mang, nhiét do bao dudng 40°C duoc thé hién nhu ¢ Hinh 14. Két qua
cho thay rang, khi tang thoi gian bao dudng hon hop 1én 14 ngay thi tdng ham lugng cac nguyén
t6 O, Si, Ca c6 nhiéu sy thay ddi hon & thoi gian 3 ngay so véi mau 1 ngay bao dudng.

Si
Ca

40°C
Nhiét d6 bao dudng

80

(2 BN
o O O

Ti 18 nguyén t6 (%)
= N w ey u
o O O O

o

Hinh 15. Thanh phan c4c nguyén t chinh cua cac mau vira 1,5%X ¢ 3 ngay véi nhiét do bao
dudng khac nhau.
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Két qua anh hudng cua nhiét do bao dudng dén tong ham lugng céc nguyén téc O, Si, Ca
thé hién nhu & Hinh 15 cho thay, ty Ié cac nguyén té O, Si, Ca c6 xu hudng ting dan Ién khi
tang nhiét do bao dudng tir 40°C 1én 60°C, két qua nay 1a do nhiét d cao di thuc day qua trinh
phan tach nhii twong va qua trinh thiy hoa cac khoang cé trong thanh phan xi mang dé hinh
thanh khoang 3Ca0.2Si0,.3H20

4. KET LUAN

Trén co s6 céc két qua thyc nghiém phén tich vi cAu tric cua cac mau vira nhii trong-Xi
mang ng Voi cac ham luong xi mangdugc bao dudng ¢ cac ngay tuoi va nhiét do khac nhau,
nghién ctru dua ra mot so ket luan sau:

- Khi ti 1& xi mang trong hdn hop vita nhii trong thap va & nhiét do bao dudng thip ciing
nhu thoi gian bao dudng it thi nhya duong chiém wu thé va san pham hydrat hda van duoc bao
phu béi nhii trong nhya duong.

- Khi tang ti 1¢ xi méng tir 1,5% [€n 2,5% thi san pham thay hoa ting va xam nhap mang
nhya duong. Ngoai ra, tong ham lugng cac nguyén to O, Si, Ca ciing tang 1én trung binh 14,3%.

- Cung thoi gian bao dudng, khi tang nhiét d6 bao dudng tir 25°C 1én 40°C va 60°C da
thuc day qué trinh thiy hoa xi mang tir 46 tang ti 1€ san pham thay hda trong vira nhi tvong

- Thai gian hinh thanh cau tric hdn hop vira nhii twong phu thudc vao ham luong xi mang,
nhiét d6 va thoi gian bao dudng.
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