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~ DACTINH CO LY CUA BE TONG NHUA NONG
SU DUNG PHU GIA GOC POLYETHYLENE TAI CHE ZAG2

PERFORMANCE OF HOT MIX ASPHALT MODIFIED
WITH RECYLED POLYETHYLENE ADDITIVE ZAG2

V5 Dgi TG, Phgm Minh Thang, *Nguyén Thi My Tién
13 Cong ty Co phan Pau tuw Xay dung BMT
2Cong ty TNHH TM DV VT XDGT T&T

T6m tat: Bai bao gidi thiéu vé phu gia ZAG2 va cdc tac déng ciia né lén cac déc trung co Iy ciia
hén hop bé tong nhya chat 12,5 (BTNC 12,5). Sir dung phirong phdp trén khd, phu gia ZAG2 dwec thém
vao hon hop theo céc ty 16 0,3%, 0,5%, 0,7%. Cac két qud duwoc thuc hién tai phong thi nghiém cho
thay: Phu gia ZAG2 sau khi dwoc thém vao hén hop BTNC 12,5 lam tang dg én dinh Marshall tir 10,51
kN lén dén 14,2 kN (ting 35% s0 Véi mirc ham lwong phu gia ZAG2 12 0,7%), cuong dé ép ché ting
0,98 MPa Ién 1,71 MPa vgi ham luwong phu gia ZAG2 thém vao la 0,3% (tang 19% so voi khi khdng
thém phu gia ZAG?2). Gid tri d¢ sau vét han cimg duwoc cdi thién dang ké giam 72% tir 4mm xuong con
1,1 mm véi ham leong phy gia la 0,5%.

Tir khoa: Phy gia ZAG2, polyethylene tai ché, bé tong nhwa néng, tai ché plastic, vét han banh xe.

Ma phén logi: 11.2

Abstract: This paper introduces the additive ZAG2 and its effects on the performance of mixed
asphalt 12,5. By Using the dry mixing method, additive ZAG2 is added to the mixture at the rate of 0,3%,
0,5%, 0,7%. The results carried out in the laboratory showed that: ZAG2 additive, after being added to
mix asphalt has increased the Marshall stability from 10.51 kN up to 14.2 kN (35% increase at the rate
of 0,7%), the splitting strength has increased from 0.98 MPa up to 1.71 MPa at the rate of 0.3% (19%
increase compared to when ZAG2 additive was not added). The ability of rutting resistance is

significantly improved down by 72% from 4mm down to 1.1mm at the rate of 0.5%.
Keywords: Additive ZAG2, recycled polyethylene, hot asphalt concrete, recyclable plastic, wheel

trace.

Classification code: 11.2

1. Giei thiéu

Bé tong nhya nong (BTNN) hién dang
dugc st dung rong réi ¢ nude ta. Ching duoc
g dung lam két cau 16p mat cho duong 6 t0
va duong trong thanh phd. Uu diém cua loai
vat li¢u nay la gia thanh khong cao, cong nghé
san xuat va thi cong da dugc ap dung phd bién
tir 1au. Tuy nhién nhugc diém cua loai vat liéu
nay la khi gap nhiét 4o cao thuong xuét hién
hién tuong truot, trdi, 1Gn vét banh xe do su
bién dang cua vat liéu gay nén. Bé khic phuc
duoc cac nhuge diém con ton tai van dam bao
tiét kiém dugc chi phi san xuat, viéc nghién
cttu mot loai phu gia dé tron vao hdn hop
BTNN dang la huéng nghién ciau kha quan.
Nhiéu loai phu gia di duoc nghién ctru va tng
dung thanh c6ng nhu bot cao su CRM [1], phu
gia PR PlastS [2], phu gia SBS [3]... Uu diém
nhiing loai phu gia nay la cai thién kha nang
khéng lGn vét hin banh xe, ting kha nang chju
luc cua két cu [4], [5], [6]. Tuy nhién nhwoc
diém nhitng loai phu gia trén 1a khong tan

dyng dugc ngudn tai nguyén sin c6, doi hoi
may mac, cong ngh¢ thi cong chuyén biét. Phu
gla ZAG2 duoc ra doi tir viéc tai ché nguon
rdc thai céng nghiép Polyethylene (PE) (ly
nhua, chai nhua, tdi nilon....). BPugc xem la
mot loai phu gia than thién véi moéi truong,
néu dugc nghién ciru thanh cdng s& gop phan
giai quyét duoc van dé rac thai cong nghiép,
cai thién chat luong BTNN, dong thoi tiét
kiém duoc chi phi san xuét so véi nhiing loai
phu gia da dugc nghién ctru trude do.

2. Nghién ciu thuc nghiém

2.1. Vat liéu thi nghiém

Vat liéu dugc st dung cho nghién cuu
dugc 13y truc tiép tai kho luu trit cua phong thi
nghiém thudc cong ty C6 phan Pau tu Xay
dung BMT. Chi tiéu co 1y cua tung loai vat
licu duoc thi nghiém theo tiéu chuan hién
hanh [7]. Phu gia ZAG2 do cong ty BMT san
Xuat, c6 dang hat tru tron, mau den dugc thi
nghiém chi tiéu co 1y theo bang 1.
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Bdng 1. Céc chi tiéu co Iy cua phu gia ZAG2.

STT Tinh chét Giatri Phuong phap
1 Mau sic Pen Ngoai quan
Dai 2-4mm
2 Kich thudc i Po thudc
Puong kinh 2,4 —3,5mm
3 Nhiét do nong chay, °C 130- 150
4 Ham luong ran con lai sau khi nung, % 5-8
5 Khéi luwong riéng, g/em® 0,95-0,98 ASTM D792
6 Do chay MFR tai 230°C tai trong 2,16kg/10min 12-20 ISO 11133
o >40 tai 1,82 MPA
7 Nhiét do bien dang HDT, °C . 1ISO 75
>50tai 0,45 MPA

Hinh 1. Phu gia ZAG2.

2.2. Lva chon ham lwgng nhya cho
thiét ké cap phéi (TKCP) caa hén hop
Cét lieu da sau khi dugc san ta chon duoc
duong cong cap phoi nhu hinh 2.

Dua trén cac két qua thi nghiém ¢ hinh 2,
nhém tég gia lya chon ham lugng nhua thiét
ke cho hon hgp bé tong nhya (BTN) theo bang
2 1a5,2%.

~ Sau khi chon dugc ham lugng nhya thiét
ke, nhém téc gia tién hanh tron mau Marshall
véi ty 16 ZAG2 theo % hdn hop, lan luot la:

-BTNC 12,5 ¢ 0% ZAG2 (BTNC 12,5);

- BTNC 12,5 ¢6 0,3% ZAG2 (BTNC
12,5-0,3);

- BTNC 12,5 ¢6 0,5% ZAG2 (BTNC
12,5 - 0,5);

-BTNC 12,5¢60,7% ZAG2 (BTNC 12,5
-0,7).
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Hinh 3. Biéu do lira chon ham heong nhya thiét ké.
Bdng 2. Cac chi tiéu lwa chon ham lirong nhya thiét ké.
Yéu cau % nhua Téng hop
Do rong du: 3-6(%) :43-6,0
D6 rong cot licu: >14 (%) :40-6,0 43570
> DT Yy 0
Do 6n dinh: >8kN :40-6,0
Do déo: 2+4 (mm) “40-57
Ham lugng nhura t6i uu 5,20 %

2.3 Qué trinh thi nghiém

- Sau khi xac dinh duoc cip phdi cho
BTNC 12,5 ta tién hanh dac miu theo phuong
phap Marshall, cac budc dugc tién hanh theo
trinh tu:

+ Budc 1: Can d4 theo diing ty 1& cAp phdi
(hinh 3). P4 duoc Iy tir kho luu trix tai phong
thi nghiém, da dugc thi nghiém kiém tra co Iy
va sang thanh phan hat theo dtng tiéu chuan
hién hanh.

+ Budc 2: Pa sau khi can duoc sdy dén
nhiét o 165 - 170°C theo TCVN 8819:2011
[8]. Nhua 60/70 dwoc bo vao tréng siy dun
cho ndng chay.

+ Budc 3: P4 sau khi dat t6i nhigt do can
thiét duoc cho vao may tron chuyén dung
(hinh 4) cung vai phu gia ZAG2 trong 01 phdt.
Nhua duoc cho vao sau khi da nung chay cung
V6i da va phu gia ZAG2 da duoc tron déu
trude do6 trong 01 phut. Sau d6 tiép tuc do bot
khoéng dugc can theo cip phdi di chon, vao
hén hop BTN tron tiép 01 phit.

+ Budc 4: Mau tron sau khi hoan thanh
dugc chia phan 1am 04 khay, khéi lugng 1,2
kg/khay. B6 04 khay hdn hop BTN vao tréng
say (hinh 5) d&én nhiét 46 140 - 145°C, khuén
dam mau Marshall dwgc cho vao tréng sdy
chung vai hdn hop BTN nhiam dam bao nhiét
d6 cho mau BTN trong qua trinh ¢Am tao mau.
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Phan hon hgp BTN con du dugc siy kho va
lam toi d€ xac dinh khoi lugng thé tich cua hon
hop.

+ Budc 5: Khay dung hon hop BTN sau
khi da dat dén nhi¢t do 140 - 145°C, ta lay mau
ra khoi trong say, do lan lugt ting khay hon
hop mau vao khudén mau. San deu hon hop
trong khuon, dung chicc bay nho dam nhe
xung quanh khudn mau. Sau d6 bo vao may
dam mau Marshall dam 75 lan mot mit, sau
do6 tré mat dam tiep 75 lan cho mat tiep theo. ,

+ Budc 6: Miu nén Marshall dugc dé e 2
ngudi den nhi¢t d6 phong, sau d6 dugc kich ra & | A l
tien hanh thi nghiém céc chi tiéu co 1y theo Hinh 7. Mdu BTN sau khi dam.

TCVN 8819:2011 [8]. I 2.4. Két qua thi nghiém
' b : - Nhom tac gia tién hanh cac thi nghiém
co ban biéu thi tinh chat cta vat liéu nhu:

+ Thi nghiém xé4c dinh do rong;

4 + Thi nghiém xac dinh do 6n dinh
' Marshall;

+ Thi nghiém xac dinh chi s6 déo;

+ Thi nghiém xac dinh cuong do ép ché;

+ Thi nghiém x4c dinh khd nang khang
IUn vét han banh xe (cho 02 TKCP BTNC 12,5
va BTNC 12,5-0,5)

- Céc két qua thi nghiém duoc tong hop
lai thanh cac biéu do so sanh va duoc thé hién
trong céc hinh 8 dén hinh 12.
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Hinh 8. Biéu do dg rong du, dg rong cét liéu,
dé rong lap day.
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Hinh 10. Biéu do d déo Marshall. Hinh 12. Biéu d6 do vét han banh xe.

2.5. Panh gia két qua.
Tén hanh 1ap bang tong hop céc chi tiéu co 1y ctia hdn hop BTN trudc va sau khi thém phu
gia ZAG2 nhu sau:
Bdng 4. Bang tong hop so sanh cac chi tiéu co Iy ciia BTN.

BTNC 12503
Chiitiéu thi nghigm BTNC 125 dén TheoTVNEI- | érqua
BTNC 12507
Do rdng du, % 358 505-5,15 3+6 Tang 43%
D6 rdng cdt lieu, % 15,62 18,4 -16,95 >14 Ting 8%
D6 rdng lap day nhua, % 7713 72,97 - 69,62 - Giam 10%
Do 6n dinh Marshall, kN 1051 1224-142 >8 Ting 35%
Do déo, mm 367 347-327 2+4 Giam 10%
Cuodng do ép ché, Mpa 098 1,171-1,65 Tang 19%
D6 shu vét hang banh xe, mm 4 11 Giam 72%
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Theo két qua tong hop & bang 4, nhom tac
gia c6 nhirng nhan dinh sau:

- Gia tri @6 rong du biéu thi cho ty I¢
khoang khéng giita cac hat cbt liéu trong hdn
hop BTN. Gia tri nay cang cao thi hon hop
BTN cang chira nhiéu khoang khong. Ta thay
rang gia tri d rdng du ¢ hdn hgp BTNC 12,5-
0,3 cao hon dang ké (5,05% > 3,58%) so Véi
BTNC 12,5 va tang dan ing véi BTNC 12,5-
0,5vaBTNC 12,5-0,7. Muc gigi han cho phép
cua gia tri nay la tur 3 - 6% theo [8] , v&i mic
ham lugng phu gia ZAG2 0,7% thi gié tri nay
nam & muc 5,15% khong vuot qua gid tri cho
phép cua hdn hop;

- Do 6n dinh Marshall sau khi ngam trong
bé 6n nhiét ¢ diéu kién nhiét do 60°C thé hién
kha nang chiu lyc cia mat duwong BTN khi bi
nudc thdm nhap trong khoang thoi gian 30
pht. Ta thiy & day d6 6n dinh cua BTN ting
khi cho thém phu gia ZAG2, va ting dan ty 1&
v6i phy gia thém vao. Diéu nay duoc ly giai la
do chat phu gia ZAG2 c6 nhiét do nong chay
cao hon so véi bitum, nén kha ning bén nhiét
cua hon hop BTN dudi tc dung cua moi
trrong cling dugc cai thién;

- Do déo ciia BTNC biéu thi cho kha ning
bién dang cua mat duong dudi tac dung cua
tai trong béanh xe. Gié tri d6 déo can niam trong
gidi han cho phép. Gia tri nay cang cao thi su
ém thuan cua mat duong khi ¢ luc tai trong
banh xe tac dung cang dugc cai thién. O day
ta thdy gia tri d6 déo giam khi thém phu gia
ZAG2, va giam dan ty 1 v6i ham lwong phu
gia thém vao. Piéu nay la do ZAG2 c6 cau
trac phén tu cirng hon so véi bitum nén khi
cho vao hdn hop chi sb nay cé chiéu hudng
giam. Tuy nhién né van nam trong gidi han
cho phép cua hdon hop theo [8];

- Cuong d6 ép ché biéu thi cho kha ning
chiu lyc caa hon hop BTN. Cuong do ép ché
tang dang ké khi thém phu gia ZAG2 vao, tuy
nhién gia tri nay lai khong tang ty I véi ham
luong phu gia.

- Két qua do vét han banh xe thé hién chit
luong cua l6p BTN dudi tac dyng cua xe khi
di chuyén trén mit duong. O mau BTNC 12,5
thi gia tri nay 1a 4 mm giam xudng con 1,1 mm
& mau BTNC 12,5-0,5. Piéu nay l1a do phu gia
ZAG2 c6 cau tao cimg hon bitum, nhiét do

nong chay ciing cao hon tir 130 - 150°C, hai

yéu t6 nay 1am cho hdn hop BTN chira ZAG2

c6 kha nang chiu nhiét tot hon, giam kha nang
bi bao mon khi xe di chuyén.

3. Két luan

- Su cai thién chit luong cua hdn hop
BTN thé hién & cac két qua:

+P6 6n dinh Marshall ting tir 10,51 kN
lén dén 14,2 kN (ting 35% véi mic ham
luong phu gia ZAG2 0,7% theo hon hop);

+ Cuong d6 ép ché tang 0,98 MPa lén
1,71 MPa v6i ham lugng phu gia ZAG2 thém
vao 1a 0,3% (tang 19% so vai khi khong thém
phu gia ZAG2);

+ Kha ning khang lan vét han béanh xe
cling duoc cai thién dang ké giam 72% tur 4
mm xudng con 1,1 mm véi ham lwgng phu gia
la 0,5%.

- V6i cac két qua thuc nghiém thu dugc,
ta thiy rang phu gia ZAG2 c6 ngudn goc
Polyethylene 1am cai thién cac nhugc diém
con ton tai cia hdn hgp BTNC 12,5 thong
thuong.

- Tuy nhién day chi méi 1a bude dau cua
qua trinh nghién ctu, cin thém céac thu
nghiém ngoai hién trudng dé xac dinh ré hon
sy anh huéng caa phu gia nay Ién hon hop
BTNO
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