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NGHIEN CUU SU DUNG NHUA PET PHE THAI TRONG SAN XUAT BE TONG
XI MANG MAC 35 VA 40MPa

UTILIZATION OF PET WASTE PLASTIC IN MANUFACTURING OF
CONCRETES WITH COMPRESSIVE STRENGTH OF 35 AND 40 MPa
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Tém tit - Viéc xu Iy rdc thai nhya polyethylene terephtalate
(PET) 1a vén dé cép béach vi rac thai nay chiém luong l6n va dang
gdy ra nhiéu tac hai nghiém trong dén méi truong séng. Nhidu
bién phéap dua ra dé tai st dung rac thai nay, trong d6 viéc tan
dung nhya phé thai lam vat liéu xay dung 1a mot huéng di phi
hop, vira gidm sy tac dong cho mdi truong vua giam viéc khai
thac tai nguyén thién nhién. Do d6, nghién clru nay st dung nhua
PET phé thai tir cic chai nudc udng mot 1an thay thé mot phan
cat trong san xuat bé tong mac 35 va 40 MPa. Hon hop bé tong
va bé tong ciia mau chudn (khéng st dung nhira PET), va cila cic
mau c¢6 nhya PET thay thé cat véi ti 16 tr 2-10% trong luong
dugc danh gia va kiém tra cac dic tinh vé do sut, cudng do nén
va d6 hat nude. Két qua cho thiy c6 thé sir dung nhya PET thay
thé cat dén 9% trong luong trong cip phdi bé tong ma van dam
bao duoc cac yéu cu k§ thudt trong xdy dung.

Tir khoa - Nhya PET; hon hop bé tong; bé tong; 35 MPa; 40 MPa

1. Pat vin dé

Hién nay cir mdi phit trén thé gidi ¢ mot tridu chai
nude ubng bang nhya PET duoc con ngudi sit dung va thai
ra moi trudng. Rac thai nhya nay hién nay chu yéu 1a chon
14p va chua c6 bién phap xir Iy hiéu qua. Do do, né dang
gdy ra nhitng tac dong tiéu cuc dén mdi truong song va suc
khoe con nguoi, cling nhu sy phat trién bén vimg clia mdi
qudc gia vi phai mét hang triéu ndm méi phan hiy réc thai
nhya. Tai Viét Nam, mdi ndm phat sinh 2,5 triéu tAn chat
thai nhwa va 1a nudc dimg thir tu trén thé gisi vé lugng rac
thai nhua ra bién, voi khoang tir 0,28 dén 0,73 triéu tAn mdi
nam (twong duong voi 6% tong lugng réc thai nhya thai ra
bién trén toan thé thé gisi) [l] Do d¢, viéc tai st dung nhya
phé thai 1a van d& hét stc cAp bach va thiét thuc gop phan
bao v€ moi trudng.

Vi toe dd do thi hoa ngay cang tang thi bé tbng xi mang
1a loai vat liéu dugc str dung rat nhiéu trong cac cong trinh
xdy dung. Bé tong dugc san xuét tir cac loai cdt liéu 16n (da,
s01), ¢t liéu bé (cat), chat két dinh (xi ming), nudc va c6 thé
¢6 st dung thém phu gia. Viéc khai théc lién tuc mot lugng
16n céc loai nguyén lidu thién nhién dé san xuit bé tong s&
gay tac dong nghiém trong dén moi trudng ching han nhu
viéc khai thac cat dudi 1ong sdng lam bién dbi dong chay,
gdy sat 10 bo song... Do vy, viée tim kiém ngudn nguyén
liéu thay thé cho cac ngudn nguyén liéu ty nhién 1a hét sirc
cép bach, nham han ché khai thac nguyén liéu thién nhién.

Abstract - The disposal of polyethylene terephtalate (PET) plastic
waste is an urgent problem because it is taking into account a large
amount and is causing serious harm to the environment. Many
strategies are taken to recycle this waste, in which the utilization of
waste plastic as construction materials is a suitable way, this is due
to reducing the impact on the environment and reducing the
exploitation of natural resources. Therefore, this study uses PET
waste from disposable drinking water bottles to partially replace
natural sand in production of concrete with compressive strength of
35 and 40 MPa. The fresh concrete and hardened concrete of the
reference sample (without the use of PET plastic), and of the samples
using PET plastic substituting sand from 2 to 10% by weight were
evaluated and tested for slump, compressive strength and water
absorption. The results show that it is possible to use PET plastic to
replace natural sand up to 9% by weight in concrete mixtures in
which the technical standards are still meet in construction.

Key words - PET plastic; fresh concrete; hardened concrete;
35 MPa; 40 MPa

Nhu vay, rac thai nhya va khai thac tai nguyén thién
nhién 1am vat liéu xay dung déu giy anh huong nghiém
trong dén hé sinh thai va méi truong séng. Do d6, viéc tai
st dung nhya phe thai dé lam vat liéu xay dung 1a mot trong
nhimg hudng di dwoc nhiéu nha nghién ctru quan tim.
Nhiéu cong trinh nghién ctru di sir dung nhya thay thé cho
mot phan cbt lidu tw nhién trong san xuét bé tong [2-7]. Két
qua thir nghiém cho thdy, cac tinh chat ki thuét ctia hdn
hop bé tong va bé tdng van dam bao khi thay thé mot phan
cbt lidu ty nhién bang nhwa phé thai.

Hama S.M., Hilal N.N. [2] d4 str dung nhua phé thai tir
nhiéu ngudn khac nhau véi cac kich thude nhya nho hon
1mm, va tir Imm dén 4mm thay thé mot phén cat trong cép
phéi bé tong tu 1én. Két qua cho thiy, c6 thé sir dung den
12,5% nhua thay thé cat ma vin dam bao duoc cic yéu ciu
vé k¥ thuét ciia hdn hop bé tong va bé tong. Saikia N. va
de Brito J. [7], d4 nghién ctru cac dic tinh vé cuong do cua
bé tong chira ba loai cbt lidu polyethylene terephthalate
(PET) tai ché. Két qua cho thiy, sy phat trién cudng do nén
clia bé tong chira cac loai cot liéu PET twong tu nhu bé tong
khong chua c¢bt liéu PET, mic du viée sir dung nhya PET
lam giam d4ang ké cuong do nén ctia bé tong tao thanh. Tuy
nhién, ¢t liéu PET cai thién tinh chit déo dai cia bé tong
tao thanh. Két qua nay nay phu thudc vao hinh dang cia
cbt liéu PET va ham lugng st dung trong bé tong.

Ngoai ra, Thoneycroft J. va cong su [8] da nghién ciru
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su anh hudng cta viéc st dung cac loai nhya khac nhau
dén cuong do chiu nén cta bé tong khi thay thé 10% thanh
phan cét trong hdn hop bé tong. Cac két qua chi ra rang,
cuong do chiu nén ciia bé tong phu thude vao cau tric, tinh
chét ctia nhua va cac loai nhya déu c6 kha ning thay thé
cat trong hon hop bé tong. Trong sd do, tot nhat 14 loai nhwa
PET khi xur Iy bé mat qua nhiét, NaOH va NaClO; HDPE
c6 kich thuée dudi 4mm; PPS véi ti 1¢ thay thé 6 dén 7%
cat. Tuy nhién, nghién cru chi dung lai & 10% nhya va
chua chi ra dugc sy anh hudng ciia ham lugng nhya dén
cac tinh chit co 1y ctia hdn hop bé tong va bé tong va tac
gia chi m&i do mac bé tong sau 14 ngay dudng ho.

Trong nghién ctru nay, nhom tic gia nghién cliru su
anh huong cua nhwa PET v6i ham lugng nhua thay thé
mot phén cat tir 2 dén 10% trong luong dén tinh chat co
Iy cua hon hop bé tong va bé tong mac 35 va 40 MPa.
Két qua chi ra rang, co thé thay thé cat bang nhya PET dén
9% trong lugng ma van dam bao dugc cac dic tinh k¥ thuat
cua bé tong.

2. Nguyén li¢u va thue nghiém
2.1. Nguyén liéu

Nguyén liéu dugc sir dung trong nghién ciru ndy gdm
xi mang Pong Lam PCB40, cat Pai Loc, P4 dim Pa Son,
nhwa Polyethylene terephtalate (PET) phé thai va phu gia
hoa déo Lotus R301. Trude khi tinh cap phdi cho hdn hop
bé tong, nguyén vat liéu phai kiém tra cac tinh chét co Iy
theo tiéu chuan Viét Nam TCVN 6260:2009 [9] dbi véi xi
ming, TCVN 1770:1986 [10] dbi v&i cat va TCVN
1771:1987 [11] dbi véi da dam. Céc tinh chat co Iy cia xi
ming Pong Lam PCB40, cat Pai Loc va d4 diam Pa Son
hoan toan phu hop theo tiéu chuan Viét Nam dé san xuét
bé tong va da kiém tra ¢ nghién ctru trude day [12].
2.1.1. Nhuea Polyethylene terephtalate (PET) phé thdi

Nhua PET st dung trong nghién ciru nay duoc cit tir tir
chai nu6c udng sir dung 1 1an véi kich thuée nho hon 5 mm
va kich thudc cia nhya PET phai thoa min yéu cau Ve
thanh phan c& hat twong tu nhu cat dugc sir dung trong cap
phéi bé tong.

2.1.2. Phu gia héa déo

Trong nghién ciru nay, dé tranh sy phan tang trong hdn
hop bé téng, dong thai dam bao tinh linh dong va tinh cong
tac ctia hon hop bé tong nhom tac gia s dung phu gia siéu
hoa déo Lotus-R301 [13] nham giam lugng nude s dung
trong cap phoi bé tong.

Chét luong cuia phu gia siéu hoa déo da dugce kiem dinh
theo TCVN 8826 : 2011 [14] vé phu gia hoa déo cho bé tong.
2.1.3. Nuoc

Nudc sir dung trong cép phdi bé tong phai thoa méan cac
Yéu cau ky thuat theo TCVN 4506:2012 [15] d¢ khong anh
huong dén sy dong két va cuong do cua bé tong.

2.2. Thuc nghiém
2.2.1. Phuong phap thir do sut

Pay 1a mot trong nhing dic tinh quyét dinh kha
ning thi cong ciia hdn hop bé tong. Do sut cua cac hén
hop bé tong dugc danh gia theo tiéu chuan TCVN 3106 :
1993 [16].

2.2.2. Phuong phap xac dinh cuong do nén

_ Hon hop bé tong sau khi kiém tra d¢ sut dat yéu ciu thi
tién hanh dac mau trong khu6n chuan cé kich thudc
(150x150x150) mm?. Sau d6, mau bé tong dugc dudng ho
theo Tiéu chuan Viét Nam TCVN 3015:1993 [17]va tién
hanh do cudng d6 nén sau 3, 7 va 28 ngay dudng ho.

Cuong dd nén (N/mm? hay MPa) ctia bé tong dugc tinh

theo cong thirc dudi day:

R_P
“F

Trong do:

P 1a tai trong phé hoai miu, tinh bang N;

F 1a dién tich chiu luc nén ctia vién mau, tinh béng mm2.
2.2.3. Phuwong phap xdc dinh do hut nuwoc

Do hit nude cua bé tong la kha nang hut va gitr nude &
dicu kién thuong, dugc tinh bang ty s0 luong nude hut vao
) Vfﬁ’i mau khd. Quy trinh xac dinh d§ hat nudce theo Tiéu
chuan Viét Nam TCVN 3113 : 1993 [18].

Mau sau khi dugc séy kho dén khdi luong khong doi,
dem di can xac dinh khdi luong (mo). Tiép theo dem dun
s0i trong nudc khoang 4 gid dé bao hoa nudc, dem mau ra
dé ngudi, lau sach bé mat mau rdi dem di can xéc dinh khdi
lwgng (my).

Do hut nuée (H, %) ciia mau duge tinh theo cong thirc:

H =22 5100 (%)
my

Trong do:

m, 1a khéi lugng mau sau khi sdy kho, g.

m,, la khdi lugng mau sau khi ngdm nuéc, g.
2.2.4. Cap phoi bé téng méc 35 MPa

Cép pl}éi bé tong mac 35MPa co so (khong c6 sir dung
nhya phé thai) dugc tinh toan (jua theo chi dan
778/1998/(QD-BXD) [19], sau d6 mau su dung phu gia
Lotus-R301 dugc tinh theo chi chi dan ctia hang phu gia la
0,8-1,8 Lit/100 kg xi mang [13]. Trén co' s cap phoi mau
co sO, nhua phé thai 1an lugt thay the cat tir 2-10%. Bang
cap phéi cho bé - tong mac 35 MPa cho me 1 m?® bé tbng
mau co s va mau cd nhya phé thai 1an luot thay thé mot
phan cat trong hdn hop bé tong vdi ti 18 2-10% dugc thé
hién ¢ Bang 1.

Bing 1: Cafp phéi bé t6ng mac 35MPa khong c6 nhwa PET va

nhya PET phé thai thay thé cat voi ty Ié tir 2% den 10% trong luon,

Miu nhz;f-’m IEII‘E‘_’F‘ XM | Pa | Cat | Nuée 2};‘

.(0/0) (Kg) (Kg) (Kg) (Kg) (L) (L)
MO| O 0 | 390 | 1221 | 892 | 131 | 3,12
ML| 2 18 | 390 | 1221 | 874 | 131 | 3,12
M2| 4 36 | 390 | 1221 | 857 | 131 | 3,12
M3| 6 54 | 390 | 1221 | 839 | 131 | 3,12
M4| 8 71 | 390 | 1221 | 821 | 131 | 3,12
M5| 9 80 | 390 | 1221 | 812 | 131 | 3,12
M6 | 10 89 | 390 |1221 | 803 | 131 | 3,12

2.2.5. Cdp phoi bé téng mdc 40 Mpa
Twong tu nhu tinh cho cép phdi bé tong mac 35MPa,
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cap phoi bé tong mac 40 MPa sir dung phu gia Lotus-R301
cho mé 1 m® bé téng, lan lugt dua nhya PET phé thai thay
thé mot phan cat trong hdn hop bé tong véi ti 16 2-10%
dugc thé hién ¢ Bang 2.
Biing 2. Cdp phoi bé tong mac 40 MPa khong c6 nhwa PET va
nhwa PET phé thadi thay thé cat voi ty 1é ti 2% dén 10%
trong luwong

(tir 37.8 MPa xubng 32 MPa). Ddng thoi, d6 sut ciing giam
dan theo chiéu ting ham luong nhya st dung tir 12.3 cm
(méu 2% nhya) xudng 10 cm (mau 10 % nhya). Tuy nhién,
tbc do phat trién cuong do cua cic mau bé tong hau nhu
khong khac biét 1on, dugc thé hién trén do thi Hinh 1 va
phu hop véi nghién ctru trudce day [7].

Cac mau M1, M2, M3, M4, M5 vé4i ham luong nhya

2-9)% dat ca vé d sut va mac bé tong thiét ké 35 MPa.
) Tyl (Nhwa| b ol o gl PIY ( :9)/0 da coa ve do sut va mac bek ong thict ke 35 a
MAiu |nhya PET| PET i Gia Mau M6 (10% nhya PET) dqt yéu cau vé do sut nhung mac
(%) (Kg) (Kg) | (Kg) | (Kg) | (I (lit) 32 MPa khong dat yéu cau vé mac bé tong thiét ké
MO 0 0 | 420 | 1038 | 862 | 132 378 | (35MPa). (Bang3) i '
M1 2 17 | 420 | 1038 | 845 | 132 | 3,78 3.2. Bg sut va cuwong dp chiu Nén ciia mdu bé tong cip
M2 4 34 | 420 | 1038 | 827 | 132 | 378 | Phoimac40Mpa N
M3 6 52 | 420 | 1038 | 810 | 132 | 378 ~ Moi quan h¢ gitra cuong d6 chiu nén cia mau bé tong
Via 5 69 | 420 | 1038 | 793 | 132 3,78 cap ph6i mac 40 MPa khong st dung va c6 st dung nhya
! PET thay thé cat theo thoi gian thé hién qua d6 thi Hinh 2.
M5 9 8 420 | 1038 | 784 | 132 | 3,78 Bing 4. Dj sut (cm) va cuong do chiu nen (MPa) sau 3, 7 va
M6 10 86 | 420 | 1038 | 776 | 132 | 3,78 28 ngay dudng hg ciia mau bé t6ng cap phoi mac 40 MPa
3. Két qua va thao luin Miu ngﬁ??%ﬂ Dj sut R3 R7 R28
3.1;,'B.0,syt va Cwong dp chiu nén ciia mau bé tong cap Mo 0 130 | 3865 | 39.20 | 4450
phoimac 35 MPa M 2 12,5 37,54 | 38,99 | 43,92
Bing 3. Dg sut (cm) va cwong do chiu nén (MPa) sau 3, 7 va : : : : :
28 ngay dwdng ho ciia méau bé téng cdp phoi méc 35 MPa M. 4 12,5 36,57 | 3801 | 4319
M3 6 12,0 34,33 | 37,88 | 42,68
X Ty 1€ nhya N ) ) ) )
Mau | pErio) | Posut | R3S 1 OR7T 1 R28 Ma 8 120 | 3220 | 37,50 | 42,35
Mo 0 12,5 32,08 | 33,70 | 39,00 Ms 9 115 21,80 | 30,56 | 42,13
M1 2 12,3 31,20 | 32,30 | 37,80 Ms 10 10,5 20,60 | 28,87 | 37,78
M 4 120 | 30,20 | 30,55 | 37,10 " 50
Ms 6 11,6 | 2854 | 31,05 | 36,50 =z
Ma 8 110 | 27,00 | 3250 | 36,13 = 40
Ms 9 10,5 20,75 | 26,35 | 35,66 E 30
Me 10 100 | 19,07 | 22,88 | 32,00 zs
. = CZ=20
Moi quan h¢ giita cuong do chiu nén cta cac mau bé Y
tong cap phoi mac 35 MPa khong st dung nhua va c6 su g 10
dung nhya PET thay thé cat theo thoi gian thé hién qua do °
thi Hinh 1 © 0
! R3 R7. . R28
50 THOI GIAN, NGAY
MO M1 M2 = 3
40 == M4 =@ \5 === |\6

w
o

CUONG PO CHIU NEN MAU, MPA
N
o

10
0
R3 R7 R28
MO MHOT GIAN, NGAY, ——M3
s M4 = |\/5 =@ |\/6

Hinh 1. D6 thi biéu thi moi quan h¢ giita cuong do chiu nén va
thoi gian cia mau cap phoi 35 MPa

Cuong d6 chiu nén ciia mau bé tdng cap phbi méac 35

MPa khi sir dung nhya PET thay thé cat theo ty 18 tir 2%

dén 10% nho hon so v6i mau khong st dung nhya (39

MPa) va giam dan theo chiéu ting ham lugng nhya PET

Hinh 2. D6 thi biéu thi m~6'i quan hé giita cwong do chiu nén va
thoi gian cua mau 40 MPa sir dung nhua PET

Qua két qua thé hién ¢ Bang 4 ta thiy, do sut ciia hdn
hop bé tong khi thay thé cat bang nhwa PET giam nhe so
v6i mau khong cé sir dung nhya va dat dugc yéu cAu thi
cong tir 12 cm dén 10 cm. Tuy nhién, cudong d6 chiu nén
ctia mau c6 sir dung nhya giam manh khi ham luong nhya
thay thé cat ting dan tir 2 dén 10 %. Cu thé cac mau M1,
M2, M3, M4, M5 v&i ham lwgng nhya (2-9)% mac bé tong
giam dan tir 43,9 dén 42,1 MPa va van nam trong khoang
thiét ké 40 MPa. Tuy nhién, khi ham luong nhya thay thé
cét ting 1én dén 10% (M6) thi méac bé tong giam xudng con
37,78 MPa nhé hon méc bé tong thiét ké 40 MPa. Tuong
tu nhu cac mu bé tong cap phdi méac 35 MPa, tbe do phat
trién cuong do ctia cac mau bé tong cip phdi 40 MPa khong
khac biét 16n, duoc thé hién béng cac duong théng song
song trén Hinh 2.
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3.3. Két qua xdc dinh dp hit nwéc ciia miu bé tong toi
wu dat yéu cau (SN,Rn) si dung phu gia héa déo va nhwa
PET phé thii

Céc mau bé tong co sir dung nhya PET dat yéu cau thiét
ké vé do sut va mac duge dap nho dé chun bi tién hanh do
dot hit nudce va so sanh véi mau bé tong khong sir dung
nhya PET (Hinh 3).

Hinh 3. Chudn bi mau dé do do hiit nwéc
D6 hit nuée ciia mau bé tong co cap ~phéi 35MPa va
40MPa khong st dung nhua PET va cac mau bé tong c6 st
dung nhya PET thay th¢ mdt phan cat dugc thé hién trong
Bang 5.

Bang 5. Két qua do do it nuede ciia
cde mau bé téng dat yéu cau (SN, Rn)

Méc x An tra
by | M Pha;éfra'(‘o‘ A)‘;h‘-"a P{ hit nwée (%)

MO 0 4,65

35
M5 9 4,36
MO 0 4,34

40
M5 9 4,24

Tir Bang 5 ta c6 thé thay, do hiit nudc ciia miu bé tong
¢6 sir dung nhua PET thay thé cat giam nhe tir 4,65% (mau
co s6) xudng 4,36% (mAu 9%) dbi v6i mac bé tong mac 35
MPa va tir 4,34% (mau co s&) xudng 4,24% (miu 9%) d01
vGi méac bé tong mac 40 MPa. Cac két qua nay déu nam
trong gioi han cho phép cua bé tong ndng c6 do hut nude
H= (4 + 8)%. Piéu nay cho thay, nhua PET khdng anh
huong déng ké dén do hat nude cua bé tong.

4. Két luan

Tu nhiing lfét qua nghién ctru trén chang ta c6 thé thay,
nhya PET phé thai ¢6 thé dugc s dung d€ thay thé mot
phan cat trong cong ngh¢ san xuat bé tong véi cac mac khac
nhau. D€ dam bdo dugce céc yéu cau ve ky thuat cua hon
hop bé tong va bé tong thi ham luong nhya PET t0i da c6
thé thay thé cat l1a 9% trong lugng.

Ngoai ra, nghién ctru nay ciing cho thay nhiing anh
huong dén tinh ky thuét cua hon hop bé tong va bé tong su
dung nhya PET trong cong nghé san xuat bé tong mac 35
va 40 MPa nhu sau:

- Tinh linh dong (d6 sut) cia bé tong giam khi sir dung
nhya PET so vdi mau khong st dung nhya PET, két qua
nay phu hop voi nghién ctu trude day [20].

- Cuong d6 chiu nén cua bé tong giam dan khi ting dan
ham lugng nhya PET. Dicu nay dugc giai thich la do su

giam lyc lién két gitra nhya PET va xi mang so véi lyc lién
két gilra xi mang va cat [21].

- D6 hiit nude ciia mau bé tong ¢6 st dung nhyra thay thé
cat nam trong khoang cho phép d6i véi bé tong nang (4-8%).
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