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Tém tat: Nghién ctu nay danh gia cac dac tinh vat Iy, héa hoc
va khodng vat clia tro ddy tur 16 d6t chat thai ran db thi va
tac dong clia vat liéu nay khi st dung thay thé cét liéu théng
thudng trong bé tong. D liéu dugc thu thap ti Scopus trong
giai doan 2010-2024 theo hudng tiép can dinh tinh va duoc
Xt ly bang WOSviewer nham truc quan héa c6 hé théng nhu
cau nghién ctu. Két qua téng hgp cho thay tro déy co tiém
nang trG thanh vat liéu thay thé kha thi cho c6t liéu truyén
thong. Cac tinh chat ciia bé tdng nhu cudng dé nén, co ngét,
dd réng, do thadm nudc va su gidn nd thay déi dang k€ khi
st dung tro day. Nhiing thay déi nay c6 thé dugc han ché
thdng qua cac phuang phap xt ly ca hoc, hda hoc va nhiét,
qua dé nang cao kha nang ing dung ctia tro ddy trong bé
tong nhung van duy tri d6 bén va tinh toan ven két cau. Viéc
st dung tro day trong xay dung gép phan giam tac dong
moi trudng, tiét kiém tai nguyén c6t liéu tu nhién va thic day
phat trién bén viing trong nganh xay dung.

Tur khéa: Tinh nang bé tong; Tro day 10 d6t chat thai ran d6
thi; anh hudng clia tro ddy MSWI dén bé tong; xt ly tro day
MSWI.

1.Dat van dé

Cung v6i su gia ting dan s6 va phat trién kinh
t€ toan cau, lugng chat thai ran do thi (MSW) dugc
du bao tang manh, c6 thé dat 3,4 ty tdn vao ndim
2050[1]. Ha tang dot rac la mot giai phap hiéu qua
dé xti ly cac loai chat thai kho phan hiy sinh hoc
hodc kho tdi ché, dong thsi chuyén hoa ching

Abstract: This study evaluates the physical, chemical,and mineral
properties of bottom ash from municipal solid waste incinerators
and its impact when used as a substitute for conventional
aggregates in concrete. Data were gathered from scopus.com
between 2010 and 2024 using a qualitative study methodology
and subsequently integrated using the WOSviewer application
to provide systematic visual representations demonstrating the
necessity of the research. An examination of these investigations
revealed significant trends in the field, highlighting the potential
of bottom ash as a viable alternative to conventional aggregates.
The review's findings indicate that the properties of concrete,
such as compressive strength, shrinkage, porosity, water
permeability, and expansion, significantly differ when bottom
ashis used as a replacement for normal particles. These changes,
although first alarming, can be alleviated by the application
of diverse therapeutic methodologies. The extraction of
bottom ash using mechanical, chemical, and thermal methods
enhances its applicability in concrete while maintaining
essential properties, including durability and structural integrity.
The study highlights the potential to enhance the quality of
bottom ash to meet construction industry norms. Utilizing
bottom ash in construction reduces adverse environmental
impacts and conserves natural aggregate resources. This
consequently alleviates reliance on newly sourced materials,
thereby diminishing the environmental impact of conventional
aggregate extraction. This research endorses supplementary
sustainable development in the construction sector, facilitating
environmental conservation and resource optimization
throughout time.

Keywords: Concrete performance; Municipal solid waste
incineration bottom ash; Effect of MSWI bottom ash on
concrete; MSWI bottom ash treatment.

thanh ndng lugng nhiét. Tuy nhién, phat thai khi
6 nhiém va phat sinh tro, xi sau d6t van la nhiing
van dé sinh thai chu yéu ctia hé thong dot rac phat
dién[2]. O nhiém khi thai cé thé dugc kiém soat
bang hé thong xtt Iy phu hgp, nhung quan ly san
phdm phu sau d6t van la vidn dé can dugc giai quyét
hiéu qua. Qua trinh d6t lam gidm dang ké thé tich
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chat thai, nhung cac san phdm phu cta dot rac d6
thi van chiém khoang 20% thé tich ban dau. Tuy
theo cong nghé, hé thong dot rac tao ra ba nhom
san phdm phu gém tro bay, tro ddy va cin xt ly khi
thai [3][8]. Trong do, chi tro day thuong dugc phan
loai 1a chat thai khong nguy hai [4]. Tro day tii qua
trinh d6t chat thai ran d6 thi (MSWI) thudng dugc
thu & day buong dot va chiém khoang 80-90% khoi
lugng san phdm phu sau dot [5]. Tai Viét Nam, t6c
do do thi hoa va ting dan s6 nhanh lam gia tang
lugng rac thai d6 thi, gdy 6 nhiém moi truong va
anh hudng dén stic khoe con nguoi. Vi vay, nhiéu
co s dot rac da dugc xay dung va van hanh, tao ra
lugng tro ddy dang ké, phan 16n hién van dugc chon
lap. Dit liéu ndm 2019 cho thdy tong lugng chat thai
ran do6 thi phat sinh trén toan quoc la 64.658 tin/
ngay; cung véi viéc phat trién nhiéu nha may dot
rac, lugng tro phat sinh ngay cang l6n.

Viéc sti dung tro day tlii qud trinh dot chat thai
ran do thi trong vat liéu xay dung dang trd nén cin
thiét. Cac thanh phan khoang trong tro day c6 thé
dugc dung dé€ san xudt gom va nhiéu vét liéu xay
dung nhu clinker xi mang, c6t liéu va chat két dinh.
Tro day MSWI ciing dugc st dung lam vat liéu san
lap, nén dudng va dé ke [6]. O Viét Nam, du di co
mot s6 quy dinh va tiéu chuén lién quan dén viéc
sti dung mot phan tro ddy trong xay dung, pham vi
ting dung van con han ché, dic biét 1a nghién ctiu st
dung tro ddy trong san xuat bé tong. Cac nghién ctiu
vé t6i uu hoa st dung tro ddy va phat trién bé tong
than thién mai truong van chua nhiéu. Viéc dung tro
day MSWI lam vat liéu xi ming bd sung hodc tién
chat cho vat liéu hoat héa kiém con gap nhiéu thach
thiic do thanh phan khong dong nhét va phc tap.
bdc tinh hoéa hoc, vat ly ctia tro day chiu anh hudng
manh béi thanh phén rac dau vao, qua trinh dot va
phuong phap xt ly, vi vdy can nghién ctiu toan dién
dé ning cao hiéu qua st dung trong bé tong.

Nghién ctiu nay st dung phén tich phd tan sic
nang lugng tia X (EDX) va ph6 huynh quang tia X
dé danh gia cac dic tinh hda hoc, vét ly cta tro day
MSWI, tép trung vao viéc nhan dién cac nguyén to
nhu Ca, Si, Al, Fe va Mg. Su tuong tac gitia tro day
va xi mang cing nhu qua trinh thay héa chiu anh
hudng dang ké bdi thanh phan khoang nhu thach
anh, canxit, oxit sat va cac ddc tinh vat ly nhu do
rong, kich thudc hat va phan bé pha khoang. Nghién
ctiu xem xét tac dong cua tro day MSWI dén chat
lugng bé tong, dac biét la cuong do nén va do bén
lau. Viéc thay thé mot phan cot liéu truyén thong
bang tro ddy MSWI lam thay d6i cudng do nén cua
bé tong. Ty 1é thay thé 30% c6 thé lam giam cuong do
dang ké, trong khi ty 1é thap hon nhu 10% c6 thé chi
lam giam nhe hodc trong mot s6 trudng hgp con cai

thién tinh nang. Can tiép tuc nghién ctiu cac tham s6
anh huong dén gian nd va co ngét ctia bé tong chiia
tro ddy, nhat la co ché hinh thanh tinh thé ettringite
tli cac pha sulfate va alumina. Tong hgp cac nghién
cuu tai Viét Nam cho thay vat liéu thai nay c6 tiém
ndng ting dung trong san xuat bé tong, dong thoi mé
ra co hdi cho nganh Xay dung va bao vé moi truong.

2. Phuong phap nghién ciu

Nghién ctiu st dung phan tich thu muc nham
nhan dién xu huéng nghién ctiu vé dic tinh vat
ly, hoa hoc ctia tro ddy MSWI va anh hudng cta
ching dén san xudt bé tong. D tin cdy va tinh bao
quat ctia nguon thong tin dugc bao dam thong qua
viéc tong hop dii liéu tii co s& dit liéu Scopus, mot
kho tai liéu nghién ctiu c6 uy tin. D€ bao dam do
chinh xac, phuong phap tim kiém va thu thap du
liéu dugc thuc hién theo cic tiéu chi xdc dinh trudec,
bao gobm khoang thoi gian 2010-2024, loai tai liéu la
bai bao tap chi, bai hoi nghi va bai tdng quan, ngén
ngti tiéng Anh. Cac thuat ngii “MSWT’, “concrete”,
“treatment”, “bottom ash” va “cement” dugc két hgp
V6i cac toan ti logic OR, AND va NOT dé t6i uu
héa két qua. Cudi cung, cac bai trung ldp, khong
lién quan hodc thiéu thong tin quan trong dugc loai
bo trong budc loc dii liéu.
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Sau khi thu thép di liéu, tép gia tri phan tach
bang ddu phdy dugc nhép vao WOSviewer theo
phuong phap ctia Van va cdng su [26] dé€ tao biéu
dién truc quan mang dong xudt hién ti khda, qua
d6 nhéan dién cac cht dé nghién ctiu chinh. Quy
trinh bat dau bang lua chon loai di liéu, trong
d6 nguoi dung chon “Create a map based on
bibliographic data’, sau d6 trich xuét di liéu ti tép
thu muc Scopus. Phan tich dong xudt hién ti khoa
1a ky thuat chinh, st dung tii khéa tac gia lam don
vi phén tich. Cac tii khoa dap ting ngudng xuat hién
duoc chon dé€ tao ban d6 (Hinh 2).
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Hinh 2. Mang lu6i nghién ctiu vé tro day MSWI

3. Két qua va thao luan

Phan nay phan tich cac dac tinh héa hoc va vatly
cua tro day tii qua trinh MSWI, dong thoi danh gia
anh hudéng ctia chiing dén san xuat bé tong. Trudc
hét, cac ddc tinh héa hoc cuia tro day dugc trinh bay
dua trén két qua phan tich huynh quang tia X va cac
oxit chinh, lam ré vai tr6 tiém nang ctia cac thanh
phan nay trong qua trinh thuy hoéa xi mang. Tiép
theo, ddc tinh bé mat va ciu tric cta tro day dugc
phén tich vi chiing anh huéng dén tinh chat co hoc
va tu6i tho bé tong. Cac nghién ctiu vé cuong do
nén, dé thim nudc, do réng va su gian nd cta bé
tong chiia tro ddy ciing dugc tong hgp nhim xdc
dinh tac dong ctia cac ty 1¢ thay thé khac nhau. Cudi
cung, cac bién phap xt ly tro day trudc khi st dung
trong bé tong dugc dé cdp nham nang cao kha nang
tai st dung va giam tac dong moi truong.

3.1. Dactinh héa hoc

Phan nay téng quan va téng hgp cac nghién
ctu da cong bo vé anh hudng hoa hoc ctia tro day
MSWI, sti dung cac dii liéu thi nghiém khac nhau
délam ro thanh phan ban dau va vai tro tiém nang
ctia chung trong ché tao bé tong.

Thanh phan héa hoc cua tro day tii qua trinh
dot chat thai ran d6 thi dugc xac dinh bang phuong
phap huynh quang tia X. Tro day MSWI chuia lugng

dang ké ALO,, SiO, va CaO, day la cac thanh phan
quan trong déi v6i qud trinh thay hoéa xi mang.
Ham lugng CaO trong hat nhé hon 0,125 mm dat
38,41%, trong khi SiO, va AL O, lan lugt 1a 16,46%
va 15,68% [7]. Ham lugng cac oxit thay déi theo
kich thudc hat, trong d6 SiO, ting & cac hat 16n hon
[29]. DBay ciing la cac thanh phan chinh ctia xi midng
Portland thong thuong (OPC) [8].

Bén canh Si c6 ham lugng cao (>10.000 mg/kg),
cac cation chinh gom Ca, Al, Na va Fe. Cac kim
loai ndng dang quan tam vé moi trudng nhu Zn,
Pb, Cr va Cu cling dugc phat hién & mtic tuong doi
cao (>100 mg/kg) [9]. Thanh phan héa hoc trung
binh ctia tro ddy MSWI phong héa ty nhién dugc
trinh bay trong Bang 1, trong d6 c6 49,38% SiO, va
14,68% CaO cung cac thanh phan khac [10].

Trong bang nay, gid tri clo (Cl) dugc ghila “n.d”
nghia la “khéng phat hién” Diéu nay cho thdy
nong do clo trong mau tro day phong héa ty nhién
thap hon giéi han do hodc gidi han phat hién ctia
phuong phap phan tich.

Céc thanh phan oxit ban dau ctia tro ddy MSWI
dugc trinh bay trong Bang 1 va phu hop véi cac
nghién ctiu trude. Phan tich cac oxit chinh cho
thay thanh phan chiém uu théla SiO, (34,0%), CaO
(28,4%) va AL O, (8,3%) cing v6i cac oxit khdc. Cac
thanh phan tht cp anh hudng dang ké dén tinh
chét ctia tro ddy va bién déi theo dic diém rac dau
vao ciing nhu diéu kién van hanh, chang han nhiét
do dot. Mot s6 nghién ctiu cho thay viéc xu ly chat
thai mén va polyvinyl chloride c6 thé lam taing ham
luong chloride trong tro day MSWI [11]. Trong tro
day MSWI, SiO, chti yéu ton tai dudi dang thach
anh, dong vai tro tao mam trong thuy héa nhung
dong gop téng thé con han ché. Loginova va cong
su[12] cho thay ham lugng silicon trong hat tro
day tho c6 thé gdp doi hat nhd, nhdn manh nhu
cdu nghién cac hat tho[12]. Phén 16n cac pha chia
nhom trong tro day ton tai 6 dang kim loai. Cac
hop chat Al Pb va Zn 1a nhiing thanh phan dang
chu y d6i v6i san phdm bé tong. Ham lugng Al cao
6 thé gay truong nd trong bé tdng tuoi, trong khi
Pb va Zn c6 thé lam chim thoi gian dong két [13].
Bang 1. Thanh phan héa hoc trung binh cta tro day MSWI phong héa
tunhién.

50, 4938
G0 1468
Fe.0, 8.38
Na,0 778
ALO, 6.58
MgO 232
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K0 141
o 1.26
S0, 0.57
d n.d.
n0 0.38

Di liéu & Bang 2 cho thiy nong do kim loai
ndng thdp hon nhiéu so v6i ngudng quy dinh tai
QCVN 07:2009/BTNMT][14], chiing té tro day
MSWI dugc phan loai 1a chat thai ran khong nguy
hai. Thanh phan héa hoc ctia tro ddy dugc phan
tich bang phuong phéap hoa uét (Bang 3), cho thdy
vat liéu chu yéu gom cac oxit thong dung.

Bang 2. Thanh phan kim loai nang trong tro day MSWI

Bari (Ba) 2.604 209.8
CromVI(CrVI)  0.400 <6
Kém (Zn) 0.279 1,476
(hi (Pb) 0.170 774.6
Molypden (Mo)  0.075 24
Thlyngan (Hg) 0.024 0.86
Thali (TI) 0.023 <1
Niken (Ni) 0.013 158
Asen (As) 0.009 10.7
(oban (Co) 0.009 43
Selen (Se) 0.007 2.5
Antimon 0.002 229
(adimi (Cd) 0.002 1444
Vanadi (V) <0.01 10.5
Bac (Ag) <0.001 372
Berili (Be) <0.001 0.14

Bang 3. Thanh phan héa hoc ca ban ctia tro day MSWI

ALO, Oxit nhdm % 7.77
@0 Oxit canxi % 19.32
a- lon chloride % 133
Fe 0, Oxit sdt % 344
K0 Oxit kali % 1.64
Lol Mt khi nung % 573
Mg0 Oxit magie % 2,02
Na,0 Oxit natri % 351
Si0, Dioxit silic % 52.84
S0, Trioxit luu huynh % 0.75
Ti0 Dioxit titan % 044

2

Hamlugngsilicahdatan ~ mMol/L 105
D0 giam kiém mMol/L 269

3.2.Dactinh vat ly

Phan nay phan tich cac dic tinh vét ly cta tro
day MSWI dua trén cac nghién ctiu da cong bo.
Thong qua tong hgp nhiéu két qua nghién ctiu, bai
viét lam r6 cach cac dic diém vat ly cua vét liéu anh
hudng dén kha ning ting dung thuc té.

Phén tich phé EDX cua cac hat tro ddy nghién
min cho thiy su hién dién cta Al, Fe, Mg va Si
(Hinh 3c-e), phtt hgp véi cac thanh phan oxit chinh
dugc xac dinh bang huynh quang tia X nhu trinh
bay & Bang 1. Titan cling dugc ghi nhidn (Hinh
3c.z4) [15]. Phé EDX cho thdy cic hat 16n hon
(Hinh 3c.z1) chta nhiéu silicon, oxy va natri hon.
Mot s6 hat sang gdom sét va oxy, c6 thé la oxit sit
(Hinh 3c.z5) [16]. Hinh 3a cho th4y cac hat tro day
nghién, quan sat bang kinh hién vi dién ti quét
(SEM), c6 hinh thai khong déu, goc canh, véi cac
manh v& xuat hién trén bé mat mot sé hat. Hinh
3b cho thdy dac diém nay phtt hgp véi cac nghién
ctu trudc. Tinh chat bé mat ctia hat MSWI chu yéu
xudt phat tlii cac hgp chat dém, chat 6 nhiém con lai
trong chat thai va cac nguyén t6 phtic hgp c6 thé
gay két tu hat & nhiét do cao trong qua trinh dot
[17]. Cac hat ¢6 cau truc dang x6p nhu Hinh 3a.z3

Hinh 3. Anh SEM & ché 9 dién i thif c3p ciia hat tro ddy: (a) Tong
quan hat (x500), (b) Dac diém chi tiét hat (x5000), (c) Phé EDX tai
ving z1, (d) Phé EDX tai viing z4, (e) Phé EDX tai viing 25
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c6 thé gobm cac thanh phan khodng bi nong chay
mot phan hodc hoan toan, sau do tré nén rong khi
khi bi giti bén trong thoat ra.

Hinh 4. Hinh théi tro day MSWI thu héi khé trong khdng khi (0-2 mm)
dugc phan tich bang SEM (d phong dai 100 va 500, dién ap gia téc
10kV)

Anh SEM (Hinh 4) cho thdy cac hat tro c6 nhiéu
16 rong va hdc, tao nén bé mat tho rap va dién tich
bé mat 16n. Pdc diém nay lam ting nhu ciu nudc
khi dua vao hon hop xi mang va ting kha ning
tuong tac hoa hoc trong qua trinh thiy hoéa [18].
Thanh phan hat va cac thong s6 vét ly cta tro day
MS dugc danh gia theo TCVN 7572:2006 [19]. Thi
nghiém mai mon Los Angeles dugc thuc hién véi
cac hat 16n hon 5mm. Cac thanh phan nguy hai
trong tro ddy MSWI dugc xac dinh theo phuong
phap US EPA 1311 va SMEWW 3125B:2012. Tro
ddy MSWI c6 thé thay thé c6t liéu min trong bé
tong va gach bé tong nho kich thudc hat phtt hgp
va quy trinh san xuéit don gian. Tuy nhién, tro day
chtia muo6i chloride dé hoa tan va mét lugng nho
kim loai ndng, cdn xu ly d€ giam Cl- va néng do
kiém. Kim loai ndng trong tro c6 thé giy gian nd va
ntt trong két cdu bé tong. Nhiét do nong chay thap
cua tro day thuén lgi cho san xuét cot liéu gom co
tinh chat co hoc t6t, nhung chi phi xt ly cao hon.
Céu truc hat rong cua tro ddy lam ting nhu ciu
nudéce cho hén hgp bé téng va qua trinh tao hinh
gach bé tong.

3.3.Thanh phan khoang vat

Phén nay trinh bay t6ng quan vé thanh phén
khodng ctia tro ddy MSWI, téng hgp cic phat
hién quan trong tii nhiéu nghién cttu. Thanh phan
khodng va tac dong ctia ching dén ché tao bé tong
dugc xem xét, dac biét la cac pha anh hudng dén
qua trinh thay hoa va do bén lau.

Céc thanh phan chinh cta tro day MSWI la
kim loai va khoang vat [20]. Tro day MSWI sau
phong héa gébm nhiéu khoang nhu silica, oxit sit,
phosphate, hydroxide, carbonate, sulfate, oxit kim
loai mau, silicate, mudi chloride, sulfide va céac
khodang khac. Cac khoang dugc phan thanh 11
nhom nhu trinh bay 6 Bang 4. Nhom silicate gom
bon phan nhém: pyroxene, melilite, feldspar va cac
silicate khac. Cac khoang thuong dugc ghi nhan

trong tai liéu gobm oxit sit, thach anh va canxit.
Ham lugng oxit sit thuong duéi 5% khéi lugng,
trong dé magnetite la thanh phan cht yéu. Tong
ham lugng silicate trong tro thuong khong vuot
qua 15% khoi lugng va bao gom céc silicate phé
bién nhu gehlenite, akermanite, albite, anorthite va
diopside [21].

Bang 4. Cacnhém khodng vét ¢d trong tro day MSWI sau phong héa

Dioxit silic Quartz, Cristobalite [22]
Iron Oxit Magnetite, Hematite, Wustite [22,23]
Silicate Melilite, Feldspar, Pyroxene, (22, 23]

Othersilicates (Gehlenite,
Akermanite, Albite, Anorthite)

Carbonate (alcite, Dolomite [22]
Sulfate Ettringite, Gypsum, Anhydrite [24]
Khoangkhdc - -
e
A
2 SN
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Hinh 5. Pho XRD cia cic mau tro ddy ban dau & cac kich thuéc hat khac
nhau

Phan tich XRD (Hinh 5) cho thdy tro gom cac
pha khodng chinh nhu thach anh (SiO,), canxit
(CaCO,), akermanite va magnetite. Su phan b6 cac
pha khoang nay anh hudng dén tuong tac gitia tro
va xi mang cing nhu qua trinh thay hoa [18].

3.4.Dactinh cta bé tong st dung tro day MSWI

DPanh gia do bén lau la yéu cau can thiét dé dat
dugc bé tdong bén viing vi do bén anh hudng dén
tinh nang dai han. Tudi tho ctia bé tong chiia tro day
da xt ly phu thudc vao tuong tac véi diéu kién moi
truong va su xam nhap ctia cac hda chat cé hai. Do
do, ciu tric 16 rong va cac dic tinh van chuyén nhu
toc do hat mao dan, dong khi, xdm nhép chloride
va carbonat hoa dugc danh gia d€ so sanh tinh nang
dai han ctia bé tong chtta tro day da xu ly véi hon
hgp déi ching tiéu chudn [25].

Kim va cong su [65] da st dung tro day MSWI
lam vét liéu thay thé c6t liéu min. Cudng do nén,
nhiét thty hoa va bién dang co ngét cta hon hop
dugc danh gia. Két qua lam r6 anh hudng cta tro
day MSWI dén tinh chat viia va tiém ning st dung
nhu phu gia trong nganh xay dung, dic biét trong
san xuat viia va bé tong [25].

3.4.1. Cudng do nén cia bé tong
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Li va cong su [26] nghién ctiu anh hudng ctia
bot min tro day MSWI va ty 1é nudc/chat két dinh
dén cuong do nén bé tong (Bang 5). Hinh 6 trinh
bay cuong do nén cuia bé tong c6 st dung bot min
tro day MSWI sau 28 va 90 ngay. Cudng do nén ctia
bé tong thudng va bé tong chiia hat min tro day
MSWI ¢6 xu huéng tuong duong. Khi ty 1¢ nuéc/
chat két dinh tang, cuong d6 nén giam. Ngoai ra,
khi thoi gian dudng ho kéo dai va cap phoi khong
doi, cuong do nén cta bé tong thuong thap hon bé
tong chtia hat min tro day MSWL

Viéc b3 sung 30% bot min tro ddy MSWI lam
giam khodng 25% cudng do nén, trong khi mic
10% gay giam khoang 8%. Vi ty 1é nudc/chat két
dinh 0,4 va ham lugng bot phu hop 10%, cudng do
nén cta bé tong chita hat min tro ddy MSWI cao
hon bé tong thuong. Trong giai doan 28-90 ngay,
muc tang cuong do nén cta bé tong chia hat min
tro ddy MSWI 16n hon bé tong thuong, dic biét &
mtic 20% va 30%, véi muc tang trén 20%. Khi dugc
dung 6 dang hat min trong bé tong, tro day MSWI
c6 phan tng thay hoéa cham, lam cudng do nén
tang dan theo thoi gian duéng ho nhu minh hoa &
Hinh 6 [26].

Bang 5. Cap phdi bé tong cé st dung hat min tro day MSWI

0.2 0 165 108 8250 00 700 726

10 165 108 7425 825 700 726

20 165 13.0 6600 1650 700 726

30 165 130 5775 2475 700 726

04 0 170 25 4250 00 777 985
10 170 25 3825 425 777 985
20 170 29 3400 850 777 985
30 170 5.1 2975 1275 777 985

0.6 0 180 12 3000 0.0 742 1064
10 180 12 2700 300 742 1064
20 180 24 2400  60.0 742 1064
30 180 24 2100 90.0 742 1064

Ty 1é thay thé tro day MSWI trong c6t liéu granite
va anh hudng dén cudng do bé tong dugc danh gia
thong qua két qua nén & diéu kién thuy hoa. Dii liéu
cho thay cuong do giam khi ty 1¢ thay thé tang. Bé
tong chita 50% cot liéu MSWI dat cuong do tuong
duong mau chiia 50% Litex & ca 1 ngay va 28 ngay.
Cuong do 1 ngay dat 12,4 MPa va ting lén 25,3 MPa
sau 28 ngay, dap ting yéu cau ASTM C90 doi véi
cuong do bé tong két cau [27].

80F Pz 28d
70k [_J90d

Compressive Strength (MPa)

40 ;
] |p
30 ZmlZ
ZB8l7
20 ? %
10
10 % g
Dosage (%) | O 10 20 30| 0 10 20 30 10 20 30
we | 0.6 0.4 0.2

Hinh 6. Cudng dd nén cla bé tong st dung bot min tro day MSWI

Tro day MSWI c6 anh hudng dén tinh chét co
hoc ctia bé tong va viia xi mang, v6i cudng do nén
6 thé dat khoang 40 MPa [16].

Viéc st dung tro MSWI da xti ly thong qua sang,
tu nghién va tach tif tao ra mau xi ming c6 cudng
do nén cao va ham lugng chét thai thdp (nho hon
5% tong khoi lugng cot liéu). Tuy nhién, khi ty 1é
thay thé tro vugt qua 10%, cac tinh chét co hoc suy
giam ro6 rét [13].

3.4.2. Bdnh gid dj rong

Dé san xudt cac khoi bé tong khi khac biét, Weng
va cong su [28] da st dung tro day MSWI nhu mot
thanh phan bé tong.

Do rong cua bé tong bi anh hudng khi bot min
tro day MSWI thay thé cot liéu, dac biét & ty 1¢ thay
thé cao 30% nhu trinh bay 6 Bang 6. Ngoai trii mau
chtta 30% bot min tro day MSWI véi ty 1é¢ W/B =
0,2 c6 do rong tang nhe sau 90 ngay, nhin chung do
rong giam theo thoi gian dudng ho [26].

Nhiéu gia dinh phu thudc vao lugng nudc
khong tham gia boi tron vét liéu hodc lap day 16
rong. Nudc mao dan dugc luu git trong hat tro day
khéng thac ddy hinh thanh 16 rong mao dan [29].
Du kha nang hat nudc cta tro day lam thay déi
ham lugng nudc thiét ké ctia bé tong, dac diém nay
khién tro hoat dong nhu c6t liéu rong, luu giti nude
cho qua trinh thiy hoa xi mang vé sau [26].

Bang 6. Do rong cta bé tong véi cac ty 1 thay thé khac nhau

04 0% 12.91% 11.31%
10% 11.96% 10.71%
30% 14.75% 13.83%

0.2 0% 9.66% 9.33%
30% 12.54% 12.77%

3.4.3. Gidn né va co ngot
Nhiéu yéu t6 c6 thé gay gian nd gobm sy hinh
thanh gel tU ettringite, qua trinh oxy héa nhom
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kim loai va thity hoéa voi, oxit magie. Tuy nhién, tac
dong ctia co ché cudi thuong nho hon hai co ché
dau [30].

Ham ligng sulfate do dugc du6i dang SO, ¢y
nghia quan trong vi sulfate cao c6 thé gay phat trién
bt 1gi trong nén xi ming. Udc tinh theo cin bing
héa hoc cho thiy nong do SO, trung binh trong tro
day da xt ly 1a 0,41%. Do do, anh hudng cuia tro day
da xu ly nhu mét vat liéu xi ming bé sung (SCM)
dén t6ng ham lugng sulfate c6 thé khong dang ké.
Ham lugng magie ciing anh hudng dén 6n dinh
cua vat liéu xi mang; lugng ghi nhén trong tro day
nghién la muc trung binh (2,83%), phtt hgp véi két
qué ctia Matos va cong su [16].50,*

Nong do sulfate hoa tan trong axit cao & cac
hat tro day MSWI tho kich thuéc 0-10 pm, c6 thé
dan dén gian no bé tong. Khi bé tong chiia tro day
tho, nén st dung ty 1¢ nudc/xi mang thap hon va xi
ming bén sulfate. O tét ca cic nhom chit thai, nong
d¢ sulfate hoa tan trong nudc thap hon it nhat mot
béc so vdi sulfate hoa tan trong axit [31].

Kim va cong su [65] khao sat bién déi thé tich
ctua hén hgp viia chda tro ddy MSWI thong qua
loat thi nghiém. Trong Hinh 7, gia tri 10 cho biét
10% cat tu nhién trong cdp phdi dugc thay bang
tro day. Tro day MSWI chua xt ly dugc ky hiéu
M10. Cot liéu tro day MSWI ngam trong dung dich
natri chloride 3% ky hiéu M10-C; tro day MSWI
ngam trong nudc bién ky hiéu M10-S; tro day
MSWI bao hoa bing nudc may ky hiéu M10-T; va
c6t liéu ngam trong nudc kh ion ky hiéu M10-D
[65]. Hinh 7a cho théy tit cd mau déu ting chiéu
dai trong 12 gi¢ dau sau khi duc. Sau d6, trong khi
mau d6i chiing bat dau co lai, cic mau chta tro
day MSWI tiép tuc gian nd dén khoang ngay thu
hai sau khi duc. Su gidn nd nay lién quan dén hinh
thanh tinh thé ettringite ti cac pha chita ion nhém
va sulfate [32]. Mau M10-S c6 miic ting manh nhét,
c6 thé do ion sulfate tii xti Iy bang nudc man va ion
canxi cé trong tro day [25].

Vé co ngdt, cac mau dugc bdo quan trong 7
ngay dau trude khi danh gia co ngét khd nhu thé
hién & Hinh 7-b. Pén ngay 113, tt cd cic mau viia
chtta tro day MSWI déu c6 do co ngét 16n hon mau
doi chiing, v6i miic ting lan lugt 21,84%, 21,62%,
26,62% va 14,05% doi véi M10, M10-C, M10-S,
M10-T va M10-D. Nguyén nhan c6 thé do d¢ rong
cuia hat tro ddy MSWI cao hon, gitp nudce di chuyén
dé hon trong giai doan thuy hoa [25].

3.5. Bién phap xtr ly nham tang ty Ié st dung tro day

trong bé tong

Chat thai kim loai trong tro day MSWI ¢4 thé
dugc tai st dung. Bén canh thu hai kim loai, viéc
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Hinh 7. So sanh bién ddi chiéu dai giita vita xi mang Portland va vita

€0 tro day MSWI: (a) Gian né trudc khi thao khuén; (b) Co ngot sau khi
thao khuon

thu hoi khoang tii tro day MSWI ciing rét can thiét.
Bién phap nay gitp giam su suy kiét nguon khoang
san thiét yéu cua thé giéi, vi cac mo khoang trén
dat lién khong thé tai tao trong vong doi con ngudi
[33].

3.5.1. Xut ly tai nha mdy dot rdac

Ngay sau khi phat sinh, tro ddy MSWI thuong
dugc xt ly tai chd d€ thu hoi kim loai con lai va
giam phat thai ion kim loai nguy hai ra mai truong.
O cép nha méy, cdc qua trinh nay gém giam kich
thudc hat, thu hoéi kim loai, 6n dinh, 1am sach va
phén loai tro, méi qua trinh stt dung phuong phap
riéng 31, 32]. Gidm kich thudc hat rdt quan trong
vi gitip gidi phong cac thanh phan bi lién két trong
qua trinh dét, tii d6 nang cao hiéu qua tach va phan
loai vat liéu. Thu hoi kim loai tap trung vao sit va
kim loai mau bang bo tach tii va dong dién xody [34,
35]. Ngoai ra, tro ddy MSWI méi phat sinh dugc 6n
dinh thong qua phong héa, lam giam pH va giam ro
ri kim loai ndng [36]. Qua trinh phong héa thuong
kéo dai mot dén ba thang, giup 6n dinh tro va giam
nguy co ro ri kim loai ndng, qua do cai thién kha
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nang dung lam c6t liéu thay thé trong san xuat bé
tong. Bang 7 trinh bay cac tinh thé san phdm phu va
pha gel hinh thanh trong qua trinh phong héa tro
day MSWI méi. Vi vay, tro day MSWI ¢6 tiém nang
16n d€ tang cuong st dung trong san xudt vat liéu
xdy dung, ddc biét khi c6t liéu tu nhién ngay cang
han ché [36].

Bang 7. Cdu triic khodng va gel san pham phu hinh thanh trong qua
trinh phong héa

Khoang  Khodng carbonate (alcite [37,38]
thitsinh Khoang sulfatengdm  Gypsum [39, 40], Ettringite [40, 41]

nuidic
Hydroxide kim loai Aluminum hydroxides:
két tinh Gibbsite[42], Nordstrandite [42]

Khodng zeolite Boggsite [42], Gismondine [42],

Heulandite [40], Laumontite [40]
Weddellite [40]

Amorphous Aluminum Hydroxide,
Amorphous Iron Hydroxide [43]
(Ca-Al-Si-rich Gel [43], Fe-Al-Si-rich
Gel [43]

Khoang khéc

Phagel  Hydroxide v dinh
vodinh  hinh
hinh

Gel kim loai-silicate

3.5.2. Xt ly bang phuiong phdp héa hoc

Céc qua trinh tién xt ly tap trung vao viéc loai
bod cac nguyén t6 kim loai c6 thé gay d6i mau hodc
gi trén bé mat bé tong. Pong thdi, can bao dam
khong con vat liéu chua chdy va d6 4m du nho
hon 30%.

Ba quy trinh xt ly héa hoc chinh déi véi tro
dday MSWI gom xti ly bang dung dich kiém, nuéc
va axit. Xt ly kiém, thudng sti dung NaOH, nham
giam nong do Al va Zn kim loai. Hiéu qua phu thuc
vao kich thuédc hat, néng do dung dich NaOH, ty 1¢
16ng/ran va nhiét do gia nhiét [44]. Sau xt ly, bun
tro day MSWI ¢4 thé dung truc tiép dé san xuét vat
liéu hoat hoa kiém (AAM) hodc thay thé mot phin
c6t liéu trong bé tong sau khi rtia nudc d€ loai bo
kiém du [45]. Xt ly bang nudc tao mdi truong kiém
bang cach hoa tach kiém tui tro day MSWT; hiéu qua
phu thudc vao kich thudc hat va ty 1é nude/ran [45],
dong thoi cai thién tinh chét vat ly ctia tro khi dung
thay cot liéu. Xt ly axit két hgp rtia nuéc lam giam
dang ké nong do chloride va sulfate, nang cao do
pht hop ctia tro trong ting dung bé tong [46]. Ngoai
ra, b sung Na CO, vao nu6c khong chi ho trg loai
bo muoi sulfate ma con ting tinh kiém ctia hon hop
bé tong, tit do cai thién cudng do va tinh nang tong
thé ctia bé tong lam tii tro da xu ly [47].

Rtia tro ddy gitp gidm néng do chit 6 nhiém,
ngoai trii mot s6 nguyén té nhu sat, asen, bari va
mangan. O cting kich thudc hat, lugng chét 6 nhiém
trong tro ddy thap hon so v6i phu phdm riia dit. Tro

day chua rtia cé cac ddc tinh kém hon. Céac hat 16n
ctia tro ddy MSWI sau rtia va soi tii rtia dat thé hién
tinh chat t6t hon so véi cot liéu ty nhién [9].

3.5.3. Xut ly bang phuiong phdp co hoc

Céc phu phdm cuia qua trinh rda va céc ¢d hat
tho hon thudng cé dac tinh thudn lgi nhat. Ky thuat
rtia loai bo hiéu qua cac chét 6 nhiém, von thuong
tap trung & phan hat min [9].

Céc phuong phap xt ly co hoc déi véi tro day
MSWI g6m nghién kho va sang nhim giam kich
thudc hat va dat thanh phan dong déu. Qua trinh
nghién lam tang dién tich bé mat va cai thién hoat
tinh cta tro, gitp vat liéu phit hgp hon khi dung
lam c6t liéu bé tdong. Nghién kho trong thoi gian
ngan véi van téc thdp lam v& cac khoang gion va
bién kim loai déo thanh manh dang vay, dé tach ra
trong qua trinh sang [48]. Phuong phép nay c6 thé
loai bo dén 80% khdi lugng nhéom kim loai khaoi
tro ddy MSWI da phong hoa. Viéc b6 sung nudc
vao qua trinh nghién tang cudng oxy héa nhom
kim loai, tao moi trudng kiém ho trg chuyén hoa
nay. Tuy nhién, chi mét phan nhém kim loai bi oxy
héa trong nghién uét [49]. Sau xti ly co hoc, tro day
MSWT it kim loai hon va c6 kich thudc hat cung
dac tinh vat Iy phu hgp d€ thay thé mét phan cot
liéu trong bé tong.

3.5.4. Xui ly bang phuong phdp nhiét

Xt ly nhiét tro day MSWI cai thién dang ké chat
lugng tro thong qua loai bo hgp chat hiiu co, thic
ddy hinh thanh cac pha phan ting, c¢6 dinh kim loai
nang va ho trg oxy hoéa nhom, kém [50]. Dai nhiét
do xti Iy 500-900°C va 1000-1500°C anh hudng dén
hiéu qué qua trinh, dac biét trong viéc giam ro ri
cac nguyén t6 nhu Cu va Sb [49]. Xt ly nhiét nang
cao cuong do nén va hoat tinh cua tro day, giup vat
liéu trd thanh c6t liéu bé tong thay thé kha thi [50].
Ngoai ra, xti ly & nhiét do cao lam giam ham lugng
nhom kim loai, loai bé kim loai nidng théng qua
bay hoi va tang ty 1é pha v6 dinh hinh, qua d6 nang
cao kha nang st dung tro ddy MSWI nhu phu gia
pozzolan trong bé tong [50]. Diéu nay cai thién chat
lugng bé téong va hod trg bdo vé mdi trudng biang
cach giam lugng chat thai chon lap.

Bang 8. Thanh phan héa hoc ctia cac phan du MSWI

@0 16.21 291 40.03 49.12
Si0, 26.69 28.64 2734 244
ALQ, 9.66 1418 15.16 142
Fe,0a 6.20 6.49 450 031
Mn0 0.14 0.17 0.31 0.02
Mg0 227 262 408 122
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N0 236 263 - -
Ko 100 112 005 065
o, 18 288 476 02
PO, 174 234 32 0n
a 214 26 020 1482
Lol 2974 1487 015 2965
TotalC 1930 313 010 231
TotalS 059 117 206 101

Viéc xti ly tro day nhdm nang cao ty 1é tich hgp
vao bé tong xanh, thay thé mot phan c6t liéu granite
st dung. Tro day MSWI dugc nhiét phan & 200°C
dé xu ly ham lugng carbon cao va gid tri mat khi
nung (LOI), lam giam dang ké ca hai thong s6 nhu
trinh bay & Bang 8. Sau do, tro day dugc tach ti
va phén loai kich thuéc dé€ chuén bi luu tri va st
dung trong tuong lai. Nghién ctiu sti dung c6t liéu
thuong mai Litex va granite lam vat liéu doi chiing
dé danh gia mic d6 phu hop ctia tro ddy trong ting
dung bé tong [68]. Cheeseman va cong su [9] khao
sat tinh chat ctia c6t liéu nhe dugc san xuét bang
thiéu két nhanh tro day 1o dot cho bé tong va cac
tng dung khac. Két qua cho thdy gia nhiét & 1000-
1050°C tao ra vién cot liéu ¢ méat do, do hat nudc
va cuong do nén tuong duong cot liéu nhe thuong
mai [9].

4. Kétluan

Gan day, viéc st dung tro day MSWI trong
san xudt bé tong thu hat nhiéu quan tdm nho kha
nang thay thé cot liéu ty nhién va giam tac dong
modi truong. Nghién ctiu cho thdy tro ddy MSWI ¢
thé dugc st dung hiéu qua d€ san xuit vat liéu xay
dung, ddc biét 1a bé tong, gach khong nung va cai
tao dat nong nghiép. Mot loi ich quan trong cua tro
day MSWI la kha nang cai thién mdt s6 dac tinh vat
ly, héa hoc ctia bé tong nhd thanh phan héa hoc da
dang, trong d6 c6 Ca0, SiO, va AL O, la céc thanh
phan quan trong cho qua trinh thiy héa xi mang.
Céc bién phap xt ly tro ddy nhu nghién kho, sang
va xt ly nhiét gitp loai bo tap chat va kim loai ndng,
qua dé ning cao tiém nang st dung nhu phu gia
bé tong.

Tuy nhién, viéc st dung rong rai tro ddy MSWI
van con nhiéu trd ngai do thanh phén hoa hoc phtic
tap c6 thé anh hudng dén thay hoa va tinh chét co
hoc ctia bé tong. Diéu nay doi héi cac nha nghién
ctiu tiép tuc phat trién cac phuong phap xu ly va
ting dung méi nham t6i da hoa lgi ich cta tro day
MSWI. Viéc tim kiém va st dung vét li¢u thay thé
la can thiét trong bdi canh tai nguyén tu nhién suy
giam. Tro day MSWI gitip giam chat thai chon lap
va mé ra co hoi méi cho phét trién bén viing trong

nganh xay dung. Cac két qua nghién ctiu va tGing
dung thuc t€ cho thdy tro day MSWI c6 thé tré
thanh vat liéu quan trong trong tuong lai ctia san
xudt bé tong va vat liéu xay dung.ld
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