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Tém tit

Ludng phé thai xdy dung phzit sinh hing nim tai Viét Nam ngéy mot gia tang, trong d6 cac loai bé tong thai
chiém t6i 20-30%. Ty 1¢ tai ché va tai st dung thip, chon 14p chit thai 1a hinh thic xi 1y chét thal xay dung phd
bién 1am lang phi rat nhiéu dién thh tai nguyén va cé nguy co cao gy 6 nhiém moi trudng néu khong quan 1y
va thuc hién diing cach. Tai cdc qubc gia phat trién nhu Piic, Anh, Nhat, ... phé thai xdy dung dudc tai ché, tai
st dung véi ty 1é trén 80% cho nhiéu muc dich trong xay dung va xi 1y cc vAn dé mai trudng, trong d6 cé xir
ly nudc thai. Trong nhitng nim gin day, nhiéu nghién ctiu vé viéc sit dung cdc bé tong phé thai nhu 1a cdc vat
liéu hip phu hiéu qua, cic gia thé vi sinh than thién d€ xii Iy cac kim loai ning, chit hitu co, chit dinh dudng
trong nudc thai da dugc thuc hién. Bai bdo niy tong quan cic nghién ciiu vé thanh phin, tinh chét ctia mot s6
loai bé tong phé thai, co ché va hiéu qua loai bd céc kim loai ning, chét hitu co, chit dinh dudng trong nudc
thai, tit d6 md ra cac huéng nghién ciiu, st dung phé thai xay dung cho muc dich x& ly nuéc thai tai Viét Nam,
day hita hen 13 hudng tiép can than thién, bén viing trong viéc gia ting viéc tai st dung phé thai, giam phat thai,
giam st dung nguyén lidu tho va huéng téi nén kinh té tudn hoan.

Tir khod: chit thai xay dung; bé tong phé thai; chit hap phu; vat liéu mang; kim loai niing; xi ly nudc thai.
OVERVIEW OF WASTEWATER TREATMENT BY USING CONCRETE WASTE
Abstract

In Vietnam, concrete waste accounts for 20% to 30% of construction waste which is increasingly generated
every year, while the waste’s recycling and reusing rate are slow. Waste burying is a common method of demo-
lition waste treatment. It leads to wasteful space and resources and may cause environmental pollution if the
treatment is not properly managed and implemented. In developed countries, such as Germany, UK, Japan, etc.
over 80% of construction waste is recycled and reused for many purposes in terms of construction and environ-
mental issues, especially in wastewater treatment. In recent years, many studies have been conducted regarding
the use of concrete waste as effective adsorbents, and carrier materials for the removal of heavy metals, organic
matter, and nutrients in wastewater treatment. This article reviewed studies on not only the composition and
properties of some types of concrete waste, but also the mechanism and efficiency of removing heavy met-
als, organic matter, and nutrients in wastewater, thereby opening up new directions for research and applying
of building debris for wastewater treatment purposes in Vietnam. It promises to be a friendly and sustainable
approach to encourage the reuse of waste, reduce emissions and the misuse of raw materials, and towards a
circular economy.

Keywords: construction waste; concrete waste; adsorbents; carrier materials; heavy metals; wastewater treat-
ment.
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1. Giéi thiéu

Tai Viét Nam, su gia ting dan s6 va phat trién kinh té - xa hoi di kéo theo su gia ting cdc vAn nan
6 nhiém méi trudng, rac thii, ngudn nuéc, khong khi, ... dong thdi dit ra nhiing yéu cau cp thiét
cho cong tac bio vé, xtt ly, khic phuc cic van dé nay. Cac Bdo cdo Moi trudng qudc gia ctia Téng cuc
MBbi trudng, Bo Tai nguyén va Moi trudng giai doan tif nim 2013 dén nay déu dé cap dén cic ngudn
phat thai nudc thai chii yéu tir sinh hoat, cong nghiép, y t& va cd sé dich vu, lang nghé, chin nudi, . . .
Trong khi d6, cdc du 4n xiy dung co s& ha tang phuc vu nhiém vu phat trién kinh té - xa hoi, cong
nghiép héa, hién dai héa thudng chd trong vao cic cdng trinh dem lai 16i ich kinh té, con céc cong
trinh x4 hoi dit vin dugc quan tim dau tu nhung chua ddp ting dudgc cong suit yéu cau, chua phi hop
véi tbe dd phat trién va chua dap ting cac tiéu chuan vé bio vé mdi trudng [1].

Tinh dén nim 2018, ty 1& do thi (tit loai 3 trd 1én) dudc dau tu xay dung hé théng xi ly nudc thai
(XLNT) tap trung 1a 39% v&i 43 nha mdy XLNT d6 thi tip trung dang dudc van hanh véi tdng cong
suét thiét k& trén 926 nghin m®/ngay dém [2]. Néu ké ci cic du an dang xdy dung, c6 khoang 80 hé
théng XLNT tap trung, tdng cong sut thiét k& khodng 2,4 triéu m*/ngay dém [2]. Mic dii c6 trén
60% ho gia dinh Viét Nam diu nbi xa nuéc thai vao hé théng thodt nuéc cong cong, song hau hét
nudc thai dudc xa thang ra hé thong tiéu thoat nudc bé mit, ty 1& nudc thai dude thu gom va xi ly méi
chi dat khoang 13%. Ngoai ra, hé thong thoat nuc, XLNT tai Viét Nam con thiéu dong bd, chua tich
biét dudc hé théng thoat nude thai v6i hé théng thodt nuée mua khién cho lugng nudc thai sinh hoat
phit sinh 16n, 1am gidm hiéu qua cla cic du an XLNT d6 thi [1]. Mic du sb lugng cong trinh XLNT
do thi ¢6 ting qua cac nim, tuy nhién con sb nay con rit nhd so vdi yéu ciu thuc t& can xi 1y. O cic
do thi 16n, ty 18 lugng nudc thai dude xi ly cao hon cac d6 thi vira va nhd nhung van & miic thip, chua
dép ting dudc véi tbe do do thi héa hién nay. Tai Ha Noi, méi c¢6 khoang 20,62% tdng luong nudc thai
sinh hoat ctia thanh phé dudc xit ly, trong khi tai Tp. H6 Chi Minh, ty 1& lugng nudc thai sinh hoat
dudc xu ly khoang hon 10% [2].

Theo bdo cdo Hién trang Moi trudng qudc gia ctia Bd Tai nguyén va Moi trudng nim 2019 [3],
khdi lugng chit thai ran sinh hoat (CTRSH) phit sinh tai cdc do thi phu thudc vio quy mo dan sb, toc
do do thi hoa, cong nghiép héa ctia do thi va dang c6 xu thé ngay cang ting. Tong khdi luong CTRSH
phit sinh tai khu vuc dé thi trong ca nudc 1a 35.624 tAn/ngay (13.002.592 tin/nim), chiém 55% khdi
lugng CTRSH phit sinh ctia ci nuéc, trong d6 Thanh phd H6 Chi Minh c6 khdi lugng phat sinh 16n
nhét ca nudc va ké dén 1a Ha Noi. Chi tinh riéng 2 do thi nay, tong luong CTRSH db thi phét sinh t6i
12.000 tAn/ngay chiém 33,6% tong lugng CTRSH d6 thi phét sinh trén c4 nudc [3]. Su phat trién cta
nganh xay dung thdi gian qua, dic biét 1a xay dung ha tang ky thuit ting cao, da phat sinh mot lugng
16n chét thai rin (CTR) xdy dung. Mic do do thi héa ting cao, cdc cong trinh xdy dung ting nhanh &
cdc d thi 16n ctia ca nudc va cia viing mién, nén luong chit thai xdy dung ciing ting rat nhanh, chiém
khoang 10 - 15% CTR do thi [4]. Céc do thi, dic biét Ha Noi va thanh phé Ho Chi Minh, CTR xay
dung chiém 25% CTR d6 thi [4]. Theo Tuan va cs., phat sinh phé thai xiy dung (PTXD) & Ha Noi da
vugt qué 3.000 tAn/ngay [5]. Theo Quy hoach téng thé xi Iy CTR & Ha Noi, cdc thanh phan chinh ctia
PTXD la “Pat, Cat, P4 s6i”, “Khdi gach va khdi xdy dung” va “Bé tong”, va céc loai khic bao gom
kim loai, nhua va g6. Phuong phap xii Iy PTXD phd bién nhit hién nay & Viét Nam 1a d6 thai tai cic
bai chon 14p. Theo Quyét dinh s& 609/QD-TTg khoang 40-56% lugng PTXD sinh ra hang ngay dudc
dua vao bai chon 1p PTXD tai Ha Noi [5].

Ngoai trit PTXD thu thip dudc gdi dén bii chon 1ap PTXD c6 kiém sodt va cdc vt liéu c6 thé
ban dudc, cdac PTXD dudc tao ra khac dugc uée tinh bi d6 thai bt hgp phdp. Cai thién viéc d& thai
bat hop phap PTXD 12 mot thach thifc 16n dbi véi tit ca cdc bén lién quan va cAn phai c6 bién phap
ddi pho hiéu qua, ... CTR xay dung c6 thanh phan chu yéu la dit cit, gach v3, thiy tinh, bé tong va
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kim loai, ... Thanh phan bé tong trong CTR x4y dung tai Quang Ninh 1a khodng 14% [4], trong khi
d6, nghién ctiu ctia Tuan va cs. vé PTXD tai Ha Noi thi bé tong chiém mot ty trong tuong dbi cao 1én
t6i 23% [5]. PTXD c¢6 gid tri 16n cho viéc tdi st dung va tai ché, tuy nhién, nha may tdi ché PTXD
van chua phat trién day di ¢ Viét Nam dan t6i ty 1é tdi ché ¢ Viét Nam chi tim khoang 2% [5].

Trén thé gidi, tai cac qudc gia phat trién, PTXD dudc coi 1a nguodn tai nguyén quan trong. Khong
nhitng dudc st dung lam nguyén liéu diu vao d€ san xuét cc loai bé tong nhe, bé tong thdo nudc
ma PTXD con 1a vat liéu d€ xi 1y cac vin dé moi trudng. Trong linh viuc XLNT, trong nhiing nim
gan diy da c6 cdc nghién ctiu cho thiy PTXD nhu bé tong thai, bé tong tai ché, bé tong khi chung ap
¢6 nhiéu dic tinh vu viét nhu: thanh phan héa hoc c6 ham lugng cao céc oxit kim loai (CaO, Fe,03,
Al O3, ...); dd rong x6p, dién tich tiép xic 16n, cac vat liéu nay dé dang tham gia vio cac phan tng
trao d6i, hip phu, hip thu phdt phat va cédc kim loai ning nhu Cd, Pb, ... cic loai bé tong niy hifa hen
sé trd thanh c4c vat liéu hip phu chi phi thip tiém niing trong xi ly nudc thai. Bén canh d6 véi do
rong x6p cao, bé mit nham, dién tich tiép xidc 16n nén cic loai bé tong phé thai da, dang dudc nghién
clfu d€ 1am céc gid thé mang vi sinh trong c4c cong trinh loc sinh hoc @& XLNT c6 chiia cic chit hitu
cd, cac chit dinh dudng cho hiéu qua cao [6-37]. Tai Viét Nam, cdc nghién ctiu vé tdi st dung phé
thai, chat thai xdy dung ciing di dugc quan tim nhung mdi chi chii yéu tap trung vao tdi st dung trong
hoat dong xay dung nhu lam gach bé tong rong, bé tong tai ché [38, 39]. Céc quy trinh k§y thuat vé pha
dd, thu hoi chét thai, tai st dung chét thai xay dung méi dang trong qua trinh nghién ctu dé dua ra
huéng dan k§ thuat. Chinh vi thé, cic nghién cifu, cong bd tai Viét Nam vé ting dung, st dung PTXD
con rat khiém tén, chua cé cac nghién citu tdng quan vé huéng nghién ctiu XLNT bang chét thai xay
dung hay bé tong phé thai dé tir d6 1am co s ly thuyét tién dé cho cdc nghién cifu thuc nghiém tiép
theo hoic trién khai 4p dung thuc té. Bai bdo nay sé tdng quan céc nghién cifu vé thanh phan, tinh
chit ctia mot s6 loai bé tong phé thai, co ché va hiéu qua loai bd céc kim loai niing, chit hitu co, chit
dinh dudng trong nudc thai, tit d6 md ra cac huéng nghién ciu, sit dung PTXD cho muc dich XLNT
tai Viét Nam, day hiia hen 12 huéng tiép cin than thién, bén viing trong viéc gia ting viéc tai st dung
phé thai, giam phat thi, giam st dung nguyén liéu thd va huéng t6i nén kinh té tuan hoan.

2. Pic tinh ky thuat mét s6 loai bé tong phé thai

Trong thanh phan ctia PTXD, bé tong thudng chiém mdt ty trong tuong dbi cao. Tuan va cs. bdo
cdo ty 1& bé tong trong chét thai xay dung 1a khoang 23% [5], trong khi d6 nghién citu ctia Hoang va
cs. bdo cdo ty 1& nay 1én t6i 32% [40], Nguyén va cs. cong bd két qua khao st thanh phan phé thai
tai hai bai chon 14p PTXD Thanh Tri va Vinh Quynh cho thiy thanh phan phé thai bé tong 1an luot
chiém dén 39,6% va 53,8% [41]. Bé tong 1a su két hop clia cot liéu gdm sdi hodic da két hgp véi cat
va xi ming. Cac nghién ciu da st dung cac phuong phdp: nhiéu xa tia X (X-ray diffraction-XRD),
kinh hién vi dién tif quét (scanning electron microscopy-SEM) va phan tich phan tan ning lugng tia X
(energy-dispersive X-ray analyses-EDX), phan tich dién tich bé mit, do rong x6p Brunauer — Emmett
— Teller (BET) d€ xdc dinh thanh phan héa hoc va dic tinh k§ thuit clia bé tong phé thai [6-17].
Thanh phan cic nguyén t6 theo khoi luong (%) clia bé tong phé thai da dudc Nasreen va cs. (2015)
phéan tich gém c6: C =7,12+0,18%; O = 16,79+0,57%; Na = 0,56+0,06%; Mg = 0,61+0,08%; Al =
5,63+0,81%; Si = 34,54+0,93%; Ca = 25,8+0,11%; Fe = 6,14+0,33%; nguyén t6 khéc = 2,84+0,26%
[6]. Abd Roni va cs. (2021) da danh gia thanh phan ctia bé tong cbt lidu tai ché (Recycled aggregate
concrete - RCA), bao gom: C = 12,9-13,7%; O = 40,2-46,2%; Mg = 5,2-6,7%; Al = 8,8-8,9%; Si =
11,0-11,2%; Ca = 21,3-23,4%; Fe = 3,9-4,8%; trong d6 CaO chiém tir 50,8-56,2% [7].

Bén canh céc loai bé tong truyén thong, bé tong khi chung 4p (Autoclaved Aerated Concrete —
AAC) da c6 lich st phat trién gan 100 nim nay & cac nudc phat trién. Viét Nam da nhap khiu st dung
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bat dau tif nim 2008 dén nay. Hién nay da noi dia héa cong nghé va san xut trong nudc. Bé tong khi
chung 4p dugc san xuét tii: xi ming, cat nghién min két hop véi voi, thach cao, oxit nhom, nuéc va
phu gia, qua qua trinh phan ting héa hoc khéi, tim bé tong nhe dugc dua vao 10 chung ap dé 1am giam
trong luong va ting cudng do va do bén. Téng hop két qua nghién ctiu thanh phan héa hoc cd ban clia
bé tong khi chung 4p AAC dugc mo ta tai Bang 1, thanh phan chinh bao gdom: SiO,= 44,8-57,0%:;
Ca0=24,9-27,6%; Al,03=1,95-16,06%; Fe,03 =1,0-4,2%; MgO = 0,5-0,65%; K,O =0,7% [8-12].

Bang 1. Tong hop thanh phin héa hoc ctia AAC trong mot sé nghién ciiu

Thanh phan Renman Joanna Bao Sohair Tran
héa hoc (%) va cs. [8] va cs. [9] va cs. [10] vacs. [11] va cs. [12]
SiO, 51,4 44.8-57,0 44,88 45 55,18
CaO 26,3 24,9-27,6 24,98 25 28,89
Al O3 1,95 1,95-16,06 16,06 17 2,76
Fe,03 1,1 1,042 4,16 - 1,72
K>,O 0,7 - - 0,87
MgO 0,5-0,65 - - 0,63

Nhu vy theo cic két qua, bé tong phé thai va bé tong khi chung 4p AAC c6 thanh phan Ca, CaO
tuong db6i cao do dugc san xuét tli voi, da voi, AAC thé hién 1a vat lidu c6 tinh kiém. Do d6, cdc bé
miit hip phu tich dién am c6 khé niing hip phu céc cation tif nuéc thai va cé thé trung hoa nudc thai
c6 tinh axit trong qud trinh hap phu. Ham ludng SiO, va CaO tuong dbi cao trong AAC, diéu d6 cho
thy kha ning phan ting trao ddi ion (Ca>*) véi kim loai ning giéng nhu vt lidu silicat canxi [13, 14].
Diéu thu vi 12 trong bé tong phé thai va AAC c6 su ton tai clia cac nguyén t6 kim loai nhu Fe, Al, céic
dang oxit kim loai nhu Al,O3 va Fe,03, diéu nay cho thiy tiém ning ctia né dbi véi cdc phan ting trao
ddi ion va hap phu bé mit v6i cac chit 6 nhiém khéc nhau trong nudc thai.

Bén canh thanh phan héa hoc, cic thong s6 k¥ thuat khac nhu do réng xdp, dién tich bé mit, kich
thu6e 16 réng, ... clia vat liéu ciing rat quan trong. Nghién cifu ctia Sohair va cs. nim 2019 cho thiy
hat AACW kich thuée 2,5%2,5%2,5 cm c6 dién tich bé mit 1én dén 42,8 m2/g va thé tich 16 trung binh
12 0,08 cm?/g, trong khi kich thudc 16 trung binh 13 7,92 nm [11]. So sanh véi cac loai gid thé vi sinh
nhya (D = 8-15 mm) trong bé xit ly sinh hoc MBBR, c¢6 dién tich bé mit khoang tir 500 — 1200 m?/m’
(trong lugng riéng 95 kg/m3) nhu viy dién tich bé mit trén 1 gam vat liéu 1a chi 0,5 — 1,2 m?/ g vat
ligu thi cdc hat AACW c6 dién tich bé mit cao hon tir 30-40 1an. Nghién ctiu ctia Yihuan Deng va cs.
nidm 2018 thi mo ta dién tich bé mit clia bé tong tai ché (Recycled aggregate concrete - RCA) kich
thude 2-5 mm 12 35 m?/m? [15]. Nghién ctiu ctia Dong Cheng va cs. nim 2015, ciing do dac dién tich
bé mit clia c4c hat AAC (c6 kich thudc tir 0,5 — 9 mm) 1én dén 89,21%, d6 rong 1én dén 89,21%, kich
thudc cia cic 16 rong lién két 1a tir 0,25 — 0,5 nm [16]. Nghién cifu ciu triic réng, mang ludi 16 réng
bén trong AAC clia Matsuno va cs. cho thiy, mang 1uéi rdng trong AAC Viét Nam cao hon 2-3 1an
so vdi AAC Nhat Ban, cling v6i d6 mang ludi nay c6 nhiéu dng rdng lién thong giita cac bé miit, diéu
nay 1am ting kha ning thim, giit nudc bén trong vat liéu [17]. Véi cac dic tinh thong sd k¥ thuat nhu
c6 do rong x6p cao, dién tich bé miit 16n va c6 nhiéu mang 1ué6i 16 rong lién két bén trong (Hinh 1),
diéu nay tao ra cic 16 rdng mao quén, gitip ting tinh thim, tao ra cac uvu diém ky thuat phu hop d€ sir
dung céc loai bé tong phé thai, dic biét 1a bé tong khi chung ap c6 tiém ning cao trong viéc st dung
lam gi4 thé mang vi sinh trong céc cong trinh XLNT.
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Hinh 1. Cu triic mang ludi réng ctia bé tong khi chung 4p AAC Nhat Ban va Viét Nam [17]

3. Xt ly kim loai nang trong nudc thai

Trong vai thip ky gan ddy, qua trinh hip phu dudc biét dén nhu mot trong nhiing k¥ thuat xi ly
tiém ning ddi véi viéc loai bd kim loai ning trong nuéc. Cac két qué thi nghiém dong cho thy chét
thai ph4 dd tir xay dung (Construction Demolition Waste — CDW) c6 kha ning hap phu véi hiéu suit
cao dbi v6i Cu (II), Pb (II) va Cd (II) tit dong nudc mua bi & nhiém bdi kim loai ning [18]. Nim 2018,
Kumara va cs. bdo cdo vé cic nghién ciiu da sit dung CDW nhu gach, bé tong, xi ming dé loai bé kim
loai niing trong nuéc thii. Tuy nhién, viéc st dung phé thai pha dd CDW, AAC lam chat hip phu chi
phi thip rat han ché trong qua trinh XLNT [19]. Do d6, diéu quan trong hién nay 12 thic day viéc tai
st dung céc vat liéu thai nay nhu mot chat hip phu hiéu quéa trong XLNT d€ mang lai gi4 tri gia ting
cho chét thai, phé thai pha d& [20]. Trong nhiing nghién cifu gan day, bé tong khi chung 4p phé thai
AAC da dudc st dung nhu 1a chat hap phu hiéu qua cdc kim loai ning nhu Cd, Pb, ... Nghién ctiu
clia Zhang va cs.; Kumara va cs. st dung AAC dé€ xit 1y ion Cd, Pb trong nudc thai, hiéu suét loai bd
ion Cd tir 80-90%, ty 1& loai bd ion Pb 12 gin 100% khi st dung hat AAC d&€ XLNT nhan tao c6 nong
do ion tt 0-5000 mg/1 [20, 21]. Téng hgp mot sb két qua nghién ciiu st dung PTXD dé xit Iy kim loai
trong nudc thai duge mo ta tai Bang 2.

Céc nghién ciu ciing chi ra chit hip phu AAC c6 kha ning trung hoa axit manh va c6 thé sit dung
d€ trung hoa, XLNT, dic biét 1a nudc thai md c6 tinh axit, do ban chit vat liéu AAC c6 tinh kiém va
giai phong OH™ trong qua trinh thiy phan [20, 21]. Ndm 2019, Kumara va cs. da st dung AAC dé
loai bé Pb (II), Cd (II), Cu (II), Ni (II), Zn (II) bang céc thi nghiém hip phu hang loat. Nghién ctiu
nay da chi ra 4 co ché d€ loai bd kim loai ning khi sit dung bé tdng khi chung ap AAC [20]:

- Hydrat héa trén bé miit chit hip phu:

(X, Si—0)*" Ca** +2H,0 — 2(X,Si— 0)" H' + Ca’" + 20H" (1)
- Hydroxit hoa ion kim loai:
M?* + H,0 — M(OH)* + H*
- Phén \ng trao ddi trén bé mit chat hip phu:
(X, Si — 0)*” Ca®* + M** — (X, Si — 0)>” M?* + Ca* 2)
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(X, Si — 0)*” Ca®* + 2M(OH)* — 2(X, Si — 0)” M(OH)" + Ca?* 3)

- Su tao két tia trén bé mit ctia ion kim loai:
M2t +2 (OH)" — M(OH), 4)

trong d6 X = Al, Fe, K, va Mg, va M = Cd** hoic Pb**.

Diéu nay ngu y manh mé rang Pb(II) s hitu cac lién két thich hop hon véi cac chit hip phu dudc
thtt nghiém va chiém chii yéu cic vi tri hip thu tiém ning. Srivastava va cs. trong nghién ctiu chon
loc cho su hip thu, hip phu kim loai theo xu huéng hydrat héa va thiy phan kim loai da phat hién ion
Pb thily phan dé dang hon va nhanh chéng tuong tic v6i bé mit hydroxit héa [22]. Diéu kién ctia cic
phén tng trao d6i 1a cAn phai hinh thanh hop chit méi (két tiia hodic bay hoi) nhu vay c6 thé thiy cic
kim loai ndo c6 hydroxit & dang két tiia s& d& dang tham gia vao phan ting trao ddi va tif d6 ion kim
loai d6 sé bi loai bé ra khoi nude thai.

Bang 2. Tong hop mot sé nghién citu vé xi ly kim loai ning bang chét thai pha d& xay dung

Chét hip phu, Dbi Kich ¢6 ,»Tl IF Loiu Nong q(') C(an suat M5 hinh Th?l g,lan Tai licu
hép thu won VL (mm) ran:16ng nudc dung dich hap phuy, hil ho phan ing  tham
p ong (¢/L) thii  TN(mg/L) hipthu(mge) P P (hours)  khio
Cu 25 Nhan tao 873 =29 35 Lanemuir &
Bé tong vo Zn 1-2 25 Nhén tao 837 + 17 33 Freindlich 3120 [23]
Pb 25 Nhan tao 1041 + 49 37
Bot da Cd  0,025-0,063 2 Nhén tao 20-60 26,99 Langmuir & ) [24]
c4m thach Pb 0,025-0,063 1 Nhan tao  500-1500 101,6 Freundlich
Cu <2,00 40 Nhin tao 0-20 0,28-0,34 24
Pi on Pb <2,00 20 Nhén tao 0-20 0,74-1,55 Langmuir & 24 [26]
a0ng cd <2,00 60  Nhantao  0-20 0,12-021  Freundlich 24
As <2,00 20 Nhén tao 0-0,5 24
N Langmuir &
ALC/AAC Cd <0,15 10 Nhan tao 1,0-35 2,07 K 1,5 [21]
Freundlich
<0,105 16,6 Nhan tao 333 24
Pb 0,105-2 16,6 Nhan tao 333 Freundlich 24
2-4,76 16,6 Nhan tao 303 24
ALC/AAC 0-5000 [20]
<0,105 100 Nhan tao 243 L & 24
cd 0,105-2 100 Nhan tao 235 Fa:;i?;‘;h 24
2-476 100 Nhan tao 24,2 24
Xi ming phé thai 1,4-3 30 Nhan tao 0,1-1 1,92 Langmuir 1,5
Bot gach As <03 30 Nhan tao 0,1-1 0,04 Langmuir 1,5 [27]
Bot dd cdm thach < 0,05 30 Nhan tao 0,1-1 0,04 Langmuir 1,5
Bot bé tong thai Pb 50 Nhan tao 1000 30-46 Langmuir [28]

4. Xt Iy chét dinh dudng, chit hitu co trong nuée thai
4.1. Xt Iy phot pho trong nuéc thdi

Renman va cs. st dung AAC (dudng kinh 2-4 mm) theo m6 hinh bé loc dong chay ngam dé
XLNT, hiéu qui xt 1y phdt pho dat t6i hon 90% [8]. Nghién ciiu ctia Dong Chen va cs. st dung bé
tong nhe (AAC) (D = 5-9 mm) trong bé loc sinh hoc hiéu khi d€ XLNT, két qua cho thiy hiéu qua xir
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ly tdng phdt pho (TP) dat tir 75,8% dén 91,3% [16]. Nghién cifu ctia Bao va cs. sit dung hat bé tong
nhe trong bé loc sinh hoc thdi khi (Biological Aerated Filter-BAF) d€ xt Iy nu6c thai sinh hoat, hiéu
qua xit y phét pho ciing dat dén 72,45% [10]. Céc nghién cifu cho thiy hat AAC c6 hiéu qué rat cao
trong viéc xit ly phdt pho, diéu nay dudc ly giai 1a AAC c6 ham luong oxit canxi (CaO) va cic oxit
kim loai rét cao, trong moi trudng kiém cic chét nay phan ting v6i gbc PO4>~ trong nudc thii dé tao
két ta.

Nghién cifu clia Adnan va cs. st dung cdt lidu bé tong tai ché (RCA) thu dudc tir chit thii bé tong
nhe nghién c6 kich thudc 0-5 mm. Trong nghién cifu nay, RCA dudc st dung lam vit liéu loc trong
cot loc sinh hoc ¢6 suc khi dé loai bd TP. Mat do khéi ctia RCA 1a 1680 kg/m?, trong khi ty 18 réng
12 36%. Két qua cho phép thi d6 hip thu nuéc ctia RCA 1a 1,27, va gid tri pH ctia RCA 13 9,30 ¢6
tinh kiém. RCA véi cdc kich thuée 0-5 m dudc st dung va thi nghiém véi nudc thii c6 ndong do TP
ban dau thap nhit 12 10mg/L, ndng do TP sau xit ly 13 0,996 mg/L/g, hiéu suét loai bd TP cao nhét 14
99,60% [32]. Ngoai viéc tiét kiém chi phi, viéc st dung RCA s& gidm b6t cac vin d& mdi trudng hién
dang dudc nhan thic trén toan cau, RCA ciing c6 thé tiét kiém khong gian bai chon lap, gidp giam
nhu ciu khai thac séi va gidm 6 nhiém. Nghién ctiu ctia Weijie Li va cs. [30] da st dung cac hat v3 bé
tong khi chung 4p tai ché dé loai bé ndng do phdt phat thip (1 mg/L). Anh hudng ciia canxi hoa tan
(Ca®*) va pH dbi véi viée loai bd phdt phat da dudc nghién ctu. Cdc vat liéu bao gdm canxi clorua
(CaCly) va canxi cacbonat (CaCOj3) dudc lua chon dé nghién ciiu co ché loai bé ndng do phdt phat
thip bang cac hat AAC. Cac phép phan tich huynh quang tia X, nhiéu xa tia X, FT-IR, SEM va EDS
dugc st dung d€ mo ta hinh dang bé mit, cac phan tif va cAu tric bén trong clia cic hat AAC trude
va sau thi nghiém. Két qua cho thiy téc do loai bo phét phét dudc ting 1én theo su gia ting ctia pH.
CAAC cho thy hiéu qua kém trong viéc loai bd phdt phat & diéu kién axit, nhung c6 hiéu qua loai
bo 16n trong pham vi pH 10-12 do su hinh thanh hydroxyapatite (HAP, Cas(OH)(PO4)3) tudng ting
véi dic tinh. Cac hop chét canxi hoa tan va canxi khong hoa tan trong CAAC c6 thé két hop véi cic
nhém phét phat va hydroxyl d€ tao thanh HAP trong diéu kién kiém va sau d6 loai bé phdt phat. Sau
khi loai bé phdt phat, bé mit ctia n6 dudc bao phii bdi mot 16p két tu dudc xac nhéan 1a HAP theo dic
tinh. D€ tranh diéu chinh pH ctia dung dich thanh d6 kiém manh, CAAC di dudc bién tinh bang dung
dich natri hydroxit (NaOH) d€ ting hoat tinh ctia n6. Cdc san phidm bién tinh cho thiy hiéu qua loai
bd phdt phét cao (98,67%) [30]. N6i chung, cac két qué hién tai da chiing minh ring viéc st dung phé
thai CAAC c6 thé 1a mot cong nghé day hita hen d€ xii Iy phdt phat nong do thip trong nudc thai thit
cAp ctia thanh phd.

Nghién ctiu ctia Deng va cs. di chi ra cic co ché phan ting, hip thu phét pho trén bé mit vat lidu
hép phu bing cdc phuong trinh sau [15]:

Mg>* + HPO4>™ + 3H,0 — MgHPO,-3H,0 | (5)
Ca®t + PO4> ™ — Ca3(PO4)1 | (6)
Ca’* + 40H™ + 3HPO4*~ —— Cas(OH)(POy)3 | + 3H,0 (7)
AP + PO4*” + 2H,0 — AIPO,4- 2H,0 ] (8)

4.2. Xut Iy dong thoi chdt hitu co, chdt dinh duéng trong nudc thdi

Dong Chen va cs. [16] da nghién cttu vé hat bé tong khi chung 4p dudc phat trién dé thay thé cho
céc vat liéu mang loc sinh hoc dé loai bd nito va phdt pho. Hé thong loc sinh hoc cip khi (Biological
Aerated Filter - BAF) sit dung hat AAC 1am vat liéu mang vi sinh, vat liéu loc sinh hoc. Thi nghiém
stt dung nude thai nhan tao c6 chita cac chit hitu co (COD¢; = 29,93-99,15 mg/l), phét phat (PO4>~ =
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Bang 3. Tong hop mdt sb nghién citu vé xi ly phdt pho bing chit thai pha d5 xay dung

S KAl’Ch. ?6 Lo?i Nong do Tho gian Cong st:ét hétp Tai liéu

STT Loai vt liéu vat liéu nmie dung dich thi nghiém phu phot phat tha7rn

(mm) thai TN (mg/L) Omax (Mg/g) khao

1 B¢ tong Portland 0,045-0,3  Nhan tao 400 16h 19,90 [31]
2 Bé tong khi 0,063-2  Nhan tao 100 1h 11,5 [32]
3 Bé tong tai ché v 0,3-2,3 Nhan tao 20 24h 6,1 [33]
4 Bé tong téi ché 0,125-4 Nhan tao 1000 40 ngay 19,6 [34]
5 Bé tong khi chung ap 2-4 Nhan tao 10 24h 28-57 [8]
6 Bé tong tai ché 2-5 Nhan tao 15 24h 6,88 [15]
7 Phé théi bé tong khi, bé  0,25-16  Nhan tao 1000 24h 8,3-19,6 [35]

tong tudng, bé tong thai

8 Bot tif phé thai phd d <0,1 Nhan tao 50-1600 24h 69-80,5 [36]
9 Bé tong khi chung 4p 4-5 Nhan tao 5-20 60-1440 phat  0,053-0,313 [9]
10 Bé tong tai ché 5-20 10-30 24h 0,874-0,996 [29]

0,51-0,52 mg/1) va nitc amoni (NH; —N = 9,92-10,63mg/1). Két qué thi nghiém cho thy hiéu qué loai
bé COD, NH4—N déu ting khi ty 16 CODc;, so v6i NH4—N (C/N) trong nudc thai ting 1én, hiéu qua
xt ly COD dat tit 60,21% dén 84,56%, két qua cho thiy hiéu quéa xi ly TP dat tit 75,8% dén 91,3%.
V6i dic tinh d6 rdng x6p cao (> 80%), hat AAC cho dién tich b& mit 16n 1én dén 8,1 x 10° (Sw/cm?g)
cho phép cac hat AAC c6 thé st dung nhu céc hat vat liéu mang vi sinh vat dinh bam trong céc cong
trinh XLNT [16]. Dong Chen va cs. da st dung kinh hién vi sinh hoc BX41 (Olympus, Nhat Ban) dé
quan st sy phat trién cia mang vi sinh vat trén bé mit gid thé AAC. Ho nhan thy su phat trién rit
t6t clia cdc mang vi vat nay, trong d6 c6 cac vi khun nitrat hoa, cac vi khuan gan truc tiép vao bé
miit ctia cac hat AAC va mang sinh hoc da dugc hinh thanh trén bé mit ctia cac hat AAC, dudc chi ra
bdi su két ndi clia cac chét tiét ngoai bao. Céc ciu triic cia mang sinh hoc va céc té bao dudc duy tri,
khong c6 dau hiéu tic nghén hoic tan ra [16]. Su hién dién va phat trién clia mang vi sinh vét di cho
thiy hat AAC hoan toan c6 khé ning dudc st dung 1am hat mang, gia thé mang vi sinh.

Nghién ctru cia Bao va cs. [10], da 1am nghién ctiu so sanh khi st dung cac hat bé tong khi chung
dp AAC tit PTXD va cédc hat Caramite (CAC) tng dung trong hé théng loc sinh hoc cép khi théi
ngugc BAF dé dong thai xit Iy ph6t pho va nitd. Anh hudng ciia ty 18 khong khi/nudc thai (Air/ Water
- A/W) dén hiéu suét loai bé phdt pho (PO43’), tdng cacbon hiiu co (Total Oganic Carbon - TOC),
tong nito (Total Nitrogen - TN), va nito amoniac da dudc khio sat. K&t qua cho thy mo hinh cét loc
AAC-BAF c6 hiéu qua xt ly cao hon m6 hinh CAC-BAF ban trén thi trudng. Vi du, ty 1€ loai bd TN
ctia md hinh BAF-AACP va BAF-CAC tuong ting 1a 45,96% va 15,64%, ty 1& loai bd PO4>~ tuong
ting 1an lugt 1a 72,45% va 33,97%, & ty 16 A/W 1a 3:1. Nghién cifu chi ra tinh lién két va tinh dong
nhét ctia cic 16 xdp gidp ting kha ning thAm va dién tich bé mit 16n, bé mit tho rdp ciia AACP dugc
cho 1a thich hdp cho su phat trién ctia mang sinh hoc vi sinh vat. Ngoai ra, su phat tri€n cta cic 16
réng bén trong hat AAC thiic ddy viéc loai bé phdt pho va nito. Bé mit cla cdc hat AAC tdi ché c6
chita mot lugng nhd céc tinh thé khong déu va dude bao phi bdi mot 16p tap hop, dude dic trung 1a
hydroxyapatite [HAP, Cas(OH)(PO4)3] [10]. Su hinh thanh HAP nhu mot san phidm phu cubi ciing di
xéac nhan viéc loai bd phét pho thanh cong. Do d6, PTXD, chang han nhu AAC, c6 thé dudc tai ché
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va st dung nhu vat liéu mang vi sinh va hap phu/hip thu dong thdi trong XLNT.

Nghién ctiu ctia Sohair va cs. [11] ciing st dung md hinh loc sinh hoc BAF-AAC nhiéu ngin hiéu
khi két hop thiéu khi dé xd 1y nudc thdi do thi chia dong thdi COD = 362 + 26,4 mg/L, BOD =
172,6 + 29 mg/L, TSS = 69-210 mg/L, Tong nito Kendal (TKN) = 27,9 va N-NH,4 = 17,9 mg/L. Két
qua nghién ctiu cho thy hiéu qua xit Iy cic COD, BOD, TSS, TKN, N—NH, dat 1an luct 12 90,48%,
90,04%, 92%, 80% va 89%. Cac hat AAC trong nghién ctiu c6 bé mit nham véi tdng dién tich bé miit
khoang 42,8 m?/g, do réng x6p 16n, nhiéu khe nit. Nhing dic diém ky thuat nay 1a thudn 1gi dé phat
trién nhiéu cong dong vi sinh vat va cai thién kha ning loai b chét 6 nhiém ctia 16p mang sinh hoc
trén bé mit vat lidu. Céc thi nghiém anh chup phén tich SEM da cho thiy su hinh thanh va phét trién
cdc cong dong vi sinh vat bao phii bén ngoai cdc hat AAC, céc vi sinh vt ciing dong thdi xAm nhap
va 1ip diy vao céc 16 rong [10, 11, 16]. Qua trinh 14p day, bao phii bdi céc vi sinh vat va cac chét bi
hip phu trén bé mit lam giam dang ké dién tich bé miit clia cac hat AAC. Oguz va cs. da st dung
phép do BET (N») d€ so sdnh, két qué cho thay: Dién tich bé mit riéng ctia bé tong khi dugc tim thiy
12 22 m?/g; Dién tich bé mit sau khi hip phu 1a 17 m?/g; Dién tich b& mit dugc bao phii béi chét hip
phu dé dugc tim thiy 1a 5,23 m?/g [32]. RS rang khi da bi bao phi bdi cic chit bi hip phu, dién tich
tiép xiic bi gidm di c6 thé du do4n sé tao ra cic dnh hudng nhit dinh dén qua trinh phan ting trao ddi
clia cdc vt liéu phé thai v6i cdc tac nhan can xit ly khac. Tuy nhién, chua c6 cic nghién ciu 16 rang
vé cdc tac dong ndy, va cling chua c6 céc nghién cifu thuc hién trén cac loai nuéc thai c6 dong thdi cac
tac nhan 6 nhiém 13 kim loai niing, cic chit hitu co va cic chit dinh dudng (nudc thai cong nghiép,
nuéc thii lang nghé).

Li va cs. [37] da cong bd két qua nghién ctiu st dung cac phé thai pha d6 xay dung (CDW) nhu
bé tong tai ché (RCA), gach tdi ché (RBA), hdn hop gach va bé tong tai ché (C&B), d4 voi (LIM), da
dung nham (LAV) va zeolite (ZEO) trong ciac md hinh loc sinh hoc @€ XLNT. Két qua thi nghiém sau
35 ngay cho théy, hiéu suit loai bd TN ctia cdc cot loc khong c6 qua nhiéu khac biét tir 13,3% (LIM)
- 21,8% (ZEO). Tuy nhién, hiéu qua loai bo TP c6 su khac biét 16n. Cot loc RCA c¢6 hiéu qua loai
bd cao nhit (87,1), RBA 1a 77,7% trong khi ZEO 1a 45,2% va LAV 1a 33,1%. Nguyén nhan dugc giai
thich bdi thanh phan héa hoc, ham lugng céc ion Ca, Fe, Al tham gia vao cdc phan dng trao ddi ion
va két tia hip phu phét phat trén bé mit. Trong cic vat liéu trén thi vat liéu RCA c6 céc thanh phan
nguyén t6 niy cao hon so véi cédc vat liéu con lai. Hiéu qua loai bd COD cia céc cot loc ciing dat tir
50-75% [37].

Céc nghién ctiu buée dau da chiing minh dugc kha ning XLNT cia céc loai bé tdng phé thai, tim
ra co ché, qua trinh x1 1y, xdc dinh dudc cong suit hap phu d6i v6i mot s kim loai niing va phét phat.
Tuy nhién c6 thé thiy, hién nay cic md hinh nghién ctiu hiu hét méi diing lai & céc thi nghiém hip
phu theo mé va cac mo hinh cdt loc sinh hoc don gian mot cip. Cac thi nghiém nay cho phép xic dinh
cong suat hap phu, hip thu cac yéu t6 anh hudng, tuy nhién khi d4p dung thuc té, rit khé dé€ c6 cic
diéu kién tdi uu nhu trong phong thi nghiém, chua c6 céc nghién ciiu 4p dung trong diéu kién thuc
té. Cac thi nghiém cot loc sinh hoc don gian cho hiéu qua xi Iy COD, N—NHjy, TN con thip, chit
lugng nu6c dau ra chua dap ing cic quy chuin, tiéu chuin hién hanh, hiu hét 1a thi nghiém véi nuée
thai nhan tao trong phong thi nghiém, chinh vi thé can thiét phai tiép tuc nghién cttu hoan thién cong
nghé. Céc nghién cu véi cac loai nuéc thai dic thi nhu nudc thai cong nghiép, nudc thii lang nghé,
... ¢6 chifa dong thoi nhiéu tic nhan 6 nhiém d€ ddnh gia hiéu qua xi ly va cac yéu td dnh hudng can
dugc thuc hién dé€ danh gi4 tiém ning 4p dung vat liéu, cong nghé. Cac nghién ciu thiét 1ap céc thi
nghiém cot loc nhiéu cap, két hop cic mo hinh bé loc hiéu khi - thiéu khi (bai loc ngdm st dung bé
tong phé thai, bé tong tdi ché thay thé cho cudi sbi hodc céc vat lidu cong nghiép khac), cac ché do
van hanh (thdi gian luu nuéc, tai trong thiy luc, ché do tuan hoan nudc thai, cAp khi, ... ) d€ ting hiéu
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qua xtt Iy COD, N—NHjy, TN phu hop vé6i diéu kién xa thai tai Viét Nam ciing sé 12 hudng nghién cifu
trién khai trong thai gian t6i d€ c6 thé phat trién cong nghé, diy chuyén XLNT phu hop.

5. Két luan

Su phét trién clia nganh xay dung cliing qud trinh do thi héa nhanh va manh mé da dén dén su phat
sinh lugng 16n céc phé thai, chét thai xay dung thai ra moi truong. Bé tong phé thai, dic biét 1a bé tong
khi chung 4p c6 thanh phan héa hoc va dic tinh k§y thuat phit hop dé st dung 1am vat liéu hip phu, gia
thé mang vi sinh chi phi thip va hiéu qua trong XLNT. Téng quan céc nghién ctiu da trinh bay dugc
cd ché, qua trinh xt 1y, hiéu qua xt ly cac kim loai ning, phét phét, cac chit hitu co, dinh dudng trong
nudc thai ctia cic loai bé tong phé thii dé tir d6 1am co s6 1y thuyét tién dé cho cdc nghién ciu thuc
nghiém tiép theo hoic trién khai 4p dung thuc té tai Viét Nam.

Hién nay, ty 1é tai ché, tdi st dung PTXD con rét thAp. XLNT bang viéc sit dung ciac PTXD, céc
vt lidu tdi ché tir phé thai lam cdc chat hap phu, vét liéu mang vi sinh van con rét han ché. Do dé,
diéu quan trong hién nay Ia thiic ddy viéc tdi st dung céc vat liéu, PTXD trong XLNT d€ mang lai
gi4 tri gia ting cho chét thai, PTXD, ning cao hiéu qua XLNT va giam chi phi. Day sé 1a huéng xi ly
bén vitng va than thién v6i moi trudng, gép phan gidi quyét triét dé€ cac vin dé moi trudng, tin dung
dugc ngudn PTXD, giam phat thai CTR, gidm khai thac tai nguyén va bdo vé méi trudng, tif d6 hinh
thanh, phat trién nén kinh té tuan hoan trong quan ly, x{t 1y chit thai va nudc thai.

Ldi cam on

Tic gia chan thanh cAm on su hd trg tai chinh ctia Trudng Pai hoc Xay dung Ha Nai cho dé tai
“Nghién ctfu xit ly nudc thai bang viéc ing dung phé thai va vat liéu tai ché tit phé thai xay dung trong
céc hé loc sinh hoc”, ma s6: 13-2021/KHXD-TD.

Tic gia chan thanh cdm on Bd mon Cip thoat nude, Khoa Ky thuat Moi trudng, Trudng Pai hoc
Xay dung Ha Noi di hd tr¢ phong thi nghiém dé trién khai dé tai NCKH sinh vién: “Nghién cttu xi
ly nudc thai do thi bang viéc sit dung phé thai va vat lidu tai ché tit phé thai xay dung trong céc hé loc
sinh hoc”, ma sb: MT-2021-02.

Tai liéu tham khao

[1] Hung, D. (2020). Qudn Iy va xit Iy nudc thdi. Tong cuc Thong ké.

[2] B0 Tai nguyén va Mai truong (2018). Bdo cdo hién trang méi truong qudc gia ndm 2018, chuyén dé: Moi
truong nudc va cdc luu vuc séng.

[3] Bo Tai nguyén va Moi trudng (2019). Bdo cdo hién trang méi truong quoc gia ndm 2019, chuyén dé:
Qudn Iy chdt thdi rdn sinh hoat.

[4] Bo Tai nguyén va Moi trudng (2017). Bdo cdo hién trang méi truong quoc gia nam 2017, chuyén dé:
Qudn Iy chdt thdi.

[5] Tuan, N. K., Son, T. H., Phuong, L. V., Hién, N. X, Kién, N. T., Huy, V. V., Cudng, T. V. (2018). Nghién
ctiu hién trang quan ly phé thai xAy dung va pha dd & Viét Nam. Tap chi Khoa hoc Cong nghé Xdy dung
(KHCNXD) - DHXDHN, 12(7):107-116.

[6] Nasar, N., Sumaraj, B. P., Payattati, B. (2015). Crushed Waste Concrete as Active Filter Material for
Phosphate Elimination from Domestic Wastewaters. International Journal of Innovative Research in
Science, Engineering and Technology, 4:6427-6434.

[7]1 Roni, N. A., Adnan, S. H., Hamidon, N., Ismail, T. N. H. T. (2021). The vertical recycled concrete aggre-
gate filter for removal of phosphorus in wastewater. IOP Conference Series: Earth and Environmental
Science, 646(1):012038.

27


http://consosukien.vn/quan-ly-va-xu-ly-nuoc-thai.htm
https://doi.org/10.31814/stce.nuce2018-12(7)-12
https://doi.org/10.31814/stce.nuce2018-12(7)-12
http://www.ijirset.com/upload/2015/july/164_Nasreen.pdf
http://www.ijirset.com/upload/2015/july/164_Nasreen.pdf
https://doi.org/10.1088/1755-1315/646/1/012038
https://doi.org/10.1088/1755-1315/646/1/012038

(8]

(9]

(10]

(11]

(12]

[13]

(14]

[15]

(16]

(17]

(18]
[19]

(20]

(21]

[22]
[23]
[24]
[25]
[26]

(27]

Son, T. H., va cs. / Tap chi Khoa hoc Céng nghé Xay dung

Renman, G., Renman, A. (2012). Sustainable use of crushed autoclaved aerated concrete (CAAC) as a
filter medium in wastewater purification. 8th International conference on sustainable management of
waste and recycled materials in construction, Gothenburg, Sweden, ISCOWA and SGI.

Castellar, J. A. C., Formosa, J., Chimenos, J. M., Canals, J., Bosch, M., Rosell, J. R., Silva, H. P., Morat9,
J., Brix, H., Arias, C. A. (2019). Crushed Autoclaved Aerated Concrete (CAAC), a Potential Reactive Fil-
ter Medium for Enhancing Phosphorus Removal in Nature-Based Solutions—Preliminary Batch Studies.
Water, 11(7):1442.

Bao, T., Yu, Z. M., Damtie, M. M., Wu, K., Jin, J., Zhang, Y., Wei, X. L., Frost, R. L. (2019). Use of
autoclaved aerated concrete particles for simultaneous removal of nitrogen and phosphorus as filter media
from domestic wastewater. Environmental Technology, 41(23):3032-3042.

Abou-Elela, S. 1., El-Enein, S. A. A., Hellal, M. S. (2019). Utilization of autoclaved aerated concrete
solid waste as a bio-carrier in immobilized bioreactor for municipal wastewater treatment. Desalination
and Water Treatment, 168:108-116.

Son, T. H., Nga, T. T. V., Kawamoto, K. (2020). X Iy kim loai ning trong nudc bang phé thai xdy dung
bé tong khi chung ap (AAC). Tap chi Cdp thodt nuéc, 5.

Song, Y., Li, B., Yang, E.-H., Liu, Y., Ding, T. (2015). Feasibility study on utilization of municipal solid
waste incineration bottom ash as aerating agent for the production of autoclaved aerated concrete. Cement
and Concrete Composites, 56:51-58.

Shabalala, A. N., Ekolu, S. O., Diop, S., Solomon, F. (2017). Pervious concrete reactive barrier for
removal of heavy metals from acid mine drainage - column study. Journal of Hazardous Materials, 323:
641-653.

Deng, Y., Wheatley, A. (2018). Mechanisms of Phosphorus Removal by Recycled Crushed Concrete.
International Journal of Environmental Research and Public Health, 15(2):357.

Chen, D., Yu, C, Bao, T., Zhu, C., Qing, C., Chen, T. (2015). Simultaneous removal of nitrogen and
phosphorus using autoclaved aerated concrete particles in biological aerated filters. Desalination and
Water Treatment, 57(41):19402—-19410.

Matsuno, A., Ishizuka, S., Nguyen, T. L., Nguyen, T. D., Nguyen, V. T., Nguyen, H. G., Kawamoto, K.
(2020). Comparison of macropore structures and networks of Autoclaved Aerated Concrete blocks using
micro-focus X-ray computed tomography. International Journal of Geomate, 19(71).

Wang, J., Zhang, P., Yang, L., Huang, T. (2015). Adsorption characteristics of construction waste for heavy
metals from urban stormwater runoff. Chinese Journal of Chemical Engineering, 23(9):1542-1550.
Kumara, G. M. P., Saito, T., Asamoto, S., Kawamoto, K. (2018). Review of heavy metal removal from
wastewater by CDWs. International Journal of Geomate, 14(42).

Kumara, G. M. P., Kawamoto, K., Saito, T., Hamamoto, S., Asamoto, S. (2019). Evaluation of Autoclaved
Aerated Concrete Fines for Removal of Cd(II) and Pb(Il) from Wastewater. Journal of Environmental
Engineering, 145(11):04019078.

Zhang, Y., Zeng, L., Kang, Y., Luo, J., Li, W., Zhang, Q. (2017). Sustainable use of autoclaved aer-
ated concrete waste to remove low concentration of Cd (II) ions in wastewater. Desalination and Water
Treatment, 82:170-178.

Srivastava, P., Singh, B., Angove, M. (2005). Competitive adsorption behavior of heavy metals on kaoli-
nite. Journal of Colloid and Interface Science, 290(1):28-38.

Coleman, N. J., Lee, W. E., Slipper, L. J. (2005). Interactions of aqueous Cu, Zn and Pb ions with crushed
concrete fines. Journal of Hazardous Materials, 121(1-3):203-213.

Ghazy, S. E., Gabr, I. M., Gad, A. H. M. (2008). Cadmium(II) sorption from water samples by powdered
marble wastes. Chemical Speciation & Bioavailability, 20(4):249-260.

Ghazy, S. E., Gad, A. H. M. (2014). Lead separation by sorption onto powdered marble waste. Arabian
Journal of Chemistry, 7(3):277-286.

Nga, N. T. H. (2013). Application of volcanic ash soil and laterite to water treatment. PhD thesis, Kyushu
University Institutional Repository.

Bibi, S., Farooqi, A., Hussain, K., Haider, N. (2015). Evaluation of industrial based adsorbents for si-
multaneous removal of arsenic and fluoride from drinking water. Journal of Cleaner Production, 87:

28


https://doi.org/10.3390/w11071442
https://doi.org/10.3390/w11071442
https://doi.org/10.1080/09593330.2019.1595742
https://doi.org/10.1080/09593330.2019.1595742
https://doi.org/10.1080/09593330.2019.1595742
https://doi.org/10.5004/dwt.2019.24640
https://doi.org/10.5004/dwt.2019.24640
https://doi.org/10.1016/j.cemconcomp.2014.11.006
https://doi.org/10.1016/j.cemconcomp.2014.11.006
https://doi.org/10.1016/j.jhazmat.2016.10.027
https://doi.org/10.1016/j.jhazmat.2016.10.027
https://doi.org/10.3390/ijerph15020357
https://doi.org/10.1080/19443994.2015.1096214
https://doi.org/10.1080/19443994.2015.1096214
https://doi.org/10.21660/2020.71.9197
https://doi.org/10.21660/2020.71.9197
https://doi.org/10.1016/j.cjche.2015.06.009
https://doi.org/10.1016/j.cjche.2015.06.009
https://doi.org/10.21660/2018.42.7148
https://doi.org/10.21660/2018.42.7148
https://doi.org/10.1061/(asce)ee.1943-7870.0001597
https://doi.org/10.1061/(asce)ee.1943-7870.0001597
https://doi.org/10.5004/dwt.2017.20909
https://doi.org/10.5004/dwt.2017.20909
https://doi.org/10.1016/j.jcis.2005.04.036
https://doi.org/10.1016/j.jcis.2005.04.036
https://doi.org/10.1016/j.jhazmat.2005.02.009
https://doi.org/10.1016/j.jhazmat.2005.02.009
https://doi.org/10.3184/095422908x382152
https://doi.org/10.3184/095422908x382152
https://doi.org/10.1016/j.arabjc.2010.10.031
https://doi.org/10.1016/j.jclepro.2014.09.030
https://doi.org/10.1016/j.jclepro.2014.09.030

(28]

[29]

(30]

(31]

(32]

(33]

[34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

Son, T. H., va cs. / Tap chi Khoa hoc Céng nghé Xay dung

882-896.

Ma, Z., Xue, R., shan Li, J., Zhao, Y., Xue, Q., Chen, Z., Wang, Q., Poon, C. S. (2021). Use of ther-
mally modified waste concrete powder for removal of Pb (II) from wastewater: Effects and mechanism.
Environmental Pollution, 277:116776.

Adnan, S. H., Roni, N. A., Hamdan, R., Yassin, N. I. M., Kamarulzaman, N. A. (2018). A New Design
of Recycled Concrete Aggregates as an Aerated Filter for Removal of Phosphorus. Journal of Physics:
Conference Series, 1049:012018.

Li, W., Zeng, L., Kang, Y., Zhang, Q., Luo, J., Guo, X. (2015). A solid waste, crashed autoclaved aerated
concrete, as a crystalline nucleus for the removal of low concentration of phosphate. Desalination and
Water Treatment, 57(30):14169-14177.

Agyei, N. M., Strydom, C. A., Potgieter, J. H. (2002). The removal of phosphate ions from aqueous
solution by fly ash, slag, ordinary Portland cement and related blends. Cement and Concrete Research,
32(12):1889-1897.

Oguz, E., Gurses, A., Yalcin, M. (2003). Removal of phosphate from waste waters by adsorption. Water,
Air, and Soil Pollution, 148(1/4):279-287.

Molle, P., Liénard, A., Grasmick, A., Iwema, A. (2003). Phosphorus retention in subsurface constructed
wetlands: investigations focused on calcareous materials and their chemical reactions. Water Science and
Technology, 48(5):75-83.

Egemose, S., Sgnderup, M. J., Beinthin, M. V., Reitzel, K., Hoffmann, C. C., Flindt, M. R. (2012).
Crushed Concrete as a Phosphate Binding Material: A Potential New Management Tool. Journal of
Environmental Quality, 41(3):647-653.

Liu, X., Zhong, H., Yang, Y., Yuan, L., Liu, S. (2020). Phosphorus removal from wastewater by waste con-
crete: influence of P concentration and temperature on the product. Environmental Science and Pollution
Research, 27(10):10766-107717.

dos Reis, G. S., Cazacliu, B. G., Correa, C. R., Ovsyannikova, E., Kruse, A., Sampaio, C. H,, Lima, E. C,,
Dotto, G. L. (2020). Adsorption and recovery of phosphate from aqueous solution by the construction and
demolition wastes sludge and its potential use as phosphate-based fertiliser. Journal of Environmental
Chemical Engineering, 8(1):103605.

Li, H., Zhang, Y., Wu, L., Jin, Y., Gong, Y., Li, A., Li, J., Li, F. (2021). Recycled aggregates from construc-
tion and demolition waste as wetland substrates for pollutant removal. Journal of Cleaner Production,
311:127766.

Tuan, N. K., Nhit, L. D., Théi, N. T., Khai, P. Q., Khanh, N. V. (2020). Nghién ctu st dung phé thai
xdy dung va thai phdm cong nghiép ché tao gach bé tong rdng. Tap chi Khoa hoc Céong nghé Xdy dung
(KHCNXD) - DHXDHN, 14(4V):106-117.

Quang, N. T, Cuong, T. V., Tan, N. N., Tan, N. H., Giang, N. H. (2021). Nghién ctu thuc nghiém anh
hudng ctia ty 1& st dung cbt liu 16n tdi ché dén sy phat trién cudng do nén va mo dun dan hoi ctia bé tong
theo thoi gian. Tap chi Khoa hoc Cong nghé Xdy dung (KHCNXD) - DHXDHN, 15(1V):48-59.

Hoang, N. H., Ishigaki, T., Kubota, R., Yamada, M., Kawamoto, K. (2019). A review of construction and
demolition waste management in Southeast Asia. Journal of Material Cycles and Waste Management, 22
(2):315-325.

Nguyen, H. G., Nguyen, D. T., Nghiem, H. T., Tran, V. C., Kato, A., Matsuno, A., Isobe, Y., Kawasaki,
M., Kawamoto, K. (2021). Current Management Condition and Waste Composition Characteristics of
Construction and Demolition Waste Landfills in Hanoi of Vietnam. Sustainability, 13(18):10148.

29


https://doi.org/10.1016/j.envpol.2021.116776
https://doi.org/10.1016/j.envpol.2021.116776
https://doi.org/10.1088/1742-6596/1049/1/012018
https://doi.org/10.1088/1742-6596/1049/1/012018
https://doi.org/10.1080/19443994.2015.1062432
https://doi.org/10.1080/19443994.2015.1062432
https://doi.org/10.1016/s0008-8846(02)00888-8
https://doi.org/10.1016/s0008-8846(02)00888-8
https://doi.org/10.1023/a:1025417901030
https://doi.org/10.2166/wst.2003.0285
https://doi.org/10.2166/wst.2003.0285
https://doi.org/10.2134/jeq2011.0134
https://doi.org/10.1007/s11356-019-07577-7
https://doi.org/10.1007/s11356-019-07577-7
https://doi.org/10.1016/j.jece.2019.103605
https://doi.org/10.1016/j.jece.2019.103605
https://doi.org/10.1016/j.jclepro.2021.127766
https://doi.org/10.1016/j.jclepro.2021.127766
https://doi.org/10.31814/stce.nuce2020-14(4v)-10
https://doi.org/10.31814/stce.nuce2020-14(4v)-10
https://doi.org/10.31814/stce.nuce2021-15(1v)-05
https://doi.org/10.31814/stce.nuce2021-15(1v)-05
https://doi.org/10.31814/stce.nuce2021-15(1v)-05
https://doi.org/10.1007/s10163-019-00914-5
https://doi.org/10.1007/s10163-019-00914-5
https://doi.org/10.3390/su131810148
https://doi.org/10.3390/su131810148

	1 Giới thiệu
	2 Đặc tính kỹ thuật một số loại bê tông phế thải
	3 Xử lý kim loại nặng trong nước thải
	4 Xử lý chất dinh dưỡng, chất hữu cơ trong nước thải
	4.1 Xử lý phốt pho trong nước thải
	4.2 Xử lý đồng thời chất hữu cơ, chất dinh dưỡng trong nước thải

	5 Kết luận

