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Tom tat

Buin hd d6 thi Ha Noi da dude nhiéu nghién ctiu khing dinh syt phit hgp dé tai st dung trong sén xuét vat liéu xay dung. Tuy
nhién, loai bun trén can dudc xit Iy nhim tich nudc va 6n dinh cic chit 6 nhiém ciing nhu can dudc phan loai cac hudng tdi
st dung khéc nhau. Vi thé, nghién ciiu nay tap trung vao danh gia dic tinh cic nhém bun hd d thi tai Ha Noi sau tién xit 1y
béng bai loc trong cy theo dinh huéng lam vt lidu xay dung. Két qua thuc nghiém tit hai hd dai dién ciia tiing nhém cho
thiy buin sau xi Iy khong phai 1a chét thai nguy hai. Him lugng SiO, cao (64,8—65,8%) va ty 1¢ hat tuong duong cat nghién.
Bun hd Bay MAu (H6 1, dai dién cho hd da tach nudc thai) cé6 ham lugng kim loai ning cao, phit hgp lam vat liéu san 14p
cho dit loai 3 (theo QCVN 03:2023/BTNMT) va thay thé mot phan dét sét san xuit gach nung. Trong khi d6, bun hd Kim
Lién nhé (Hb 2, dai dién cho cac hd dang tiép nhan nudc thai) cé6 do &m (17,2%) va ham lugng kim loai ning thép hon nén
thich hgp dé san nén dit loai 2 va san xuét cbt liéu nhe. Cic két qua trén cho thiy tiém ning tdi st dung ctia bun hd do thi
sau khi da dugc xit Iy va Iam kho bang bii loc trong cy. Qua d6, déng gép vao phat trién kinh té tudn hoan ctia nganh xay
dung.

Tir khod: buin hd d6 thi; bai loc trong cdy; tai sit dung bun thai; vat liéu san nén; vt liéu xay dung.

EVALUATING THE REUSE POTENTIAL OF LAKE SEDIMENT TREATED BY CONSTRUCTED
WETLANDS AS CONSTRUCTION MATERIALS
Abstract

Numerous studies have confirmed that Hanoi’s urban lake sediment is suitable for reuse in the production of construction
materials. However, this sediment needs to be treated for dewatering and pollutant stabilization, and classified into different
reuse directions. Therefore, this study focuses on evaluating the characteristics of Hanoi’s urban lake sediment groups
after pre-treatment by constructed wetlands oriented towards application on construction materials. Experimental results
from two representative lakes of each group show that the treated sediment is not hazardous waste. High SiO, content
(64.8-65.8%) and a particle size distribution are equivalent to crushed sand. Bay Mau Lake sediment (Lake 1, representing
lakes with separated wastewater) has a high heavy metal content, making it suitable as a leveling material for type 3 soil
(per QCVN 03:2023/BTNMT) and partly as a clay substitute in fired brick production. Meanwhile, Small Kim Lien Lake
sediment (Lake 2, representing lakes currently receiving wastewater) has lower moisture (17.2%) and lower heavy metal
content, making it appropriate for leveling type 2 soil and producing lightweight aggregates. These results demonstrate
the reuse potential of post-treated urban lake sediment, contributing to the development of the circular economy in the
construction sector.

Keywords: urban lake sediment; constructed wetland; waste sludge reuse; leveling material; construction
materials.
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1. Gidi thiéu
Hé théng hd d6 thi déng vai trd quan trong trong viéc diéu hoa vi khi hau, cai thién canh quan
va tiéu thodt nuéc tai cic do thi Viét Nam [1]. Tuy nhién, do qud trinh d6 thi héa nhanh va ha ting
thoat nudc chua dong bd, nhiéu hd do thi (HDT) trd thanh diém tiép nhin dong thdi nudc mua va
nudc thai chua qua xi Iy. Tt d6, din dén hién tuong tich tu trAm tich kéo dai. Theo Quyét dinh sb
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1614/QD-UBND niim 2023, Ha Noi sé c6 3.164 ho, ao va dam khong dudc phép san 14p. S6 luong 16n
cdc hd néu trén sé tao ra lugng 16n bun HPT sau nao vét. Cac HDT c6 ché dé tiép nhan nudc thai va
tan suit nao vét rat khic biét, tif nao vét dinh ky 3—5 nim/lan dén hau nhu khong dudc nao vét. Trong
125 HDT noi thanh Ha Noi, chi c6 51 hd (40,8%) da dudc xay dung hé théng bao tach nudc thai [2].
Tai Pa Néng, 23 trong téng s6 30 ho ndi do van dang tiép nhan truc tiép nudc thai sinh hoat [3]. Vi
thé, dua vao dic diém ha tang va cong tic duy tu, HDT dudc phan thanh hai nhém chinh: hd di tach
nudc thai, duge nao vét dinh ky va hd tiép nhan nuéc thai, it dudc nao vét [4].

Phuong phap chon 14p bun tai cc bai d6 thai hodc dd thai ra bién khong chi ton kém ma con gy
6 nhiém moi trudng dai han [5, 6]. Thoi gian gin day, tai st dung (TSD) bun nao vét thanh vat liéu
xay dung (VLXD) dang dudc xem 13 huéng tiép can bén viing hon [7, 8]. St dung bin nao vét san
xuét gach 14t mang lai hiéu qua kinh té cao nht, trong khi 1am vat liéu san 14p gitip tdi uu héa chi
phi xit Iy [5]. Két qua ddnh gia vong doi cia mot sb giai phap TSD bun nao vét ciing két luan rang on
dinh, héa rin bun d€ san xuét vat liéu san lap c6 anh hudng thip dén moéi trudng trong ca ngin han va
dai han [6]. Két qua thdng ké tai Hoa Ky cho thiy tiém niing ctia bun nao vét trong san xuit bé tong,
VLXD, nén dudng, phuc héi sinh canh, 16p 16t bai chon 14p va cai tao dat nong nghiép [7]. Tong quan
cdc nghién ciu vé tdi st dung tram tich nu6c ngot trong san xuat cbt lidu, gach, phu gia thay thé xi
ming va vt liéu kich hoat kiém da nhdn manh vai tro ctia ti st dung tram tich trong giam khai thac
tai nguyén va thic ddy kinh té tudn hoan. Tuy nhién, trAm tich thung gidu hitu co (>30%) nén can c6
cac giai phap tach nuée va xu ly bun truée khi TSD [7, 8].

O Viét Nam, bun HDT thudng c6 khéi lugng 16n, dd 4m cao va thanh phan phic tap. Két qua
phén tich bun ho Ty va hd Hoan Kiém cho thiy bun khong thudc nhém chit thai nguy hai nhung c6
d6 4m rit 16n, can tach nu6c va xit ly truée khi TSD, vi du nhu xi ming héa ran trude khi duge ding
trong san nén [9]. Tong hop dif liéu tif nhiéu HPT tai Ha Nai cho thdy bun HDT c6 ham lugng hitu
cd dao dong rong (10-65% khdi luong khd), giau Phot-pho (2,6-3,8%) va Ni-to (2,9-4,3%), chi yéu
tlf nguon thai bén ngoai [10]. Bun HPT c¢6 KLN tich lily dudi ngudng chit thai nguy hai theo QCVN
50:2013/BTNMT nén c6 thé dugc quan ly nhu chét thii thong thudng. Tuong tu nhu trén, tai Da
Nacmg, bun HDT c6 ham lugng cét cao (52,2-90,1%), pH trung tinh va hitu co th?lp (1,1-6,0%). Bun
HDT & Pa Ning c¢6 nhiém KLN nhung vin pht hdp cho TSD lam vat liéu xay dung sau xt ly [11].
Nhu viy, néu dudc tich nude va 6n dinh cdc chét 6 nhiém, bun HPT & Viét Nam c¢6 tiém ning TSD
trong san xuat VLXD nhu lam vat liéu san 14p, phu gia cat nghién va thay thé dat sét trong gach.

Dé ddp ing dong thdi yéu cau tich nuée va dn dinh bun nay, bii loc trong ciy (BLTC) hoat dong
theo mé, phii hdp véi ché d6 nao vét bun tai Ha Noi da dugc thi nghiém [4]. Cong nghé trén gitp ting
hiéu qué tach nuéc nhd cdc qud trinh nén bun, thAm loc va bay hdi. Pong thoi, BLTC khodng héa hitu
cd, loai bd kim loai ning va mam bénh thdng qua céc qua trinh sinh hoc-héa 1y phiic hgp trong khoi
buin [12]. M6 hinh thuc nghiém BLTC trong Thity tric (Cyperus alternifolius) cho bun hd Bay Mau
(Ha Noi) c6 két qua 1a do 4m giam con 36,2%, thé tich giam con 33,6% va chét ran d& bay hoi (VS)
con 6,5%. Sau khi 1am kho va 6n dinh nhu trén, bun hé Bay Mau dé dang chuyén chd hon cho céc
muc dich TSD tiép theo [13].

Tuy nhién, &€ TSD dudc bun HDPT sau xit Iy bang BLTC, céc nghién ctiu trén vin ton tai mot sb
han ché. Thi nhét, bun sau xi 1y biang BLTC chua dugc danh gid toan dién cic tinh chit co 1y, héa
hoc va vi sinh vat theo hé théng tiéu chuin cho nguyén liéu san xuit VLXD. Thi hai, chua dé cap
dén su khac biét gitta cac nhém HDT (ho da tach nudc thai va hd con tiép nhan nudc thai). Pic diém
tiép nhan nudc thai va nao vét bun néu trén c6 thé din dén sy khac nhau trong tinh chit tiing loai bun
hd va 4nh hudng dén kha ning TSD bun. Vi thé, nghién cifu nay huéng dén cic muc tiéu 1a danh gia
toan dién cdc dic tinh co ly, héa hoc va vi sinh vat (VSV) ciia bun HDT sau xi 1y bang BLTC, so sanh
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tinh chét ctda tiing loai bun HPT véi cic yéu cau ky thuat vé vat liéu san 1ip va nguyén lidu san xudt
VLXD ciing nhu dé xuét giai phap TSD phii hop theo tiing nhém bun HDT.
2. Poi tugng va phuong phap nghién ciru
2.1. Doi tuong nghién citu

Nghién ciiu dudc tién hanh véi hai mau bin dai dién cho cdc nhém hd theo dic diém tach nude
thai va nao vét bun [4]. H6 1 (H6 Bay Mau) dai dién cho ho da dudc cai tao, tach nudc thai. Bun chii
yéu hinh thanh do sy lang dong cac chét 10 liing, cin ban cudn trdi theo dong nude chay tran bé miit
khi c6 mua va xdc thdy sinh vat. Buin hd By Mau dugc nao vét dinh ky 5 nim/lan. Bun Ho6 2 (Ho
Kim Lién) dai dién cho hd chua tiach nudc thii hoan toan, tiép nhan hén hop nudc mua va nudc thai
sinh hoat. Bun chua dugc nao vét hodc chi nao vét thu cong.
2.2. M6 hinh thi nghiém

Hai loai bun hd dugc lam khd va tich nudc trén hé théng mo hinh véi 16p vat lieu dd (séi) va
loc (cat) va trong cdy Co voi (Pennisetum purpureum) va Thiy tric (Cyperus alternifolius). Céc thi
nghiém dugc van hanh theo mé trong 166—175 ngiy véi cic thong s cu thé dugce néu trong Bang 1.
Chi tiét vé ciu hinh va vin hanh BLTC di dudc cong bd trong cic nghién citu truée [13].

Bang 1. Thong s6 van hanh cac md hinh bai loc trong cdy xi ly bun hoat dong theo mé

Thong sb Pon vi Bun Ho6 1 Bun H6 2
Thoi gian tai bun Ngay 1 1
Thé tich bun L 175 175
Tai trong bin kgTS/m? 180 100
Tai trong thiy luc m®/m? 0,7 0,7
Thai gian van hanh Ngay 166 175

Ghi chii: TS: tong chit rin kho.

2.3. Phuong phdp phdn tich

Mau bun sau xii ly dugc thu gom va phan tich céc chi tiéu mdi trudng (pHkcy), chi tiéu co 1y (dd
4m clia bun, tdng chit ran, tdng chit ran dé bay hoi, thanh phan hat), chi tiéu héa hoc (ham lugng chit
hitu co, thanh phan oxit, KLN) va chi tiéu vi sinh vat (t6ng Coliform, E. coli) theo cdc phuong phap
tiéu chudn hién hanh.
2.4. Phuong phdp wdc luong nong dé ngdm chiét kim loai ning

Trong nghién ciiu nay, ndng do6 ngam chiét ctia cic kim loai ning dugc uéc luong ly thuyét dua
trén ham lugng tong sb (ppm). Dua theo quy dinh ctia phuong phap thit nghiém ngam chiét tiéu chuin
US EPA Method 1311 [14] va TCVN 9239:2012 [15] véi ty 1€ dung dich chiét : chit ran = 20:1,
nghién cifu dit gia thiét kich ban x4u nhit 12 100% kim loai niing bi hoa tan hoan toan. Khi d6, nong
d6 ngam chiét ti da ly thuyét (mg/L) dudc tinh bang cach chia ham lugng téng sé (mg/kg) cho 20.
2.5. Phuong phdp so sdnh va ddnh gid

Két quéa chét lugng bun dugc so sanh véi céc vin ban QCVN, TCVN lién quan dén yéu cau ky
thuat ctia nguyén liéu, c6t liéu san xuit VLXD (Bang 2).
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Bang 2. Tong hdp cac tiéu chudn va chi tiéu phan tich va so sanh chinh lién quan dén san xuét vat liéu xay dung

Muc dich danh gia Tiéu chuén ap dung Céc chi tiéu so sanh chinh
X4c dinh chat thai nguy hai  QCVN 07:2025/BNNMT [16] pH; KLN (As, Cd, Pb, Hg, Zn)
Vit liéu san 1ap QCVN 03:2023/BTNMT [17]; KLN (As, Cu, Zn, Cr); chit hitu
TCVN 4447:2012 [18] cd (OM)

Nguyén liéu san XUt gach TCVN 6300:1997 [19]; Phu luc  Oxit (SiO;, Al,O3, Fe;03); OM
dét sét nung, gbm xdy dung  F QCVN 16:2023/BXD [20]

San xuit gach khong nung TCVN 7570:2006 [21]; TCVN  Thanh phan hat; OM
va cbt lidu 9205:2012 [22]

3. Két qua va thao ludn
3.1. Ddnh gid tinh chdt nguy hai ciia bun hé sau xit ly

Cic két quéa phan tich thuc nghiém dugc tién hanh trong giai doan 2021-2022, thsi diém QCVN
50:2013/BTNMT dang c6 hiéu luc. Tuy nhién, dé dam bdo quy chuin méi nhat 1a QCVN 07:2025/
BNNMT § thoi diém hién tai, cic két qua vé ham luong KLN dugc udc tinh tit ham lugng ppm
sang nong do ngam chiét (Bang 3). Theo quy dinh clia cic phuong phap thit nghiém ngam chiét tiéu
chuén (nhu US EPA Method 1311 va TCVN 9239:2012), phan ran ctia mau chit thai dugc chiét véi
mot lugng dung dich chiét bang 20 1an khdi lugng pha ran hay ty 1& dung dich chiét : chit ran =
20:1 [14, 15].

Két qui thu dugc thé hién trong Bang 3 c6 su tuong dong vdi cac nghién ciiu trén trAm tich cing
bién [5]. Qua dé, khang dinh dugc bun HPT sau xit 1y bang BLTC dii diéu kién an toan dé TSD tai
chd hoic lam VLXD. Tuy nhién, mdt s6 kim loai nhu Kém (Zn) c6 thé anh hudng dén qua trinh thiy
héa xi ming. Mic du viy, néu cidc KLN trén dugc cb dinh tot vao ciu triic vat liéu thi sé khong gay
nguy hai t6i méi truong [23].

Bang 3. So sanh tinh chit bun sau xit Iy véi ngudng chit thai nguy hai

Thong sb Don vi Bun Ho6 1 Bun H6 2 Ngudng CTNH (mg/L) Ghi chu

pH - 7,29+0,11 7,05+0,05 <2hodc > 12,5 An toan
As ppm 28,5+5,2 27,054 > 5,0% An toan
Cd ppm 1,9+0,2 0,4+0,0 >1,0% An toan
Pb ppm 9,8+0,9 30,5+0,6 > 5,0% An toan
Cr ppm 72,9+12,8 66,1+3,3 >5,0% An toan
Hg ppm 0,5+0,1 - >0,2% An toan
Co ppm - - > 80* An toan

(-) Khong phit hién; * Ngudng quy dinh theo ndng d6 ngam chiét (mg/L) theo QCVN 07:2025/BNNMT. Dya
trén ty 1é dung dich chiét : chit rin = 20:1 ctia phuong phap ngam chiét USEPA Method 1311 [14] va TCVN
9239:2012 [15], v6i ham lugng téng s (ppm) dudc chia cho 20 d& uéc tinh ndng dd ngam chiét (mg/L).

3.2. Ddnh gid khd ndng tdi sit dung bin ho sau xit Iy lam vt liéu san ldp

DE ¢6 thé duge TSD lam vat liéu san 14p (dit ton nén), bun HDT phéi ddp ting dong thai hai diéu
kién 1a: (i) An toan, khong gy 6 nhiém thi cip, theo quy dinh vé chit luong mai trudng dit (QCVN
03:2023/BTNMT) [17] va (ii) Pat yéu cau vé dAm nén, &n dinh nén méng (TCVN 4447:2012) [18].
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Bang 4. So sanh ham lugng kim loai ning ctia bun hd vé6i chét lugng méi trudng dét

Yéu cau vé chit luong mdi truong dat

Thong s6 Chat lugng bun ho QCVN 03:2023/BTNMT [17]
(mg/kg kho) N N P . P . P .
Bun Ho 1 Bun Ho 2 bat loai 1 bat loai 2 bat loai 3

cd 1,940,1 0,420,0 4 10 60
Cu 154,0+20,9 25,1484 150 500 2000
As 28,5452 27,045.4 25 50 200
He 0,520,1 ; 12 30 60
Pb 9,8+0,9 30,5406 200 400 700

Téng Cr 72,9+12,8 66,1433 150 200 250
Zn 801,1+132,0  542,7+52.6 300 600 2000
Ni 35,6450 24,742.9 100 200 500

Ghi chi: Theo QCVN 03:2023/BTNMT [17]:

- Pit loai 1: dit nong nghiép; nuoi trong thiy san; 1am mubi; dit & tai nong thon, do thi; san xuét
VLXD, lam db gém; dit c6 di tich lich td, vin héa, danh lam th.'fmg canh, sinh hoat cong déng, chg,
cong trinh cong cong khac.

- Pit loai 2: dit ring; dit xay dung tru s co quan, cong trinh sy nghiép; thuong mai, dich vu;
cong trinh ning lugng, buu chinh, vién thong; dat co 6 ton gido, tin ngudng, dinh, dén,. .. dit song,
ngoi, kénh, rach va mit nuéc chuyén dung; nghia trang, nghia dia, nha tang 1, hoa tang; dat phi nong
nghiép khac.

- Pét loai 3: dét sit dung cho muc dich qudc phong an ninh; khu cong nghiép, cum cong nghiép,
khu ché xuit; co s& san xult phi nong nghiép; hoat dong khodng san; cdc cong trinh giao thong; bai
thai, xi 1y chét thai; dit chua dua vao st dung theo quy dinh ctia phap luat vé dat dai.

Mic dit BLTC rat hiéu qua trong giam do 4m va khodng héa chét hitu co, cic nguyén t6 KLN vin
con tich tu lai trong bun sau xir ly. Két qua ddi chiéu véi QCVN 03:2023/BTNMT (Bang 4) cho thiy
hai nhém hd c6 dinh huéng 1am vat liéu san lap khac nhau.

V6i bun Ho 1 (hd Bdy Miu), ham lugng Kém (Zn) dat 801,1 mg/kg, vuot qua gii han cho phép
ddi véi dat loai 1 (300 mg/kg) va dat loai 2 (600 mg/kg). Ham luong Pdng (Cu) dat 154,0 mg/kg va
Asen (As) dat 28,5 mg/kg, déu vugt nhe so véi ngudng quy dinh ctia Pt loai 1 nhung vin nim trong
gi6i han an toan ctia dat loai 2 va 3. Céc kim loai con lai (Cd, Hg, Pb, Cr, Ni) déu & miic thap, dat
chuén dt loai 1. Pic diém tich liy KLN trén hoan toan tuong dong véi 60 mau bun thai thoat nudc
tai Da Ning [11]. Nhu viy, chi nén TSD bun Hb 1 truc tiép lam dat san nén, vat liéu san 14p cho muc
dich qubc phong an ninh, khu cong nghiép, co sé san xult phi nong nghiép va cac bai thai, x{ 1y chit
thai véi gidi han Zn cho phép 1én t6i 2000 mg/kg. PE ddm bao an toan, cb dinh KLN, vit liéu san nén
nay can trai qua qua trinh &n dinh, héa ran bang xi ming nhu d& xuit v6i bun chua qua xi 1y tit hd Tay
va hd Hoan Kiém [9] hoiic trAm tich 1am 16p nén dudng [24]. Mot cach khac 1a phdi tron 1am gach 14t
nén d€ toi uu héa hiéu qua kinh té [5].

Vi bun Ho 2 (hdé Kim Lién nhé) con tiép nhan nudc thdi chua qua x& 1y, ham lugng KLN thap
hon so véi bun Hd 1. Hau hét cac chi tiéu KLN (bao gdm Cd, Cu, Hg, Pb, Téng Cr va Ni) déu c6 ndng
dd thap va ddp ting hoan toan gii han nghiém ngit nhit ctia dat loai 1 (dAt ndng nghiép, dat &). Tuy
nhién, ham lugng Asen (27,0+5,4 mg/kg) vudt nhe so véi ngudng dat loai 1 (25 mg/kg). Pong thdi,
kém tich iy & mic 542,7+52,6 mg/kg, vugt ngudng dat loai 1 (300 mg/kg) nhung van thip hon gidi
han ctia dét loai 2 (600 mg/kg). Ham lugng KLN trong bun hd Kim Lién nhé thip hon trong bun ho
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Bay Mau. H6 Kim Lién nhd chua tiing dudc nao vét trong nhiéu thap ky nén bun phan bb phan tdn
trong 1ong va bs hd. Do tich tu trong thdi gian dai, bun bi phan hity yém khi. Pdng thdi, hd chi yéu
tiép nhan nudc thai sinh hoat quy mo hd gia dinh nén bun ¢6 ham lugng hitu co cao va it chita KLN
tif hoat dong san xuét cong nghiép. Nhin chung, bun Ho 2 (hdé Kim Lién nhd) c6 tiém ning TSD cho
dét loai 2, cu thé 1 1am vat lidu san nén cho cdc cong trinh xdy dung tru sé co quan, khu thuong mai,
dich vu, cong trinh ning ludng hoic dit phi ndng nghiép khac.

Mat do VSV chi thi trong bun Ho 1 déu giam vdi tdng Coliform con trén 10 MPN/g bun kho, E.
coli dat du6i 10 MPN/g bun kho. Véi bun Ho 2, tdng Coliform giam con khoang 10 MPN/g bun kho
va khong phat hién dugc E. coli. Két qua trén cho thiy xét vé mit VSV, hai loai bun Ho 1 va Ho 2 déu
dam bao an toan cho qua trinh TSD sau nay.

Hién nay, chua c6 tiéu chuin cu thé ndo vé yéu cau k§ thuat chét lugng ctia bun thii cho muc dich
lam vat liéu san 14p, ton nén. Tuy nhién, khi 1am vAt liéu san 14p, bun thai cAn d4p ting thanh phan hat,
do 4m, do chit va cic chi tiéu khac theo TCVN 4447:2012 vé cong tac dat-thi cong va nghiém thu.
Theo Bang 33 ctia TCVN 4447:2012, d6 4m khdng ché ciia céc loai dat san nén nam trong khoang
8-25% [18]. Trong khi d6, bun Hd 1 c6 dd 4m 36,5%=+0,8% nén khong thich hop thi cong ddm nén
ngay ma can phoi kho thém hoic tron cling céc c6t lidu khéc (c4t, dat sach) d€ gidm do 4m [5]. Bun
Hb 2 c6 d6 4m 17,2%=+1,6%, phu hop véi da s6 loai vat liéu san nén. Vi thé, bun Hd 2 c6 thé dugc
dua vao thi cong ngay ma khong can phoi siy thém, gidm bét chi phi vé ning lugng. Tuy nhién, rao
can chung ctia ca hai loai bun trén 13 ham lugng chit hitu co con khé cao (6,2-8,3%), dé bi phan hiy
sinh hoc va giy sut ltin nén méng.

D€ ting cudng kha ning ctia bun hd sau xi Iy bang BLTC cho muc dich san 1ip, ton nén, c6 thé
4p dung mot sb gidi phdp sau:

- San 14p tryc tiép: Gidi han ting dung 1am dét tao canh quan, trong cdy xanh, hoiic can phdi tron
thém cat, dit sach, xi d€ gidm ty 1& hitu cd trude khi lu 1én dét nén.

- On dinh, héa rin: Déi véi bun H) 1, d€ gidm do 4m, khéa chit KLN va céi thién stc chiu tai,
bun can dudc tron véi xi ming, tro bay [9, 24].

3.3. Ddnh gid khd ndng tdi sit dung bin ho trong sdn xudt gach nung va khong nung
a. San xuit gach nung

Riii ro méi trudng do 1o ri KLN tit buin HPT ¢6 thé dugc kiém soat néu st dung bun 1am nguyén
liéu san xuét gach nung. Qud trinh nung két & nhiét do cao (trén 900 °C) sé 1am néng chay cic khodng
chét silicat, khéa chit cac ion KLN nhu K&m vao ma tran tinh thé gbm bén viing [5, 11, 25, 26]. Két
qua phan tich thanh phan oxit va chit hitu co (OM) ctia hai bun ho va so sanh vé6i yéu cau 1am gach
dét sét nung, gdm xay dung dugc thé hién trong Bang 5.

Két qua tif Bang 5 cho thiy c4 hai loai bun déu s6 hitu ham lugng SiO» rit cao, dat 64,8% & bun
Hb 1 va 65,8% & bun Hd 2, ddp dng yéu ciu d6i v6i dit sét 1am nguyén liéu gdm xay dung theo TCVN
6300:1997 [19]. Ham lugng SiO; cao 1a bd khung, gidp gach gitt dudc hinh déng ciu tric va han ché
t6i da dd co ngét khi say nung. Mit khéc, bun Ho 1 va Ho 2 ¢6 chida Fe,O3 tuong ting 1a 2,06% va
3,18%, gitip tao mau gach dd dep, bén, dic trung va 1am chét tr¢ chay, gitp ha nhiét 46 nung. Tuy
nhién, ham lugng Al,O3 ctia hai mau bun kh4 thap, 1an ludt 12 2,83% va 3,69% nén khong dat ngudng
trén 19% dé 1am nguyén liéu gbm st. Do d6, gidng nhu bun tif séng, muong, kénh thodt nudc do thi,
c4 hai loai bun trén, déu 12 ngudn nguyén liéu phbi tron tdt, c6 thé thay thé mot phan dat sét trong san
Xudt gach [27].

Theo s6 liéu phan tich tif Bang 5, bin Ho 1 ¢6 ham lugng chit hitu co (OM) 1a 8,33% va bun Ho
2 12 6,20%. Ludng chit hitu co ndi tai nay vita hoat dong nhu chit tao 16 xdp, 6 tic dung cach nhiét
trong qua trinh nung két, vita déng vai trd nhién liéu cip nhiét phu trg. Pic tinh trén dudc st dung
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khi lam gach nung tt bun Ho 1 (Biy Mau) sau xt ly bang BLTC [26]. Nhém téc gia da phdi tron 27%
biin hd va 18% vo triu dé thay thé 45% dit sét, nung & nhiét do 950 °C. Ty 1& phbi tron trén gitip tiét
kiém t6i 41% ning lugng tiéu thu va giam 2,3 1an lugng phat thdi CO,. Chit hiiu co trong bun va v
trau bi thiéu chdy, tao ra cac 16 réng vi mo, gitip giam khoi luong riéng biéu kién va ting cudng kha
ning cach nhiét ciia gach [27, 28]. Lugng sét oxit va chét hitu co ¢6 sén trong bun 13 yéu t6 quan trong
gitip dam bio céc chi tiéu co 1y (cudng dd nén, do hiit nudc) theo yéu cau ctia gach thanh pham [20].

Bang 5. So sanh thanh phan oxit va chét hitu co clia bun hd v6i yéu ciu ctia dat sét trong gdm xay dung

Gia tri theo

Thong s6 BunHo6 1 Bun Ho 2 TCVN 6300:1997 [19] Ghi chu
SiO, 64,8% 65,8% 50-70% Dbat
Al O3 2,83% 3,69% >19% Khong dat
Fe, 03 2,06%  3,18% <5% (dc:“)i véi gach &p xuong trang) Dat yéu c?lu) véi gach
< 2% (doi v6i st vé sinh) Op Xuong trang

Chithituco  8,33% 6,20% Khong quy dinh

Can luu y 12 ty 1& bun thay thé khong nén vudt qua 40% vi c6 thé 1am ting do hiit nudc va giam
cudng do chiu nén ctia gach. V6i phuong phap ép déo san xuét gach gbm tai Viét Nam, ty 1& thay thé
t6i vu ctia bun song, kénh muong thoat nudc do thi nén nim trong khoang 10-30% [28]. Ty 1é trén
gitip san pham gach ddp ng yéu cau Méc 75 va kiém soat d hit nuéc an toan & mic 11-16% [27].
Ty 18 phéi tron trong thit nghiém lam gach nung tir bun Ho 1 (hd Bay Mau) 1a 27% [26] va hoan toan
phil hop véi ty 1& dé xuét trén [27].

b. San xuét gach khong nung

Bun hd c6 thé duge TSD lam gach dat nén khong nung bang cach ép co hoc két hop véi cac chét
két dinh nhu xi ming. Pay 1a giai phap vat liéu than thién véi moi truong, gitip tiét gidm dang ké
lugng ning lugng tiéu thu va khi thai so v6i cong nghé san xuat gach nung truyén thdng [8]. So sanh
gitta hai bun HDT cho thiy, bun Ho 2 ¢6 dd 4m phut hdp cho san xuit gach (thudng yéu cau 15-22%),
ham lugng chit hitu cd va KLN thip hon bun Ho 1. Bién phap xi ming héa ran sé khéa KLN tif bun
Hb 2 vao két cAu gach, han ché ro i ra bén ngoai. Vi thé, huéng TSD lam gach dit nén khong nung
s& phit hop hon vé6i bun Ho 2. Vé6i bun Ho 1, nén wu tién 1am gach nung d€ tin dung tdi da ham luong
chét hifu cd cao va qua trinh khéa KLN nhd nung két & nhiét do cao.

3.4. Khd ndng sdn xudt cét liéu va phu gia khodng

Qua trinh thim loc trong BLTC véi bun HPT da rita tréi phan 16n cac hat sét min, gif lai cic hat
cat tho trong khoi bun cubi. Két qua phan tich (Bang 6) cho thiy ca hai nhém bun déu cé luong sét
tich liy trén sang véi kich thuéc mat sang > 0,1 mm vugt miic 81% va ham lugng hat min 0,075 mm
du6i 16%, dap ting tiéu chi c4t nghién thd danh cho bé tong va vita theo TCVN 7570:2006 va TCVN
9205:2012 [21, 22]. Ham lugng hitu cd (OM) ctia bun hd Bay Mau (8,3%) va bun hd Kim Lién nho
(6,2%) sau khi 1am kho va 6n dinh nhd BLTC vAn & mtc cao so véi cdt liéu danh cho bé tong va vita.
Vi thé, d€ khong anh hudng xAu dén chit lugng bé tong va vita, ham lugng hitu cd trong bun can tiép
tuc dudc loai bd, ddp ting theo TCVN 7570:2006 [21]. Néu dung bun HDT lam cbt liéu cho bé tong
va vifa, can tién hanh xi Iy bd sung (nung, oxy héa, geopolymer, riia) hoic chi thay thé mot phan nhod
cbt lieu min, két hop vdi cat, da dim dat chuan [8, 23].
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C}11 t1e'u/ Tl/eu chuan Y?u caAu Bin L 1 Bin L 2
danh gia ap dung ky thuat
Thanh TCVN Lugng sét tich liy trén Lugng s6t ridy Lugng sot ray
phanhat  9205:2012  rdy 0,14mm ti¥ 80-95% 0,10mm dat 81,8— 0,10mm dat 94,9-
(cat thd) hodc 65-85% 99,4%. 99,4%.
(cat min)
Ham lugng hat min qua Hat min < 0,Imm Hat min < 0,Imm
sang 0,075mm < 16% chi chiém khoang chi chiém khodng
(cat tho) hodc < 25% (cat  0,6-18,2%. 0,6-5,1%.
min).
Chit hiiu TCVN Thi  nghiém  bing 8,33% 6,20%
co (OM)  7570:2006  phuong phap so mau,

khong dugc thAm hon
mau chuin

San xuét cbt liéu nhe: Bun hd c¢6 ham lugng SiO; cao (64,8-65,8%) va ham ludng chit bay hoi
(VS) phtt hop (7,5-10,1%). Thanh phan trén tao diéu kién thuan 10i cho qu4 trinh nung & nhiét do
1100-1200 °C, tao ra c6t liéu nhe ¢ ciu tric x6p va ché tao thanh 16p vat liéu nén trong hé thong
mai nha xanh [29, 30]. Cét liéu nhe dugc tdi st dung ti bun hd chifa da gitip cai thién kha niing thim,
git nudc, giam dong chay tran bé mit va hd trg cach nhiét hiéu qua [8, 31]. Nhd viy, vat liéu tai st
dung it bun ho c6 thé nang cao hiéu qua hoat dong clia hé thdng cong trinh xanh. Bun hai HPT sau
tach nudc bang BLTC trong bai bdo nay cé do 4m thip hon so véi cic loai bun dudc dé cap tir cic
nghién ciu trén. Vi thé, khi dugc ting dung tuong tu sé gidm bt dudc yéu cau phoi siy hon, ddm bio
yéu cau tiét kiém ning lugng trong hé thdng cong trinh xanh.

Phu gia khodng cho xi ming va bé tong: Véi thanh phan SiO; va Al,O3 (2,8-3,7%), bun ho thé
hién tiém niing hoat tinh héa hoc pozzolan sau khi dugc hoat héa nhiét [23]. TrAm tich dugc xi ly
nhiét bang cach nung & 850 °C trong 1 gid va phat sinh hoat tinh héa hoc (pozzolanic). Khi thay thé
8% va 15% luong xi ming, cudng do chiu nén clia vita van dudc bio dim. Vi ty 1é thay thé 1a 8%,
vita con cho cudng dd cao hon mau dbi chiing nhd co ché hiéu ng 14p day vi hat va hoat tinh héa
hoc néu trén. Vi thé, c6 thé thay thé tir 10-20% khdi lugng xi ming trong cAp phdi ma van duy tri
hoic gia ting cudng do co hoc ctia san phadm [23]. Trong nghién ciu nay, khi nung bun ho sau xi ly
bang BLTC, cic khoang sét tinh thé bi vo dinh hinh héa, hinh thanh silica hoat tinh. Silica va alumin
& trang thai vo dinh hinh trong phu gia khoang sé tham gia phan ung thi cAp véi Ca(OH), sinh ra
tif qud trinh thldy héa xi ming, tao thanh chit két dinh C-S-H va mot phan C-A-H. Trong d6, C-S-H
12 pha chi yéu déng goép vao cudng do nén cia vt liéu. Véi ham luong Al,O3 thip (<4%), cac pha
aluminat van c6 thé tham gia tao mot lugng nhé cac pha giau Al (C-A-H hoic C-S-H chita alumin)
va déng vai trd bd trg trong tao cudng do nén. Ngoai ra, phan hat bun nung it hoic khong phan tng
dong vai tro vi hat lap day, 1am dic vi cAu triic va hd trg gia ting cudng do.

3.5. Dé xudt gidi phdp tdi sit dung cho titng nhém bin ho do thi

Dua trén cdc dic tinh cd 1y, héa hoc va VSV, nghién ciiu dé xuét cac huéng TSD cho tiing nhém
bun HPT sau khi xi 1y bang BLTC cu thé nhu sau (Bang 7):

49



Anh, T. T., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

Bang 7. D& xuit dinh hudng tdi st dung cho titng nhém bun hd do thi Ha Noi sau xit Iy bang bai loc trdng cay

Nhom e o binh hudéng Giai phap ky thuat

bun hd Dac diém bun tai st dung khac phuc
Nhom 1: - Khong phai chit thdi Vat liéu san l4p - Phoi kho thém hodc tron cit,
Bun  hd nguy hai; cho dét loai 3 (khu dﬁE sach dé gidm 4m.
da  tich -Po dm: Khd cao (36,5%). cong nghiép, bai - On dinh, hda rin biang xi ming,
nuée thai, - KLN: Tich tu vugt thai, cdéng trinh tro bay dé ting sifc chiu tii va cb

nao vet

ngudng dat loai 1,2

giao thong, quéc

dinh KLN.

dinh  ky - Chét hitu co (OM): Cao phong...).
(}}I)(;)al dg;; fl(;{lhgﬂﬁrgéﬁﬁ’ﬁzz'lu(mg V/ét liéu nung: gach - Vdi gach n}mg: Nung & nhiét do
8 . ) _ . ©  datsétnung, cotliéu > 900°C dé khoa chat ion KLN
Mau) SiO; cao (64,8%) va ty 1& . o % ~ £
o nhe. vao tinh thé gom. Tan dung chat
hat tho I6n. hitu co lam chit tao 16 xdp va
nhién liéu phu trg. Ty 1& phdi
tron thay thé dat sét: 10-30%.
- V6i cbt liéu nhe: Nung & 1100—
1200°C d€ tao céu triic xbp. Do
4m thip ctia bun gitp gidm nhu
cAu ning ludng siy so bo.
Phu gia khoang cho - Hoat héa nhiét (nung 6 850°C)
xi ming va bé tdng.  va thay thé 10-20% xi ming
Nhom 2: - Khong phai chétthdinguy Vatliéusannéntryc - C6 thé khong can phdi sdy
Bun ho hai; tiép cho dat loai 2 thém.

tiép nhan
nudc

- Po &m: Thip (17.2%),
phtt hop thi cong dam nén

(cong trinh thuong
mai, dich vu, dét

- On dinh, héa rin bang xi ming,
tro bay dé ting sic chiu tai va cb

thai, it ngay, san xuét gach riing, cong vién) dinh KLN.

1(1;(; vet _,KLl\AI: Nkon(gaﬂdc_l) th.ag » ddp Nguyén liél} san Ep co hoc két hop véi chit két
N N ung }:eu cad atloat 2. . xuat gach dat nén dinh nhu xi mang.

dién: HO - Chit hitu co (OM): Thip khong nung (CEB)

Kim Lién  hon bun nhém 1 (6,20%). : -

nhd) - Thanh phin: Ham lugng Sdn xudt gach nung, Tuong ty nhu véi bun HO 1.

SiO; cao (65,8%), ty 1€ hat
cat tho 16n (lugng sot ray >
0,Imm dat 94,9-99,4%).

cbt liéu nhe va phu
gia khoang cho xi
mang va bé tong

Véi nhém Hd 1 (Hd da tach nude thai, nao vét dinh ky, dai dién 12 hd Bay Mau): Dic trung 16n
nhét ctia biin nhém ho nay 1a su tich tu KLN, dic biét 1a Kém (Zn) vuodt ngudng dat loai 1 va 2, cing
v6i dd 4m con kha 16n (36,5%). Hudng TSD an toan va mang lai gid tri cao nhét 1a 1am nguyén liéu
san xuit vat liéu nung, dién hinh 12 gach dét sét nung va c6t liéu nhe. Qua trinh nung két & nhiét do
cao (trén 900 °C) sé lam néng chay cac khoang chit silicat, khéa chit cac ion KLN vao ma tran tinh
thé gbm bén viing, loai bd rii ro ria trdi ra moi trudng. Pong thdi, ham lugng chét hitu co 16n (8,33%)
sé 12 chét tao x6p va nhién liéu phu trg, gitip tiét kiém ning lugng. Néu TSD lam vat liéu san 14p, bun
nhém 1 chi dugc ting dung cho dit loai 3 theo QCVN 03:2023/BTNMT (khu cong nghiép, bai théi,
cong trinh giao thong, qubc phong an ninh, ...) hodc bat budc phai 6n dinh, héa rin bing xi ming dé
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cai thién stc chiu tai va cd dinh KLN.

Véi nhém Ho 2 (Ho tiép nhan nuéc thai, it nao vét, dai dién 12 hd Kim Lién nhé): Bun tif nhém ho
nay c6 do 4m thip (17,2%) va ham luong KLN (Cd, Cu, Hg, Pb, Cr, Ni) & miic thAp. Nhém nay dip
\ing tiéu chudn dit loai 2, phu hop lam vt liéu san nén truc tiép cho cac cong trinh thuong mai, dich
vu, cong trinh ning lugng hodc 1am dét riing, cong vién. Bun hd nhém 2 ciing thich hop cho sin xuét
cbt liéu nhe hoic 1am gach dét nén khong nung bang cach ép cd hoc véi xi ming. Tuy nhién, can luu
y ty 1& phéi tron khi sit dung 1am cdt lidu cho bé tong do ham luong hitu co c6 thé can trd qua trinh
thdy hda xi mang [8, 23].

4. Két luan

Nghién citu da khang dinh BLTC la giai phdp x Iy hiéu qua theo hudng sinh thai, gitip lam kho
va 6n dinh dic tinh ctia bun HDT tai Ha Noi. Panh gia chat lugng bun sau xt 1y cho thiy:

- Bun ho tir ca hai nhém (da tach va chua tach nu6e thai) déu c6 ndng dd thap cic CTNH, khong
thudc nhém chét thai nguy hai va c6 thé duge TSD theo dinh hudng san xuit VLXD. Tuy nhién, ham
lugng KLN tich lity trong bun HPT di tach nudc thai (bun nhém 1) ¢6 xu huéng cao hon, két ciu hat
min hon so v6i bun HDT chua tach nudc thai va it/khong nao vét (bun nhém 2).

- Pbi v6i dinh huéng lam vit liéu san 1ip, bun HDT nhém 1 phii hop vé6i dét loai 3 theo QCVN
03:2023/BTNMT, cu thé 1a cho muc dich qudc phong an ninh; khu cong nghiép, cum cong nghiép,
khu ché xuit; cd s& san xuit phi nong nghiép; hoat dong khodng san; cdc cong trinh giao thong; bai
thai, xtt ly chét thai; dt chua dua vao sit dung theo quy dinh ctia phép luat vé dét dai. D& ddm béo tinh
cd ly ctia dt san nén va han ché riia tr6i KLN tlf bun nhom 1, cin c¢6 bién phap 6n dinh, héa ran bun
bing xi ming. Trong khi d6, bun HDT nhém 2 ¢6 thé san l4p truc tiép cho dét loai 2, 4p dung cho dét
riing; dAt xay dung tru sé co quan, cdng trinh su nghiép; thuong mai, dich vu; cong trinh niing luong,
buu chinh, vién thong; dit co s ton gido, tin ngudng, dinh, dén,...; dat song, ngoi, kénh, rach va mat
nudc chuyén dung; nghia trang, nghia dia, nha tang 1, hoa tang; dat phi ndong nghiép khac.

- V6i ham lugng SiO, cao (64,8—65,8%), thanh phan hat tho 16n va luogng hitu cd phu hdp, bun
HDT c6 thé thay thé mot phan dét sét trong phuong phap déo (c6 thé 1én dén 30%), san xuét cbt liéu
nhe x6p va phu gia khodng pozzolan cho bé tong, xi ming.

Trong nén kinh té tuin hoan hién nay, can chuyén dich huéng tiép can, coi bun HPT 12 ngudn tai
nguyén. Tuy nhién, d€ trién khai TSD bun HPT trén thuc t&, can tién hanh thém c4c nghién ciiu danh
gi4 vong doi va phan tich hiéu qué kinh t& & quy mo ban cong nghiép. Pdong thdi, kién nghi cic co
quan quan 1y can sém ban hanh huéng din ky thuat va khung phap ly cu thé cho viéc phan loai, phbi
tron va TSD bun HDT lam nguyén liéu san xuét VLXD.

Loi cam on
Tac gi& chan thanh cam on sy hd trg ky thuét tit Phong thi nghiém Cong nghé Moi trudng xanh va
tai ché chét thai (GreenLab), trudng Pai hoc Khoa hoc Tu nhién, Pai hoc Qudc gia Ha Noi. Nghién
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ma s6 06-2025/KHXD-TD.
Tai liéu tham Khao
[1] Ha, T. (2016). Hé do thi: Qudn Iy ky thudt va kiém sodt 6 nhiém. Nha xuit ban Xay dung, Ha Noi.
[2] Ban Duy tu céc cong trinh ha ting k¥ thuat do thi (2019). Céng tdc qudn Iy cdc ho khu viec néi thanh Ha
Noi. Ha Noi, Vist Nam.
[3] Phat, N. (2024). Nghién citu thicc trang phdt sinh bin thdi tir hoat dong nao vét séng, ho ndi do tai mot
50 thanh phé & Viét Nam va dé xudt gidi phdp tdi sit dung. Luéan viin Thac si, Trudng Pai hoc Khoa hoc
Tu nhién, Pai hoc Quéc gia Ha Noi.

51



(4]
(5]

(6]

(7]
(8]

[9]

(10]

(11]

[12]
(13]
(14]
[15]
[16]
(17]

(18]
[19]

(20]
(21]

[22]

(23]

[24]

[25]

[26]

Anh, T. T., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

Anh, T., Huyén, b., Khii, N. (2024). Co sé khoa hoc va thuc tién dé ting dung bai loc trong cay xit 1y bun
hd d6 thi Ha Noi. Tap chi Xdy dung, (06/2024):161-165.

Wang, L., Chen, L., Tsang, D., Li, J., Baek, K., Hou, D., Ding, S., Poon, C. (2018). Recycling dredged
sediment into fill materials, partition blocks, and paving blocks: Technical and economic assessment.
Journal of Cleaner Production, 199:69-76.

Svensson, N., Andersson-Skold, Y., Fedje, K., Froling, M., Gronhild, R., Helgesson, S., Stripple, H.
(2022). Integrated cost and environmental impact assessment of management options for dredged
sediment. Waste Management, 138:30—40.

Solanki, P., Jain, B., Hu, X., Sancheti, G. (2023). A review of beneficial use and management of dredged
material. Waste, 2(4):815-840.

Foit, J., Sal, J., Sdl, J., Zizkova, N., Podolka, L., Cerny, R. (2025). Potential of water sediments in
construction materials: Current approaches and critical consideration of future challenges. Heliyon, 11
(1):e41121.

Thuc, P., Dong, P. (2020). Reusability of muds dredged from lakes in Hanoi City from its geotechnical
engineering characteristics. CIGOS 2019, Innovation for Sustainable Infrastructure, Springer Singapore,
805-810.

Anh, T., Ha, T., Huyén, D., Khai, N. (2022). Nghién ctiu thanh phan hod hoc chii yéu ctia bun tram tich
hd d6 thi Ha Noi. Tap chi Cdp thodt nudc Viét Nam, 139(3):66-71.

Huan, N., Phat, N., Hang, T., Trang, H., Mau, T., Khai, N. (2024). Properties and Potential Application
of Urban Sewage Sludge as Construction Material in Da Nang City. VNU Journal of Science: Earth and
Environmental Sciences, 40(1):24-33.

Gholipour, A., Fragoso, R., Duarte, E., Galvao, A. (2022). Sludge Treatment Reed Bed under different
climates: A review using meta-analysis. Science of The Total Environment, 843:156953.

Anh, T., Huyen, D., Ha, T., Khai, N. (2022). Dewatering of urban lake sediments using constructed
wetlands: A case study in Hanoi. International Journal of GEOMATE, 23(99):100-107.

United States Environmental Protection Agency, EPA Method 1311 (2012). Toxicity Characteristic
Leaching Procedure (TCLP). Washington, DC.

Bo6 Khoa hoc va Cong nghé, TCVN 9239:2012 (2012). Chdt thdi rin-Phwong phdp xdc dinh khd ndng
hoa tan. Ha Noi.

B0 Tai nguyén va Mai trudng, QCVN 07:2025/BNNMT (2025). Quy chudn ky thudt qudc gia vé ngudng
chdt thdi nguy hai. Ha Noi.

Bo Tai nguyén va Moi trudng, QCVN 03:2023/BTNMT (2023). Quy chudn ky thudt quc gia vé chdt
luwong ddt. Ha Noi.

Bo6 Khoa hoc va Cong nghé, TCVN 4447:2012 (2012). Cong tdc ddt-Thi céng va nghiém thu. Ha Noi.
Bo Xay dung, TCVN 6300:1997 (1997). Nguyén liéu dé’ sdn xudt sdn phdam gém xdy dung-Pdt sét-Yéu
cdu ky thudt. Ha Noi.

Bo Xay dung, QCVN 16:2023/BXD (2023). Quy chudn ky thudt qudc gia vé sdn phdm, hang hoa vdt liéu
xdy dung. Ha Noi.

Bo Khoa hoc va Cong nghé, TCVN 7570:2006 (2006). Cét liéu cho bé tong va vita - Yéu cdu ky thudt.
Ha Noi.

Bo6 Khoa hoc va Cong nghé, TCVN 9205:2012 (2012). Cdt nghién cho bé téng va vita. Ha Nbi.
Benzerzour, M., Amar, M., Abriak, N. (2017). New experimental approach of the reuse of dredged
sediments in a cement matrix by physical and heat treatment. Construction and Building Materials, 140:
432-444,

Nontananandh, S., Khumsuprom, N., Thongdetsri, T., Jotisankasa, A., Chaiprakaikeow, S., Inazumi, S.
(2025). Sustainable Utilization of Dredged Sediments and Water Treatment Sludges as Construction
Materials Through Combined Dewatering and Cement Stabilization Techniques. Recycling, 10(1):22.
Zhang, Y., Jia, L., Mei, H., Cui, Q., Zhang, P., Sun, Z. (2016). Fabrication, microstructure and properties
of bricks fired from lake sediment, cinder and sewage sludge. Construction and Building Materials, 121:
154-160.

Tong, K., Dang, H., Tran, T., Tran, H., Cai, A., Nguyen, K. (2026). Green brick production from rice

52


https://doi.org/10.1016/j.jclepro.2018.07.165
https://doi.org/10.1016/j.jclepro.2018.07.165
https://doi.org/10.1016/j.wasman.2021.11.031
https://doi.org/10.1016/j.wasman.2021.11.031
https://doi.org/10.3390/waste2040047
https://doi.org/10.3390/waste2040047
https://doi.org/10.1016/j.heliyon.2024.e41121
https://doi.org/10.1016/j.heliyon.2024.e41121
https://doi.org/10.25073/2588-1094/vnuees.5190
https://doi.org/10.25073/2588-1094/vnuees.5190
https://doi.org/10.1016/j.scitotenv.2022.156953
https://doi.org/10.1016/j.scitotenv.2022.156953
https://doi.org/10.21660/2022.99.3644
https://doi.org/10.21660/2022.99.3644
https://doi.org/10.1016/j.conbuildmat.2017.02.142
https://doi.org/10.1016/j.conbuildmat.2017.02.142
https://doi.org/10.3390/recycling10010022
https://doi.org/10.3390/recycling10010022
https://doi.org/10.1016/j.conbuildmat.2016.05.155
https://doi.org/10.1016/j.conbuildmat.2016.05.155
https://doi.org/10.1080/10962247.2026.2615205
https://doi.org/10.1080/10962247.2026.2615205

[27]

(28]

[29]
(30]

(31]

Anh, T. T., va cs. / Tap chi Khoa hoc Cong nghé Xay dung

husk and lake sediment: Energy consumption and optimization. Journal of the Air & Waste Management
Association, 1-15.

Hoa, N., Linh, N., Tiép, T. (2021). Nghién ctfu sit dung bun thai do thi da x 1y ché tao gbm tudng theo
phuong phap déo. Tap chi Khoa hoc Cong nghé Xdy dung (STCE) - Truong Pai hoc Xdy dung Ha N,
15(6V):23-32.

Hoa, N., Huan, N., Quan, T., Hoan, V. (2021). Nghién ctu st dung bun thai nao vét song Nhué ché tao
gbm tudng theo phuong phap tao hinh ban kho. Tap chi Khoa hoc Cong nghé Xay dung (STCE) - Truong
Dai hoc Xdy dung Ha Ngi, 15(6V):12-22.

Chiou, I., Wang, K., Chen, C., Lin, Y. (2006). Lightweight aggregate made from sewage sludge and
incinerated ash. Waste Management, 26(12):1453-1461.

Liu, R., Coffman, R. (2016). Lightweight Aggregate Made from Dredged Material in Green Roof
Construction for Stormwater Management. Materials, 9(8):611.

Bhairappanavar, S., Liu, R., Coffman, R. (2018). Beneficial Uses of Dredged Material in Green
Infrastructure and Living Architecture to Improve Resilience of Lake Erie. Infrastructures, 3(4):42.

53


https://doi.org/10.1080/10962247.2026.2615205
https://doi.org/10.1080/10962247.2026.2615205
https://doi.org/10.1080/10962247.2026.2615205
https://doi.org/10.31814/stce.huce(nuce)2021-15(6V)-03
https://doi.org/10.31814/stce.huce(nuce)2021-15(6V)-03
https://doi.org/10.31814/stce.huce(nuce)2021-15(6V)-02
https://doi.org/10.31814/stce.huce(nuce)2021-15(6V)-02
https://doi.org/10.1016/j.wasman.2005.11.024
https://doi.org/10.1016/j.wasman.2005.11.024
https://doi.org/10.3390/ma9080611
https://doi.org/10.3390/ma9080611
https://doi.org/10.3390/infrastructures3040042
https://doi.org/10.3390/infrastructures3040042

	1 Giới thiệu
	2 Đối tượng và phương pháp nghiên cứu
	2.1 Đối tượng nghiên cứu
	2.2 Mô hình thí nghiệm
	2.3 Phương pháp phân tích
	2.4 Phương pháp ước lượng nồng độ ngâm chiết kim loại nặng
	2.5 Phương pháp so sánh và đánh giá

	3 Kết quả và thảo luận
	3.1 Đánh giá tính chất nguy hại của bùn hồ sau xử lý
	3.2 Đánh giá khả năng tái sử dụng bùn hồ sau xử lý làm vật liệu san lấp
	3.3 Đánh giá khả năng tái sử dụng bùn hồ trong sản xuất gạch nung và không nung
	a Sản xuất gạch nung
	b Sản xuất gạch không nung

	3.4 Khả năng sản xuất cốt liệu và phụ gia khoáng
	3.5 Đề xuất giải pháp tái sử dụng cho từng nhóm bùn hồ đô thị

	4 Kết luận

