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Tom tdt

Chdt thdi y té (CTYT) tai TP. H6 Chi Minh (HCM) tang nhanh, trung binh 33 tdn/ngay tif hon 8.000 co sd,
gay ap lyc 16n cho hé thong xi ly (S6 Tai nguyén va Méi truong TP. HCM, 2024). Céong ty TNHH MTV Mobi
truong do thi TP. HCM (CITENCO) hién dot CTYT nguy hai bang cong nghé hai giai doan, cong sudt 14 - 21
tan/ngay (Citenco, n.d.). Nghién ctiu thu thdp tro ddy (2023 - 2024) cho thdy, vit liéu nay an toan méi truong,
vdi florua 2,42 - 2,80 mg/L, kim logi ndng khong phat hién va clorua 1,80 -1,93%. Tro dugc tdi sii dung sdn
xudt gach khéng nung dat cuong do nén 2,0 MPa, dé hit nudc 10 - 12% va hé so hinh dang 0,96. Tiém ning
1ing dung cho thdy, moi ngay, TP. HCM c6 thé san xudt 9.996 - 10.995 vién gach, gép phdn giam chon ldp, tiét
kiém tai nguyén va thiic ddy kinh té tudn hoan.

T khéa: CTYT nguy hai, cong nghé dot, phan tich tro sau dot, tdi sit dung lam vat liéu xdy dung, kinh té tudn hoan.
Ngay nhdn bai: 1/10/2025; Ngay stia chiia: 29/10/2025; Ngay duyét ddang: 5/11/2025.

Assessment of characteristics and application potential
of medical waste incineration ash in building material
production in Ho Chi Minh city

Abstract

Medical waste in Ho Chi Minh City has been rapidly increasing, averaging 33 tons per day from over 8,000
healthcare facilities, placing significant pressure on the treatment system (Department of Natural Resources
and Environment of Ho Chi Minh City, 2024). The CITENCO company currently incinerates hazardous
medical waste using a two-stage combustion technology with a capacity of 14 -21 tons per day (Citenco, n.d.).
Analysis of bottom ash samples collected between 2023 and 2024 indicates that the material is environmentally
safe, containing fluoride concentrations of 2.42 - 2.80 mg/L, non-detectable heavy metals, and chloride levels
of 1.80-1.93%. The ash was successfully reused to produce non-fired bricks with a compressive strength of 2.0
MPa, water absorption of 10 - 12%, and a shape coefficient of 0.96. The findings suggest that Ho Chi Minh City
could potentially produce 9,996 - 10,995 bricks per day, thereby reducing landfill demand, conserving natural
resources, and promoting the development of a circular economy.

Keywords: Hazardous medical waste, incineration technology, post-incineration ash analysis, reuse in construction
materials, circular economy.

JEL Classifications: 013, 044, P18.

1. DPAT VAN PE

CTYT dang gia taing nhanh chéng trén toan cau,
ddc biét sau dai dich Covid-19. Nhiéu quoc gia ghi
nhan mtc phat sinh rac thai y té tang vot. Pon cti nhu
tai tam dich V& Han (Trung Qudc), lugng rac thai
nay da tang tu 40-50 tan/ngay lén dén 247 tan/ngay
vao dinh dich nam 2020 (Peng et al., 2020). CTYT
cta Bangladesh tidng tii 658 tan thdng 3/2020 lén hon
16.000 tan thang 4/2021 (Chowdhury et al., 2022). Tai
Viét Nam, t6c do gia ting dan s6 va nhu cau kham chiia
bénh da lam khéi lugng CTYT tang ca vé s6 lugng va
muic d6 nguy hai. Nam 2022, téng CTYT toan quéc
udc dat 440,7 tdn/ngay, trong d6 71,5 tdn la CTYT

nguy hai, cht yéu tit bénh vién tuyén tinh va Trung
uong (Cuc Quan ly moi truong y té, 2022). TP. HCM
- dia phuong c6 mét do co s6 y té cao nhat — phat sinh
trung binh 33 t4n CTYT nguy hai/ngay tit hon 8.000
co sG y té. Cong sudt xu ly toan thanh phd dugc nang
1én 159 tdn/ngay, song van ton tai thach thdc: Cong
nghé xt ly chua dong bo, chi phi cao va phén loai tai
ngudn chua triét d€ (S6 TN&MT TP. HCM, 2024).
Hién nay, Cong ty TNHH mot thanh vién méi trudng
do thi TP. HCM (CITENCO) dang van hanh 16 dét hai
giai doan dé€ xti ly CTRYT véi téng cong suit khodng
35 tdn/ngay, phat sinh tro chiém 15-20% khdi lugng
chét thai dau vao (5-6 tan/ngay) (Citenco, n.d.). Tro
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nay chu yéu choén l4p tai bai Dong Thanh hodc Phuéc
Hiép, tiém 4n nguy co 6 nhiém nudc ngdm va phat thai
khi nha kinh.

San phdm tu qua trinh d6t gém: (i) Tro bay va khi
thai (CO,, SO, hgp chat Cl) va (ii) tro day chiém 75
- 90% tong lugng tro (Izquierdo et al., 2020). Tro day
chtia nhiéu Ca0, SiO,, Al,O; va kim loai nang (Cd, Pb,
Cr, Cu, Zn), c6 hoat tinh pozzolanic thdp-trung binh
nhung c6 thé dung lam phu gia khodng cho vt liéu xay
dung néu xu ly dat chuén (Saikia et al., 2022). Nhiéu
nghién ctiu qudc té€ khing dinh kha ning st dung tro
rac y té d€ san xudt gach xay, vat liéu nén dudng voi
do6 an toan moi truong dam bao (Zhang et al., 2023).
Tai Viét Nam, Nguyén & Tran (2023) chting minh tro
1o d6t rac sinh hoat xt ly dat chudn c6 thé thay thé
mot phédn cat trong gach khong nung, tang cuong do
va do dong nhat. Le & Nguyen (2024) ghi nhan gach
khong nung chiia tro dat tinh co hoc tuong duong
gach truyén thong, dong thoi giam lugng CTYT chon
14p va khi thai nha kinh.

Nghién ctiu tép trung danh gia tiém nang tai su
dung tro day tii qua trinh d6t CTYT nguy hai tai
TPHCM. Cac muc tiéu chinh gom: (i) Phan tich dac
tinh héa ly va kha néng tai st dung cta tro; (ii) danh
gia ing dung trong san xuat bé tong, gach khong nung,
vat liéu nén duodng; (iii) so sanh véi cac tiéu chudn Viét
Nam (TCVN 6260:2009, TCVN 6477:2016, QCVN
07:2009/BTNMT). Két qué ky vong khing dinh gid
tri tro nhu nguon tai nguyén thid cép, gép phan giam
chon 14p, BVMT va thuc ddy kinh té tuin hoan.
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2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Phuong phdp thu thdp va phan tich tai liéu

Nghién ctiu dugc xay dung trén co sG tong quan cac
cong trinh khoa hoc, van ban phap luét va tiéu chuin
ky thuat lién quan. Mau tro déy dugc thu thap dinh ky
trong giai doan 2023 - 2024 tai cac 1o d6t CTYT (cong
sudt 14 va 21 tan/ngay) ctia CITENCO. Quy trinh lay
mau tudn that TCVN 6909:2001 va TCVN 8699:2011,
dam béo tinh dai dién. Cic mau dugc phan tich céc chi
tiéu hoa hoc (pH, kim loai ndng) va dugc st dung dé
san xudt gach khong nung tht nghiém.

2.2. Khu vic nghién citu va cong tdc thu thdp mau

Nghién ctiu st dung mau tro tii 16 d6t CTYT nguy
hai tai CITENCO (cong sudt 14 va 21 tdn/ngay), thu
thap giai doan 2023 - 2024. Gach khong nung dugc san
xudt va tht nghiém tai Cong ty CP Cong nghé Bach
Khoa TP. HCM, phén tich héa hoc thuc hién tai phong
thi nghiém NEWCENLAB.

2.3. Quy trinh sdan xudt gach khong nung tir tro lo dot

Quy trinh san xuat gach khong nung (Hinh 1) gom
cac budc: (1) Xt ly so bo tro dé loai bo tap chit; (2)
Phoéi tron nguyén liéu theo ty 1é: Tro (40 - 60%), xi
maéng (8 -12%), cat/da mat (20 - 40%) va phu gia; (3)
Tron u6t va ép dinh hinh biang may ép thuy luc; (4)
Bao dudng san phidm trong 14 - 28 ngay & diéu kién
tiéu chudn (nhiét d6 25-30°C, do 4m 80 - 90%). Tuy
nhién, vi dayla tro y té, nén dé ting cuong do nén, gitp
gach nhanh dat muc tiéu thiét ké, giam rui ro ntt vo,
nang nang sudt va bu trii trudng hgp tro bay kém hoat
tinh hodc chit lugng khong 6n dinh, ty 1¢é phoi tron

TCVN 6477 - 2016: Gach be tong.
| TCVN 63 0% Gigch xiiy -~ Phumgg phiip thr: Xic dinh cufmg di udn
| TCVN 635 : Gaach xidy — Phuong phip thar: Xic dinh cwimg 3§ nén.

— . Tron wot va tao hinh | TEVN 63554:2009: Gach xiy — Phuomg phip thir: Xéc dinh 3 it sutic
Lo dot Hé thong xir Iy | TCVN 6385.5:2009; Gach xily - Phucmg phip thir: X dinh khii heong thé tich.
l 1 OV ST
Giai doan xong 10 Giaidoanxongh¢ | @ | Tro dét(40-60%) Kiem tra chat rong gach
l 1 % Xi mang (8-12%) Cong 00 cha aén
iai doan nap rac Giai doan hoat dong 2 Cat hodc Cuwomg d§ chju ubn
c da mat (20-40%)
o, ] === ] Phy gia hoat tinh
[BI.I doan chay 1 :G!ﬂl doan dirng hé % (vi dy NaOH hozc Na:SiOs) ’Kh‘i Irgng thé tich
l i 7 Y
‘Biai doan chay 2 |
Lvohaotrovtbo‘lhéa IThugomvixtry DONG GOI
'l " so bg tro sau dot |
[\h} sinh rl.r_a t;ung-

Hinh 1. Quy trinh xit ly d6t CTYT va sdn xudt gach khong nung ti tro lo dét CTYT

CHU

(Nguon: Nhom tdc gia)
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¢z norena

Bang 1. Két qua phén tich dic tinh cta cac mau tro 1o dot

. .| Két qua trung binh sau khi phan tich mau tro | QCVN 07:2009/BTNMT
STT Chi tiéu Don vi
Cong suit 14 tin/ngay | Cong suit 21 tin/ngay
1 pH - 10,14 - 12,36 9,3-12,29 -
2 | Ham lugng Florua (F) [ mg/l 2,42 2,80 180
3 | Bac(Ag) mg/1 5
4 | Coban (Co) mg/1 80
5 | Cadimi (Ca) mg/1 X o . o 0,5
o | S Kbt | G b [
7 | Kém (Zn) mg/1 250
8 | Beryn (Be) mg/l 0,1
9 | Tong Xyanua (CN") mg/kg 590
10 [ Clorua (Cl) % 1,80 1,93 -
11 | bong (Cu) ppm 906 779 -

nghién ctiu lua chon 1a 30% tro bay, 20% xi mang, 50%
d4d mi va 20% do6 am.

Chit lugng gach thanh phdm dugc kiém tra cac
chi tiéu co ly theo TCVN, bao gom: Cuong do chiu
nén (TCVN 6355-3:2009), cudng do chiu uén (TCVN
6355-2:2009), d6 hat nudc (TCVN 6355-4:2009) va
khdi lugng thé tich (TCVN 6355-5:2009).

3. KET QUA VA THAO LUAN

3.1. Két qua xdc dinh ddc tinh héa hoc cia tro
lo dot CTYT

Két qua phén tich tai NEWCENLAB déi véi mau
tro 1o d6t cong suédt 14 va 21 tidn/ngay ctia Cong ty
TNHH MTV Méi trudng do thi TP. HCM cho théy,
pH dao dong 9,3 - 12,36, dac trung moi truong kiém
(Bang 1). Tinh kiém nay ho tr¢ phan ting pozzolanic,
phu hop khi st dung tro lam phu gia trong xi mang
hodc bé tong, dong thai thich hgp cho san xuat vat liéu
xay khong gia cuong ma khong anh hudng dang ké
dén do bén (Péra et al., 1997).

(Nguén: Nhom tdc gid)

Phan tich cho thay, tro day tu lo dot CTYT tai
TPHCM c6 dic tinh moi trudng an toan, véi ham
lugng florua 2,42-2,80 mg/L, thip hon nhiéu so véi
QCVN 07:2009/BTNMT (180 mg/L). Cac kim loai
ndng doc hai nhu bac, chi, cadimi, cobalt, berili va
xyanua hau nhu khong phat hién. Khi lo d6t van hanh
6n dinh va hé théng xt ly khi thai hoat dong tét, tro
dugc kiém soat hiéu qua, khong vugt nguong doc tinh
(Zand et al., 2020). Ham lugng clorua 1,80-1,93% c4n
luu y vé6i bé tong c6t thép, nhung van phu hgp cho
gach khong nung, vita hodc nén duong néu kiém soat
tot d6 thdm va phan tng kiém-silic.

3.2. Két qua sdan phdm vit liéu thu dugc tii gidi phép
nghién ciiu - gach khong nung

Két qua giai phap tai ché tro tii 1o dét CTYT ctia
nhom nghién ctiu 1a san phdm gach khong nung dugc
thé hién trén Hinh 2.

Két qua thti nghiém cuong do ky thuat san phdm
gach khong nung dugc trinh bay trong Bang 2.

Bang 2. Két qua phén tich dac tinh nén cia san phim gach khong nung

| Dy . N
Kich thuwéc miu Ngay dic | Ngay nén 2:;::: mg:lclé ¢ tr()n’g hilln-:neds;)ng Cc:;’ln;gléiq
STT ngang | PM?
Dai | Roéng | Cao
(mm) (ngay) | (mm?) | (kN) Ratio (K) (Mpa)
175 80 80 28/06/25 15/07/25 17 14.000 | 30,10 0,96 2,1
175 80 80 -nt- -nt- -nt- 14.000 | 26,10 0,96 1,8
3 175 80 80 -nt- -nt- -nt- 14.000 | 32,70 0,96 2,2
Trung binh [ 20
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NGHIEN CUU
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¢) Sdn phdm khi thii cudng do nén

d) Sdn phdm khi thir cudng do udn

Hinh 2. Gach khong khong nung duoc sdan xudt tu tro lo dot CTYT

Két qua thtt nghiém co hoc tii Bang 2 cho thdy, gach
khong nung st dung tro day dat cudng do nén trong
khoang 1,8 - 2,2 MPa, trung binh 2,0 MPa sau 17 ngay.
Hé s6 hinh dang K = 0,96 phan anh sy dong déu hinh hoc
cao. Tuy chua dat yéu cdu theo TCVN 6477:2016 (23,5
MPa), két qua ban ddu khang dinh tiém nang st dung
tro ddy trong san xudt vat liéu xay dung. Kha ning tang
cuong do nén trong 28 ngay nho phan ting pozzolanic
(Péra et al., 1997) cung viéc t6i uu hoa cap phoi htia hen
cai thién dang ké chét lugng san phdm. Ngoai ra, do hut
nudc 10 - 12% dat chudn TCVN va thdp hon so véi gach
nung, thé hién kha ning khang nudc t6t. Nho do, loai
gach nay c6 thé ting dung hiéu qua cho cac cong trinh
khong chiu tai trong 16n nhu tudng bao, vach ngan hodc
nén dudng nhe (Nguyen & Le, 2020).

3.3. Thdo ludn két quad, dé xudt gidi phdp kha thi
va udc tinh lugng sdn phdm nghién ciiu

Theo TCVN 6477:2016 - Gach bé tong, d€ san xudt
gach bé tong (khong nung) dat yéu ciu cuong do nén
> 3,5 MPa, d€ dat dugc thi mau nghién ctu dugc dé
xudt thay d6i thanh phéan phdi liéu va thanh phéan phéi
tron bing cach ting xi mang hodc phu gia hoat tinh,
giam ty 1é nudc/xi méng, ting ap luc ép va kiém sodt
dudng ho. Tu két qua tai Bang 2, nghién ctiu dé xuit
giai phap t6i uu chi phi va tan dung tro 16 d6t nhu sau:
V6i cdp phdi tham chiéu cho gach block véi kich thuée
175 x 80 x 80 mm theo ty 1¢ phoi tron 1a 30% tro bay,
20% xi mang, 50% da mi va 20% d¢ 4m. Bén canh do,
khoi lugng thuc t€ caa 1 vién gach thuong 1,8-2,5 kg

v6i mat do vatliéu 1. 800 - 2.000 kg/m? (Lé et al., 2018).
Bai toan sa bd cho thdy v6i moi vién gach khéng nung
ndng 2 kg sé chita 0,6 kg tro. Tt d6, 1 tin tro c6 thé
san xudt khoang gan 1.666 vién gach. Dua trén lugng
CTYT nguy hai phat sinh tai TPHCM khoang 30-33
tdn/ngay, lugng tro day thu dugc udc tinh chiém 20%,
tuong ung 6,0-6,6 tan/ngay (Zand et al., 2020). Nhu
vay, TP. HCM c6 thé san xuét dugc 9.996 - 10.995 vién
gach moi ngay tui tiém néng tai ché tro ti 1o dot.

Hinh 3 trinh bay m6 hinh tich hgp xtily CTYT theo
huéng tuan hoan, tdn dung tro sau dét lam nguyén liéu
san xudt vat liéu xay dung khong nung, tuan thu Thong
tu s6 20/2021/TT-BYT va hudng dén cac muc tiéu
phat trién bén viing vé€ moi trudng, ky thuat, kinh té.

Mo hinh tin dung tro d6t CTYT d€ san xuét vat liéu
khong nung la giai phap bén viing, viia xt ly chat thai
nguy hai viia tao gid trj kinh t€. Giai phap giam ap luc xt
ly tai d6 thi nhu TP. HCM, phu hgp dinh hudng kinh té
tudn hoan. Tuy nhién, cin kiém soat chat lugng va danh
gia vong doi san phdm dé dam bao an toan hon.

4. KET LUAN

Tro day tui 1o dot CTYT tai TP. HCM la nguon tai
nguyén thu cép gid tri, véi ddc tinh héa ly phu hgp dé
tai ché thanh gach khong nung. Thi nghiém ban dau
cho théy gach c6 tiém nang dat tiéu chuén ky thuat sau
toi uu cong thic. Tai st dung tro viia xu ly chat thai
hiéu qua, viia mang lai lgi ich kinh t€ - moi truong theo
huéng kinh té tuin hoan. D€ ting dung cong nghiép,
can kiém soat chét lugng tro, danh gia vong doi san
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Hinh 3. M6 hinh qudn ly va tdi sit dung tro lo dét CTYT trong san xudt vt liéu xdy dung huéng dén phdt trién bén viing

phdm, trién khai du 4n thi diém va chinh sach hoé trg
ctia nha nudc nham khuyén khich thi truong cho vét
liéu xay dung tai ché bén viingm
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