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Trudce tién, em xin dwoc bay to 1ong biét on sau sic téi GS.TS. Nguyén
Manh Khai, Khoa Mai truong, Trudng Dai hoc Khoa hoc ti nhién, Pai hoc Qudc
gia Ha No6i; PGS.TS. Pang Van Thanh, B mon Ly - Ly sinh y hoc, Truong Dai
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nhiém khang sinh trong méi trudng nudc”, ma sé6 QG22.22 do TS. Pao Vian Hién
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T6i xin chan thanh cam on cac anh chi em dong nghiép tai phong thi nghiém B
mon Ly - Ly sinh y hoc, Truong Pai hoc Y - Duogc, Dai hoc Thai Nguyén va Trung tdm
Quan tric tai nguyén va moi trudng, S& Néng nghiép va Moéi truong tinh Thai Nguyén
da tao diéu kién hd tro toi thuc hién mot sé noi dung quan trong caa Luan an.

Cudi cling tdi xin cam on gia dinh, ngudi than, ban bé va dong nghiép tai Chi cuc
Bao vé moi truong, S Nong nghiép va Méi truong tinh Thai Nguyén noi t6i cong
tac da ludn quan tim, giup d&, dong vién va khich 18 toi trong suét qua trinh hoc tap
va nghién ctu.

Xin chén thanh cam on!
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DANH MUC CAC CHU VIET TAT

TT Ky hiéu viét tit Chir viét diy di/Tiéng viét

1 APEJ Asia Pacific excluding Japan (Chau A - Thai Binh
Duong, trir Nhat Ban)

2 AA Ascorbic acid (axit ascorbic)

3 AAS Atomic Absorption Spectroscopy (quang phd hap thy
nguyén tr)

4 ASR Alkali residue sediment (cin kiém ran)

5 BET Brunauer-Emmett-Teller Theory (Phuong phap xac
dinh dién tich bé mat riéng cua cac vat li¢u)

6 BVMT Bdao v€é moi truong

7 CAGR Compounded Annual Growth rate (tbc d6 ting trudng
hing nam kép)

8 CIP Ciprofloxacin

9 COD Chemical oxygen demand (nhu ciu oxi héa hoc)

10 DTA Differential Thermal Analysis (phan tich nhiét vi sai)

11 DTPA Diethylenetriaminepentaacetic acid

(Axit Dietylenetriaminpentaaxetic)
12 EAFD Electric arc furnace dust (bui 16 dién ho quang)

13 EDDHA Ethylene Diamine Di-O-Hydroxyphenyl Acetic Acid

14 EDTA Ethylenediaminetetraacetic

Acid (Axit Etylemediamintetraaxetic)
15 EDX Energy-dispersive X-ray (tan xa nang luong tia X)
16 Eq Band gap energy (ning luong ving cam)
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TT Ky hiéu viét tit

17

18

19

20

21

22

23

24

25

26

27

28
29

30

31

32

EPR

ES

EWW

FT-IR

HPMC

ICP-AES

ICP-MS

ICP-OES

IPA

KCN

KGMP
KTTH

LC-MS

MB

NT

Chir viét diy di/Tiéng viét

Extended Producer Responsibility (trach nhiém md
rong ctia nha san xuat)

Electroplating sluge (bun thai ma dié¢n)
Electroplating wastewater (nudc thai ma dién)

Fourier Transform Infrared Spectroscopy (phd hong
ngoai bién doi Fourier)

Hydroxypropyl Methyl Cellulose

(Hydroxypropyl Metyl Xenlulo)

Inductively Coupled Plasma - Atomic Emission
Spectroscopy (may phd phat xa nguyén tir plasma
cam Ung)

Inductively coupled plasma mass spectroscopy (quang
pho phat xa plasma ghép nbi khdi phd)

Inductively Coupled Plasma - Optical Emission
Spectroscopy (may quang phd phat xa plasma cam (mg)

Isopropanol
Infrared Spectroscopy (phd hong ngoai)
Khu cong nghiép

Mang hén hop konjac glucomannan va poly (axit acrylic)

Kinh té tudn hoan

Liquid Chromatography-Mass Spectrometry (sic ky
long khéi phd)
Methylene blue (xanh metylen)

Nudc thai
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TT Ky hiéu viét tit

33

34

35

36

37

38

39

40

41

42

43
44

45

46

47

48

NTA
PEG
QCVN

RoHS

ROS

RSM

SEM

TCVN
TEA

TEM

TOC
TSS

UVA

uvC

UV-Vis

XPS

Chir viét diy di/Tiéng viét

Nitrilotriacetic Acid (axit Nitrilotriacetic)
Polyethylene Glycol (polyethylen glycol)
Quy chuan Viét Nam

Restriction of Hazardous Substances (han ché chat thai
nguy hai)

Reactive Oxygen Species (nhom céc phan tir chira oxy
co hoat tinh hoa hoc cao, bao gém ca géc tu do va
khoéng phai gbc tu do)

Response surface methodology (phuong phap dap ung
bé mit)

Scanning Electron Microscopy (kinh hién vi dién
tr quét)

Tiéu chuan Viét Nam

Techno-economic analysis (phan tich kinh té k¥ thuat)

Transmission Electron Microscopy (kinh hién vi dién ttr
truyén qua)

Total Organic Cacbon (tong cacbon hitu co)
Total Suspended Solids (tong chat ran lo limg)

Ultraviolet A radiation (tia cuc tim véi budc song tur
320 dén 400 nm)

Ultraviolet C radiation (tia cuc tim vdi budc song tur
100 — 280 nm)

Ultraviolet-Visible (tir ngoai-kha kién)

X-ray Photoelectron Spectroscopy (phd quang dién tir tia X)

12


https://vuahoachat.com/axit-stearic-c17h35cooh-axit-beo-acid-stearic/

TT Ky hiéu viét tit Chir viét diy di/Tiéng viét

49 XRD X-Ray diffraction (nhiéu xa tia X)

50 XRF X-Ray fluorescence (huynh quang tia X)
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MO PAU
1. Tinh cép thiét caa nghién ciu

Trong nhiing thap ky gan ddy, su gia ting nhanh chéng cua hoat dong cong
nghiép, do6 thi hoa va tiéu dung da tao ra &p luc ngay cang Ién Ién tai nguyén thién
nhién va mdi truong toan cau. Md hinh kinh té tuyén tinh truyén thdng dya trén
logic “khai thac - san xuat - tiéu dung - thai bo” da boc 16 nhitng han ché nghiém
trong khi khéng chi 1am can kiét tai nguyén khong tai tao ma con gay 6 nhiém moi
treong va phat sinh lwong 16n chat thai. Trong bdi canh d6, yéu cau vé chuyén doi
sang cac moé hinh phat trién bén vimg hon dang trd thanh xu huéng tat yéu trén
pham vi toan cau [83].

Kinh té tuan hoan (KTTH) néi 1én nhu mét mé hinh kinh té mai, huéng téi viéc
sir dung hiéu qua tai nguyén, giam thiéu phat sinh chat thai va kéo dai vong doi cua vat
liéu thdng qua cac hoat dong tai s dung, tai ché va thu hoi gia tri. Khac véi mo hinh
tuyén tinh, KTTH nhan manh viéc khép kin cic vong tuan hoan vat chat va ning
luong, coi chat thai 13 mot dang tai nguyén c6 thé duoc khai thac tré lai thay vi 1a ganh
nang moi truong. Céch tiép can nay khéng chi gop phan giam &p luc Ién tai nguyén
thién nhién ma con tao ra cac co hoi kinh té mai, thuc day d6i méi cong nghé va nang
cao ning luc canh tranh cua doanh nghiép [26]. Trong bdi canh Viét Nam dang day
manh cdng nghiép hda va hoi nhap sau rong vao chudi gia tri toan cau, viéc ap dung
cac nguyén tic KTTH trong san xuat cong nghiép c6 y nghia dic biét quan trong.

Nhiéu nganh cong nghiép tai Viét Nam, trong d6 co6 nganh ma, dong vai tro
quan trong trong phét trién kinh té. Cong nghiép ma caa Viét Nam dang trai qua mot
giai doan phat trién manh mé& va dong vai trd dang ghi nhan trong sy phat trién kinh
té cua Viét Nam. Cong nghiép ma dugc tng dung rong réi trong nhiéu linh vuc san
Xuat nhu thiét bi dién, 6 t6, moto, xe dap, dung cu y té, va cac san pham kim loai
tiéu dung, dic biét trong viéc gia cdng ma san pham céc linh kién dién tir, may tinh,
dién thoai... Theo quy hoach tong thé phét trién nganh coéng nghiép Viét Nam dén
nam 2030 [10], ty trong nganh co khi - luyén kim chiém 22 dén 24% trong co cau
nganh coéng nghiép. Su phat trién cua nganh co khi - luyén kim va céng nghiép ma
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di doi véi su gia ting vé lwong ban thai ma phat sinh tir cac cong doan trong quy
trinh ma va bun thai tir hé théng xa 1y nudc thai ma, trong d6 c6 chira mot s6 kim
loai nang c6 gié tri thu hdi nhu Cr, Cu, Ni, Zn...[2].

Hién nay, ban thai ma ¢ nuéc ta chii yéu dugc xtr 1y nhu chét thai nguy hai
bang mot sé bién phap nhu chén 14p, thidu huy, 6n dinh héa ran... [6]. Nhugc diém
cua nhing bién phap xu ly nay 1a st dung dién tich dat 16n, phét sinh nguén thai tha
cap gay 6 nhiém mai truong dat, nudc va nguy hiém tiém tang dbi véi sac khoe cua
con ngudi cling nhu hé sinh thai. Viéc tim giai phap xtr ly bun thai ma la mét bai toan
kho nhung ciing mé ra tiém ning 16n dé thu hdi tai nguyén tir loai chat thai nay.

Cho dén nay, tai Viét Nam ciing nhu trén thé giéi da c6 nhiéu giai phap dé thu
hoi tai nguyén tir bun thai ma, tap trung vao 2 hudng chinh: (i) thu hoi tai nguyén
hién hiru 1a cac kim loai c6 gia tri trong biin thai nhu dong, niken, crom, sat... va tai
st dung bun thai sau thu hoi kim loai dé san xuat vat liéu xay dung; (ii) thu hoi tai
nguyén tiém tang bang viéc ché tao thanh cac vat liéu xtr Iy méi truong tir bun thai
ma dé xu ly cac chat 6 nhiém trong nudc thai [6].

Loi ich quan trong cua viéc thu hoi tai nguyén tir bun thai ma Ia tao ra chudi
cung ung tai ché va tai s dung. Phét trién cac nganh cong nghiép tai ché va sir dung
tai nguyén tai tao khong chi tao ra viéc 1am ma con dong gop vao tang truong kinh té
va giam phu thudc vao ngudn tai nguyén thién nhién. Bong thoi, st dung tai nguyén
tai tao gilp giam tao ra chat thai, gop phan vao bao vé méi trudng va phaét trién bén
vitng. Thu héi tai nguyén trong ban thai nganh ma gép phan thac day chuyén di san
Xuat tuyén tinh sang md hinh KTTH va bén viing [2].

Cac nghién ctru thu hdi kim loai c6 gia tri trong bun thai ma dua trén dic
diém bun thai ma chira nhiéu oxit kim loai. Pac diém nay ciing 1 co s dé phét
trién céc nghién ciru ché tao bun thai ma thanh vat liéu xir ly cac kim loai c6 trong
nuéc thai, xtr Iy cac chat 6 nhiém méi néi nhu cac thudc khang sinh, thudc nhuém
véi muc dich: tan dyung bun thai ma thay thé cac vat liéu xtr 1y nuéc thai tir nguyén

liéu ty nhién va bao vé méi truong nudc trude tac dong nguy hai cua cac chit 6
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nhiém. Tuy nhién, huéng nghién ciru nay con kha méi véi khdng nhiéu két qua
nghién ciru duoc cong bd.

Nghién ctu cac giai phap thu hoi tai nguyén tir bun thai ma dam bao hiéu qua
kinh té va moi truong 1a mot yéu cau cap thiét déi véi sy phét trién bén viing cua
nganh ma hién nay. Xuét phat tir yéu cau trén, dé tai Lun 4n: “Nghién ciu kha ning
thu hoi tai nguyén tir mot s6 bun thai ma giau kim loai” duoc lya chon thyuc hién véi
hai muc dich: vira giam thiéu 6 nhiém méi truong théng qua giam thiéu chat thai vira
tao thanh nguyén liéu dau vao cho cac qué trinh tng dung trong xa 1y & nhiém moi
truong theo hudng nén kinh té khdng chat thai va dinh huéng KTTH.

2. Muc tiéu cia nghién ciu

Cac nghién ctu trong Luan an huéng dén 02 muc tiéu chinh sau: (1) Gop
phan cung cap thdng tin khoa hoc vé dic diém bun thai ma ¢ Viét Nam; (2) Nghién
ctu, thu hoi tai nguyén tir bun thai ma, gom: tai nguyén hién hitu 1a mudi dong
sunfat va tai nguyén tiém tang la vat liéu hap phu, xuc tac quang duoc ché tao tir
bun thai ma, thr nghiém xir Iy mot s6 chat 6 nhiém trong nuéc thai.

3. N¢i dung nghién ctru

- Nghién ctru thanh phan bun thai ma tai mot s6 co sé san xuat c6 hoat dong
ma tai Viét Nam;

- Nghién ciru xay dung quy trinh hoa tach, thu hdi mudi d¢ong sunfat tir ban
thai ma giau dong.

- Nghién ctu xay dung quy trinh ché tao bun thai thanh vat liéu hap phu
(phdi tron ciing voé trau), vat liéu xuc tac quang dé xu ly khang sinh ciprofloxacin
(CIP) va thubc nhuom xanh metylen (MB) trong dung dich mau gia lap va thi
nghiém véi mau nuéc thai thyc.

4. Phwong phap nghién ctiru

- Phuong phap diéu tra, khao sét: thu thap b sung thong tin tai liéu, sé liéu
vé nguodn phat sinh, dic diém vé tinh chat, cdng nghé xt Iy bun va trau tai mot sb co
s& san xuat co hoat dong ma tai cac tinh.

- Phuong phép ché tao vat liéu: phuong phap rung siéu am két hop xur Iy nhiét.
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- Phuong phap phan tich vat liéu: nhidu xa tia X (XRD), phd tan xa ning
luong (EDS), chup anh kinh hién vi dién tir quét (SEM), dién tir truyén qua (TEM),
do dién tich bé mat riéng (BET), phd hong ngoai (FTIR).

- Phuong phap thu hoi ddng sunfat: phuong phép thay luyén (hda tach, chiét tach
thu hdi dong kim loai bang phuong phap hoa hoc), két tinh thu héi mudi dong sunfat.

- Phuong phép xtr Iy nudc thai: phuong phap hap phu, phwong phap xtic tic quang.

- Phuong phap danh gia hiéu qua xir 1y: do phd UV-Vis, sic ky léng hiéu
ning cao HPLC, sic ky long khdi phd hai 1an LC-MS/MS, GC/MS dé xac dinh va
nhan biét san pham cua c&c qua trinh xu Iy, quang phé tr ngoai kha kién HACH
DR6000, chuan do dé xac dinh TOC, COD.

- Phuong phap xir ly sé liéu: thong ké mo ta (st dung cac sb lidu dic trung
nhu trung binh, ty 1& phan trim dé mo ta dac diém thanh phan ban thai ma); xir ly s6
liéu bang excel va origin.

Céc phuong phap nghién ciru chi tiét duoc thé hién trong Chuong 2.

5. Y nghia khoa hoc va thuc tién ciia Luan an
5.1. Y nghia khoa hoc

Xay dyng quy trinh thu hdi mudi CuSO, trong biin thai ma, dong thoi tong hop
vat liéu hap phu, xUc tac quang tir bun thai ma thanh vat liéu dé xu Iy ciprofloxacin
(CIP), xanh metylen (MB) trong dung dich mau gia dinh va thir nghiém danh gia hiéu
qua Xt ly voi mau nuéc thai thuc. Két qua caa nghién ciu gép phan bo sung co s
khoa hoc cho luan diém coi chat thai 1a tai nguyén, dam bao sir dung hop Iy tai nguyén
va bao vé méi truong theo dinh hudng phét trién KTTH.

5.2. Y nghia thuc tién

Thu hoi ddng tir bun thai ma va tan dung bn thai ma ché tao thanh vat liéu
dau vao cho qué trinh xir Iy CIP, MB gop phan giam thiéu & nhidm méi truong va
nang cao kha ning tai str dung va thu hdi vat liéu tir bun thai ma.

6. Nhirng diém méi ciia Luan an

- Cung c4p dir liéu bo sung vé thanh phan cac kim loai c6 gia tri trong ban

thai ma cua Viét Nam;
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- Xay dung dugc quy trinh va diéu kién thich hop dé thu hdi Cu** ¢ dang
mudbi sunfat tir bun thai ma giau dong;

- Xay dyng thanh cong quy trinh ché tao vat liéu x(c tac hap phu tir ban thai
ma két hop than trau; khao séat kha ning xir Iy CIP va MB trong nudc thai va budc
dau ly giai dugce co ché cua qué trinh xu ly khéng sinh, gép phan bd sung co sé
khoa hoc cho linh vuc xir ly cac thanh phan nay trong nudc thai.

7. CAu triic Luén an

Luan an gom 160 trang. Ngoai cac phan Muc luc, Mo dau, Két luan, Danh
muc tai liéu tham khao, Danh muc cac céng trinh khoa hoc d cong bd va Phu lyc,
Lun an duoc bd cuc thanh 03 chwong chinh, nhu sau: Chuong 1 - Tong quan, gom
43 trang, gisi thiéu chung vé nganh ma va phuong phap nghién ctu thu hoi tai
nguyén tir mot s6 loai bun thai ma giau kim loai; Chwong 2 - Déi twong, pham vi va
phuong phap nghién ciru gom 23 trang, trinh bay so do nghién ctru, cac ndi dung va

phuong phap nghién ctru; Chuong 3 - Két qua va thao luan, 56 trang.
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CHUONG 1: TONG QUAN
1.1. Bun thai ma, gia tri tai nguyén va kinh té tudn hoan
1.1.1. Nganh mga va vén dé bun thdi ma

Nganh ma & mét linh vyc cdng nghiép thiét yéu, dugc ung dung rong rai
trong cai thién tinh chat bé mat caa kim loai, bao gom kha ning chdng in mon, do
bén co hoc, tinh din dién va gia tri thim my. Cac san pham ma hién dién trong
nhiéu nganh céng nghiép quan trong nhu 6 to, dién - dién tir, co khi ché tao, xay
dung va hang tiéu dung.

Tuy nhién, qué trinh ma st dung nhiéu dung dich chaa kim loai va héa chat
doc hai. Trong qua trinh Xt 1y nuéc thai ma, cac kim loai hoa tan duoc két ta va
tach ra dudi dang bun thai ma. Loai bun thai nay thuong chira ham Iugng cao cac
kim loai nang nhu niken, crom, dong, kém, cadimi, cing vai cac hop chat hda hoc
khac c6 kha nang gay hai cho moéi truong va suc khoe con nguoi.

Theo phuong thirc quan 1y truyén théng, bun thai ma duoc xép vao nhém
chat thai nguy hai va cha yéu duoc xu Iy bang céc bién phap nhu chon 1ap [2] hoic
d6t. Nhitng bién phap nay khéng nhing tiéu tén chi phi 16n ma con tiém an nhiéu
rai ro, bao gém nguy co ro ri kim loai nang vao dat va nudc ngam, phét thai khi doc
trong qué trinh xur 1y cling nhu trach nhiém moi truong kéo dai. Bac biét, viéc thai
bo bun ma theo cach tuyén tinh da bo qua mot thuc té quan trong: bun thai ma 1a
mot nguon tai nguyén thir cap giau kim loai co gia tri kinh té cao.

1.1.2. Gia tri tai nguyén ceia bun thai ma

Tir goc do kinh té, viéc coi chat thai hoan toan 1a chi phi can loai bé phan
anh mot cach tiép can chua day du. Trong hé thong kinh té truyén théng thuong
khong tinh dung, tinh du c&c ngoai tic mdi trudng dan dén viéc st dung tai nguyén
kém hiéu qua va phat sinh chat thai vuot qua muc t6i wu xa hoi [83]. Bdi véi bun
thai ma, ngoai tac khdng chi nim & nguy co 6 nhim méi trudng ma con & chi phi
co hoi ciia lugng kim loai ¢d thé thu hoi nhung da bi loai bo.

Céc kim loai nhu niken, d6ng, kém hay crom déu la nhitng nguyén liéu quan
trong d6i véi nhiéu nganh cong nghiép va cé gia tri kinh té dang ké trén thi truong.
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Viéc thu hdi cac kim loai nay tir bun thai ma khéng chi gitp giam nhu cau khai thac
tai nguyén nguyén sinh - vén doi hoi nhiéu nang luong va gy tac dong moi truong
I6n - ma con gép phan ting cudng an ninh tai nguyén va giam phu thudc vao nhap
khau nguyén liéu.

Bun thai ma chira ham Iugng cao kim loai nang (Cr, Ni, Cu, Zn, Pb, Fe), khi
duoc xir Iy nhiét hodc bién tinh, céc ciu tric giau oxit/hydroxit kim loai c6 dién tich
bé mat twong dbi nén bun thai ma dién c6 tiém nang 16n dé tai ché thanh vat liéu
hip phu gi4 ré thay thé vat liéu thuong mai nhu than hoat tinh [70]. Bong thoi, cac
thanh phan kim loai trong bun thai ma 13 tién chét tu nhién dé tao cac pha oxit va
spinel ferrite hoat tinh quang hodc photo-Fenton khi duoc nung chuyén pha va on
dinh hoéa [72].

Duéi lang kinh KTTH, bun thai ma khong con duoc xem 1a “diém két thiac”
ctia chu trinh san xuat ma tré thanh mot mat xich trong vong tuan hoan vat liéu. Véi
cach tiép can nay cho thay, khai thac hiéu qua cac dong chat thai co thé tao ra dong
thoi loi ich méi trudng, kinh té va xa hoi [26].

1.1.3. Cong nghéthu hai tai nguyén tir bun thdi mg

Sy phét trién cia cac cong nghé xt Iy va thu hoi di mé ra nhiéu kha ning
trong viéc gia tang gia tri bun thai ma. Cac phuong phéap thu héi kim loai nhu thay
luyén, hoa tach hda hoc, két taa chon loc va céc quy trinh tich hop xt Iy - thu hoi da
dugc nghién ctu va ang dung ¢ nhiéu qudc gia. Hiéu qua cua cac cong nghé nay
phu thudc vao thanh phan bun thai, mac d6 tinh khiét caa kim loai thu hoi, chi phi
dau tu va van hanh, ciing nhu cac yéu cau vé mdi truong va an toan.

Trong bdi canh KTTH, viéc danh gia cac cong nghé thu hoi khéng chi ding
lai & khia canh k¥ thuat ma can xem xét toan dién cac yéu t6 moi truong va kinh té
Vvé6i sy tham gia cta cac bén lién quan trong hé théng quan ly chat thai [32], trong
d6 nhan manh tdm quan trong cua viéc do lwdng mic do d6i mai va hiéu qua gitr
gia tri vat liéu trong toan bo chudi san pham [85]. Piéu nay dic biét co ¥ nghia doi
vé6i bun thai ma, noi ma hiéu qua thu hoi kim loai quyét dinh tinh kha thi cua céc
mo hinh tuan hoan.
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1.1.4. Kinh té tuan hoan, khéng chat thdi trong qudn Iy bun thdi ma

Bén canh KTTH, céc sang kién khdng chat thai (zero-waste) ngay cang duoc
coi 1a huéng tiép can bo trg, nham giam thiéu téi da lwong chat thai phat sinh va
thuc day tai st dung, tai ché triét dé chat thai. Cac chwong trinh zero-waste tai Hoa
Ky di dat duoc nhiéu két qua tich cuc trong viéc nang cao hiéu qua sir dung tai
nguyén va giam lugng chat thai chdn Iap, mac du van ton tai nhitng thach thac vé
chinh sach va dau tu ha tang [32].

Déi vai nganh ma, viéc tich hop cac nguyén tic KTTH va khdng chat thai doi
hoi su phéi hgp dong bé giita doanh nghiép, co quan quan 1y nha nudc va cac té chic
nghién ciru. Cac cong cu chinh sach nhu thué chén lap, trach nhiém ma rong cia nha
san xuat hay cac co ché khuyén khich st dung nguyén liéu thir cap c6 thé dong vai tro
quan trong trong viéc thic day thu hdi va tai ché bun thai ma.

1.1.5. Y nghia ciia nghién ciu

Nghién ciu nay tiép can van dé ban thai ma trong mét khung khai niém tich
hop ciia KTTH, trong d6 qua trinh phét sinh ban thai, cdng nghé thu hdi kim loai va
dua vao hé thong san xuat duge xem xét nhu mot chudi lién két. Khung khéi niém
(thé hién trén Hinh 1.1 dudi day) nhan manh vai trd caa thu hoi bun thai ma trong
viéc khép kin vong tuan hoan vat liéu, giam thiéu tac dong maéi trudng va nang cao

hiéu qua st dung tai nguyén.

Kinh té Tuyén tinh Céng nghiép xi ma Bun thai xi ma
(Khai théc-San xut-Thai bé) (Xi¥ 1y nurdle thai) (Chét thai giau kim loai)

Cong nghé thu hoi Nguyén liéu thi¥ cap

Kinh t& Tuan hoan

(Pong kin vong lap tai nguyén)

(Thay luyén,...) (Kim loai)

Hinh 1.1. Khung khai niém tich hop cua kinh té tuan hoan
Théng qua viéc phan tich tiém ning thu hdi cua bun thai ma, nghién ctu gop

phan 1am rd co sé khoa hoc cho viéc chuyén do6i tir md hinh quan Iy chat thai tuyén
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tinh sang cac mé hinh khong cht thai va KTTH trong linh vuc cdng nghiép. Két
qua nghién ctu khdng chi c¢6 y nghia vé mat hoc thuat ma con gép phan cung cap
luan ctr cho viéc xay dung chinh sach va chién luoc quan 1y chat thai cdng nghiép
bén viing trong bdi canh cua Viét Nam.
1.2. Khéi quat nganh céng nghé ma va bun thai ma
1.2.1. Khéi quat nganh cdng nghé ma
1.2.1.1. Cbng nghé ma

Ma 12 mot cong nghé dién phan tao ra 16p pha 18n bé mat vat can ma. Trong
nganh céng nghiép ma, yéu té quan trong nhat khong phai la tiét kiém ning luong,
tang hiéu suat ma la van dé chat luong I6p ma. Vi vay, thanh phan dung dich dau
vao, diéu kién dién phan yéu t tién quyét dé d¢am bao 16p ma bam chic vao kim
loai nén. Qua trinh gia cong bé mat dong vai tro quan trong gop phan dam bao 16p
ma duoc bén, dep. C6 nhiéu cach lam sach bé mat vat ma nhu: mai, danh bong,
quay bong, x6c bong, chai, phun tia cat hoic tia nudc dudi &p suat cao, tay dau ma,
tay gi dién hda hoac hoa hoc. Sau khi 1am sach bé mat, vat ma c6 thé dugc ma bang
cac kim loai khac nhau nhu ma crom, ma k&m, ma niken vé&i uu, nhuogc diém duoc
so sanh tai Bang 1.3 dudi day [5].

Bang 1.1. Mot sb k§ thuat ma pho bién

. Kim loai
TT Loai ma ’ Muc dich/ Tinh nang

c6 thé ma

, N Chodng gi, gia thanh thap; thich hop cho san
1 Ma crom | Thep - dong F o A o
pham san xuat hang loat; tham my thap.

2 Ma kém Thép - dong | Chéng gi, gia thanh thap; thAm my thap.

Chong an mon cao, gid thanh cao; cé tinh

3 Ma niken | Thép - dong .
trang tri cao.

Ma d6ng 1a mot trong nhitng k¥ thuit ma quan trong va phd bién trong nganh
cong nghiép gia cong kim loai, dugc tng dung rong rai dé ting cuong do dan dién,
cai thién kha nang chdng an mon va nang cao tinh thAm my cho cac san pham kim
loai. Quy trinh ma dong 14 phuong phap phtt mot 16p dong (Cu) 1én bé mit kim loai
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hodc phi kim. DPdng 13 kim loai ¢6 mau do dic trung, d& gia cong, dan dién tét va
thuong duoc str dung lam 16p 16t trude khi ma cac kim loai khac nhu niken, crom,
hodc 1am 16p phu chinh trong cac tng dung nhu linh kién dién tr, ddy dan va phu
kién trang tri.

Céc phuong phap ma chu yéu duoc sir dung gom:

Ma dién: san pham cuaa qua trinh nay 1a tao mot 16p kim loai can ma trong
dung dich Ién trén bé mat cua vat liéu can ma. V4t can ma gan véi cuc am catot,
kim loai ma gin véi cuc duong anot trong dung dich dién méi. Do day cua l6p ma ti
18 thuan véi cudng do dong dién cia ngudn va thoi gian ma.

Ma nhiing néng: ma nhdng néng 14 mot qua trinh trong dé vat liéu can ma di
qua bé chtra kim loai (kim loai nguy@n chat) dwgc nau ndng chay & nhiét do cao. Két
qua cta qua trinh nay 1a kim loai ma s& bam mét 16p trén bé mat vat liéu can ma.

Ma héa hoc: ma hda hoc dua trén co s khir ion kim loai thanh kim loai tir
dung dich mudi cia né bang céc chat khu.

Quy trinh ma tong quat: i) trén anot xay ra qua trinh hoa tan (oxy héa) kim
loai anot: M — M™ + ne; ii) trén catot, cation phong dién thanh nguyén ta kim loai

ma: M™ + ne — M. So d6 nguyén Iy qua trinh ma thé hién trong Hinh 1.2 duéi day.

ne
Anot (+) Catot (-)
|_I e > Ldpma
&
Sur chuyén dich clia ,2 Dm:i:’iCh
10N

Hinh 1.2. So @b nguyén ly qua trinh ma
Phan loai tuy theo 16p ma chia lam 3 loai: i) 16p ma kim loai: Zn, Cd, Sn, Ni,
Cr, Pb, Ag, Au...; ii) 16p ma hop kim: Cu-Ni, Cu-Sn, Pb-Sn, Sn-Ni, Ni-Co, Ni-Cr,
Ni-Fe...; iii) 16p ma composit: 12 16p ma kim loai c6 chtra c&c hat ran nho va phan
tdn nhu Al,O3, SiC, Cr,C,, TiC, Cr,N,, M0S,, kim cuong, graphit... Cac hat ndy co
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duong kinh 0,5 dén 5 pm va chiém tir 2 dén 10 % thé tich dung dich bam co hoc,
hoa hoc hay dién hoa 18n catot rdi 1an vao 16p ma [7], [14].

Nhin chung, sau cac céng doan cua quy trinh ma déu thai ra nhiéu chét thai
di cing voi nuée thai. Do lugng 16n hoa chat doc hai tham gia vao day chuyén san
Xuit nén dong thai ra qua mdi cong doan déu cé tinh chit héa hoc khac nhau va
thuong chia 1am 2 loai: ngudn thai tir quéa trinh ma va qué trinh 1am sach bé mit chi
tiét. Bun thai ma phat sinh tai bé trung hoa axit nhe va bé ma (oxit, hydroxit, mudi
cua cac kim loai tao thanh trong qua trinh lam viéc) theo chu ky trong mot thoi gian
thuong theo nudc thai ra ngoai. Bén canh d6 con c6 mot lugng bun thai phat sinh tur
qua trinh xtr ly nudc thai va khi thai, lwong bun nay tuy thuéc vao céng nghé xu ly

[5]. So d6 quy trinh ma duoc thé hién tai Hinh 1.3 sau day.

Vit ma, phbi ma

3

- — Bui kim loai, bui bot mi,Si0s, ...
Mai thd, mai tinh »

Bét kim loai. oxit kim loai

Brnh bong, quay bong

| Moi
trudmng
! _ tidp
— Chat thii hiru co, hoi dung moi, cin kim loai nhdin
Tay didu ma _ -
l NT cd dd axit hofic d6 kicm cao
Tiy gi bing hoa chit NT chira axit, hoi axit .
l Ma Niken: NT chira niken, axit boric, H-50,,...

Ma pha kim loai

* Makém: NT chira kém, chét hoat djng bé mat, CN',_..

l Ma crom: axit cromic, axit sunfuaric,...

Sdy kho, kiém tra va

déng goi san ].'Jh-";m Ma dﬁng: NT chira mudi va o, mudi amoni, Xianua,,..

Hinh 1.3. So @b quy trinh ma
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1.2.1.2. Thyc trang nganh cdng nghiép ma trén thé gidi va Viét Nam
a) Trén thé gigi

Cung Véi sy ting truéng trong cac nganh san xuit, ma mot céng doan khong
thé thiéu va dang tiép tuc gia tang phat trién trong san xuat cac san pham thép, dic
biét 1a cac nhu cau vé dién, 6 t6, xe may, may bay, cac phuong tién van tai va cac san
pham nganh cong nghiép dién tir. Nganh cdng nghiép ma 1a mot nganh céng nghiép
ning dong va déng vai trd quan trong giup thuc day phat trién cac nganh cong nghiép
hién dai. Mac du bi anh huong boi khung hoang COVID-19, thi treong ma dién toan
cau van dat 13,5 ty do la My vao nam 2020 va tiép tuc duy tri toc do ting truong
hang nim kép (CAGR) 14 2,3 %, du kién dat 15,9 ty d6 la My vao nam 2027 [52].

Céc quy dinh vé méi trudng todn cau nhu han ché chat thai nguy hai (RoHS)
dang dan cam viéc ap dung cdng nghé ma do nhitng thiét hai vé sinh thai tir viéc
thai bo qua muc cac kim loai doc hai nhu niken, crom hoac cadimi trong qua trinh
ma vao moi trudng. Theo nghién cau cua Future Market Insights vé "Thi truong
ma: Phan tich co hoi toan cau, 2016 - 2026" dy béo, tang truong doanh thu tir cong
nghiép ma tai mot s6 khu vuc Chau A - Thai Binh Duong, trir Nhat Ban (APEJ) s&
& muc phat trién dang ké. Bén cudi nam 2026, doanh thu tir thi trudng ma APEJ dy
kién s& vt mac 5 ty USD, dat muc ting trudng 4,6 % trong giai doan nay. Mac du
khu vire APEJ duogc du doan s& chiém khoang 25 % doanh thu ma toan cau, tuy
nhién Biac My va Tay Au sé& van tiép tuc dimg dau trong nganh cong nghiép ma.
Nhu cau vé dong va niken 1a kim loai thd cho nganh cong nghiép ma du kién s&
tang nhanh, dat gi tri ting truong thi trudng toan cau trén 60 % dén 2026. Trong
cac nam téi, My va Trung Qudc duoc dur béo 1a cac thi truong on dinh. Ngoai ra,
An B¢, Han Quéc va Trung Qudc sé cung cap nhiing co hoi ddng ké cho thi trudng
ma toan cau do la cac qudc gia hang dau vé cdng nghé dién va dién tu [59].

Pé tang cuong hiéu qua cong nghé ma, cac cong ty cung cap dich vu ma sir
dung céc hé thong diéu khién thong minh dé diéu chinh chu trinh ma, tir d6 giam phat
thai va tiét kiém niang luong. Bién phap ndy ciing c6 thé han ché phét thai ra moi
truong cac thanh phan 6 nhiém. Mot s cong ty nhu Kuntz Electroplating Market Inc
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Interplex Holdings Pte. Ltd., Pioneer Metal Finishing va Sharretts plating Co. Inc.
duoc cdng nhan 1a nhitng cong ty cung cap dich vu ma hang dau trén thé gisi. Céc
nha san xuit khéac trong thi truong ma toan cau, bao gdom: Allied Finishing Inc,
Atotech Deutschland GmbH, J & N Metal Products LLC, Bajaj Electroplaters,
Peninsula Metal Fishing Inc va Roy Metal Finishing [103].

b) Tai Viét Nam

Tai Viét Nam, cing véi su phat trién cia nganh co khi, nganh céng nghiép
ma duoc hinh thanh tir khoang 50 nim trude va dic biét phat trién trong giai doan
nhitng nam 1970 - 1980. Cac co sd ma cua Viét Nam hién nay ton tai mot cach doc
lap hodc di lién véi cac co so co khi dudi dang cong ty ¢ phan, cong ty tu nhan va
cbng ty lién doanh véi nude ngoai. Cac co s¢ ¢ quy md 16n thuong tap trung & cac
thanh phé 16n véi san pham chi yéu dugc ma dong, crom, kém, niken... Ngoai ra,
cac loai hinh ma dac biét nhu ma cadimi, ma thiéc, ma chi, ma sat va ma hop kim
cling duoc phét trién dé dap tng nhu cau caa cac nganh cong nghiép hién dai. Tuy
nhién, c4c cong ty chi hoat dong ma thi hau nhu rat it, chi yéu 14 cac cong ty c6 cong
doan ma trong quy trinh san xuét.

Trong nhitng nim gan day nganh coéng nghiép ma, nganh cong nghiép hd
tro cho cac nganh khac nhu dién tu, co khi, gia dung (nhom nganh céng nghiép
ché bién ché tao) da va dang phat trién mot cach nhanh chéng véi cac day chuyén
ma niken, dong, crom quy md lén. Theo béo cdo tong két tinh hinh hoat dong
cdng nghiép va thuong mai nam 2022 cua B6 Cong Thuong, chi sé ting trudng
ctia nganh cong nghiép ché bién ché tao véi cac nganh ting trudng cao nhu: san
xuat kim loai (6,4 %); 6 t6 - xe may (18,8%); dién tir, may vi tinh va san pham
quang hoc (9,7 %) [1]. Trong co cau nganh céng nghiép tai cac dia phuong, nganh
cdng nghiép ché bién ché tao véi linh vuc hoat dong co khi, dién tir (linh vuc cé
cong doan ma trong qua trinh san xuét) thuong chiém wu thé. Theo théng ké cua
Bo Ké hoach va Pau tu (nay 1a B Tai chinh), tinh dén hét nam 2023, Viét Nam
c6 414 khu cbng nghiép, trong d6 c6 4 khu ché xuét véi téng dién tich dat 1a
89.126 ha, trong d6 tap trung cha yéu la vé linh vuc san xuat cong nghiép va ché
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tao; c6 khoang 187 co s& ma quy mé khéac nhau dang hoat dong, tap trung chu yéu
tai Ha Noi va thanh phé H6 Chi Minh.

1.2.2. Bun thdi ma

1.2.2.1. Téng quan vé bun thdi mg

Cong nghi¢p ma thuong tao ra mot lugng nudc thai chira ham lugng kim loai
cao. Bun thai ma dugc sinh ra trong cong doan ma va cac cong doan xur Iy hoéa hoc bé
mit trong quy trinh ma, thuong c6 chira cac thanh phan nhu: i) kim loai ning: niken,
crom, cadimi, k&m, dong..., 1a nhitng chat khéng phan huy sinh hoc, c¢6 kha ning tich
tu trong co thé; ii) hoa chat dung trong quy trinh ma nhu axit va bazo manh, cac chit
tao phirc va cac hop chat hitu co dé gay nguy hai cho hé sinh thai.

Céac nganh coéng nghiép chi yéu phat sinh bun thai ma c6 thé dugc phan
thanh ba loai chinh bao gom: nganh cong nghiép san xuat san pham dién ta, may vi
tinh va san pham quang hoc, nganh cdng nghiép san xuat xe c6 dong co, ro modc va
nganh céng nghiép san xuat may mac, thiét bi chua dugc phan vao dau [11]. Trong
d6, nganh cong nghiép san xuat san pham dién tir, may vi tinh va san pham quang
hoc bao gom cac doanh nghiép san xuit may tinh bang, dién thoai théng minh, tivi
cac loai, thiét bi dién, dién tu, linh kién dién tir...; nganh cong nghiép san xuat xe c6
dong co, ro modc bao gdm cac doanh nghiép san xuat o to tai cac loai, xe c6 dong
co...; nganh cong nghiép san xuat may mac, thiét bi chua duoc phan vao dau bao
gom: mdy tudt laa, xe dap, xe mdy, may bom, may khau, can cau. ..

Bun thai ma dugc tao ra sau qué trinh xtr Iy nudc thai caa cadc nganh céng
nghiép ma, c6 doc tinh cao boi chira nhiéu kim loai nang nhu As, Hg, Cu, Cd, Cr,
Fe, Ni, Pb, Zn [5]. Do chira kim loai nang nén theo danh muc chét thai chau Au
bun thai ma duoc phan loai 1a chat thai nguy hai. Tai Viét Nam, theo quy dinh tai
Théng tu sé 02/2022/TT-BTNMT ngay 10/01/2022 ciia Bo Tai nguyén va Moi
truong (nay 1a Bo Nong nghiép va Mai truong) quy dinh chi tiét thi hanh mot sé
diéu cua Luat Bao vé moéi truong, bun thai ma 1a chat thai nguy hai dugc phan loai
thugc ma 07 01 05. D4i vai loai chat thai nguy hai ndy, néu khong duoc xur Iy ding
cach va dam bao cac tiéu chuan theo quy dinh, cac kim loai nang trong bun thai ma
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s& xam nhap vao méi truong dat, nudc thong qua hé théng cac dong chay, gay 6
nhiém moi trudng sinh thai dat, nude, gay nguy hiém cho chudi sinh hoc va anh
huong nghiém trong dén sic khoe con ngudi.

1.2.2.2. Thyc tragng phét sinh

Thuce trang phat trién nganh cong nghiép ma cho thay, khéi lwong bun thai
phat sinh tir cong nghiép ma ngay cang lén. Nam 2018, c6 khoang 100.000 tin bun
thai ma phat sinh tai Trung Quéc [59]. Tai Nhat Ban, hing nam tiéu thu trung binh
khoang 5.732 tin dong, 6.054 tan kém va 4.079 tin niken cho nganh céng nghiép
ma; phat sinh khoang 65.000 tan bun thai ma mdi nam [52], [85].

Khéi lwong bun thai ma ¢ Viét Nam phat sinh tang kha nhanh trong giai doan
2015 - 2020 [7], tap trung chu yéu & 27 tinh/thanh phéd thude 3 khu vuce kinh té trong
diém c6 nganh cdng nghiép ma phat trién gém: i) khu vuc phia Bac c6 Ha Noi, Bac
Ninh, Vinh Phuc (nay 1a Pha Tho), Hai Phong, Quang Ninh, Thai Nguyén, Lao Cai; ii)
khu vuc phia Nam c6 thanh phé H5 Chi Minh, Binh Duong va Viing Tau (nay thudc
thanh phé H6 Chi Minh), Pong Nai, khu vuc mién Trung (Pa Nang, Quang Ngi,
Nghé An, Thanh H6a). Tir ndm 2015 dén 2016, lwong bun thai ma tang xap xi 50 % so
VGi nam 2015, tir nam 2016 dén 2017 lugng bun thai ting cham chi khoang 16 %, nim
2017 dén 2018 luong bin thai ndy ting khong dang k& chi 0,4 %. Hai Phong, Hai
Duong (nay 1a Hai Phong) la nhiing tinh ¢6 khéi lugng bun thai ma phét sinh 16n. Két
qua nay phi hop véi tinh hinh dau tu, dac biét 1a dau tu truc tiép nudc ngoai trong linh
vue dién tir vién thong giai doan 2016 - 2020 tai Viét Nam néu trong béo co két qua
hoat dong dau tu nudc ngoai tai Viét Nam giai doan 2016 - 2020 [12].

Két qua khao sat 96 doanh nghiép c6 hoat d6ng ma trong nim 2018 phan
bd trén dia ban ca nudc cho thay, lugng bun thai ma phét sinh hang nim twong doi
I6n (khoang 197.985 tin/nam) [7]. Trong giai doan 2020 - 2025, tai mot s6 khu
cong nghiép/khu ché xuat cua céc tinh nhu thanh phé H6 Chi Minh (gém Binh
Duong, Ba Ria - Viing Tau), Pong Nai, Hai Duong (nay la Hai Phong), Vinh

Phic (nay 1a Pha Tho), Ha Nai ¢c6 sy gia ting dot bién vé khéi lwong bun thai ma
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[2]. Dir liéu vé khéi lwong bun thai ma phét sinh du bao dén nam 2025 cua céc
tinh mién Pong Nam B thé hién trong Bang 1.2 duéi day [7].

Bang 1.2. S6 liéu bin phat thai di bao dén nam 2025 ciia cac tinh mién Dong Nam B

bia didm cac khu Khéi hrong Khéi hrong

1 1 . < . ,

T A o bun thai bun thai du bao

cong nghiép/ (r . 9 - PO
T Khu ché xuAt phat sinh nam phat sinh dén nam 2025
2020 (tan/thang) (tan/thang)

1 | Thanh phé H5 Chi Minh 772 9.150
Tinh Binh Duong (nay la

2 C s 387 1.870
thanh pho Ho Chi Minh)

3 'I:1nh‘ Ba Ry’il - \;/ung,Ta}l (nay o1 292
la thanh pho HO6 Chi Minh)

4 | Tinh Bong Nai 371 459
Tinh Binh Phud 12

5 | Tinh Binh Phucc (nay la 121 2451
bong Nai)

6 | Tinh Ty Ninh 125 2.325
Tong 1.867 16.547

Ghi chl: tén cac tinh, thanh phé ghi theo dia gidi hanh chinh trude ndm
2025 khi chiea thyc hién sap nhdp cc tinh, thanh pho.

Qua khao sat thuc té cho thay, cac co so san xuat c6 hoat dong ma thuong
thu hdi nudc thai tir cac quy trinh san xuat khac nhau (trong d6 c6 hoat dong ma) dé
xu ly tap trung trong cing mot hé thong xtr 1y nude thai. Piéu nay dan dén ting
khdi lwong bun thai phét sinh tir hé thong xa 1y nuéc thai phai quan 1y nhu chat thai
nguy hai (do c¢6 ham lugng kim loai trong bin thai cao). Qua tong hop, ra soéat bao
cdo cdng tac bao vé méi truong nam 2020 cua 17 co sé ¢d hoat ddong ma tai mot sb
khu cong nghiép trén dia ban cac tinh phia Bic trong nim 2020 giri S& Tai nguyén
va Moi trudng tinh/thanh phé (nay 13 S& Nong nghiép va Mai trudng) cho thay,
khéi lwong bun thai co chira bun thai ma thuc té phat sinh tuwong d6i 16n, khoang
66.000 tan/nam, trong duong vai 5.550 tan/thang, cu thé trong Bang 1.3 dudi day.

29




Bang 1.3. Khéi lwong bun thai (c6 chira bun thai ma) phat sinh trong nam 2020 tai mot sb co

s& ¢6 hoat dong ma tai cac KCN trén dia ban cc tinh phia Bac

_ Khoi lwgng
TT Tén don vi Dia chi . i
(tan/thang)
1 Cong ty TNHH Samsung Electronics Viét | KCN Yén Binh, 1551
Nam Théi Nguyén (SETV1) Thai Nguyén '
) Cong ty TNHH Samsung Electronics Viét | KCN Yén Binh, 1105
Nam Thai Nguyén (SETV2) Thai Nguyén '
3 Cong ty CH phan kim loai mau Thai Nguyén - Bach Quang, 488
Nha may kém dién phan Thai Nguyén Thai Nguyén
) KCN Yén Binh,
4 | Cong ty TNHH Hasol Viét Nam . . 14
Thai Nguyén
, KCN Diém Thuy,
5 | Cong ty TNHH ALK Viét Nam . . 5
Thai Nguyén
5 Cong ty TNHH san xuat phu ting 6 t6 xe | KCN Nhu  Quynh, 57
may Viét Nam Hung Yén
o Gia Lam, Thanh phd
7 | Cong ty TNHH Lixil Viét Nam i 290
Ha Noi.
8 Cong ty TNHH HOYA GLASS DISK | KCN Thang Long II, 579
Viét Nam II Hung Yén
9 Cong ty TNHH San xuat va thwong mai | KCN Phd Nbéi A, 273
Minh Ngoc Hung Yén
) KCN Vinh Phitc,
10 | Cong ty Honda Viét Nam 179
Pht Tho
A . KCN Khai Quang,
11 | Cong ty TNHH BHFLEX Vina 75
Pht Tho
1 Cong ty TNHH Céng nghiép chinh xac | KCN Khai Quang, 2
Viét Nam 1 Phu Tho
13 | Céng ty C6 phan Xuén Hoa Viét Nam Phac Yén, Pht Tho 6
o KCN Thang Long,
14 | Congty TNHH Hoya Glass Disk Viét Nam . 726
Ha Noi
A KCN Van Trung,
15 | Cong ty TNHH FUGIANG . 196
Bac Ninh
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Khoi lwgng

TT Tén don vi Dia chi . i
(tan/thang)
A CCN Hoang Mai,
16 | Coéngty TNHH VJCO . 20
Bac Ninh
R ) KCN Quang Chau,
17 | Congty TNHH SI FLEX Vi¢t Nam . 1
Bac Ninh
Téng 5.549

Nguon sé liéu: Téng hop tir cac bdo cdo cong tic bdo vé méi truong ciia cdc co

¢ san xudt gii S6 Tai nguyén va Moi trwong (nay la S6 Nong nghiép va Méi truong)

cdc tinh, thanh phoé (theo dia gi6i hanh chinh sau khi sdp nhdp tinh ndm 2025).

Két qua tong hop bao cao cong tac bao vé moi truong caa mot s6 co so trén dia

ban tinh Thai Nguyén trong nhitng nim gan dy cho thay, khéi lugng bun thai ma phét

sinh tir cac co so phu thudc vao tinh hinh hoat dong san xuat kinh doanh, viéc phan loai

ngudn nudc thai va phan dinh bun thai phai kiém soat. Khi cac co so thuc hién phan

loai, thu gom, xir Iy so bd cac nguon nudc thai tot clng véi viée phan dinh ngudng

nguy hai ctia cac loai bun thai thuoc ddi tuong phai kiém soat theo quy dinh thi khéi

luong bun thai ma phat sinh tai cac co s¢ da giam di dang ké, dién hinh nhu Cong ty

TNHH Samsung Electronics Viét Nam Théai Nguyén, thé hién tai két qua Bang 1.4

dudi day.

Bang 1.4. Luong bun thai (c chira bun thai ma) phét sinh tai mot s6 co so ¢o

hoat dong ma trén dia ban tinh Thai Nguyén

Luwong bun thai
T Pon vi phat thai phat sinh ( tan/thang)
2022 2023 | 2024
1 Co?g ty TANHH Samsung Electronics Viét Nam 408 378 784
Thai Nguyén
2 | Cong ty Cb phan kim loai mau Théai Nguyén -
Nha may kém dién phan Thai Nguyén 542 502 >16
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Luwong bun thai
T Don vi phit thii phét sinh ( tin/thang)
2022 2023 | 2024
3 | Cong ty TNHH KHVATEC Ha Noi - ] ] 5
KCN Yén Binh
4 ICéc():r;\gI gi:él'rl:ﬁ:u;(HVATEC Ha Noi - 1 17 17
5 | Cong ty TNHH Myungjin Electronic Vina 20 23 18
6 | Congty TNHH Pha An Thinh 2 2 5
7 | Congty Co phan co khi Phd Yén 16 20 -
8 Tong 1.008 | 943 | 1.342

Nguon diz liéu: B&o cao cdng tac bdo vé méi truong cua mét sé co so trén
dia ban tinh Thai Nguyén tham khao tai So Tai nguyén va Méi truong (nay la So
Néng nghiép va Mdéi truong tinh Thai Nguyén).

Thuc té cong tac quan ly chat thai cua Viét Nam cho thiy, cac co s& cong
nghiép phat sinh chat thai nguy hai thuc hién béo céo hang nam theo tirng ma chat
thai nguy hai. Tuy nhién, viéc thong ké, theo ddi, minh bach sé liéu, dit liéu cua cac
co s& cdng nghiép con nhiéu khoang tréng phap 1y va chua duoc s6 hoa dan dén
viéc quan ly, cap nhat dit liéu cua co quan quan ly con han ché. Viéc tim kiém, xu
ly, thu thap, tong hop théng tin ting loai chat thai néi chung va bun thai ma noéi
riéng con gap nhiéu khé khan.

Dé xac dinh khéi lugng bun thai cong nghiép ma phat sinh ¢ Viét Nam chi
dua trén sd liéu diéu tra khao sat thu duoc s& khong day di ma can tinh toan thong
qua hé s6 phat thai bun thai ma d6i véi ting nganh cong nghiép co lién quan dén
cdng nghiép ma. Két qua tinh todn du bao dén nam 2025, lwong bun thai céng
nghiép phéat sinh tai mdi KCN trén ting 1,23 - 3,21 lan, cé biét tai mot sé tinh nhu

Ddng Nai, Tay Ninh khéi lwong bun thai phat sinh du kién ting tir 18 dén 20 lan; d&én
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nam 2030, trén ca nude s& phat sinh khoang 1.712.149 tin/nam. Bun thai ma hién nay
hau hét duoc cac chi co s san xuat cong nghiép hop dong thué cac don vi ¢d chirc
ning, duoc cap phép theo quy dinh dé thu gom, xu ly; cdng nghé xtr Iy duoc &p dung
hién nay chu yéu 1a chén lap hodc dong ran. Su gia ting bun thai ma khong chi anh
hudng dén chi phi xir Iy cua cac co sé san xuat cong nghiép ma d6 con 1a bai toan
kh, thach thirc cac co quan chire ning ddi vai viéc tim giai phép xu ly [61, 3], [8,
86]. Viéc nghién ctru thu hdi cac thanh phan kim loai c6 gia tri trong bun thai 13 rat
can thiét dé giam thiéu yéu t5 nguy hai va thu hdi tai nguyén tir loai chat thai nay.
1.2.2.3. Thanh phan mét sé kim logi (Cu, Ni, Cr) trong bun thdi ma

C6 nhiéu loai bun thai ma véi thanh phan, tinh chat khac nhau tuy theo vat ma
cd thé duoc ma bang cac kim loai khac nhau nhu ma crom, ma kém, ma niken; tng
dung cac loai cdng nghé ma khac nhau nhu ma dién, ma nhing néng, ma hoa hoc hoac
I6p ma trén bé mit cua vat ma nhu 16p ma kim loai, 16p ma hop kim, 16p ma composit.
Nghién ciru vé thanh phan bun thai ¢ cac co s& ma - co khi & khu vuc thanh phé Hb
Chi Minh cho thay dic diém vé thanh phan nhu sau: pH ctia bun thai ma phu thudc vao
cdng nghé san xut, c6 gia tri & nhiéu khoang khac nhau tir axit dén kiém; ham luong
kim loai nang trong bun thai ma rat cao nhu két qua md ta trong Bang 1.5 duéi day.

Bang 1.5. Thanh phan bin thai ma nghién ciu tai khu vyc thanh phd Ho Chi Minh

TT Thong sb Pon vi tinh Gia tri
1 pH 2,8-3,8;65-80;96-123
1 Ni mg/kg 2.077,5
2 Zn mg/kg 3.583,4
3 Cu mg/kg 156,2
4 Cr mg/kg 4.970,2
5 As mg/kg 40,7
6 Pb mg/kg 97,2
7 Cd mg/kg 4,1

Nguon di ligu: Nghién citu xir 1y bun céng nghiép, S6 Khoa hoc va Céng
nghé thanh pho Hé Chi Minh, Ho Chi Minh (2009).
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Mot sb nghién ctru vé thanh phan ban thai ma trén thé gioi ciing c6 két qua
vé cac ham luong cac thanh phan kha da dang va c6 su khac biét dang ké nhung déu
c6 ham luong cé&c kim loai c6 gia tri nhu Ni, Cr, Cu,... khac cao, twong ddng voi
cac nghién cau trong nuéc. Cac nghién ciru & Pai Loan [29], Trung Qudc [48] ciing
cho két qua ham lwong cac kim loai rat cao, thé hién trong Bang 1.6 duéi day.

Bang 1.6. Thanh phan mau ban thai ma ciia mot s6 nghién ciu & nudc Ngoai

i Gia tri
TT Théng so Pon vi tinh ,
bai Loan Trung Quéc
1 Cr mg/kg 56.800 359.621
2 Ni mg/kg 108 9.298
3 Cu mg/kg 45.400 5.575

Tur thuc trang phat sinh va thanh phan tinh chat bun thai ma nhu da néu trén
cho thay, néu kim loai nang trong ban thai ma khong duoc thu hdi dong nghia véi
viéc d6i mit vai cac van dé vé 6 nhiém méi truong va lang phi tai nguyén. Do vay,
van dé moi trudng dit ra 12 can xir ly bun thai ma an toan va thu hoi duoc tai
nguyén, thic day nén KTTH hiéu qua nhat.

1.3. Cong nghé thu hdi kim loai tir bun thai ma va tai sir dung bun thai ma
1.3.1. Thu héi kim logi tie bun thdi mg

Bun thai cong nghiép ma chira kim loai nang sét, niken, dong, crom ¢ dang
hop chat hydroxit (hodc cacbonat) do trong qué trinh san xuat thuong sir dung cac
chat kiém thong dung dé trung hoa axit bam dinh vao cin dién phan nhu sira voi,
NaOH, Na,COs. Tu thanh phan, tinh chat ban thai ma nhu da néu trén, mot s6
phuong phap pho bién, chi yéu duoc sir dung dé thu hoi kim loai tir bun thai ma do
a: 1) phwong phéap hoa luyén: nung bun & nhiét 6 cao dé cac kim loai chuyén thanh
dang oxit, sau d6 khur thanh kim loai; ii) phuong phap thuay luyén: qua trinh hoa
tach va thu hoi kim loai bang phuong phap kéttua, chiét tach, dién phan.



a) Phuong phap hoa luyén:

Phuong phap hoa luyén 13 phuong phap xt 1y bang nhiét, bao gom qué trinh
nung & nhiét do khoang 1.500 °C dé 1am néng chay kim loai va chuyén héa bun thai
thanh dang c6 thé thu hdi duoc.

Bun thai dugc nung dé chuyén héa hét thanh dang oxit s& duoc khir ¢ nhiét do
trén nhiét d6 nong chay cua kim loai (Me) véi cac tic nhan khtr nhu C (ton tai dudi
dang than céc hodc than d4). Khi d6, C va CO s& khir cac oxit kim loai thanh kim loai
tu do theo cac phuong trinh phan tng dién ra nhu sau:

MeCO; — MeO + CO, (1.1)

MeO+C — Me+CO (1.2)

MeO+CO — Me+CO, (1.3)

Trong qua trinh khir, mot s6 chat hd tro cho qué trinh chay s& duoc thém vao
cuing véi bun thai dé két hop vai tap chat ¢ trong bun dé tao thanh xi. Xi nay nhe
hon so vai kim loai néng chay nén noi 1én trén va duoc loai bo trudc khi kim loai
duoc rot vao khuon duc.

b) Phuong phap thuy luyén:

Phuong phap thay luyén 1a phuong phap luyén kim dua trén nguyén Iy vé
hoa tach, két taa, chiét tach, xir Iy bang dién hoa dé xur Iy bun thai, thu hoi cac kim
loai c6 gia tri [6].

K3 thuat chiét tach hoa hoc bao gom chiét tach va két taa véi cac tac nhan tach
chinh gom nuéc, axit (H,SO,, HCL...), bazo (NaOH, NH,OH), c4c chét c6 kha ning
tao phtrc v6i kim loai (EDTA, NTA, DTPA, EDDHA...), dung dich mudi va hdn hop
cua ching. Qué trinh tach cé thé duoc ting cuong bang viéc thém cac tac nhan oxi
hoé (H,0,, Cl,, HCIO, NaClO) hay khtr (Fe?*, SO,). Trong k§y thuat nay, kim loai
dugc tach khoi bun thai bang cach hoa tan trong méi truong axit hay bazo, ky thuat
két tia cling duoc sir dung rong rii trong qua trinh tach. Nguyén tic tach chiét dung

moéi duoc thé hién ¢ Hinh 1.4 dudi day.
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Hinh 1.4. Nguyén tic cua tach chiét dung méi (R = tac nhan/dung méi chiét,
M1 va M2 la cac kim loai khac nhau)

Pé hoa tach dugc hét cac hydroxit trong 1 tan bun thai khd can tinh luong
axit sunfuric theo phan trng (1.4) nhu sau:

Me(OH),+ H,S0, = MeSO, +2H,0  (L1.4)

Trong do: Me la cac kim logi nhw: Ni, Cu, Fe, Cr...

Theo cach tinh can bang hda hoc caa phan tng (1) néu trén, dé hoa tach hét
cac hydroxit kim loai thi phai can luong axit H,SO, t6i thiéu 1a 1,5 - 1,7 lan luong
kim loai ning; néu tinh ca luong axit can du véi hé sb thong thuong 13 1,3 lan thi
lwong axit can thiét s& gap doi tong khéi luong caa kim loai ning. Nhu vay, luong
axit H,SO, can thiét s& 1a 1 tin cho hoa tach 1 tan bun thai khé, tic Ia ty 1¢ tiéu hao
axit cho hoa tach 1 tan bun thai kho 14 1:1. Tinh todn can bang theo cac phan Gng trén
c6 thé xac dinh duoc lwgng hoa chat du kién cho xir Iy khir sat va crom hoa tach tir 1
tan bun thai kho (twong dwong 2 - 3 tin bun thai uét) 14 1.000 kg axit H,SO, [7].

¢) Uu, nhwoc diém cua ting phwong phdp: wu, nhuge diém cua phuong phap
hoa luyén va thuy luyén dugc dugc trinh bay, so sanh tai Bang 1.7 dudi day [6].
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Bang 1.7. Uy, nhuge diém ciia phuong phap hoa luyén, thay luyén

thu hdi kim loai tir bun thai ma

pr | Phuong U diém Nhuoge diém
phap i
1 Hoaluyén | - Ty 1é thu hoi kim loai | - Do tinh khiét cua kim loai
cao. thu duoc thap.
- Qua trinh thu hoi kim | - Cdng nghé phic tap, chi phi
loai khéng bd sung hda | dau tu 16n, van hanh phic tap,
chat. tiéu hao nang luong lon.
- Céac kim loai c6 thé mat mat
theo con duong bay hoi &
nhiét do cao.
- Phét sinh 6 nhiém méi trudng
thir cap, dac biét 1a khi thai c6
thé cd thanh phan dioxin rat
doc vai sic khoé con nguoi; 6
nhiém do khi thai c6 thé phat
tan trén pham vi rong néu
khong duoc kiém soét tét.
2 Thuy Kim loai thu duoc c6| - Ty Ié thu hoi kim loai khdng
luyén d6 tinh khiét cao. Cao.
- Cong nghé don gian, | - St dung hoa chat b sung
diéu kién san xuat dién | trong qua trinh chiét tach.
ra & nhiét do thap, dé| - Phatsinh nudc thai phai xi ly.
van hanh, tiéu hao nang
luong thap.
- Thu héi hiéu qua ca
véi bun thai ma ¢ ham
lwong kim loai thap.
- Khéng phét sinh khi
thai chira thanh phan
dioxin.

Tir phan tich wu, nhugc diém cua timg phuong phap nhu di néu trén, trong

pham vi diéu kién nghién ctiru ndy chi tap trung vao nghién ciu qua trinh thaty luyén
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thu hoi dong tir bun thai ma bao gém hoa tach, chiét tach thu hdi dong kim loai bang
phuong phéap hoa hoc.

Trén thyc té, trong qué trinh hoa tach, cac dung dich hoa tach thu duoc 1a vo
cung da dang. Nam 2011, tac gia L. H. Hong va céc cong su [66] da nghién ctru quy
trinh thuy luyén kim dé thu héi dong tir bang mach in (PCB) thai, trong d6 cac bang
mach in (PCB) thai di duoc 1am giau bang phuong phap ngam chiét va chiét dung
moi. Viéc ngam chiét mau da duoc 1am gidu bang axit nitric 3,5 M d3 hoa tan 99 %
ddng cuing vai cac kim loai khac & nhiét d6 50 °C trong thoi gian 1 gid. Thanh phan
cua dich ngdm chiét duoc c6 42,11 g/L Cu; 2,12 g/L Fe; 4,02 g/L Pb; 1,58 g/L Zn
va 0,4 g/L Ni.

Nam 2016, tac gia Ruijing va cong su [92] da nghién ctru hiéu tng ro ri kim
loai tr bun thai ma dién véi sy tham gia cua photphattrong moi truong axit
clohydric. Trong nghién ctru nay, cac tac dong cua viéc rira troi kim loai tir bun thai
ma dién dudi su tham gia cua phosphat trong moi truong axit clohydric da duogc do
luong. Céc tac dong cua luong axit clohydric, nong d6 axit photphoric, nhiét do va
ty 18 long/ran cung véi thoi gian ria tréi da duoc nghién ciu va do luong bang
phuong phap quang pho phat xa nguyén tir plasma cam tng (ICP-AES). Két qua
nghién ciru cac diéu kién téi vu 1a ndng do axit clohydric va axit photphoric 1,5
mol/L, ty & long/ran 10:1 va nhiét do 40 °C, ty 18 rira tr6i dong trong bun thai ma
dién duogc do cao tdi 80,6 %.

Nghién ctru cong nghé xtr 1y nudce thai cong nghiép ma dién tai cum céng nghiép
Phiing, Ha Noi bang phuong phap két tia cia tic gia Pong Thu Van (2011) chi ra rang,
su két tua ciia moi kim loai dat hiéu suat cao nhat ¢ timg gia tri pH riéng biét. Bén canh
do, viéc tang ndng do Fe** 1am ting ndng do hydroxit két tua ciing ddng nghia véi viéc
c4c kim loai nang nhu As, Cr, Zn bj loai bo nhiéu hon. Véi nong do Fe** 1390 mg/L thi
hiéu suat xu 1y cac kim loai nay dat 100 % & gia tri pH = 8,9. Viéc sir dung Na,CO3 gop
phan ting hiéu qua xir Iy tat ca cac kim loai 1én dén 95 % [13], [8].

Két qua nghién ctru thu hoi kim loai dong tir ban thai cong nghiép dién tir bang
phuong phap dién hda cua tac gia Nguyén Thi Thu Huyén va cong su (2016) cho
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thdy, bun thai cia qua trinh san xuat ban mach dién tir chira déng c6 thé hoa tach tot
trong dung dich axit H,SO,. Khi thay doi cac yéu té kich thudc hat bun thai, nhiét do
hoa tach va toc do khudy tron thi hiéu suit qua trinh hoa tach thay déi it. Nguoc lai, ty
& ran/long, nong do H,SO, va thoi gian hoa tach c6 anh huong I6n. Nghién ctu ciing
da dua ra khoang 1am viéc phu hop cua néng do axit 12 0,8 - 1,2 M, luong ran/long 1a
10 - 14 % va thoi gian hoa tach tir 60 - 90 phut; da thuc nghiém xac dinh diéu kién tdi
wu hoa qué trinh hoa tach, chiét tach thu dwoc dung dich chta 0,3 M Cu®* va 0,575
mg/L Fe?* d6 1a: i) hoa tach sir dung H,SO, 1,08 M, trong thoi gian 75,44 phit, ty 16
ty 1¢ bun/axit 12 11,4/100 & nhiét 6 25 °C, kich thudc hat < 0,1 mm, khudy tron 600
vong/phdt, hidu suat dat 96,7 % va ii) chiét tach 3 bac trong LIX 984/dau hoa 20 % va
giai chiét 2 1an 3 bac trong H,SO, 0,4 M, dat hiéu suat 83,3 %; thu hdi dong bang
phuong phap dién phan véi ty I¢ thu hoi 99 %, do tinh khiét > 99 %, hau nhu khong
1an tap kim loai (ham lwong Fe 0,002 %) khi sir dung hé dién phan hén hop tir bin
thai cong nghiép dién tir voi hiéu suat tong thé cua qua trinh 12 80,4 % [6].

Nam 2021, dé tai cidp Qudc gia KC.08.18/16-20 nghién ctru xay dyng mo
hinh cong nghé kha thi quy mé pilot dé xir Iy bun thai cong nghiép giau kim loai
nang theo hudng tan thu tai nguyén, tiét kiém niang luong do tac gia Nguyén Manh
Khai chu tri [7]dd danh gia dic diém caa mot sé loai bun thai ma dién, nghién cau
quy trinh cng nghé thu hoi Cu, Cr, Ni, Zn trong bun thai ma va sir dung phan ba
bun thai dé san xuat gach nung va khéng nung, gop phan tan thu chat thai, tuan hoan
vat chat. Dé tai ciing nghién ctru bién tinh ban thai céng nghiép ma sau thu hoi kim
loai bang phuong phap nhiét két hop calcit hda ung dung dé hap phy, xi ly Cu (11)
trong moi truong nudc va chi ra rang viéc calcite hda bun thai sau thu héi kim loai
nang da tang kha ning hap phu cia vat liéu va do bén trong qua trinh xir Iy gap tir
1,8 - 2,4 lan thy thudc vao diéu kién bién tinh.

1.3.2. Cong nghé tai s dung bun thai mg thanh vt ligu xi Iy méi truwong
1.3.2.1. Tai ché bun thai ma thanh chdt chdt hap phy iing dung trong xi 1y nueéc thdi

Hap phu 1 qué trinh trong d6 cac phan tir, ion hoic nguyén tir tir mot pha

(khi, 1éng hoic dung dich) bam 1én bé mat cia mot chat rin hoac chat long khéc.
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Dua trén ban chét luc trong tac giita chat hip phu va chat bi hip phu, hap phu duoc
chia thanh hai loai chinh:

- Hap phu vat ly: xay ra do luc Van der Waals yéu, khdng hinh thanh lién két
hoa hoc, thudng xay ra ¢ nhiét do thap, khéng chon loc va thuan nghich.

- Hap phu héa hoc: lién quan dén viéc hinh thanh lién két hda hoc (cong hoa
tri hoidc ion) giita bé mat va chat bi hap phu, thuong khdng thuan nghich, chon loc
cao va xay ra & nhiét @6 cao hon.

Trong sé cac phuong phap vat ly va hoa hoc, hap phu 13 phuong phap phd
bién dé xir Iy méi truong [55] va c6 thé duoc st dung dé xir ly kim loai niang trong
nudc thai [39]. Phuong phap hap phu [30] ¢6 nhiing uu diém nhu: ¢6 thé xi Iy chat 6
nhiém trong nuéc thai ¢6 néng do thap; xa ly phd hop ddi véi ngudn thai c¢o luu
luong nho; ¢ thé xu Iy triét dé do hiéu suat hap phu cao, gan 99 % ddi véi cac chat
hap phu da dugc hoat hoa phu hop; dé dang thuc hién vai quy mé nho, kinh phi thap.

Nhiéu nghién ctru da cong bd cho thay, cac chat hip phu nhu than hoat tinh
[23], canxi cacbonat hoat héa [46], hydroxit kim loai [17] va vat liéu composit [19]
c6 hiéu qua cao trong viéc xir Iy kim loai ning trong nuéc thai. Tuy nhién, cac chat
hap phu thuong mai (vi du: than hoat tinh) doi hoi chi phi cao va thiét ké phic tap.
Do d6, viéc nghién ctu san xuét chat hap phu tu nhién tir vat lidu chi phi thip voi
hiéu suat hap phu cao 1a mot lya chon thay thé phu hop, di va dang thu hat duoc su
cha y trong thoi gian gan day.

Bun thai ma dién 1a chat thai phat sinh tir qua trinh xr 1y nude thai nganh
ma, chira ham Iuong cao kim loai nang (Cr, Ni, Cu, Zn, Pb, Fe), oxit/hydroxit kim
loai (Fe:0s, FeOOH, Cr(OH)s, Ni(OH)., ZnO), mubi v co va mdt lwong nhé hop
chat hiru co. Khi duoc xu ly nhiét hozc bién tinh, cac cdu trlc giau oxit/hydroxit
kim loai c6 dién tich bé mit twong dbi nén bun thai ma dién c6 tiém ning 16n dé tai
ché thanh vat liéu hap phu gia ré, thay thé mot phan vat liéu thuwong mai nhu than
hoat tinh, khong chi giam chi phi xtr Iy chat thai nguy hai ma con gép phan phéat
trién KTTH va bén viing. Theo hudng nay, mot s nha nghién ciru da tan dung céc
nguyén t6 Ca, Fe, Mn va céc oxit kim loai khac nhau nhu FeO, CaO dé bién tinh
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bun thanh vat liéu c6 kha nang hip phu [17], [97], [92]. Sau khi nung, kim loai ning
dugc chuyén ddi thanh oxit kim loai va oxit kim loai hdn hop, ¢6 kha nang hap phu
cao [70]. Ngay ca khi khong nung, oxit kim loai (vi du: CaO va FeO) ton tai trong
bun thai ma ciing 13 mét lra chon tét cho phwong phap hap phu [92]. Néi chung, ¢6
3 co ché hap phu chinh khi sir dung bun Iam chit hip phu: trao d6i ion kim loai
trong dung dich lién quan dén thay thé ion H* hodc Na* trén bé mit vat liéu; hap
phu tinh dién xay ra manh khi c6 sy khac biét dién tich gitra bé mat va chat 6 nhiém
va két taa vi mo trén bé mit kim loai cd thé tao hydroxit/oxit va ling dong truc tiép
Ién bé mat vat liéu. Str dung bun thai ma 1am chét hap phu c6 thé tiét kiém dang ké
chi phi xir Iy chat thai cho nganh cong nghiép ma va cac nha may cé thé sir dung vat
liéu duoc san xuat tir ban thai ma dé xa 1y nuéc thai caa chinh ho. Phuong phép nay
khong lién quan dén hoa chat bén ngoai, do d6 khong c6 nguy co hinh thanh bat ky
san pham phu nao c6 thé gay 6 nhiém. Viéc st dung bun thai ma lam vat lidu hap
phu dé xir Iy kim loai trong nudc thai 1a mot phuong phap tiép can xanh va bén
Viing véi moi truong, phi hop voi khéai niém “dung chét thai xi ly chat thai”. Tur
goc do moi truong va phét trién bén ving, viéc tai st dung ban thai ma khong
nhitng giam thiéu cac mdi nguy hiém do 6 nhiém kim loai ning gay ra ma con tan
dung chat thai tir nganh cong nghiép dé xu Iy méi trudng.

Nam 2004, Visnja Orescanin va cdng su da nghién ctu lam sach nudc thai
ma dién bang phu pham (chira sat - sunfat) va chat thai (tro bay). Theo d6, sat sunfat
duoc st dung dé khir Cr®* trong khi tro bay duoc sir dung dé xir Iy kim loai nang
trong nudc thai ma dién [80]. Hiéu suat xu 1y kim loai niang dat 97.5 % d6i véi Cu
va 99,973 % ddi véi Zn tai pH = 8. Phuong phap nay don gian vé mat ki thuat, tiét
kiém chi phi va can it khong gian hon so v6i phuwong phap luan c6 dién. Hon nira,
tro thai con lai c6 thé thu hdi bang cach lang dong trong nudce thai. Nam 2008, nhom
tac gia nay tiép tuc ung dung cin kiém ran (ASR) cua bui 10 dién hd quang (EAFD)
dé trung hoa/lam sach nudc thai ma dién [37]. Muc dich cua nghién ciu nham xay
dung quy trinh thich hop dé trung hoa/lam sach nuéc thai ma dién (EWW) bing
ASR la san pham phu caa qué trinh chiét xuat kiém kém va chi tir EAFD. Hiéu qua
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xir ly & diéu kién tinh ché t6i wu (pH = 8 va thoi gian tron 1a 20 phat) dbi voi cac
nguyén té Pb, Cr®*. Cr**, Fe. Ni, Cu va Zn lan luot la 94,92 %; 97,58 %; 99,59 %;
99,48 %:; 7,25 % va 99,97 %. Nong d6 cua tit ca cac nguyén té trong nudc thai thap
hon dang ké so véi yéu cau ddi véi nudc thai khi xa ra méi trudng. ASR duoc tai
sinh trong mdi trudng kiém manh va &p dung thanh cdng mot lan nita dé trung
hoa/lam sach EWW. Hiéu qua xu ly cac kim loai nang dat dugc vai ASR tai sinh
tuong duong khi so sanh v6i ASR ban dau. Nong do nguyén té trong nudc ri cia
ASR phi hop véi quy dinh. Nam 2013, nhém téc gia ndy da tién hanh nghién ctu tiép
theo, d6 13 xir Iy nudc thai ma dién bang phuong phap két hop giira ozon héa va dién
hoa [79]. Nuéc thai trudc xi ly rat giau kim loai nang va c6 ham luong chat 6 nhiém
hiru co cao. Cac gia tri cia Cr6+, Fe, Ni, Cu, Zn, Pb, TOC va COD tuong ung déu vuot
qua giai han cho phép la 63; 220,2; 1;1; 7; 131,3; 1,7; 12,3va 11,4 lan. Viéc xtr ly kim
loai nang bang qua trinh déng tu/tao bdng, st dung cac ion Fe?*, Fe** va AI** duoc giai
phong vao dung dich bai su dn mon dién héa cac dién cuc sit va nhém hodc su két taa
cta hydroxit kim loai cling nhu dong két tia véi hydroxit sat va nhom. Nguyén tic xir
ly chit hiru co 1a qua trinh oxy hdéa ozon va qua trinh oxy héa gian tiép VGi
clo/hypoclorit dugc hinh thanh béi qua trinh oxy hoa andt ciia clorua da c6 trong nudc
thai. Sau khi xt ly két hop, hiéu qua xir Iy Cr®*, Fe, Ni, Cu, Zn, Pb, TOC va COD lan
luot 1a 99,94 %; 100,00 %; 95,86 %; 98,66 %; 99,97 %; 96,81 %; 93,24 % va 93,43 %,
dap ng yéu cau xa thai theo quy dinh.

Niam 2018, tac gia Nguyén Thi Thanh Hoa va cac cong su da nghién ctu kha
nang hap thu sunfua trén vat liéu bun thai sat hydroxit [4]. Két qua nghién ciru cho
thiy, diéu kién t6i wu sau cho qua trinh hap phu la pH = 6,0; thoi gian can bang 4
gio; khéi luong chat hap phu 0,1 g. Khi d6, dung luong hap phu t6i da dat Qe =
27,8 mg/g. Nghién ctru ciing chi ra rang, pH va céc ion khac cing ton tai trong bon
thai khong anh huéng dang ké dén kha nang hap phu cia vat liéu. Nghién ciru ciing
da ap dung quy trinh hap phu nay dé xtr Iy 04 miu nudc mat tai Ha Noi bi 6 nhiém
nang do sunfua. Két qua cho thdy nong d6 sunfua sau khi xt ly giam xudng dudi
muc cho phép theo quy dinh.
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Nam 2020, tac gia Yanwen Liu va cong su da thuc hién nghién ciu sir dung
tir ban thai ma dién dé ché tao thanh nano mang erdit dé hap phu kim loai nang tur
nudc thai ma dién [65]. Bun thai ma dién chaa 25,6 % Fe va 55 % Co (tén la S;) va
mot loai khac chira 36,8 % Fe va 7,8 % Cr (S,) da duoc tai ché dé diéu ché cac hat
mang erdit thong qua con duong thuy nhiét véi sy ¢d mat cua Na,S.9H,0. Trong
bun cat, cac hop chat chia Fe yéu duoc két tinh va chuyén dbi mot cach tu nhién
thanh céc hat erdit hinh que ngan (SP,) véi su ¢6 mit cua Co hoic cac hat nano dai
(SP,) c6 duong kinh 100 nm va chiéu dai 0,5 - 1,5 um v&i su hién dién cua Cr. Hai
san pham SP; va SP, duoc ung dung trong xtr Iy nuéc thai ma dién, trong d6 mot
phan nho Co trong SP; duoc thai ra trong nudc thai. Thém 0,3 g/L SP, gilp xu ly
99,7 % Zn; 99,4 % Cu; 37,9 % Ni va 53,3 % Co trong nudc thai ma dién véi du
lwgng & cac nong do 0,007; 0,003; 0,33; 0,09 va 0,002 mg/L twong Gng. Nhu vay,
nuéc thai ma dién di qua xu 1y dap Gng tiéu chuan xa cho nudc thai ma dién ¢
Trung Qudc. Hiéu qua xir Iy nay cao hon cac san pham bang than hoat tinh dang
bot, polyalumin clorua, polyferric sunfat hoic thudc thir Na,S.9H,0 tinh khiét. Vi
phuong phap nay, bun thai ma dién thai duoc tai ché duéi dang thanh nano céc hat
mang erdit cho thay hiéu qua vuot troi trong xir Iy nude thai ma dién.

1.3.2.2. Tai ché bun thdi mg thanh vat liéu xdc tac quang @ng dung trong xi ly khang
sinh va thuéc nhuém
a) Tong quan vé khang sinh va thuéc nhuém

Du luong khang sinh va thubc nhudém tong hop trong nude thai dang ndi 1én
nhu nhom vi 6 nhiém khoé xtr 1y, gay ri ro dong thoi cho sirc khoe cong dong va hé
sinh thai nudc. Trong nhimg nim gan day, mdi quan tdm vé van dé xur Iy nudce thai
y té & cac khu vyuc kém phat trién va dang phat trién d6 1a sy gia ting ndng do céc
chat 6 nhiém hiru co khang thudc cé trong nude thai do lam dung thudc khang sinh.
Két qua khao sat quy mo toan cau tai 1.052 diém do trén 258 con song da chimng
minh dugc phim, bao gdm nhiéu khang sinh, hién dién phd bién voi khong it

truong hop vuot ngudng rai ro sinh thai [101]. Két qua nay cho thiy phat thai
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khang sinh d3 va dang dién ra & pham vi rong khip va viéc ap dung cong nghé xir Iy
nudc thai truyén thong chua mang lai hiéu qua trong viéc xir Iy nhom chét nay.

Bén canh d6, van dé khang khang sinh dang ¢ mc d6 cap bach, dic biét 1a
su gia ting cua vi khuan nhiém tring khang cac loai khang sinh khac nhau (nhu
aminoglycosid, cephalosporin, tetracyclin, penicillin,...) can diéu tri bang
ciprofloxacin. Theo phén tich ctia hé théng ding trén The Lancet, udc tinh nim
2019 c6 1,27 tri€u ca tir vong do khang thude va 4,95 triéu ca tir vong lién quan dén
khang thudc dua khang khang sinh trd thanh moét nguyén nhan hang dau giy tu
vong do nhiém khuan. Nhitng con sé nay dit ra yéu cdu phai quan Iy va xt Iy du
lugng khang sinh ngoai méi trudng nhu mot phan cia chién luge ing phéd khang
khéang sinh [73].

Véi khang sinh, nguy co khong chi dén tir doc tinh cap hodc man dbi véi
sinh vat thuy sinh ma con tr kha nang tao ap luc chon loc khang thube & néng do
thip hon ndng d6 trc ché tdi thiéu. Khai niém ndng d6 khong giy anh hudong dy
doan danh cho chon loc khang thudc di dugc dé xuét véi gia tri thudng thap hon
nhiéu so voi nong do khong gdy anh hudng sinh thai truyén thong. Piéu nay co
nghia 14 ngay ca du luong khang sinh & mitc vét trong nudc mit ciing co thé thuc
day sy xuat hién va duy tri vi khuan khang thudc ciing nhu gen khang thude [21].
Tai khu vuc Pong Nam A, bao gdm Viét Nam, nhiéu khao sat cho thy khang sinh
hién dién voi dai ndng do tir ng/L dén pg/L, trung vi thuong & mic vai chuc ng/L.
Céc ngudn phat thai chinh 12 nude thai bénh vién, chin nudi, nudi tréng thuy san va
nudce thai sinh hoat d6 thi [16].

Ciprofloxacin (CIP) I loai khang sinh ban tong hop c6 hoat tinh khang
khuan phé rong [30], [50], [56] duoc sir dung dé &c ché enzyme DNA gyrase, (c
ché su sao chép cua nhidm sic thé va ngan chin su phat trién nhanh chéng cua vi
khuan. Pay 1a mot loai thuéc fluoroquinolon, tén phan tir cua khang sinh 1a 1-
cyclopropyl-6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic

acid, cdng thirc hoé hoc 12 C17H15FN305, (chtra nhém thé fluoro & vi tri 6, nhom thé
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piperazine & vi tri 7 va nhom thé cyclopropyl & vi tri 1), c6 khéi lwong phan tir 12
331,34g/mol, cau tric hoé hoc ciaa CIP nhu Hinh 1.5 dudi day [40].

4-0x0

Carboxylic

Fluoro \ 0 0
\ 7 aid
F
| OH
( N N T~ 1,4-dihydroquinoline

Piperazin-1-yl
HN
Cyclopropyl

Hinh 1.5. Céu tric caa Ciprofloxacin (CIP): 1-Cyclopropyl-6-fluoro-4-oxo-7-

(piperazin-1-yl)-1,4-dihydroquinoline-3-carboxylic acid
CIP duoc str dung dé diéu tri nhiéu loai nhidm tring, vét thuong hd, tiéu

chay, cac van dé vé ho hip, viém xoang... Ngoai ra, CIP di duoc dung cho gia cam

va cac loai thu y khac dé tang khdi luong co thé va bao vé ching khoi nhiéu loai
nhiém tring. Do vay, ngay nay mot luong 16n CIP duoc san xuat va tiéu thu bai con
ngudi va cac sinh vat song khéc. Nghién ctu xac dinh du lwong khang sinh
Floquinolon trong nudc, bun va tdom tai khu vuc nudi tdbm quang canh Giao An,
Giao Thuy, Nam Dinh cua tac gia Duong Hong Anh va Pham Ngoc Ha (2015) [3]
da tim thdy CIP trong nudc véi nong do tir 0,06 - 0,35 pg/L. Tir két qua nghién ctiu
cho thay, CIP di dugc sir dung trong nudi trong thay san.

CIP la mét loai khang sinh 6n dinh va khéng chuyén hoa hoan toan trong co thé,
khoang 60 % - 70 % CIP tiéu thu duoc bai tiét ra khoi co thé. Trong méi trudng nude,
CIP kho phan hity do cdu tric ctia CIP ¢6 chira 1 vong Cyclopropyl, 1 vong piperazin,
1 vong dihydroquinoline bén viing nén thoi gian phan hay sinh hoc cta CIP dai, tir 28 -
40 ngay. Trong nudc, nhom chirc carboxylic va 1-yl c¢6 thé chuyén hoa thanh cac
nhom chirc aldehyt (-CHO) va peroxynitrit (-ONOQO") dudi tac dung cua moi truong
nudc, anh sang, vi khuan gy ra doc tinh ciia san pham phan huy, tir ¢6 xam nhap
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vao chudi thirc an, cd kha ning gy anh huéng xau dén da dang sinh hoc [91]. Céc
nghién ctu vé xu ly CIP trong nudc thai tap trung vao viéc xir Iy hoic giam nong
d6 cua chat nay khoi méi trudng nuée. Cac phuong phap duoc nghién ciru bao gébm
st dung cac vat liéu nano, hap phu, xdc tac quang...

Vé thubc nhudm, nganh dét nhuém duoc xem la nguén thai thudc nhuém chu
dao; udc tinh khoang 10 dén 15% luong thu6c nhudm sir dung bi that thoat ra moi
truong nudc trong qua trinh nhudém, gop phan tao ra dong thai khé xtr 1y vé mau va
doc tinh. [57]. Trong dé, xanh metylen (MB) 1a thuéc nhudém cationic nhém thiazin
duogc sir dung trong nhiéu linh vuc khac nhau nhu y sinh, dét may... va dic biét phd
bién trong nganh céng nghiép dét nhuom. Pay 1a mot trong nhitng loai thuéc nhuém
cation phd bién, bén véi moi truong, doc hai, gay ung thu va gay dot bién gen. MB
c6 cong thuc hoéa hoc 1a CigHsCINGS, 1a mot hop chat hitu co thudc
nhom phenothiazin, c6 cau tric hoa hoc gom ba vong lién két véi nhau nhu Hinh
1.6 dudi day.

Methylene blue

Hinh 1.6. C4u tric hoa hoc cua xanh metylen
Sy xuat hién cia MB trong nudéc thai ¢ thé anh huong nghiém trong dén dong
vat, thuc vat ciing nhu con ngudi do MB 1a hop chét rat khé phan hay sinh hoc vi ¢6
cau tric 6n dinh. Nhiéu nghién ciru gan day di xép MB vao nhém bén sinh hoc, khé
xtr 1y va ¢6 nguy co tao chat trung gian doc néu xtr 1y khong triét dé, do d6 trd thanh
chi thi dién hinh khi danh gia hiéu qua cong nghé xtr Iy mau va chit hiru co bén [53],
[27]. Trong méi truong nude, MB va nhiéu thudc nhuém bén mau anh huong truc
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tiép dén cam quan ngudn nude, lam ting COD, can quang, giy doc & mot sd murc
phoi nhiém. Vi vay viéc xir Iy mau 13 yéu cau thuong truc trong quy dinh xa thai va
khu vyc tiép nhan nuéc thai [44]. O liéu lwong 16n hon 5 mili-kilogam/kilogam, dic
tinh rc ché monoamin oxidate cua thuéc nhuém MB c6 thé gay tir vong ¢ nguoi, Ngoai
viéc gay ra mdi de doa cho hé dong vat trong hé sinh thai thuy sinh. Do d6, viéc xir ly
thudc nhuém MB trong nuéce thai 1a vo cling cap thiét.

Tt nhitng nghién ctru cho thdy, can xtr 1y triét dé khang sinh va thudc nhuém
dé bao vé sirc khoe cong dong va hé sinh thai. Du lugng khang sinh & mirc vét ¢ thé
duy tri cira s6 chon loc khang thudc trong thily vuc, tir d6 1am ting nguy co lan truyén
vi khuan va gen khang thudc, anh huong gian tiép dén hiéu qua diéu tri 1am sang.
Nhitng bang chimng dich t& va doc hoc di di manh dé coi quan 1y du luong khang
sinh 1a mot cAu phan cua chién luge chong khang khang sinh ngoai bénh vién [21].
Céc phuong phap xur Iy nude thai sir dung cong nghé sinh hoc va keo tu truyén thong
thuong kho xtr Iy duoc pham va thude nhudm, hodc chi chuyén héa thanh chét trung
gian van con hoat tinh sinh hoc, do d6 can b6 sung hodc thay thé bang cac qua trinh
oxy hoa nang cao c¢6 kha nang khoang hoa sau [62].

(2) Cac phwong phap xu ly CIP va MB trong nwoc thai

Cac chat gay 6 nhiém trong nuéc thai néu trén c6 thé duoc xtr ly bang cach
st dung cac quy trinh truyén thong nhu déng tu, hap phu va loc mang. Tuy nhién,
cac phuong phap nay khong thé xu ly hoan toan cac chat & nhiém hitu co phuc tap
[58], [90]. Do d6, viéc nghién ciru céc cac cong nghé thay thé dé xir ly cac chat 6
nhiém nay la hét stc can thiét.

Tac gia Daniel A.Palacio va cong su (2018) da nghién cuau xua ly
ciprofloxacin trong dung dich bang mang siéu loc v&i ba dong tring hop
polyelectrolyte: poly[3-(methacryloylamino) propyl] dimethyl (3-sulfopropyl)
amonium hydroxide- co - (4-(vinylbenzyl) trimethylamonium cloride]] (CP1),
poly[3-(methacryloylamino) propyl] dimethyl (3-sunfopropyl) amonium sodium-4-
styrenesulfonate] (CP2), hydroxyde va poly[3-(acryloylamino) propyl]
trimethylamonium cloride- co - sodium 4-styrenesunfonate] (CP3). Céac théng s
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dugc nghién ciu bao gém pH, luc ion, ndng d6 polyme téi wu va kha ning xt Iy
ciprofloxacin toi da. Két qua nghién ciru cho thay, hiéu qua xir ly ciprofloxacin dat
80% Vi ty 18 mol polyme/CIP 14 20:1 trong diéu kién pH 5,0 d6i voi CP2 va CP3.

Nghién ctu cua tac gia Li, Meng. va cong su (2023) vé su xuat hién cua
ciprofloxacin va clarithromycin doc theo kénh nhan tao van chuyén nuéc thai da qua
xtr Iy tir hai nha may xu Iy nuéc thai ra cira song song Kai Tak (Hong Kong) tir thang
12 nim 2019 dén thang 4 nam 2021 cho thay, cé4c loai khang sinh nay dugc phan b
rong rii, thay d6i theo mua quanh nong do trung binh 1a 1693,8 ng/L d6i voi
ciprofloxacin va 632,1 ng/L di véi clarithromycin [58]. Bdng thoi, viéc st dung cot
dién cuc mang mong PbO, ché tao bang phuong phap lang dong dién hoa, cd do 6n
dinh va hoat tinh st dung dé oxy hoa dién hoa cac chat & nhiém khéang sinh trong
nudc. Két qua cho thay, ciprofloxacin va clarithromycin da dugc xa ly nhanh chéng
trong vong 15 phut thong qua qua trinh truyén electron va céc loai oxy phan tng.

Nghién cau xt ly cac chat 6 nhiém kim loai nang, thuéc nhuém va khang
sinh bang céch sir dung cac tam nano graphene chirc niang duoc ché tao bang
phuong phép dién hoa siéu am tir chat thai than chi (pin gia dung da qua st dung)
cua tac gia Mai, N.T. va cong su (2024) cho thay, tim nano tong hop duoc cau tao
tir mot vai 16p graphene (2 - 6); ¢6 hién dién caa cac nhom chirc oxy trén cac tim
nano (C,0; va -COOH, ham luwong oxy 12 4,29 %) mang lai hiéu qua cao trong hap
phu tinh dién véi kim loai nang, thubc nhuém va khang sinh trong dung dich nudc
nhu xanh metylen, metylen da cam, enrofloxacin va Pb? (hiéu suit hip phu 99,95 %
va 21,21 mg/g d6i véi enrofloxacin, 98,93 % va 119,3 mg/g d6i véi xanh metylen,
95,82 % va 25,67 mg/g dbi véi metylen da cam, 95,56 % va 86,1 mg/g dbi véi Pb?).
Két qua nghién ciru bude dau cho thay trién vong Ion vé ang dung thuc té cua vat
liéu nano graphene nhu chét hap phu hiéu qua trong viéc xir ly cac chat 6 nhidm kim
loai, hiru co va khang sinh trong nudc.

Trong nhém cic qua trinh oxy hoa nang cao, xtc tac quang di thé ndi bat nho
¢6 thé van hanh véi anh sang kha kién hay 4nh sang mat troi, han ché nhu ciu hoa
chét va tao cac loai oxy hoa hoat dong manh nhu *OH, «O, dé pha hiy ciu trac
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vong thom va di vong cua khang sinh cling nhu chudi lién hop mang mau cia MB.
Nhiéu nghién ctru con két hop hap phu va quang phan dé tan dung hiéu ung cong
huong gom chét 6 nhiém vé bé mit xuc tac roi pha huy tai chd, giup ting tbc do va
han ché trung gian doc. Trén nhom khang sinh, cac co ché chit dao gdm tin cong
vong thom, bé gy lién két amide va khir halogen hay oxy hoa di vong, thudng tun
theo dong hoc bac gia nhat trong diéu kién du ROS, qua d6 giam doc tinh trung
gian va hudng t6i khoang hoa CO, va ion vo co. Cac tong quan méi vé xuc tac
quang khir khang sinh tiép tuc cung cb nhirng két luan nay [45].

Theo dinh huéng KTTH, chuyén hoa chat thai ran gidu kim loai thanh vat
liéu chirc nang 1a hudng di nhiéu trién vong. Bun thai ma 1a mét vi du dién hinh vi
thuong chira Fe, Ni, Zn, Cu, Cr & ham luong déng ké, vira 1a mdi lo vé chét thai
nguy hai néu chén lap, vira 1a tién chét ty nhién dé tao cc pha oxit va spinel ferrite
hoat tinh quang hodc photo-Fenton khi duoc nung chuyén pha va 6n dinh hoa. Vé
mit cong nghé, c6 hai phuong phap chinh dé chuyén hoa bun thai thanh vat lidu xtic
tac quang co gid tri cho xur 1y nude, cu thé la:

- Phuong phap tao nén cacbon hoat tinh tir bun thai bang cac k¥ thuat nhiét
phan hoac thuay nhiét, sau do bién tinh di nguyeén td va/hodc neo kim loai dé hinh
thanh cac tam hoat hoa phuc vu qua trinh oxy hda nang cao [72]. Nhiét phan trong
diéu kién thiéu oxy ¢ khoang 500 dén 800 °C thuong cho vt liéu co ciu trac vi mao
quan, c6 thé hoat hoa tiép bang kiém hoic axit, pha tap nito tir uré hay melamin va
pha tap cac kim loai chuyén tiép nhu Fe, Co, Mn dé diéu chinh mat d6 tAm phan
ng va tinh dan dién bé mat. Ngoai ra, thuy nhiét ciing 1a phuong phap tong hop vat
liu xtc tac quang tir bun thai. Trong khoang 180 dén 260 °C, thity nhiét tao than
thily nhiét (hydrochar) giau nhom chtic oxy, sau d6 c6 thé hoat hoa hoa hoc hoic
nhiét dé ting dién tich bé mat va diéu chinh tAm hoat tinh. Cac tong quan va nghién
clru gan day tong hop pham vi thong s6 tdi wu va chi ra rang hydrochar tir bun khi
dugc bién tinh phut hop c6 thé kich hoat hiéu qua peroxymonosunfat & pH gan trung

tinh, 1a wu thé khi xir Iy nudce thai thuc [84].
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- Phuong phap tin dung phan doan vo co gidu kim loai ciia bun dé tao cac
oxit va cdu trac spinel ferrite bén nhu Fe,03, Fe;0,, ZnFe,0,, NiFe,0, théng qua
nung chuyén pha thuong ¢ 600 dén 900 °C. Phuong phap nay mang lai hai loi ich
dong thoi gdm hoat tinh cao trong hé Fenton giéng hodc quang Fenton. Nghién ctru
thie nghiém dién hinh cho thiy bun thai ma sau nung tao hé giau ZnFe,0, dong ton
tai v6i Fe,05 va xtr 1y thudc nhudém dudi diéu kién quang Fenton rat hiéu qua [24]).
Bén canh d6, cac nghién cuu vé xir 1y nhi¢t luyén hoa bun thai ma cho théy su hinh
thanh spinel bén va cac pha silicat c¢6 thé lam giam dang ké rui ro ro ri kim loai, qua
d6 cting c6 1ap luan vé an toan mai truong khi tai sir dung. Day 12 loi thé an toan noi
troi so voi1 hudng vat li€u cacbon tir bun vi ¢é thé ¢6 rui ro 10 ri kim loai tuy diéu
kién moi truong.

Nung nhiét bun thai dé ché tao vat liéu xtc tac quang c6 tinh kha thi va cho
phép diéu phdi pha dé toi uu hoat tinh xtic tic quang. Viéc phdi tron/phu gia
(Fe, 03, Al,O3, MgO, Si0,/Ca0) va lya chon dai nhiét 600 dén 900 °C gilp tao san
pham giau spinel c6 d6 két tinh cao, tir tinh manh, dé thu hdi bang nam cham,
ddng thoi dong két tinh silicat lam giam thém rai ro rira giai. Do d6, ddy 1a 16 trinh
cong nghé gan vai thuc té cong nghiép hon so véi mot s6 quy trinh wét hodc xur 1y
hoa hoc phure tap [49].

Nghién ctu cua tac gia Nguyén Thi Mai va cong su (2025) da tai sir dung bun
do6 va than trau dé xir Iy CIP trong nuéc [68]. Vat liéu ché tao tir bun do/than sinh hoc
trau st dung phuong phap siéu am, nung véi su tham gia cua xuc tac bang cong nghé
quang Fenton siéu 4m dé thyc nghiém xir ly CIP trong nuéc. Két qua cho thay, ¢ pH
= 3, liéu lwong vat liéu (bun doé/than sinh hoc trau) 1a 1,0 g/L, néng d6 ciprofloxacin
la 20 mg/L, thoi gian xir ly 1a 180 phut va nhiét do 1a 50 °C, hiéu suat xu Iy cao nhat
1a 75,97 % dbi voi Fenton sono va 95,65 % ddi véi Fenton sono quang. Két qua cho
thay vat liéu ché tao tir bun do/than sinh hoc trau cé tiém niang tng dung I6n trong
viéc xtr Iy 6 nhiém hitu co trong nuéc thai.

Xuc tac quang 1a mot linh vyuc nghién ciru lién nganh, két hop gitra khoa hoc
vat li€u, héa hoc moi truong va nang lugng tai tao, dugc nghién clru va phat trién
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manh mé trong thip ky qua. Diém cbt 16i cua qua trinh nay dya trén kha ning cia
vat liéu ban dan hap thu photon ¢ niang lugng bang hodc 16n hon ning luong ving
cAm (Eg), tir d6 tao ra cac cip dién tir - 16 trong (e /h*). Céc hat mang dién nay c6
thé di chuyén dén bé mat chat xuc tac, tham gia vao cac phan tmg oxy hoa - khir v6i
cac phan tir hip phu, tao ra cac gdc oxy hoat tinh ROS nhu gbc hydroxyl («OH),
superoxit (O,*7) va hydrogen peroxit (H,O,), c6 kha nang xir 1y va khoang hoa
nhiéu chit 6 nhiém hitu co, cling nhu khtr ion kim loai ndng thanh dang it ddc hon.
Budc ngodt quan trong trong nghién ctru xlc tdc quang xudt phat tir nghién ctru
Fujishima va Honda (1972) khi hai tdc gia ching minh kha nang tdch nudc quang
dién hoa trén dién cuc TiO, dudi chiéu sang tia tir ngoai [104]. CONng trinh nay mé
ra mot hudng nghién ctru méi, véi tiém ning to 16n trong san xuat ning lugng sach
va xir Iy 6 nhiém méi truong. Tir d6 dén nay, TiO, trd thanh vt liéu dién hinh trong
nghién ciru xtc tac quang, nhd tinh 6n dinh héa hoc, chi phi thap va hoat tinh xuc

tac quang cao dudi chiéu sang UV (< 387 nm).

/' *OH
s o
M ‘\_/

Ning lwong Tia cyc tim 0,
\ CB ¢+H;0; —» OH+*OH

Kich thich
Tai hop

Ti0,

H,O/0H; R

*OH; R +

*OH + R — Chit trung gian — CO,+ H,0

Hinh 1.7. M6 ta qua trinh xUc tac quang
Quia trinh xuc tac quang dién ra theo cic budc sau:

Budc 1: Hap thy photon:
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Chat xuc tac ban dan hip thu anh sang c6 ning luong I6n hon khoang cach
viing cam ciia n6. Photon (anh sang) kich thich electron (¢") tir viing hoa tri Ién
viing dan, dé lai 15 hong dién tich duong (h*) & VB.

Budc 2: Tach cap electron - hole & truyén téi bé mat

Sau khi sinh ra ¢ va h*, ching can di chuyén dén bé mat chat xuc tac ma
chua tai hop. Tai bé mat, chdng phan ng véi cac thanh phan trong méi truong (O,
H,0, OH") dé tao cac phan tng oxy héa manh hoic truc tiép oxy héa 16 hong.

Budc 3: Phan ng oxy hda/khir tai bé mat, hinh thanh ROS, xir ly chat 6 nhiém

- Phan ung oxy héa: 16 hong h* c¢6 thé oxi héa nudc hoic OH- dé tao ra gdc
«OH rat manh; ciing c6 thé truc tiép oxi hda phan tir chat 6 nhiém.

- Phan ung khu/tao cac gbc superoxide: e~ chuyén cho O, tao superoxide
anion *O,; nhitng goc nay ciing gop phan vao xur ly khang sinh. Cudi cing cac
phan tir trung gian duoc tiép tuc oxy hoa thanh chat trung gian, CO, va H,0.

- Phan ung oxy hoa: h* + H,O—eOH + H"

- Phan tng khi: e— + 0,—0,°"

Khi tiép xUc véi anh séng, chat xic tac quang cé thé tao ra cdc nhém céc
phan tir chita oxy c6 hoat tinh hoa hoc cao, bao gom ca gbc tu do va khong phai goc
tu do (ROS) véi dic tinh oxy héa manh. Nhitng ROS nay cd thé xir Iy cac phan ta 6
nhiém mot cach hiéu qua, chang han nhu tao diéu kién cho viéc xu Iy khang sinh,
chat tao mau trong nudc thai [69], [75].

XUc tc quang gan ddy dd duoc phat trién nhu mot giai phap than thién véi
moi trudng va giai quyét nhiing han ché caa ki thuat xir Iy 6 nhiém méi truong
truyén théng. Phuong phép xtc tac quang dung vat liéu sir dung ning luong anh séng
dé day nhanh qua trinh héa hoc, cung cap giai phap bén viig dé giai quyét cac thach
thire moi treong [15, 35], [50], [75], [93]. Vat liéu xUc tac quang la nhirng vat liéu ¢
kha niang hap thu anh sang (thuong la anh sang UV hoic anh sang kha kién) dé tao ra
céc cap electron - 15 trong (e'h"). Nhitng cap electron - 15 trong nay cé thé tham gia

vao céc phan @ng hda hoc trén bé mat vat liéu, xuc tac cho cic qué trinh nhu xir Iy
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chat & nhidm hiru co, san xuat hydro tir nuée, hoac khir CO,, qua trinh nay duoc goi
la xdc tac quang.

Trong hai thap ky gan day, xtc tac quang di tré thanh mot cong cu quan trong
trong xir Iy moi truong, dac biét 1a xir Iy nude thai cong nghiép chira hop chat hiru co
kho phan hay sinh hoc va kim loai nang. Cac nghién ciru (ng dung cho thay, xdc tac
quang khéng chi c6 kha ning xt ly cac thubc nhuém azo (xanh metylen, rhodamin
B, d6 congo), dugc pham, thudc trir sdu, ma con xu ly hiéu qua ion Cr, Pb?, Cu®
trong mdi truong nude. Bong thoi, xtc tic quang con dwgc wng dung trong xt ly
khong khi, khir cac khi NO,, SO,, hop chét hitu co d& bay hoi (VOCs), ciing nhu
trong linh vyc nang lugng sach véi phan tng tach nudc tao hydro.

Véi nhitng wu diém ndi bat, xtic tac quang duoc xem la mot trong nhiing
cdng nghé tiém nang trong thé ky XXI, hira hen giai quyét dong thoi hai van dé cap
bach 1a 6 nhiém moéi trudng va an ninh nang luong. Tuy nhién, dé tng dung thuc té,
viéc phét trién céc vat liéu xdc tac méi, hap thu hiéu qua anh sang kha kién (chiém
gan 45 % pho mat troi) va han ché tai két hop dién ta-15 tréng van Ia thach thic
then chét cua cac nghién ctu hién nay.

Hiéu qua cta quéa trinh xic tac quang chiu anh huéng bai nhiéu yéu té.
Trudc hét 1a dic tinh cua vat liéu: do rong ving cam (Eg) xac dinh kha ning hap thu
anh sang, vi tri mic nang lugng cia VB va CB quyét dinh kha ning oxy hoa - khr.
Vi du: TiO, anatase c6 Eg ~3,2 eV, hap thu tia UV (A < 387 nm), trong khi Fe,03 c6
Eg ~2,1 eV, c6 thé hap thu 4nh sang kha kién (Ong va cong su, 2016). Ngoai ra,
dién tich bé mat riéng 16n va cau triic nano xop c6 thé tang cuong hap phu chét 6
nhiém va tao nhiéu tdm phan ung hon. Ngoai ra, pH dung dich anh huéng dén trang
thai proton hoa cua bé mat xdc tac va dang ton tai cua chat 6 nhiém, tir d6 anh
huong dén téc do phan tmg. Cuong do va budc song anh sang quyét dinh sb luong
e /h* duoc sinh ra, do d6 anh huong truc tiép dén téc d6 phan tng.

Nhiéu loai vat liéu ban din da dugc phét trién nham cai thién hiéu qua xtc
tac quang, dac biét tap trung vao kha niang hap thu 4nh sang mat troi va han ché su
tai két hop dién tur - 16 tréng. Trong s6 d6, TiO,, ZnO, Fe,05 CuO, va NiO la
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nhitng dai dién dién hinh, véi cac dic tinh va ang dung riéng biét. TiO, duoc xem 1a
vat liéu phd bién nhat trong linh vuc x(c tac quang nho tinh 6n dinh héa hoc cao,
khong doc hai va gia thanh thap. Cau tric tinh thé anatase cua TiO, ¢6 ning luong
viing cam ~3,2 eV, chua yéu hap thu trong ving tir ngoai (A < 387 nm). DU hoat tinh
xUc tac quang manh, han ché Ion caa TiO, 12 hiéu qua thap dudi anh sang kha kién -
vbn chiém 45% trong birc xa mit troi. ZnO 14 mot ban dan ¢ ning lwong ving cim
~3,3 eV, c6 dic tinh quang dién tir twong tu TiO, nhung wu diém & chd dé tong hop
vé6i nhiéu hinh thai nano ZnO c¢6 kha ning xuc tac manh trong xu ly thuéc nhuém
hitu co va khang khuan. Tuy nhién, ZnO kém bén duéi chiéu xa kéo dai do hién
twong dn mon quang hoa, 1am giam hoat tinh va do bén cua vat liéu. Fe,05 1a mot
vat liéu giau tiém ning do c6 niang luong ving cim hep (~2,1 eV), cho phép hap thu
anh sang kha kién. Ngoai ra, ngudn sat phong ph, ré tién va than thién mai truong
khién Fe,05 trd thanh mot lya chon hap dan. Tuy vay, han ché chinh 1a d6 dan dién
kém va chiéu dai khuéch tan dién tir ngan, dan dén hiéu suat tach dién tich thap.
Viéc thiét ké cau trdc nano va xay dung di thé véi cac ban dan khac da duoc ching
minh I& giai phap hiéu qua nham cai thién hiéu suat caa Fe,05;. Ngoai ra, CuO va
Cu,O la cac ban dan c6 nang lwong ving cam hep (1,2 - 2,1 V), hap thu tot anh
sang kha kién va c6 tinh xuc tdc manh trong khir ion kim loai doc hai, dién hinh 1a
Cr®, Pb*, Cu,O dac biét ndi bat trong phan ung khir CO, va tach nude nhd dic tinh
ban dan p-type. Tuy nhién, CuO/Cu,0 c6 do bén hoa hoc han ché, dé bi an mon
quang hoa va can dugc 6n dinh théng qua composit hozc di thé. NiO 1a mot ban dan
p-type c6 nang lugng ving cam khoang 3,6 - 4,0 eV, duoc ng dung rong rai lam
chat ddng xUc tac hodc thanh phan trong hé di thé. NiO thuong déng vai tro nhu
chat nhan 13 trong (hole acceptor), gilp uc ché su tai két hop e/h* va ting cuong
phan (ng oxy hoa trén bé mit. Ngoai ra, NiO c6 thé két hop véi cac oxit kim loai
khac (TiO,, ZnO, g-C3N,) tao thanh di thé Z-scheme hoic S-scheme, qua dé nang
cao dang ké hiéu suat xuc tac quang. Nhin chung, mdi loai vat liéu xuc tac quang c6

uu - nhuoc diém riéng: TiO, va ZnO bén viing nhung han ché & ving UV, Fe,05 va
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CuO/Cu,0 hép thu kha kién tt nhung kém 6n dinh, con NiO phét huy hiéu qua khi
két hop véi cac vat liéu khac.

Viéc tan dung ngudn nguyén liéu thir cip gidu kim loai nhu Fe, Cu, Ni, Zn tir
bun thai cdng nghiép dé tao cac oxit nay khdng chi giam chi phi ma con mo ra
huéng di bén virng, gan lién véi md hinh KTTH. Cac kim loai Fe, Cu, Ni, Zn trong
bun thai ma vén 1a nhirng thanh phan phé bién cua cac oxit ban dan duoc sir dung
trong x0c tic quang. Pidu ndy mé ra trién vong tan dung truc tiép ngudn nguyén
lieu thr cp tir bun thai dé tong hop vat liéu xGc tac quang. Céch tiép can nay khong
chi gidp giam thiéu chi phi san xuat vat liéu ma con gop phan xir Iy triét chat thai
nguy hai, dong thoi bién chiing thanh san pham c6 gia tri gia tang.

Niam 2025, Wang va cong su di nghién ctiru phuong phap chuyén doi bun thai
ma dién thanh vat liéu xdc tac quang dang di thé NiFe,0,@C [100]. Nghién ctu sir
dung nguon nguyén liéu chira san cac ion Ni va Fe trong bun thai ma, tién hanh tién
xtr 1y, sau d6 ap dung phuong phap sol-gel két hop nung tao ra cac hat NiFe,O, dugc
phan tan déu trén nén cacbon noi sinh. Cau tric nay tao ra di thé véi kha nang dan
dién tot, ting cudng hap thu anh sang kha kién va giam tai két hop dién tir - 15 tréng.
Khi thir nghiém xir ly dung dich thudc nhuém dé congo noéng do 50 mg/L duéi chiéu
sang halogen 300 W, hiéu suat xir ly dat dén 99,7 % sau 300 phat. Thi nghiém bat
gdc va phan tich cong huéng spin dién tar cho thiy cac goc hydroxyl (¢OH) va
superoxit (O,¢7) 1a tac nhan oxy hoa chu dao. Pac biét, vat liéu con mang tinh tir nho
su hién dién cua NiFe,0,, cho phép tach ra khoi dung dich d& dang biang nam cham,
dong thoi duy tri hoat tinh cao sau nhiéu chu ky. Nghién cttu ndy cho tiém ning cia
bun thai ma nhu mot ngudn nguyén liéu thir cap dé tao ra vat liéu xdc tac quang hiéu
qua, than thién moi truong va dé tng dung thuc tién.

Nghién ciru cua tac gia Tran Hitu Tuan va cong su (2024) di ché tao vat lidu
xUc tac quang tir bun thai ma dé xa Iy pham nhuom xanh metylen (MB). Bun thai
dugc xir ly nhiét, sau d6 bién tinh nham gia tang dién tich bé mat riéng, dong thoi
tao ra cac trung tdm hoat dong xuc tac trén bé mat. Két qua phan tich hinh thai va
cau truc cho thdy vat liéu thu duoc chira nhiéu oxit kim loai chuyén tiép, c6 kha
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ning hap thu &nh sang kha kién. Thi nghiém xt Iy MB cho thiy hiéu suét xir ly dat
85 — 90 % trong khoang vai traim phat dudi chiéu sang, va giam manh chi s COD.
Nghién ciu co ché thong qua bit goc va EPR chirng minh su tham gia chu yéu cua
gdc hydroxyl va superoxit. Vat liéu duy tri ¢ bén cao, tai st dung 6n dinh qua 5 - 7
chu ky. Diém dang chu y 1a nghién ctru nay dua ra bo thdng sb ti vu vé liéu luong
xuc tac, pH va cuong do anh sang, gidp cung cip nén tang thuc tidn quan trong dé
hudng téi quy mo wng dung 16n.

Niam 2022, Chen va cong su di cong bd nghién ciru sit dung bun cong nghiép
gidu dong (twong ty bun thai ma) két hop véi bun d6 thi dé ché tao xtc tac quang di
thé chira hat dong kim loai (Cu®) phan tan trén nén cacbon va oxit vo co [28]. Phuong
phap dong nhiét phan tao ra cdu tric da pha, trong d6 Cu® c6 kha niang hap thu anh
sang kha kién nho hiéu tng plasmon, dong thoi hoat dong nhu “bay dién ti” theo co
ché tiép giap Schottky, gitp giam tai két hop dién /10 trong. Vat lidu duoc ing dung
trong xir Iy hop chat hitu co kho phan huy 2.4-dichlorophenol duéi anh sang kha
kién, cho hiéu suét xir 1y cao, dong thoi duy tri do 6n dinh sau nhiéu chu ky. Vai tro
ctia cacbon 14 ting cuong dan dién va 6n dinh cau trac, trong khi nén oxit gop phan
tao bé mit xtc tic gidu tim hoat dong. Nghién ctru chimg minh tiém ning tan dung
bun giau kim loai dé hinh thanh vat liéu xuc tac quang phtic hop, hiéu qua va chi phi
thap, phit hop véi cac ing dung xir Iy nuc thai cong nghiép.

Nghién ctu cua tac gia Zhou va cong su (2023) di trién khai mot quy trinh
tich hop “khir doc - tai sir dung” bun thai ma, tap trung vao viéc xu ly Cr(VI), mot
thanh phan cuc doc hai [105]. Qué trinh xir ly bao gom buéc nung két hop phu gia
Na,SO,/NaOH & 500 °C, sau d6 rira axit, gidp trich ly Cr hiéu qua dén 93 %. Phan
can con lai sau xir Iy Cr duoc tan dung 1am xdc tac di thé kiéu Fenton dé xir ly
tetracycline - mot loai khang sinh khé xa ly. Két qua cho thay hiéu suat xu ly
tetracycline dat dén 98,8 % trong diéu kién tbi wu, hoat dong on dinh trén dai pH
rong tir 3 dén 11. Co ché phan ung duoc xac nhan qua thi nghiém bat géc, ching
minh géc hydroxyl (*OH) déng vai tro trung tim. Nhom nghién ctru ciing nhan manh
tiém nang mo rong sang qua trinh quang-Fenton, trong d6 chiéu sang gitp thuc day
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chu trinh Fe®/Fe®, tir d6 tang cuong tao gbc oxy hda manh. Cong trinh nay thé hién
mét hudng tiép can kép: vira xa ly doc tinh cua bun thai, vira tao ra vat liéu xdc tac
hiéu qua, pht hop véi chién luoc phat trién bén vitng va KTTH.

Céc ky thuat thuong duoc sir dung dé tong hop chat xdc tac quang la cac
phuong phap sol-gel va thay nhiét [25], [74] véi nhiing loi thé vé hinh thai da dang
(vi dy, soi, que, hat hodc dng), quy trinh tiét kiém thoi gian va do tinh khiét cao. Tuy
nhién, nhitng phuong phap nay duoc thuc hién ¢ &p suat cao hoic yéu cau cac tién
chit dt tién nén viéc tng dung trong thyc tién dé san xuit quy mé 16n sé bi han ché.
Do d6, viéc tan dung cac ngudn tai nguyén san c6 va phong pha, dic biét Ia chat thai
cong nghiép dé san xuat cac chat xdc tac quang mai s& tao ra hudng tiép can mai
trong viéc tai sir dung chat thai mot cach hiéu qua.

Két qua so sanh hiéu suat cua mot sé chat xuc tac quang tong hop cu thé
trong Bang 1.8. dudi day.

Bang 1.8. So sanh hiéu sut cua chat xuc tac quang tong hop

| Chatoay | Chat 1 oién | Hieu | Thei
Nguyén 0 nhiém va | xuc tac S . . Tham
TT o A . . sang qua glan )
vat ligu nong do (ion) W) (%) | (phat) khao
(mglL) | g/L P
NiFe,O Do congo
L IFe;04 | Do cong 1 300 | 997 | 300 [36]
SANCH =50
Zn0O-Sn0O Rhodamin
2 ? M1 05 | 100 | 49 | 360 [82]
=10
Zn0O g- Atrazine
3 0,3 500 84,9 300 51
C3N4/M082 =10 [ ]
Xanh
4 | CuFe,04/Zn0O 0,3 500 86,9 360 [67]
metylen
: Phenol =
5 Pd-BiVO, 10 0,1 300 100 240 [71]
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. AChf‘E 9y (,:ha:[ Nguon | Hiéu | Thai
Nguyén 0 nhiem va | xuc tac , '7 . Tham
TT e Lin N n ) sang qua glan .
vat liéu nong do (ion) W) (%) | (phat) khao
(mglLl) | gL P
I Rhodamin
6 Bi/BiOBr _ 0,5 500 71,4 | 240 [60]
B=20
7 BiVO, Phenol 0,05 250 54,1 600 [94]

1.4. Pinh huéng KTTH trong quan ly bun thii ma

Viéc sir dung cac ngudn tai nguyén co sin va phong phi, dac biét 1a chat thai
cdng nghiép, dé tao ra chat xuc tdc méi dang duoc quan tdm nghién ctu trong thoi
gian gan day. Mic du nganh cong nghiép ma dong vai tro quan trong trong su phat
trién ciia nén kinh té, tuy nhién bun thai ma 1a chét thai nguy hai, c6 thé gay ra cac
van dé nghiém trong ddi voi méi trudng nén can duoc quan ly va xi ly mot cach
nghiém ngat. Cac cong nghé truyén théng dé xu Iy bun thai ma nhu két tua, trao doi
ion, hap phu va tham chi cac cong nghé sinh hoc sir dung vi sinh vat [86] cd lién quan
dén viéc str dung hda chat (vi du: axit, kiém va cac kim loai khac) véi yéu cau nhiét
d6 cao va thoi gian xu ly dai. Tuy nhién, bun thai ma gdm nhiéu ion/oxit kim loai nén
c6 thé tan dung bun nhu mot chat x(c tac quang hiéu qua cho viéc xir Iy nude. Do
vay, tai ché ban thai ma thanh chat xdc tac quang hiéu qua dé xu ly cac chat 6 nhiém
trong nudc thai 1a huéng nghién ciu ¢é tiém ning trong viéc st dung chét thai dé xir
ly chat thai, huéng toi KTTH va phat trién bén vitng. Véi muc tiéu ché tao xuc tac tir
bun thai rdi lam xtc tac quang dé xur Iy CIP va MB, phuong phap nung nhiét 13 lya
chon t6i wu nho d@)ng thoi dat ba tiéu chi: hi€u nang dudi anh sang, an toan kim loai
nhd ¢ dinh vao mang spinel va kha ning thu hdi - tai sir dung bang tir tinh, kém loi
thé trién khai quy mé cong nghiép.

Tir cac phan tich néu trén c6 thé thay, bun thai ma dwogc coi Ia tai nguyén véi

gia tri hién hitu 1a cac kim loai c6 gid tri c6 trong bun thai ma; gia trj tiém tang Ia
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viéc bién tinh ban thai ma thanh vat liéu xu ly 6 nhidm méi truong. Tuy vay, céc
nghién ciru theo huéng tan dung bun thai ma 1am vat liéu hap phu, vat liéu xdc tac
trong xur ly chat & nhiém, dic biét 1a khang sinh, thudc nhudém chua nhiéu ¢ ca Viét
Nam ciing nhu trén thé gii. Dua trén thanh phan, tinh chat caa bun thai ma, nghién
clru nay tap trung danh gia kha ning thu hoi tai nguyén tir bun thai ma & céc khia
canh: i) xay dung quy trinh pht hop thu hdi dong tir bun thai ma, ii) ché tao vt liéu
hap phu, vat liéu x(c tac tir bun thai ma dé xir Iy khang sinh ciprofloxacin, thuéc
nhuom xanh metylen.

Quan ly hiéu qua bun thai ma doi hoi dau tién phai coi bun thai ma nhu mot
ngudn tai nguyén chir khéng phai 1a chat thai. Cac chién luge nhu thu hoi kim loai,
g dung, tai sir dung san pham thu hdi nhu nguyén lidu cé gia tri cao (vat liéu hap
phy, chat x(c tac quang...) khdng chi gilp bao vé méi trudng ma con phan anh céc
gia tri cia KTTH, hudng téi hé sinh thai cong nghiép khong chat thai. Nhu vay,
dinh huéng KTTH trong quan Iy bun thai ma lién quan dén khdng chi thu hdi vat
licu c6 gia tri duoc thuc hién bang cac phuong phap nhu trinh bay & trén, ma con
can tich hop véi céc giai phép chinh sach va cong cu kinh té phd hop trong hoan
canh cy thé cua Viét Nam. Trong khudn kho cua nghién ciu, viéc phan tich, danh
gid dinh huong KTTH trong quan ly bun thai ma sé tap trung vao cac noi dung cu
thé géom:

- Phan tich hanh lang phép ly vé k¥ thuat: 1am r& hon vé mot s6 van dé phép ly
lién quan dén dic tinh, théng sé ki thuat caa nguyén liéu dau vao va san pham dau ra
cho hoat dong thu hoi kim loai nang tir bun thai ma, bao gom: phan dinh "chat thai
nguy hai" va "nguyén liéu thd thir cap cd thé thu hdi" trén co sé ngudng an toan vé moi
truong [47]; ra soat dé bo sung céc tiéu chuan cho qua trinh thu hoi va san pham [54].

- Phan tich gia tri thu hoi tai nguyén tir bun thai ma, gom: gia tri hién hitu la
ham lugng kim loai c6 thé thu hoi va cac ung dung tiém niang ctia vat liéu ché tao tur
bun thai mai véi cac dit liéu dau vao 1a két qua nghién ctiru vé thanh phan, dic tinh
cua bun thai ma, kha ning thu hdi mubi dong tir bun thai ma, ché tao vat liéu hap
phu va xuc tac quang tir bun thai ma cing véi nhitng van dé can can nhic chinh,
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gom: doc tinh ( ban thai ma thudng duoc phan loai 12 nguy hai, can phai dugc xir 1y);
tinh sin sang cuia cong nghé.
1.5. Panh gia tong quan va khoang trong nghién ciru; déng gop cia Luén an

Hudng nghién ctu coi chat thai ban thai ma (hién duoc phan loai 1a chat thai
nguy hai) 1a tai nguyén dang thu hat nhiéu nhém nghién ctru trong va ngoai nudc
Vi cac két qua cdng bd trén cac tap chi chuyén nganh. Tuy nhién, cho dén nay, di
liu vé bun thai ma cia ca nudc ciing nhu cua timg dia phuong trong ca nudc van
chua duogc quan ly mot cach théng nhét, dong bo, ¢d hé thdng dan dén viéc theo dai,
cap nhat, chia s¢, s6 hoa dit liéu con gap nhiéu khé khan.

Bun thai ma duoc coi la tai nguyén véi gia tri hién hiru 1a cac kim loai c6 gia
tri c6 trong bun thai ma véi ham luong cao; viéc bién tinh bun thai ma thanh vat liéu
xt Iy & nhiém moi tredng mang lai gia tri tiém tang cho ngudn tai nguyén nay. Tuy
vay, cac nghién ctru theo hudng tan dung bun thai ma 1am vat liéu hap phy, vat liéu
xuc tac trong xu ly chat & nhiém, dic biét 12 khang sinh, thuéc nhuém (1a nhiing chat
6 nhiém mai noi, kho phan huy, c6 nguy co gay doc dbi véi hé sinh thai) chua nhiéu
& ca Viét Nam ciing nhu trén thé gisi. Tai Viét Nam, hau hét cac cong trinh nghién
ctru méi ding lai ¢ viéc thu hoi cac kim loai cd gia tri trong bin thai ma, chua dé cap
hoic c6 dé cap nhung chwa 1am rd phuong thirc, cach tiép can nham rdt ra nhitng luan
diém khoa hoc can thiét theo hudng tan thu tai nguyén, tiét kiém niang luong thiic day
phét trién cac md hinh KTTH nganh céng nghiép ma. Cac nghién ctiu khi bién bun
thai ma thanh vt liéu dau vao cho cac qua trinh ung dung thudng sir dung hda chat
dé bién tinh vat liéu, hodc yéu cau céc tién chat hda hoc chat lugng cao di kém quy
trinh khé tiéu tén thoi gian. Dac biét, chua co nghién ciru ndo ché tao vat liéu xdc tac
quang, vat liéu hap phu sir dung truc tiép bun thai xi ma dé xir ly thuéc nhuom va
khéng sinh trong dung dich.

Dé c6 thé dua bun thai ma thanh tai nguyén c6 ich can giai quyét mot sb van
dé, d6 1a: danh gia duoc trir luong, tinh chat dic trung cta bun thai ma lam co sé
cho viéc quan ly, xir ly va tng dung theo dinh huéng KTTH; tan dung, thu hdi kim
loai tir bun thai xi ma va tan dung cac 6 xit kim loai trong bun thai ma dé ché tao
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thanh vt liéu c6 ich nham giam thiéu phét sinh chat 6 nhiém va chi phi xt ly bun
thai ma, huéng téi muc tiéu khéng chét thai va KTTH.

Trong pham vi nghién ciru ndy, Ludn an s& gop phan cung cap bb sung thdng
tin khoa hoc vé dic diém bun thai ma ¢ Viét Nam; dong thoi dé xuat mot s giai
phap dé thu hdi kim loai hiéu qua trong ban thai ma va tai st dung ban thai ma
thanh vat liéu hap phu, x(c tac quang cho qua trinh xu Iy khang sinh ciprofloxacin,
thudc nhuém xanh metylen gop phan bé sung co sé khoa hoc nham nang cao hiéu

qua kinh té va bao vé méi truong.
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CHUONG 2:
POI TUQONG, PHAM VI VA PHUONG PHAP NGHIEN CUU

So dd nghién ctru téng thé ciia Luan 4n, gdbm 3 ndi dung chinh, duoc trinh bay

tom tat trong Hinh 2.1 duéi day:

N@i dung 1. Xac dinh
thanh phan kim loai c6
gié tri thu hi trong mau
bun thai ma

(chi tiét tgi Myc 2.3.1)

Ndi dung 2. Thu hdi
CuSO4rtir bun thai ma
(chi tiét tai Muc 2.3.2)

N@i dung 3.1. Ché tao
thanh vat liéu hip phu
x Iy CIP, MB

(chi tiét tai Muc 2.3.3.1,
Muc 2.3.3.2)

Noi dung 3.2. Ché tao
thanh vat liéu xdc tac
quang xu ly CIP, MB
(chi tiét tai Muc 2.3.3.1,
Muc 2.3.3.3)

Dung dich

sunfat so’ cﬁp

Thu hdi mubi

ddng sunfat

Ché tao vat liéu;

xac dinh dac
diém, hinh thai;
dénh gia

kha ning

hép phu

Ché tao vat ligu;

xdc dinh dic diém,
hinh thai;
danh gia

kha niing
xUc tac quang

1. LAy miu: liy miu theo TCVN 6663-
13:2000 (ISO 5667-13:1993) TCVN 6663-
15:2004.
2. Phan tich xac dinh thanh phén: xir 1y so bo
theo TCVN 6647:2007, phan tich trén thiét bj
ICP/MS.

1. X4c dinh diéu kién hoa tach phu hop:

(1) H,S0,: 0,18 M; 0,22 M; 0,24 M; (2) thé tich
H,S04/khéi lwong buin tho 3/1, 6/1 12/1; (3)
Thoi gian dén 720 pht.

2. Thu hdi ddng sunfat:

(1) Két tinh CuSOy: dun & nhiét do trén 100 °C
(Cu? tir 10 mg/l);

(2) Két tia CuSO, bing phuong phap hoé hoc:
|O{1i F92(504)3 (béng HzOz, H2504), tao mu6|
CuCO; (bing NaOH, Na,COs), thu hdi
CuSO, (bang H,SO4, nhiét do).

1. Ché tao méu vat ligu hap phu:

BO (siy bin & 100 °C, 12 gio, nghién dén 150
pm); vé trdu (RH) nung yém khi & 800 °C, 2 gio).
CR2.1=509 B0+ 25 g RH + 1.000 mLH,O, rung
siéu am trong 1 gio, loc va rira sach vai nudéc cét,
sy kho trong 48 gio tai 150 °C, nghién nho.

2. Xac dinh dic diém hinh théi vat ligu: do XRF,
XRD, SEM, BET.

3. Panh gi4 kha ning hip phu CIP, MB ciia vt ligu
Va C4c yéu t anh huong: thoi gian, pH, dang nhiét
hép phu, co ché hip phu...

1. Ché tao méu vat liéu xGc tac quang:

UBO (khudy bun véi nuéc trong 30 phit, rung
trong bé siéu am 2 gio;, loc rira, sdy khé tai 100°C 12 gio);
nung UBO & nhiét d6: 250 °C, 350 °C, 500 °C, 2 gio,
thu duoc vat ligu UB25, UB35, UBS50.

2. Xac dinh dic diém hinh théi vat ligu: do XRD,
DRS, BET, SEM, FTIR va thu nghiém xu ly CIP,
MB (mau thir va nuéc thai thuc).

3. Danh gi4 kha niing xir ly CIP, MB ciia vat ligu
va c4c yéu t6 dnh hwéng: pH, Ileu luong, nguon
sang, kha nang ti sir dyng,.. d& xult co ché hoat
dong, thir nghiém véi mau nudc thai thyc.

Hinh 2.1. So d6 nghién ctru cua Luan an

2.1. P6i twong, pham vi nghién ciru

2.1.1. Déi

twong nghién ceru

Trong nghién ctru cua Luén an, dbi twong nghién ciru duoc xac dinh la:

- BUn thai ma thyc té tai mot s co so san xuat cong nghiép [50], [61].
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- Trau duoc thu thap tai co sé xay xat gao trén dia ban tinh Thai Nguyén [96].

- Dung dich CuSQy, ciprofloxacin, xanh metylen dugc pha trong phong thi nghiém.
Céc hoa chét thi nghiém nhu H,SO,, H,0,, CaCO,, CuSO,4, HNOs, HCl,... déu c6 ngudn
g6c, Xuit xt rd rang, cuia cidc hdng san xuit hod chat nhu: Merck, Sigma,
Advantage, Whatman, Alpha Chemika,...

- Nudc thai caa Bénh vién Trung wong (Thai Nguyén); nudc thai cua Cong ty
C6 phan dau tu va thuong mai TNG (tai tinh Thai Nguyén, 14 Céng ty may trong
quy trinh san xuit c6 cong doan git).

2.1.2. Pham vi nghién ciu

- C4c nghién ciru vé thanh phan bun thai ma dugc thuc hién déi véi mau ban
thai thu thap tai cac co s& san xuat c6 hoat dong ma trén dia ban mét sé tinh tap
trung phat trién cong nghiép trong ca nudc.

- Céc nghién ctiu vé thu hoi mudi dong sunfat tir bin thai ma; tai ché bin thai
ma thanh vat liéu hap phy, xuc tac quang xt ly ciprofloxacin va xanh metylen trong
diéu kién phong thi nghiém duoc thyuc hién dbi véi mau bun thai ma thu thap tai mot sé
co s& san xuat cdng nghiép cd hoat dong ma va trau duoc thu thap tai co so xay xat
gao trén dia ban tinh Thai Nguyén (ding dé san xuat than trau phéi tron véi bun thai
ma dé ché tao vat liéu hap phu).

2.2. Pia diém nghién cwu, trang thiét bj sir dung trong nghién ciru
2.2.1. Dia diém nghién crru

Dia diém nghién ctu tai Phong thi nghiém trong diém cong nghé mai truong
xanh va tai ché chat thai, Bo mon Coéng nghé méi truong, Khoa Méi truong, Trudng
Pai hoc Khoa hoc ty nhién, Pai hoc Quéc gia Ha Noi; Bo6 mén Ly - Ly sinh y hoc,
Truong Pai hoc Y - Dugc, Pai hoc Thai Nguyén; Phong thi nghiém Trung tam
Quan trac tai nguyén va moi truong - S¢ Tai nguyén va Mai truong tinh Thai
Nguyén (nay la S& Néng nghiép va Mai truong tinh Thai Nguyén); nghién cuu thuc

dia tai mot sd co s& san xuat.
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2.2.2. Trang, thiét bj si dung trong nghién cru
Trong nghién cau, mot sé céc trang, thiét bi chinh dwgc sir dung duoc liét ké
trong Bang 2.1, cu thé nhu sau:
Bang 2.1. Danh muc mot s6 cAc trang, thiét bi chinh dwoc st dung trong nghién ciu
TT Tén thiét bi
1 | Can phan tich 4 s6, METTLER TOLED Newclassic, kha ning can: 220
gam, do doc: 0,1mg, do 1ap lai: 0,1mg, d6 tuyén tinh: 0,2 mg, thoi gian doc:

2 gidy, kich thuéc dia can: ®90 mm, hiéu chuin ngoai trong luong: 4,5 kg.
2 | May do pH/ORP d¢ ban két hop may in: HI122-02 Hanna, thang do: 2,00
dén 20,00, pH d6 phén giai: 0,01; 0,001, @6 chinh xac: +0,01; £0,002.

3 | Giay loc dinh lwgng ADVANTEC s6 5A, dudng kinh 90mm - 1511090, bo
loc hit Buchner 1.000 mL véi su hd tro cia chan khong (may loc hit chan
khong Aspirator A-3S EYELA).

4 | Tu say chan khdng DZ-2A 11 (nhiét do 20 °C dén 250 °C).

5 | Bé siéu &m cbng nghiép VS-180ST dung tich: 52,50 lit, cong suat siéu am:
600W, tan s 40kHz.

6 | Tusay UN110 Memmert thé tich: 108 lit, khoang nhiét do hoat dong: toi thiéu
5 °C trén nhiét 46 méi truong dén 300 °C - D¢ phan giai gia tri cai dat: 0,1 °C
1én dén 99,9 °C; 0,5 °C tir 100 °C - Sir dung dau do nhiét d6 Pt100 DIN Class A.
7 | Lo u Nabertherm: nhiét do hoat dong toi da 1400 °C, thé tich: 5 lit, kich
thudc bén trong (WxDxH): 230x240x170 mm, kich thudc bén ngoai
(WxDxH): 530x525x630 mm, cong suat: 2,8 KW, nguén: 230V - 1 pha,
khéi lwong: 38 kg, thoi gian dat nhiét do cuc dai: 55 pht.

8 | Lo vi sdng Multiwave 5000 cua hang Anton Paar.

9 | May ly tdm Eppendorf Microcentrifuge 5430 and 5430 R.
10 | May lic HY-5A.

11 | May quang pho UV-VIS hai chum tia Hitachi UH-5300.
12 | Thiét bi U4100 Hitachi do pho UV-Vis vat liéu thé ran.
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TT Tén thiét bi

13 | Thiét bi Tri Star 3000 instrument do dién tich BET.

14 | Thiét bji XRF5006-HQ02 do pho huynh quang tia X (XRF).

15 | Thiét bi Bruker D2 Phaser do nhiéu xa tia X (XRD).

16 | Kinh hién vi dién tir quét trén thiét bi Hitachi S4800.

17 | Kinh hién vi dién tt truyén qua HRTEM JEOL 2100F (200 kV) do TEM.
18 | Thiét bj Labsys TG/DSC1600- DSC131, Phép - phan tich nhiét vi sai DTA.
19 | Thiét bi Thermo Scientific Nicolet iS50 do pho FTIR.

20 | Thiét bi NexION 300 cua hang Perkin Elmer.

2.3. Phuong phap nghién ciru
2.3.1. Phwong phdp phdn tich dinh gid thanh phan kim logi c6 gia tri thu hoi
trong mdu ban thdi ma

Cac mau bun thai céng nghiép giau kim loai duoc lay tai khu vuc luu chira
bln cua mot sb co sé san xuat cdng nghiép tai cac khu vuc Bic, Trung, Nam: sé
luong 37 mau. Thoi gian thuc hién 1ay mau trong nam 2018.
2.3.1.1. Phuong phdp ldy mau

Viéc 1y mau bun thai dugc thuc hién theo céc tiéu chuan, quy chuin cua
Viét Nam, cu thé gom: TCVN 6663-13:2000 (ISO 5667-13:1993) Chat luong
nudc - LAy mau - Phan 13: huéng dan ldy miu bun nuée, bun nudc thai va bun
lien quan; TCVN 6663-15:2004 - Chat luong nudc - Ly mau: huéng dan bao
quan va xir ly mau ban va tram tich.
2.3.1.2. Phan tich trong phong thi nghiém

Dé phan tich ham luong kim loai mau can dugc xu 1y so bo (sy, phoi va nghién)
sau d6 pha mau dua toan bd kim loai vé dang tan trong dung dich nudc rdi tién hanh do
mau trén thiét bi ICP-MS tai Phong thi nghiém cua Trung tam Quan trac tai nguyén va

moi truong tinh Thai Nguyén.
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a) Xu Iy so bg mau

Mau 13y vé duoc xt 1y so bo theo TCVN 6647:2007 (Chét luong dat - Xir 1y so
bo dat dé phan tich ly - hoa). Ly 500 g mau siy kho ¢ dudi 40 °C trong ta sdy, tién
hanh nghién mau trong ci st rdi ray qua ray ¢& 16 2 mm dé loai bo cac loai vt thé réac.
Phan mau lot qua ray duoc thu lai, tron déu rdi tién hanh chia mau, 13y ra khoang 200 g
mau nghién tiép trong cdi st dén khi toan bo lot qua sang 250 um sau d6 bao quan
trong tdi nilon PE va dt trong ta hit am dé ding cho cac phép phan tich tiép theo.

b) Pha méu

Muc dich 13 chuyén toan bo kim loai trong mau vao dung dich dé thuc hién
phép do trén thiét bi phan tich. Trong nghién ciu nay st dung phuong phap pha
mau kin trong 10 vi séng (Multiwave 5000 cua hdng Anton Paar) theo quy trinh tir
EPA method 3051A cu thé nhu sau:

Can 0,2 g bun thai da dugc xir ly theo TCVN 6647:2007 cho vao binh pha mau,
thém 10 mL + 0,1 mL axit nitric dac, chuan bj déng thoi mau trang bang 10 mL + 0,1
mL axit nitric d4c trong ti hut. Bé yén khoang 1 gio sau d6 day nap va lap roto vao
khay dung trong 10 vi séng, nhiét do 175 + 5 °C trong khoang 5,5 + 0,25 phut va duy
tri & 175 + 5 °C trong 10 phit. Chd ngudi mau, rét va trang riia mau trong binh va
trén nip day bang nudc cat deionized cho vao binh dinh mic 100 mL, dinh muc téi
vach (dung thiét bi giay loc loc mau hoac ly tdm néu mau c6 cac thanh phan hat
khong tan), dung dich thu dugc ding dé xac dinh ham luong cac kim loai bang thiét
bi ICP-MS.
¢) Po mau trén thiét bj phan tich

Trong nghién ctu ndy, néng do cua cac kim loai dugce xac dinh trén thiét bi
ICP-MS (NexION 300 ctia hang Perkin Elmer). Quy trinh do mau nhu sau:

- Xay dung dudng chuan: chuan bi cac dung dich chuan c6 néng do kim loai
cach déu tir 0,5 pg/L dén 100 pg/L.

- Po mau: cho may chay bang dung dich blank (HNO; 1 %) va dung dich
chuan may khoang 15 phdt; rira hé théng, chay duong chuan; rira hé théng, chay
mau chuan kiém tra QC = 10 pg/L (yéu cau do thu hoi 90 - 110 %); chay mau that,
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mau tring méi mé mau (khoang 10 miu) dong thoi chay mau chuan kiém tra; sau
khi chay mau xong ri:a hé thdng bang dung dich blank (HNO; 1 %), sau khoang 15
phut, sau d6 rira tiép bang nude cat sidu sach khoang 5 phut trudc khi tit plasma.
d) Tinh toan két qua

Ham Irong tuyét dbi kim loai trong mau khé duoc tinh theo cong thirc (2.1) dudi déy:

. (CCo)-V.D o

Trong d6: C: ham lwong cua kim loai trong mau (mg/kg); C: néng do cua kim
loai trong dich pha mau do duoc tir thiét bi phan tich (ug/L); V: thé tich dung dich
sau khi pha mau (L); Co: nong do kim loai trong mau trang (ug/L); D: hé sé pha
loAng mau; m: khéi luong mau (g).

2.3.2. Phwong phdp nghién ciru thu héi CuSO, tir bun thdi ma

2.3.2.1. Xadc dinh cac diéu Kién hoa tach bun thé (bun twoi/bin ban dau) hiéu qud
Cac thi nghiém dé xac dinh diéu kién dé hoa tach bun thé trong nghién ctu

nay gom: xac dinh thoi gian, ndng do axit hoa tach phi hop; xac dinh ty 1¢ thé tich

axit/khdi luong ban thai thd (long/ran - L/R); x4c dinh luong axit phi hop cho qué

trinh hoa tach. So d6 cac bude xac dinh diéu kién phd hop hoa tach bun thé mo ta

trong Hinh 2.2 duéi day.

Dung dich H,S04 - Thoi gian: khudy dén 13 gior

[ - Ndng dé axit: H,50,0,18 M; 0,22 M; 0,24 M
BUn thai - Ty 1& L/R (thé tich axit/khdi lugng bun thai thoo): 3/1,
ma thd 6/1, 12/1
- Lugng axit pht hop: (6 ndng do phu hop)

Bun thai sau
hoa tach

Hinh 2.2. So dd cac bude xac dinh diéu kién hoa tach bun tho

Dung dich
sunfat so’ cap

a) Xac dinh thoi gian hoa tach phu hop
- Vat liéu, hoé chat: 1.000 g bun thai thd cia Co s& ma voi sen Y - Théi

Nguyén (mau S1), 1a co so chuyén ma béan thanh pham Cu cong suét
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400.000dm?*nam va ctua Cong ty Co phan co khi Phd Yén (miu S2), la co s& gia
cong co khi c6 hoat dong ma Zincate va ma thu dong Cr3. Cac mau bun thai ma
duoc nghién nhuyén, do 4m chiém 40 %:; dung dich axit sunfuric dam dic duoc pha
trong 5.000 mL nudc sach theo cac ty 1€ nhu sau: (1) 90 g H,SOy; (2) 110 g HySOy;
(3) 120 g H,SO, tao ra dung dich axit H,SO, c6 néng d6 tuong tng 1a (a) 0,18 M;
(b) 0,22 M: (c) 0,24 M.

- Phuong phap: cho bun thai vao cac binh chtra cidc dung dich axit H,SO,
nong do khac nhau va khuay tron lién tuc trong 13 gid & nhiét d6 phong. Do do pH
dé kiém tra su thay d6i theo thoi gian. Tai thoi diém sy thay d6i pH caa dung dich
dan di vao 6n dinh (H" tham gia vao phan tng hoa tach khéng nhiéu) chinh 1a
khoang thoi gian dugce danh gia 1a thoi gian can thiét cho phan ¢ng hoa tach bang
dung dich axit.

- Két qua: xac dinh dugc thoi gian hoa tach va nong do dung dich hoa tach
H,SO, phu hop.

b) Xdc dinh ty 1¢ léng/ran pht hop

- Vit liéu, hoa chat: 1.000 g bun thai thd (nghién nhuyén, d6 am chiém 40 %);
H,SO, Vi nong d6 phil hop (xac dinh ¢ thi nghiém néu trén).

- Phuong phéap: cho bun thai vao dung dich axit véi cac ty 1& long/ran (L/R:
thé tich/khéi lugng, don vi tinh: mL/g) 1a 3/1, 6/1, 12/1 va khuay tron lién tuc trong
thoi gian phu hop (xac dinh & thi nghiém néu trén). Tach bun con lai khoi dung
dich, rira sach phan dich hoa tach con dinh bam, nung & nhiét do 250 - 300 °C dé
loai hét cac gdc hydrat va can trong luong con lai; phan tich EDX dé xac dinh thanh
phan caa cac kim loai ning nhu Ni, Fe, Cr, Cu. Két qua cua cac thi nghiém nay 1a s&
xac dinh dugc ty 18 ran/long phl hop.
¢) Xac dinh luong axit phu hop cho qua trinh hoa tach

Mau bun thu duoc sau khi hoa tach (voi thoi gian hoa tach, n6ng do H,SO,,
ty 1& ran/long phl hop) duoc tiép tuc tién hanh thuc nghiém hoa tach nhu phuong

phap néu trén trén. Dich long thu dugc sau khi hoa tach va tach loai can bun (dung
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dich so cap) duoc do pH va phén tich cac thanh phan cua cac kim loai ning dé xac
dinh hiéu suét thu hdi.

- Két qua: xac dinh duoc luong axit phi hop cho qué trinh hoa tach.
2.3.2.2. Nghién cizu thu hai CuSO, tir bun thai mg

Nghién ciru duoc trién khai thir nghiém trén mau bon thai caa Co sé ma voi sen
Y - Thai Nguyén (S1) hoa tach trong diéu kién phu hop tir két qua nghién ctu tai muc
2.3.2.1.
a) Sur dung phirong phdp két tinh:

Pun dung dich so cip dén nhiét do trén 100 °C dé bay hoi nudc va tao dung
dich CuSO, qué b&o hoa, tién hanh két tinh thu hi CuSO,.5H,0.
b) Sir dung phwong phdp két tia

Quy trinh nhu Hinh 2.3 mo t4 dudi day.

H,SO, H,SO, Na,CO; H,SO,
H,0 H,0, NaOH 10Q °C
[ I l l
Bun thai Dung dich Dung dich Mudi Mudi
chtra Cu > socap > o cap > cacbonat |—>| CuSO,
(loai Fe) dong
,} . v
B thai 1 Can chira mudi Fex(S04)3 Muoi CuSOgket tinh

Hinh 2.3. So d6 cac budc thu hdi CuSO, tir bin thai ma

- Vat liéu, hod chat: dung dich so cip, NaOH, Na,COs, H,0,, H,SO,

- Phuong phap: i) chuyén hoa Cu nguyén té trong dung dich so cap thanh
Cu® bang viéc bd sung H,0, trong subt qué trinh hoa tach; ii) xir ly sit trong dung
dich so cép bing viéc bd sung H,0, va H,SO, dé oxy hoad Fe?* thanh Fe® va tao
mubi Fe,(SO.); két tua; iii) thém dung dich Na,CO; vao dung dich so cip theo ty 1¢
1:1 twong wng va&i Cu?* trong dung dich (mole:mole). Dung NaOH dé thay d6i pH
dung dich, tao mudi cacbonat déng véi dai pH: 4, 5, 6, 7, 8) két tua, loc tach thanh 2
phan: cac dung dich tht cip chira CuCOj; va b thai; phan tich mau cac dung dich
thu duoc bang phuong phap ICP-MS dé danh gia hiéu suat két taa thu hoi CuCOg;
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v) bé sung dung dich H,SO, 2M vao dung dich thir cip chira CuCOs, thuc hién
phan tng trong méi trudng nong (nhiét do trén 100 °C) tao mudi CuSO,; thuc hién
két tinh mudi CuSO,).

- Két qua: xac dinh cac diéu kién phu hop thu hdi mudi CuSO, tinh thé.
2.3.3. Phurong phép tai i dung bun thdi ma dé ché tao vat ligu xie Iy méi trwong

Bun thai ma duoc sir dung dé nghién ciru ché tao vat liéu xir 1y méi trudng
duoc ldy tir Cong ty C6 phan cot thép ma k&m Théai Nguyén chuyén san xuét, ché
tao cot thép, ma kém nhing ndng va cac cau kién kim loai phuc vu dan dung va
cdng nghiép véi cong suat 8.000 tan cot thép ma km/nam.
2.3.3.1. Cac phwong phap nghién cvu dac trung vat ligu
a) Phuwong phdp phé hupnh quang tia X (XRF)

Phuong phap phén tich huynh quang tia X (XRF) duoc thuc hién dé phan tich
nguyén to khéng phé hity cac mau. Cac nguyén té duoc xac dinh bang pho dua vao
dic tinh hap thu ning luong khac biét cua mdi nguyén t va k§ thuat huéng dan
phan tich pho huynh quang tia X (XRF) duoc huéng dan trong cac so tay ky thuat
va phuong phap phan tich phd twong @ng [22], [41].

Trong nghién cau nay, phd huynh quang tia X (XRF) dugc thyc hién trén thiét
bi XRF5006-HQO02 tai Vién Khoa hoc vat liéu, Vién Han 1d&m Khoa hoc va cong
nghé Viét Nam.

b) Phuwong phdp nhiéu xa tia X (XRD)

Phuong phép nhiéu xa tia X (XRD) la k§ thuat phan tich ciu tric tinh thé cua
vat liéu ran dua trén hién twong giao thoa cua chum tia X don sic khi di qua mang
tinh thé, tir d6 xac dinh thanh phan pha, mirc do két tinh bén trong vat liéu. Ky thuat
nay dic biét hiéu qua véi cac vat liéu cd cau tric tinh thé rd rang caa vt ligu.

Trong nghién cau nay st dung may Bruker D2 Phaser tai Truong DPai hoc
Khoa hoc, Pai hoc Thai Nguyén.
¢) Phuong phap kinh hién vi dién tir quét (Scanning Electron Microscopy - SEM)

Phuong phap kinh hién vi dién tir quét (Scanning Electron Microscopy - SEM)
la ki thuat cho phép quan sét hinh thai bé mat va cau trlic caa vat liéu & do phong dai
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rat cao, thuong tir vai trim dén hang trim nghin 14n. Nguyén ly hoat dong cia SEM
dwa trén viéc sir dung cham electron hep quét qua bé mit mau, khi d6 cac tin hiéu tha
cap nhu electron thtr cap va electron phan xa nguoc duoc tao ra va ghi nhan dé tai tao
hinh anh ba chiéu cua bé mat. Phuong phap nay khong chi gitp phan tich hinh thai,
cau tric bé mat ma con co thé két hop véi dau do phd tan xa ning luong (EDS hoic
EDX) dé xac dinh thanh phan nguyén t4 tai tirng diém hoic ving cu thé.

Trong nghién ciu ndy, kinh hién vi dién tir quét gan véi quang pho tan sic
ning luong c6 dau do phan tich cac thanh phan nguyén té cua vat liéu dugc phan
tich trén may Hitachi S-4800 tai Vién Khoa hoc vat liéu, Vién Han Iam Khoa hoc va
céng nghé Viét Nam.

d) Phurong phdp hién vi dién tir truyén qua (TEM)

Kinh hién vi dién tir truyén qua (Transmission Electron Microscopy - TEM)
st dung chum electron truyén qua mau siéu méng dé thu nhan hinh anh chi tiét cau
trdc bén trong vat liéu véi d6 phan giai toi ¢& ha nano, khoang 0,2 nm trong diéu
kién tiéu chuan. Nho buéc song electron cuc ngan, kinh hién vi dién tir truyén qua
(TEM) duoc str dung dé nghién ciu bé mat vat liéu, cho phép xac dinh kich thudc
va hinh dang caa mau.

Trong nghién ctru nay, phép do TEM duoc thuc hién trén kinh hién vi dién tu
truyén qua HRTEM JEOL 2100F (200 kV) tai Vién Khoa hoc vat liéu, Vién Han
lam Khoa hoc va cdng nghé Viét Nam.

e) Phuong phdp nhiét vi sai DTA (thiét bi DTA 409PC)

Phuong phap phan tich nhiét vi sai DTA [22], [43], [31] cho phép ghi lai su
chénh léch nhiét &6 caa cac qué trinh gitta mau nghién ctru va mau chuan duéi dang
mot ham sb cua thoi gian (t) hay nhiét ¢o (T). Trong nghién ciru nay, phép do TGA
dugc thuc hién trén may Labsys TG/DSC1600 - DSC131, Phap, tai Khoa Hoéa hoc,
Truong Pai hoc Khoa hoc tu nhién, Pai hoc Qudc gia Ha Noi.

/) Phirong phdp phé hong ngoai (IR)

Phd hdng ngoai dugc st dung dé xac dinh dic diém, céc lién két giira cac nguyén

tir va nhém chuc trong mau,
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Trong nghién ciru ndy, phd FTIR duoc thyc hién trén may Thermo Scientific
Nicolet iS50 tai Truong Pai hoc Su pham Ha Noi.

@) Ouy trinh xdc dinh diém dang dién ciia vt liéu

Piém dang dién cua vat liéu 12 gia tri pH tai d6 bé mat vat liéu khéng mang
dién tich tong, tirc dién tich duong va am can bang. Viéc xac dinh pH, thuong dua
trén phuong phap do thé zeta (zeta potential) cua huyén phu vat liéu trong cac dung
dich c6 pH khac nhau; diém cét ngang truc hoanh (zeta = 0). Cuy thé cach lam:

Pha dung dich NaCl 0,1 M, chia lam 11 cbc va sir dung méay do pH dé diéu chinh
pH dén céc gia tri pH; tr 2 d&én 12 bang cach thém mot lugng dung dich HNO; va
NaOH thich hop (mét vai giot). Ly 50 mL dung dich NaCl 0,1 M tir mdi cé¢ vao mdi
binh tam giac riéng trong c6 chira 0,02 g vat liéu. Lac lién tuc trong vong 48 gid. Sau
thoi gian lac dem loc lay dung dich va xac dinh lai pH (pH;) can bang cia cac dung
dich trén. Xac dinh ApH: su chénh léch giira pH ban dau (pH;) va pH can bang (pHy) la
ApH= pH; - pH:. V& db thi biéu dién su phu thuéc caa ApH vao pHi, diém giao nhau
cta dudng cong Véi tryc pHi 1a diém dang dién tai d6 gia tri ApH = 0.

h) Phwrong phdp phé phdn xa khuéch tan

Phuong phap phd phan xa khuéch tan (Diffuse Reflectance Spectroscopy -
DRS) la k¥ thuat quang phd dung dé phan tich cac vat liéu, dya trén tin hiéu phan xa
khuéch tan khi chiéu anh sang 1én bé mat mau. DRS cho phép xac dinh cac dic trung
hap thu &nh sang, tir 46 cho phép tinh niang luwong ving cim Eg cua mau ché tao.

Trong nghién ciu ndy, phd UV-Vis rin dugc do trén may U4100 Hitachi, tai
Khoa Hoéa hoc, Truong Pai hoc Su pham, Dai hoc Thai Nguyén.

i) Phirong phdp do dién tich bé mdt BET

Phuong phap BET dugc sir dung dé xac dinh dién tich bé mit riéng cua cac
vat liéu, sy phan bé kich thudc 16 cua vat ligu trén co s cac phép do dang nhiét hap
phu - giai hap phu nito ¢ 77K (nito thudng dugc sir dung vi co do tinh khiét cao va
tuong tic manh véi hau hét cac chat ran).

Trong nghién ctu nay, phan tich BET cac mau dugc thyc hién trén hé TriStar
3000 V-6.07A, Miromerictics tai Khoa Hoa hoc, Truong Pai hoc Su pham Ha Noi.
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2.3.3.2. Phurong phép tai st dung bun thdi ma ché tao thanh vat lidu hdp phu

-Vt liéu va hda chat: Bun thai ma chwa qua xur 1y duoc lay tir Cong ty C6
phan cot thép ma k&m Thai Nguyén tai tinh Thai Nguyén. Hoa chat: CuSO,. 5H,0
(97 %) Merck, Ptic duoc str dung dé danh gia hiéu qua cua bun thai ma thd va
nung; HCI 1M, tir *, Birc duoc sir dung dé kiém soat pH; bo loc chan khdng st dung
gidy loc Whatman duoc sir dung dé thu hoi dung dich.

- Quy trinh thi nghiém gom cac budc sau:

a) Chuan bj chat hdp phu
(i) Xur 1y so bo bun thai ma:

Bun thai ma lay tir Céng ty Co6 phan cot thép ma kém Théai Nguyén (Hinh 3)
duogc st dung 1am nguyén liéu cho quy trinh san xuat. Két qua phan tich thanh phan
nguyén to trong mau bon thai ma st dung US EPA method 3051A; SMEWW
3111B:2012 cho thay trong mau bun c6 chira luong dang ké cua cac nguyén té nhu
Zn, Ni, Co. Bun thai ma dugc 1am khé bang céach siy ¢ 100 °C, trong khoang thoi
gian 12 gio, sau d6 nghién nho dén kich thudc khoang 100 mesh (150 pm), thu dugc
bun kho ban dau (B0). Bun thai ma gém hat nho khéac nhau va két tu lai, nén can thuc
hién lam khé dé loai nudc, dong thoi thuc hién viéc nghién nho dé dong nhat hoa
nguyén liéu, dong thoi gitup bun kho ban dau nay hoa vao nudc mot cach dé dang hon
trong budc xir Iy tiép theo.

(ii) Ché tao than trau (RH)

V6 trau thu vé duoc rira sach, phoi kho, nung & 800 °C trong méi trudng yém
khi, thoi gian 2 gio sau d6 duoc dé ngudi dén nhiét d6 phong va cét giir trong ta hit
Am dén khi dung [96]

(iii) Ché tao vat liéu hap phu tir bin thai ma va than trau

Ché tao vat liéu hap phu tir bun thai ma va than trau duoc thuc hién theo quy

trinh m6 ta tai Hinh 2.4.
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- Locnina
-Saykho (48 h, 150 °C)
- Nghién nho

Than trau

s Ste
HNeRE+0¢B Pt

najye

-4

Bun thai xi ma

L.,

H,0
Bum/than t4u (CR2))

Hinh 2.4. So @6 ché tao vat liéu hap phu (CR) tir bun thai ma va than trau

Quy trinh cu thé nhu sau: Thém 1.000 mL nudc vao cdc thay tinh c6 chira 50
gam bun thai ma (B0) va 25 gam than trau (véi ti I¢ ban: than trau 2:1 theo khéi
lugng) thu duoc hdn hop bin thai ma/than trau. Hn hop nay dugc dat vao bé rung
siéu am, thoi gian 1 gio, sau d6 hdn hop duoc loc va rira sach bang nuéc cat thu
duoc vat lidu uét. Vat lidu uét sau d6 dugc siy khd trong 48 gio tai 150 °C trude
khi duoc nghién nho va duoc ki hiéu 1a CR2.1[9].

Thuc hién cac thi nghiém sau:

- X4c dinh diém dang dién cua vat liéu: Chuan bi cac dung dich NaCl 0,1 M
¢6 pH ban dau (pH;) da duoc diéu chinh ting dan tir 2,05 dén 12,15. L4y cac binh
n6n c6 dung tich 100 mL, sau dé cho lan lugt 10 mg vat liéu vao mdi binh, tiép tuc
cho vao mdi binh nén dung dich c6 pHi ting dan d3 chudn bi sdn & trén. Lac lién tuc
trong vong 48 gio, toc d6 200 vong/phut, sau d6 dem loc lay dung dich va xac dinh
lai pH (pH;) cua cac dung dich trén. Su chénh léch gitra pH ban dau (pHi) va pH
can bang (pHf) 1a ApH = pH; - pHs, v& dd thi biéu dién su phu thudc cia ApH vao
pH;, diém giao nhau cua dudng cong véi toa do ma tai d6 gia tri ApH = 0 cho ta
diém dang dién can xac dinh (trong nghién ctu nay pH,;. = 6,99).

- Khao sét kha nang hap phu MB va CIP cua vat liéu: Kha niang hap phu
MB (xanh metylen - 1159430025 - Sigma - Aldrich) va CIP (CAS # 93107-08-5,

Lot PA 131030, MW 367,9, Biobasic) cua vat liéu CR2.1 dugc khao sat théng qua
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hip phu tinh theo mé. Thi nghiém duoc tién hanh nhu sau: chuan bi 6 binh tam
giac (dwgc danh sé ki hiéu dé phan biét), can 0,05 g vat liéu CR2.1 vao mdi binh
tam giac, sau d6 thém 50 mL dung dich MB 20 mg/L (hoac CIP 20 mg/L) c6 pH
lan luot 12 4, 5, 6, 7, 8 va 9 vao cac binh. Cac binh nay duoc cho vao lic ¢ tée do
180 vong/pht bang may lic HY-5A. Dé khao sat anh huong nong d6 va thoi gian,
50 mL dung dich MB (hoic CIP) c6 néng d6 2,5; 5,0; 10,0 va 20,0 mg/L tai pH téi
uu (thu duwoc dua vao thi nghiém trude d6) duoc cho vao cac binh tam giac va
duoc lic ¢ téc do 180 vong/phit. Sau 15, 30, 45, 60, 75 va 90 phat, dung pipet hat
8 mL dung dich va cho vao may li tam trong 10 phut, téc 6 6.000 v/phat dé loai
bo vat liéu hap phu va thu lay dung dich. Nong d6 MB (hoic CIP) con lai trong
dung dich duogc xac dinh ¢ budc song A = 270 nm va 664 nm trén may UV-Vis
Hitachi UH5300.

Hiéu suat va dung luong hap phu cua vt liéu duoc tinh theo céc cong thic
(2.2) va (2.3) sau day:
C, - C,

0

(CO - Ce)-v

H(%)= 100 22); Q———  (23)

Trong d6: H: hiéu suat hap phu (%), Q.: dung lugng hap phu tai thoi diém
can bang (mg/g), Co: néng d6 CIP hoic MB ban dau (mg/L), C.: néng d6 CIP hoic
MB tai thoi diém can bang (mg/L), V: thé tich dung dich CIP hoac MB (mL), m:
khéi lwong vat lidu hap phu (g).

d) Phan tich mé hinh hdp phu dang nhiét va déng hoc cua qué trinh hap phy
(i) M6 hinh hap phu dang nhiét Langmuir

Gia dinh hap phu xay ra trén bé mit dong nhat, chi hinh thanh mét I6p don phan

tir, khong ¢ tuwong tac giira cac phan tir bi hap phu theo phuong trinh (2.4) sau day:
c, 1

Ce
—= + (2.4)
qe KL qmax qmax

Trong do:
Je: lwong chat hap phu tai trang thai can bang (mg/g)
C.: Ndng do chit bi hap phu tai trang thai can bang (mg/L)
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Omax: dung luong hap phu cuc dai (mg/g)

K, : hang s6 Langmuir (L/mg)

M6 hinh Langmuir mé ta tét cho qué trinh hap phu trén bé mit ddng nhat va
xac dinh gia tri dung luong hap phu cuc dai gmax dé thiét ké hé hap phu, tham sé
chinh 12 gmax V& K, dang phuong trinh phi tuyén tinh hoic tuyén tinh dang Ce/qe.

(ii) M6 hinh hap phu ding nhiét Freundlich.

La md hinh thyc nghiém ap dung cho bé mit khong dong nhat va hap phu da

|6p theo phuong trinh (2.5) sau day:
g, KeC"  (25)
Trong d6 Kg va 1/n 1a cic hang sb dic trung cho kha ning va cudng do hap phu.

M6 hinh Freundlich phd hop cho md ta hap phu trén bé mat phuc tap, ning
lugng khong dong nhat, trong d6 Kg va 1/n la nhitng tham sé chinh, dang phuong
trinh logarit tuyén tinh.

(iii) M hinh hap phu dang nhiét Tempkin

La m6 hinh hip phu xem xét su twong tac giita cac phan tir chat bi hap phu
va bé mat chat hap phu, gia dinh nhiét hap phu giam tuyén tinh khi d6 phu bé mat
tdng do cac tuong tac nay.

Phuong trinh dang tuyén tinh ctia mé hinh Tempkin (2.5) duoc biéu dién nhu sau:

q,=BInKT + BInC,  (2.6)

Trong dé: B= = T la nhiét ¢ tuyét ddi (K); R la hing s6 khi (R= 8,314

JImol.K); bT 1a hang s6 Tempkin.

76



2.3.3.3. Phuong phdp nghién ciru tan thu bun thdi ma ché tgo thanh chat xdc tac
quang dé xi 1y CIP, MB trong nwdéc
Bun thai tir Cong ty Co phan cot thép ma kém Thai Nguyén

Xacdinhham hrong céc tinh chat nguy hai cia Bun trén may

NexION 300Q ICP-MS. Chon bun ¢6 ham lwong dudi ngudng

chét thai nguy hai theo tigu chuin

2h, loc nta, say kho tai 100°C théd gian 12h , thu dwoe UBO

U nhiét UBO tai 250°C, 350°C, 500°C, thoi gian 2h thu duoc vat

lién UB2S, UB35, UB50. Bo XRD, BET, SEM, FTIR va thi
nghiém xit Iy CIP, MB

Hinh 2.5. So @b thuc nghiém tai ché bun thai ma thanh chat xdc tac quang

a) Vdt liéu thi nghiém va héa chat

Bun thai ma chwa qua xur 1y dwoc ldy tir Cong ty Co phan cot thép ma kém
Thai Nguyén tai tinh Thai Nguyén, nudc thai Bénh vién Trung wong Thai Nguyén.
ciprofloxacin, xanh metylen, dung dich NaOH, dung dich NaCl, dung dich HNOs,
dung dich HCI, nuéc cét hai lan.
b) Tong hop chat xdc tac quang

BUn thai ma duoc chuyén do6i thanh chét xdc tac quang theo quy trinh sau: i)
bun thai ma thu dugc duoc say khd trong 10 ¢ nhiét do 100 °C trong 12 gio, sau d6
nghién bang céi st va riy qua ludi sang 100 mesh (150 pum) dé thu dwoc bun kho
ban dau (ky hiéu la BO); ii) tiép theo, 50 g bun thai ma BO cho vao céc 1.000 mL
chtra 500 mL nudc cat, sau khi khudy manh trong 30 phut. Sau d6, hdn hop duogc
siéu am trong 2 gid trong bé 1am sach siéu &m cong nghiép (Skymen VS-180ST);
(iii) hdn hop thu duoc sau d6 duogc loc bing cach loc chan khéng, ria nhiéu lan
bang nudc cat va say khd trong 12 gio & 100 °C va nghién nhe bang cdi sir dé tao ra
bot khé (ky hiéu 1a UBO0); (iv) UBO dugc nung ¢ cac nhiét d6 khac nhau: 250 °C,
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350 °C, 500 °C, 600 °C trong 2 gio tao ra cac san pham lan luot 1a UB25, UB35,
UB50 va UB60. Md ta quy trinh theo so d6 tai Hinh 2.6.

50gB0
(ointhiimasly
6100°C, 12 h,
nhicn,réy) +
500mL HO

v

J siviss 100 °c. 220 nghién = UBo

Phin hiy quang .

== @0,
30,
500°C,
600C;
2h)

Cip,

Chitlammat

Hinh 2.6. So d6 quy trinh chuyén d6i ban thai ma thanh qué trinh xdc tac quang

¢) Panh gia kha nang xur ly CIP
Hoat dong xuc tac quang cuaa vat liéu dugc chirng minh bang cach danh gia

viéc xir Iy CIP dudi anh sang UVA budc song 352 nm, (dén UVA cong suat 8 W

|

T8 Philip), dugc mo ta bang Hinh 2.7 duéi day.

Cudng d) (d.v.t.y)

200 300 400 500 600 700 800
Budc séng (nm)

Hinh 2.7. Anh chup thuc té thi nghiém x(c tac quang xtu 1y CIP trong nuéc
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- Thuc hién thi nghiém xu ly CIP: 0,2 g chit xtc tac quang duoc thém vao
200 mL CIP (10 mg/L) trong céc do thity tinh 250 mL. Pé dat duoc trang thai hap
phu can bang, dung dich CIP duoc thém vao cdc trén va sau d6 khudy trong 60 phut
trudc khi chiéu xa. Sau 15 phat, 30 phat, 45 phat, 60 phat, 90 phat, 120 phat va 180
phut d6, 1y 1,5 mL mau trong cbc trén dé chiéu xa. Dung dich thu dugce duoc ly
tam & toc d6 6.000 vong/phut trong 10 phit dé loc bo cin va bao quan trong lo sim
mau. Dung dich dugc do bang phd hap thu dé xac dinh néng do CIP ¢ budc song
276 nm bang cach sir dung may quang phé UV-VIS Hitachi UH5300.

- Thuc hién thi nghiém nghién ctu anh huong caa pH (tir 3 d&én 10): Thém
0,2 g chat xuc tac quang vao 200 mL CIP (10 mg/L) trong coc do thuy tinh 250 mL.
Sau d6, binh duoc chiéu xa bang tia UVA trong 180 phit. Sau mdi 30 phat, 10 mL
dung dich duoc lay va ly tam dé loai bo chat ran.

- Thyc thyc nghiém xac dinh nong d6 dung dich CIP ban dau (5; 10 va 15
mg/L), liéu chat xuc tac (0,5; 1,0 va 1,5 g/L) trong diéu kién pH phu hop xac dinh
tai thi nghiém néu trén, st dung ngudn sang (UVA), phuong phap thyc hién tuong
tu nhu thuc nghiém khao sat anh hudng cua pH.

- Panh gia kha ning tai sir dung cua chat x(c tac quang: thém 0,2 g chat xuc
tac quang vao 200 mL CIP (10 mg/L) trong céc do thiy tinh 250 mL. Pén UVA
chiéu xa hdon hop trong 180 phut. Cac budc sau duoc thuc hién giéng nhu phan trén.
Chat xtc tac quang dugc thu hoi bang cach loc va rira bang nude cat nhiéu lan trude
khi sdy khd ¢ 80 °C trong 24 gid cho chu ky tiép theo. Chét xtc tac quang duoc tai
sir dyng 5 lan.

- Thir nghiém bat céc goc ty do (scavenger experiments): 13 phuong phép quan
trong dé xac dinh cac chat hoat dong chinh (h*,*O.~,*OH) trong qua trinh xtic tic
quang, tir d6 gdp phan cing cb co ché phan tng dugce dé xuat. Cac chat bat géc tu do
duoc sir dung 1a EDTA - chat dap tat 16 tréng quang (h*), Isopropyl alcohol (IPA) -
chat bat gdc hydroxyl (*OH) va axit ascorbic (AA) - chét bat gbc supeoxit («02"). Vi
mdi thi nghiém x(c tac quang, 1 mL dung dich chét bt (0,1 M) dugc dua thém vao
nham triét tiéu cac chat hoat dong chinh. Sau mdi 30 phit, 10 mL dung dich duoc
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ldy dem ly tAm dé loai bo vat liéu, sau d6 dem do quang phd hap thu, tir d6 thay vao
duong chuan va tinh ra ndng @6 CIP con lai.
d) Panh gia kha nang xir ly MB

~
-
»
]
<
S
)
£
>
=
&

100004 L‘LL\__
04
200 300 400 500 600 700 800

Budc song (nm)

Hinh 2.8. Anh chup thi nghiém xuc tac quang xir Iy MB (a); quang phd va
cuong do buc xa cua dén Xenon (b)

Thuc hién thi nghiém xu Iy MB: Hiéu suat xdc tac quang cua bun thai ma
dugc danh gia thong qua viéc xir Iy MB dudi 4nh sang Xenon (anh séng trang gan
giong &nh sang mat troi ty nhién nhu chi ra trong Hinh 2.8). Chat luong cua dén
Xenon (Solar elements, 0120334-015, Hungary, cdng suat 400 W) st dung trong
thi nghiém xtic tic quang duoc phan tich bang phép do quét phd sir dung thiét bi
AVANTES Starline Avaspec - 2048 véi cudong do 63 mW/cm? (st dung bo do cong
suit anh sang, XLPF12-3S-H2-INT/Gentec-EO, Canada). Bo loc 4nh sang da duoc
st dung dé dam bao loai bo ving UV véi A < 420 nm. Khoang céch tir dén dén
dung dich MB 1a 15 cm. Dé han ché anh huong cua 4nh sang bén ngoai, toan bo hé
thng thi nghiém duoc dat trong mot budng téi. Quy trinh tién hanh nhu sau: cho
200 mg vat liéu xdc tac quang vao 200 mL dung dich MB trong mét coc thay tinh
hai 16p 250 mL. Hon hop dugc khuay tir trong bong téi 60 phut dé dat dén trang
thai can bang hap phu - giai hiap phu va sau d6 duoc chiéu xa bang anh sang kha
kién trong 180 phat. Nhiét 6 phan tng duoc 6n dinh théng qua nuéc 1am mat xung
quanh dugc cung cap bai bom tuan hoan. Trong qué trinh thi nghiém, 2 mL mau
nuée duoc thu thap sau mdi 30 phat. Mau sau khi 1y duoc ly tam dé tach vat liéu
xuc tac quang ra khoi dung dich. Dich trong duoc do do hap thy dé xac dinh nong
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d6 MB bang hé théng UV-Vis Hitachi UH5300. Anh huéng cua cac yéu té nhu do
pH, ndng do, khdi luwong, vat lidu khac nhau toi hidu qua xir 1y dugc danh gié.
e) Khdo sat kha nang tdi sir dung (d6 bén) cua vt liéu

Khi thi nghiém xtc tac quang két thic, dung dich duoc lay dem ly tam dé loai
bo phan ran 14 vat liéu truée khi do Abs. Vit liéu duoc thu lai bang cach loc va rira
nhiéu 1an bang nudc cat, sau siy ¢ 80 °C trong 24 gid sau d6 duoc lam nguoi va luu
giit trong lo, ddy kin dé sir dung lam chat xdc tac quang cho qua trinh xi Iy lan 2.
Qua trinh nay duoc I3p lai 5 1an dé danh gia hiéu qua tai st dung cua vat liéu.

Luong chat MB, CIP xir Iy duoc danh gia qua hiéu suat theo cong thirc (2.7)

nhu sau:

Co- G

H= x100% (2.7)

0

+ Co: ndng do cua chat tai thoi diém ban dau (mg/L);

+ C¢: ndng d6 cua chat tai thoi diém sau khi xir Iy (mg/L).

Pé 1am r6 hiéu qua xu ly CIP, MB khi khong str dung vat lidu l1am chat xuc
tac quang, tién hanh tuong tu nhung khong cé vat ligu.

Trong nghién ctru nay, phép do phd hap thu sir dung may quang phé hap thy
phéan t UV/Vis Hitachi UH5300 tai phong thi nghiém Bé mén Ly - Ly sinh y hoc,
Truong Pai hoc Y - Duogc, Pai hoc Thai Nguyén.
2.3.3.4. Phuong phdp xdc dinh mét sé thanh phan trong dung dich
a) Phuong phap xdc dinh TOC

TOC, téng cacbon hitu co ton tai trong nudc, ké ca dang tan va khong tan,
gom ca xyanat, cacbon nguyén t5 va thioxyanat, 1a mot trong cac théng sé thé hién
tinh chat caa dat, nudc.

Trong nghién ctzu ndy, tong cachon hitu co duge do trén may Hach D6000 tai
phong thi nghiém Bo mén Ly - Ly sinh y hoc, Truong Pai hoc Y - Duoc, Pai hoc
Théai Nguyén.
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b) Phuong phap xdc dinh COD

Nhu cau oxy héa hoc (COD) 1a lugng oxy can thiét ¢é oxy hoa cac hop chat
hod hoc trong nuéc bao gébm ca vo co va hiru co. Nhu vay, COD Ia lwgng oxy can
dé oxy hoa toan bo cac chat hoa hoc trong nude. COD duoc biéu dién theo don vi
do 14 miligam trén lit (mg/L), chi ra khdi lugng oxy can tiéu hao trén mét lit dung
dich. COD duoc xac dinh theo tiéu chuan Viét Nam TCVN 6491 : 1999 - Xac dinh

nhu cau 6 xy hoa hoc, cu thé minh hoa tai so d6 (Hinh 2.9.) nhu sau:

I Chuén bj mau + Oxy hoa c4c mau = mau dé phan tich COD ‘

- ' Miu do COD

Mauxit Iy, H,SO,, —
H@()J, AngO.; 1an let

Do COD trén may

Hinh 2.9. So @6 qua trinh do COD trén may

Chuan bi dung dich phan huy (A): d6 khoang 500 mL nudc cat vao binh dinh
muc 1000 mL, sau d6 thém vao: 10,216 g K,Cr,0; (duoc siy khd & nhiét ¢ 150 °C
trong 2 gio), thém vao tir tir 167 mL a-xit H,SO, dac, va 33,3 g HgSOy, sau d6 dinh
muc t6i vach; dung dich tach chat (C): thém 5,59 Ag,SO, vao 1kg H,SO, dic (hay
10,129 Ag,SO, vao 1l H,SO, dac).

Mau sau khi duoc xir ly vé dang dich chiét, thém dung dich phan huy (A) va
tach chét (C), gia nhiét & 148 - 150 °C va pha mau trong vong 2 gid, 1am mat dén
nhiét d6 phong sau dé tién hanh do trén may quang phé UV-VIS ¢ budc song
420nm - 600nm.

Trong nghién citu nay, nhu cau oxy hoa hoc dugc do trén may Hach D6000 tai
phong thi nghiém Bo mén Ly - Ly sinh y hoc, Truong Pai hoc Y - Duogc, Pai hoc
Théai Nguyén.
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¢) Nhu cau oxy sinh hoc (BOD)

Nhu cau oxy sinh hoc hay con goi la nhu cau oxy sinh hoa (BOD) 1a lugng
oxy can thiét dé vi sinh vat oxy hoa cac chat hiru co c6 kha ning phan hay sinh hoc
trong diéu kién hiéu khi. Pay 1a mét trong nhiing chi tiéu duoc dung dé danh gia
muc d6 gay 6 nhidm cua cac chit thai sinh hoat, nuée thai cong nghiép va kha ning
tu 1am sach cua nguon nuée. Chi tiéu BOD duoc xac dinh bang cach do dac lwong
0Xy ma vi sinh vat tiéu thu trong qua trinh phan hay cac chat hitu co. Cac mau phai
duoc bao quan tranh tiép xdc vai khong khi dé ngan can oxy thdng khi hoa tan vao
nude khi ham lugng oxy hoa tan trong mau giam.

Trong nghién cuu nay, BODs dugc do trén may BOD sensor F102B0133 tai
phong thi nghiém Bo mén Ly - Ly sinh y hoc, Truong Dai hoc Y-Duogc, Pai hoc
Thai Nguyén.

d) Péanh gia xir Iy cho mdu nwéc thdi thyec
Diéu kién ldy mau va bao quan mau duoc trinh by & Bang 2.2 sau day.

Bang 2.2. Thong tin vé lay mau va bao quan mau nudc thai thuc

Pia di¢m Nudrc thai dau vio hé thong | Nudc thai dau vao hé thong xir Iy
ldy miu xir Iy nuée thai ciia Bénh vién |  nuéc thai ciia Cong ty Co phan
Trung wong Thai Nguyén dau trr va thwong mai TNG
Thaoi gian
. Nam 2022, 2023 Nam 2022, 2023
lay mau
Picu kién | Lay mau bang chai nhya | Lay mau bang chai nhya ( khong

bao quan mau

(khéng bi nhiém ban hiu
co). Mau nuéc liy day kin
chai; bao quan lanh & 4 °C;
ldy mau va phan tich mau
theo Thong tu 10/2021/TT-
BTNMT ngay 30/6/2021 va
TCVN 6663-3:2016.

bi nhiém ban hitu co). Mau nuéc
liy day kin chai; bao quan lanh ¢
4 °C; 14y miu va phan tich mau
theo Thong tu 10/2021/TT-
BTNMT ngay 30/6/2021 va
TCVN 6663-3:2016.
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(1) Thir nghiém véi nuwée thai chua qua hé thong xir Iy cia Bénh vién Trung wong
Thai Nguyén

Thém 0,2 g chat xtc tac quang vao 250 mL nudéc thai bénh vién dung trong
binh thay tinh. Cac hdn hop duoc chiéu sang bang dén UVA trong 180 phut.

(2) Thez nghiém véi meoc thai chiea qua xie Iy tai hé thong xi 1y nwéc thai san xudt
cua Cong ty Co phan dau tw va thwong mai TNG (tai tinh Thai Nguyén, 1a Cong ty
may trong quy trinh san xuat c6 cong doan git).

Liy 1.000 mL nudc thai dat trong lo t6i mau (mau cd néng do ban dau) va
duoc loc so bo qua cot loc tho dé loai bo chit 1o ling; 200 mL dung dich sau loc thd
duoc dua vao hé xuc tac quang va dugc thém vao 0,2 gam vat liéu téi wu, khuay
trong 60 phut sir dung may khuay trong diéu kién t6i dé dat duoc trang thai can
bang hap phu - giai hip, va sau d6 bat dén UVA dong thoi véi khudy tir. Sau 180
phut, ding thi nghiém va duoc lay ra ly tm loai bo vat lidu, bao quan trong lo toi
dé xac dinh céc chi tiéu COD, TOC.
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CHUONG 3: KET QUA VA THAO LUAN

3.1. Két qua nghién ciru vé thanh phan, tinh chét, dic diém caa bun thai ma

S6 liéu phan tich thong ké vé thanh phan céc kim loai trong 37 mau bun thai

ma tir cac co s& san xuat c6 hoat dong ma, cac nha may Xt 1y nudc thai tap trung

cua cac khu cong nghiép (KCN) thu hit cac co sé san xuat thir cap hoat dong ma

cho thay, mot s6 dic diém vé ham lwong kim loai tinh theo % trong lwong kho thé

hién trong Bang 3.1 duéi day.

Bang 3.1. Thanh phan mot s kim loai trong bin thai ma tai Viét Nam

. Cu Ni Cr
TT Tén don vi Loai hinh sin xuat
(%) (%) (%)
Cong ty Co phan Nitto
Denko Viét Nam -
1 |KCN Viét Nam - | San xuét linh kién dién tir 7,2605 | 8,7817 3,7186
Singapo, thanh phd Ho
Chi Minh
Cong ty Daiwa Viét | San xudt dung cu thé duc, thé
2 |Nam - KCN Hoa | thao: can cau ca, xe dap, giy | 6,0572 | 7,2518 2,8879
Khanh, Pa Ning danh golf, vot tennis. ..
Cong ty TNHH Hiép | Gia cong co khi; xir Iy va trang
Phuéc Thanh - KCN | phu kim loai (ma, son, ép nhya
3 N ) . s . A . 1131 20,94 6,302
Hiép Phudc, thanh phd | cac san pham cong nghiép va
Hb Chi Minh dan dyng)
San xuét va kinh doanh céc san
Cong ty C6 phan xich | pham phu ting 6 6, xe may, xe
4 & 1y O Phan XICh | pham phy thg 0 10, X MY, X1 2 0571 | 1,3328 | 0,131
lip Bong Anh dap, ma niken - crom, gia cong
trang phu bé mit
Cong ty TNHH
Kyoshin, - Khu ché | san xuét cac linh kién dién tur
5 . x 2,851 11,13 0,1563
xuat Tan Thuan, thanh | va khuoén mau.
ph6 H6 Chi Minh
Céng ty TNHH
6 | SHINHAN Vina - KCN | San xuét trang strc thoi trang 6,1112 1,022 0,1093

Qué V&, Bic Ninh

85



https://masothue.com/tra-cuu-ma-so-thue-theo-nganh-nghe/san-xuat-linh-kien-dien-tu-2610
https://masothue.com/tra-cuu-ma-so-thue-theo-nganh-nghe/gia-cong-co-khi-xu-ly-va-trang-phu-kim-loai-2592
https://masothue.com/tra-cuu-ma-so-thue-theo-nganh-nghe/gia-cong-co-khi-xu-ly-va-trang-phu-kim-loai-2592
https://masothue.com/tra-cuu-ma-so-thue-theo-nganh-nghe/gia-cong-co-khi-xu-ly-va-trang-phu-kim-loai-2592
https://masothue.com/tra-cuu-ma-so-thue-theo-nganh-nghe/gia-cong-co-khi-xu-ly-va-trang-phu-kim-loai-2592

TT

Tén don vi

Loai hinh san xuat

Cu
(%0)

Ni
(%0)

Cr
(%)

Cong ty TNHH Asuzac
- KCN Vi¢t Nam -
Singapo, thanh phé Ho
Chi Minh

San xuat san pham nhom ding
trong xay dung va trang tri noi

ngoai thit

0,0491

9,9917

19,2035

Cong ty TNHH ché tao
co khi Hoa Phat, Binh
thanh phd HO Chi
Minh

C6 hoat dong san xuét gia cong
co khi, xir Iy va trang phu kim

loai

0,0872

3,8013

13,4909

Cong ty TNHH cbng
nghiép Hai My - KCN
Song Than I, thanh phé
H6 Chi Minh

San xuét cac loai khung, ké
chtra hang bang sét, thép, inox
su dung trong cong nghi¢p va

trung bay hang hoa

0,0232

17,091

3,2386

10

Cong ty TNHH cong
nghi¢p Spindex - KCN
Noi Bai, Ha Noi

Gia cong co khi; xu ly va trang

phu kim loai

0,0532

2,0984

24,4393

11

Cong ty TNHH Kim
khi Thang Long - KCN
Lé Minh Xuén, thanh
phd H Chi Minh

San xudt phu tung va by phan
phu trg cho xe c6 dong co va

dong co xe

0,0536

24,28

7,315

12

Cong ty TNHH Sam Sung
Electronic Viét Nam Thai
Nguyén - KCN Yén Binh,
Thai Nguyén (mau bun tir
hé théng xtr 1 so bd nudc
thai coa tai day chuyén ma)

San xuat, lap rap, gia cong cac
san phém dién thoai di ddng,

thiét bi vién thong

0,0233

24,4034

2,8729

13

Cong ty TNHH SMITH
MFG Viégt Nam - KCN
Mai Trung, thinh phé Ho
Chi Minh

San xuat giuong, tu, ban, ghé

0,0136

24,6672

1,6643

14

Cong ty TNHH Tran
Hung - KCN L& Minh
Xuan, thanh phd Hb
Chi Minh

Gia cong co khi; xtr Iy va trang

phu kim loai

0,2728

10,18

14,61
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. Cu Ni Cr
TT Tén don vi Loai hinh san xuat
(%) (%) (%)
. San xuét cac loai khoa kéo, cac
Cong ty TNHH YKK | . o .
N san pham c¢o6 lién quan, san
15 | Vi¢t Nam - KCN Nhon . . . 0,0166 | 19,2669 | 2,2682
N . xuat nguyén phu liéu dung cho
Trach III, Bong Nai .
nganh may
cong ty Bow | San xuét d6 kim hoan, d6 gia
16 | International - KCN | kim hoan va cic chi tiét lién | 38,63 0,0224 0,5657
Bim Son, Thanh Hoa guan
Cong ty C6 phan cong
nghiép Vinh Tudong - | San xuit may cong cu va ma
7 | "ghep Vinh Tuong O T Fone & Y| 16301 | 00289 | 013
KCN Hi¢p Phudc, thanh | tao hinh kim loai
phd HO Chi Minh
Cong ty Co6 phan Pai | San xuat ton lop, can xa go,
Thién Loc - KCN Song | thép can néng, thép can ngudi,
18 . . F o T 58843 | 0,0506 0,0447
Than III, thanh pho HoO | thép ong, dap cén song ton, can
Chi Minh xa gb thép
Cong ty Ethertronic
19 | Vina - KCN Qué V3, | San xuat linh kién dién tir 5,166 0,6336 0,0057
Bic Ninh
Cong ty Honda Viét| . ) A
20 San xuat xe may, mo to 1,6293 0,0326 0,1465
Nam, Phu Tho
Cong ty san xuat phanh | San xuat linh kién phanh xe
21 | T o 49721 0,045 0,0398
Nissin Viét Nam, Pha Tho | may va 0to
Cong ty TNHH Cong
nghiép Strongways | San xuat phu ting va bd phan
22 | Viet Nam, KCN Lé | phu trg cho xe c6 dong co va | 59197 | 0,0449 0,0397
Minh Xuan, thanh phd | dong co xe
H6 Chi Minh
Cong ty TNHH dién tir | San xuét cudén day va phu kién
Sumida -Viét Nam - | lién quan dung cho dién tir dan
23 . g . 1,07 0,0046 0,0103
KCN Nhat Ban - Hai | dung, thiét bi ty dong , thiét bi
Phong, Hai Phong cong nghiép va y té
Cong ty TNHH San | San xuét phu ting va bd phan
24 6,1922 | 0,7673 0,0073

xuét Van tai Hi¢p Luc -

phu trg cho xe c6 dong co va
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TT

Tén don vi

Loai hinh san xuat

Cu
(%0)

Ni
(%0)

Cr
(%)

KCN Lé Minh Xuan,
thanh phd H6 Chi Minh

dong co xe

25

Cong ty TNHH Ton
bong A - KCN Séng
Than I, thanh phé Hb
Chi Minh

San xuit thép 14 ma kém (t6n
kém), thép 14 ma hop kim
nhom kém (ton lanh), thép la
ma kém mau, thép 14 den ma
mau, thép 14 ma hop kim nhom
kém mau (ton lanh mau). - Cac
hinh thic gia cong co khi, xir
1y va trang phu kim loai khéc

1,7887

0,0352

0,1583

26

Cong ty TNHH Toyoda
Gosei Hai Phong -
KCN Nhat Ban - Hai
Phong, Hai Phong

San xuét phy ting va bo phan
phu trg cho xe c6 dong co va

dong co xe

1,7995

0,0313

0,1404

27

Cong ty C6 phan China
Steel Sumikin Viét Nam-
KCN My Xuan A2, thanh
phd Hb Chi Minh

San xudt thép cudn ty gi va phi
dau (PO), thép
ngudi (CR), thép cuén ma kém (CG)
va thép cudn dién tir (ES).

cudn can

0,4023

0,0361

5,1697

28

Cong ty Co phan Cong
nghiép QH Plus - KCN
dét may Nhon Trach,
DPong Nai

San xuat cac cau kién kim loai;
dich vu xtr 1y, gia cong kim

loai

0,6629

0,058

8,3075

29

Cong ty TNHH
Yoshino Denka Kogyo
Vi¢t Nam, Hai Phong

Gia cong co khi; xtr 1y va trang

phu kim loai

0,342

0,0285

4,0747

30

Coéng ty TNHH MTV
Diezen, Thai Nguyén

San xuét san phérn dong co,
dong co xang, hop $0, hop dao
chiéu, san phdm gia cong co
khi

0,3373

0,1462

0,5722

31

Co s ma Vvoi sen Y,
Thai Nguyén

Ma cac san pham theo nhu cau

13,05

<1

<1

32

Cong ty Cb phan Co khi

Gia cong co khi; xtr 1y va trang

5,48

16,21

18,43
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TT

Tén don vi

Loai hinh san xuat

Cu
(%0)

Ni
(%0)

Cr
(%)

Phé Yén, Théi Nguyén

phu kim loai

33

Cong ty TNHH Sam
Sung Electronic Vi¢t
Nam Thai Nguyén -
KCN Yén Binh, Thai
Nguyén (mau bun tir hé
théng xtr 1y nudc thai

tp trung)

San xuat, lap rap, gia cong cac
san pham dién thoai di dong,

thiét bi vién thong

0,6517

0,3948

0,0257

34

Nha may xt 1y nude
thai tap trung - KCN
Binh Xuyén 2, Pha Tho

0,0039

0,0206

0,0102

35

Nha may xt 1y nudce
thai tap trung - KCN
Khai Quang, Phu Tho

0,6557

0,3502

0,0228

36

Nha may xu ly nudc
thai tap trung - KCN
Lé Minh Xuén, thanh
phb H6 Chi Minh

0,006

0,0318

0,0157

37

Nha may xu ly nude
thai tap trung - KCN
My Phuéc 1, thanh
phd H6 Chi Minh

0,4681

0,2765

0,018

Két qua phan tich chi tiéu dic trung ctia bun thai ma cho thay:

- Ham luong trung binh cta 03 kim loai Cu, Ni, Cr lan lugt dat 3,1494 %,
54452% va 4,7990% tong khéi lwong bin thai (sau say kho). C6 32/37 mau phan tich,

chiém 86,4 % tong s mau cho két qua c6 it nhat mot trong ba kim loai Cu, Ni, Cr dat

ham luong 16n hon 1 % tong khdi lwong bun thai (sau siy khd); 13/37 mau phan tich,

chiém 37 % téng s6 mau chira 2 kim loai ¢6 ham luong déu cao hon 1 % va 4/37 mau

phan tich, chiém 11,4 % téng s6 mau chtra ca 3 kim loai véi ham luong déu rat cao, cu
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thé 1a: mau ban thai ma cia Cong ty C6 phan Nitto Denko Viét Nam - KCN Viét
Nam - Singapo, thanh phé H6 Chi Minh (7,26 % Cu, 8,78 % Ni, 3,72 % Cr); mau bun
thai ciia Cong ty Daiwa Viét Nam - KCN Hoa Khanh, Pa Nang (6,05 % Cu, 7,25 %
Ni, 2,88 % Cr); mau bun thai cia Cong ty TNHH Hiép Phudc Thanh - KCN Hiép
Phude, thanh phd HO Chi Minh (11,31 % Cu, 20,94 % Ni, 6,3 % Cr) va mau ban thai
cua Cong ty Co phan co khi Phd Yén, Thai Nguyén (5,48 % Cu, 16,21 % Ni, 18,43 %
Cr). Thong ké theo ting kim loai cho thay, c6 19/37 mau, chiém 51 % s6 mau co ty 1&
dong 16n hon 1 %; 16/37 mau, chiém 43 % sé mau co ty Ié Niken I6n hon 1 %; 14/37
mau, chiém 37,8 % sé mau c6 ty 1& Crom 16n hon 1 %.

- C6 11/37 mau, chiém 29,7 % tong sé6 mau co tong ham luong kim loai Cu,
Ni, Cr 16n hon 20 %, trong d6 dac biét mau bun thai caa Cong ty Bow International -
KCN Bim Son, Thanh Hoéa c6 ham lugng Cu Ién dén 38,63 %; cac mau bun thai cua
Cong ty TNHH Kim khi Thang Long - KCN Lé Minh Xuén, thanh phd Ho Chi Minh,
Cong ty TNHH Sam Sung Electronic Viét Nam Thai Nguyén - KCN Yén Binh, Thai
Nguyén (mau bun tir hé thong xir 1y so bd nude thai cia tai diy chuyén ma), Cong ty
TNHH SMITH MFG Viét Nam - KCN Mai Trung, thanh phé H6 Chi Minh déu c6
ham luwong Ni cao hon 24 %; trong khi d6 mau bun thai cua Cong ty TNHH cong
nghiép Spindex - KCN No1 Bai, Ha N6i ¢6 ham luong Cr cao nhét, dat hon 24 %.

Két qua tong hop thé hién tai Bang 3.2 dudi day.

Bang 3.2. Thng ké két qua phan tich thanh phan kim loai trong bun thai ma

TT Thong s6 thong ké Cu Ni Cr
1 | Giatri I6n nhat (%) 38,63 24,6672 24,4393
2 | Gi4tri nhé nhit (%) 0,0039 0,0046 0,0057
3 | Giatri trung binh (%) 3,1494 5,4452 4,7990
4 | S6 miu c6 3 thdng s6 ¢o gia tri 16n hon 1 (%) 04/37 mau
5 | S6 mau c6 2 thdng sb c6 gia tri 16n hon 1 (%) 13/37 mau
6 | S6 mau co 1thdng sb cb gia tri 16n hon 1 (%) 15/37mau
7 | Miu c6 tong ham luong kim loai Cu, Ni, Cr N
I6n hon 20 % 1137 mau
8 | MAu c6 tong ham lugng kim loai Cu I6n hon 1 % 19/37 mau
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TT Thong s6 thong ké Cu Ni Cr
9 | MAu c6 téng ham lugng kim loai Ni Ién hon 1 % 16/37 mau
10 | MAu c6 téng ham lugng kim loai Cr 1én hon 1 % 14/37 mau
S6 lwong mau 37

Thanh phan va ty 1é xuét hién céc kim loai trong cac mau bin thai ma khong
ddng nht, c6 sy chénh léch rat I6n gitta cac mau chia yéu do su khéc biét vé cong nghé
Ma cac co s& san xuat. Thanh phan bin thai ma tai cac nha may xir Iy nudc thai tap
trung cua cac KCN déu cd ty 1& ham lwong cac kim loai xuét hién khé thap, nguyén
nhan do hau hét cac co sé san xut trong KCN déu phai c6 hé thdng xur Iy nude thai
riéng, dam bao xu 1y nudc thai dat tiéu chuan dau ndi mai duoc thu gom vé hé
théng xur 1y nudc thai tap trung ciia KCN dé tiép tuc xur 1y. Do vay, nudc thai dau
vao hé théng xir Iy nudc thai tap trung cia KCN thudng c6 cac thanh phan 6 nhiém
thap hon so véi nudc thai phat sinh tai cc co s san xuét trong KCN. Piéu nay dan
dén bun thai phat sinh tir hé thdng xtr 1y hé thdng xtr Iy nude thai tip trung cua
KCN ciing ¢6 ham lugng kim loai thip hon bun thai phat sinh tir hé théng xir 1y
nudc thai ciia cac co s¢ hoat dong trong KCN.

Két qua phan tich thanh phan bun thai ma chaa nhiéu kim loai c6 gia tri, c6
tiém nang thu hdi tai nguyén cao. Két qua nay ciing phi hop véi cac nghién ciu vé
thanh phan bun thai ma ¢ trong va ngoai nudc da duoc cong bé.

Viéc nghién ctu thu hoi tai nguyén hién hitu 1a cac kim loai c6 gia tri trong
bun thai ma ciing nhu bién tinh bun thai ma thanh cac vat liéu c6 ich trén c6 so
nghién ctru dic tinh cua cac thanh phan trong bun thai ma khong chi gidp giam luong
chat thai ddi véi méi trudong, ma con gilp giam &p luc khai thac tai nguyén thién
nhién, gép phan bao vé méi truong, thic ddy mé hinh KTTH va phat trién bén viing.
3.2. Nghién cieu quy trinh thu hdi muéi ddng sunfat tir bun thai ma
3.2.1. Két qud phan tich mdu ban nghién cizu

Dua trén dic diém dai dién cho céc loai bun thai dién hinh phét sinh tir hoat

dong ma kim loai tai khu vuc tinh Thai Nguyén. Mau S1 duoc thu thap tir Co sé ma
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Voi sen Y - Thai Nguyén, 1a co s chuyén ma dong cho cac san pham thiét bi vé
sinh, mau S2 Iy tir Cong ty C6 phan Co khi Phd Yén (Thai Nguyén) 1a don vi ¢c6
quy md cong nghiép 16n vai hoat dong ma da kim loai, cha yéu 1a crom va niken;
Két qua phan tich thanh phan tai Bang 3.3 cho thay su khéc biét rd rét gitta hai mau,
thé hién qua ham luong cao cua cac kim loai ning dic trung nhu Cu (13,05 %)
trong mau S1 va Cr (18,43 %), Ni (16,21 %) trong mau S2. Bdng thai, ca hai miu
déu chira ham lwong dang ké cac nguyén té nén nhu Fe, Ca, Mg, Si va O, phan anh
dic trung phirc tap cta ban thai tir hé théng xir Iy nudce thai ma. Cac mau dugc lay,
xtr ly mau, do dac va tinh toan két qua theo md ta tai chuong 2.
Bang 3.3. Thanh phan mau bun thai S1, S2

I 1 2
T Thong so (% trgngslu'q’ng kho) (% trgngsllrg'ng kho)
1 Cu 13,05 548
, or <1 18,43
5 N <1 16,21
A Fe 18,4 11,39
5 Ca 4,5 34
6 Mg 2,34 2,75
i 0 48,7 46,27
8 c 6,3 8
9 Si 2,97 3,24
10 s 1,12 0,86

Ghi chli: Mdu S1 ldy tir Co sé ma voi sen Y - Thai Nguyeén;
Mdu S2 ldy tir Cong ty C6 phan Co khi Phé Yén (Thai Nguyeén).
3.2.2. Nghién ciru céc diéu kién phil hep dé hoa tach thu héi dong trong bun thdi mg
3.2.2.1. Xdc dinh thoi gian hoa tach kim logi bang dung dich axit
Thuc hién thi nghiém mé ta tai muc 2.3.2.1 v6i mau bun thai S1 va dung

dich H,SO,4 0,18 M (a); H,SO,4 0,22 M (b); H,SO4 0,24 M (c), thu dugc dung dich
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dung dich sunfat so cap (dung dich so cap). Céc két qua do do pH cua dung dich
sunfat so cap trong qud trinh hoa tach véi H,SO, 0,18 M (a); H,SO4 0,22 M (b);
H,S0, 0,24 M (c) duoc thé hién & Bang 3.4 va Hinh 3.1 dudi déy.

Béng 3.4. Thay doi pH theo thoi gian hoa tach

Thoi gian hoa tach (phut)

TT |CH,S0,
O | 3|6 | 9 |20 30| 60 |120]180 360|510 780

1 a |052|1,67|3,28|4,48|5,37|5,85|6,18|6,31|6,40|6,46 |6,49 |6,49

2 b |0,31|1,02|2,09(2,91|3,35|3,67|3,89|3,98|4,01|4,03|4,04 4,04

3 c |017|0,87(158|1,73|2,16|2,37|2,51|2,64|2,79|2,95 3,02 |3,02

Ghi cht: Néng d6 dung dich H,SO, trong tng 1a (2) = 0,18 M:; (b) = 0,22 M:; (c) = 0,24 M

7
6-
5-
4 4 P Py

Z 3
2 4

—8— g

1 —e—b

0 A C

0 200 400 600 800

Thoi gian (phut)

Hinh 3.1. Su thay doi ciia d6 pH theo thoi gian hoa tach b thai
& cac nong do axit khac nhau
Bun thai ma 1a mot hdn hop mubi va cac oxyt, cac hydroxyt cuia cac nguyén
t6 nhu Na, Ca, Cu, Fe, Ni, Cr,.... Trong qua trinh hoa tach, cac phan ung hoa hoc
xay ra lam giam nong do axit. Sy bién thién do pH theo thoi gian hoa tach thé hién
trong Hinh 3.2. Két qua thi nghiém cho thay, su thay doi pH dién ra nhanh va manh
liét trong trong giai doan dau tién (khoang 20 phat dau tién), d6 thi bién thién d¢6 pH

tang nhanh theo duong thang voi do doc 16n; sau d6 qua trinh hoa tach dan cham lai
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va do pH bién ddi theo duong cong véi d6 déc giam dan theo thoi gian sau d6 6n
dinh véi gia tri pH bién thién rat nho va sau khoang 360 phut, d6 pH thay d6i gan
tuyén tinh; kéo dai thi nghiém dén 720 phut, d6 pH gan nhu khong thay doi.

Trong khoang thoi gian thi nghiém kéo dai tir 12 dén 13 gio: (1) ¢ ndéng do
H,SO, 0,18 M d¢ pH dat gia trj tiém can 6,49; (2) & ndng d6 H,SO, 0,22 M do pH
dat gi tri tiém cin 4,04; (3) & nong d6 H,SO, 0,24 M d6 pH c6 gié tri tiém can &
trong khoang 3 - 3,5. Nhu vay, c6 thé coi thoi gian hoa tach két thic sau 6 - 12 gio,
hau nhu khong phu thudc vao luong axit da 16n. Theo dé, thoi gian hoa tach c6 thé
Iwa chon 1 6 gio dé dam bao tiét kiém niang lwong ciing nhu chi phi.
3.2.2.2. Xdc dinh ty 1¢ léng/ran phu hop

Thuc nghiém hoa tach trén mau bun thai ma ban dau lay tai Co s ma Voisen Y -
Thai Nguyén (ky hiéu: S1); dung dich H,SO,; thoi gian hoa tach phu hop sau 6 gio.

Két qua phan tich thanh phan caa cac kim loai niang trong phan can con lai
sau hoa tach ba thai tai Bang 3.5.

Bang 3.5. Thanh phan can hoa tach bé thai dong

- Thanh phan Gia tri (% khoi luong)
kim loai 31 6:1 12:1
1 Al 2,60 2,11 1,68
2 Si 441 3,39 2,98
3 K 0,13 0,10 0,08
4 Ca 24,01 1954 17,59
5 Cr 0,23 0,19 0,16
6 Fe 3,96 3,03 2,31
7 Ni 0,07 0,06 0,05
8 Cu 0,28 0,22 0,20
9 Zn 1,13 0,88 0,75
10 Pb 0,06 0,05 0,04
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Céc thuc nghiém trén cho thay, hoa tach véi ty 16 H,SO4/bun thd (L/R) la
12/1 @at hiéu suat thu hoi céc kim loai cao hon so véi 2 truong hop con lai. Trong
treong hop ty 18 L/R ting 1én cao hon nita, hiéu suat hoa tach c6 thé ciing ting cao
hon nhung hiéu suét sir dung thé tich binh phan wng khdng hiéu qua. Ngoai ra véi ty
1& thu hdi Cu trén 95 % ciing da dap ung tét yéu cau veé tan thu kim loai c6 gia tri
trong bun thai.
3.2.2.3. Xac dinh lwong axit si dung cho qua trinh hoa tach

B4 thai sau hoa tach cua mau bun thai ma cia Cong ty C6 phan Co khi Phd
Yén (Thai Nguyén), (ky hiéu: S2) dugc xir Iy mau nhu mo ta trong muc (a) - 2.3.2.1
dugc hoa tach véi cac diéu kién phi hop nhu két qua nghién ciu néu trén: dung
dich H,SO, 0,22 M vai ty 1& long/ran 1a 12/1, duy tri do pH dam bao gié tri pH do
tai 6 gio dat 1an luot 143 £ 0,3, 4 £ 0,3, 5+ 0,3, s6 liéu phan tich va tinh toan trinh
bay tai Bang 3.6 va Hinh 3.2.

Bang 3.6. Két qua phan tich thanh phan b thai kho kiét va ham luong,

hiéu suét tach chiét cac kim loai Cu, Ni, Cr, Fe trong cac dung dich hoa tach

Thanh phan Ham lwong kim loai Cu, Cr, Fe, Ni
ba thai kho kiét trong cac dung dich hoa tach
Ky hiéu: S2 pH =2,38 pH = 4,25 pH = 5,28
Khéi ‘
; % thu hdi S S
Tha}nh lugng bin| mg/L o thu hol mg/L % thu hO-I ma/L % thu hO-I
phan | ho 0 tr ba thai tir ba thai tur bé thai

Cul| 548 |4.5119 98,8 3.959,3 76,7 2.639,5| 57,8

Cr | 18,43 |14.548,9] 94,73 3.624,6 23,6 2.033,4| 13,24

Fe | 11,39 |4.961,3 52,27 740,4 7,8 104,4 1,1

Ni | 16,21 [13.376,00 99,02 11.725,2 86,8 [11.030,9| 81,66
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Hinh 3.2. Ty Ié thu hoi (tch chiét) kim loai tir b thai phu thudc vao d6 du axit

Cac két qua thuc nghiém thu dugc cho thay, hiéu suat thu hoi (P) cua tat ca
cac kim loai ty 18 thuan véi d6 du axit (hoac ty 1& nghich véi @6 pH). Nong do du
axit khoang 0,5 %, bao dam pH cua dung dich sunfat thir cap khoang 2,7 - 2,9 cho
phép thu hdi cac ion kim loai voi hiéu suit cao (Cu = 98,8 %, Cr = 94,73 %, Fe =
52,27 %, Ni = 99,02 %); can hoa tach ba thai da duogc tach gﬁn nhu hoan toan kim
loai nhu két qua do tai Hinh 3.3 dudi déy.
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keV

Hinh 3.3. Thanh phan cin hoa tach ba thai mau S2
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Tur két qua trén cho thay, cac diéu kién hoa tach phu hop ddi véi bun thai ma
d6 1a: sir dung dung dich H,SO,4 véi nong do 0,22 M vai ty 18 LIR=6/1 - 12/1, thoi
gian hoa tach 6 gio, do du axit trong qua trinh hoa tach dam bao 0,5 % dam bao pH
khoing 3,0 + 0,3.

3.2.3. Nghién ciru khz ning thu hoi dong muéi dong sunfat tir bin thai ma gizu dong
3.2.3.1. Hoa tach bun thai
Két qua xac dinh khdi lwgng, thanh phan kim loai mau bun truéc va sau khi
hoa tach (mau S1 phéi tron véi H,S0, 0,22 M ty 1é R/L = 1/6 - 1/12, khudy trong 6
gio, duy tri pH 3,0 + 0,3) duoc thé hién trong Bang 3.7 dudi day.
Bang 3.7. Két qua phan tich thanh phan b thai truréc va sau hoa tach

BUnN thai kho kiét ban diu Bun thai kho Kiét sau hoa tach Ty I8
(khdi lwong ban diu quy wéc 1a 1) (khdi lwong con lai 12 0,845 ) da thu hdi
Thanh phén Ty 1€ (%) Ty 1¢ (%) (%)
Cu 13,05 0,263 98,3
Fe 18,4 2,395 89,0
Cr <1 - -
Ni <1 - -

Theo d6, hidu suét thu hdi Cu dat 98,3 %, ton tai & dang Cu®* do phan ung
oxi hoa khir trong méi truong axit manh. Cu con lai trong ba sau hoa tach phan 16n
la Cu nguyén té.

Trong bun thai ma, Cu c6 thé tén tai & dang Cu nguyén té va Cu*. Dé
chuyén Cu nguyén t6 v& Cu*, st dung H,SO, 2M (thém vao trong sudt qua trinh
hoa tach dé dam bao pH=3,0 £ 0,3), b6 sung H,0, vai ty Ié mol 1 H,0,/1Cu. Qué
trinh nay dién ra & nhiét d6 thuong theo cac phuong trinh phan tng (3.1) va (3.2)

sau day:
Cu+stO4+H202: CuSO4+2H20 (31)
Cu(OH), +H,S0,= CuSO,+2H,0 (3.2)

Dung dich sunfat so cap thu dugc ¢ ndng do khoang 25 - 30 g/lit.
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3.2.3.2. Thu hoi dong duwéi dang tinh thé CuSO,.5H,0
a) Logi bé sdt khéi dung dich sunfat so cap

Theo két qua nghién ctru & Bang 3.9, lwong Fe trong bun thai sau hoa tach
dugc giam di ddng ké so véi ban dau do dugc chuyén hda vao dung dich sunfat so
cap du6i dang Fe®* thanh Fe*". Bé luong Fe?*chuyén hoan toan thanh Fe® trong moi
treong axit can boé sung H,0, vao dung dich theo phwong trinh phan tng (3.3) dién
ra nhu sau:

pH=2,5
2FeS0O4 + HyO, + H2SO4 = Fez(S04)s+ 2H0  (3.3)

B6 sung H,S0, dic vao dung dich sunfat so cap dam bao duy tri pH = 2,5.
Viéc bd sung axit dic d¢& nham han ché dung dich thai phat sinh sau qua trinh hoa
tach, dong thoi nhiét toa ra trong qua trinh phan tng gép phan thic day cac phan
ng trén dién ra theo chiéu thuan tét hon, gop phan tiét kiém ning lugng ciing nhu
rit ngan thoi gian hoa tach. Ty 18 H,0, thém vao chiém khoang 5 % (thé tich) véi
nong do H,0, = 27 %; thoi gian phan ang khoang 2 gio, tiép d6 bo sung dung dich
NaOH nang pH = 3,0 - 3,5 d¢ tao két tua theo phuong trinh phan tng (3.4) sau day:

Fe,(SO,),+ 6NaOH = 2Fe(OH), +3N2,S0,  (3.4)

Dung dich thu duoc 1a dung dich chira CuSO, véi nong do khoang 10 g/L.
b) Thu hoi CuSOy, tinh thé bang phirong phdp két tinh

O nhiét ¢6 0°C dung dich bao hoa CuSO, vao khoang 1,0 M, khi ting nhiét
do 1én 90 °C, do6 dung dich bdo hoa CuSO, khoang 4,0 M. Do dé viéc nang nhiét do
dung dich va 1am bay hoi nuéc roi két tinh CuSO, bang cach lam nguoi xubng nhiét

d6 moi truong khong khi, so do thé hién tai Hinh 3.4 duéi day.
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85°C 25-30°C

Dung dich Dl{”g dich CusO, Lam ngudi, ket tinh
CuSO, dac sau bay hoi thu tinh thé CuSO,
) Eee——)
5,3x10° J/L
(3,2 KWh/L)

Hinh 3.4. So @b thu hdi CuSO, tinh thé bang phwong phap két tinh
Dung dich bo hoa tai nhiét d 85 °C c6 khoang 25 - 30 g (tinh theo Cu), két tinh

& nhiét do khéng khi thu hdi CuSO, ¢ dang tinh thé ty 1é khoang 75 %. Phuong phép két
tinh CuSO, kha don gian nhung t6n ning luong. Trong nghién ciu nay, nhiét luong tiéu
thu cho cong doan co dic dung dich hoa tach khoang 5,3x106 J/L (3,2 kWh/L) dé thu hoi
duoc khoang 380 g CuSO,.5H,0, tuong duong 8,7 kWh/kg CuSO,.5H,0. San pham
CuS0,.5H,0 thu dugc ¢ do tinh khiét knéng cao khoang 95,6 %.

¢) Thu hoi CuSO, bang phirong phdp héa hoc

(1) Két tua dong cacbonat:

Pé tao thanh tinh thé dong sunfat tir dung dich, phuong phap bay hoi nhu
trén gay tiéu ton ning luong riéng cho céng doan cod dic khoang 8,7 kWh/kg
CuS0,.5H,0, Iwong mudi CuSO,4.5H,0 thu duoc cd do tinh khiét khdng cao do I4n
mudi Fe va mot sé6 mubdi khac. Dé cai thién do tinh khiét cia mudi sulfat dong,
nghién ctu thuc hién 1am sach mudi dong sulfat bang viéc két tua cachbonat trung
gian. Dung soda Na,COs cho vao dung dich sunfat so cip (da loai bo sét) theo ty 1¢
1:1 twong tng véi Cu®* trong dung dich (mol:mol), cac phan tung hoa tan va thay
phan (3.5), (3.6), (3.7), (3.8) dé tao cacbonat bazo dong dién ra nhu sau:

Na,CO;+H,0 = NaOH+NaHCO; (3.5)
CuSO4+2NaOH = Cu(OH),+Na, SO, (3.6)
CuSO4+NaHCO;= CuCO;+NaHSO, (3.7)
Cu(OH),+nCuCO;= Cu(OH),.nCuCO; (3.8)

Thanh phan cua dung dich sunfat so cap (di loai bo sat) duoc xac dinh bang

phuong phap ICP-MS, két qua md ta trong Bang 3.8, cu thé nhu sau:
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Bang 3.8. Thanh phan ion kim loai trong dung dich sunfat so cap d loai bo sit

Thanh phan

Cu

Fe

Ca

Mg

Na Cl

Mn

(mg/L)

27.439

1.153

170

89

592 | 395

32

Dung Na,COj; dé thay d6i pH dung dich (pH: 4, 5, 6, 7, 8) tao cacbonat bazo

dong, qua trinh két taa, loc tach dung dich tai cac gia tri pH nhu trén, tién hanh phan

tich mau dung dich thu dugc bang phwong phap ICP-MS. Két qua ham luwong cua

sat va dong duoc thé hién tai Bang 3.9 va d6 thi tai Hinh 3.5 nhu sau:

Bang 3.9. Ham Iwong sét, dong cua dung dich so cap sau két tiia cachonat

pH

TT| Thanhphin pH=3 | pH=4 | pH=5 | pH=6 | pH=7 | pH=8
1 Cu (mg/l) 27.439 | 6589 | 1.357 | 1.234 | 678 563
2 Fe (mg/l) 1.153 960 423 328 224 121
3 Hiéu suét loai Cu 36,4 76,0 95,1 95,5 97,5 97,9

30000
- 1400
25000
1200
20000 4 | 1000
S =
é" 15000 800 'é”
S 10000 600 =
50004 400
200
0 -
0

Hinh 3.5. Ham lugng dong, sat cia dung dich sunfat so cap sau két tia

cacbonat

Tir két qua trén, nghién ctru da lya chon két tua dong bang soda ¢ d6 pH ~ 7
cho hiéu suat thu hdi Cu xap xi 97,5 %.

(2) Tao tinh thé dong sunfat:
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Hoa tach cacbonat bazo dong véi H,SO, lodng thanh dich sunfat ddng ndng do
cao va gia nhiét tao dich bao hoa (Cu > 5 g) roi két tinh sunfat dong tir dich bao hoa
theo cac phuong trinh phan tng (3.9), (3.10) nhu sau:

CuCO5.Cu(OH),+2H,S0,— 2CuSO, +3H,0+C0O,  (3.9)

CuS0,+5H,0 — CuSO,.5H,0] (két tinh) (3.10)

Khao sat dugc diéu kién phu hop dé thu dugc dung dich sunfat dong bdo hoa
t6t nhat (chua 5,6 - 6,4 g/L - theo Cu) gom: i) ty 1& H,SO, lodng/mudi cachonat 1a
1,7; ii) thoi gian 4 gio. Dé thu san pham sunfat dong tinh thé can khudy thém 12
gio. Két qua phan tich thanh phan san pham dong sunfat két tinh thé hién trong
Bang 3.10, cu thé nhu sau:

Bang 3.10. Két qua phan tich san pham ddng sunfat két tinh

Ham lll’(.)'ng CuSO, Fe,O3 S|02 CaO

% 98,86 0,266 0,736 0,106

Ham luong kim loai va tap chat trong dong sunfat dép ung cac tiéu chuan
lam phu gia trong chin nudi, tréng trot va cac mat hang sinh hoat, gia dung khac véi
két qua phan tich thanh phan mau sunfat dong diéu ché tir ba thai thé hién tai Bang
3.11 dudi day.

Bang 3.11. Két qua phan tich thanh phan sunfat dong diéu ché tir ba thai

TT | Nguyéntd | % Khoihrong Thanh phan % Khai lwgng

1 H 4,02 SiO, 0,14

2 O 57,61 CaO 0,11

3 Si 0,031 MnO 0,03

4 S 12,791 Fe,0; 0,27

5 Ca 0,02 CuSQ0,4.5H,0 96,36

6 Mn 0,007 CdO 0

7 Fe 0,12

8 Cu 25,35
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Tir céc két qua nghién ciru trén dé xuat quy trinh thu hoi mudi CuSO, tir bun
thai ma bang phwong phéap tao san pham ddng cacbonat trung gian theo md ta tai
Hinh 3.6 dudi day.

Thung két tinh,
khudy12h

Dung dich sunfat
dong béo hoa U 4

H,S0, 0,22M H,S0; dic, NaOH C N _a;(;(;3 __________________ :r
(1 bun/12 axit), H:0, pH=3,0-35 | o~ 7 |
6h PH = 25,2h 1 |
1 1
: ! : | ' i
| | | ! : '
| | | ! 1 |
- — : : 1 v 1 :
Bun thai + | Dungdich | i | Dungdich | Dungdich | Mubi !
e 1 A 1 , 2N 1 !
_\ma . SO cap | SO cap [ chira dong l cacbonat :
giau Cu > V.| (Fe® = Fe*) |v ' A !
> > sunfat ¥, | bazo dong !
: da loai sat :
! :
1
I H,50, |
; Imudi ---- ¥ |
; cachonat = v '
7 + .
Tach Fe L7 4h Dung dich i
sunfat dong |
. - I A I
Két tinh < thir cap :
muoi dong sunfat f :
:
1
1
1
1

Hinh 3.6. Quy trinh thu hoi mudi déng sunfat tir bun thai ma giau dong
Tir két qua nghién ctiu cho thay, diéu kién hoa tach phi hop ddi véi bun thai
ma: st dung dung dich H,SO, vé&i ndng do 0,22 M véi ty 1& L/R = 6/1 - 12/1, thoi
gian hoa tach 6 gio, do du axit trong qua trinh hoa tach dam bao 0,5 % dé pH dat
khoang 3,0 £ 0,3.
Str dung dung dich Na,CO; dé diéu chinh pH dén diéu kién phi hop (két tia
mubi cabonat ddng & pH = 7) di mang lai hiéu qua cao trong viéc loai bo cac tap

chat va thu hdi mudi déng sunfat tir bun thai ma.
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3.3. Nghién ctru tai ché bun thai ma thanh vat liéu xir Iy nwéc thai
3.3.1. Tai ché bun thdi ma thanh chat hap phu

Quan st hinh thai hoc cua mau bin thai ma treée va sau xt ly nhiét cho thiy,
bun kh khi chua 1 12 t6 hop ciia cac hat c6 kich thudc rat nho két ty lai thanh cac dam.
Khi thuc hién a nhiét, da c6 su tach roi nhung cac dam van con nhiéu. Do vy, than
trau duoc dua thém vao dé tan dung thém dic tinh xdp cua than tréu, dic diém hinh

thai ctia mau bun trudc va sau xir Iy nhiét, than trau mé ta trong Hinh 3.7 dudi day.

Hinh 3.7. Anh SEM cua (a) bun thai ma thd va (b) bun thai ma di nung,

(c) than trau

Két qua do hinh thai bé mit, duong ding nhiét hap phu - nha hip phu N,
phan bé duong kinh 15 x4p va thanh phan nhém chirc caa vat liéu ché tao tir bun
thai ma va than trdu CR2.1 duoc thé hién & hinh 3.8 duéi day.
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Hinh 3.8. Anh SEM (a), duong dang nhiét hap phu - nha hap phu N, (b), kich
thuéc 16 x6p (c), phd FT-IR (d), XRD (e) va EDX (f) cua vat liéu CR2.1
Tir két qua trén cho thay, khi duoc to hop, vat liéu gom cac manh than trau
xen k& véi cac hat ban tao thanh céc 16 x6p (nhu chi ra trong Hinh 3.8a). Trong khi

d6, Hinh 3.8b cho thdy, dudong dang nhiét hap phu - nha hap phu N, cua vat liéu
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CR2.1 thuoc loai 11 (theo phan loai cua IUPAC), twong tng v&i cac 16 xbp c6 kich
thude meso (duong kinh 15 tir 2 dén 50 nm). Két qua nay hoan toan phi hop Véi
duong phan bé kich thuée 16 xop trong Hinh 3.8c. Dién tich bé mit riéng BET cua
vat lieu 1a 175,99 m?%g. Didu nay rat thuan lgi cho qua trinh hip phu cac chét 6
nhiém nho su khuéch tan chat 6 nhidm vao cac 15 xdp.

Phan tich phd FT-IR cua vt liéu (Hinh 3.8d) ciing chi ra rang, dinh 3441,27
cm™ dén 3336,13 cm™ tuong ung véi dao dong kéo gidn (stretching) cia nhém -OH
trong khi d6 dinh 1622,99 cm™ twong wng véi dao dong udn (bending) cia nhém -
OH trong phan ta H,O dugc hap phu trén bé mat vat liéu. Thém vao d6, dao dong
d6i xiang vao bat doi xing cua nhom C-O xuét hién twong ung tai dinh 1118,32 cm’
' va 1395,39 cm™. Céc lién két cia Cu-O va Ni-O xuét hién tai 674,26 cm™ va
602,52 cm™ [109]. Céc dinh tai vi tri 846,20 cm™ va 463,99 cm™ dic trung cho dao

dong kéo gian cua lién két Si-O va Si-O trong cac tir dién SiO, [112] cua than trau.

Gian dd nhiu xa tia X (Hinh 3.8e) cho thiy, than triu (RHC) xuét hién maot
dinh rong tai 20 = 22,74° twong tng véi C hodc SiO, vo dinh hinh va hai dinh nhé
tai 43,64° va 63,96° dic trung cho C tinh thé va SiO, tinh thé [111]. Bén canh do,
cac dinh dién hinh caa bin thai ma (B0) duoc tim thay tai 23,32°% 29,12°% 35,49°
39,55° va 50,21° twong tmg voi cac mat tinh thé (100), (102), (111), (022) va (202)
ciia CuO va mot dinh tai 43,14° (twong (ing v&i mat tinh thé 200) 1a cua NiO [110].
Vit liéu to hop CR2.1 xuét hién cac dinh dic trung twong Gng véi bun thai ma va
than trau, tuy nhién c6 sy dich chuyén nhe cua cac dinh tai mot sé vi tri. Két qua
XRD ciing cho thiy, CR2.1 ¢6 ciu tric tinh thé nén dién tich bé mat riéeng BET cao,
do @6 rat thuan loi cho hap phu chat 6 nhiém. Thém vao d6, két qua EDX (hinh
3.8f) ciing chi ra rang, C, O, Cu va Ni la nhitng thanh phan chinh cé trong vat liéu
CR2.1 v&i % khbi luong tuwong tng la 4,28, 56,8; 6,45 va 15,94 %. Két qua nay
hoan toan phu hop vai két qua thu dugc tir phd FT-IR. Két qua danh gia kha niang

hap phu cua vat liéu CR2.1 cy thé nhu sau:
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a) Anh hirong cua vat ligu
Anh huong cua vat lidu dén hiéu

dugc minh hoa trong Hinh 3.9 dudi day.

suit va dung luong hap phu MB va CIP

—a—RH
—e—B0
—A—CR21
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Hinh 3.9. So sanh hiéu qua hap phu MB (a,b) va CIP (c,d) (Co = 20 mg/L, V=
0,05 L) gitra cac vat lieu RH, BO va CR2.1.

C6 thé thay, ban thai ma thé hién kha ning hap phu thap d6i véi ca MB va

CIP (19,02 % va 7,89 %), trong khi d6 than trau cho thiy kha ning hap phuy tét voi

ca hai (40,6 % va 36,29 %). Su két hop cua bun thai ma va than trau gidp nang cao

kha niang hap phu MB cua bin thai ma 1én 1,73 lan va CIP 1én 6 lan. Diéu nay c6

thé giai thich 1a do sy t6 hop cua than trau va bun thai ma tao thanh vat liéu c6 cau

trdc x6p ciing nhu chtra cac kim loai (Cu, Ni), nhitng thanh phan rat thuan lgi cho

qua trinh hap phu nhd khuéch tan vao 16 x&p ciing nhu twong tac tinh dién do d6
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hiéu sut hap phu ting 1én. Diéu d6 mé ra mot giai phap dé tan dung bun thai ma dé
ché tao vat liéu hap phu.
b) Anh huong cua pH

Anh huong caa pH dén hiéu suat va dung luong hap phu CIP va MB trong
dung dich dugc minh hoa trong Hinh 3.10 duéi day.

—&—pH4

—8—pH5

1—9—pH6

—4— pH7
—&—pH8

40 -

0 —4—pH9

(@) (b)
20 30 40 5 60 70 80 90 20 30 40 50 60 70 80 90
Theoi gian (phat) Théi gian (phat)

(c) (d)
20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90
Thoi gian (phat) Thei gian (phat)

Hinh 3.10. Anh huong cua pH dung dich dén hiéu suat va dung luong
hap phu CIP (a,b) va MB (c,d) (Co= 20 mg/L, V = 0,05 L)

Két qua cho thay, khi pH cia dung dich ting tir 4 1én 9, hiéu suat va dung
lwong hap phu CIP va MB ting dan va dat gia tri cao nhat (56,10 % va 10,81 mg/g
cho CIP va 34,06 % va 7,00 mg/g cho MB) tai pH = 9 va sau 90 phut hap phu. Tuy
nhién, do nghién ctru hudng téi cong nghé xanh, than thién véi méi truong nén pH =
8 duogc lya chon cho céc thi nghiém tiép. Bén canh do, hiéu suat va dung lugng hap
phu CIP ctia CR2.1 cao hon (ting khoang 39,29 %) dang ké so véi hap phu MB.
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¢) Anh hwéng cua nong dé va thoi gian
Anh huéng ciia ndng d6 dau va thoi gian dén kha nang xir ly CIP va MB ra
khoi dung dich duoc thé hién trong Hinh 3.11 dudi déy.

—a— C0=2,5ppm (a)
|—e— C0=5,0ppm

—A— C0=10ppm
60 1 —v— C0=15ppm

—m— C0=2,5ppm (b)
—8— C0=5,0ppm
g |—&— C0=10ppm

—y— C0=15ppm
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— 6
— 50 2
= <)
g E L, A
40 o 41 g A
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Hinh 3.11. Anh huéng cua nong do dau va thai gian hap phu dén hiéu suét
va dung luong hap phu CIP (a,b) va MB (c,d) (pH =8,V =0,05L)

C6 thé thay, hiéu suat va dung luong hap phu CIP va MB bang CR2.1 ¢ cac
nong do khac nhau ting dang ké khi thoi gian hap phu ting. Bén canh do, hiéu suat
giam dan khi nong d6 dau cua CIP (tir 74,96 % tai Co= 2,5 mg/L giam xudng 47,12 %
tai Co= 20 mg/L) va MB (tir 99,96 % Vvéi Co = 2,5 mg/L giam xudng 33,20 % véi Co=
20 mg/L) ting dan. Nguoc lai, dung lwong hap phu ting khi ndng do dau tang lén.

d) Anh hirong cua khoi hieong vt liéu hdp phu
Két qua khao sét sy anh huong caa khéi lwong vat liéu CR2.1 dén kha niang

xtr Iy CIP va MB dugc trinh bay trong Hinh 3.12 dudi day.
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Hinh 3.12. Anh huong cua khéi luong vat liéu CR2.1 dén hiéu suat va dung
luong hap phu CIP (a,b) va MB (c,d) véi Co= 20 mg/L, pH = 8

Két qua nghién cau cho thay, khi khéi luong vat lidu hap phu ting thi hiéu

suat hap phu CIP va MB cung ting 1én va dat két qua cao nhat (49,48 % cho CIP va

38,43 % cho MB) khi khéi lugng CR2.1 13 0,05 g. Piéu nay co thé giai thich do

tang khdi luong chat hip phu thi tong dién tich bé mat hap phu 16n hon nén c6 thé

hap phu duoc nhiéu chat 6 nhiém hon [107]. Nguoc lai, dung luong hap phu c6 xu

huéng giam khi khéi lugng vt liéu tang (dat 12,17 mg/g ddi véi CIP va 9,03 mg/g
d6i voi MB).
e) Md hinh hap phu dang nhiét

Phuong trinh Langmuir va Tempkin dugc trinh bay trong Hinh 3.13 dudi day.
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Hinh 3.13. Puong dang nhiét Langmuir (a), Freundlich (b)
va Tempkin (c) cua CR2.1

Tur két qua nghién cau cho thdy, mé hinh dang nhiét Langmuir phu hop dé mo
ta qua trinh hap phu CIP va MB bang vat liéu CR2.1 hon so véi mé hinh Freundlich va
Tempkin do hé s tin cdy R? cua Langmuir (0,993 va 0,997) cao hon so véi cia
Freundlich (0,982 va 0,936) Tempkin (0,980 va 0,972). Ttir Langmuir, tinh dugc dung
lwong hap phu CIP va MB cuc dai 1a 12,821 mg/g va 9,434 mg/g (Bang 3.12 dudi
day). Gia tri cua hang s6 R, dugc tinh theo cong thire (3.1) cho thay 0<R, <1 ching to
md hinh Langmuir thuan loi dé mé ta qua trinh hap phu caa CIP va MB trén vat liéu
CR2.1. Qua trinh hap phu don 16p xay ra trén bé mit vat liéu theo phuong trinh (3.1)
nhu sau:

1

Ri=— 1
T kG G.1)

Tir phuong trinh Freundlich c6 thé tinh dwugc hing sé n cho qué trinh hap
phu CIP va MB (lan luot 12 1,639 va 2,985). C4c gi4 tri ciia n déu 16n hon 1, chting
t6 qua trinh hap phu vat Iy xay ra. Trong khi do, tir phuong trinh Tempkin c6 thé
tinh duoc hang sé Tempkin by theo cong thic (3.2):

b R 3.2
=g (3.2)
R 12 hang s6 khi (R=0,8314 kJ/mol.K), T 1a nhiét ¢ Kelvin.
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Két qua tinh toan (Bang 3.12 duéi ddy) cho thiy, gia tri by (lién quan dén

nhiét hap phu, kJ/mol) nhé chang minh ¢ mét sy tuong tac yéu giita CIP, MB véi

vat liéu CR2.1 hd trg cho hap phu vat ly.

Bang 3.12. C4c thdng sb theo mé hinh Langmuir, Freundicih va Tempkin

Langmuir

CIP

k.: 0,169
Omax: 12,821 mg/g
R% 0,993
R.: 0,702

MB

k.: 0,525
Omax: 9,434 mg/g
R?%: 0,997
R.: 0,431

Freundlich

CIP

n: 1,639

ke: 2,012
R%: 0,982

MB

n: 2,985

Ke: 3,525
R% 0,936

Tempkin

CIP

B: 2,760

br: 0,898 kJ/mol
Ky: 1,799
R%: 0,980

MB

B: 1,853

br: 1,337 kJ/mol
Ks: 6,415
R% 0,972
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f) Khdo sat mau thyec:

Dé danh gia hiéu qua thyc té caa vat liéu thu duoc CR2.1, sir dung nuéc thai
gia lap tr dung dich chira thudc vién CIP va MB. Cu thé, thudc vién duoc nghién
nho va pha thanh dung dich c6 nong d6 ban dau caa CIP 12 40 mg/L (trong khi theo
s6 liéu trong mot nghién ctru dugc thuc hién nam 2016, ndong d6 CIP trong nudc
thai bénh vién trude xir Iy vao khoang 7,9 mg/L dén 87 mg/L [108]) va nong do ban
dau cta MB 1a 2,5 mg/L. Thi nghiém duoc thuc hién trong méi truong NH;. Két
qua thuc nghiém duoc dua ra trong Hinh 3.14c va Hinh 3.14 d. Tur két qua nay c6
thé chi ra rang, d6i véi MB, hiéu suat va dung luong hap phu ciia mau pha cao hon
(99,30 % va 2,42 mg/g) so v&i mau gia lap (63,51 % va 1,59 mg/g). Xu hudng
tuong tu ciing duoc quan st thdy dbi voi CIP (véi 26,03% va 8,67 mg/g cho mau
pha va 22,28 % va 5,33 mg/g cho mau gia lap). Piéu nay co thé giai thich nhu sau:
(i) mau gia lap pha trong dung dich c6 chira NH3 nén pH cua dung dich gia lap (pH
=9,3) I6n hon pH diém dang dign ctia vat lisu CR2.1 (pH,, = 6,99) (Hinh 3.14a) do
d6 bé mat vat liéu tich dién am; (ii) tai pH = 9,3, CIP ¢6 dang anionic tich dién am
hon, bén canh d6 MB cling phan ly thanh dang ion am trong moi trudng nudc (Hinh
3.14b); (iii) do ca bé mit vat liéu va chat bi hap phu tich dién 4m hon nén dan dén

hiéu tmg day véi CIP va MB do d6 lam giam hiéu suét hap phu.
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Hinh 3.14. Piém dang dién cua vat liéu CR2.1 (a), cac dang ion cua CIP (b),
hiéu suat va dung luong hap phu MB (c) va CIP (d) cia mau pha va mau gia
lap
3.3.2. Nghién cizu tai ché bun thdi mg thanh chat xtc tac quang xa 1y khang sinh

va phdam mau trong nuwéc thdi
3.3.2.1. Pdc diém cia ban thai mg thi nghiém

Nhu d3 dé cap & trén, bun thai mau BO ché tao duoc ¢ nhiét do phong khi
chua 1 12 t6 hop cua céc hat co kich thudc rat nho nhung két tu lai thanh dam (Hinh
3.15a). Khi dugc u nhiét, cac hat tré nén tach roi va quan sat rd dan khi duoc gia
tang cua nhiét do 1 tir 250 °C dén 500 °C di kém su cai thién két tinh cua céc hat
dong thoi ciing 1am ting dan kich thude hat (Hinh 3.15¢, d). Két qua nay dugc duoc
giai thich 1a khi ting nhiét d6 u da thic day sy phat trién va hoan thién cua pha tinh
thé dong thoi 1am ting dan kich thudc hat, do két tinh ting hoat tinh quang hoa s&
tang. Tuy nhién, theo cac nghién cuu trudc nhi¢t do cao ciing s€ lam tang kich
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thude hat, giam dién tich bé mat cua CuO. Do dé, mau duogc u nhiét tai 350 °C duoc
lya chon dé danh gia kha ning xuc tic quang thong qua viéc xir Iy MB trong méi
truong nude. Nhu duoc chi ra trong két qua anh SEM, mau BO bao gdom cac hat nho
két tu thanh cac cum (Hinh 3.15a, b). Khi nhiét d6 tang tir 250 °C 1én 500 °C khdng
c6 su khac biét dang ké vé cau trdc hinh thai nén co thé két luan nhiét d6 khdng anh

hudng dén cau tric cua vat lieu (Hinh 3.15c¢, d).
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Hinh 3.15. Hinh anh SEM cua (a) BO, (b) UBO, (c) UB25, (d) UB35 (e) UB50
va () dir liéu dang nhiét hap phuy-giai hap cua B0, UBO, UB25, UB35, UB50

Cac dir lieu nhidu xa tia X (XRD) cua UBO, UB25, UB35 cho thiy, cac dinh
nhiéu xa & cac nhiét do khac nhau tir UBO (khong nung) dén UB50 (nung ¢ 500
°C). UBO thé hién mot dinh néi bat nhidu xa rong tap trung ¢ 20 cua 32,5° va cac
dinh sic nét & 20 cua 29,5°. Hon nita, UBO cling m6 ta cac dinh nho & 26 cua 27° va
pham vi 20 tur 35° dén 50°. Tuy nhién, khi nhiét d6 tang lén, dinh giam cuong d6 va
sac nét, cd thé do su phan hay vat liéu. Pang chu ¥, dinh tai 20 caa 37° manh hon, sic
nét hon va cao hon so véi cac dinh khac trong cac mau XRD, ¢ thé do sy hinh thanh
mét pha tinh thé cao do quéa trinh nung & nhiét d6 cao 500 °C.

Hinh anh tir kinh hién vi dién tir truyén qua (TEM) véi do phong dai thap
duoc thuc hién dé c6 thém hinh anh vé hinh théi caa ching. Trong Hinh 3.16, céc
cum duoc cau thanh tir cac hat nhé chat ché véi nhau; cac van ludi khong dugc quan
st thay cho cac cum nay vi chung duoc tap hop thanh mét khéi tir nhiéu pha/hat khéc
nhau. Thyuc hién khao sat cac diac diém cau trc 16 cua cac mau bang phuong phap
hap phu - giai hap nito. Mau UBO thé hién mét cau tric xdp sau budc ria. Tuy nhién,
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khi nhiét d6 tang tir 250 °C dén 500 °C c6 xu huéng giam nhat quan trong dién tich
bé mit riéng (Bang 3.13). Ly do cd thé do nhiét do cao hon dan dén su tich tu hat, tir
d6 lam giam d6 xop va dién tich bé mit riéng cua cac mau, thé hién tai két qua do
TEM tai Hinh 3.16. Két qua do cac mau thé hién tai Bang 3.13 dudi day.

Bang 3.13. Dién tich bé mit riéng cua mau

TT Vat mau Dién tich bé mit riéng ciia mau (m?/g)
1 BO 148,90
2 uUBO 162,06
3 UB25 146,74
4 UB35 111,66
5 UB50 42,08

Hinh 3.16. Hinh anh TEM cta UB30 (a) va UB35 (b)
Két qua do phd tan xa ning lugng tia X (EDX) cho thay, mau BO chtra mot

luong cacbon déng ké (28,3 % trong luong) va oxy (37,83 % trong luong) va mot
luwong nho kim loai, nhu Si, Al, Fe, Ni, Cu, Ca, Zn, va Mg (Hinh 3.17a-e). Cac nhém
chirc nang bé mat cua cac mau dugc phan tich quang phd FT-IR (Hinh 3.17f), trong
do6 cac dinh tir 3.441 cm™ dén 3.336 cm™ twong ng vai dao dong kéo dai caa nhom -
OH. Trong khi do, dinh 1.638 cm™ duogc chi dinh cho dao dong ubn caa nhom -OH
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trong phan tir H,O hap thy trén bé mat vat liéu. Ngoai ra, cac dao dong ddi xtng va
khong dbi xiing ciia nhém C-O xuit hién tai cac dinh 1.054 cm™ va 1.424 cm™, twong
ng. Cac lién két cua Cu-O, Ni-O, va Al-O duoc nhan thiy tai 560, 608 va 871 cm™
tuong ung [38], [78].

ull Scale 2745 cis Cursor. 16.138 ke (1 clg) ko

ull Scade 2745 cls Curzor: 16138 eV (2 cis) oa'v]
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ull Scals 2558 ets Cursor 16337 ke (1 ctz) ']

ull Scele 2745 cts Cursor: 16,139 keV (1 cts) ke
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Hinh 3.17. SEM-EDX cua (a) BO, (b) UBO, (c) UB25, (d) UB35 va (e) UB50.

(f) FTIR cua BO, UBO, UB25, UB35, UB50

Sau khi siéu am va xir Iy nhiét do c6 su thay doi dang ké trong ham luong

kim loai, dac biét 1a trong ham luong Zn do c6 su phan huy nhiét cua cac thanh

phan trong miu. Pang cha ¥, ham luong cac thdng s nguy hai duoc xac dinh bang
thiét bi NexION 300Q ICP-MS cua PerkinElmer bang phwong phap 3051A cia US
EPA; SMEWW 3111B:2012 (Bang 3.14) déu duéi ngudng chét thai nguy hai theo
quy chuan ky thuat quéc gia QCVN 07:2009/BTNMT (di duoc thay thé bang

QCVN 07:2025/BNNMT, c06 hié¢u lyc thi hanh tir 09/02/2026).

Bang 3.14. Ham luong théng sb nguy hai trong mau buin thai ma

QCVN Q“gﬁi!”h
Théng ] Kétqua | 07:2009/BTNMT :
STT sé Phwong phap (mg/ka) (N ﬁ}lg d6 tuyét Bzecglozge,
doi (mg/L)) (mg/L)
1 pH ASTM 4980-1989 5,4 <2
US EPA method 3051A;
2 AS SMEWW 3111B:2012 4.4 40 5.0
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QCVN

Quy dinh

A £ ” . caa
sTT | Thong Phuong phép Ketqud | 07:2009/BTNMT |- g i
SO (mg/kg) (Nong dg tuyét 2009
doi (mg/L)) (mg/L)
SMEWW 3111B:2012
US EPA method 3051A;
4 Ag SMEWW 3111B:2012 5.9 100 50
5 cd US EPA method 3051A; 05 10 05
SMEWW 3111B:2012
US EPA method 3051A;
6 Pb SMEWW 3111B:2012 18,3 300 1,0
US EPA method 3051A;
! Co SMEWW 3111B:2012 2218 1.600 -
8 Hg US EPA method 3051A; <0,2 4 0,1
SMEWW 3111B:2012
9 Zn US EPA method 3051A; 4.390 5.000 -
SMEWW 3111B:2012
10 Ni US EPA method 3051A; 49.520 1.400 _
SMEWW 3111B:2012
11 Se US EPA method 3051A; 0,9 20 1,0
SMEWW 3111B:2012
US EPA method 3051A;
12 Sb SMEWW 3111B:2012 2,1 20 -
13 Va US EPA method 3051A; 13.9 500 .
SMEWW 3111B:2012
US EPA method 3051A;
W Mo smewwasiigeo2 | 83 7000 '
15 Be US EPA method 3051A; 0.25 5 )

SMEWW 3111B:2012

Két qua quang phé phan xa khuéch tan hién thi trong Hinh 3.18a. Dya trén di

liu hap thu UV-Vis, phuong trinh Kubelka-Munk két hop véi d6 thi Tauc da duoc

ap dung dé xac dinh ning luong ving cAm cua cac mau nay cho thay, ning luong

viing cam cua BO 12 2,7 eV, sau d6 tang nhe 1&n 2,81 eV va 2,89 eV sau khi nung &

nhiét d6 twong tmg 250°C va 500°C; trong khi ning luong ving cam cia UBO va
UB35 giam xudng 2,52 eV va 2,66 eV Hinh 3.18b. Két qua cho thiy, cac thanh phan

chinh cua UBO va UB35 bao gom nhiéu oxit kim loai va c6 thé hap thu trong viing
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anh sang nhin thay, thuan loi cho hoat dong xtic tic quang. Ngoai ra, nhu chi ra trong
két qua & hinh, khi khéng dugc t6 hop vai than trau va xi Iy nhiét, bun thai ma thé
hién kha ning hap phu thap ddi véi ca MB va CIP (19,02 % va 7,89 %). Tuy nhién,
dién tich bé mat I6n vat liéu lai kha 16n (111,66 mzlg) goi mo kha nang xu ly CIP,
MB théng qua cac tac nhan xuc tac khac. Két hop véi trang thiét bi sén ¢ va wu diém
cua viéc str dung anh séang nhin thiy hoic tir ngoai cho phan ung xir Iy CIP hoic chat

hiru co, nghién ctru da thuc hién theo hudng dua vat liéu lam xdc tac quang.
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Hinh 3.18. (a) Quang pho phan xa khuéch tan UV-Vis, (b) d6 thi Tauc
3.3.2.2. Panh gia kha nang xdc tac quang cia bun thai mga doi véi xi 1y CIP
a) Khd nang xtc tac quang cia cac mau bun thdi ma doi véi xiz Iy CIP
Két qua xu Iy CIP chi véi anh sang UVA duoc hién thi trong Hinh 3.19a cho
thay, hiéu suat xu Iy CIP khoang 38 % sau 240 phdt chiéu sang; so sanh véi mau
duoc xir Iy véi thoi gian siéu am 2 gio va dugc nung ¢ 350 °C (UB35) cho hiéu suat
xt Iy CIP cao nhat. Cu thé, sau 240 pht chiéu sang, hiéu suat xu ly cia UB35 dat
khoing 93,87 %, cao hon so véi cac mau BO (83,77 %), UB25 (91,6 %) va UB50
(90,2 %). Két qua trén cho thay, chi sir dung anh sang UVA cho hiéu qua han ché
trong viéc xir Iy CIP; bd sung chat xuc tc quang co6 sy cai thién dang ké qua trinh
phan huy cua CIP. Hon nira, hiéu suat xt ly CIP ting 1én khi nhiét 46 duoc nang tir
150 °C dén 350 °C, tuy nhién, khi nhiét d6 dugc ting thém 1én 500 °C, hiéu suat
giam do dién tich bé mat BET thap; dong thoi, khong co su khac biét dang ké nao
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duoc tim thy giita 180 va 240 phat. Do vay, 180 phut 1a thoi gian phan tng hiéu qua
va duoc chon cho cac thir nghiém tiép theo. Thém vao d6, UB35 da chiing minh hang
s6 tbc @6 cao nhit (-0,011 phut™) khi so sanh véi BO (-0,008 phit™). Nhu vay, viéc
xt ly nhiét thich hop c6 thé cai thién hiéu suat xuc tac quang cua vat liéu, UB35 dugc
lya chon cho cac nghién ctu tiép theo.
b) Anh hwong cia pH dén hiéu sudt xir Iy CIP

Két qua thir nghiém cho thay, hang sb toc do xir ly CIP tang 1én (70,08 % tai
pH = 3) vai su gia tiang gia tri pH (89,3 % tai pH = 7), sau d6 tang nhe (91,1 %) tai
pH = 9 truéc khi giam xudng (90 %) tai pH = 10 (Hinh 3.19b). Nguyén nhan c6 thé
do bé mat cia UB35 ¢6 dang mang dién tich duong (UB35") tai pH < 8,23 (pH pzc)
va mang dién tich am (UB35") tai pH > 8,23 (Hinh 3.22c). Két qua thé zeta cua
UB35 ciing chi ra rang bé mat caa UB35 1a duong khi pH > pH IEP = 1,74 (Hinh
3.19d). Trong khi d6, CIP ton tai & dang cation (CIP*) tai pH < 5,9 + 0,15, dang
zwitterionic (loai ion ma trong d6 c¢6 ca nhom tich dién duong va nhom tich dién am)
tai 5,9 < 8,89, va dang anion (CIP") véi pH > 8,89 = 0,11 [81]. Do d6, tai pH < 5,9
hodc pH > 8,89, ¢ su tuong tac day giita ion CIP va bé mat UB35 do cung dang dién
tich, dan dén hiéu suat xur ly thap. Hiéu suat xur Iy cao hon c6 thé dat duoc tai pH = 9
thay vi tai pH = 7, trong nghién ctru da chon pH = 7 la gié tri pH hiéu qua cho qua
trinh xa ly do pH nay pht hop vai dung dich chat thai thuc té.
¢) Anh hwéng béi nong dé CIP ban dau, liéu lwong xiic tdc quang dén hiéu sudt xit Iy CIP

Hiéu suat xir Iy thap hon v6i ndng d6 ban dau caa CIP cao hon duoc minh hoa
trong Hinh 3.19, vai Co = 5 mg/L, hiéu suat cao nhat 12 95,23 % sau 180 phut chiéu
sang UVA; dat 93,87 % vé6i Co = 10 mg/L giam va déng ké xuéng 77,27 % tai C, =
15 mg/L. Nghién ctru ciing cho thay, hiéu suat xir Iy cao hon c6 thé dat duoc véi liu
lwong xuc tac cao hon. Hinh 3.19f cho thay liéu lwong xtc tac 0,5 g/L (0,15 g x(c tac
trong 300 mL dung dich), hiéu suat xir Iy CIP dat 56,74 % sau 180 pht. Hiéu suat xir
ly tang 1én 91,09 % vdi liéu luong 1,0 g/L va tang khong dang ké 1én 93,54 % tai licu
lwong 1,5 g/L. Do d6, liéu lwogng xic tac 1,0 g/L duoc coi 1a hiéu qua cho xt Iy CIP.
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e) Anh hurong cua nguon sdang dén hiéu suat xi Iy CIP

Sau 30 pht chiéu xa, hiéu suat xuc tac boi UVC va UVA dat khoang 7,61 %
va 11,35 %, két qua thé hién trong Hinh 3.19g. Tuy nhién, hiéu suat ting manh Ién
72,74 % khi str dung dén UVA, cao hon 1,2 1an so véi UVC. Sau 120 phdt, hiéu
suat xir Iy ddi vai UVA 1a 85,95 %, trong khi UVC can it nhat 180 phut dé dat dwgc
hiéu suat xu 1y twong ty. Nhu vay viéc sit dung anh sang UVA c¢6 thé nang cao dang

ké hiéu suat xir ly cua CIP.
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Hinh 3.19. (a) Xt Iy CIP dudi &nh sdng UVA cho B0, UBO, UB25, B35,
UBS50; (b) anh huéng cua pH; (¢) diém dién tich bang khong; (d) thé zeta;
(e) noéng do ban dau cua CIP; (f) lidu luong XxUc tac;

(g) nguon sang dén hiéu suat xu ly caa UB35
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f) Sw 6n dinh cia c&c chat xdc tac quang khi tai si dung
Qua 4 luot tai str dung chat xdc tac quang ché tao tir bun thai ma, cac két qua

thu duoc thé hién trong Hinh 3.20a cho thay, hiéu suat xu ly chi giam nhe, khoang
6,8 %. Sy suy giam nho nay co thé do su mat mat cia mot sb vat liéu mau trong qué
trinh phuc héi. Hinh 3.20b mé ta phd FTIR trudc va sau khi tai sir dung cho thay céc

dinh dic trung twong tu, xac nhan do bén viing caa ching.
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Hinh 3.20. (a) Hiéu suat xir Iy caa UB35 sau 4 luot tai st dung:
lan 1 (mau den), 1an 2(mau do), lan 3 (mau xanh), 1an 4 (mau tim).
(b) phd FT-IR caa UB35 trudc va sau phan ang

9) Kha ndng thu héi goc tir do trong xaz Iy CIP

Dé chitng minh hiéu suat cao ciia cac chat xuc tac quang da tong hop, nghién
ctru da thuc nghiém xac minh thém su hinh thanh caa cac goc tu do, déng vai tro
quan trong trong qua trinh xa ly. Thi nghiém thu héi bao gom viéc sir dung nhiéu
chit thu hoéi khac nhau, chang han nhu axit ascorbic (AA), axit
Ethylenediaminetetraacetic (EDTA), va Isopropanol (IPA) dugc sir dung lam chat thu
hdi oxy hoa (h*), anion superoxit (0:*), géc hydroxyl (+*OH), twong ung. Két qua
EDTA va AA di tic ché hiéu qua qua trinh xt ly CIP, trong khi IPA ¢6 anh hudng it
(Hinh 3.21). Hiéu suat xir ly CIP da giam dang ké khi c¢6 sy hién dién cua cac chat
thu hoi: 45 % vai AA, 16 % véi EDTA, va 4 % véi IPA. Céc két qua thu dugc cho
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thdy ca h* va 0. 1a cac gbc hoat dong nhat trong qué trinh xu 1y do tiém ning oxy

hda cao va kha nang phan ung véi cac phan ti CIP.

1,0 - URB3S
-8 UB35 + t-BuOH
- UB35 + AA

-9-UB35 + EDTA

08

04

Phan doan CIP (C/Co)
o
(-2

0,2

0,0 r

0 30 60 920 120 150 180

Thei gian (phut)

Hinh 3.21. Anh huéng cua c4c chat thu hdi gbc tu do dén xir Iy CIP trén UB35
h) Co ché xit Iy dwoc dé xudt cua CIP
Dua trén cac phat hién tir cac thi nghiém lam tit goc tu do, co ché xuc tac

quang kha thi cho xtr Iy CIP dugc dé xuat trong Hinh 3.22.

A/ A A
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h* h* ht he' L+~ ¢ & 4 + H,0+CO,

Ciprofloxacin

Hinh 3.22. Co ché xuc tac quang kha thi cho xu ly CIP
Khi dugc kich thich bai anh sang, cac electron va 16 duoc tao ra tir cac bing
dan va bang hoéa tri cia UB35. LJ tryc tiép oxy hoa CIP, gay ra sy khoang hoa. Hon
nita, electron duwgc tao ra cd thé bat gitt oxy hip phu dé tao thanh gdc tu do

superoxit O>*" (0/0-.*", E H = -0,33 V so véi NHE) [68], [76], [77]. Su hién dién
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cua cac goc O-°~ da dan dén mat loat cac phan ¢ng dan dén su phan tach ciu tric va
cudi cung 1a sy khoang hda [20], [42] cua CIP. Dau tién, cac gbc O.° ~ ¢c6 thé tin
cong truc tiép vao cac phan tir CIP. Hon nita, cac gbc O-° ~ ciing phan ung véi H20
va cac ion OH™ dé tao ra cac géc tu do hydroxyl «OH. Nhém cac phan ti chira oxy
c6 hoat tinh hoa hoc cao, bao gém ca gdc tu do va khdng phai gbc tu do ROS (02°~
h*, *OH) bé mit UB35 phan tng vai phan tir CIP, phé v cau tric phan ti, cau tric
thanh san pham trung gian va cudi cung la CO: va Hz0. Po quang phd LC/MS dé
x&c nhan sy phan manh cua CIP trong qua trinh xir Iy, két qua dugc thé hién trong
Hinh 3.23a.

Duya trén phan tich LC/MS, co ché xUc tac quang (Hinh 3.23b) dién ra nhu
sau: Dau tién, CIP [M-H]" (m/z = 332,0) c6 thé loai bo -CO, ciia nhém cacboxylic,
dan dén sy hién dién cua tin hiéu cuong do cao tai m/z = 287,9 lién quan dén ion
[Ci6H1sFN3O]". Dong thoi, phan tir me ¢ thé mat nhdm -HF tao thanh manh cua
[C17H1N5O5]* Vi m/z = 311,9. Sau do, ion phén tir [CrgH:sFN5O]" tiép tuc tir bo
nhoém -HF hodc nhom -C3NH; dé thiét 1ap [CisH17N3O]" hodc [C13H1:FN,O]" tuong
tng v6i m/z = 267,9 va m/z = 230,9. lon manh [CygH1sFN3O]" cling mat nhom
-C,NH, caa vong piperazin cho thay ion [CisH1sFN,O]" (m/z = 244,9) truéc khi tiép
tuc méat nhém -CH, cua phan con lai cua vong piperazine tao thanh ion phan tir
[C15H1.FN,O]" (m/z = 230,9). Cubi ciing, manh nay roi khoi nhém -CNH dé xuat
hién ion [C1,H1oFNO]" (m/z = 204,8). Két qua trén trén ciing pht hop véi cac nghién
ctru d3 cong bd trude day [98], [106].
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Hinh 3.23. Sy ph&n manh cua CIP trong qua trinh xt ly
i) Nghién citu kha nang xir 1y véi nwée thai thuc té
Két qua xtr Iy nuéc thai thuc té bang vat liéu xdc tac quang ché tao tir bun
thai ma chi ra trong Bang 3.15 cho thay, sau khi xtr ly, kha nang xi ly COD va
TOC cuia UB35 twong ddi cao véi hiéu suat lan luot 1a 58,15 va 55,06 % tuong ang

d6i véi COD va TOC c6 trong nudc thai ban dau.
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Bang 3.15. Hiéu qua xtr ly mot s thdng sb trong nudc thai thuc té

. . Trwoc khi Sau khi
TT | Théng so Pon vi o, o E (%)
xi ly xw ly
1 pH - 6 6 -
2 MU - thdi khéng mui -
3 Mau - vang trong sudt -
4 b6 duc NTU 25 18,5 26
5 COD mg/L 313 131 58,15
6 TOC mg/L 385 173 55,06
7 TDS mg/L 657 555 15,52
NH,-N mg/L 52,4 45,7 12,79
9 As mg/L 5,786 3,568 38,33

k) So sanh véi cac logi chat xuc tac quang ché tgo tir cac logi bun thai khac

Céc nghién ctu trude day chu yéu sir dung bun nha may nudc, bun sinh hoat
hodc bun két hop véi TiO, dé xur ly cac chat mau nhu xanh metylen, metyl da cam
hay rhodamin B, dat hiéu suat kha cao nhung thuong can luong xtc tac quang Ion va
thoi gian phan (ng dai. Mot sb cong trinh khéc khai thac bin giau sat hozc két tua tir
nudce thai axit mo nhu ngudn Fe cho phan tng Fenton, song van tap trung vao cac chi
tiéu tong COD hon 13 cac hop chét hitu co bén. Pang cha y, chua ¢ cong bd nao ghi
nhan viéc dung truc tiép ban thai ma nhu vat liéu xdc tac quang ma khdng can bién
tinh b6 sung. Trong nghién ciu ndy, ban thai ma da dwoc tng dung tryuc tiép dé xir ly
khéng sinh ciprofloxacin bang hé UVA/H,0,, dat hiéu suit 93,87% sau 180 phit &
pH = 9. Két qua so sanh hiéu suat xir Iy caa cac loai bun thai tai Bang 3.16 duéi day
khang dinh tinh mai véi hiéu suat tét khi mé rong kha nang tai stir dung bin cong
nghiép khd xt ly thanh vat liéu xtc tac quang hiéu qua cho xt Iy duoc chat bén trong

nudc thai.
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Bang 3.16. Bang so sénh hiéu qua xir ly caa mét s6 loai chit xtc tic quang ché tao tir cAc loai

bun thai khac nhau

. Nguon Nguﬁn
Loai bun Chét Nongdg | sang/ | Hiu | oo oion | cailiu
TT thai dung A1 eX xuc tac chat suat
< 0 nhiem tham
truec tiép (g/L) oxy (90) Kkhio
hoa
Bun thai ma . . .
.., | Ciprofloxacin UVA; 180 phut
1 (ngf;:;;)cuu 10 mg/L 1,0 g/L H,0, 93,87 (pH 9) [33]
Bun do + Ciprofloxacin 0 180 phut
2 than tru 20 mg/L 1L0g/L | UVA | 75% (pH 3) (]
Bun do + Ciprofloxacin 0 180 phut
3 Graphene 20 mg/L 1L0g/L | UVA | 752% (pH 3) [9]
Bun bon ,
o 1A Xanh metylen uvC 240 phat
4 cgg:a dau 80 mg/L. 0,1¢g/L 14 W 83 (pH 5) [89]
iezen
Bun chira Metyl bén ~9) 120 phut
5 | sattirnudc da cam 0,2 g/L Hg - (pH trung [64]
thai nhuém 50 mg/L 300 W tinh)
’ Anh | =95,3:;
Bun giau sat sang co tur
6 | cianhamay | Tetracyclin - kha tinh, [63]
nuoc kien/ | d¢ thu
uv hoi
Nuéc thai FeTO”
axit mo/ . Fe
N LAt 4 Nudc thai - H,0,1 ~99 .
7 bun ket\tua d6 thi (COD) ~0,03 000 | (COD) 90 phut [18]
AMD lam mg/L mg/L
nguon Fe oH 2.8
oo
8 két hop V6i RhodamineB | 2,5g/L | 50 W (ﬁ\;) 4 gio [88]
TiO, P
Bun thai
. £ 94,28
9 sinh hoat, _ket Metyl 4,0 BW | UV, [87]
hop vai da cam (MO) H7)
TiO, P
Bot gom tir
bun cap 82 4
10 nudc ket Rhodamine B 1,0 10 W ’ [102]
h o (UV)
op Vvoi
TiO,
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3.3.2.3. Ddnh gid kha nang xiic tdc quang cua bun thai ma dai véi xir Iy MB
a) Kha néng xiic tdc quang ciia cdc mau bin thai ma doi voi xie Iy MB duwdi anh sing
Thi nghiém hoat dong xdc tac quang cua UB15, UB35 va UB50 xi ly MB
dudi buc xa anh sang Xenon. Két qua cho thay, hiéu suat xir Iy MB tang 1én khi bun
duoc U nhiét do, trong d6 UB50 c6 hiéu suat xu ly cao nhat sau 120 phut dudi bic
xa dén Xenon (Hinh 3.24, Hinh 3.25). Ly do c6 thé do ¢ nhiét d6 u cao, cac kim loai
trong bin thai ma da hoan toan chuyén d6i thanh cac oxit kim loai do su khir nuéc
cua hydroxit kim loai, béc hoi ctia c&c ngudn cacbon du dan dén d6 tinh thé tot hon
cua UB50 so véi cac mau khac, diéu nay ciing ddng nhat voi nhitng thong tin vé

tinh chat vat bun thai ma.

(a) (b) 40—
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Hinh. 3.24. Xt Iy MB dudi birc xa anh sang Xenon bgéi UB15, UB35 va B50
(ndng @6 ban dau 20 mg/L, pH = 7): néng d6 (a) va mo hinh dong hoc (b)
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Hinh 3.25. Xir ly MB theo thoi gian véi sy xuc tac quang cua UB50
dudi 4nh sang chiéu xa Xenon

Ngoai ra, cac gia tri hang s6 toc do k cia UB15, UB35 va UB50 duoc udc
tinh l1an luot 1a 0,0041; 0,0071 va 0,198 phat™. Nhiét dd u cao hon c6 thé dan dén
hiéu suat xir Iy cao hon va hang sé tang 1én. Do d6, vat lieu UB60 duoc chuan bi dé
xac nhan gia thuyét trén. Pang cha y, gia tri hang sé toc do k caa UB60 duogc tim
thdy 13 0,0084 phit™, thip hon dang ké so véi UB50. Diéu nay c6 thé do nhiét do
cao din dén bién dang va bién hinh cau trdc nén lam giam dién tich bé mat BET. Do
d6, UB50 duoc chon cho cac thi nghiém tiép theo.
b) Anh huéng cia pH dung dich

Gia tri pH cua dung dich 1a mét trong nhirng yéu t6 quan trong nhat trong
cac phan @ng xuc tac quang vi n6 anh hudng dén dién tich bé mat cua cac chat xuc
tac quang. Két qua tai Hinh 3.26a cho thay, hiéu suat xt ly cao nhat dat dwoc & pH
=9, thé hién bang két qua do phd UV-Vis. Tai pH = 9, hiéu suat xa ly MB duoc tim
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thiy khoang 90 % trong vong 30 phit, sau d6 dat 98 % sau thoi gian chiéu xa can
bang 90 phat (Hinh 3.26¢). Trong khi d6, hiéu suat xa Iy MB ¢ pH = 3 thap do oxit
kim loai kém hoa tan trong diéu kién pH thap. Mat khéc, ¢ céc gia tri pH cao, c6
nhiéu ion hydroxit c6 san trong dung dich, do d6 tao diéu kién cho viéc phat sinh
cac goc hydroxyl [34]. Céc ty 18 hang s6 xt Iy MB 6 pH =3, pH =7 vapH = 9
duoc tinh toan 1an luot 13 0,0209; 0,0221 va 0,0371 pht™ twong tng (Hinh 3.26D).
Do d6, pH = 9 duoc chon cho cac thi nghiém tiép theo.

I — b)

— (0-pHT
— 330 phit

— PH 730 phit
w— 300 phit i

y P70t
w— pH 390 phit — P1H7-50 plit
— PH3-120 phit 3 w— pH 7120 phit

2 F o PHI-130 phast . w— PH7-130 phat

»
— PH 3180 phit 2 — 71N phit
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Hinh 3.26. Su thay doi ciia quang phoé UV-Vis cua dung dich MB & pH = 3 (a),
pH =7 (b) va pH =9 (¢)
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¢) Anh huéng béi nong @ MB ban dau, liéu lirong xdc tac den hiéu sudt xiz Iy MB

Chuan bi dung dich MB ¢ c4c ndng do khac nhau tir 10 dén 50 mg/L. Két qua
trong Hinh 3.27 cho thiy, dung dich MB véi nong do thip (20 va 30 mg/L) di bi xt ly
nhanh chdng véi ndng 46 MB du thap nhat. Sy gia ting nong do MB dan dén hiéu sut
xir Iy thap hon do mau xanh qua dam caa MB can tré sy kich thich electron trong cac
chat xuc tac quang. Cu thé, hiéu suat xir Iy MB duoc tim thay 13 95,0 % v&i nong do
MB 14 10 va 30 mg/L duéi 120 phat chiéu sang. Véi nong do MB 1a 50 mg/L, hiéu
suat xir ly t6t nhat dat duoc sau 180 phit. Két qua tai Bang 3.17, Hinh 3.27 cho thay
anh huong cua lidu lwong chit xuc tac quang dén xir Iy MB, trong dé liéu luong
chat xdc tac quang anh huong khong dang ké dén hiéu suat xir Iy MB trong khoang
duoc nghién cau. Két qua nay c6 thé do liéu lugng 16n chat x(c tac quang sé tao ra
nhiéu vi tri hoat dong hon, do d6 tao ra nhiéu goc hydroxyl va superperoxit hon (de
Moraes va cong su 2018). Tuy nhién, viéc ting thém liéu luong chat xic tac quang
cd thé gay ra su lang dong cua huyén phl va can tré anh sang xuyén qua. Do do,

trong thi nghiém tiép theo da chon liéu lugng chat xdc tac quang la 200 mg.
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Hinh 3.27. Biéu d6 (Ct/CO0) so véi thai gian chiéu xa (a), In (Ct/C0) so véi thoi

gian chiéu xa (b) va hiéu qua xt ly (c) cia UB50 & cac ndng do MB khac nhau
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Bang 3.17. Hiéu suét xir Iy MB ctia UB50 véi cac nong do MB

ban dau khac nhau
T Nong do MB Hang so tolc do k R?
(mg/L) (phat™)
1 20 0,0371 0,911
2 30 0,0290 0,964
3 50 0,0137 0,996

d) Ung dung trong xi 1y nieéc thdi thuec té

Mau nudc thai trude khi dua vao hé thong xu Iy cua Cong ty Co phan dau tu
va thuong mai TNG (tai tinh Thai Nguyén, 1a cdng ty may trong quy trinh san xuat
c6 cong doan giat); s dung UB50 1am chét xuc tc quang dé dénh gia hidu qua xu
Iy ddi vai 2 thong sb 1a TOC va COD. Két qua xir 1y nudc thai tai Bang 3.18 cho
thay: TOC giam tir 81,9 xubng 56,3 mg/L, va COD giam tir 239,5 xuéng 151,3 mg/L
sau khi xu ly véi UB50, gan dat gia tri cho phép cua Cot B trong QCVN 13-
MT:2015/BTNMT (Quy chuan ky thuat quéc gia vé nudc thai cua nganh dét). Két
qua nay cho thay U50 cd thé xtr Iy hiéu qua cac chat 6 nhiém hitu co trong nudc thai,
phil hop véi cac két qua véi cac mau thir trong phong thi nghiém.

Bang 3.18. Gia tri cia COD va TOC trong mau nudc thai thuc té
trur6e va sau khi xt ly bang UBS0

L Gia tri (mg/L) QCVN 13-MT: 2015/
TT Thong so Y Y .
Trudc xu ly Sau xt ly BTNMT (Cét B)
1 COD 240 151 150
2 TOC 82 56 -

Ghi chd: “-” Thong s6 khong quy dinh trong QCVN 13-MT:2015/BTNMT (Cot B).
Tir nhitng két qua nghién ctru trén cho thay, bun thai sau qua trinh ma va phé
phém sau xay sat vo triu da duoc tan dung dé ché tao duoc vat liéu hép phu dang to

hop co cAu tric Xép véi dién tich bé mat riéng 1on (175,22 m?/ g) .Vat li€u co6 chira cac
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nhdm Cu-O, Ni-O cta bun thai ma va Si-O cua than trdu, cac yéu t6 dong vai tro
quan trong trong viéc hap phu MB va CIP. Kha ning xt Iy MB va CIP dat cao nhat
(99,89 % va 74,96 %) tai pH = 8, ndng d6 dau 2,5 mg/L, thoi gian 90 phut va khoi
lugng vat liéu CR2.1 1a 0,05 g.

Bun thai ma dd duoc str dung dé ché tao cac chét xdc tac quang bang cach két
hop giita rung siéu am va xtr ly nhiét, tao diéu kién cho viéc (g dung cta chiing trong
xu ly CIP va MB trong nudc thai.

Chat x(c tac quang thu duoc sau khi xtr 1y, nung & nhiét d6 350 °C cho hiéu
suat xir Iy CIP khoang 93,87 % dudi anh sang UVA trong thoi gian 180 phut véi pH
=9, Co = 10 mg/L va lidu lugng chat xdc tac 1a 1,0 g/L. Chat xuc tac quang UB35
c6 d6 6n dinh tét, c6 kha ning tai st dung 1én dén 4 1an; cac goc hydroxyl (¢OH)
trong chat xuc tac quang déng vai tro then chét dé xu ly CIP.

Chat x(c tac quang thu duoc sau khi xa Iy, nung & nhiét do 500 °C cho thay
hiéu suat xir Iy MB cao nhat khoang 98 % dugi 4nh sang Xenon trong thoi gian 120
phat véi pH = 9, Co = 20 mg/L va va liéu luong chat xdc tac 1a 1,0 g/L.

Ung dung thuc tién da duoc ching minh véi mau nudc thai thuc, két qua mo
ra giai phap tiém nang dé tng dung vat bin thai ma cho cho xu 1y nudc thai chira
khéng sinh, pham mau dap tng yéu cau lay chat thai xi ly chat thai.

3.4. Gia tri tai nguyén tir bun thai ma, dé xuat giai phap quan ly

Cin ¢t Thong tu sé 02/2022/TT-BTNMT ngay 10/01/2022 cua Bo Tai
nguyén va Méi treong (nay 1a Bo Nong nghiép va Méi trueong) quy dinh chi tiét
thi hanh mot sb diéu cua Luat Bao vé méi truong, bun thai ma 1 chat thai nguy hai
duoc phan loai thuoc ma 07 01 05. Can cir Luat Bao vé moi truong nam 2020:
khoan 20 Piéu 3 quy dinh, chat thai nguy hai la chat thai chta yéu t6 doc hai,
phong xa, lay nhidm, d& chay, d& nd, gay in mon, gay nhidém doc hoic c6 dac tinh
nguy hai khac; diém a khoan 1 Piéu 74 quy dinh, Chu nguon thai chat thai nguy
hai c6 trach nhiém tai sir dung, tai ché, xtr Iy va thu hoi ning luong tir chat thai hodc
chuyén giao cho co s& ¢6 chirc ning, gidy phép méi trudng phi hop dé xu Iy; khoan
1 Piéu 84 quy dinh, chat thai nguy hai phai duoc xt ly bang cong nghé phi hop va
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dap tng quy dinh ctua phap luat vé& bao vé méi truong; khoan 3 Biéu 102 quy dinh,
Bo, co quan ngang Bo ban hanh tiéu chuan, quy chuan k§y thuat hozc huéng dan ky
thuat vé tai sir dung, tai ché va sir dung chit thai 1am nguyén liéu, vat liéu cho hoat
dong san xuat, kinh doanh, dich vu thuéc pham vi quan Iy sau khi c6 y kién cua Bo
Nong nghiép va Méi trudng. Tuy nhién, dén nay cac quy dinh vé tiéu chuan, quy
chuan k¥ thuat hodc huéng dan ki thuat con thiéu, dac biét déi véi chat thai nguy
hai n6i chung va bun thai ma noi riéng déu chua duoc ban hanh.

Tir két qua nghién ctru ctia Ludn 4n cho thiy, bun thai ma trong khuén khd
nghién ctru c6 chtra cac kim loai ¢c6 ham lugng va gié tr1 kha cao nhu Cu, Ni, Cr,
Fe... Két qua nghién ctru quy trinh thu hoi Cu tir bun thai ma cho thay; ty 1& thu hoi
Cu trong diéu kién pH phu hop c6 thé dat téi 97,5 %, véi d6 tinh khiét dat t6i 98,86 %
(tinh theo CuSO,). Két qua nay hira hen tiém ning thu hoi tai nguyén tir chat thai 1a
bun thai ma, ¢ kha nang 13 nguon nguyén liéu co thé thay thé cho cac nguén khoang
san tu nhién phuc vu nganh luyén kim.

Véi thanh phan cé chita hdn hop giau hydroxit, oxit va sunfat cta kim loai
ning, ciing vé6i dic tinh 1y héa nhu dién tich bé mat, kich thudc hat va do két tinh. ..
bun thai ma duge mot sd nghién ctru gan day xac dinh 1a nguyén liéu tiém ning dé
san xuét cac vat lidu chirc nang nhu chit hap phu va xuc tac quang c6 gia tri gia
taing dé xu 1y nudc thai. Dién tich bé mat va kha ning phan @ng cao cia cac chat
héap phu tao ra tir bun thai ma cho phép hap phu hiéu qua cac chat gay 6 nhiém nhu
photphat, thudc nhuoém va kim loai nang [98], [99]. Trong mét s6 nghién ctru khac,
bun thai ma da dugc st dung dé tong hop cac vat liéu cai thién qua trinh phan hay
xuc tac quang cac chat 6 nhidm hiru co [95]. Két qua nghién ctru ctia Ludn an nay
cling da ché tao thanh cong vat lidu hap phu, xfic tac quang tir bun thai ma dé xir 1y
mdt sb thanh phén trong dung dich nhu: CIP, MB va xéc dinh cac diéu kién dé dat
hiéu qua xir 1y. Bén canh d6, nghién ciru con cho thiy vat lidu sau qué trinh tham
gia phan ung dugc danh gid c6 kha nang tai st dung, qua d6 kéo dai thoi gian sur
dung cua vat li¢u va thu nghi€ém xu 1y v&1 nude thai thuc té bude dau da co két qua
tich cuec.
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Céc két qua nghién ctru cua Luén an cho thdy c6 thé tao ra cac vat liéu co gia
tri tir cac dong chat thai nhu bun thai ma. Kim loai thu héi ¢6 thé dugc tai sir dung
truc tiép trong cac hoat dong ma hodc cac quy trinh san xuét khéc, tao thanh chudi
cung tmg khép vong kin. Piéu nay phu hop vdi cic nguyén tic ciia cong sinh cong
nghiép, trong d6 chét thai tir mot quy trinh trd thanh dau vao cho mét quy trinh khac.

Nhu mot sd nghién ctru khac, két qua nghién ctru ciia Luan an cho thiy viée
nang cao gia tri cua bun thai ma bé’mg cach tao thanh vt liéu chirc ndng mang lai loi
ich kép cho moi trudng: giam chét thai nguy hai va san xuit vat liéu dé kiém soat 6
nhiém. Tuy nhién, qua trinh nghién ctru ciing di nhan thdy mot sé thach thice do 1a:

- Vé k¥ thuat, tinh khong dong nhét ciia bun thai ma c6 thé 1a trd ngai dau tién.
Bén canh d6 1 doc tinh ctia cac dong san phim phu tao ra, diéu nay doi hoi cac budce
tién xtr Iy phu hop.

- Vé kinh t&, khi so sanh véi chat hap phu hodc chat xdic tic quang thwong mai,
vat liéu c6 ngudn gdc tir bun thai ma c6 hiéu qua xir Iy cao hon. Tuy nhién, viéc mé
rong quy mo doi héi can phai c¢6 nghién ctru chi tiét hon.

- Nghién ctru ctia Ludn 4n méi chi dimng lai & viéc thu hoi tai nguyén, ché tao
vat liéu mdi tir bun thai ma trong pham vi phong thi nghiém, chua trién khai bang cac
mo hinh thyc nghi¢m dé déanh gia, so sanh vai thuc tién. Céc tinh toan vé gia tri kinh
té, cac van dé 6 nhiém tha cap can tiép tuc duoc nghién ctru chi tiét dé dé xuat mo
hinh tng dung trong thuc tién phu hop va hiéu qua, dong thdi cung cap luan ching
khoa hoc dé hoan thién hé théng phap luét ctia Viét Nam trong linh vuc tai st dung
chat thai n6i chung va tai str dung bun thai ma néi riéng hién con dang thiéu dong bo,
thiéu quy dinh, huéng dan cu thé.

Mic du vay, két qua nghién ctru cua Ludn an nay, cing nhu mot sd nghién
ctru khac cho thdy nhiing trién vong trong viéc tich hop vét liéu c6 ngudn gde tir
bun thai ma vao khuén khé KTTH nhu: két hop hap phu va xuc tac quang trong
xu Iy nudce thai.

Bun thai ma, trude day chi duoc coi la chét thai nguy hai, 1a mot loai vat chét
c6 gia tri kinh té va tai nguyén dang ké trong khuon kho cua nén KTTH. Véi cac
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cong nghé thu hoi tién tién, khuon khd phap 1y hd tro, dong chat thai ndy ngdy cang
dugc chuyén doi thanh mot ngudn tai nguyén thir cip co gia tri nhung cung véi do
can phai d6i méi cong nghé, cai cach phap 1y, hang rao k¥ thuat va phat trién cac mo
hinh kinh doanh bén vimng phtl hop véi cac muc tiéu vé moi truong va kinh té.

Qua trinh chuyén ddi sang nén KTTH yéu cu phai c6 sy thay d6i mang tinh
hé théng vé cach thirc san xuét, tiéu thu va quan 1y vat li€u sau str dung. Bun thai ma,
mot san pham phuy va 13 chat thai nguy hai nhung giau kim loai, 13 co hoi cho KTTH,
tuy nhién, chinh sach méi truong cua Viét Nam can tiép tuc xem xét, tiép tuc hoan
thién, d@)ng bd & nhitng khia canh cy thé sau:

- Cai thién cach thirc phan loai theo quy dinh: qua trinh thu hoi tai nguyén co
thé duoc thiic ddy bang cach xem xét lai viéc phan loai bun thai ma da duoc xir Iy
hodc dudi diéu kién cu thé dé thay doi khai niém tir "chat thai nguy hai" can phai
dugc xir 1y theo quy dinh thanh "nguyén liéu tho thir cap co6 thé thu hoi" dé san xuat
vat chat néu dap ung ngudng vé méi truong va an toan. Pé 1am duoc nhu vay, can
xay dung cac yéu cau k¥ thuat vé nguyén liéu tho 14 bun thai ma dya trén mirc d6 tinh
khiét, thanh phan va tiém ning sir dung an toan trén co sé tham khao chi thi khung vé
chat thai ctia EU (Chi thi 2008/98/EC).

- Tiéu chuén thu hoi va tai ché: xay dung va ban hanh cac tiéu chuan ky thuat
dé dam bao thu hdi an toan va hiéu qua cac kim loai ¢c6 gia tri tir bun thai ma, bao
gdm ca tiéu chudn phat thai va an toan cho co s san xuit c6 stir dung bun thai ma,
phoi nhiém nghé nghiép va xa chat thai.

- Nghién ciru, d6i méi va xay dung nang luc: hd tro thay doi cong nghé va
nang lyc cua cac lién quan trong vi¢c quan 1y bun thai ma. Cac chuong trinh nghién
clru va phat trién cong nghé thu hoi tién tién can phai khuyén khich. Cac chuong trinh
dao tao ky thuat cho doanh nghi¢p vira va nhé vé cac hoat dong xur ly va tai ché an
toan can dugc to chire va duy tri. Cac du an thi diém va trinh dién cong nghé dé mé
rong cac md hinh thanh céng can duogc trién khai.

- Hé théng giam sat va bao cao tich hop: dam bao tinh minh bach trong subt
vong doi cua bun thai ma. Can thiét 1ap mot hé théng giam sat ky thuat s6 dé tao ra,
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van hanh, xir Iy va thu hdi bun thai ma. C6 thé dénh gia noi dung niy qua cac chi sd
hiéu sudt nhu ty 1¢ thu hoi kim loai, ty 1¢ chat thai so véi tai nguyén va lugng khi thai
trong vong doi... Quy dinh vé van hanh chét thai ciia EU vé theo dbi va bao cdo vé
hoat dong van chuyén chat thai xuyén bién gidi, c6 thé duoc diéu chinh dé phuc vu
cho bun thai ma.

- Cong sinh cong nghiép: nhiam thuc day trao ddi vat liéu dia phuong va hé
théng cong nghiép khép kin. Cac khu coéng nghiép sinh thai 1a noi bun thai ma
dugc xur ly va tai st dung boi cac nganh cong nghiép lan can (vi du hoan thién kim

loai, dién tu...).
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KET LUAN VA KHUYEN NGHI
1. Két luan

Nghién ctru phuong phéap tan thu kim loai ¢6 gia tri trong bun thai ma gép phan
b6 sung cac luan chang khoa hoc trong viéc téi sir dung chat thai, giam thiéu phat thai ra
mdi trudng, thic ddy KTTH trong dinh hudng phét trién bén virng cua Viét Nam. Luan
an da thyc hién va dat duoc muc tiéu nghién ctru dat ra véi cac két qua 1a:

(1) Két qua phan tich cac mau bun ma cho thay, ban thai ma chuaa ty 18 16n cac
kim loai c6 gia tri nhu Cu, Ni, Cr...; c6 32/37 miu phan tich, chiém 86,4 % tong sb
mau cho két qua c6 it nhat mét trong ba kim loai Cu, Ni, Cr dat ham luong I6n hon 1 %
t6ng khéi lwong bin thai (sau sy khé); 13/37 mau phan tich, chiém 37 % tong sé6 mau
chira 2 kim loai c6 ham lugng déu cao hon 1 % va 4/37 mau phan tich, chiém 11,4 %
tong sé6 mau chira ca 3 kim loai voi ham lugng déu rat cao. Tir két qua trén cho thay,
bun thai ma 1a nguén tai nguyén hién hitu, c6 gia tri thu hoi 1n.

(2) Nghién ctru da xay dung quy trinh thu hdi hiéu qua Cu, trong d6 diéu kién hoa
tach pht hop dbi véi ban thai ma 1a: sir dung dung dich H,SO, véi nong do 0,22 M véi ty
I¢ axit/bun = 6/1 - 12/1, thoi gian hoa tach 6 gio, do du axit trong qua trinh hoa tach dam
bao 0,5 % dé pH dat khoang 3,0 % 0,3; sir dung dung dich Na,COj3 va diéu chinh pH dén
diéu kién pht hop (két taa mudi cabonat ddng & pH ~ 7 da mang lai hiéu qua cao trong
viéc xtr Iy cac tap chat va thu hoi Cu tir bun thai ma giau ham luong dong.

(3) Nghién ciru da ché tao duoc vat lidu hap phu tir ban thai ma bang céch
két hop gitra bun thai ma va than trau (CR2.1) nang cao kha nang hap phu MB cua
bun thai ma Ién 1,73 1an va CIP 1én 6 lan; hiéu suat xu 1y CIP dat gié tri cao nhat Ia
56,10 % va hiéu suat xtr Iy MB dat gia tri cao nhat 1a 34,06 % sau 90 phut hap phu,
tai pH = 9, Co = 20 mg/L, liéu lwong chat xc tac la 1,0 g/L. Thir nghiém véi mau
pha va mau gia lap dé xir Iy CIP, MB cho thay, hiéu suat xu 1y di vi mau pha cao
hon so v&i mau gia lap.

(4) Nghién ctru da ché tao dugc chat xuc tac quang tir bun thai ma bang cach
két hop gitra rung siéu am trong 2 gio va xir Iy nhiét. Chat xtc tac quang thu duoc
sau khi xir ly, nung ¢ nhiét d6 350 °C (UB35) cho hiéu suat xt Iy CIP khoang 93,87

141



% dudi anh séng UVA trong thoi gian 180 phut, pH = 9, Co = 10 mg/L, liéu luong
chat xtc tac 1a 1,0 g/L; UB35 ¢6 do 6n dinh tdt, c6 kha ning tai str dung 1én dén 4
lan; cac gbc hydroxyl (+<OH) trong chit xic tc quang déng vai trd then chdt dé xir ly
CIP. Béi voi MB, chat xtc tac quang thu duoc tir bun thai sau khi xi ly, nung & 500
°C (UB50) cho thay hiéu suat xur ly MB cao nhét khoang 98 % dudi anh sang Xenon
trong thoi gian 120 phit véi pH = 9, C, = 20 mg/L, liéu lugng chét xdc tac quang la
1,0 g/L. Ung dung thyc tién di dugc chitng minh véi mau nuéc thai thuc, két qua mo
ra giai phéap tiém ning, kha thi cho xur 1y nudc thai chira khang sinh, pham mau.

2. Khuyén nghi

(1) Ung dung md hinh céng nghé dé thu hoi cac kim loai trong bun thai ma
va tai st dung bun thai ma sau thu hoi kim loai can dugc tiép tuc nghién cau, bao
gom: giai phap tién xir Iy dé dong nhat thanh phan bun thai ma, xtr ly chat thai tha
cap phét sinh trong qué trinh thu hoi cac kim loai trong bin thai ma va tai st dung
bun thai ma trudc khi trién khai & quy md céng nghiép dé dam bao dem lai hiéu qua
vé kinh té, moi truong.

(2) Viéc tai str dung bun thai 1am vat liéu xt Iy nude thai nén duoc tiép tuc
quan tam vai cac nghién ciu thuc nghiém dé xem xét, danh gia kha nang ap dung
vao thyc té nhu: nghién ctu vé thanh phan hdéa hoc ¢ kha ning tao ra x(c tac
quang trong vat liéu ché tao tir bun thai ma; thuc nghiém xa 1y véi miu nudce thai
thuc ¢6 bo sung ciprofloxacin, xanh metylen va xay dung quy trinh ph hop, hiéu
qua dé xu ly; phan tich hiéu qua kinh té, xa hoi, méi trudng trong tai nguyén héa
bun thai ma,...

(3) Hé théng phap ly va hang rao k¥ thuat caa Viét Nam lién quan dén quan
ly chat thai can tiép tuc duoc xem xét, hoan thién dong bd dé bién chat thai thanh tai
nguyén, huéng téi muc tiéu khong chét thai, dinh huéng KTTH theo tinh than chi

dao ctia Pang va nha nuéc ta dé ra./.

142



TAI LIEU THAM KHAO

Tiéng Viét:

1.

10.

11.

B6 Cong Thuong (2022), B4o céo tinh hinh sdn xudt cong nghiép va hoat
dong thuwong mai cua Viét Nam nam 2022.
Nguyén Gia Cudng, Lé Vin Giang, Nguyén Trudng Huynh (2023),"Thu hoi
tai nguyén tir chat thai nganh céng nghiép ma tai Viét Nam theo huéng kinh
té tuan hoan va bén viing", Tap chi Madi truong (7/2023), trang 70-73.
Pham Ngoc Ha, Duong Hong Anh (2015), "Xéac dinh du lwong khang sinh
Floquinolon trong nuéc, bun va tém tai khu vuc nudi tom quang canh Giao
An, Giao Thay, Nam binh", VNU Journal of Science: Natural Sciences and
Technology. 31(1), pp. 1-7.
NTT Hoa, CN Linh, C V Hung, P T Bic, N T A Huong, P T N Mai, P H
Pong (2009), "Nghién ctru kha nang hap phu sunfua trén vat liéu bun thai st
hydroxit", Tap chi phan tich Héa, Ly va Sinh hoc, Tdp 24 (so 1).
Tran Minh Hoang (2001), "Cdéng nghé ma dién", Nha xudt ban Khoa hoc ky
thuat, Ha Ngi.
Nguyén Thi Thu Huyén (2016), Nghién cizu thu hai kim logi déng tir bin
thai cong nghiép dién tir bang phwong phdp dién hoa, Luan an tién si, Vién
Dao tao sau dai hoc, Pai hoc Bach khoa Ha Noi, Ha Noi.
Nguy&n Manh Khai, P T Thdy, N T Ha, T V Son, N X Huan, N T Hanh, T T H
Nga, L T H Oanh, C A Tu (2022), Nghién czzu xay dwng mé hinh cong nghé kha
thi quy mé pilot dé xir 1y bun thdi cdng nghiép giau kim logi ndng theo hwéng
tan thu tai nguyén, tiét kiém nang lwong, Bo Khoa hoc va Cong nghé.
Nguyén Manh Khai, Pham Thi Thiy, Nguyén Thi Kim Thai (2016), "Quan
ly tai nguy@n chat thai ran”, Nha Xudt ban Dai hoc Quéc gia Ha Ngi, trang
42-46.
Nguyén Thi Mai (2025), Nghién citu tan dung bin doé dé xir Iy du lwong
khéang sinh trong méi truwong nwéc, Luan an tién si, Pai hoc Khoa hoc tu
nhién, Pai hoc Qudc gia Ha Noi, Ha Nai.
Thu tuéng Chinh pha (2014), Quyét dinh sé6 880/0P-TTg cua Viét Nam vé
phé duyét Quy hoach tong thé phat trien nganh cong nghiép Viét Nam dén
ndim 2020, tam nhin dén nam 2030.
Tha tuéng Chinh pha (2018), "Quyét dinh s6 27/2018/QD-TTg cua Viét
Nam vé ban hanh h¢ théng nghanh kinh té Viét Nam".

143



12.

13.

Tong cuc Théng ké (2022), "Két qua hoat dong dau tu nudc ngoai tai Viét
Nam giai doan 2016 - 2020", Nha xudt ban Thang k&, Ha Ngi.

bong Thu Van (2011), Nghién cizu cong nghé xur Iy nuoc thai cong nghiép
Ma dién tai cum céng nghiép Phung, Ha Ngi", Luan van Thac si nganh Khoa
hoc Mbi trudng, Trudng Dai hoc Khoa hoc tu nhién - Pai hoc Quéc gia Ha
N6i, Ha Noi.

Tiéng Anh

14.

15.

16.

17.

18.

19.

Al-Degs, Y. S., EI-Barghouthi, M. I., Issa, A. A., Khraisheh, M. A., Walker,
G. M. (2006), "Sorption of Zn(Il), Pb(ll), and Co(ll) using natural sorbents:
equilibrium and kinetic studies", Water Res. 40(14), pp. 2645-58.

Alameri, Ameer A, Alfilh, Raed HC, Awad, Sameer A, Zaman, Gaffar
Sarwar, Al-Musawi, Tariq J, Joybari, Maryam Masoumi, Balarak, Davoud,
McKay, Gordon (2024), "Ciprofloxacin adsorption using magnetic and ZnO
nanoparticles supported activated carbon derived from Azolla filiculoides
biomass", Biomass Conversion and Biorefinery. 14(21), pp. 27001-27014.
Anh, Hoang Quoc, Le, Thi Phuong Quynh, Da Le, Nhu, Lu, Xi Xi, Duong,
Thi Thuy, Garnier, Josette, Rochelle-Newall, Emma, Zhang, Shurong, Oh,
Neung-Hwan, et al. (2021), "Antibiotics in surface water of East and
Southeast Asian countries: A focused review on contamination status,
pollution sources, potential risks, and future perspectives”, Science of The
Total Environment. 764, pp. 142865.

Asiabi, Hamid, Yamini, Yadollah, Shamsayei, Maryam, Tahmasebi, Elham
(2017), "Highly selective and efficient removal and extraction of heavy
metals by layered double hydroxides intercalated with the diphenylamine-4-
sulfonate: A comparative study"”, Chemical Engineering Journal. 323, pp.
212-223.

Aslam, Tooba, Masindi, Vhahangwele, Ahmad, Abdulbari A, Chatzisymeon,
Efthalia (2023), "Valorization of acid mine drainage into an iron catalyst to
initiate the solar photo-Fenton treatment of municipal wastewater”,
Environments. 10(8), pp. 132.

Awual, Md Rabiul (2017), "New type mesoporous conjugate material for
selective optical copper (Il) ions monitoring & removal from polluted
waters", Chemical Engineering Journal. 307, pp. 85-94.

144



20.

21.

22.

23.

24.

25.

26.

21.

28.

Balarak, D., Mengelizadeh, N., Rajiv, P., Chandrika, K. (2021),
"Photocatalytic degradation of amoxicillin from aqueous solutions by
titanium dioxide nanoparticles loaded on graphene oxide", Environ Sci Pollut
Res Int. 28(36), pp. 49743-49754.

Bengtsson-Palme, Johan, Larsson, DG Joakim (2016), "Concentrations of
antibiotics predicted to select for resistant bacteria: Proposed limits for
environmental regulation”, Environment international. 86, pp. 140-149.
Bennett, Gary F (2004), "Practical Handbook of Material Flow Analysis:
Paul H. Brunner, Helmut Rechberger; Lewis Publishers, Boca Raton, FL,
2003, 332 pages, US $119.95, ISBN 1-5667-0604-1", Journal of Hazardous
Materials. 108(1), pp. 141-141.

Bian, Yongning, Yuan, Qian, Zhu, Guocheng, Ren, Bozhi, Hursthouse,
Andrew, Zhang, Peng (2018), "Recycling of Waste Sludge: Preparation and
Application of Sludge-Based Activated Carbon", International Journal of
Polymer Science. 2018(1), pp. 8320609.

Cao, Zhenbang, Zhang, Jia, Zhou, Jizhi, Ruan, Xiuxiu, Chen, Dan, Liu,
Jianyong, Liu, Qiang, Qian, Guangren (2017), "Electroplating sludge derived
zinc-ferrite catalyst for the efficient photo-Fenton degradation of dye",
Journal of environmental management. 193, pp. 146-153.

Cargnello, Matteo, Gordon, Thomas R, Murray, Christopher B (2014),
"Solution-phase synthesis of titanium dioxide nanoparticles and
nanocrystals"”, Chemical reviews. 114(19), pp. 9319-9345.

Cavallo, Marino, Cencioni, Daniele (2017), "Circular economy, benefits and
good practices"”. Edizioni Ambiente.

Chakraborty, Rajat, Das, Sujit Kumar, Sarkar, Aritro, Sondhi, Kartik (2022),
"Environmental impact assessment of sustainable methyl stearate (biodiesel)
synthesis employing fly ash supported tin oxide catalyst”, Cleaner Chemical
Engineering. 4, pp. 100077.

Chen, Yangwen, Wu, Yue, Zhang, Ying, Huang, Shougiang, Lv, Hongying,
Chen, Jian, Zhai, Yongheng, Cheng, Jiehong, Pan, Junli (2022), "Cu-based
heterostructure photocatalysts derived from Cu sludge and municipal sewage
sludge for efficient degradation of 2, 4-dichlorophenol”, Chemical
Engineering Journal. 429, pp. 132140.

145



29.

30.

31.

32.

33.

34.

35.

36.

37.

Chen, Ying-Liang, Chang, Juu-En, Lai, Yi-Chieh, Ko, Ming-Sheng (2012),
"Effects of sintering atmosphere on cement clinkers produced from
chromium-bearing sludge”, Journal of the Air & Waste Management
Association. 62(5), pp. 597-583.

Chiou, Cary T (2003), "Partition and adsorption of organic contaminants in
environmental systems". John Wiley & Sons.

Creswell, John W (2003), "Research design: Qualitative, quantitavie and
mixed methods approaches”. Sage publications.

Dada, MA, Majemite, MT, Obaigbena, A, Oliha, JS, Biu, PW (2024), "Zero-
waste initiatives and circular economy in the US: A review: Exploring
strategies, outcomes, and challenges in moving towards a more sustainable
consumption model", International Journal of Science and Research
Archive. 11(1), pp. 204-221.

Dao, Hien Van, Hoang, Trang Minh, Nguyen, Mai Thi, Dang, Thanh Van,
Nguyen, Dung Manh, Tran, Huong Thi, Nguyen, Khai M, Tran, Hang TM
(2025), "Recycling electroplating sludge as an efficient photocatalyst for
degradation of ciprofloxacin in aqueous solution", Journal of the Air &
Waste Management Association. 75(3), pp. 252-265.

Di Mauro, A., Cantarella, M., Nicotra, G., Pellegrino, G., Gulino, A,
Brundo, M. V., Privitera, V., Impellizzeri, G. (2017), "Novel synthesis of
ZnO/PMMA nanocomposites for photocatalytic applications", Sci Rep. 7, pp.
40895.

Eghbali, Paria, Hassani, Aydin, Wactawek, Stanistaw, Lin, Kun-Yi Andrew,
Sayyar, Zahra, Ghanbari, Farshid (2024), "Recent advances in design and
engineering of MXene-based catalysts for photocatalysis and persulfate-
based advanced oxidation processes: a state-of-the-art review", Chemical
Engineering Journal. 480, pp. 147920.

El-saied, Hend Al-aidy, El-Fawal, Esraa M (2021), "Green superabsorbent
nanocomposite hydrogels for high-efficiency adsorption and photo-
degradation/reduction of toxic pollutants from waste water”, Polymer
Testing. 97, pp. 107134.

Elez, Loris, Orescanin, Visnja, Sofilic, Tahir, Mikulic, Nenad, Ruk, Damir
(2008), "Application of alkaline solid residue of electric arc furnace dust for

146



38.

39.

40.

41.

42.

43.

44,

45.

46.

neutralization/purification of electroplating wastewaters”, Journal of
Environmental Science and Health Part A. 43(12), pp. 1417-1423.
Farahmandjou, Majid, Khodadadi, Abolfazl, Yaghoubi, Mojtaba (2020),
"Low concentration iron-doped alumina (Fe/Al203) nanoparticles using co-
precipitation method", Journal of Superconductivity and Novel Magnetism.
33(11), pp. 3425-3432.

Feng, Ningchuan, Guo, Xueyi, Liang, Sha (2009), "Adsorption study of
copper (1) by chemically modified orange peel”, Journal of Hazardous
Materials. 164(2-3), pp. 1286-1292.

Gauba, Pammi, Saxena, Arushi (2023), "Ciprofloxacin properties, impacts,
and remediation", CABI Reviews(2023).

Ghasemi, M, Ghasemi, N, Zahedi, G, Alwi, SR Wan, Goodarzi, M, Javadian,
H (2014), "Kinetic and equilibrium study of Ni (Il) sorption from agueous
solutions onto Peganum harmala-L", International Journal of Environmental
Science and Technology. 11(7), pp. 1835-1844.

Hassani, Aydin, Faraji, Masoud, Eghbali, Paria (2020), "Facile fabrication of
mpg-C3N4/Ag/ZnO nanowires/Zn photocatalyst plates for photodegradation
of dye pollutant”, Journal of Photochemistry and Photobiology A:
Chemistry. 400, pp. 112665.

He, Qiangian, Xie, Chunsheng, Gan, Dexin, Xiao, Chun (2020), "The
efficient degradation of organic pollutants in an aqueous environment under
visible light irradiation by persulfate catalytically activated with kaolin-Fe 2
O 3", Rsc Advances. 10(1), pp. 43-52.

Holkar, Chandrakant R, Jadhav, Ananda J, Pinjari, Dipak V, Mahamuni,
Naresh M, Pandit, Aniruddha B (2016), "A critical review on textile
wastewater treatments: possible approaches”, Journal of environmental
management. 182, pp. 351-366

https://doi.org/10.1002/wer.10781 (2022), "Application of visible light active
photocatalysis for water contaminants: A review".

Hu, Huimin, Li, Xuewei, Huang, Pengwu, Zhang, Qiwu, Yuan, Wenyi
(2017), "Efficient removal of copper from wastewater by using mechanically
activated calcium carbonate”, Journal of environmental management. 203,

pp. 1-7.

147



47.

48.

49.

50.

51.

52.

53.

54.

55.

Hu. Y., et al (2021), "Sustainable recovery of metals from spent
electroplating sludge: A circular economy perspective”, pp. Journal of
Cleaner Production Vol. 278, 123965.

Huang, Kaihua, Wang, Lizhangzheng, Wen, Yong, He, Kuang, Zhang,
Mingyang, Du, Jianwei, Hu, Xiaoying (2022), "Oxidation leaching of
chromium from electroplating sludge: Ultrasonic enhancement and its
mechanism", Frontiers in Chemistry. 10, pp. 958773.

Jiabao, Qin, Zhan, Qu, Hongyu, Chen, Zhihua, Wang, Qi, Han, Yuxin,
Zhang, Hong, Zhang, Yidi, Gao, Ying, Zhang, et al. (2023), "Pyrometallurgy
treatment of electroplating sludge, emulsion mud and coal ash: ZnAlFeO4
spinel separation and stabilization in calcium metasilicate glass", Journal of
Environmental Management. 329, pp. 117101.

Jiang, Huating, Li, Xiang, Bai, Junning, Pan, Weiyu, Luo, Zhongyu, Dai,
Yingjie (2024), "Removal of ciprofloxacin lactate by phosphoric acid
activated biochar: urgent consideration of new antibiotics for human health™,
Chemical Engineering Science. 283, pp. 119403.

Jo, Wan-Kuen, Lee, Joon Yeob, Selvam, N Clament Sagaya (2016),
"Synthesis of MoS2 nanosheets loaded ZnO-g-C3N4 nanocomposites for
enhanced photocatalytic applications™, Chemical Engineering Journal. 289,

pp. 306-318.
K. Hajime 2018 "Plating Tech Brings Innovations", The government of
Japan, Website:

https://www.japan.go.jp/tomodachi/2018/winter2018/plating_tech_brings_In
novations.html. .

Khan, Idrees, Saeed, Khalid, Zekker, lvar, Zhang, Baoliang, Hendi,
Abdulmajeed H, Ahmad, Ashfaq, Ahmad, Shujaat, Zada, Noor, Ahmad,
Hanif, et al. (2022), "Review on methylene blue: its properties, uses, toxicity
and photodegradation™, Water. 14(2), pp. 242.

Kluczek, A., & Olszewski, P. (2017) "“Energy efficiency support in
manufacturing enterprises - A survey of Polish firms™", Energy Policy Vol.
101, pp 371-385.

Koyuncu, Hulya, Kul, Ali Riza (2014), "An investigation of Cu (II)
adsorption by native and activated bentonite: Kinetic, equilibrium and

148



56.

S7.

58.

59.

60.

61.

62.

63.

64.

thermodynamic study”, Journal of environmental chemical engineering.
2(3), pp. 1722-1730.
Langford, Bradley J, Soucy, Jean-Paul R, Leung, Valerie, So, Miranda,
Kwan, Angela TH, Portnoff, Jacob S, Bertagnolio, Silvia, Raybardhan,
Sumit, MacFadden, Derek R, et al. (2023), "Antibiotic resistance associated
with the COVID-19 pandemic: a systematic review and meta-analysis",
Clinical Microbiology and Infection. 29(3), pp. 302-309.
Leyva-Hernandez, Sandra Nelly, Arango-Ramirez, Paola Miriam, Gaviria-
Marin, Magaly (2024), "Analysis green consumption concept from a
bibliometric", Cogent Business & Management. 11(1), pp. 2422168.
Li, Meng, Ji, Dengyu, Pamudji, Malvin Subroto, Lui, Ka Hei, Zhao, Yayi,
Zhao, Gaoshen, Zhou, Shao-Qi, Mo, Ce-Hui, Han, Wei, et al. (2023),
"Occurrence, risk, and treatment of ciprofloxacin and clarithromycin in
drainage", Chemical Engineering Journal. 466, pp. 142968.
Li, Y. Zhou and S. (1989), ""The research on the nature of the artificially
modified bentonite products and their applications"”, the 2nd World
Congress on Non-metallic Minerals, Beijing, China. .
Li, Yingliu, Zhu, Jianzhong, Yang, Ruihong, Shao, Min (2018), "Facile
synthesis of Bi decorated 2D and 3D BiOBr micro-nanostructures with
enhanced photocatalytic activity”, Micro & Nano Letters. 13(7), pp. 1040-
1045.
Lim, Jihyun, Kang, Hee-Man, Kim, Lee-Hyung, Ko, Seok-Oh (2008),
"Removal of heavy metals by sawdust adsorption: equilibrium and kinetic
studies”, Environmental Engineering Research. 13(2), pp. 79-84.
Liu, Boning, Reckhow, David A (2015), "Disparity in disinfection byproducts
concentration between hot and cold tap water"”, Water Research. 70, pp. 196-
204.
Liu, Xixiang, Wang, Hengyi, Wang, Chenxu, Zhao, Liyang, Pan, Honghui,
Liu, Yan, Liang, Liying, Zhao, Chuangi, Huang, Shiyong (2024), "Self-
endowed magnetic photocatalysts derived from iron-rich sludge and its
recycling in photocatalytic process for tetracycline degradation™, Bioresource
Technology. 395, pp. 130357.
Liu, Xu, Liu, Hui-Lai, Cui, Kang-Ping, Dai, Zheng-Liang, Wang, Bei, Chen,
Xing (2022), "Heterogeneous photo-Fenton removal of methyl orange using
149



65.

66.

67.

68.

69.

70.

71.

72.

the sludge generated in dyeing wastewater as catalysts”, Water. 14(4), pp.
629.

Liu, Yanwen, Khan, Asghar, Wang, Zhihua, Chen, Yu, Zhu, Suiyi, Sun,
Tong, Liang, Dongxu, Yu, Hongbin (2020), "Upcycling of electroplating
sludge to prepare erdite-bearing nanorods for the adsorption of heavy metals
from electroplating wastewater effluent”, Water. 12(4), pp. 1027.

Long Le, Hoang, Jeong, Jinki, Lee, Jae-Chun, Pandey, Banshi D, Yoo, Jae-
Min, Huyunh, Trung Hai (2011), "Hydrometallurgical process for copper
recovery from waste printed circuit boards (PCBs)", Mineral Processing &
Extractive Metallurgy Review. 32(2), pp. 90-104.

Lu, Chuchu, Bao, Zhimin, Qin, Chuanxiang, Dai, Lixing, Zhu, Aiping
(2016), "Facile fabrication of heterostructured cubic-CuFe 2 O 4/ZnO
nanofibers (c-CFZs) with enhanced visible-light photocatalytic activity and
magnetic separation", RSC Advances. 6(111), pp. 110155-110163.

Mai, Nguyen Thi, Van Thanh, Dang, Huy, Nguyen Nhat, Bich, Do Danh,
Hang, Tran Thi Minh, Hao, Ngo Huu, Khai, Nguyen Manh (2025), "Red
mud supported on rice husk biochar as sono-photo-Fenton catalysts for
degradation of ciprofloxacin in water”, Separation and Purification
Technology. 354, pp. 1290309.

Manojkumar, P, Pranav, S, Premchand, C, Lokeshkumar, E, Rameshbabu, N
(2022), "Development of surface-modified galvanised steel as an
immobilised photocatalyst for textile wastewater treatment”, Inorganic
Chemistry Communications. 145, pp. 110056.

Medine, Gavin M, Zaikovskii, Vladimir, Klabunde, Kenneth J (2004),
"Synthesis and adsorption properties of intimately intermingled mixed metal
oxide nanoparticles”, Journal of Materials Chemistry. 14(4), pp. 757-763.
Meng, Xiangchao, Li, Zizhen, Zhang, Zisheng (2017), "Pd-nanoparticle-
decorated peanut-shaped BiVO4 with improved visible light-driven
photocatalytic activity comparable to that of TiO2 under UV light", Journal
of Catalysis. 356, pp. 53-64.

Mian, Md Manik, Liu, Guijian, Fu, Biao (2019), "Conversion of sewage
sludge into environmental catalyst and microbial fuel cell electrode material:
A review", Science of The Total Environment. 666, pp. 525-539.

150



73.

74.

75.

76.

77.

78.

79.

Murray, Christopher JL, lkuta, Kevin Shunji, Sharara, Fablina, Swetschinski,
Lucien, Aguilar, Gisela Rables, Gray, Authia, Han, Chieh, Bisignano, Catherine,
Rao, Puja, et al. (2022), "Global burden of bacterial antimicrobial resistance in
2019: a systematic analysis”, The lancet. 399(10325), pp. 629-655.

Nateq, Mohammad Hossein, Ceccato, Riccardo (2019), "Sol-gel synthesis of
TiO2 nanocrystalline particles with enhanced surface area through the
reverse micelle approach”, Advances in Materials Science and Engineering.
2019(1), pp. 1567824.

Nguyen, Manh Dung, Nguyen, Thanh Binh, Thamilselvan, Annadurai,
Nguyen, Thuy Giang, Kuncoro, Eko Prasetyo, Doong, Ruey-an (2022),
"Fabrication of visible-light-driven tubular F, P-codoped graphitic carbon
nitride for enhanced photocatalytic degradation of tetracycline”, Journal of
Environmental Chemical Engineering. 10(1), pp. 106905.

Nguyen, Manh Dung, Nguyen, Thanh Binh, Tran, Linh Hai, Nguyen, Thuy
Giang, Fatimah, Is, Kuncoro, Eko Prasetyo, Doong, Ruey-An (2023), "Z-
scheme S, B co-doped g-C3N4 nanotube@ MnO2 heterojunction with
visible-light-responsive for enhanced photodegradation of diclofenac by
peroxymonosulfate activation”, Chemical Engineering Journal. 452, pp.
139249.

Nguyen, Thuy Giang, Nguyen, Manh Dung, Do, Thi Lan, Dang, Van Thanh,
Nguyen, Thanh-Binh, Huong, Vu Hoang (2024), "Efficient photocatalytic
degradation of sulfamethoxazole in water using in situ synthesized porous
tubular boron-doped graphitic carbon nitride", Surfaces and Interfaces. 54,
pp. 1050009.

Obodo, Raphael M, Mbam, Sylvester M, Iwueke, David C, Ramzan,
Muhamed, ljeh, Rufus, Ahmad, Ishaqg, Maaza, Maalik, Ezema, Fabian I
(2022), "Annealing optimization of graphitized Co304@ CuO@ NiO
composite electrodes for supercapacitor applications”, Energy Storage. 4(5),
pp. e347.

Orescanin, Visnja, Kollar, Robert, Mikelic, lvanka Lovrencic, Nad, Karlo
(2013), "Electroplating wastewater treatment by the combined
electrochemical and ozonation methods", Journal of Environmental Science
and Health, Part A. 48(11), pp. 1450-1455.

151



80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Orescanin, Visnja, Mikelic, Luka, Lulic, Stipe, Nad, Karlo, Mikulic, Nenad,
Rubcic, Mirta, Pavlovic, Gordana (2004), "Purification of electroplating
wastewaters utilizing waste by-product ferrous sulfate and wood fly ash”,
Journal of Environmental Science and Health, Part A. 39(9), pp. 2437-2446.
Palacio, Daniel A, Rivas, Bernabe L, Urbano, Bruno F (2018),
"Ultrafiltration membranes with three water-soluble polyelectrolyte
copolymers to remove ciprofloxacin from aqueous systems", Chemical
Engineering Journal. 351, pp. 85-93.
Pascariu, Petronela, Airinei, Anton, Olaru, Niculae, Olaru, Liliana, Nica,
Valentin (2016), "Photocatalytic degradation of Rhodamine B dye using
Zn0O-Sn02 electrospun ceramic nanofibers", Ceramics International. 42(6),
pp. 6775-6781.
Pearce, David W, Turner, R Kerry (1989), "Economics of natural resources
and the environment™. Johns Hopkins University Press.
Petrovi¢, Jelena, Ercegovi¢, Marija, Simi¢, Marija, Koprivica, Marija,
Dimitrijevi¢, Jelena, Jovanovi¢, Aleksandar, Jankovi¢ Panti¢, Jovana (2024),
"Hydrothermal carbonization of waste biomass: a review of hydrochar
preparation and environmental application™, Processes. 12(1), pp. 207.
Potting, José, Hekkert, Marko P, Worrell, Ernst, Hanemaaijer, Aldert (2017),
"Circular economy: measuring innovation in the product chain”.
Rajoria, Sonal, Vashishtha, Manish, Sangal, Vikas K (2022), "Treatment of
electroplating industry wastewater: a review on the various techniques”,
Environmental Science and Pollution Research. 29(48), pp. 72196-72246.
Rashed, M Nageeb, Eltaher, MA, Abdou, ANA (2017), "Adsorption and
photocatalysis for methyl orange and Cd removal from wastewater using
TiO2/sewage sludge-based activated carbon nanocomposites”, Royal society
open science. 4(12), pp. 170834.
Rashed, MN, EI Taher, MA, Fadlalla, SMM (2020), "Synthesis and
photocatlytic application of drinking water treatment sludge@ TiO2 composite
for degradation of methylene blue Dye", Pollution. 6(4), pp. 785-799.
Rastgar, Saeedeh, Rezaei, Hassan, Younesi, Habibollah, Abyar, Hajar,
Kordrostami, Ali (2024), "Photocatalytic degradation of methylene blue
(MB) dye under UV light irradiation by magnetic diesel tank sludge
(MDTYS)", Biomass Conversion and Biorefinery. 14(17), pp. 20451-20462.
152



90.

91.

92.

93.

94.

95.

96.

97.

98.

Shariati, Aref, Noei, Milad, Chegini, Zahra (2023), "Bacteriophages: The
promising therapeutic approach for enhancing ciprofloxacin efficacy against
bacterial infection”, Journal of Clinical Laboratory Analysis. 37(9-10), pp.
€24932.
Shuihab, Aliyah, Khalf, Surour (2018), "Fabrication and characterization of
nickel oxide nanoparticles/silicon NiO NPS/Si", in AIP conference
proceedings. of Conference. AIP Publishing LLC.
Su, Ruijing, Liang, Bo, Guan, Jie (2016), "Leaching effects of metal from
electroplating sludge under phosphate participation in hydrochloric acid
medium", Procedia Environmental Sciences. 31, pp. 361-365.
Sugiura, Erisa, Furukawa, Mai, Tateishi, Ikki, Katsumata, Hideyuki, Kaneco,
Satoshi (2022), "Development of Ag/Ag20/ZnO photocatalyst and their
photocatalytic activity towards dibutyl phthalate decomposition in water",
Journal of the Air & Waste Management Association. 72(10), pp. 1137-1152.
Sun, Mingzhi, Guo, Pengyao, Wang, Min, Ren, Fengyu (2019), "The effect
of pH on the photocatalytic performance of BiVVO4 for phenol mine sewage
degradation under visible light", Optik. 179, pp. 672-679.
Tang, Yuanyuan, Chan, Siu-Wai, Shih, Kaimin (2014), "Copper stabilization
in beneficial use of waterworks sludge and copper-laden electroplating
sludge for ceramic materials”, Waste Management. 34(6), pp. 1085-1091.
Toan, Tran Quoc, Ngan, Tran Kim, Huong, Do Tra, Le, Phuoc-Anh, Thuy,
Nguyen Thi, Huy, Nguyen Nhat, Thanh, Dang Van, Khai, Nguyen Manh,
Thi Mai, Nguyen (2023), "Green and Facile synthesis of porous SiO2@ C
adsorbents from rice husk: preparation, characterization, and their
application in removal of reactive Red 120 in aqueous solution", ACS omega.
8(11), pp. 9904-9918.
Wahyuni, E, Aprilita, Nurul Hidayat, Hatimah, H, Wulandari, AM, Mudasir,
M (2015), "Removal of toxic metal ions in water by photocatalytic method",
American Chemical Science Journal. 5(2), pp. 194-201.
Wang, Liya, Qi, Chunyan, Wang, Lidan, Wang, Tingcai, Lei, Yi, Zeng,
Xuefang, Liu, Jiafei, Liang, Xuxia, Huang, Lixin, et al. (2020), "Rapid
screening and quantification of multi-class multi-residue veterinary drugs in
pork by a modified QUEChERS protocol coupled to UPLC-Q-Orbitrap
HRMS", Current Analytical Chemistry. 16(7), pp. 863-879.

153



99.

100.

101.

102.

103.

104.

105.

106.

Wang, S, Zhang, J, Dou, S, Wang, Y, Xie, Z (2008), "Adsorption of Cu (II)
on synthetic Fe, Mn, Al-oxides minerals and its influencing factors", J.
Agron. Environ. Sci. 27, pp. 937-943.

Wang, Xuchao, Ding, Chengyi, Long, Hongming, Peng, Cheng, Xu,
Xiaoging, Wu, Yuxi, Yan, Zhiming, Jiang, Feng, Chang, Rende, et al.
(2025), "Dye wastewater treatment through adsorption-photocatalysis using
electroplating sludge-derived NiFe204@ C catalyst”, Separation and
Purification Technology. 354, pp. 128894.

Wilkinson, John L, Boxall, Alistair BA, Kolpin, Dana W, Leung, Kenneth
MY, Lai, Racliffe WS, Galban-Malagon, Cristébal, Adell, Aiko D, Mondon,
Julie, Metian, Marc, et al. (2022), "Pharmaceutical pollution of the world’s
rivers”, Proceedings of the National Academy of Sciences. 119(8), pp.
€2113947119.

Xingxing Chen, Liya Fu, Yin Yu, Changyong Wu, Min Li, Jin Yang, Ying
Chen, Xiaoguang Jin, Panxin Wang, (2021), "Recent Development in Sludge
Biochar-Based Catalysts for Advanced Oxidation Processes of Wastewater",
https://doi.org/10.3390/catal11111275.

Zhang, Fu-Shen, Itoh, Hideaki (2003), "Adsorbents made from waste ashes
and post-consumer PET and their potential utilization in wastewater
treatment"”, Journal of hazardous materials. 101(3), pp. 323-337.

Zhang, Yangyang, Ram, Manoj K, Stefanakos, Elias K, Goswami, D Yogi
(2012), "Synthesis, characterization, and applications of ZnO nanowires",
Journal of Nanomaterials. 2012(1), pp. 624520.

Zhou, Zhenxing, Zhang, Lijuan, Yan, Bo, Wu, Jinxiong, Kong, Dehui,
Romanovski, Valentin, Ivanets, Andrei, Li, Hongling, Chu, Shasha, et al.
(2024), "Removal of chromium from electroplating sludge by roasting-acid
leaching and catalytic degradation of antibiotics by its residue”, Journal of
Environmental Chemical Engineering. 12(1), pp. 111754,

Zuromska-Witek, Barbara, Zmudzki, Pawel, Szlosarczyk, Marek, Abram,
Michat, Maslanka, Anna, Hubicka, Urszula (2022), "Study of oxidation of
ciprofloxacin and pefloxacin by ACVA: identification of degradation
products by mass spectrometry and bioautographic evaluation of
antibacterial activity", Processes. 10(5), pp. 1022.

154



107.

108.

109.

110.

111.

112.

Huong, Thi Mai Pham, Con, Hong Tran, Dung, Thi Tran (2017), "Nghién
ctru kha nang hip phu As (V) trong méi trudng nudc bang ba bun do Tay
Nguyén sau tach loai hoan toan nhdm va céc thanh phan tan trong kiém",
VNU Journal of Science: Earth and Environmental Sciences. 33(1).

Lien, La Thi Quynh, Hoa, Nguyen Quynh, Chuc, Nguyen Thi Kim, Thoa,
Nguyen Thi Minh, Phuc, Ho Dang, Diwan, Vishal, Dat, Nguyen Thanh,
Tamhankar, Ashok J, Lundborg, Cecilia Stalsby (2016), "Antibiotics in
wastewater of a rural and an urban hospital before and after wastewater
treatment, and the relationship with antibiotic use—a one year study from
Vietnam", International Journal of Environmental Research and Public
Health. 13(6), pp. 588. doi.org/10.3390/ijerph13060588.

Obodo, Raphael M, Mbam, Sylvester M, Iwueke, David C, Ramzan,
Muhamed, ljeh, Rufus, Ahmad, Ishag, Maaza, Maalik, Ezema, Fabian |
(2022), "Annealing optimization of graphitized Co304@ CuO@ NiO
composite electrodes for supercapacitor applications”, Energy Storage. 4(5),
pp. €347. doi.org/10.1002/est2.347.

Qiao, Hongxia, Wei, Zhigiang, Yang, Hua, Zhu, Lin, Yan, Xiaoyan (2009),
"Preparation and characterization of NiO nanoparticles by anodic arc plasma
method", Journal of Nanomaterials. 2009, pp. 1-5.

Toan, Tran Quoc, Ngan, Tran Kim, Huong, Do Tra, Le, Phuoc-Anh, Thuy,
Nguyen Thi, Huy, Nguyen Nhat, Thanh, Dang Van, Khai, Nguyen Manh, Thi
Mai, Nguyen (2023), "Green and Facile Synthesis of Porous SiO2@ C
Adsorbents from Rice Husk: Preparation, Characterization, and Their
Application in Removal of Reactive Red 120 in Aqueous Solution”, ACS
omega.

Tokoro, Chiharu, Suzuki, Shinya, Haraguchi, Daisuke, lzawa, Sayaka
(2014), "Silicate removal in aluminum hydroxide co-precipitation process”,
Materials. 7(2), pp. 1084-1096. doi.org/10.3390/ma7021084.

155



DANH MUC CONG TRINH CONG BO CUA TAC GIA LIEN QUAN
PEN LUAN AN

(1) T. T. Huong, T. Q. Minh, L. T. Vinh, P. T. Thuy, L. V. Trong and N. M. Khai
(2021), "Removal of Cu (Il) by calcinated electroplating sludge”, Heliyon Vol. 7
(5), e07092.
(2) Tran Thi Huong, Nguyen Thi Mai, Nguyen Nhat Huy, Dang Van Thanh,
Nguyen Thanh Hai, Do Danh Bich, Nguyen Thi Thuy, Nguyen Manh Khai (2024),
“An effective and novel photocatalyst derived from the electroplating sludge for
removing Xanh metylen in aqueous solutions”, International Journal of
Environmental Science and Technology Vol. 22, pp. 6535-6544.
(3) D. V. Hien, H. M. Trang, N. T. Mai, D. V. Thanh, N. M. Dung, T. T. Huong, N.
M. Khai, T. T. M. Hang (2024), “Recycling electroplating sludge as an efficient
photocatalyst for degradation of ciprofloxacin in aqueous solution”, Journal of the
Air & Waste Management Association Vol. 75 (3), pp. 252-265.
(4 Pao Van Hién, Tran Thi Huong, Nguyén Thi Mai, Nguyén Thi Anh Tuyét, Bing
Vin Thanh, Pham Van Hao, Tran Thi Minh Hang, Nguyén Manh Khai (2023),
“Vat ligu hap phy tir bun thai ma dién - than trau tng dung xir ly xanh methylene
va ciprofloxacin trong nuéc”, Tap chi XUc tc va hdp phu Viét Nam, Sb 12 - tap 4,
trang 76-84.
(5) Sang ché: Quy trinh san xuét chat xic tac quang phan huy ciprofloxacin trong
dung dich nudc tir bun thai ma dién va chét xdc tac quang phan huy ciprofloxacin
trong dung dich nudc thu dugc tir quy trinh nay; da dugc Cuc S& hiu tri tué - Bo
Khoa hoc va Céng nghé chap nhan don hop 1é tai Quyét dinh sé 75961/QD-SHTT
ngay 25/6/2024; sé6 don 1-2004-03613, ngay ndp don 21/5/2024.

156



Céc budc xay dung duong chuan xac dinh nong d6 CIP gom:

XAY DUNG PUONG CHUAN XAC PINH NONG PO CIP

PHU LUC 1:

- Buéc 1: Chuan bi mot ddy cac mau CIP véi ndng do: 0,5 mg/L, 1 mg/L, 3 mg/L, 5
mg/L, 10 mg/L, 15 mg/L, 20 mg/L.

- Buéc 2: Tién hanh do d6 hap thu quang caa dung dich CIP & céc gia tri ndng do trén

& budc song tir budc song 200 - 400 nm nhan gia tri do hap thu (Abs) tai budc SONG Amax =

270 nm. Dya vao céc gia tri d6 hap thu thu duoc xay dung duoc duong chuan xac dinh

nong do CIP trong dung dich. Két qua xay dung duong chuan néng do CIP duoc trinh bay

trong Bang 1 va Hinh 1, 2.

Bang 1: Sy phu thudc ciia d hap thu quang vao nong do CIP

Nong d6|05 [1,0 3,0 5,0 10 15 20
CIP (mg/L)
bo hép thu | 0,062 | 0,095 0,327 0,596 1,197 1,781 2,397
(dvty)
3,0
—0,5ppm
i —1,0ppm
—3,0ppm
2,0 - ~——5,0ppm
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z ’ —20ppm
o
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«©O-
(n]
0,54
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Hinh 1. Ph6 hap thu CIP & cac nong do khac nhau

1




y = 0.1204x - 0.0155
2.5 1 R2 = 0.9998

0'_ T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20
Nong do (mg/L)
Hinh 2. B6 thi duong chuan xac dinh nong do CIP
Tir két qua ¢ Hinh 2 thu duoc phuong trinh dudng chudn y = 0,1204x — 0,0155 véi
hé s tuong quan R? = 10,9998 dugc st dung dé xac dinh néng do cua cac dung dich CIP

trong Luan an.



PHU LUC 2:
XAY DUNG PUONG CHUAN XAC PINH NONG PO MB

Céc budc xay dung dudng chuin xac dinh ndng d6 MB gom:
- Buéc 1: Chuan bi mot day cac mau MB véi nong do: 2mg/L, 4mg/L, 6mg/L, 8mg/L,
10mg/L.
- Buéc 2: Tién hanh do d6 hap thu quang cua dung dich MB & céc gia tri ndng do trén
& budc song tir bude séng 400 — 800 nm, toe do quét tir 400 nm/gidy, nhan gi tri d6 hap
thu (Abs) tai budc s6nNg Ama = 665 nm. Dua vao cac gia tri do hap thu thu duoc ta xay
dung duoc duong chuan xac dinh ndng d6 MB trong dung dich. Két qua xay dung duong

chuan néng d6 MB dugc trinh bay trong Bang 2 va Hinh 3.

Bang 2. Sy phu thudc ciia do hp thy quang vao nong do MB

Nong do MB
0,0 2,0 4,0 6,0 8,0 10,0
(mg/L)
P hap thu
0 0,36 | 0,6774 | 1,087 | 1,347 | 1,724
(dvty)
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Hinh 3. B4 thi dudng chuan xac dinh nong 46 MB

12

P thi duong chuén xac dinh ndng do MB (Hinh 3) cho thiy hé sé twong quan R? =

0.998 cuia dudng chuan cho phép ta co thé sir dung duong chuan y=0,1713+0,0086 dé xac

dinh ndng @6 cua cac dung dich MB truéc va sau khi khao sat.



