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ABSTRACT

The study aimed to find the optimum operating parameters of the lab-scale
electro-coagulation unit to pre-treat printing wastewater. The results
have recorded the optimal operational parameters, including an electrode
angle of 45°, a current density of 240 A/m?, an electrode distance of 1 cm,
a hydraulic retention time of 30 minutes, and electric voltage of 12 V. The
initial wastewater had the color of 1363 PCU, pH = 6.27, SS = 3187
mg/L, BODs = 1275 mg/L, TKN = 35.16 mg/L, TP =8.73 mg/L, Zn =5.4
mg/L and Cu = 0.8 mg/L; after treated by the electro-coagulation unit,
the wastewater had recorded the color of 50 PCU, pH = 7.33, SS = 149.72
mg/L, BODs = 64 mg/L, TKN = 3.42 mg/L, TP = 0.58 mg/L and not
recorded any metal residues. The treated wastewater met the QCVN
40:2011/BTNMT (column A) at most monitoring parameters except SS
and BODs. This result showed that electro-coagulation could be applied
to pre-treat the printing wastewater.

TOM TAT

Nghién ciru dwoc thuc hién nham tim ra cdc thong 56 van hanh cua bé keo
tu dién héa dé tién xir Iy nueée thai nha may in. Cdc thi nghiém da ghi nhdn
cde théng sé vin hanh t6i wu gom: goc nghiéng dién cuwc 45°, khodng cdch
dién cuc 1 cm, mat dé dong dién 240 A/m?, hiéu dién thé 12V, thoi gian
luu nuoe 30 phut. Nuoc thai thi nghiém co dé mau 1.363 PCU, pH = 6,27,
SS = 3187 mg/L, BODs = 1.275 mg/L, TKN = 35,16 mg/L, TP = 8,73
mg/L, Zn = 5,4 mg/L va Cu = 0,8 mg/L; sau khi xir [y bang bé keo tu dién
hoa, nuoc thai co do mau 50 PCU, pH = 7,33, §S = 149,72 mg/L, BODs
=64 mg/L, TKN = 3,42 mg/L, TP = 0,58 mg/L va khong ghi nhan kim loai
nang. Nuoc thai sau xur Iy dat QCVN 40:2011/BTNMT cét A o cac thong
56 theo doi, ngoqi trir SS va BODs, di chitng t6 cong nghé keo tu dién hoa
€6 thé img dung vdo thiee 16 dé xit Iy so' b nwde thai nha mady in.

1. GIOI THIEU

2011) 1am gidgm my quan moi truong, anh huong dén
qué trinh quang hop va doi song cua thuy sinh. Cac

Qua trinh 1am sach céc thiét bi va may moc trong
nha may in d4 tao ra lugng nudce thai thudc nhom cod
ham luong chat hitu co cao (Li et al., 2007). Tuy
lwong nuéc thai nganh in khong 16n nhung nong do
COD c¢6 thé tir 20.000 - 100.000 mg/L, SS tir 800 -
1.200 mg/L, pH kha cao, d0 mau cao (Ding et al.,
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thanh phan 6 nhiém trong nuéc thai nganh in hau hét
¢6 ngudn gée tir polymer hiru co tdng hop c6 d6 bén
cao, ty 1é BODs/COD thuong nhé hon 0,4, va chira
cac ion kim loai nang (Ding et al., 2011). Day la cac
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yéu t6 han ché ap dung phuong phap sinh hoc dé
truc tiép xir Iy nudce thai nganh in.

Nhiéu phuong phap da duoc nghién ciru dé xtr Iy
nuéce thai nha may in. Nhém phwong phap hip phu
dugce nghién cau boi Metes et al. (2004) su dung
zeolite, Zhang et al. (2010) st dung zeolite bién tinh
te PAMAM - polyamidoamine, Klanénik (2014) su
dung than hoat tinh dang bét va dang hat. Cac
phuong phap oxy hda va oxy hda nang cao ciling
dugc nghién ctru dé xur Iy nudc thai nganh in véi dén
UV (Liang & Liang, 2005), fenton két hop keo tu
(Ma & Xia, 2009), UV-Fenton (Chen, 2010). Tuy
nhién, ca hai nhom phuong phap xur ly nay deu gay
tén kém chi phi mic du c¢6 thé giam dwoc ndng do
hiru co trong nudc thai.

Nhom phuong phap keo tu ciing dugc nghién
ctru dé xir Iy nude thai myc in véi cac hoa chit keo
tu nhu PFC - polyferric chloride (Wu et al., 2002),
PAC - polymerization aluminium chloride (Tapas et
al., 2003; Viét va ctv., 2017a), FeCls (Zhao et al.,
2005), PAC va PAM - polyscrylamide (Sun et al.
2005), FeCl3.6H,0 (Klanénik, 2014). D4i véi nhom
phuong phap dién hda, cac nghién ctru da sir dung
dién cyc sét, dién cuc duong nhom va dién cuc am
sat dé xir ly nudc thai nganh in (Ding et al., 2011;
Li, 2007). Nhém phuong phap keo tu tao ra nhiéu
bun cin gy 6 nhiém thir cdp nhung xir Iy COD tét,
trong khi nhom phwong phéap dién hoa ¢ higu suat
xir Iy COD thap nhung giam d6 mau tot.

Dua vao nhitng danh gia trén, viéc két hop
phuong phap keo tu va dién héa c6 tiém nang dé xir
ly nuéc thai nganh in. Keo tu dién hoa (KTPH) la
giao thoa ctia ba qua trinh dién hoa, tuyén néi va keo
tu. Nguyén ly chinh cia phuong phap nay 1a cac dién
cuc duong (nhom hoic sit) dudi tac dung ctia dong
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dién s€ bi an mon va giai phong céac ion c6 kha nang
keo tu (APP** hoic Fe*) vao nuéc thai, kém theo do
1a cac phan g dién phan s€ tao ra cac bot khi va
tao ra go¢c HO® c¢6 kha ning oxy hoa cac chat hiru
co; dong thoi gitip loai bo kim loai nang (Holt et al.,
2004). Tai Viét Nam, quy trinh KTPH da dugc thir
nghiém xur 1y nuéc thai tinh bot san (Son va ctv.,
2020), nudc ri rac (Hoang va ctv., 2017), nudce thai
ché bién thuy san (Mai, 2014), nudc thai luyén kim
(Khué, 2014), nuédce thai dét nhuom (Huong, 2009;
Tuédn, 2011). Pay la nhitng loai nudc thai c6 ham
lwong hitu co cao, c6 thanh phan kim loai va do mau
cao tuong ty nudc thai nganh in. Nghién clru nay
duoc tién hanh nham tim ra cac thong s6 van hanh
t6i wu quy trinh KTPH dé xir 1y so bo nudc thai
nganh in, nudc thai sau xtr 1y c6 thé tiép tuc duoc xu
ly sinh hoc.

2. PHUONG PHAP NGHIEN CUU

2.1.

Pbi twong nghién ctru 1a nuéc thai san xuit tai
mot cong ty nganh in hoat dong tai quan Ninh Kiéu,
thanh phd Can Tho. Luong nudc thai san xuat nay
duogc thu gom riéng biét véi nhirng nguén nudc thai
khéc phat sinh tr cong ty.

2.2. Phwong phap thi nghiém

2.2.1. Giai doan chuan bj

Thanh phan va tinh chat ciia nuéc thai nganh in
dugc khao sat qua mot s6 chi tiéu chi yéu nhu do
mau, pH, BODs, COD, SS, DO, TKN, TP, Cu, Zn,
Pb, Fe dé dinh huéng bd tri thi nghiém.

Mo hinh KTPH quy mo phong thi nghiém van
hanh trong diéu Kién nap nudc lién tyc c6 kich thudc
41 x 12 x 30 cm (dai % rdng x cao) (Hinh 1).

Doi twgng nghién ciru

Chui thich thlch

a: mang thu bot va noi dat van xa bot

b: noi ddt van va ong nwdée dau vio

c: mang thu bun va noi dat van Xa bun

d: cac dién cuc

e mano thu nmirdve va noi dat van thu nwedc ra

Hinh 1. Mb hinh va théng s6 thiét ké cia bé KTPH
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Trong nghién ctru nay, dién cyc nhom dugc chon
vi hiéu suat xu 1y thanh phan hitu co cao hon dién
cuc sit, trong khi di¢n cuc sét tao keo gdy an mon
céc thiét bi thi nghiém manh hon dién cyc nhém
(Mai, 2014). Céc dién cuc dwoc ché tao tir nhom tim
mua trén thi truong. Nhom mua vé duoc rira sach
bing xa phong dé tdy dau ma, sau d6 rira qua nudc
sach rdi cho vao dung dich NaOH 2,5% tir 3 dén 5
phiit dé hoa tan 16p oxit nhom Al,O3. Tiép theo, bé
mit tim nhom duoc rira sach bang nudc, nhung vao
dung dich HNO3 15% trong khoang 10 - 30 giay.
Cubi cung, tam nhom duoc rira lai bang nudc cat dé
tay axit roi dwa vao bé KTPH (Tuén, 2011).

Céc ban dién cuc (BDC) nhom duoc chuan bi
véi ba dién tich: 300 cm?, 400 cm?, va 500 cm?. Mat
d6 dong dién qua BDC tinh theo cong thuc:

i=1/S Q)
Trong d6
i: mat do dong dién (A/m?)
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I: cuong do dong dién (A), giir ¢é dinh ¢ 12 A
cho tat ca céc thi nghiém

S: dién tich BDC (m?)

— mat do dong dién di qua cac ban dién cuc:
S1 =300 cm? iy = 12/0,03 = 400 A/m?

S, =400 cm% i, =12 /0,04 = 300 A/m?

S3 =500 cm?: i3 = 12/ 0,05 = 240 A/m?

2.2.2. Giai doan thi nghiém dinh huong

Céc thi nghiém dinh huéng duoc tién hanh nham
tim ra cac thong sO vén hanh toi wvu bé KTPH (Hinh
2) gom: (i) gbc nghiéng dién cuc (GNDC), (ii) mat
d6 dong dién (MPDD), (iii) khoang cach dién cuc
(KCDC), va (iv) thoi gian luu nude (TGLN).

Do chi ¢c6 mdt md hinh bé KTDH nén céc thi
nghiém duogc thuc t]ién tuan ty. Nudc théi dugc lay
& cung mot th‘éri diém va chua lai dé tién hanh cac
thi nghiém nham dam bao tinh khach quan cho s6
liéu phan tich.

Thi nghiém 1: x4c dinh GNBC

TGLN 30 phut

- Cb dinh dién thé 12 V, MPDD 240 A/m?, KCDC 1 cm,

- Thay d6i GNDC: 45° 60°; 90° (Viét va ctv., 2015)

- Van hanh mé hinh va 1iv 3 mau véi mai géc nehiéne

o] Goc dat dién cuc

v

Thi nghiém 2: xac dinh MBDD
chon GNDC tur thi nghiém 1

va ctv., 2017b; Kuokkanen et al., 2013)

- Cb dinh dién thé 12 vV, KCPC 1 cm, TGLN 30 phit,
- Thay déi MPDD: 240 A/m?; 300 A/m?2; 400 A/m? (Viét

- Van hanh mé hinh va 1av 3 mau v&i mbi can do

Thi nghiém 3: xac dinh KCBC

MDDPD tur thi nghiém 1 va 2

- Cb dinh dién thé 12 V, TGLN 30 phut, chon GNBC va

- Thay d6i KCPC: 1 cm, 2 cm, 3 cm (Mai, 2014)
- Van hanh mé hinh va 13y 3 miu véi mdi khoang cach

tdi wu
.| Mat do dong dién q
» Ao Ll
to1 uu
Khoang cach dién o
cuc toi vu o

Thi nghiém 4: xac dinh TGLN

tir cac thi nghiém 1,2 va 3

- Cb dinh dién thé 12 V, chon GNBC, MPDP va KCPC

- Thay ddi TGLN: 30 phut, 45 pht, 60 phut (Mai, 2014)
- Vén hanh mo hinh va 1y 3 mau véi mdi muc thoi gian

Thoi gian luu
nudc toi vu

\ 4
\4

Su dyng cac thong $6 van hanh t6i wu tir céc thi nghiém trén,
tien hanh thi nghiém chinh thic danh gia hiéu qua xir 1y <
nudc thai nganh in bang phuong phap KTbH

Hinh 2. Mb hinh va thong s thiét ké cia bé KTPH
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Trong timg thi nghiém dinh huéng: thu 1 mau
nuéce thai dau vao va 3 mau nuée thai dau ra ing véi
ba gia trj thay ddi cua thong s khao sat. Mau nuée
thai dau ra ¢ tirng nghiém thirc duoc thu sau 30 phit
véan hanh (thoi gian dé mé hinh hoat dong 6n dinh).
Céc thong sb 6 nhiém dugc do dac va phan tich bao
goém pH, DO, d6 mau, COD, SS.

2.2.3. Giai doan thi nghiém chinh thirC

Thi nghiém chinh thirc: sau khi tién hanh cac thi
nghiém dinh huéng vé GNPC, MPDD, KCPC,
TGLN; cac thong s6 van hanh téi uu ghi nhan s¢
dugc ¢b dinh dé thuc hién thi nghiém chinh thic
nham xac dinh hiéu qua xu 1y nudc thai nha may in
bang phuong phap KTPH véi gia tri pH thich hop.
Mau nuéc thai trude va sau khi xir Iy KTDH dugc
dem di phan tich cac chi tiéu COD, BODs, SS, DO,
TKN, TP, pH, d6 mau, kim loai nang (Cu, Zn, Pb,
Fe). Sau khi phén tich, s6 liéu dwoc ghi nhan lam co
s& dé danh gia hiéu qua xir 1y so bo nude thai nganh
in bang quy trinh KTPH.

2.3. Phwong phap phin tich miu

Mau nuée duoc thu thap, Iuu trit va giri phan tich
tai Trung tdm Ky thuat Tiéu chuén Po luong Chat
luong Can Tho (CATECH) theo cac phuong phap
chuan hién hanh. Nhitng thong s do dac truc tiép
nhu pH, DO ciing st dung thiét bi do dac hién
truong cia CATECH (Béang 1).

2.4. Phwong phap xir 1y s6 liéu
Béng 1. Phwong phap phan tich miu nwéc
Chi tiéu

Phwong phap phan tich
Do tryc tiép bang may do Hanna 9812-

pH 5 (TCVN 6492:2011)

DO Do tryc tiép bang may Hanna Hi 9814
(TCVN 4564-1988)

sS Phuong phap siy (SMEWW 2540
D:2012)

Mau So mau quang phé Hanna Hi 83200
(TCVN 6185:2008)

COD Phuong phap dichromate (SMEWW
5220 D:2012)

BOD: Phuong phéap chuan (SMEWW 5210
D:2012)

TKN Phuong phap sau khi v6 co hoa véi
Selen (TCVN 5987:1995)

TP Phuong phép tric quang UV-VIS
(SMEWW 4500-P E:2012)

7n Phuong phap Zincon (TCVN
6193:1996)

Cu, Pb, Fe Phuong phéap quang phé hap thu

nguyén tir SMEWW 3111 B:2012)
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Céc s6 liéu ghi nhan duoc téng hop bang phan
mém MS Excel, phan tich phuong sai sau do kiém
dinh Duncan b‘ang phanrmem SPSS 13.0 dé danh gia
su khac biét vé hiéu suat xir 1y cua cac nghiém thirc
trong tung thi nghiém dinh huéng.

3. KET QUA VA THAO LUAN

3.1. Pic diém cia nwéc thai thi nghiém

Mau nude duoc thu tai hé thu nudc san xuat vao
thoi diém tir 9 den 11 gio sang theo thoi gian xa thai
cua cong ty. V€ mat cam quan, nudc thai c6 nhiéu
chat ran lo ltrng, d6 mau cao véi cac tong mau khac
nhau phu thugc vao ban in (Bang 2).

Bang 2. Thanh phan nwéc thai thi nghiém

Chi tiéu Pon vi Gia tri trung binh (n = 3)
pH - 6,20 £ 0,26
DO mg/L 0,60 £ 0,32
SS mg/L 3.345,66 = 70,78
P06 mau PCU 1.589,33 £ 50,33
BODs mg/L 1.134,00 + 70,14
COoD mg/L 1.676,67 + 45,09
TKN mg/L 25,23 £ 3,07
TP mg/L 7,83 £ 0,29
Cu mg/L 0,80 + 0,05
Zn mg/L 54+0,2
Pb mg/L KPH
Fe mg/L KPH

Nuéc thai cé pH tir 5,5 dén 7,5 ph hop véi dién
cuc nhom (Dung, 1999). Nudc thai cua thi nghiém
nay c¢6 pH = 6,20 + 0,26 nén nhém dugc chon lam
dién cuc dé thiét ké mo hinh KTPH.

Nong d6 COD va BOD:s lan luot 1a 1.676,67
mg/L va 1.134,00 mg/L. Ti s6 BODs/COD ~ 0,68
néu xir 1y truc tlep bang phuwong phap sinh hoc kha
t6n kém nén can c6 cong doan xir Iy so bd truge khi
Xt 1y sinh hoc.

Nong do SS trong nudc thai rat cao dat 3.187
mg/L, trong khi nong d6 SS dau vao cua bé sinh hoc
phai nho hon 150 mg/L. P$ mau twong ddi cao dén
1.363,33 PCU. Nhu vy, nuéc thai can duoc xi 1
so bd trude khi dua vao cong doan Xt ly sinh hoc.

Nong d6 Cu va Zn lan luot 1 0,8 mg/L va 5,4
mg/L. Ngudng ndng do gy tc ché qua trinh xir ly
sinh hoc cua kim loai nang Cu va Zn 1an luot 1a 1
mg/L va 1 -5 mg/L & diéu kién nap lién tuc (Viét &
Ngan, 2015). Do d6 néu nuéc thai nay duoc xir Iy
truc tiép bang phuong phép sinh hoc thi vi sinh vat
s& bi wrc ché va hoat dong kém hiéu qua.

Véi nhitng déc tinh ghi nhén cua nudc thai, cac
uu diem cua phuong phap KTPH cho thay phuong
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phap nay c6 thé ap dung dé tién xu Iy nuéc thai
nganh in, gitip giam tai cac thong s 6 nhidm COD,
BODs, SS, d6 mau, Cu, Zn; ddng thoi gitp ting DO
nham giam chi phi cung cép oxy cho qua trinh xir Iy
sinh hoc hiéu khi tiép sau.

Nudc thai thu thap trong nghién ctru nay khong
chira Fe va Pb, do do cac thi nghiém tiep theo khong
phan tich hai thong s6 kim loai nay.

3.2. Thi nghiém dinh hwéng

Céc thi nghiém dinh huéng lan luot dugc thuc
hién dé xac dinh cac thong s6 van hanh phu hop.

3.2.1. Thi nghiém I: xic dinh GNPC t6i wu

Thi nghiém nay khong chon goc nghiéng nho
hon 45° vi bot khi sinh ra khi n6i 1én s& vuéng vao
cac dién cuc va roi tro Xuéng day bé. Hién tugng tao
bot khi trong bé duoc quan sat cho théiy & dién cuc
¢ gbc nghiéng 45° bot khi xut hién nhiéu va lién
tuc trong khoang thoi gian van hanh, tao 16p vang
day va min. O goc nghiéng 60° bot khi nhiéu, déu
nhung it hon goc nghiéng 45°; gdc nghiéng 90° cho
bot khi 16n va phan bd khong ddu trén khu vue dién
phan, tao thanh 16p vang nhung lodng (chira nhiéu
bot khi lon).

Gia tri pH ¢6 xu hudng tang 1én sau khi nudc thai
dugc xir 1y bang quy trinh KTPH. Khac vé6i quy
trinh keo tu héa hoc, nudc thai nha may in sau qua
trinh KTPH tang nhe va tién vé pH trung tinh tao
thuan loi cho sy phat trién cua vi sinh vat trong quy
trinh xt ly sinh hoc di sau n6. Tuy nhién, gia tri pH
¢6 xu huéng ting nhiéu khi bd tri BDC nghiéng
thoai (45°) va tang it khi b6 tri BDC vudng goc.

Ham lugng oxy trong nuéc thai sau KTPH tang.
Qua trinh KTPH tao thanh cac bot khi oxy, mdt
phan cac bot khi nay s& hoa tan vao nude lam cho
DO ctia nudc thai sau KTDH ting 1én, ¢6 loi néu di
sau 1a qua trinh xtr 1y sinh hoc hiéu khi (do giam chi
phi dién ning cho qua trinh cung cip oxy). Ham
luong DO tang nhung khong cé sy khac biét gitra
cac nghiém thirc c6 GNDC khac nhau.

Két qua danh gia hiéu suat xir Iy nudc thai muc
in voi cac GNDPC khac nhau dugc trinh bay ¢ Hinh
3 va Hinh 4. D6 mau cta nudc thai in la do cac hat
muc ¢ dang ran va cac hop chit mau hoa tan. bo
mau ciia nudc sau keo tu giam do qua trinh tuyén
n01 cac hat myc in va su oxy héa cac gbc mau boi
gbc HO*. O nhitng BBC c6 goc nghiéng cang thoai
(45°), hiéu suat xtr Iy 6 mau ghi nhan cao hon BDC
c6 goc nghiéng vudng goc.
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Hinh 3. Bién dong chit lwgng nwéc xir Iy véi cac
GNDC khac nhau
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Hinh 4. Hi¢u suét xir Iy nwéc thai & cac nghiém
thic GNDPC khac nhau

Qua trinh dién phan nudc tao nén cac bot khi 1i
ti (phwong trinh 2, 3), khi ndi 1én sé tiép xtic vi cac
hat rin trong nudc thai va bam vao chung, tao lyc
nang dua cac hat rin nay nbi 1én trén mat nude hinh
thanh 16p vang (Nhug¢, 2001). L6p vang nay sau do
bi loai bo bang hé théng gat vang lam giam SS trong
nudc thai. Ngoai ra, qua trinh dién phan con hoa tan
dién cuc duong tao thanh cac ion AI3* 1am mat tinh
6n dinh cua cac hat keo (phuong trinh 4) va két hop
v6i goc OH™ dé tao thanh san pham két taa co do
nhon cao 1a AI(OH)s. Cac chét rin lo limg va cac hat
keo bi hip phu vao san pham két tia nay, tao thanh
bong can 16n gitp cho qua trinh tuyén ndi hiéu qua
hon. Nong d6 SS ciia nudc thai dau ra & cac nghiém
thire goc nghiéng khac nhau khong khéc biét ¢6 y
nghia (muc 5%).

— Qua trinh oxy hoa H,O ¢ cuc duong:

2H,0 — Oy + 4H* + 4e 2

— Qua trinh khtr va tao Hz ¢ cuc am:

2H,0 + 2e —» 2HO® + H» (3)

— Qua trinh oxy hoa Al thanh Als* & cuc
duong:

Al - Als* + 3e 4)

COD trong nudc thai tao ra tir hai thanh phan
gdm chét hiru co dang chét rén lo limg va chét hiru
co & dang hoa tan. Cac chét hitu co ¢ dang hoa tan
s& bi hap phu vao cac bong can hay bi oxy hoa boi
g6c HO®, con cac chét rén lo limg noi 1én phia trén
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tao thanh 16p vang lam giam COD trong nudc thai.
Nong d6 COD trong nuéc thai dau ra & GNDC 45°
va GNBC 60° thip hon va khéac biét c6 ¥ nghia so
v6i GNDC 90°. Nudc thai sau KTPH ¢ nghiém thic
GNDC 45° va GNDC 60° ¢6 mau nhat va trong hon
5o vai nghiém thie GNDC 90°.

Tuy nong d6 COD sau xtr Iy & GNDC 45° va 60°
khong khac biét c6 y nghia, nhung quan sat qua trinh
tao bot va vang ciia GNDC 45° tt hon, do d6 chon
GNDC 45° dé tién hanh thi nghiém tiép theo.
Nghién ciru cua Viét va ctv. (2015) trén nudc thai
ché bién ca da tron ciing ghi nhan két qua twong tu.

3.2.2. Thi nghiém 2: xdc dinh MPDD 16i wu

Mat do dong dién 1a mdt trong nhiing thong so
quan trong anh hudng dén sy hoa tan anode va téc
do cta qua trinh dién hoa. Trong qud trinh thi
nghiém bot khi xuit hién nhiéu va tao I6p vang day
& MDDD 240 A/m? (dién tich BBC 500 cm?). Hai
nghiém thitc c6 MPDD 300 A/m? (dién tich BBC
400 cm?) va MPDD 400 A/m? (dién tich BDC 300
cm?) bot khi xuat hién it hon. Khi dong dién di tir
cuc duong sang cuc 4m thi cac electron va ion Al%*
dugc sinh ra trén bé mit dién cyuc nén khi dién tich
dién cuc cang 16n thi lvong nhom sinh ra cang nhidu
va tao nhiéu chat keo ty AI(OH)s.

Trong thi nghiém nay, gia tri pH c6 xu hudéng
giam dan theo muc d6 gia ting cia MDDD. Nghiém
thirc 240 A/m? c6 gia tri pH cao nhét va giam dan
dén nghiém thtrc 400 A/m? c6 gia tri pH thap nhét.
Tuong ty, sau khi xir Iy qua bé KTPH, ham luong
DO trong nude dugc ghi nhan tang 1én nhung cao
nhét & nghiém thirc c6 MPDPD nho nhat va giam dan
dén nghiém thirc c6 MPDD cao hon.

Hinh 5 va 6 ghi nhan hiéu suét xir 1y nudc thai
nganh in véi cac MPDD khac nhau. Khi MPDD
dién ra cang manh, hiéu suit xir Iy d6 mau dién ra
cang kém. Qua trinh thily phan Alz* sinh ra do hoa
tan kim loai tao chit keo tu & dién cuc dwong
(phuong trinh 5):

Co ché loai bo cac chat 6 nhiém duoc giai thich
tuong tu thi nghi€m 1. Trong thi nghiém nay, lugng
nhdém hoa tan duoc tién hanh xac dinh khi van hanh
mo hinh & cac MPDD khac nhau. Lugng nhom hoa
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tan khi van hanh mé hinh & MPDD 240 A/m? 1a
341,5 mg; & MPDD 300 A/m?1a 175,1 mg va &
MDDD 400 A/m? (DTBDC 300 cm?) 1a 106,9 mg.
Nhu vay, dbi voi ba nghiém thie MPDPD nay hiéu
suat xu 1y ti 1¢ thuan véi lugng nhom hoa tan trong
qua trinh van hanh mé hinh (Bang 3).

A|3 + 3H20 - Al(OH)s + 3H*

®)

Hlnh 5. Bién dong chét lwgng nwéc Xi ly véi cac
MDDD khac nhau

T
W

—&—Mau

a5

Hiéu sudt xir I (%)

80 4

—4—55 —#—C0D

75

240 A/m2 300 A/m2

Mat do dong dién

200 A/m2

Hinh 6. Hi¢u suit xir Iy nwéc thai ¢ cac nghiém
thirce MPDD khac nhau

Trong 30 phut thi nghiém, lugng dién ti€u thu
g véi ba MPDP dugc trinh bay ¢ Bang 4. Két qua
cho thdy MPDP 240 A/m? cho higu suat xu 1y cao
hon, dién nang tiéu thu chénh léch khong qua 16n,
nén c6 vu diém hon so véi hai MPDD con lai. Két
qua thong ké cho thiy d6 mau, nong do SS va COD
cua nuoc thai & cac MPDD khac nhau déu khac biét
¢6 y nghia (mirc 5%). O nghiém thize MPDD 240
A/m2cho d6 mau, ndng d6 SS va COD cua nudc thai
sau xtr 1y thdp nhét so v&i hai MPDD con lai. Két
qua nay tuong tu V&i nghién cau Viét va ctv.
(2017b) duoc thuc hién trén nudc thai mia duong
cling ghi nhan hiéu suét loai bo COD gia ting theo
d6 tang cua dién tich ban dién cuc, nhung ting theo
d6 giam caa MbDD. Vi thé, MPDD 240 A/m?duoc
chon dé sir dung cho thi nghiém tiép theo.

Bang 3. Khdi lwgng dién cue trude va sau qua trinh KTPH

Mat d¢ dong Cuong do Khbi lweng cwe 4m (g) Khéi lrong cue dwong (g)
dién (A/m?) dong dién (A) Truoc KTPH  Sau KTPH True¢c KTDH Sau KTPH
240 2,05 77,853 78,767 78,927 75,512
300 1,95 73,039 73,898 73,925 72,174
400 1,31 69,346 69,968 70,051 68,982
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Bing 4. Lwgng dién cin dé xir Iy nwéc thai nha may in

Mat do dong Thé tich nuéc Cwong d§ dong dién (A) Cong suat P Dién ning tiéu
dién (A/m?) thai xir ly (L) (W) thu E (W/L)
240 14,4 2,05 24,6 1,71
300 14,4 1,95 23,4 1,625
400 14,4 1,31 15,72 1,09

3.2.3. Thi nghiém 3: xdc dinh KCPC t6i wu

Su thiy phéan cua ion nhém tao thanh cac phan
tir keo tu xay ra theo chudi cac phan tng néi tiép nén
KCDC c¢b vai tro quan trong trong sy phan tan va
phan bd chit keo ty trong toan khéi dung dich, duy
tri co ché trung hoa dién tich ctia qua trinh keo tu
mau. V& mit cam quan, mau ciia nude thai sau xi 1y
KTPH & cac KCPC khac nhau c6 su khac biét. O
KCBC 1 cm nudce trong hon so véi KCDC 2 cm va
3 cm. Su khéc biét nay 1a do khi KCDC cang gan thi
hién tuong phong dién nhanh hon, manh hon nén
phan ung tao Al(OH)s va bot khi cang dién ra manh
mé. Khi do qua trinh keo tu va tuyen noi dién ra cang
manh, hiéu suat xir 1y cac chat 6 nhidm va d6 mau
s€ cao hon (Hinh 7, 8). Khi van hanh mo hinh &
khoang cach 1 cm bot khi sinh ra nhiéu, tao thanh
dong khi x4o tron manh cac chét ran. O khoang cach
2 cm va 3 cm bot khi xuat hién it va khéng manh
nhu ¢ khoang cach 1 cm.

Hinh 7. Bién ddng chat lwgng nwéc xir Iy véi cac
KCDC khic nhau
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Khodng cdch diéncyc
Hinh 8. Hiéu suit xir Iy nuwéc thai & cac nghiém
thitc KCPC khac nhau
Két qua nay khac v6i nghién ctru ciia Mai (2014)
trén nudc thai ché bién thuy san va Tuan (2011) trén
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nuoc thai dét nhuom. O hai nghién ctru nay, hiéu
Suat xur 1y cao & KCDC tr 2 dén 3 cm, néu ting
KCDC thi hiéu sut xir Iy COD giam, thoi gian dién
phan kéo dai.

bién nang tiéu thy cua cac nghiém thirc chénh
léch khong dang ké, vai thé tich nude xtr Iy 14,4 L
thi dién nang tiéu thu cua khoang cach 1 cm1a 25,56
W tuong duong 1,775 W/L,2cm1a 21,12 W ~ 1,467
W/Lva3cmlal12,96 W~ 0,9 W/L.

Két qua thi nghiém va phan tich ANOVA cho
thiy nong d6 SS trong nudéc thai dau ra ¢ cac KCBC
khac nhau khong c6 su khac bi€t (murc 5%). Trong
khi d6, d6 méau va ndng d6 COD trong nu6c thai dau
ra caa nghiém thirce KCDC 1 cm thap hon va khac
biét co6 y nghia (mrc 5%) so vai hai KCDC con lai.
Do d6, KCDC 1 cm dugc chon dé tién hanh thi
nghiém tiép theo.

3.2.4. Thi nghiém 4: xdc dinh TGLN téi wru

Ca 3 nghiém thuc TGLN van hanh & cung mét
MDDD, cung khoang cach giira cac dién cyc, cung
goc nghiéng dién cuc va cung hiéu dién thé nén
khong c6 sy khac biét vé s6 lugng bot khi ma chi
quan sat mau cua nudc thai va 16p vang hinh thanh
giita cac TGLN khéc nhau. V& mat cam quan, ¢ thoi
gian luu 20 phut 16p vang c¢6 mau den nhat, & 30
phut 16p vang mau den va min, & 40 phut 16p vang
¢6 mau den dam hon (Hinh 9).

Hinh 9. Bién dong chit lwong nwéc xir Iy véi cac
TGLN khéac nhau

Thoi gian luu nude dai thi bot khi, dién cuc tan
nhiéu, chét keo tu sinh ra cang nhiéu ting kha ning
déy ndi chat rin lo limg va oxy hoa cac chét hoa tan.
Mt khéc, Iuu lugng nap it va thoi gian tiép xuc giira
bot khi v&i chét keo tu va chat ban 1au nén hiéu suat
loai bo SS cao (Hinh 10).
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Két qua thi nghiém va phan tich ANOVA cho
thiy d6 mau va nong d6 COD cuaa nudéc thai sau xi
Iy & cac TGLN khac nhau khong khac biét co y
nghia (mtc 5%); trong khi d6 nong d6 SS & TGLN
30 phut va 40 phat khong khac biét c6 y nghia,
nhung thap hon va khéac biét c6 y nghia véi TGLN
20 phat. Vi vay, TGLN 30 phut 1a thoi gian dat hiéu
qua vé ky thuat va kinh té nhét trong thi nghiém nay
va dugc chon dé tién hanh thi nghiém tiép theo.
Nghién ctiu ciia Mai (2014) va Tuén (2011) cling ghi
nhan 30 phit la thoi gian t6i vu cho KTDH.
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Thévigian luu nwée
Hinh 10. Hi¢u suét xir Iy nwéc thai & cac nghiém
thitcc TGLN khac nhau

Két qua thi nghiém va phan tich ANOVA cho
thiy d6 mau va nong d6 COD cua nudc thai sau xir
Iy & cac TGLN khac nhau khong khac biét co y
nghia (mtic 5%); trong khi d6 nong do SS & TGLN
30 phat va 40 phat khong khac biét c6 y nghia,
nhung thap hon va khéac biét c6 y nghia véi TGLN
20 phut. Vi vay, TGLN 30 phut 1a thoi gian dat hiéu
qua vé k¥ thuat va kinh té nhét trong thi nghiém nay
va duoc chon dé tién hanh thi nghiém tiép theo.
Nghién ctru ctiia Mai (2014) va Tuén (2011) ciing ghi
nhan 30 phit 14 thoi gian t6i uu cho KTDH.

3.2.5. Két qua thi nghiém chinh thirc

Thi nghiém tién hanh lién tyc trong 3 ngay vdi
cac thong s6 van hanh da chon tir cac thi nghiém
dinh huéng: higu dién thé 12 V, goc nghiéng dién
cuc 45° (tir thi nghiém 1), mat do dong dién 240
A/m? (tir thi nghiém 2), khoang céch dién cuc 1 cm
(tr thi nghiém 3), thoi gian luu nude 30 phit (tir thi
nghiém 4).

Nuéc thai dau vao va dau ra sau khi qua KTPH
dugc tién hanh do pH, d6 mau, DO va phan tich cac
chi tiéu SS, COD, BODs, TKN, TP, Cu, Zn. Két qua
thi nghiém cho thay sau qué trinh KTDH, ndng do
cua tat ca cac chi tiéu theo ddi trong nude thai thi
nghiém déu giam va duoc trinh bay & Hinh 11 va
Hinh 12.

130

Tap 59, S6 Chuyén dé: Méi truong va Bién doi khi hdu (2023): 123-133

3

@
[==1

Higu suat xdr ly (%)
) w = w
(=] o (=] (=]

=
=)

0

Bd mau SS CoD BODS TKN TP Cu In

Hinh 12. Hi¢u suit xir Iy nwéc thai nganh in
truéce va sau KTPH

Gia tri pH va ndng d6 DO trong nuéc sau KTDH
tang kha cao. pH tang tir 6,27 1én 7,33, & khoang pH
nay thuan lgi cho qua trinh xtr 1y sinh hoc. Nong do
DO tang tir 0,77 mg/L 1én 3,6 mg/L, nf“)ng do DO
tang gop phan tiét kiém duoc chi phi van hanh cac
thiét bi bom thdi khi cho cong doan xir 1y sinh hoc
phia sau.

Nudc thai dau vao c6 dd mau 1a 1.363,33 + 50,33
PCU, sau KTPH nudc thai dau ra ¢6 dd mau 50,87
+20,31 PCU, dat tiéu chuan xa thai cot B. Hiéu suét
xir 1y d6 mau cua cum KTPH 14 96,27% rat cao néu
so sanh vai gia tri 65,73% trong nghién ctu X ly
mau cua nudc ri rac (Hoang va ctv., 2017), 66,67 -
95,71% cua nudc thai tinh bot san (Huong, 2009),
va tuong dwong voi hiéu suat 96,3 - 96,8% khi xir Iy
mau cia nuéc thai dét nhuom (Tuan, 2011) bang
dién cuc nhom. So sanh véi viéc ap dung phuong
phap keo tu dé xir Iy nuéc thai nganh in, FeCls dugc
sir dung cho hi¢u suat xir Iy cao nhét tir 99,0 - 99,7%
(Zhao et al., 2005; Klan&nik, 2014), ké dén 1a PFC
Vv6i 97,4% (Wu et al., 2002), PAC véi 95,6 - 96,5%
(Tapas et al., 2003), PAC va PAM chi dat 90% (Sun
et al., 2005). Khi st dung phuong phap dién hoa xir
ly nudce thai nganh in, két hop dién cuc duong nhom
va dién cuc am sat cho hiéu suat xur 1y mau dat trén
90%, néu chi str dung dién cuc sit thi hiéu suit xir
1y chi dat 84% (Ding et al., 2011; Li, 2007).
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Hiéu suit loai bo SS cua phuong phap KTDH
dat kha cao (khoang 95,30%). Nong do SS trong
nudc thai sau KTPH 1a 149,72 mg/L phu hgp dua
sang cong doan xir 1y sinh hoc tiép theo. Hiéu suat
xir Iy nay thap hon so véi hiéu suét tir 96,5 - 97,0%
ghi nhan trong nghién cuu Xt Iy nudc thai muc in
cua Tapas et al. (2003). Tuy nhién, gia tri nay cao
hon nhiing nghién cuau the nghiém KTPH xu ly
nudc thai san xuat tinh bot san giam 89,4% ham
luong SS (Son va ctv., 2020), 71,92% SS trong nudc
ri rac (Hoang va ctv., 2017), va giam chi 50,9% dbi
v6i nudc thai ché bién thay san (Mai, 2014). Tuy
nhién, hiéu suat xir Iy SS cua nghién ciru nay cao
hon hiéu suét 91,3% khi sir dung quy trinh keo tu
tao bong dé xir Iy nwdc thai myc in (Viét va ctv.,
2017a).

Nuéc thai dau vao ciia nha may in ¢6 nong do
Cu va Zn lan luot 0,7 mg/L va 5,36 mg/L, sau khi
xur Iy bang phuong phap KTDH khong phét hién Cu
va Zn (hiéu suat xar 1y 100%). So sanh véi nghién
ctu st dung KTPH xtr 1y nuéc thai luyén kim caa
Khué (2014), hiéu sudt xir Iy Cu va Zn chi dat 99,26
- 99,78%. Nong d6 Cu va Zn giam do qué trinh khtr
dién phan nudc tao thanh cac gbc OH két hop véi
cac kim loai nang tao thanh cac hydroxid kim loai
két tia bam vao cac bong can. Thém vao do, cac ion
kim loai co dién tich duong s& di chuyén vé cuc 4m
va bam trén bé mat cac dién cuc 4m (gidng nhu co
ché ctia qua trinh xi, ma kim loai) 1am giam nong do
cac kim loai nay. Ngoai ra, cac ion kim loai con c6
thé bi hap phu vao két tia AI(OH); tao ra tir qua trinh
keo tu dién hoa.

Nong d6 COD trong nudc thai giam kha nhiéu
tir 1.676,67 mg/L trong nudc thai diu vao xubng con
125,33 mg/L (hiéu suat xir Iy 92,52%), dat loai B
theo quy chuan xa thai. Hiéu suat nay cao hon cac
nghién ciru twong tu chi sir dung quy trinh keo tu voi
hoa chat 1a PFC dat 92,1%, FeCls dat 88,75% (Zhao
et al., 2005), PAC dat 77,3% (Viét va ctv., 2017a)
va tir 54,8 dén 61,8% (Tapas et al., 2003), PAC va
PAM chi dat 50% (Sun et al., 2005). Néu chi ap
dung riéng xur 1y dién hoa, hiéu suat loai bo COD
trong nudce thai myc in ciing dugc ghi nhan thap dat
50% cho dién cuc sit va 47% cho dién cuc 4m sét
va dién cuc duong nhom (Ding et al., 2011; Li,
2007). Tuy nhién, véi cung quy trinh KTPH, Huong
(2009) da ghi nhan hiéu suat xir Iy COD thap hon
dat 86,92% cho nudc thai dét nhudom, 78,5% cho
nudéc thai ché bién thiy san (Mai, 2014), va chi dat
55,1% cho nudc ri rac (Hoang va ctv., 2017).

Hi¢u suat loai bo BODs khé cao dat 90,11%;
BODs ctia nudc thai dau vao giam tir 1.275 + 64,00
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mg/L xudng con 64 + 6,56 mg/L, cao hon quy chuan
xa thai. Sau xir Iy KTPH, ti sé BODs/COD = 64 :
125 =~ 0,51, thuén lgi cho cong doan xtr 1y sinh hoc
sau d6 (Nhan & Nga, 2002). Hiéu suit xir 1y cua
nghién ctru nay cao hon gia tri 79,7% khi cung ap
dung quy trinh KTDH dé xur Iy nudc thai ché bién
thuy san (Mai, 2014) va 33,04% cho nudc ri rac
(Hoang va ctv., 2017).

Nong d6 TKN sau KTPH giam nhiéu tir 35,16
mg/L con 3,42 mg/L, hiéu sut xir Iy dat 90,27% cao
hon hiéu suit 72,3% cua nudc thai ché bién thiy san
(Mai, 2014) va 11,9% cua nuoc ri rac (Hoang va
ctv., 2017). Hiéu suét loai bo ni-to cao do ni-to nam
trong cac hop chit dang rin bi loai bo theo qué trinh
loai bo cac chat rin lo limg, con ni-to & dang cac ion
NH,* hay NO3™ ciing bi hap phu vao cac bong cin va
bi loai bo theo no. Thong sé TKN trong nudc thai
sau KTPH di dat tiéu chuan xa thai theo quy dinh.

Nong do6 TP trusc KTPH la 8,73 mg/L, sau
KTPH con 0,58 mg/L, dat hiéu suat 93,35% cao hon
nhiéu so véi nghién ctru trén nudc ri rac dat 68,41%
(Hoang va ctv., 2017) va nudc thai thuy san 32,4%
(Mai, 2014). Hiéu qua xu ly ph(‘)t—phob kha cao do
qué trinh dién héa tao cac phan tmg dé hinh thanh
AIPO, két tua. Cac két tua nay s& bam vao cac bong
can va sau do6 bi loai bé boi qua trinh tuyén noi.
Thong sb TP trong nudc thai sau KTPH dat tiéu
chudn xa thai theo quy dinh.

Trong ngh1en ctru nay, ty 16 BODs : N : P cua
nude thai dau ra 13 64 3,42:0,58~100:5,3:0,9,
twong duong vai ty 1€ 100 : 5 : 1 nén du dam bao
dudng chat cho cac hoat ddng cua vi sinh vét & cong
doan xir Iy sinh hoc tiép theo.

Xét vé tinh kinh té, luong dién ning tiéu thu cho
qua trinh KTPH 1a 1,71 W/L, véi gia ban dién binh
quén cho co s& san xuat 1a 1.500 dong/kWh thi chi
phi dién nang tiéu thy cho qua trinh KTPH 14 2.565
ddéng/m? nudc thai. Dlen cuc nhém tiéu ton vao
khoang 23,71 g trén 1 m® nudc thai xu 1y, gia nhém
phé liéu 1a 25.000 ddng/kg, chi phi cho viéc thay
dién cuc 1a 529,75 dong/m? nuée thai. Vay tong chi
phi cho KTPH 14 3.094,75 dong/m? nuéc thai.

4. KET LUAN VA KIEN NGHI

Két qua thi nghiém theo quy mé phong thi
nghiém cho thay bé KTPH co thé xir 1y so bo nuéc
thai nha may in véi cac thong sb van hanh nhu sau:
goc nghiéng dién cuc 45° (so v&i phuong ngang),
mat do dong dién 240 A/m? (tng voi dién tich ban
dién cuc 500 cm?), khodng cach dién cuc 1 cm, thoi
gian luu nude 30 phit va hiéu dién thé 12 V.
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V6i nuée thai nha may in c6 tinh chét tuong tu
nudéce thai cia thi nghiém nay, cac théng sd van hanh
dugc st dung da xac dinh mo hinh bé KTDH c6 thé
xir Iy mau, SS, COD, BODs, TKN, TP dat hi¢u suat
lan Tugt 12 96,27%, 95,30%, 92,52%, 94,98%,
90,27%, 93,35% va g?m nhu 100% ham lugng kim
loai nang (Cu va Zn) trong nudc thai. Nudc thai sau
xir Iy ¢6 ham lwgng DO ting cao hd trg tot cho cong
doan xir Iy sinh hoc tiép theo.

TAI LIEU THAM KHAO

Chen, X. (2010). Study on treatment technology of
ink wastewater in printed circuit board
manufacturing process. Environ. Sci. Technol.
23(1) 30-32.

Ding, L., Chen, Y., & Fan, J. (2011). An overview
of the treatment of print ink wastewaters. Journal
of Environmental Chemistry & Ecotoxicology
3(10) 272-276. Truy cap tai trang web
https://academicjournals.org/journal/JECE/article
-full-text-pdf/74 3C63A2007, ngay 18/2/2023.

Dung, N. N. (1999). Xi Iy muréc cdp. NXB Xay dung.

Hoang, N. X., Trang, L. D. T., Trac, N. T. T. T., &
Viét, L. H. (2017). Tién xt 1y nudc ri rac bing
keo tu dién hoa két hop fenton-6zon. Tap chi
Khoa hoc Truong Pai hoc Cdn Tho. S6 chuyén
dé M6i trieong va Bién déi khi hu 1: 153-161.
https://doi.org/10.22144/ctu.jsi.2017.042

Holt, P. K., Barton, G. W, & Mitchell, C. A. (2004). The

future for electrocoagulation as a localized water
treatment technology. Chemosphere 59, 355-367.
https://doi.org/10.1016/j.chemosphere.2004.10.023

Huong, N. T. (2009). Hi¢u qua xir ly nudc thai dét
nhudm cua hai phuong phap dong tu dién hoa va
oxi hoa bang hop chit fenton. Tap chi Khoa hoc
va Céng nghé Pai hoc Pa Ning 6(35) 102-106.

Khué, V. A. (2014). Nghién ctru phuong phap keo tu
dién hoa két hop véi vi dién hoa dé xir 1y cac ion
kim loai nang va florua trong nudc thai. Tap chi
Khoa hoc va Céng nghé Pai hoc Pa Nang 7(80)
15-18.

Klan¢nik, K. (2014). Coagulation and adsorption
treatmentof priting ink wastewater. ACTA
Graphica 25(3-4) 73-82.

Kuokkanen, V., Kuokkanen, T., Rimo, J., & Lassi,
U. (2013). Recent applications of electro-
coagulation in treatment of water and wastewater
- A review. Green and Sustainable Chemistry 3:
89-121.
https://doi.org/10.4236/gsc.2013.32013

Li, Y., Cheng, J., Shi, W., & Wang, C. (2007).
Printing-ink and environmental protection. J.

132

Tdp 59, S0 Chuyén d@é: Moi truong va Bién doi khi hdu (2023): 123-133

Can tiép tyc tién hanh nghién ctru danh gia hiéu
qua loai bo chat 6 nhiém ciia nuéc thai nha may in
bang phuwong phép keo tu dién héa vé6i cac loai dién
cuc khac nhau.

LOI CAM TA

Cac thi nghiém trong nghién cttu thuc hién bai
nhom sinh vién Pham Nguyén Xuan Nguyén, Tran
Thi Kiéu Oanh - 16p K§ thuat Méi truong Khoa 39,
Truong Pai hoc Can Tho. Nhom tac gia Xin cam on
su hd trg nay.

Xi’an University of Arts Sci. (Natural Science
Edition), 10(2) 111-114.

Liang, W., & Liang, J. (2005). Studies on the
treatment of ink wastewater. Environment z1:
83-85.

Ma, X. J., & Xia, H. L. (2009). Treatment of water-
based printing ink wastewater by Fenton process
combined with coagulation. J. Hazard. Mat. 162:
386-390.
https://doi.org/10.1016/j.jhazmat.2008.05.068

Mai, L. T. P. (2014). Nghién ciru xur Iy} nuoc thai
thay san bang phwong phap keo tu - tuyéen noi
dién héa (Ludn van Thac si nganh Cong ngh¢
Héa hoc). Pai hoc Ba Nang.

Metes, A., Kovacevic, D., Vujevic, D., & Vujevic, D.
(2004). The role of zeolites in wastewater treatment
of printing inks. Water Res. 38: 3373-3381.
https://doi.org/10.1016/j.watres.2004.04.012

Nhan, T. V., & Nga, N. T. (2002). Gido trinh céng
nghé xir Iy nudc thai. NXB Khoa hoc va k¥ thuat

Nhué, T. H. (2001). Gido trinh thodt nuwcée va xue 1y nudc
thdi cong nghiép. NXB Khoa hoc va ky thuat.

Son, T. M., Loc, B. T. T., & Hang, H. T. M. (2020).
X Iy nudc thai san xuét tinh bot sin bang qué
trinh keo tu dién héa. Tap chi Khoa hoc va Cong
nghé. Truong Pai hoc Khoa hoc, Pai hoc Hué
17(2) 233-243.

Sun, L., Miao, Q., & Liu, Z. (2005). Experimental
study on pretreatment of package printing
wastewater by coagulation precipitation
technology. Water Resources Protection 21(1)
75-78.

Tapas, N., Sunita, S., Pathe, P., & Kaul, S. (2003).
Pre-treatment of currency printing ink waste-
water through coagulation-flocculation process.
Water, Air Soil Pollut. 148: 15-30.
https://doi.org/10.1023/A:1025454003863

Tuén, B. (2011). Nghién ciu xir Iy nueoc thdi det
nhugm bang phuwong phdp keo tu - tuyén néi dién
héa véi anode hoa tan nhém, sdt (Luan van Thac
sT nganh Cong nghé Héa hoc). Pai hoc Pa Nang.



Tap chi Khoa hoc Trirong Pai hoc Can Tho

Viét, L. H., Binh, T. P., Hau, M. T., & Ngén, N. V.
C. (2017a). Khao sat mot s6 thong s6 van hanh
quy trinh keo ty - tao bong két hop fenton xir Iy
nudc thai nha may in. Tap chi khoa hoc Truong
Bai hoc Can Tho. S6 chuyén dé Moi truong va
Bién doi khi hdu 1: 162-172.
https://doi.org/10.22144/ctu.jsi.2017.043

Viét, L. H, Mai, D. T. N., Phuong, B. T. & N. V. C.
(2015). Panh gi4 higu qua tuyén ndi dién hoa
nudc thai ché bién ca da tron. Tap chi khoa hoc
Trirong Pai hoc Cdn Tho 39a: 83-89.

Viét, L. H., & Ngan, N. V. C. (2015). Gido trinh Vi
sinh vt kj? thugr méi trirong. NXB Dai hoc Can
Tho.

Viét, L. H., Uyén, T. T., Dtic, N. V., & Ngan, N. V.

C. (2017b). Két hop keo tu hoa hoc véi tuyén ndi

dién hoa xir Iy so cap nuéc thai san xuit mia
duong. Tap chi khoa hoc Truong Dai hoc Can

133

Tdp 59, S0 Chuyén d@é: Moi truong va Bién doi khi hdu (2023): 123-133

Tho 50A: 66-76.
https://doi.org/10.22144/ctu.jvn.2017.068

Wu, D., Luo, Y., Fu, W., & Wu, Z. (2002). Study on
treatment of printing ink wastewater and its
effect on the water’s chroma by coagulation
method. Environ. Protection Sci. 28(113) 16-19.

Zhang, G., Shen, Y., Li, W., & Zhu, X. (2010).
Preparation of PAMAM-modified zeolite and
application in wastewater treatment of printing
ink. Leather Chem. 27(1) 36-39.

Zhang, Y., Shi, H., & Qian, Y. (2003). Biological
treatment of printing ink wastewater. Water Sci.
Technol. 47(1) 271-276.
https://doi.org/10.2166/wst.2003.0066

Zhao, T., Hu, S., & Zhou, D. (2005). Coagulation

process for treating wastewater containing water-
based ink. Environ. Sci. Technol. 28(3) 93-95.



