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ABSTRACT

Manganese (Mn**) contamination in domestic water in Vietnam
exceeds permissible limits, posing negative impacts on public health.
This study aims to evaluate the effectiveness of Mn** removal using
filtration, combined with the oxidative support of NaCIO. Experiments
were conducted on a laboratory-scale filter column using synthetic
Mn?*-contaminated water and three filter media: quartz sand,
manganese sand, and zeolite. Investigated parameters included initial
Mn?* concentration (5 — 25 mg/L), NaCIO concentration and volume
(2 —10 mg/L, 2 — 10 mL), reaction time (1 — 8 hours), at pH 7 + 0.2
and temperature ~25°C. Mn** concentration was analyzed according
to TCVN 6002:1995 using a colorimetric method with formaldoxime.
Results showed that zeolite had the highest removal efficiency (97.7%
without NaClO; 99.8% with NaClO) due to its catalytic formation of
MnO, on the surface. Post-treatment Mn’* concentrations were below
0.1 mg/L, meeting QCVN 01-1:2018/BYT standards. NaClO
contributed to enhanced treatment efficiency, affirming its practical
potential in domestic water treatment systems.

Keywords: Filtration material, manganese, Sodium hypochlorite
water treatment, zeolite
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1. GIOI THIEU

Tai nguyén nudc dong vai tro quan trong phat
trién kinh té va xa hoi va nudc sach 1a nhu ciu co
ban vé moi truong va xa hoi dugc quy dinh trong
cic muyc tidu phat trién cua Lién Hop Qudc
(Alexakis, 2021; Hiilsmann et al., 2019). Tuy nhién,
6 nhiém nudc ngay cang gia ting do cac hoat dong
cong nghiép, sinh hoat va néng nghiép, trong d6 6
nhlem mangan (Mn?") trong nudc mit va nudc
ngdm xuat phat tir nuée thai chua qua xur Iy hoac
khong dat chuin méi truong 1a mot vin d& nghiém
trong. Theo nghién cuu cua Agusa et al. (2005),
trong 25 méau nudc giéng tai hai huyén ngoai 6 Ha
Noi, c6 dén 76% mau co néng d6 Mn?* vuot ngudng
khuyén cao ciia WHO (0,4 mg/L), v&i gia tri trung
vi trén 1 mg/L. Tai tinh Ha Nam, hon 70% trong 66
mau nude ngam thu thap dugc vugt quy chuan Viét
Nam (0,3 mg/L). Tinh trang 6 nhiém con nghiém
trong hon tai dong bang song Mé Kong, voi 74%
trong 404 mau nudc & bon tinh khao sat trong giai
doan 2007 — 2008 c6 ndng dd Mn>* trén 0,05 mg/L,
tham chi ¢6 miu 1én dén 14 mg/L. Tai An Giang va
Ddng Thap, ty 16 mau khong dat chudn vé Mn2* 1a
93% (Hoang et al., 2010).

Két qua cac nghién ctru gan day cung cho thay
ham luong Mn?" trong nudc mat & dong bang séng
Cuu Long c6 thé dat t6i 1,6597 mg/L, vuot xa tiéu
chudn QCVN 01-1:2018/BYT (0,1 mg/L) va WHO
(0,4 mg/L) cho nuéc ubng (Wilbers et al., 2014).
Ngoai ra, mirc do 6 nhiém Mn?* ciing dugc ghi nhan
o song Bén Lurc (0,14 — 0,28 mg/L) (Thieu et al.,
2022) va trong nudc ngém tai Ha Noi (Le, 2019).

Néng dd Mn** cao trong nude udng c6 thé gay
tac dong tiéu cuc dén strc khoe con ngudi néu khong
duoc xtr Iy hidu qua. Cu thé, ndng d6 Mn?* vurot trén
100 pg/L ¢6 thé anh huéng xdu dén hé thn kinh
hodc gay ra cac rdi loan nhu ting dong, giam tap
trung & tré em (Dion et al., 2016; Schullehner et al.,
2020; Eaton 2024).

Hién nay, c6 nhiéu phuong phap xu Iy Mn**
trong nude duge ap dung, bao gom két tiia hoa hoc,
oxy hoa, trao d6i ion, sinh hoc, hdp phu va loc
(Nkele et al., 2022). Trong do, phuong phép loc da
ching minh hiéu qua cao véi ty 1¢ loai bo Mn?* dat
trén 95% & pH 7 — 7,3 ma khong can sir dung tac
nhan héa hoc (Pacini et al., 2005). O mot s6 nghién
ctru, vat liéu loc cat/antraxit phu oxit mangan dugc
st dung va cho théy hiéu suét loai b6 Mn?* dat hon
91% khi pH > 9 (Piispanen & Sallanko, 2010). Tuy
nhién, trén thuce té cac quy trinh thong thuong duge
st dung chu yéu tap trung trong viéc loai bo cac hat,
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chat ran lo limg, vi sinh vat. Két qua 1a cac quy trinh
xu 1y thong thudng kha kém hi¢u qua trong viéc loai
b6 céc chat 6 nhiém Mn?* (dac biét 1 phirc hop Mn?*
hitu co) khdi nude (Jiang et al., 2023).

Trong cac cong nghé xir Iy hién nay, tién oxy hoa
la phuong phap phd bién giup chuyen hoéa Mn?
thanh MnOx khong hoa tan dé loai bo dé dang hon
(Knocke et al., 1988). Cac thudc thir oxy hoa thuong
dugce st dung bao gom thude tim (tc 1a KMnO4 va
mubi hop chét cua no), clo dioxide, clo ty do va
ozone. Pac biét, qua trinh tién oxy hoéa dua trén Clo
(vi du: clo long, clo dioxide, natri hypochlorite)
ngdy cang duoc quan tdm nhu mot phuong phap tién
xtr 1y ré tién, hiéu qua cao va dé& thyc hién. Két qua
& nhiéu nghién ciru cho thy viéc bd sung chit oxy
hoa clo giup thiic ddy su hinh thanh mang MnOx trén
bé mit loc cat tao diéu kién thuan loi cho qua trinh
oxy héa xtc tac Mn?" thanh MnO, khong hoa tan,
g6p phan dy nhanh kha ning loai b6 mangan trong
cat loc va dat duogc hiéu qua loai bo cao hon (Li et
al., 2020; Tang et al., 2021). Viéc bd sung clo trudc
qua trinh loc gitip hinh thanh 16p MnOx trén bé mat
vat liéu loc, thic déy qua trinh oxy hoa xuc tac Mn2*
thanh MnO, khong hoa tan, tir d6 nang cao hi¢u suét
loai bé mangan (Yang et al., 2021).

Mic du phuong phap oxy hoa bang clo mang lai
nhiéu lgi ich, nhung tdc d6 phan tng thuong cham
(Pankow & Morgan, 1981). Ngoai ra, cac chat hitu
co trong nudc c6 thé tao phirc voi an*, lam gidam
hiéu suat oxy hoa va tang lugng clo tiéu thu so véi
Iy thuyét (Li et al., 2019). Bén canh do, trong qué
trinh oxy héa Clo lién quan dén qué trinh loai bo
mangan, lugng Clo du ¢ thé phan tng véi cac hop
chat hitu co va tao ra nhiéu san pham phu khtr tring
(trichloromethane, axit haloacetic, clorit, clorat,
v.v.) tir d6 ¢6 thé 1am ting nguy co tiém 4n ('101 voi
strc khoe con ngudi. Tuy nhién, khi MnOx ton tai
trén bé mat vat liéu loc, toc do oxy hoa mangan boi
chat oxy hoa Clo sé tang theo cap s6 nhan. Cac hop
chit mangan gin trén bé mit cua vat liéu loc bién
tinh c6 tac dung xuc tac d6i véi qua trinh oxy hoa
mangan bang chat oxy hoa Clo. Do d6, viéc kiém
soat hiéu qua liéu luong Clo va ting cudng loai bo
mangan béng vat liéu loc da trd thanh véan dé then
chét ciia cong nghé nay (Knocke et al., 1991).

Ngoai qué trinh oxy héa, cac yéu t6 khac nhu
loai vat liéu loc, cdu tric 16p vat liéu va tdc do loc
cling anh huéng dén hiéu qua loai bé Mn?". Zeolite
tu nhién 1a mot vat liéu loc tiém nang nho trit lugng
doi dao, chi phi thdp va kha ning trao ddi ion tdt
(Adam et al., 2018). Do do, nghién ctru nay duoc
thuc hién tap trung vao viéc danh gia kha nang xu ly
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mangan trong nuéc bang vt liéu loc c6 bd sung
NaClO. Véi phuong phép ché tao don gian, vét liéu
ré tién di duoc st dung nhung hiéu qua cao, két qua
nghién ctru nay hudng dén tng dung thyc tién trong
tuong lai.

2. VAT LIEU VA PHUONG PHAP
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dya trén co so tham khao cau hinh tir nghién ctru ctia
Jiang et al. (2023), dong thoi diéu chinh cho phu hop
voi diéu kién va muyc ti€u thi nghi€ém. Cac thong $6
kich thugc chinh ctia mé hinh dugc trinh bay chi tiét
trong Bang 1.

Bang 1. Thong sb kich thwéc mé hinh thi nghi¢m

2.1. Pic diém cia nguﬁn nuéc duge st dung STT Thong 0 Kich thuéc
Nuée nhiém Mn?* nhan tao trong nghién ctru ndy 1 Chicu dai 61‘1g chira nuée dau 50
duoc chuan bi bang cach cho mot lugng thich hop o vao(em)
MnCl,.4H,0 dugc thém vao nudc cat dé mo phong 2 Dudng kinh 6ng dau vao (cm) 20
nudc bi nhiém Mn?* va d6 pH duogc diéu chinh bang 3 Chicu dai 6ng chira nuée dau 50
H>SO4 va NaOH trong nghién clru nay. vao (cm)
2 . A . 4 Duong kinh 6 dng dau vao (cm) 8
-2. Mo hinh thi nghi¢m 5 Chiéu dai dng chita nudc dau 40
Céc thi nghiém duoc thyc hién trén mo hinh ¢t ra ,(Cfn) .
loc quy mo phong thi nghiém, duoc ché tao tir vt 6 Du(‘.)“ng kinh ong dél_l ra (cm) 8
liéu nhya acrylic nham dam bao tinh bén co hoc va 7 Chiu cao 16p vat liéu (cm) 45
kha ning quan sat trong qué trinh van hanh. Viéc 8 Thé tich vén hanh (L) 1,5
thiet ké mo hinh dugc nhom nghién ctru xay dung
Béng 2. Thong s6 bd tri thi nghi¢m
, . PR Thoi gian Cracio
Thi nghi¢ém Vat liéu (gio) C 2+ (mg/L) (mg/L) Vyacio (mL)
Cat thach anh,
Xac dinh vt liéu lgc cat mangan, 8 5,10, 15 - -
zeolite
Xdc dinh thot gian Zeolite 1,2,4,6,8 10 5 10
phén ing
Xac dinh nong do . 5,10, 15, 20,
Mn2* Zeolite 2 25 5 10
Xic dinh nong do .
NaClO Zeolite 2 10 2,4,6,8,10 10
Xac dinh thé tich .
NaClO Zeolite 2 10 6 2,4,6,8,10
Panh gia hiéu qua Cét thach anh,
NaClO Ién ca ba cat mangan, 2 10 6 6
loai vt liéu zeolite

M6 hinh dugc thiét ké dé xtr Iy nude nhidm Mn?*
dugc thé hién trén Hinh 1. M6 hinh bao gdm bé chira
nude dau vao (1), ba cét loc (5, 6, 7), ba cdt chira
nude sau xu 1y (8, 9, 10), ba hé théng bom 4p suat
(2, 3,4) va cac 6ng nhya déo dan nudc. Nude nhiém
Mn?* d duoc chuan bi dugc cho vao (1) sau d6 nude
dugc bom tir (1) vao cac cot chira vat liéu loc gdm
cat thach anh (5), cat mangan (6), zeolite (7). Qua
trinh loc dugc dién ra lién tuc trong khoang thoi gian
tir 2 dén 8 gio, sau thoi gian phan tmg nudc tir cac
¢t dugc cho chay tur do vao cac ¢t chira nude sau
xtr 1y trong tng (5) vao (8), (6) vao (9), (7) vao (10).
Nudc dugc thu va mang di phan tich tir d6 danh gia
duoc kha nang xir Iy Mn?" cua ba loai vat liéu loc.
Van toc loc trong cOt 1a 0,8 mL/phut. Tai nap thiuy
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lyc (HLR) uwéc tinh 1a 9,55 L/m*h. Sau mdi qua
trinh thyc hién thi nghiém, c6t loc dugce rira véi
cuong do nude 9 — 11 L/m?.s duge xtr 1y trong 15
phut. Viéc thuc hién thi nghiém danh gia kha nang
hd trg ciia chit oxy hoa NaClO duoc dua tryc tiép
vao cot loc (5, 6, 7) dé lam cho NaClO hoan toan
ddng nhat trong nudc trong qué trinh loc.

Mau sau khi thu duoc loc qua gidy loc dé loai bo
cac hat vat li¢u con trong nudc. Viéc phén tich mau
dugc thuc hién bang cach dong 50 mL nude sau xur
1y, cho 225 + 25 mg chét oxy héa K»S,0s vao mau
va cho dun & nhiét do 120°C dé tao nén céc mangan
dioxit (MnO,) nhiam kiém tra xem con ion Mn2*
trong nudc khong. Sau khi dun xong, mau duoc dua
ra ngoai — dé ngudi, mau dugc tiép tuc dong lai du
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50 mL bang nudc cét trong binh dinh mic. Cudi
cung, 0,5 g chit khir Na,SOs duoce cho vao thém dé
khir hét cac Mn*" vé Mn?*. MAu da chuén bi bang
may do quang phd UV VIS V-730 JASCO dugc

MnChL4H,0
A 4
=
—
= sCatthacnann | Catmangan | Zeolie
Bé chira nréc °
trwrre xi¥ Iy (1)
May bom 3 (4) %
(®)
L] —r
May bom 2 (3)
My B
May bom 1 (2)

Hoan lwu nwéc oot
cat thach anh

Hoan lwu nwéc
cit cét Mangan

Hoan luvu
nwérc cot
Zeolite

sau x Iy
cét thach anh

sau xir i

cat mangan zedlite

Cét chika néc Bé chia nudc B chira nude
sau xir Iy
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phan tich theo phuong phép fomaldoxim (TCXV
6002:1995). Céch bb tri thi nghiém dugc trinh bay
trong Bang 2, mbi nghiém thirc dugc lap lai 3 lan va
dugc theo ddi & diéu kién phong thi nghiém.

m

Hinh 1. Bin vé& ciia md hinh (trii) va mé hinh thyc té (phai) trong nghién ctru

2.3. Phan tich va xir 1y s6 liéu

Phuong phéap thu thap, phan tich miu dugc dya
theo TCVN 6002:1995 (ISO 6333:1986): Tiéu
chudn Viét Nam vé chét luong nudec — xac dinh
mangan — phuong phip tric quang dung
Fomaldoxin.

Céc s6 liéu dugc thu thap va tong hop trén Excel.

Phan mém SPSS dugc ding dé phén tich phuong
sai ANOVA, kiém dinh DUNCAN d¢ so sanh cac
gia tri trung binh ¢ d¢ tin cay 95% gitlta cac nghiém
thirc. S6 liéu dugc kiém tra phan phdi chuan va déng
nhit phuong sai truéc khi phan tich ANOVA.

3. KET QUA VA THAO LUAN
3.1. Hiéu sudt xir Iy Mn?* ciia cac vat liéu loc

Thi nghiém dugc tién hanh nham d4nh gia hiéu
suét xir 1y Mn?" ctia ba loai vt liéu loc, bao gém cat
thach anh, cat mangan va zeolite. Két qua thi nghiém
dugc trinh bay trong Hinh 2.

Két qua thu dugc cho thdy zeolite ¢6 hiéu sudt
xur Iy Mn?* cao hon so voi hai loai vat liéu con lai
trong ca ba mirc néng d6 thi nghiém. Cu thé, tai
ndng d6 Mn2* ban dau 5 mg/L, hiéu suit xir 1y cua
zeolite dat 97,7%, cao hon so voi cat thach anh
(96,5%) va cat mangan (93,2%). Khi néng do Mn?*
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tang 1én 10 mg/L, hiéu sut xir Iy cua ca ba vat liéu
déu tang, trong dé zeolite van dat hiéu qua cao nhét
(98,7%), tiép theo 1a cat thach anh (97,7%) va cat
mangan (96,1%). O mirc nf‘)ng d6 Mn?* cao nhét (15
mg/L), hiéu sudt xir Iy cua cat thach anh va cat
mangan c6 xu huéng giam xudng con 97,5% va
95%, trong khi zeolite van duy tri higu suét cao hon
v6i 98,8%.

100 b ¢ a b ¢ a
= ] a T4 fr]
= SSIPI Y 'y SR IPINY
X 80 A BOrS Ff}ﬁ . BOrS %}}}
= BOrS Ff}ﬁ . BOrS %}}}
2 SISIPy Y 'y SR IPeN Y
= 60 4 By Ff}ﬁ e B %}}}
z ke 9 S
& SISIPy Y 'y S
= 40 By Ff}ﬁ . BOrS %}}}
z ke 9 S
- RN Py ’ Ry Py
= 20 1[5 feks y R
By Ff}ﬁ . 1 %}};
0 e P s e DO P

5 10 15

Nong d) Mn?* (mg/L)

OCat thachanh  OCat Mangan Zeolite

Hinh 2. Hi¢u qua loai b6 Mn**ciia ba loai vat
liéu loc: cat thach anh, cat mangan, zeolite

Ghi chii: S6 liéu trinh bay ld gid tri trung binh + sai s6
chudn, n = 6. Nhitng gid tri trong ciing mét cét ¢6 ki tir
(a, b, ¢) khdic nhau thi khdc biét ¢6 y nghia thong ké ¢
miurc p= 5%.



Tap chi Khoa hoc Dai hoc Can Tho

Két qua phan tich théng ké cho thiy hiéu suit xir
1y ctia zeolite khac biét c6 ¥ nghia thong ké so véi
hai vt li¢u con lai (p < 0,05). Sau qué trinh lgc, néng
dd Mn?" con lai trong nudc khi st dung zeolite 1a
0,14 mg/L, tuong ng v&i hidu suét xir 1y cao nhét
(98,4%). Hiéu suét xir ly ndi bat cua zeolite ¢o thé
dugc giai thich boi dic tinh cdu tric x6p va kha niang
trao d6i cation manh, gitip hip phu hiéu qua cac ion
kim loai trong nude. Vi dién tich bé mat 16n va mat
d6 16 rdng cao, zeolite c6 kha ning thu giit cac chat
6 nhiém & néng d0 cao hon so voi cac vat liéu loc
khéac (Hamidpour et al., 2010).

Tom lai, két qua thi nghiém ¢ cac diéu kién nong
d6 Mn?" khac nhau di chirng minh duoc vat liéu loc
zeolite dat hiéu qua cao nhét so véi cat thach anh va
cat mangan. Do d6, zeolite dugc chon lam vat liéu
loc cho cac thi nghiém tiép theo.

3.2. Anh huéng ciia yéu t6 thoi gian dén higu

suat xir Iy ciia Mn?*

Thi nghiém nay dugc thyc hién nhim xé4c dinh
thoi gian phan Gng t6i wu khi hip phy Mn>* bang
zeolit, voi va khong bd sung NaClO (5 mg/L, 10
mL), & ndng d6 Mn?* dau vao 5 mg/L — twong tmg
véi mic 6 nhiém trong nudc mit tai Viét Nam
(Wilbers et al., 2014). Két qua dugc trinh bay trong
Hinh 3.

Két qua thi nghiém cho thiy, mau nudc bd sung
NaClO c6 hiéu suét xir Iy Mn?* cao trong giai doan
dau nhung giam déan theo thoi gian. Nguoc lai, mau
khong b6 sung NaClO c6 hiéu suét xir 1y thp ban
dau nhung tang dan theo thoi gian phan mg. Cu thé,
dbi voi mau nude b6 sung NaClO, hiéu suét xir 1y
Mn?* dat t6i da (99,4% - 99,7%) trong 4 gi dau tién.
Tuy nhién, sau 6 gio, nong d6 Mn?* trong nudc bét
dau gia tang trd lai, dan dén higu suat xir I suy giam
(dat 95,6% tai thoi diém 8 gid). Hién tugng ndy co
thé do vat liéu hap phu bit dau bio hoa hoic do su
hoa tron cua cac hat MnOy vao dong nudc. Tuy
nhién, két qua thi nghiém da ching minh rang viéc
bd sung NaClO gilip néng cao hiéu qua xu ly Mn?*
trong thoi gian ngin, day 1a yéu td quan trong trong
phuong phap loc nhanh. Nguoc lai, mau khong bo
sung NaClO cho thay xu huéng higu suét tang dan
theo thoi gian phan mg. Hiéu suat xir 1y ting tir
77,1% 1én 97,4%, ddng thoi nong d6 Mn?* trong
nude giam tir 1,10 mg/L xuéng 0,13 mg/L. Dac biét,
trong khoang 1 dén 2 gio, hiéu suat xir Iy ting nhanh
tir 77,1% 1én 87,3%. Két qua phan tich thong ké cho
thdy, mau b6 sung NaClO va miu khong bd sung
NaClO c¢6 su khac biét c6 ¥ nghia thong ké trong
khoang 1 - 4 gi¢ (p = 0,05). Tuy nhién, trong khoang
6 - 8 gio, nong dd Mn>* con lai trong hai truong hop
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c6 xu huéng tuong déng. Theo Jiang et al (2023),
viéc bd sung NaClO gitp ddy nhanh qua trinh oxy
hoa Mn?* thanh MnOx khong hoa tan, tir d6 gitp gia
ting hiéu qua xir Iy Mn** trong nudc (Jiang et al.,
2023).
100 1

(o]
(=]
1

D
(=]
1

I
S
N

—— MAu khéng dugc bd sung NaClO
- -® - Méiu duogc bd sung NaClO

Hiéu suat xir Iy (%)

[
S
"

1 2 3 4 6 8
Thoi gian phan tmg (gio)

Hinh 3. Anh huéng ciia thoi gian dén hiéu qua
loai b6 Mn?*

Ghi chii: S6 liéu trinh bay la gid tri trung binh + sai s6
chudn, n = 6. Nhiing gid tri trong cting mot cét c6 ki tw
(a,a’, b, b’, c, c’) khdac nhau thi khdc biét co y nghia
thong ké 6 mikc p = 5%.

Tom lai, két qua nghién ctu chi ra rang hai
phuong phéap xir Iy Mn?* sir dung zeolite khong bo
sung NaClO va zeolite b6 sung NaClO c6 xu huéng
hiéu suit khac nhau. Tuy nhién, xét trén yéu t6 thoi
gian phan ung t6i vu cho phuong phap loc nhanh,
thoi diém 2 gio duoc xac dinh la t6i uu, voi hiéu suat
xir 1y dat 99,6% dbi véi mau bd sung NaClO va
87,3% dbi véi mau khong bo sung NaClO.

3.3. Anh hwéng cia nong do Mn>* dén hiéu

suét xir Iy ciia vat liéu loc

Thi nghiém 1 di dwoc tién hanh nhim khao sat
kha nang hép phu Mn?" ciia zeolite trong diéu kién
c6 va khong co bd sung NaClO, tai cac néng do 5,
10, 15, 20, 25 mg Mn?*/L. Két qua thi nghiém dwoc
trinh bay trong Hinh 4.

Két qua thi nghiém (Hinh 4) cho thiy mau nuéc
bd sung NaClO dat hiéu suét xtr Iy Mn?* cao & hai
nong d6 dau tién nhung c6 xu hudng giam dan khi
nong d6 Mn?* tang. Trong khi d6, mau khong bd
sung NaClO duy tri hiéu suét héip phu 6n dinh & bén
ndng d6 dau, nhung giam manh & ndng d6 cao nhét.

Trong trudng hop bd sung NaClO, hiéu suit xir
Iy Mn?" dat cao nhét tai néng d6 5 mg/L va 10 mg/L,
lan lugt 12 99,2% va 99%, tuong tmg véi khdi lugng
Mn?" dugc loai bo 1a 4,79 mg/L va 9,56 mg/L. Tuy
nhién, khi néng d6 Mn?* ting Ién (15, 20, 25 mg/L),
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hiéu suét giam dan xudng 97,9%, 97,5% va 97,4%,
v6i ndng do Mn** con lai tuong tmg 13 0,32 mg/L,
0,49 mg/L va 0,63 mg/L. Hién tugng giam hiéu sudt
nay c6 thé do ty 1& Cnacio: Cpp2+ khi NaClO du thira
d6i véi Mn?* dan dén tac dong oxy héa khong dong
nhét va gay tinh trang du lugng clo trong nude.
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Nbng d6 Mn?* dau vio (mg/L)
Hinh 4. Tac dong ciia ndng dop Mn>* dén hiéu
qua loai b6 Mn?" ctia vat liéu loc
Ghi chii: S6 liéu trinh bay la gid tri trung binh * sai s6
chudn, n = 6. Nhiing gid tri trong cung mot cot co ki e
(a, a’, b, b’) khdc nhau thi khac biét co y nghia thong ké
o mirc p= 5%.

Nguoc lai, mau khong bd sung NaClO c6 kha
nang xu Iy Mn?" on dinh hon. Tai néng do 5 mg/L,
hiéu suat xir Iy dat 95,2%, v&i ndng dd Mn>* con lai
12 0,23 mg/L. Mic di thap hon so véi mau bd sung
NaClO, nhung khi tang thoi gian phan tng, hiéu qua
c6 thé duoc cai thién. V6i cac nong do tiép theo (10,
15,20 mg/L), hidu suat xir Iy dao dong trong khoang
96,5% - 96,6%, v6i khdi lugng Mn>* loai bo tuong
ung 13 9,32 mg/L, 14,36 mg/L va 18,56 mg/L. Tuy
nhién, tai ndng do 25 mg/L, hi¢u suat xir Iy giam
xudng 95,7%, do vat liéu hap phu da bao hoa. Trén
co s6 két qua kiém dinh thong ke, nong do Mn?* 10
mg/L da dugc chon lam ndng dd t8i wu cho céc thi
nghiém tiép theo do hiéu suat xir 1y cao va on dinh,
dong thoi phan anh dang mirc d 6 nhiém trong moi
truong ngudn nudce can xi 1y.

3.4. Anh hwéng ciia ndng do NaClO dén hi¢u

suit xir Iy ciia vat liéu loc

Trong thi nghiém nay, cac ndng d6 NaClO duoc
khao sat bao gom 2, 4, 6, 8 va 10 mg/L, véi luu
luong ¢d dinh 1a 10 mL. Két qua thi nghiém duoc
trinh bay trong Hinh 5.

Két qua tir Hinh 5 cho thiy, higu suét xtr Iy Mn2*
dat muc cao nhat tai nong do NaClO 6 mg/L, voi
hiéu suat loai bo 99,5% va nong d6 Mn?" sau xir 1y
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con 0,04 mg/L. Didu nay cho thiy tai mirc ndng do
ndy, qua trinh oxy hoa cia NaClO ket hop véi hi¢u
suét hap phuy cua zeolite dat murc t6i wu. O nong do
4 mg/L, higu suat xr ly giam xudng con 99,3%, véi
ndng d6 Mn2* con lai sau xur Iy 12 0,07 mg/L. Céc
nong d6 NaClO khac, bao gom 8 mg/L (hiéu suat
99,5%), 10 mg/L (99,4%) va 2 mg/L (99, 3%) déu
cho hiéu suét xir Iy cao, v6i nong dd6 Mn>* con lai
dao dong trong khoang 0,06 — 0,07 mg/L. Tuy nhién,
hiéu sut & ndng d6 8 mg/L va 10 mg/L c6 xu hudng
giam nhe so v6i 6 mg/L, ¢6 thé do lugng NaClO du
thira trong nuéc gay anh huong dén qué trinh oxy
hoa, ddng thoi 1am phat sinh cac ion clo tw do khong
mong mudn, din dén su suy giam hiéu suat xir 1y.
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Hinh 5. Anh hwéng ciia nong d9 NaClO dén
hiéu qua loai b6 Mn2*

Ghi chii: S6 liéu trinh bay la gid tri trung binh + sai s6
chudn, n = 3. Nhitng gid tri trong ciing mt cgt c6 ki tir
(a, b, ¢, d) khdc nhau thi khdc biét co y nghia thzfng ké o
mirc p = 5%.

Két qua kiém dinh thong ké cho thay, nghiém
thirc véi néng d6 NaClO 6 mg/L co su khac biét co
¥ nghia thong ké so v6i cac nghiém thirc khac (o =
0,05), v6i ndbng do Mn>" sau xir 1y thap nhit (0,04
mg/L) va hiéu suét loai bo cao nhit (99,5%). Hiéu
suat nay co thé dugc giai thich boi ty 18 phan tng
gitta Cnacio: Cypz+ dat mic toi wu & ty 18 2:1. Do
do, néng d6 NaClO 6 mg/L dugc lya chon cho cac
thi nghiém tiép theo.

Tom lai, két qua nghién ciru di xac dinh nong do
NaClO 6 mg/L 1a mirc ndng d¢ t6i uu cho cac thi
nghiém tiép theo, dam bao hiéu suét xu Iy Mn?" cao
nhit va giam thiéu lugng Mn>* con lai trong nudec.
Tuy nhién, sy suy giam hiéu sudt & ndng d6 NaClO
4 mg/L can duoc nghién ctru sdu hon, c6 thé lién
quan dén sy phan b khong dong déu cua NaClO
trong moi trudng nudc hoic cic yéu to thi
nghiém khac.
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3.5. Anh huéng cia lwu lwgng NaClO dén
hi¢u suat xir ly ciia vat liéu lgc

Sau khi xac dinh dwoc ndng d6 NaClO phu hop,
thi nghiém vé anh huéng cta luu lugng NaClO dén
anh huong ciia qué trinh oxy héa can dugc thyc hién
thém. Thi nghiém 3.5 dugc thuc hién vai vat liéu loc
dugc chon ¢ thi nghiém 3.1, thoi gian phan Gng &
thi nghiém 3.2 va ndng d6 Mn2* ¢ thi nghiém 3.3,
n@)ng d6 NaClO dugc chon & thi nghiém 3.4 véi luu
luong thi nghiém 1a 2, 4, 6, 8, 10 mL.

Két qua thi nghiém & Hinh 6 cho thdy, hiéu qua
loai b6 Mn?" gia ting on dinh & muc luu lugng
NaClO (2 mL — 6 mL) vé6i hiéu suit dat (99,3% -
99,7%), dac biét tai luu lugng NaClO (6 mL), hiéu
qua xu Iy dat mirc cao nhit, v6i hidu suét 14 (99, 7%)
va ndng do Mn?*sau xtr Iy chi con (0,03 mg/L). Piéu
ndy chimg t6 ¢ luu lugng ndy, kha nang oxy hoa va
xtr 1y ctia hé thong dat mirc t6i wu. Trong khi d6, &
murc luu lugng NaClO (8 mL va 10 mL) lai ¢6 hi¢u
suat giam hon so véi cac mirc luu lugng khac khi
chi dat (99,3% - 99,4%). Diéu nay c6 thé 1a do du
thira luu lwong NaClO dan dén lam thay d6i moi
truong phan mg va co thé sinh ra cac ion khong
mong mudn tir d6 lam giam kha nang xir 1y
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Hinh 6. Anh hwéng ciia lvu Irgng NaClO dén
hiéu qua loai bé6 Mn?*

Ghi chii: 6 liéu trinh bay la gid tri trung binh + sai s6
chuan, n = 3. Nhing gid tri trong cung mot cgt c6 ki tw
(a, b, ¢) khac nhau thi khac biét co y nghia thong ké o
mitc p = 5%.

Theo két qua kiém dinh ndng d6 Mn2* sau xur ly
va hiéu sudt xur ly gitra cac nghiém thirc ndng do
NaClO khéc nhau cho thdy, luu lugng NaClO (6
mL) khac biét c6 y nghia thong ké so véi cac nghiém
thirc Iuu lugng khac (a = 0,05). V6i ndng do Mn2*
con lai thip nhit (0,03 mg/L) va hiéu suit loai bo
cao (99,7%), didu nay co thé giai thich 1a voi luu
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lugng NaClO (6 mL) di c6 thé cung cAp vira du
lugng NaClO can thiét dé oxy hoa dugc hau hét
luong Mn?* ¢6 trong nude cung véi hiéu qua xir 1y
cua vét liéu loc zeolite dd dam bao dugc kha nang
loai bdé Mn?*.,

Tom lai, voi két qua thi nghiém da dat dugc chon
thé tich NaClO (6 mL) lam luu luong NaClO cho
cac thi nghiém phia sau, vi day day la muc luu lugng
dam bao hiéu qua xir 1y cao nhat va giam thiéu thiéu
lwong Mn?* ¢on lai sau xtr 1y & murc thip nhét.

3.6. Danh gia hiéu qua cia NaClO lén 3 loai

vét liéu lgc trong qua trinh xir ly Mn?*

Hiéu qua cua NaClO giéi v6i ba loai vat liéu loc
trong xur ly Mn?" dugc thé hién trong Hinh 7.

100 2 & AL c &
_ 80 1
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Cat thach anh Cat Mangan Zeolite

Vit liéu loc

OM4u khéng duoc bd sung NaClO

Hinh 7. Anh hwéng cia NaClO dén hiéu qua
loai b6 Mn?* ctia ba loai vat li¢u loc

Ghi chu: S6 liéu trinh bay la gid tri trung binh + sai s6
chudn, n = 3. Nhiing gid tri trong cung mot cot co ki tir
(a, b, ¢) khac nhau thi khac biét co y nghia thong ké o
mirc p = 5%.

Dir liéu tr Hinh 7 cho théy, NaClO c6 tac dong
dang ké dén hiéu sudt xir Iy Mn?" ciia ca ba loai vat
liéu loc. D4i voi cac mau khong bd sung NaClO,
néng dd Mn?" con lai sau xir 1y cua cét thach anh, cat
mangan va zeolite 1an luot 13 0,12 mg/L, 0,19 mg/L
va 0,08 mg/L, twong tmg v&i hidu suat xtr Iy 98,8%,
98,1% va 99,2%. Khi bd sung NaClO, ndng d6 Mn?*
sau xir 1y giam rd rét, 1an luot con 0,06 mg/L, 0,07
mg/L va 0,02 mg/L, trong tmg v&i hiéu suat xu Iy
tang 1én 99,5%, 99,3% va 99,8%. Két qua nay cho
thiy, chat luong nude sau xuir Iy ¢ cac mau co bo
sung NaClO déu dat Quy chuan k¥ thuat qudc gia vé
chét luong nuéc sach QCVN 01-1:2018/BYT
(Cwmn2+ 0,1 mg/L).

Két qué phén tich théng ké cho thiy c6 su tuong
tac dang ke gitra loai vat liéu loc va su c6 mat cua
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NaClO (o = 0,05), didu nay chimg minh ring hiéu
quéa xtr Iy Mn?* khong chi phu thudc vao ban chat
ctia vat liéu ma con bi anh huéng manh béi sy hd tro
oxy hoa tir NaClO. Trong ba loai vat li¢u, zeolite
cho théy hiéu suét xur 1y cao nhat & ca hai diéu kién,
tuy nhién van ¢ su cai thién dang ké khi bd sung
NaClO, dat hiéu suét gén nhu t6i wu. D6 voi cat
thach anh va cat mangan, mac du hi¢u Suét xir Iy ban
dau thap hon so véi zeolite, nhung khi c6 mait
NaClO, hiéu qua loai b6 Mn*" duoc cai thién rd rét.
Diéu nay cho thdy vai trd quan trong cua NaClO nhu
mot tdc nhan oxy hda manh, thuc déy qué trinh
chuyén héa Mn?" thanh MnO-, tao diéu kién thuan
loi d& Mn*" bi hap phu va loai bo trén bé mat vat
liéu loc

Tom lai, NaClO khong chi gitp nang cao hi¢u
suét xir Iy Mn2" ma con t6i uu hoa hiéu qua cua timg
loai vat liéu loc. Viéc bd sung NaClO dic biét quan
trong ddi véi cat thach anh va cat mangan, gitp ting
cudng hiéu qua xtr Iy Mn?*, trong khi zeolite van
duy tri hiéu sudt xtr Iy cao khi co su hd trg cua
NaClO. Do d6, NaClO duoc xac dinh la mot yéu t6
quan trong giiip dam bao hi¢u suat xir Iy Mn2* cao
va 6n dinh trong cac hé thng loc nude.

3.7. Co ché loai bé mangan véi s hd trg cia
qua trinh oxy héa NaClO

Trong nudc mit, mangan thuong ton tai & dang
phurc hop mangan hiru co va mangan vo co. Khi cé
su hién dién cua NaClO, ion Mn?" s€ bi oxy hda
thanh cac oxit mangan khong hoa tan (MnOx), chu
yéu 1a MnO», véi cau trac bé mit dang xSp va hinh
thai twong tu bot bién (Cheng et al., 2021; Patil et
al., 2016). Cac hat MnO: khong hoa tan nay co thé
duoc loai b dé dang thong qua cac qua trinh lang
va loc trong h¢ thdng xir Iy nudc udng tiéu chuan.
Ngoai ra, MnO, méi hinh thanh ¢6 kha nang hip phu
manh déi vGi Mn?* hoa tan, hd trg qua trinh loai bd
Mn?* hiéu qua hon. Pong thoi, qua trinh nay con
thiic day sy hinh thanh mang oxy héa ty dong xtic
tac trén bé mat vat liéu loc, gop phan nang cao hiéu
suét xir Iy (Jang et al., 2022; Zhao et al., 2020). Do
d6, lugng Mn?* du trong nude c6 thé duge hap phu
nhanh chéng boi MnOx tao thanh trong hé thong
loc. Bac biét, 16p mang oxy hoa ty xlc tac nay chira
nhiéu vi tri hoat dong, gitp ting cuong kha nang hap
phu va oxy héa Mn*' trong qua trinh van hanh
dai han.

2Mn?* + NaClO + 2H,0 — 2MnO, | + CI' +
Na* + 4H" (1)

MnO,.xH,0 + Mn2" = MnO; + MnO.H,O 2)
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Tuy nhién, so v6i Mn?* hoa tan, cac phuc hop
Mn?* hitu co ¢6 kha ning chdng oxy hoa cao hon,
ngay ca khi st dung cic chit oxy hoa manh nhu
NaClO hay KmnOs. Két qua cac nghién ciru trudc
day cho thiy, su hién dién cia cac hop chét hiru co
lam tang déng ké nhu cau chit oxy hoa dé oxy hoa
cung mot ham lugng mangan, so véi gia tri tinh toan
ly thuyét. Ngoai ra, cac phtc hop mangan hiru co
khong thé bi oxy hoa dé dang boi oxy hoa tan nhu
qué trinh loai bé Mn?* trong nuéc ngam (Lin et al.,
2015; Song et al., 2021). Nguyén nhan c6 thé 1a do
Mn?* tao phtrc hodc tao lién két chelate vé6i cac hop
chét hitu co trong nudc mat, din dén viéc Mn?" bi
bao boc mot phan hodc hoan toan, ngin can qua
trinh oxy hoa.

Trong quy trinh xir 1y ¢6 su hd trg cia NaClO,
NaClO trudc tién pha v& ciu tric phic hop hitu co
mangan, giai phong Mn?* ty do va cac hop chat hiru
co di kém (Yang et al., 2020). Khi d6, Mn?" ty do c¢6
thé tiép xuc truc tiép vai NaClO va bi oxy hoa hoan
toan thanh MnOx khong hoa tan, tr d6 nang cao
hiéu qua loai b6 Mn?" khoi nudc mat.

Nhin chung, két qua thi nghiém cho thiy ca ba
loai vat liéu loc déu c6 kha nang loai b6 Mn?* hiéu
qua, v6i hiéu suit xir Iy déu trén 97%. Trong do,
zeolit cho két qua cao nhat: 97,7% khi khong bd
sung NaClO va 99,8% khi c6 NaClO. Nong do Mn>*
sau xur 1y trong hau hét cic nghiém thirc déu thap
hon 0,1 mg/L, dap ung QCVN 01-1:2018/BYT va
phu hop véi cac tiéu chudn qudc t& nhu WHO (0,4
mg/L) va USEPA (0,05 mg/L). Piéu nay khang dinh
tiém nang ung dung thyc tién cia mé hinh trong xur
ly nu6c nhiém mangan.

Mic di NaClO chi gép phan ting hiéu suat xir
ly thém 1 — 2%, vai trd ciia n6 van dang chu y.
NaClO hoat dong nhu chét oxy héa manh, thuc day
qua trinh chuyén Mn?* thinh MnO,, tir 46 ddy nhanh
su hinh thanh 16p MnOx xtc tac trén bé mit vat liéu
loc, déc biét la zeolit. Lop phu nay khong chi nang
cao hiu qua xur ly ngay lap tirc ma con giup duy tri
d6 6n dinh va kéo dai tudi tho vat ligu trong diéu
kién van hanh lap lai.

Ngoai ra, khi ndng d6 Mn?* dau vao cao hodc vét
lidu loc c6 dau hiéu suy giam hiu nang hép phu
viéc bd sung NaClO gitip kiém soat nong do Mn>*
déu ra duéi ngudng quy chuin, dam bao an toan chét
lwong nude. Diéu nay dic biét quan trong trong cac
hé thong xtr ly quy mo6 nho nhu hd gia dinh hoac
diém cap nude nong thon, noi diéu kién van hanh
khong on dinh.
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Tur cac két qua thu duogc, viéc st dung NaClO
dugc khuyén nghi nhu mét bién phap hd trg linh
hoat, ap dung khi diéu kién ngué)n nude dau vao bt
loi hodc khi yéu cau dau ra nghiém ngit hon, nhim
gia tang do tin cdy cho hé thong xir 1y.

4. KET LUAN

Két qua nghién ctru gitp xac nhan vai tro ndi bat
cua zeolit trong loai bd Mn?* khoi nude, dac biét khi
két hop voi NaClO. Hiéu suét xtr Iy ctia zeolit tai cac
ndng d6 Mn?*ban dau 5 — 15 mg/L dat trén 97%, véi
thoi gian phan tng 1a 2 gio. Khi bd sung NaClO,
hiéu suit ting 1én dén 99,6% (Mn>* con 0,019
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