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XU LY FLUORIDE TRONG NUGC
BANG HE OXIDE Zx0,-CeO,

Nuwdc nhiém ddc fluoride tir 1du da dugc biét dén 12 mot trong nhitng nguyén nhan gay
ra cac bénh man tinh vé riang va xweng & ngudi va dong vat. Nhiéu phuong phap x@ ly
ciing nhu céc vat liéu xi Iy fluoride khac nhau da dwgc dé nghi. Tuy nhién, mac dii ¢o
kha nang loai bo tot fluoride, toc do xi Iy ctia cac loai vat lidu nay thudng cham, khdng
phi hgp dé ing dung xi Iy nudc udng. Nhém cac nha khoa hoc thudc Dai hoc Khoa hoc

va cong nghé Trung Qudc vira qua da tong hgp mot loai vat liéu méi, két hgp oxide Zr0

2

va Ce0,, van Ia nhiing oxide ¢ 4i lyc manh vdi F- d€ co thé hap phu khang chi manh
ma con nhanh fluoride trong nudc.

Fluoride (F) la thanh phan thiét
yéu doi véi stic khde con ngudi va
dong vat, von dugc hdp thu chl yéu
thong qua thyc phdm va nudc uéng
chua fluoride. Khoa hoc chuing minh
sy hién dién cla fluoride trong nudc
uéng khoang tii 0,5-1,0 mg.L" c6 thé
thic ddy t6t qua trinh hinh thanh
va bao vé cac cau tric xuong va
rang trong cd thé. Tuy nhién, néu
ham lugng fluoride vugt ngudng an
toan, n6 c6 thé gay ra cac cin bénh
man tinh nhu bénh fluorosis (nhiém
doc fluor) 6 xuong va rang [1]. Can
bénh nay la nguyén nhén gay ra cac
triéu chiing nhu nhiing vét I6m dém
& rang, voi hoa day chang, di tat
xuang (hinh 1) va céac rdi loan sinh
ly khac. Diéu quan trong la cho dén
thdi diém hién tai, cac nha khoa hoc
van chua tim ra giai phap diéu tri doi
vGi can bénh nay, khién cho viéc
phong tranh du fluoride tr§ thanh
bién phép kha thi duy nhat dé kiém
soat bénh.

Fluoride hién dién trong céac
ngudn nudc tu nhién ciing nhu trong
cac dan xuat khac nhau cla khi
fluor, von 1a nguyén t6 c6 ham lugng

Hinh 1: xuong bién dang do bénh fluorosis

doi dao, ding thd 13 trong vo trai
dat. NuGc bién thudng chiia khoang
1 mgF.L" con nudc séng va nudc hd
thudng chua it hon 0,5 mgF.L". Tuy
nhién, di vGi cac ngudn nudc ngam,
ham lugng fluoride c6 thé nhiéu hon
hodc it hon, phu thudc vao thanh
phan da va cac khoang chét chia
fluoride ma nguén nudc di qua [2].
Mot diéu Iuu y 1a ham lugng fluoride
trong nudc c6 thé dugc han ché nhd
vao sy hién dién dong thai cla ion
calcium do d¢ tan it cla mudi CaF,.
N&u ham lugng ion calcium trong
nudc khodng 40 mg.L", thi nong
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do fluoride trong nudc t6i da chi cd
thé 12 3,1 mg.L". Vi vay, ham lugng
fluoride cao trong nudc thudng dugc
tim thdy & cac tang nudc nghéo
calcium trong nudc ngam ciing nhu
trong cac khu vuc ma lugng khoang
chia fluor doi dao. Ngoai ra, néng
do fluoride trong nudc ngam con co
thé tang lén thong qua qua trinh trao
ddi cation calcium béng sodium, tao
ra cac mudi NaF c6 do tan cao [3].

V&n dé & nhiém fluoride ngay
cang trd nén nghiém trong hon trén
thé€ gidi. Tai Viét Nam, Phd Yén la
tinh ¢6 lugng nudc nhiém fluoride
qua mtc cho phép cao nhét nudc.
Su 6 nhiém fluoride khong chi co
nguén goéc ty nhién, dén tu cac
khoang chat chia fluoride trong vd
trai dat, ma mot phan khong nhod
con dén tu nhiing hoat déng noéng
nghiép va cong nghiép cua con
ngudi, chdng han nhu nudc thai céc
nganh san xuét thép, nhém, thay
tinh... Tiép xdc véi lugng I6n fluoride
thudng xuyén théng qua nudc udéng
c6 thé gay ra cho con ngudi va cac
dong vat xung quanh cac van dé vé
stic khde. Doi v6i mot ngudi binh
thudng, lugng fluoride nhiém vao co
thé (s6 mg F- trén 1 kg co thé) phu
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thuéc vao lugng fluoride cé trong
nudc ubng va lugng nudc ngudi do
uéng hang ngay. Tuy nhién, nhiéu
nghién ctu da chi ra, vao thsi diém
khi hau &n hoa, phoi nhiém fluoride
thudng dat gia tri 0,6 mg/ngudi tai
nhiing khu vuc it fluor va Ién dén 2
mg/ngudi & nhiing khu vuc bi fluor
héa [4].

R4t nhiéu ky thuat x{ 1y nham
loai bd fluoride trong nudc udng da
dudc nghién clu trong nhiing nam
viia qua, bao gém phucng phap
hap phu [5], trao ddi ion [6], thdm
tach [7], thdm th&u ngudc [8]... Gilia
nhiing phuong phap nay, hap phu
dudng nhu la gidi phap thich hgp
nhat dé loai bd F nhd gia thanh
thap, tinh dan gian trong thiét k& va
lap dat cac hé théng h&p phu. Tu
do, mot sO lugng 16n cac vat liéu
h&p phu cling da dudc dé nghi, nhu
zeolite [9], than hoat tinh [10], chat
trao ddi ion téng hop [11], hydroxide
kép [12]. Tuy nhién, du déu c6 thé
lam gidm ham lugng fluoride xudng
thdp hon 2 mg.L", hau hét cac vat
liéu nay déu thé hién kha nang x{
ly fluoride cham, khong phu hop dé
ing dung x{ ly nudc udng. Hon niia,
mot vai vat liéu da nghién clu phai
dugc st dung trong nhiing diéu kién
pH kh&c nghiét va thai ra san phdm
kho loai khoi nudc uéng.

Theo mét vai nghién clu gan
day, oxide La(lll), Ce(lV), Y(Ill) va
Zr(IV) cho thdy cé kha ning héap
phu fluoride cao [13]. Dac biét, gilia
nhiing chat nay, oxide Zr (IV) da thu
hut sy chi y 16n cla cac nha khoa
hoc nhg vao ai luc lién két cao gitia
ion Zr* va ion F-[14]. Bén canh do,
nhiing vat liéu hdp phu dua trén co
s& oxide cerium ciing thé hién kha
nang thu hai t6t fluoride, dong thoi
cd gid thanh thdp, than thién moi
trudng va bén hda hoc [15]. Vi vay,
mot su két hgp gitta hai oxide ZrO,
va CeQ, dugc mong chdg co thé tao
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ra mot loai vat liéu méi s hiiu dong
thdi nhiing uu diém cla hai oxide,
nham hdp phu hiéu quéa fluoride
trong nudc.

Xuét phat ti co s do, nhéom
nghién clGu cla Jinhuai Liu thudc
Khoa Khoa hoc vat liéu, Pai hoc
Khoa hoc va cong nghé Trung Quéc,
da tién hanh tdng hop vat liéu méi
dua trén nén tang oxide ZrO,-CeO,
nanocage (Iong oxide kép G k|ch
thuéc nano) nhdm (ng dung xd ly
loai bd fluoride trong nudc. K&t qua
clia nghién ctu nay viia dugc dang
trén tap chi Chemical Engineering
Journal nam 2013 [16].

Tonghopvatliéuhapphuro,-Ceo,
va khao sat kha nang hap phu

Vat liéu nanocage Zr0,-CeO,
dugc nhém cla Jinhuai L|u tong
hgp béng phuong phap thly nhiét
tU cac tién chat ban dau la zirconyl
chloride octahydrate va cerium
nitrate hexahydrate. Dau tién, 4
mL Ce(NO,), 0,5 mol.L" dugc hoa
vao 60 ml ethylene glycol, réi dudc
chuyén vao trong binh phan (ng
Teflon va nung & 180°C trong vong
16 gid. Sau phan Ung, 12 ml dung
dich ZrOCl, 0,5 mol.L" dugc cho
thém vao hon hgp trén va t|ep tuc
dugc nung & 180°C trong vong 8
gid. S&n pham tao thanh dugc ria
vGi ethanol, sau d6 dugc say 6 60°C
trong 6 gid dé thu dudgc vat liéu hap
phu cudi ciing (hinh 2).

Hinh 2: &nh kinh hién vi dién ti quét
cla cdc hat nanocage ZrO,-CeO,
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P& khao sat kha néng hap phu
cla vat I|eu nanocage ZrO,-CeQ,
vua dugc tong hgp, nhom nghlen
ctiu da chuén bicac dung dich nudc
nhiém fluoride v6i néng dé ti 5, 10
va 40 mg.L" bang cach pha loang
tt dung dich me (néng doé 1000
mgF.L"). Sau d6, 0,05 g nanocage
ZrO,-CeQ, dugc cho vao trong ting
dung dich quonde va khudy & toc do
140 vong/phut. CU sau mot khoang
thai gian, 5 ml dung dich dugc rut ra,
loc v&i mang loc ¢6 dudng kinh 0,22
um va dem di xac dinh nong do F-.
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Hinh 3: dudng cong déng hoc hap phu
cla nanocage ZrO,-CeO, dbi vdi cdc
dung dich fluoride & néng dé khdc nhau

Hinh 3 thé hién dong hoc cla
qua trinh hdp phu fluoride trén
nanocage ZrO,-CeO, (0,2 g.L"") véi
néng doé ban dau cua fluoride dao
dong tir 5, 10 dén 40 mg.L" G pH 4.
Ké&t qué cho thay trong ca 3 trudng
hgp, qua trinh hdp phu dién ra rat
nhanh trong 10 phdt dau tién, sau
do6 hdp phu dan dat dén trang thai
can bang, tuan theo déng hoc gia
bac 2. Tai thdi diém can bang, ham
lugng F~ h&p phu trén xic tac lan
lugt la 7,93, 33,13 va 111,6 mg/
g xuc tac, tng vé6i nong do dau 5,
10, 40 mgF.L". Nhu vay, nanocage
ZrQO,-Ce0, khong nhiing cé dung
lugng h&p phu nhanh, ma con c6 téc
dd hap phu F- rat dang ké, dac biét
doi v6i dung dich chiia 0,5 mgF.L™,
sau 10 phat, gan 70% fluoride tan
trong nudc da dugdc hap phu lén céac



nanocage ZrO,-CeO,,.

Co'ché hip phu

Pé c6 thé giai thich khd ning
hdp phu fluoride manh va nhanh
trén cac nanocage Zr0O,-CeO,, cling
nhu tim hiéu cd ché hdp phu cla
ching, nhiing mau ZrO,-CeO, trudc,
sau hdp phu va sau khi dugc nung
§ 800°C lan lugt dugc khao sat bang
phé hong ngoai FTIR (hinh 4).

1
W
1 ]
4 i i )
' &
2 i !
= LA i
] 3 !
1358 :
2000 1500 1000 500
Wavenumber {cm™)

Hinh 4: phé FTIR cla cac mau nanocage
Zr0,-CeO, (a) trudc hdp phu, (b) sau hap
phu va (c) sau khi nung 6 800°C

Mau ZrO,-CeO, truéc hadp phu
fluoride cho thdy c6 1 peak hép thu
4 1358 cm™, von la dao dong bién
dang cla lién két Zr-OH. Nhung sau
khi hdp phu fluoride, peak nay gan
nhu bién mat khdi phé IR. Dong thdi,
hai peak mdi xuat hién lan lugt & 581
va 1433 cm™" von thudc vé lién két M
- F trong dé M 1a Zr va Ce [17,18].
Nhiing quan sat nay ching td khi
hap phu fluoride, cac ion fluoride da
thay thé phan 16n cac nhém hydroxyl
trén bé mat ndi véi zirconium. Thu vi
khong kém, khi nung mau vat liéu &
nhiét d6 cao, ham Ilugng nhém OH
ngay cang giam dan (6 800°C, peak
1358 cm™ hoan toan bi€n mat), tuong
ing vGi kha ning hap phu fluoride
ngay cang giam. Nhu vay, nhiing
nhom hydroxyl trén bé mat cla
oxide ZrO,-CeQ, dong vai tro quan
trong trong viéc hap phu fluoride.
Piéu nay phu hgp vdi nhiing nghién
clu trudc day khi cho rang sau khi

thly phan véi nudc, bé mat cla
oxide chiia nhiéu nhom hydroxyl, va
nhiing nhom nay la nhiing tdm hoat
tinh hap phu rat tot d6i véi nhiéu loai
anion khac nhau trong nudc [19].

Nhiing két qua trén cho thay
tiém nang Gng dung rat I16n cla hé
nanocage ZrO,-CeOQ, dbi véi viéc xi
ly fluoride trong nuéc uéng. Khéng
chihdp phu nhanh va manh fluoride,
nghién ctu cla Jinhuai Liu con gitp
lam sang t6 mot phan cd ché hap
phu clia cac hé oxide doi véi ion F,
cho phép md ra nhiéu huéng nghién
cliu mdi trong tuong lai trén cac doi
tugng vat liéu oxide hap phu khac =

LTK (t6ng hop)

Tai lieu tham khao

[1] World Health Organization, Guidelines
for drinking water quality [Electronic
Resource]: Incorporating first addendum (vol.
[). Recommendations (2006) pp. 375-377.
Geneva, Switzerland: WHO Press.

[2] V.K. Saxena, S. Ahmed, Dissolution
of fluoride in groundwater: a water-rock
interaction study, Environmental Geology,
49(9) (2001) 1084-1087.

[3] D.K. Nordstrom, E. A. Jenne, Fluorite
solubility equilibria in selected geothermal
waters, Geochimica et Cosmochimica Acta,
41 (1977) 175-188.

[4] W. Binbin, Z. Baoshan, W. Hongying,
P. Yakun, T. Yuehua, Dental caries in fluorine
exposure areas in China, Environmental
Geochemistry and Health, 27 (2005) 285-
288.

[5] A.A.M. Daifullah, S.M. Yakout, S.A.
Elreefy, Adsorption of fluoride in aqueous
solutions using KMnO, modified activated
carbon derived from steam pyrolysis of rice
straw, Journal of Hazardous Materials, 147
(2007) 633-643.

[6] K. Vaaramaa, J. Lehto, Removal of
metals and anions from drinking water by ion
exchange, Desalination, 155 (2003) 157-170.

[7]1 Z. Amor, B. Bariou, N. Mameri, M.
Taky, A. Nicolas, A. Elmidaoui, Fluoride
removal from brackish water by electro
dialysis, Desalination, 133 (2001) 215-223.

[8] P.l. Ndiaye, P. Moulin, L. Dominguez,
J.C.F. Millet, Charbit, Removal of fluoride from
electronic industrial effluent by RO membrane
separation, Desalination, 173 (2005) 25-32.

S6 4 nam 2014

NHIN RA THE GIdI

[9] M.S. Onyango, Y. Kojima, A. Kumar,
D. Kuchar, M. Kubota, H. Matsuda, Uptake of
fluoride by Al**-pretreated low-silica synthetic
zeolites: adsorption equilibrium and rate
studies, Separation Science and Technology,
41 (2006) 683-704.

[10] A.A.M. Daifullah, S.M. Yakout, S.A.
Elreefy, Adsorption of fluoride in aqueous
solutions using KMnO,-modified activated
carbon derived from steam pyrolysis of rice
straw, J. Hazard. Mater. 147 (2007) 633-643.

[11] N. Viswanathan, S. Meenakshi, Role
of metal ion incorporation in ion exchange
resin on the selectivity of fluoride, J. Hazard.
Mater. 162 (2009) 920-930.

[12] L. Lv, J. He, M. Wei, D.G. Evans, Z.L.
Zhou, Treatment of high fluoride concentration
water by MgAI-CO, layered double hydroxides:
kinetic and equilibrium studies, Water Res. 41
(2007) 1534-1542.

[13] S. Meenakshi, C.S. Sundaram, R.
Sukumar, Enhanced fluoride sorption by
mechanochemically activated kaolinites, J.
Hazard. Mater. 153 (2008) 164-172.

[14] X.M. Dou, D. Mohan, C.U. Pittman, S.
Yang, Remediating fluoride from water using
hydrous zirconium oxide, Chem. Eng. J. 198
(2012) 236-245.

[15] L. Chen, T.J.Wang, H.X. Wu, Y. Jin,
Y. Zhang, X.M. Dou, Optimization of a Fe-
Al-Ce nano-adsorbent granulation process
that used spray coating in a fluidized bed for
fluoride removal from drinking water, Powder
Technol. 206 (2011) 291-296.

[16] J. Wang, W. Xu, L. Chen, Y. Jia, L.
Wang, X.J. Huang, J. Liu, Excellent fluoride
removalperformance by CeQ,-ZrO,nanocages
in water environment, Chem. Engineer. J. 231
(2013) 198-205.

[17] X.M. Dou, D. Mohan, C.U. Pittman, S.
Yang, Remediating fluoride from water using
hydrous zirconium oxide, Chem. Eng. J. 198
(2012) 236-245.

[18] W.S. Dong, F.Q. Lin, C.L. Liu, M.Y.
Li, Synthesis of ZrO, nanowires by ionic-liquid
route, J. Colloid Interface Sci. 333 (2009) 734-
740.

[19]S. Tokunaga, M.J. Haron, S.A. Wasay,
K.F. Wong, K. Laosangthum, A. Uchiumi,
Removal of fluoride ions from aqueous
solutions by multivalent metal compounds, Int.
J. Environ. Studies 48 (1995) 17-28.

_ Tap chinl{l'lpﬂ I-IOC
CONG NGHE VIET NAM

43





