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Abstract

Removal of fluoride and phosphate from water has been studied and conducted, but high fluoride or phosphate
content from wastewater has not well controlled. In order to increase adsorption capacity for fluoride and phosphate,
natural laterite ore was studied to activate by impregnating with lanthanum nitrate. Activation condition and
characterization of the adsorbent was investigated. Maximum fluoride and phosphate adsorption capacity of the
activated laterite was found to be 3.00 mg/g and 5.30 mg/g, respectively. Both of fluoride and phosphate adsorption
process are good at acid and neutral medium and reduce at alkaline medium. Effect of co-ions including bicarbonate,
sulphate, fluoride and phosphate onto the adsorption was also studied.
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1. PAT VAN BPE

Nhu ciu x3 hdi ngdy cang phat trién cao doi hoi
con nguoi ngdy cang su dung nhiéu bién _phap khac
nhau dé ting nang suit san luong san pham. Nhiing
hoat dong nham muc dich kinh té ciia con ngudi 1a
nguyén nhan co ban 1am 6 nhiém méi truong. O
nude ta, hing nam san xuat hang tridu tan phéan lan
tor cac nha may 16n nhu Supephotphat Lam Thao,
Long Thanh, Pong Nai, Van Pién va Ninh Binh.
Pén nam 2015, lugng phan bon sir dung trong nude
1én t6i trén 3,5 tridu tin. Trong nguyén lidu san xuét
phan 1an c6 chira 3 % florua. Khoang 50-60 % lugng
florua nay nam lai trong phan bén. Khi bén nhiéu
phan 1an s& lam ting ham lugng florua trong dat va
s& lam 6 nhiém dit khi ham luong cua no6 dat téi 10
mg/1 kg dat. Trong cac chat thai cia nha may san
xuét phan 1an c6 chira 96,9 % céc chat gay 6 nhiém
ma chu yéu 1a flo [1]. Flo trong nudc thdi ra moi
truong 1a chat gdy doc hai truc tiép dén cac loai thuy
sinh va gay 6 nhiém nguén nudc. Nhiém doc florua
gy ra cac biéu hién cimg khép, giam can, gion
Xuong, thiéu méau va suy nhugc. Bén canh florua,
ham lugng photphat du tir qua trinh san xuét phan
lan ciing nhu lam dung phan bén khién van dé 6
nhiém photphat cling dang bao dong. Trong moi
truong nude, khi lugng photphat qua du s€ gay ra
hién tugng pht dudng, cac loai thiy sinh nhu rong,

béo, tao phat trién O at gdy nén sy thay ddi hé sinh
thai va diéu kién méi truong.

Viée xir Iy cac ngudn nudc thai c6 chira florua
va photphat da dugc dat ra va thyc hién tir 1au nhung
trén thuc té chua dugc thuc hién triét & d6i véi cac
co sO san xudt co ngudn nude thai florua va photphat
cao. Tinh hinh nghién ctru trén thé gidi va ¢ Viét
Nam néi chung cho thdy hap phu 1 phuong phap
dang duogc sir dung rong rdi, co nhiéu wu diém va
cho két qua kha quan. Pay la phuong phap loai bo
florua ciing nhu photphat hiéu qua vé chi phi, thiét
ké va van hanh don gian [2, 3]. Vat liéu hap phu sir
dung dé loai bo florua va photphat trong mdi trudng
nude da duge nghién ctru kha rong rai. Cac vat liéu
hap phu photphat dugc cong bb gom tro bay, bun do,
nhoém hoat tinh, sit oxit [4, 5]. Vat liéu hip phu
florua bao gém nhom hoat tinh, than xuwong, than
hoat tinh, oxit dit hiém, dit sét hoat tinh, chét thai
rin cong nghiép nhu bun do, tro bay, zeolit va cac
vt liéu trao ddi ion lién quan dén chat hip phy sinh
hoc, phén chua, chitosan bién tinh, 16p hidroxit kép
[6-9].

Téng quan cic vat liéu hap phu florua va
photphat cho thdy tinh tuong ddng cua vat liéu sir
dung hap phu hai ion nay déu 1a vat lidu dwa trén
goc nhém va sat [3, 4, 9]. Nham dat duoc hiéu qua
kinh té cao, vat liéu hip phu duoc tip trung nghién
ctru trong bai bao nay la da ong, mot khoang chét
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gidu sit va nhom, hinh thanh & ving nhiét déi néng
va Am uét, sdn co tai Viét Nam. Dé nang cao kha
nang hép phu, da ong tu nhién dugc nghién ctru bién
tinh béng lantan. Vat liéu sau bién tinh dugc nghién
ctru didc trung cAu triic va khao sat kha nang hap phu
florua va photphat ciing nhu khao sat cac yéu to anh
huong dén qua trinh hip phy nhu ion can va pH.

2. THUC NGHIEM
2.1. Nghién ctru quy trinh bién tinh d4 ong

Quy trinh bién tinh da ong duoc thuc hién bang
cach ngdm qua dém da ong sau xur 1y nhiét trong
dung dich axit HCI véi cac nong do nghién ctu la
1M dén 5M. Sau d6 lic cung dung dich lantan nitrat
trong (mg voi phan traim khéi lwong lantan duoc
mang trén da ong 12 0,5 %; 1 %, 2 %, 3 % va 5 %
trong 4 glor Cubi cung, trung hoa bang NaOH 0,5 M
dén moi truong pH trung tinh, u trong 24 gio. Loc
rira hét mudi du, siy kho & nhlet do6 khoang 100 °C.
Véi quy trinh nhu vay, ion Fe** AP 8 duogc kéo ra
bé mit va két tia dong thoi cimg jon La*" duéi dang
cac hydroxit cua sit, nhdm va lantan vé dinh hinh,
gitip bé mat vat liéu da ong sau bién tinh tré nén xp
hon vé6i cac tam hap phu c6 i luc 16n véi ion florua
va photphat.

2.2. Nghién ctru kha niang hip phu ciia d4 ong
bién tinh

Pé danh gia kha ning hip phu florua va
photphat ctia ¢4 ong bién tinh, chung t6i 1an lugt tién
hanh xé4c dinh thoi gian can bang hap phuy, tai trong
hép phu cuc dai va anh hudng ctia cc ion thuong co
mit dong thoi cung florua hoic photphat trong nude.

Qua trinh hip phu duogc thuc hién theo mé, véi ti
1¢ dung dich chat bi hap phu/chat hip phu 1a 50 ml/1
gam tai pH trung tinh va & nhiét d6 phong. Qua trinh
hép phu florua dugc thuc hién trong binh nhya. Tai
trong hap phu cua vat liéu duoc tinh theo cong thirc:

_ (CO _Ce)v

m

Trong d6: q 1a tai trong hp phu (mg/g), Co 1a nong
d6 florua hodc photphat ban dau trude khi hip
phu (mg/1), C. 12 ndng do florua hoic photphat khi
dat trang thai cén bang (mg/l), V la thé tich dung
dich hap phu (1) va m 1a khéi luong chat hap phu (g).

Dé xac dinh thoi gian can bang hdp phu, qua
trinh hap phu duoc thuc hién trong cac khoang thoi
gian khic nhau tir 30 phiit ¢én 8 gid. M6 hinh hip
phu ding nhiét dugc xdy dung bang cach thay ddi
ndng do florua hodc photphat trong dung dich tir 5

Phwong Thdo va cong su

dén 100 mg/l hodc 10 dén 1000 mg/Il. Cac yéu té pH,
ion sunphat va hidrocacbonat dugc nghién ctru xem
xét anh huong dén qua trinh hip phu florua va
photphat. Anh huéng cua photphat dén qua trinh hap
phu florua va anh huong cua florua dén qua trinh
hap phu photphat ciing dugc xem xét.

2.3. Phwong phap phan tich

Trong nghién ctru, ndng do florua va photphat
dugc xac dinh theo phuong phap 4500 F D.:
SPADNS [10] va phuong phap 4500 P.C
Vanadomolipdophosphoric acid [11] theo “Quy
chuan kiém dinh nuéc va nude thai” caa Hiép hoi
bao vé stc khée Hoa Ky APHA. Mbi phép do dugc
thyc hién hai 1an va lay két qua trung binh.

3. KET QUA VA THAO LUAN
3.1. X4c dinh diéu kién bién tinh d4 ong

Nhu da trinh bay trong phan thuc nghiém, da
ong ban dau dugc ngdm trong dung dich axit HCI
nham hoa tan va 16i kéo thanh phan Fe® va AI** dua
1én bé mat dé két tua lai dudi dang hidroxit. D& tim
ndng do axit thich hop cho qua trinh nay, ching t6i
da tién hanh ngam da ong trong dung dich HCI v&i
nam ndng d6 khac nhau tir 1 dén 5 M. Kha ning hip
phu florua va photphat dugc tinh thong qua tai trong
hép phu sau khi cho hip phu vé6i dung dich florua cé
ndéng do 5 mg/l hoic dung dich photphat nong do 10
mg/l trong 4 gio. Két qua thu dugc biéu dién trén
hinh 1. HCI ndng d6 3 M cho két qua tot nhét véi tai
trong hap phu florua dat 0,19 mg/g va tai trong hip
phu photphat dat 0,35 mg/g nén dugc lya chon lam
diéu kién hoat hoa da ong.

_ 0.4 1 W Florua M Photphat
%: 035 -
E 03
o 0.25
0.2 -
0.15 -
01 -
0.05 -
0 .

™ ™M 3m am 5M

Nong do axit hoat hoa (mol/l)

Hinh 1: Biéu d0 so sanh tai trong hp phu florua va
photphat ctia da ong hoat hoa trong axit ¢ cdc nong
d6 khac nhau

Pé xac dinh luong lantan thich hop mang 1én da
ong, ching to1 da tién hanh thir nghiém v6i ham
luong lantan/da ong khac nhau tir 0,5 dén 5 %. Két
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qua thu duoc biéu dién trén hinh 2 cho thay khi
lantan dugc mang thém, tai trong hép phu tang 1én
dang ké so v6i da ong nguyén khai ban dau, tai trong
hap phu ca florua va photphat déu ting 1én khi ting
ham lugng lantan tir 0,5 % 1én 2 %, sau d6 thay doi
khong dang ké khi ham lugng lantan tiép tuc ting
1én dén 5 %. Do d6, ham luong lantan mang trén da
ong thich hop 1a 2 % theo khéi lugng. Nhu vay, didu
kién thich hop bién tinh da ong xac dinh dugc la
hoat hoa trong axit HCl 3 M sau d6 ngdm tim véi
ham lugng lantan 2 %.

0.5 1 M Florua ™ Photphat

0.4

q (mg/g)

0.3 4

0.2 4

0.1 A

0.5% 1% 2% 3% 4% 5%
Ham lugng lantan ngam tam
Hinh 2: Biéu d6 so sanh tai trong hap phu florua va
photphat ctia dé4 ong khi mang ham lugng lantan
khac nhau

3.2. Pic trung cau tric vat liéu sau bién tinh

3.2.1. Hinh dnh vit liéu da ong trudc va sau bién
tinh

Hinh anh bé mat vt liéu cho théy da ong la vat
lidu tuong ddi xdp, sau khi bién tinh bé mit duoc
bao phu bdi mét 16p mang dugc cho la do da hinh
thanh 16p hidroxit sat, nhom va lantan. Diéu nay lam
tang s6 lugng tam hap phu c6 ai lyc 16n voi anion
nhu florua va photphat, ddng thoi dién tich bé mat
ciing tang 1én gop phan nang cao tai trong hap phu.

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample 1

@

{| M i T

2-Theta - Scale
Step: 0,030 - S tme: 065 Temp: 26 °C

1MW 15405 - Tetragonal -2 1053500 -b

Nghién cieu bién tinh dd ong bang...

(b) Pd ong bién tinh

(@) Pd ong chiea bién tinh

Hinh 3: Hinh anh bé mit da ong trudc va sau bién
tinh thong qua kinh hién vi dién tir quét

3.2.2. Phé nhiéu xa Ronghen ciia da ong trudc va
sau bien tinh

Két qua XRD cho thiy thanh phan cta da ong
sau bién tinh khong khac nhiéu so voi dd ong
nguyén khai. Thanh phan chinh cua da ong 1a Fe,0,
va FeO(OH). Piéu nay co thé giai thich 1a do cac
hidroxit du doan hinh thanh sau bién tinh & dang vo
dinh hinh hodc vi tinh thé v&i ham lrong nhé nén
khong hién thi trén gian do.

3.2.3. Phé tan xq nang lwong ciia dd ong sau bién
tinh

Thanh phin nguyén té trong vat liéu sau bién
tinh v6i 2 % lantan duoc xac dinh théng qua phd tan
xa nang luong tia X do trén may JED-2300-Analysis
station, JEOL. Tir két qua pho tan xa nang luong tia
X cho thiy thanh phan nguyén t6 kim loai chinh
trong da ong bién tinh 1a sit, nhém va lantan véi
thanh phan khéi lugng twong tng khoang 30,45%,
16,85 % va 1,88 %. Nhu viy, c6 thé khang dinh
lantan da dugc tim thanh cong trén da ong, thanh
phan khéi luong xac dinh duoc kha twong dong véi
luong lantan ngdm tam trong qua trinh bién tinh
vat liéu.

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample 3

2 (b)

Hinh 4: Gian d6 nhiéu xa XRD ctia ¢4 ong trudc (a) va sau bién tinh (b)
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Bdng 1: Thanh phan hoa hoc vat liéu da ong sau bién tinh x4c dinh bang gian d6 EDX

Nguyén tb 0 Al K Ti La Fe Tong
Thanh phan khéi lugng (%) | 33,71 | 16,85 | 13,96 | 0,71 2,44 1,88 | 3045 | 100
Thanh phan nguyén tir (%) | 48,56 | 1594 | 13,1 | 1,41 | 313 | 234 | 1552 | 100

3.3. Nghién ctru kha niang hip phu florua ciia da
ong bién tinh

3.3.1. Xdc dinh thoi gian cin bang hdp phu

Thoi gian can bang hp phu 1a thoi gian tiép xic
gilta chat hap phu va chét bi hap phu dé qua trinh
hép phu dat can bang. Tién hanh hip phu 50 ml
dung dich florua hodc photphat v6i nong do tuong
ung 1a 5 mg/l va 10 mg/l trén 1 gram vt liéu trong
cac khoang thoi gian khac nhau tir 30 phut dén 8
gio, ching t6i thu dwoc két qua nhu biéu dién trén
hinh 6.

faW~
(v pe)
n-c
v pe)
I
0-4
?D v.e g FloOrua
n-2
é LV e e=fii== Photphat
) 0o
Uz

{
N

3 8
Thoi gian (gio)

Hinh 6: D6 thi xac dinh thoi gian can bang héap phu
cua dé ong bién tinh

Két qua cho thiy khi ting thoi gian tiép xuc, kha
ning hip phu ting din va dat can bang sau 2 gio' dbi
voi ca florua va photphat. Kha ning hip phu
photphat t6 ra vuot tréi hon hap phu florua. Nhu
vdy, thoi gian dat cin bang cta qua trinh hép phu
florua ciing nhu photphat trén d4 ong bién tinh bang
lantan xac dinh dugc 12 2 gio.

3.3.2. Xac dinh tdi trong hd'p phu cuc dai

Dé xac dinh tai trong hip phu cuc dai florua va

photphat trén d4 ong bién tinh, mo hinh dang nhiét
hip phu Langmuir duoc thiét lap. Bang céch thay
d6i ndng do florua trong dung dich hap phuy tir 5 dén
100 mg/l, nong d6 photphat thay dbi tr 10 dén
1000 mg/l, tai trong hap phu cua vat lidu duoc Xxéac
dinh sau thoi gian can bing va biéu dién dudi dang
dai luong Q..

25
L 2
20
2
g 15
) z 2
© 49 y=0/3326x+6.1674
/ R?=0.9532
5
0
0 20 40 60
fa) Ce (mg/I)
200
150 /
()
g
g 100
y=0.1888x+18.774
50 RZ=0.9922
e
0 500 1000
(b) Ce (mg/1)

Hinh 7: Phuong trinh tuyén tinh mo ta qua trinh hap
phu dang nhiét Langmuir cta da ong bién tinh
doi voi (a) florua va (b) photphat

Phuong trinh tuyén tinh miéu ta mdi quan hé
gitra Ce/q. va C, thu dugc trong qua trinh hap phu
florua va photphat dugc biéu dién trén hinh 7. V6i
hé sé hdi quy R? cia phuong trinh tuyén tinh
Langmuir thu dugc tir qué trinh hap phu florua va
photphat lan luot 14 0,9532 va 0,9922 cho thay mé
hinh hip phu ding nhiét Langmuir md ta kha pha
hop qua trinh hap phuy florua va photphat trén d4 ong
bién tinh. Ciing tir phuong trinh tuyén tinh
Langmuir, tai trong hap phu cuc dai florua va
photphat xac dinh duogc la 3,00 mg/g va 5,30 mg/g.
So véi nghién chu trude day voi da ong nguyén
khai, qué trinh bién tinh d3 nang tai trong hip phu
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florua Ién gap 3 1an, tai trong hip phu photphat ting
Ién gap 2 lan. Két qua nay ciing kha kha quan so véi
c4c vat liéu thuong dugc sir dung lam vat liéu hap
phu florua va photphat khac nhu than hoat tinh, sét
bién tinh, nhdm hoat tinh, than xuwong, bun d6 va sat
hydroxit.

3.3.3. Anh hweng cia pH

Kha nang hép phu cua vat li¢u phu thudc vao pH
cling dugc nghién ctru.

0.6
e -

= 04
I T
o0
E o2 L &T° ‘“*_.
o

0

2 4 6 8 10 12
pH

Hinh 8: Do thi anh huong cua pH dén kha nang hap
phu florua va photphat ctia da ong bién tinh

Trong khoang gia tri pH thay d6i tir 3 dén 11,

Nghién cieu bién tinh dd ong bang...

kha ning hap phu ddi v6i ca florua va photphat déu
t6t hon & pH tir axit dén trung tinh va giam dan
trong moi trudng kiém. Piéu nay hoan toan phu hop
v6i két qua xac dinh pH tai diém ding dién. Vit liéu
c6 pHpzc = 6-7 nén khi pH dudi khodng nay bé mat
vat liéu dugc tich dién duong hat anion khién kha
nang hip phu anion nhu florua va photphat tot, khi
16n hon khoang niay bé mit tich dién am day cac
anion khién kha nang hip phu kém di. Ngoai ra
trong moi trudng kiém, sy canh tranh cua ion OH’
ciing 14 nguyén nhan khién kha ning hap phy florua
va photphat gidm di.

3.3.4. Anh huéng ciia cdc ion canh tranh

Trong thyc t& ngoai cac ion can xir ly, nudc 6
nhiém thuong chira cic ion khac c6 thé canh tranh
trong qué trinh hap phuy, do d6 dé xem xét kha ning
ung dung cua vt li€u, ching t6i tién hanh khao sat
su anh huong ciia mot sb anion dén kha nang hép
phu florua va photphat trén d4 ong bién tinh. Cac
anion duoc lua chon khao sat gém: HCOy5, S0,%,
anh huong cia PO,> dén hip phu F va anh hudng
ctia F* dén hip phu PO,”.

MESHE S NE: E
2\0’ lolv) &\i 60
T 40 T 40
20 \ 20
0 { { 0
-100 100 300 500 -100 100 300 500
Néng dd bicacbonat (mg/l) Noéng d6 sunphat (mg/l)
=g F|lOorua  ==l==Photphat =g Florua === Photphat
100
80 - o= Anh huéng clia
florua
3 60 - === Anh hwéng clia
; 40 photphat
20
0

0 10 20 30

40 50

Nong d6 ion can (mg/l)

Hinh 9: D4 thi sy anh hudng cua cac ion canh tranh dén kha nang hap phu florua va
photphat cua da ong bién tinh

Két qua nghién ciru cho thay, su co mdt cua ion
HCO;" anh huong manh dén kha nang hap phu ca
florua va photphat trong khoang nong d6 khao sat tir

100 dén 500 mg/L. Kha niang hip phu ddi véi ca
florua va photphat giam khoang 50 % khi bicabonat
¢6 mat voi nong d6 gap 20 lan nong d6 ion khao sat.
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Qué trinh hip phu photphat gan nhu khong bi dnh
hudng khi c6 mat ion SO,* ngay ca khi co mat voi
nong do gap 50 lan. Trong khi d6, qué trinh hap phu
florua van bi anh hudng dang ké, kha nang hip phu
giam di 20 % khi nong do sunphat gap 40 lan nong
do florua va 40 % khi nong d6 sunphat gip 100 lan
ndng d6 florua. Sy hap phu florua va photphat ciing
bi anh huong qua lai 1an nhau khi cac ion ndy cung
c6 mit. Kha ning hap phu giam 50 % khi nong do
florua gép doi néng d6 photphat, va khi nong do
photphat gip 6 1an nong do florua.

Nhu vay, dé nghién ctru Ung dung vat liéu da
ong bién tinh trong xr 1y thuc té rat can luu y dén
kha nang anh huong cua cac ion canh tranh. Tuy
nhién, c6 thé thdy mat tich cuc cta vat liéu nay dé la
kha nang xir 1y dugc dong thoi cac dbi twong anion
khac nhau.

4, KET LUAN

Qua trinh bién tinh da ong tu nhién bang axit
HCI 3M va tam thém 2 % ham luong lantan da gitp
cai thién bé mat vat lidu hz"ip phuy, nang cao tai trong
hép phu cuc dai ddi voi ca florua (gap 3 lan) va
photphat (gap do6i) so voi vat lieu da ong nguyén
khai ban dau. Qué trinh hap phu trén da ong bién
tinh dat thoi gian can bang hip phu khé nhanh sau 2
gid ddi véi ca florua va photphat. Khoang pH thich
hop hip phu florua ciing nhu photphat déu tir axit
dén trung tinh thuan loi cho tng dung thyc té. Anh
hudng cta cac ion thuong gip trong nude thai dén
qua trinh hap phu florua va photphat cé thé sap xép
theo thir ty photphat > bicacbonat > sunphat va
florua > bicacbonat > sunphat. Nghién ciru ban dau
cho thiy d4 ong ngam tam lantan c6 trién vong cao
khi xir Iy ddng thoi cac anion nhu florua va photphat
trong nudc thai khi c6 mat & néng do cao.

Loi cam on. Két qua bai bdo dwoc thuc hién voi su
hé tro- vé kinh phi cia dé tai KH&CN cdp co so
Truong Pai hoc Khoa hoc ty nhién ma s6 TN.15.09
va nhiém vu Ccfp nha nuéc md s6 10/HPD-PT
10.14/CNMT.
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