TAP CHI PHAT TRIEN KHOA HQC & CONG NGHE:

CHUYEN SAN KHOA HQC TU NHIEN, TAP 1, SO 6, 2017

Dung luong hép phu cuc dai cua
y-FeOOH, a-FeOOH, y-Fe,Osva a-Fe,Os3
dang nano doi vo1 As(V) va As(11I)

e Nguyén Pinh Trung
Truong Pai hoc Pa Lat
Email: trungnd@dlu.edu.vn

(Bai nhan ngay 03 thdng 06 nam 2017, nhdn dang ngay 16 thang 08 nam 2017)

TOM TAT

y-FeOOH, o-FeOOH, y-Fe;03 va a-Fe;03
dang nano su dung lam vdt liéu hzfp phu As(V)va
As(Ill) da duoc diéu ché bang phirong phép dong
két tiia. Tir phé XRD va anh chup SEM dd xdc dinh
duoc cdc dang y-FeOOH, a-FeOOH, y-Fe;03 va
a-Fe;03, va la vat liéu nano co kich thuoc tir 15-
30 nm. Tai pH = 6,0 dung heong hdp phu cuwc dai
clia a-FeOOH déi véi As(V) va As(Il) lan luot la
77,28 va 78,65 mglg, con cua y-FeOOH lan luot

la 63,75 va 88,99 mg/g, cao hon so voi y-Fe;03 va
o-Fe>03. M6 hinh hép phu déng nhiét Langmuir
va Freundlich phit hop mé ta qud trinh hdp phu
As(V) va As(1ll) boi cdc dang vdt lieu nano oxide
sdt. Dung lwong hcfp phu cuc dai cua vat liéu, ciing
nhir viée diéu ché dé dang, gid thanh thdp cia
FeOOH, lam cho né tré thanh chat hdp phy hdp
ddn va ddy hita hen trong viéc xit Iy arsen trong
niede ngam.

Tir khéa: Arsen; hap phu; y-FeOOH, a-FeOOH, y-Fe;0;, a-Fe;03 nano

MO PAU

Ngay nay do bién d6i khi hau, tai mét s6 ving
clia tinh Lam Ddng mua ning thuong kéo dai din
dén muia khé mot s6 vung thidu nudc. BE dap ing
nhu ciu nuée sinh hoat, dan tai mot ) vung thiéu
nudce ty khoan giéng khai thac nuéc ngim. Trong
tu nhién, 6 nhi®m arsen trong nudc ngim co thé de
doa nghiém trong dén strc khoe cong ddng. Arsen
dugc chirng minh 1a ¢ lién quan tdi sy gia tang ti
1¢ cac bénh ung thu ¢ da, bang quang, gan va phdi
tai cac khu vuc ¢ 6 nhiém [1-3]

Arsen ton tai trong nudc ngam phd bién ¢ 2
dang v6 co va hitu co, dang v6 co ctia arsen c6 doc
tinh cao hon dang hitu co [4]. Ngoai ra, As(IIT) ¢6
dbc tinh cao hon As(V) ddng thoi né ciing kho bi
loai bo hoan toan khoi nudc ngﬁm [5, 6].Khi nudc
ngam bi 6 nhidm arsen 1a van dé phd bién, dé xur
1y va loai bo arsen ra khoi nuéc ngdm, ngay nay
¢6 nhiéu phuwong phap dugc nghién ctiru nhu hip
phu [7, 8], trao déi ion [9, 10], thAm thiu nguoc
[11,12], keo tu [13, 14] va xr ly sinh hoc [15, 16].

Trong sb d6, phwong phép hép phu dugc cho la
phwong phap hiéu qua va kinh t& nhit. Ngay nay
nhiéu loai vat liéu hép phu da dugce nghién ctru dé
loai bo arsen nhu cac vat liéu hép phu sinh hoc,
cac khoang oxide, than hoat tinh va cac loai nhua
polymer [17-19].

Tinh chat hé.p phu cta vat liéu nano dugc tng
dung dé xtr Iy méi truong, ngdy nay rit dwoc chu
y nghién ctru str dung. Trong d6 cac cong trinh da
cong bd tap trung chi yéu vao viéc 1am sach arsen
[20, 21]. Ca hai dang As(III) va As(V) bi hap phu
rAt manh boi cac vat liéu nano (13 cic oxide cta
kim loai) do hip dung 16n cua cac vét liéu nano
dbi voi arsen. Nano oxide sit 13 vat lidu d& diéu
ché dong thoi nd co tinh ning hip phu arsen rat
tbt, theo cac cong trinh nghién ctru nhu ciia Tang
va cac cong su (2011) thi hép dung ti da cia a-
Fe,05 ddi voi As(IIT) 1a 95mg/g, ddi voi As(V) 1a
47mg/g. Theo cong trinh nghién ctru cua S. R.
Chowdhury va cong su (2010) hip dung ctia hdn
hop nano (Fe;Os- 0-FerOs) dbi voi As(I) va
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As(V) 1a 80 pmol/g [22]. Cong trinh nghién ctru
cua Mohammad Mosaferi va cac cong su (2014)
cho thiy hép dung ciia nano sit kim loai dbi véi
As(I1T) 1a 12,2 mg/g va d6i voi As(V) 1a 14 mg/g
[23]. Hién tai, trong nudc c6 mdt vai cong trinh
ctia nhom tac gia Luu Minh Dai cong bd tng dung
nano oxide sit dang nano dé hip phu arsen [24-
26]. Tuy nhién, nhom coéng trinh nay tdng hop
nano oxide st biang cong ngh¢ ddt chay gel. Trong
khudn khé bai bao nay, bd sung thém phuong phap
téng hop céc dang nano oxide sit bing phuong
phap két tna-ddng két tiia hoa hoc. Day la phuong
phép don gian, chi phi thap, d& tién hanh va dong
thoi ciing so sanh dung lugng hip phu cuc dai cua
cac dang nano oxide kim loai téng hop dugc ddi
véi arsen.

VAT LIEU VA PHUONG PHAP

thiét b

i S oo

Dung dich chuén gbc As(V) va As(III) 1000
mg/L (Merck), dung dich dung cho nghién ctru
As(V) va As(ll) dugc diéu ché tr mudi
NaHAsO4 7H20 va As;O3 (Merk), HNO3 (0,01—
0,5 N) va NaOH (0,01-1N) dugc dung dé chinh
pH khi cin thiét. Na,CO3, NH4OH, FeCl,.4H,0
(P.A) Trung Québc.

Xac dinh arsen trong dung dich bing thiét bi
AA 7000 - HVG1 Shimadzu, phén tich, xir 1y sb
lidu, v& db thi bﬁng phﬁn mém Originlab 8.5.1

Pidu ché cic oxide kim loai dang nano
(y-FeOOH, a-FeOOH, y-Fe;0s, a-Fe;O; béng hé
thiét bi duge md ta nhu Hinh 1.

Trong subt qua trinh diéu ché y-FeOOH va
y-FeOOH nhiét do phan tng duy tri & 25 °C, tbc
d6 khudy 1200 vong phut, duy tri pH bang dung
dich tiy theo quy trinh diéu ché.

| '; may suc khi b
; &

3

Boessaras

Hinh 1. Thiét bi didu ché nano oxide sét
1. May do pH véi dién cuc thuy tinh dé kiém soat pH; 2. Binh phan tmg; 3. Méay khudy tirgia nhiét;
4. Thiét bi nh6 giot dé didu chinh pH; 5. Thiét bi suc khong khi (v&i tde do suc khi diéu chinh dugc)
6. Binh rtra khi dung dich rira khi NaOH 40%

Diéu ché y-FeOOH: Hoa tan 12g FeCl, 4H,0
trong 300 mL nude cét (loc qua gidy loc néu co két
tha), suc khi nitrogen 10 phat dé dudi sach oxygen
khong khi cé trong dung dich, chinh pH cta hé
phén ting dén gia tri 6,5-6,8 c6 két tia mau xanh
den.

Dung NH;OH hay NaOH (I1N) tir thiét bj nho
giot dé 6n dinh pH cta h¢ théng 6,5-6,8 trong subt
qué trinh vira suc khi tc d6 dong 2 L/phut, vira

khudy téc do 1200 vong/phut nhiét phan tng
25 °C. Ttia mau xanh den trong binh phan ung
chuyén sang mau vang cam sau thoi gian phan
(g, két thiic qua trinh phan ting trong khoang 20
phit, ly tam10 phut tbc d6 10.000 vong/phut, rira
sdy san pham (y-FeOOH ) ding cho nghién ctru
tiép theo.

Diéu ché y-Fe,0;3: van st dung quy trinh trén
dén giai doan két thuc phan g (sau 20 phut) bd
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sung vao binh phan tng 50 mL CH3CH,OH sau
d6 chinh pH dén 7 khudy thém 15 phut, va chinh
nhiét 6 cta binh phan tng 1én 90 °C van tiép tuc
khudy trong vong 4 h. Luc nay, trong binh phan
tng, hdn hop phan tmg chuyén tir mau vang cam
sang mau den, két thuc phan tng, ly tim véi thoi
gian 10 phat téc d6 10.000 vong/phut, rira siy san
pham (y-Fe;03) ding cho nghién ciru tiép theo.

Piéu ché 0-FeOOH: Hoa tan 3g FeCl, 4H,0
trong 300 mL nudc cit (loc qua gidy loc néu co két
tiia) sau d6 thém vao binh phan ung 33 mL dung
dich NaHCOs 1IN, pH 7,5 trong hé phan ung duoc
duy tri trong sudt qua trinh vira suc khi véi tbe d6
dong 2L/phit, vira khudy téc do 1.200 vong/phut
nhiét d6 phan ung 25 °C, phan tng két thiic sau
30 phut két tha mau xanh den chuyén thanh mau
vang lot, ly tam 10 phiit téc do 10.000 vong/phut,
rira sy san phdm a-FeOOH) st dung cho nghién
ctru tiép theo.

Didu ché a-Fe;03: Theo phwong phép Piéu
ché 0-FeOOH tuy nhién, dén khi két thic qua trinh
(30 phit) bd sung 50 mL CH3;CH,OH vira khudy
vira dun hén hop trén ddng thoi tiép tuc suc khi 4
h nhiét d6 90 °C hdn hop phan img chuyén tir mau
vang nhat sang mau d6 sam (ly tim 10 phut tc do
10.000 vong/phut, rira siy hdn hop san phim a-
Fe,0; va Fe;04) st dung cho nghién ctru tiép theo.
Téach loai Fe;04 ra khoi hdn hop (o-Fe,O; va
Fe;04) bang nam cham.

Xac dinh phd XRD cua vat ligu dwoc chup
trén thiét bi nhidu xa Scintag-XDS-2000 véi bude
song Cu Ka (A=1.54059) va goc do quét 20 &
44,9°C. Hinh thai cua vat li¢u (SEM) duoc chup
trén may Hitachi H-7500.

Nghién ctru hip dung cyc dai cia timg vat
liéu: Bé xac dinh dung luong hép phu cuc dai cta
ting loai vat liéu nghién ctru trong didu kién pH
6.0 d6i voi arsen (vi ngudn nudc ngdm tai Lam
Dong nam trong diy 5,8-7,5) dwoc tién hanh nhu
sau;

Can 0,1g chat hip phy cho vao binh tam gi4c
250 mL thém vao d6 100 mL dung dich As(V) hay
As(II) véi diy ndng d6 tir 40 dén 1000 mg/L tiry

theo diéu kién nghién ctru. Néng d6 cac ion trong
thiét bi nghién ctiru khong duoc diéu chinh trong
subt qua trinh hip phu.Binh hip phu dwoc day kin
va lic trén may lic (IKA HS 260 basic USA) véi
tbc d6 180 vong/ phit,lién tuc 24 gier d& dam bao
qua trinh hfip phu dat trang thai can bz"mg, nhiét do
thuc hién qua trinh hap phu ¢ nhiét ¢ phong (25
°C), pH duogc duy tri 6 pH=6.0.

pH ban diu da dugc diéu chinh dén gia tri
pH=6.0 bang dung dich HNO; va NaOH (0,01 N)
va sau d6 dugc kiém tra va diéu chinh sau mot
khoang thoi gian 1a 2 gio. Sau 24 h phan tng, tét
ca cac mau duogc ly tAm 5 phut (universal 320-
Germany) ¢ 10.000 vong/ phut sau d6 dugc loc
qua mang loc 0,45 pm va dich loc dugc phan tich
arsen bing AA 7000 - HVG1 Shimadzu. Quy trinh
nay dugc thuc hién dé nghién ciru hip dung cuc
dai cua cac vat liéu hép phu nghién ctu. Ham
lwong arsen hip phu duoc tinh béi sy thay ddi
n6ng d6 ban dau va ham Iugng con lai ctia arsen
trong trong dung dich trén khéi lrong cia vit liéu
hép phu.

Ham lugng arsen bi hdp phu duoc tinh theo
cong thuc sau:

V(GG
R

Trong d6 q 1a ham lugng arsen bi hip phu, hay
dung lugng hép phu ciia vat liéu (mg/g chét hip
phu); Civa C. 1a néng d0 kim loai trude va sau khi
hép phu tvong tng, V thé tich dung dich, B 1a khéi
lugng cuia vat liéu hép phu dugc st dung.

Nghién ciru mé hinh hip phu

Pé nghién ctru mé hinh hip phu ding nhiét
clia cac vat lidu hap phu, didu kién duoc thyc hién
& 25 °C va pH=6.0 va mot diy ndng d6 dau cua
As(I1I) va As(V) (40-1000 mg/L) theo quy trinh
mo ta & trén.

Phwong trinh hfip phu Langmuir
_ qm bCe
9 =15 be,

Trong d6 qe 1a lvong As(V) va As(II) bi hép
phu boi vat liéu (mg/g), qm dung lugng hip phu
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cuc dai ciia As(V) va As(Ill) C. ndng d6 du cua
1 qué trinh hdp phu dat can bang (mg/L) b hing s6
ty 1&: hap phu/giai hép.

Phwong trinh hip phu Freunlich

qe = KC/"

V6i qe 1a lugng As(V) va As(III) bi hip phu
boi vat lidu (mg/g), K, n 1a hing s6 hap phu khi dat
trang thai can bing.

KET QUA VA THAO LUAN
Tinh chét ciia vat liéu hip phu

Pé xé4c dinh tinh chat vat liéu st dung cho
nghién ctru cac phd XRD va SEM cua céc loai vat
liéu duoc thé hién & cac hinh sau:

Khi nghién ctru phé XRD cua y-FeOOH

7000
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y-FeOOH
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2 Theta (coupled Two Theta/Theta) WL=1.54060

(Hinh 2) thi thiy ¢6 xudt hién nhitng pick (*) d6 la
nhitng pick tap ctia y-Fe,Os, khi d6i chiéu v6i phd
XRD cua y-Fe,03. Trong qua trinh tdng hop y-
FeOOH thi c6 su chuyén hoa tir dang y-FeOOH
sang dang y-Fe,O;3 v6i ham lugng rit nho. Tir Hinh
3 cho thdy dang nano hinh que (nano-rod) cua y-
FeOOH va y-Fe,Os trong cling 1 diéu kién chup,
kich thudc dang nano cua y-Fe,O3; nho hon vy-
FeOOH c¢6 thé do ban kinh phan tir ciia y-FeOOH
16n hon. Dang nano hinh que dugc tdng hop khi
sir dung NH4OH dé téng hop, néu nhu trong dung
dich phan tng bd sung 0,IN dung dich NaCl va
diéu chinh pH bang NaOH thi ching c6 dang hinh
lap phuong.

Dé diéu ché dang y-FeOOH tinh khiét, khi suc
vao binh phan tng nhit dinh phai duoc loc qua
binh rtra khi dé loai bo CO..

5500
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y-Fe,0,

4000 -

3500 4

3000
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2 Theta (coupled Two Theta/Theta) WL=1.54060

Hinh 2. Phd XRD cua y-FeOOH va y-Fe203

IMS-NKL x150k SE(M)
Anh SEM cua y-FeOOH

IMS-NKL x150k SE(M) " '200nm

Anh SEM cuia y-Fe2O3

Hinh 3. Anh SEM cua y-FeOOH va y-Fe2O3
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Khi nghién ciru phd XRD cua o -FeOOH
(Hinh 4) thi thiy c6 xudt hién nhitng pick (*) d6 la
nhitng pick tap ctia a-Fe,Os, khi dbi chiéu v6i phd
XRD ciia 0-Fe;03. Trong qué trinh tong hop o-
FeOOH thi ¢ sy chuyén héa tir dang a-FeOOH
sang dang a-Fe;O; trong qua trinh oxy hoda véi
ham lugng rt nho. Tir Hinh 5 cho thiy dang nano

6000
5500
5000
4500

4000

a-FeOOH

T v
0 10 20 30 40 50 60 70 80
2 Theta (coupled Two Theta/Theta) WL=1.54060

ciia 0-FeOOH vao-Fe,0s trong cing 1 diéu kién
chup, kich thudc cta vat li¢u 1a kich thudc nano.
Kich thude cta a-Fe,O3 nho hon a-FeOOH.

Khi téng hop a-FeOOH trong subt qua trinh
suc khi khong can phai rira khi dé loai bé CO».

6500
6000 -
5500
5000

4500 4

a-Fe,0,
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Hinh 4. Phd XRD cta o -FeOOH va o -Fe203

IMS-NKL x150k SE(M) 300nm

Anh SEM cua a-FeOOH

IMS-NKL x150k SE(M)

Anh SEM cua o -Fe03

Hinh 5. Anh SEM cua 0-FeOOH va a-Fe2O3

Qua két qua nghién ciru cho thiy cac san
phém tong hop duoc 14 dang vat liu c6 kich thudc
nano (Hinh 3 va Hinh 5), kich thudc trung binh
30nm, riéng véi hai dang y-Fe;O3; va a-Fe,O3 co
kich thudc nho hon tir 15-20 nm. Tir cdc phd XRD
cho thiy khi tong hop cac dang FeOOH c6 1an tap
chit xuat hién cac pick tap ctia y-Fe,Os khi tong
hop y-FeOOH va 14n tap a-Fe,Os khi téng hop a-
FeOOH, nguyén nhan do trong qua trinh tdng hop
pH trong dung dich ¢6 xu huéng giam trong su6t
qua trinh cho nén phai c6 sy diéu chinh pH lién
tuc, trong thoi diém thém dung dich kiém vao dé

6n dinh pH ctia dung dich thi diéu kién phan tmg
¢6 thay dbi cuc b tai bé mit tiép xc, tir phd XRD
cho thiy y-Fe;03 va a-Fe,05 san pham tuong ddi
tinh khiét.
HAp dung cwe dai ciia cac vat lidu

Tu s6 liéu thuc nghiém, st dung phﬁn mém
Originlab 8.5.1 xi 1y, phan tich s liéu, xay dyng
dd thi. Cac phuong trinh hap phu ding nhiét cia
cac vat liéu hép phu y-FeOOH, o-FeOOH,
v-Fe,03, a-Fe 03 dbi voi As(V) va As(Ill) duoce
thé hién theo cac Hinh 6 va 7.
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Hinh 6. M6 hinh hip phu Langmuir va Freundlich ctia As(V) (A) va ctia As(III) (B) 1én chét hip phy y-FeOOH
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Hinh 7. M5 hinh hip phy Langmuir va Freundlich ctia As(V) (A) va ctia As(III) (B) 1én chét hip phu y-Fe2O3

Théng qua cic phuong trinh hip phy ding
nhiét duwgc mo ta tai Hinh 6 va 7 tir dit liéu phan
tich thong qua cac md hinh thyc nghiém, cac thong
s6 cua qua trinh hap phu theo mé hinh Langmuir
va Freundlich déi v6i As(V) va As(IIl) trén vat
liéu hip phu y-FeOOH va y-Fe,03 & pH= 6,0 dwoc
thé hién ¢ Bang 1.

Tur két qua phén tich tai Bang 1 cho thiy hai
md hinh Langmuir va Freundlich phtt hop dé mé
ta qua trinh hap phu As(V) va As(III) trén vat liéu
hép phy y-FeOOH va y-Fe,0s, gia tri R? clia md
hinh Langmuir tir 0,88 dén 0,92. Khi dat trang thai
cin bang, gia tri (b) 14 ty 1& hap phu/giai hip cia
qué trinh rat nho tir 0,02-0,03 chung t6 qua trinh
da dat trang thai can bﬁng, dung lugng hép phu cuc

dai cua y-FeOOH & pH= 6,0 dbi voi As(V) va
As(III) 13 63,75 va 88,99 mg/g va ctia y-Fe,03 dbi
voi As(V) va As(IIl) 1a 44,41 va 54,39 mg/g mot
céach tuong trng. Gid tri R? ctia mo6 hinh Freudlich
tr 0,85 dén 0,98, gia tri 1/n trong mo hinh
Freudlich 1udn nho hon 1 1a phu hgp (Bang 1).

Hinh thai cua y-FeOOH va y-Fe,O; déu &
dang hinh que (Hinh 3) va c6 kich thudc
nano.Kich thude cua y-Fe,O3 nho hon y-FeOOH
tuy nhién hap dung cuc dai ddi voi ca hai dang
As(V) va As(Ill) cta vt li¢u y-FeOOH cao hon
y-Fe;03, ddng thoi dung lwong hép phu cuc dai
clia y-FeOOH d6i voi As(II) cao hon so vai
As(V).
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Bang 1. Céc thong sb ciia phuong trinh hap phu Langmuir va Freundlich d6i voi As(V) va As(III) trén
vat liéu hap phu y-FeOOH va y-Fe,O3 ¢ pH= 6,0
Vit liéu hip phu y-FeOOH & pH= 6,0
M5 hinh hip phu dang nhiét Langmuir

Dang arsen qm (mg/g) b (L/mg) R?
As(V) 63,75 0,02 0,92
As(I1I) 88,99 0,02 0,89
M hinh hip phu dang nhiét Freundlich

Dang arsen Kr (L/mg) 1/n R?
As(V) 9,88 0,27 0,93
As(I1I) 16,95 0,26 0,98

Vit li¢u hap phu y-Fe2Os 6 pH= 6,0
Mo hinh hép phu ding nhiét Langmuir

Dang arsen qm (mg/g) b (L/mg) R?
As(V) 44,41 0,03 0,88
As(11D) 54,39 0,02 0,91
M0 hinh hap phu dang nhiét Freundlich

Dang arsen Kr (L/mg) 1/n R?
As(V) 14,48 0,17 0,85
As(I1II) 11,75 0,23 0,89

Qua trinh hap phy dang nhiét caa chit hip phu 1a a-FeOOH, a-Fe,O3 dbi v6i As(V) va As(IIl) &
pH=6,0 dugc thé hién qua Hinh 8A, 8B, 9A va 9B

= 5 60 .
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Hinh 8. M5 hinh hip phy Langmuir va Freundlich ctia As(V) (A) va cta As(III) (B) 1én chét hip phu a-FeOOH
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Hinh 9. M6 hinh hap phu Langmuir va Freundlich ctia As(V) (A) va ctia As(III) (B) 1én chét hip phy o-Fe203
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Tir céc thong sb ciia qua trinh hip phu theo mo
hinh Langmuir va Freundlich dbi véi As(V) va
As(II) trén vat liéu hip phu a-FeOOH va a-Fe,0; &
pH= 6,0 dugc thé hién & Bang 2.

Thong qua cac $6 lidu phan tich tai thé hién tai
Bang 2, hai md hinh Langmuir va Freundlich phu
hop dé mé ta qua trinh hap phu As(V) va As(III) trén
vat liéu hép phu a-FeOOH va a-Fe,Os.

Gié trj R? cia m6 hinh Langmuir tir 0,89 dén
0,95, khi dat trang thai can béng, gia tri (b) la ty 1€
hip phu/giai hép cta qua trinh rat nhé tir 0,03-0,04
chimg t6 qua trinh da dat trang thai cAn bang. Dung
luong hép phu cuc dai cia a-FeOOH ¢ pH= 6,0 dbi

voi As(V) va As(IIl) 1a 77,28 va 78,65 mg/g va cua
y-Fe;0; d6i véi As(V) va As(IIT) 1n luot 1a 44,54
va 44,35 mg/g. Gi4 tri R? cia mo hinh Freudlich tur
0,82 dén 0,93, gia tri 1/n trong m6 hinh Freudlich
luoén nho hon 1 1a phu hop (Bang 2).

Hinh théi cta a-FeOOH va o -Fe,03 déu ¢ dang
lap phuong (Hinh 5) va c6 kich thudce nano. Kich
thude ctia a-Fe,O3 nho hon a-FeOOH tuy nhién hap
dung cuc dai ddi véi ca hai dang As(V) va As(IIT)
cua vat liéu o -FeOOH cao hon a-Fe,0s, dung lugng
hip phu cuc dai ctia a-FeOOH dbi véi As(IIl) va
As(V) khong khac biét nhiéu.

Bang 2. Céc thong s6 ciia phuong trinh hap phu Langmuir va Freundlich d6i voi As(V) va As(III) trén
vat liéu hap phu a-FeOOH va a-Fe,O3 ¢ pH= 6,0

Vit liéu hap phu a-FeOOH 6 pH= 6.0

M5 hinh hip phy dang nhi¢t Langmuir

Dang arsen qm (mg/g) b (L/mg) R?
As(V) 77,28 0,04 0,05
As(I1) 78,65 0,03 0,93
M hinh hép phu ding nhiét Freundlich

Dang arsen Kr (L/mg) 1/n R?
As(V) 23,15 0,19 0,87
As(11) 20,29 0,22 0,93

Vit liéu hap phu a-Fe>03 & pH= 6.0

M0 hinh hap phu dang nhi¢t Langmuir

Dang arsen gm (mg/g) b (L/mg) R?
As(V) 44,54 0,03 0,89
As(111) 44,35 0,03 0,90
MO hinh hap phu dang nhiét Freundlich

Dang arsen Kr (L/mg) 1/n R?
As(V) 15,02 0,17 0,82
As(I1I) 13,90 0,18 0,84

Qua két qua nghién ctru kha ning hip phy cua
cac vat liéu hz“ip phu y-FeOOH, a-FeOOH, y-Fe,03
va 0-Fe 03 dbi véi As(V) va As(I1D), qua trinh hép
phu tudn theo mo hinh hip phu Langmuir va
Freundlich.

Dung lugng hép phu cuc dai dbi voi As(V) va
As(IIT) cta dang FeOOH cao hon so vdi dang
Fe,O; trong cung diéu kién nghién ctru, dung
lwong hip phu cyc dai dbi véi As(IIl) cua dang
v-FeOOH cao hona-FeOOH.

KET LUAN

Di tong hop dugc y-FeOOH, o-FeOOH, y-
Fe»03 va a-Fe,03 vai kich thude tir 15-30nm lam
vat liéu hdp phy. Qué trinh hip phu As(V) va
As(ITI) trén 4 loai vat li€u, tuan theo mo hinh hép
phu ding nhiét Langmuir va Freundlich. Dung
lwong hép phu cuc dai dbi voi As(V) va As(III)
cua cac dang FeOOH cao hon so véi dang Fe,O3
trong cung diéu kién nghién ctru. Dung lwong hép
phu cuc dai ciia a-FeOOH d6i voi As(V)va As(IIT)
1a 77,28 va 78,65 mg/g; con cua y-FeOOH 1an luot
la 63,75 va 88,99 mg/g. Vay loai vat liéu nano
dang FeOOH Ia loai vt li¢u rat tiém nang trong
viée xtr Iy nude bi nhidém bin arsen.
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Loi cam on: Chiing t6i xin chdn thanh cam on B9
GD&PT cap kinh phi cho nghién cieu nay, cam on

lanh dao Truwong Dai hoc Pa Lat tao diéu kién dé
chiing t6i thuec hién dé tai nghién cieu.

The maximum absorption capacities of
v-FeOOH, a-FeOOH, y-Fe>Os and a-Fe,O3
nanoparticles for As(V) and As(III)

e Nguyen Dinh Trung
Da Lat University

ABSTRACT

y-FeOOH, o-FeOOH, y-Fe;03 and a-Fe>O3
nanoparticle adsorbents for As(V) and As(Ill)
removal were prepared by a chemical co-
precipitation method. In the XRD diagrams the
oxides appeared in the form of y-FeOOH,
a-FeOOH, y-Fe;03 and o-Fe;03. These typical
SEM images of the prepared samples were shown,
which reveal that the nanoparticles were about 15

—30 nm. The maximum adsorption capacities of a-

FeOOH for As(V) and As(lll) were 77.28 and
78.65 mg/g; and y-FeOOH were 63.75 and 88.99
mg/g respectively and higher than those of y-Fe;03
and a-Fe;03 at pH= 6.0. The adsorption data
and  Freundlich
isotherms. The high adsorption capability and

accorded  with  Langmuir

good performance on other aspects make the
FeOOH nano particles being a promising
adsorbent for the removal of As(V) and As(Ill)

from groundwater.

Keywords:arsen, sorption; y-FeOOH, a-FeOOH, y-Fe>03, a-Fe;03 nano

TAI LIEU THAM KHAO

[1]. S.Y.Tsai, H.Y.Chou, H.W.The, C.M.Chen, C.J.
Chen, The effects of chronic arsenic exposure
from drinking water on the neurobehavioral
development in adolescence, Neuro Toxicology,
24, 747-753(2003).

[2]. C.H. Tseng, C.K. Chong, C.P. Tseng, Y.M.
Hues, H.Y. Chiou, C.C. Tseng, C.J. Chen, Long
term arsenic exposure and ischemic heart
disease in arseniasis hyperendemic villages in
Taiwan, Toxicology Letters, 137, 15-21(2003).

[3]. C.H.Tseng, T.Y. Tai, C. K. Chong, C.P. Tseng,
M.S. Lai, B.J. Lin, H.Y. Chiou, Y.M. Hsueh,
KH. Hsu, CJ. Chen, Long term arsenic
exposure and incidence of non-insulin-
dependent diabetes mellitus: a cohort study in
arseniasis-hyperendemic villages in Taiwan,
Environmental Health Perspectives, 108, 847—
851(2000).

[4]. R.A. Yokel, SM. Lasley, D.C. Dorman, The

speciation of metals in mammals influences

their toxico kinetics and toxico dynamics and
therefore human health risk assessment, Journal
of Toxicology and Environmental Health, Part
B, Critical Reviews, 9, 1, 63-85 (2006).

[5]. F.C.Knowles, A.A. Benson, The Biochemistry
of Arsenic, Trends in Biochemical Sciences, 8,
5, 178-180 (1983).

[6]. N.E. Korte, Q. Fernando, A review of arsenic
(M) in groundwater, Critical Reviews in
Environmental Science and Technology, 21, 1,
1-39 (1991).

[7]. H. Zhu, Y. Jia, X. Xu, H. Wang, Removal of
arsenic from water by supported nano zero-
valent iron on activated carbon, Journal of
Hazardous Materials, 172, 2-3, 1591-1596
(2009).

[8]. A. Sperlich, A.Werner, A. Genz, G. Amy, E.
Worch, M. Jekel, Breakthrough behavior of
granular ferric hydroxide (GFH) fixed-bed
adsorption filters: modeling and experimental

Trang 245



SCIENCE & TECHNOLOGY DEVELOPMENT JOURNAL:
NATURAL SCIENCE, VOL 1, ISSUE 6, 2017

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

approaches, Water Research, 39, 6, 1190-1198
(2005).

X.L. Wu, L. Wang, C.L. Chen, A W.Xu, XK.
Wang, Water-dispersible magnetite—graphene—
LDH composites for efficient arsenate removal,
Journal of Materials Chemistry, 21,43, 17353—
17359 (2011).

J. Kim, M.M. Benjamin, Modeling a novel ion
exchange process for arsenic and nitrate
removal, Water Research, 38, 8, 2053-2062
(2004).

I. Akin, G. Arslan, A. Tor, Y. Cengeloglu, M.
Ersoz, Removal of arsenate [As(V)] and
arsenite [As(IIl)] from water by SWHR and
BW-30 reverse osmosis, Desalination, 281, 88—
92 (2011).

R.Y. Ning, Arsenic removal by reverse osmosis,
Desalination, 143, 3, 237-241 (2002).

A. Zouboulis, 1.
ofarsenates

Katsoyiannis, Removal

from contaminated waterby
coagulation-direct filtration, Separation Science
and Technology, 37, 12, 2859-2873 (2002).
M.B. Baskan, A. Pala, A statistical experiment
design approach for arsenic removal by
coagulation process using aluminumsulfate,
Desalination, 254, 1-3, 42-48 (2010).

T.M. Gihring, G.K. Druschel, R.B. Mc Cleskey,
R.J. Hamers, J.F. Banfield, Rapid arsenite
oxidation by Thermus aquaticus and Thermus
field laboratory
investigations, FEnvironmental Science and
Technology, 35, 19, 3857-3862 (2001).

E.O. Omoregie, RM. Couture, P. Van
Cappellen, C.L. Corkhill, J.M. Charnock,
Arsenic bioremediation by biogenic iron oxides

thermopbhilus: and

and sulfides, Applied and Environmental
Microbiology, 79, 14 (2013).

M.M. Benjamin, R.S. Sletten, R.P. Bailey, T.
Bennett, Sorption and filtration ofmetals using
iron-oxide-coated sand, Water Research, 30,11,
2609-2620 (1996).

[18].

[19].

[23].

[24].

. S.R. Chowdhury, Arsenic and

L. Dambies, T. Vincent, E. Guibal, Treatment of
arsenic-containing solutions using chitosan
derivatives: uptake mechanism and sorption
performances, Water Research, 36, 15, 3699—
3710 (2002).

D. Mohan, C.U. Pittman, Arsenic removal from
water/wastewater using adsorbents, critical
review, Journal of Hazardous Materials, 142,
1-2, 1-53 (2007).

. H.J. Bates, D. Heil, Removal of arsenic from

ground water by mangnese dioxide- coated
sand, J.Environ. Envi., 126, 12, 1160-1172
(2000).

. J.G. Hering, P. Y. Chen, Arsenic removal from

drinking water during coagulation,J. Environ.
Eng., 123, 8, 800-807(1997).

chromium
removal by mixed magnetite-maghemite
nanoparticles and effect of phosphate on
removal, Journal of  Environmental
Management, 91, 11,2238-2247(2010).

M. Mohammad, N. Sepide, K. Alireza, N.
Simin and A. H. Ahmad, Removal of Arsenic
(I, V) from aqueous solution by nanoscale
zero-valent iron stabilized with starch and
carboxymethyl cellulose, J. Environmental
Health Science & Enginering, 12, 74, 2-10
(2014).

Luu Minh Bai, Nguyén Thi T Loan, Téng hop
y-Fe;0; kich thudc nanomet bang phuong phap
dbt chay gel va nghién ctru kha ning hip phu
sit, mangan, arsen, Tap chi Hoa hoc, T.A7, 6A,
260-264 (2009).

. Luu Minh Pai, Nguyén Thi Té Loan, Nghién

ctru kha ning hip phu arsen ctia vét liéu nanoy-
FexOs, Tap chi phan tich Hoa, Ly va Sinh hoc,
T.14, 4, 155-159 (2010).

. Luu Minh Dai, Nguyén Thi T Loan, Nghién

ctru ché tao vat lidu nano v- Fe,03 hép phu
arsen, sit va mangan, Tap chi Hoa hoc, T.48,
4A, 180-184 (2010).

Trang 246



