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I. MO DAU

Nhitng ndm gan day, vat liéu nano v6i cac tinh nang doc dao uu viét da dugce nghién
ctru hét strc ram rd, ma ra trién vong to 16n cho viéc img dung céng ngh¢ va vat liéu nano
trong moi linh vyuc cua cudc song trong do co van dé xtr Iy moi truong. Su nhiém doc
asen, xuét hién nhu mot hiém hoa méi truong d6i voi strc khoe con ngudi va cang ngay m
cang tré thanh van dé mang tinh toan cau [1,2]. Theo udc tinh cia to chue yté thé gidi
Viét Naco khoang 10-13 triéu nguoi dang phai d6i mat v6i hiém hoa vé nhiém doc asen.
Nhimng théng bao diu tién vé tinh ning hap phu asen ciia nano oxit sat tir d duoc thong
bao tir cudi nam 2004 [3]. Theo d6 Fe;04 kich thudc ¢& 20 nm c6 kha ning hip phu asen
cao g?ip 200 14n so véi vat lidu dang khdi. Dac biét no co thé hép phu asen ¢ ca hai dang
arsenate - As(III) va arsenite - As(V), khi can bang hap phy ham luong asen trong nudc
c¢6 thé dat dudi mic 10 ppb (1a ndng do asen cho phép theo tiéu chuan cia WHO) chi
trong vai phut [3,4,5]. Mot uu diém nita khi st dung MN 1a chi tao ra mét lugng can rat
nho, c6 thé dé dang thu gom xir 1y, ban than MN lai rat than thién véi moi trudong. Cac két
qud nady mé ra mot hudng nghién ctru méi: St dung cong nghé MN trong xu 1y nudce sinh
hoat.

Viéc tong hop MN bang phuong phap két tiia hoa hoc véi nguyén liéu dau la cac
ho4 chét tinh khiét (ky hiéu MN1) va khao sat cac dac trung cua vét liéu da dugc ching
t6i tién hanh trong cic nghién ctru trude day[6]. Tuy nhién, MN dung trong cung nghé
xu ly nudc khong diii hoi chét luong cao vé dd déng déu cta cac hat, dd sach cua vat
lidu... Su co6 mit cia cac tap chat & dang oxit (coban, niken, mangan...) trong san phim
dudng nhu khong 1am anh huong dén téc do ciing nhu dung luong hip phu asen, nguoc
lai chiing ciin ¢t toc dong tich cuc, do d6 trong cong trinh nay ching t6i trinh bay két
quéa nghién ciru tong hop MN véi nguyén liéu dau 1a cac hoa chat ki thuat (ky hiéu
MN2) nham giam gia thanh huéng dén muc tiéu sir dung trong cong nghé xu 1y
nudc. Cac dic trung co ban cua MN2 da dugc xac dinh va so sanh véi vat ligu
MN-1. Cac nghién ciru hanh vi va dong hoc hap phu asen trong dung dich nuéc
duoc thuc hién
II. THUC NGHIEM
1. Hoa chit:

Hoa chat dé tdng hop vat lieu MN2 1a FeSO,.4H,0 va FeCl;.6H,0, nhitng hoa chét
can thiét khac nhu HC1, NaOH déu 1a loai ky thuat cua Trung Quéc. Céac hoa chat
dé xac dinh hiéu ung hép phu asen: Na,HAsO4.4H,0 va As,Os loai tinh khiét cua
Trung qubc dugce st dung.

2. Thyc nghiém:

a. Tong hop MN2:

- Vit liéu duoc téng hop tir dung dich hdn hop FeSO4 / FeCls. Vi day la cac hoa
chét k¥ thuat nén sau khi hoa tan trong nudc nudc bio hoa khi Ar, dung dich duoc
loc bo can va dinh lugng bang phuong phap chuan do véi KMnO,. Pha ché dung
dich dau sao cho dam béo ty 16 Fe*"/ Fe’'=1/2 v6i ndng do Fe*" khoang 0.1M. Cac
ché do téng hop tuong ty nhu ddi voi téng hop vat li¢gu MNI1[6].
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- Xac dinh hanh vi hip phu asen cta vat lidu:

Dung dich As(V) va dung dich As(III) ndéng d6 100 ppb duoc chudn bi trong
nudc cat bio hoa khi Ar, diéu chinh pH = 6,5 -7. Vit lidu trude khi dua vao hap
phu duoc xir 1y trén may siéu am 5 phut dé dam bao phan tan tdt trong dung dich.
Tt ca cac thi nghiém déu duoc thuc hién & nhiét do phong trong thiét bi khudy kin
co suc khi Ar. Néng do pha ran dugc st dung la: 0,1 0,2 0,5 (g Fe;04/1). Thoi
gian 1dy mau 1an luot 1a: 15, 30, 60 va 120 phut.

- Pong hoc hip phu asen cua vat lidu:

Dung dich As(III) va As(V) duoc chudn bj trong nudc cat bio hoa khd Ar. Cac thi

nghi¢m dugc tién hanh & nhiét do phong trong h¢ khqu kin c¢6 suc khi Ar. Vat liéu trudc

khi hap phu asen duoc xir Iy trén may siéu 4m trong 5 phit. Trong tat ca cac thi nghiém,

ndng d6 pha rin duogc gitt ¢b dinh 1a 0,1g/1 (trir truong hop xac dinh anh huéng cua hiéu

ung két tu dén dung lugng hép phu cuc dai cua vat licu khi tién hanh siéu am 45 phut

néng do pha ran duoc chon 1a 0,01g/1), @6 pH cua dung dich dugc git trong khoan 6,5-7.

Tién hanh qua trinh hip phu véi cac dung dich c6 ndng d6 As(III) ban dau la: 100, 200,

300, 400, 500, 700(pug/1).

Tir két qua thu duoc, xac dinh cac hing s6 cta phuong trinh diang nhiét hap phu Langmuir:
b.C,

1+5.C,
Trong d6: q— Dung luong hap phu tai thoi diém dat can bang (ug/g)
qmax — Dung lugng hap phy cyc dai (ng/g)
C¢—ndng do lac can bang (ug/l)
b - Hang s6 dic trung cho tuong tac cia chat hdp phu va chét bi hip phu.
Phuong trinh nay c6 thé chuyén thanh dang: & = L.C ot b;
9 Yo 9 max
Day 1a phuong trinh dudng thing biéu thi sy phy thudc tuyén tinh cia Cr /q vao Cr. Tir
phuong trinh nay xac dinh dugc cac thong s6 qmax va b.

c. Phan tich mau:

Céc dac trung cua vat li¢u: thanh phﬁn pha va cAu truc, dic trung héng ngoai,
hinh dang, kich thudc hat va tinh chét tir ciia mau duoc xac dinh nhu trong [6].

Céc sb liéu phan tich hanh vi va dong hoc hap phu thu dwogc tir phuong phap
phan tich quang phd hap thu nguyén tir (AAS) trén may PERKIN ELMER 3300.
III. KET QUA VA THAO LUAN
1. Téng hop vat liéu MN2

Vi nguyén liéu dau 1a cac hoa chat ki thuat, mot van dé can quan tam 13 cac tap chét
d6 c¢6 anh huong dén qua trinh hinh thanh pha mong mudn ciing nhu nhimng tinh chét cua
san pham hay khong. Vi vdy, vt liéu sau khi tao thanh da duoc xac dinh cac dic trung co
ban twong ty v6i mau ché tao tir nguyén liéu tinh khiét (MN1) dé c6 thé rat ra két luan vé
diéu nay.

a. Thanh phdn va cau tric vat lidu

Gian dd XRD cua vat liéu MN-2 (so sanh v&i mau MN-1) dugc dua ra trén hinh 1a.
Trén gian 46 XRD cua mau MN-2 ciing chi xuét hién cic vach dic trung cho cu tric
spinel dao cua vat li€u twong tu nhur MNI. Vi oxyt sit tir Fe;0,4 va maghemite y-Fe,O3 c6
cung cAu triic véi vi tri cac vach pic glong nhau, chi khac nhau vé cuong do tuong dbi nén
can phai két hop thém vdi dit liéu phdé FTIR dé khing dinh thanh phan pha cua vit liéu
[6].

Trén phd FTIR cta miu MN-2 (hinh 1b), bén cach 2 van hép thu dic trung ciia oxyt
sit tir & khoang 580 cm-1 va 405 cm™ xudt hién thém 2 van hap thu yéu ¢ 630 cm™ va

J = Jmax
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425 cm'. Nhimg van nay duoc gan cho maghemite y -Fe;03 [7]. Nhu vy, trong thanh
phan ctia MN-2 c6 mat mot phan Yy -Fe;03. Tuy nhién vé cAu tric va tinh chét, Fe;O4 va y
-Fe,05 6 rat nhiéu diém twong dong nén ciing c6 thé dy doan su c6 mit cia y -Fe,O3 s&
khong tao ra sy khac biét dang ké vé tonh ning hip phu asen cua vat liéu
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Hinh 1. Gian d6 XRD (a) va pho FTIR (b) ciia mau vit liéu MN-1 va mdau MN-2

b. Hinh dang va kich thudc hat vat liéu

Trén anh SEM (hinh 2) ctia mau vat liéu MN-1 va MN-2 cho théiy céc hat Fe;04 déu
¢6 dang gan nhu 14 hinh ciu, duong kinh hat khoang 10-12 nm. So v6i mau MN-1, ddi
v6i mau MN-2 kich thudc hat duong nhu nho hon. Anh SEM ciia ca hai vat liéu ciing cho
thiy gitra cac hat con c6 su két dam do ddc diém cta phuong phap diéu ché nhu da chi ra
trong cong b trude day [6].

Hinh 2. Anh SEM ciia mdu vdt liéu MN-1 ( a) va MN-2 (b)

c. Tinh chdt tir cia vt liéu

Tinh chit tir cta hai loai vat liéu dugc danh gia qua phép do sy phu thudc ctua do tir
hoa M vao tu truong ngoai M(H) & nhiét d6 thuong (hinh 3). Pudng cong tir hoa
(magnetization loop) khi ting va khi giam tir truong ngoai cta ca hai vét liéu gan nhu
tring nhau, gia tri d6 tir khang He ~0. Diéu nay chimg to cac vat liéu diéu ché thé hién
tinh chét siéu thuan tir - vat liéu s& khong con tir tinh khi ngimg tic dong cua tir trudng
ngoai [8]. Ttr phép do nay, dg tir bao hoa d6i v6i mau MN-1 13 56,9 emu/g va 44.12emu/g
d6i v6i mau MN-2. Dbi vé6i vat liéu nano, do tir bio hoa giam cing véi kich thude hat.
Theo céc tai liéu da cong b, khi kich thudc hat giam di khoang 1 nm do tir bio hoa co
thé giam t6i 10 emu/g hodc tham chi nhiéu hon [7, 9]. Nhu vy, do tir bdo hoa ciing thé
hién mau MN-2 ¢6 kich thudc hat nho hon so véi mau MN-1. Hon nita, trong mau MN-2
c6 mot phin maghemite y-Fe,Os, ciing 13 mot nguyén nhan din dén viée giam tir tinh cua
vat li€u (tu tinh cua y-Fe, O3 thép hon so véi Fe;O04: ¢ dang khdi, d6 tir bio hoa ctia Fe;0.
khoang 83 emu/g, y-Fe,Os - 75 emu/g) [10].
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2. Hanh vi hip phu asen ciia vt li¢u

Xem x¢ét hanh vi hap phu asen (hinh 4) c6 thé thay rang hanh vi hap phu asen cta vat
lidu thé hién rat 10 rét va tuong d6i gidng nhau; ching hap phu asen ¢ ca hai dang As(III)
va As(V) véi toe d6 hap phu rat cao. V6i ham lugng pha rin ¢& 0,2 g/l chi trong thoi gian
15 phiit c6 thé giam ham lugng asen trong dung dich tir 100 ppb xudng du6i ngudng an
toan ciia WHO. Diéu nay phu hop véi cac két qua nghién ctru dd dwa ra trong céac tai lidu
[3.4,5].
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Hinh 4. 6 thi phu thugc néng do As trong dung dich vao thoi gian hdp phu
doi voi tieng nong do pha ran cua MN-1 va MN-2
(a. MNI- Aslll, b. MNI- AsV, c. MN2- Aslll va d. MN2- AsV

3. Ding nhigt hidp phu asen va anh hwéng ciia higu teng két tu dén dung lwong hip
phy, , , ,
Két qua thuc nghiém xac dinh dang nhiét hép phu cua vét licu MN2 doi voi As(V)
va As(Ill) dugc tronh bay trong bang 2. Tur két qua nay xac dinh dugc duong dang
nhiét hap phu Langmuir cho qua trdnh hap phu asen cua vat li¢u (honh 9,10):
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Bdng 2. S6 liéu dang nhiét hdp phu asen ciia vit liéu doi véi As(V) va As(Ill)

STT| Siéu 4m 5 phit, nong d9 pha ran 0,1g/1 | Siéu Am 45 phit, nong d9 pha rin
0,01g/1
G As(V) As(IIT) G As(I1D)
WD Cug/D] a(ue| Cpg| a (| P Crug) | q (ugh)
1 | 30] 324 | 4676 | 511 | 4489 | 100 26.85 7315
2 | 100 1635 | 836.5 | 1728 | 8272 | 200 61.50 13850
3| 200] 3235 1666.5| 70950 | 1295.0| 300 140.55 15945
4 | 300 93.35| 2066.5| 13601| 1539.9| 400 163.55 22350
5 | 400] 177.60| 2224.0| 21980| 1802.0| 00 310.90 18910
6 | 500| 247.40| 2526.0| 305.41| 1947.9| 700 453.80 24620
0.12 % 0.2
o S
=0.08 N
> ~ o1
0.06 0.1
0.04 1 ¥ = 0.0004x + 0.0091 0.5 y=0.0005x+0.0152
0.02 - R® = 0.9903 R =09902
0 0 T T T
0 100 200 300 400
0 100 200 300 As(IIT), MN2 siéu am 5 phit Cf/q(ug /)

As(V)- MMN2 siéuam 5 phat &/ (4870

Hinh 5. Ddng nhiét Langmuir doi voi vat liéu MMN2 siéu am 5 phut: (a)-As(V), (b)- As(III)
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Hinh 6. Pang nhiét Langmuir doi véi vit liéu MN2, siéu dm 45 phiit - As(III)

IV. KET LUAN

e St dung nguyén li¢u ki thuat ré tién trong nudc co thé tong hop duge oxyt st nano véi
thanh phan chii yéu 1a oxyt sit tir Fe;Oq, kich thuéc 10-12 nm huéng dén tmg dung
trong xir Iy moi truong. Viée thay thé hé nguyén liéu FeCl,.4H,0-FeCl;.6H,O tinh
khiét bang hé FeSO4.4H,0- FeCl;.6H,0 ky thuat khong 1am anh huéng dén cac dic
trung co ban cta vat liéu, kha nang ché tao vat liéu tur nguyén liéu k¥ thuat 1a kha thi.

e Céc vat liéu MN-1 va MN-2 ¢6 hanh vi hap phu asen twong tu nhau: Chung c6 thé hap
phu ca hai loai arsenate va arsenite. Qua trinh hép phu dién ra véi tdc do rat nhanh, chi
trong thoi gian 15 phit véi ham lwong pha ran rat thap(0,2g) da c6 thé dua ham luong
asen trong dung dich xudng dudi ngudng an toan (10 ppb). Dung lugng hap phu 16n
(27g/kg) vat lidu. Sy tuong hop clia coc s lidu thuc nghiém trong vung noéng do asen
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nho hon 700 ag/l d6i voi phuong trinh dang nhiét Langmuir ching t6 rang co ché hap
phu 1a don 16p, dung luong hap phu cuc dai phu thudc chu yéu vao dién tich bé mat
riéng cua vat li¢u.

e Vit liéu nay hoan toan co thé ap dung vao cong nghé xu ly nude nhiém asen & nudc ta
do quy trinh ché tao vat liéu don gian, nguyén liéu ré tién, an toan va c6 tinh canh tranh
cao do cac dac tinh vuot trdi cia no.
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SUMMARY

Magnetite nanoparticles (MN) were prepared using the traditional coprecipitation
method of various mixtures of ferric and ferrous ions in alkali solution. The obtained
materials (synthesized from technical chemicals) were characterized by X-ray
diffractometry (XRD), Fourier transform infra-red (FTIR), Field emision scanning
electron microscopy (FE-SEM) and the measurement of magnetization as function of the
applied field M(H). The adsorption of arsenite and arsenate on the materials was
investigated. The characterization results showed that crystals of iron oxide were formed
with the inverse spinel structure and a size of 10-12 nm. The particles also exhibited
superparamagnetic behaviour related to fine crystallite sizes. The adsorption results
proved the removal of both arsenate and arsenite from solution using synthesized
magnetite nanoparticles as the adsorbent.
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