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ABSTRACT

1t has been well known that the arsenic ions can exist as arsenate (H>AsOy
and H>AsO4>) or arsenite (H;AsO3" and H;AsOy) species depending on
the characteristics of water environment, and the iron oxide materials
show very good capacity for arsenic adsorption. In this study,
Fe;Mn;Oy/activated rice husk ash (RHA) material is synthesized and
characterized. Fe;Mn3;0,/RHA material is introduced as a novel adsorbent
with high potential and many advantages, compared to Fe.O,/RHA
material, towards arsenic removal from groundwater by chemical
absorption technique. The experimental results showed that 10 wt.%
(FeCls+MnCly) loading of FexMn,O. on RHA surface had very high
arsenic adsorption capacity which is respectively ~I1.1, ~1.3 folds higher
than those of 10 wt% (FeCly) FexO,/RHA and 10 wt% (MnCly)
Mn,O,/RHA adsorbents, for the same amount of adsorbent. The high
arsenic absorption capacity of 10 wt.% (FeCl3+MnCl;) Fe;Mn;O/RHA
adsorbent can be due to the strong interaction of oxide adsorbent and
support; and the added manganese oxides into the iron oxide
nanostructure for enhancing the positive charge onto nano iron oxide
surface.

TOM TAT

Nhu da biét, tiy vao dic tinh ciia méi truong nuée cdc ion asen cé thé ton
tai dudi dang arsenate (H:AsOy va H:AsO4) hodc arsenite (H3AsO3 va
H;AsO3); va cde vt liéu oxit sdt cé kha nang hdp phu tot asen. Trong
nghién ciru nay, vt liéu FexMn,O/tro trau (RHA) dwoc giGi thiéu nhu mét
logi vit liéu hdp phu méi ddy tiém ndng va cé nhzeu wu diém so voi vit
liéu Fe.O,/RHA trong xir Iy asen trong nuoc ngam bang kyj thudt hdp phu;

cu thé la vt liéu 10 KL.% (FeCl; + MnCl;) Fe;Mn3;0,/RHA cho hiéu qua
hép phu asen cao gip ~1,1 va ~1,3 lan so sanh twong imng véi vit liéu 10
KL.% Fe:O,/RHA va 10 KL.% (MnCl;) MnO/RHA tinh trén mét don vi
khoi lwong chat hdp phu. Viéc ndng cao hiéu qud hdp phu asen cia vit
liéu Fe.Mn,O./tro trau (RHA) cé thé la sw hién dién dong thoi ciia mangan
oxit va silic oxit (trong chdt mang) cé thé lam tiang dién tich dwong trén bé
mdt oxit sdt.
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1 GIOI THIEU

O nhiém asen di duoc phat hién & nhiéu noi
trén thé giéi nhu mién Bic nudec My va cac nudc
Chau A (Chatterjee, 1995; Dhar, 1997; Mondal,
2006). Gan day, nudc sinh hoat nhiém asen ciing
dugc xem 1a mot vin dé néng bong khong nhing &
cac khu vyc nong thon ma con & cac thanh phd 16n
ctia Viét Nam (nhu Tha d6 Ha Noi va Tp. HO Chi
Minh) (Dang Ngoc Chanh, 2010). Cac 4nh hudng
ctia asen dén suc khoe con ngudi dwoc ghi nhan
trong nhiéu bao cio trudc diy nhu 1a siy thai
(Richardson, 2006), bénh tiéu duong (Navas
Acien, 2008) va sung hoa da (Dang Ngoc Chanh,
2010)... Theo té chirc y té thé gigGi-WHO (World
Health Organization) qui dinh gi6i han téi da cho
phép (MCL-Maximum Concentration Limit) d6i
v6i nong d6 asen trong nudc 1a 10 pg/L (Gupta,
Yunus et al., 2013). Do d6, viéc loai bo asen trong
nudc 1a rat can thiét dé bao vé strc khoe cho nguoi
st dung.

Dé loai bo asen trong méi truong nude, cac ky
thuat hoa hoc, hoa ly va hoa sinh thuong dugce ap
dung nhu: oxi hoa/két tua; dong tw/két tua; loc
nano (nanofiltration) thAm thiu nguoc, dién phan,
hép phu, trao ddi ion, tuyén ndi; chiét dung moi va
xu 1y sinh hoc (Gupta, Yunus et al., 2013, Cao, Qu
et al., 2012; Lé Hoang Viét, 2013; Nguyén Trung
Thanh, 2014). Hau hét cac k¥ thuat cho thay kha
ning loai bo lugng asen nhat dinh. Trong do,
phuong phap hidp phu dwoc danh gia cao va su
dung phé bién dé loai bo asen; bai chi phi thuc
hién thip (bao gdm chi phi du trr va van hanh), c6
kha ning loai bo asen & ndng d6 cao (tiy thudc vao
k¥ thuat ché tao vat lieu hép phu), chét hép phu cé
thé tai st dung nhiéu 14n va it tao ra chat doc hai
sau qua trinh xtr 1y (Addo Ntim and Mitra, 2011;
Nguyén Trung Thanh, 2014). Tuy nhién, d6i voi
phwong phéap hép phu asen, hiéu qua ciia qué trinh
phu thudc rat 16n vao ky thuat ché tao vat lidu va
kinh nghiém ctia ngudi tong hop vt lidu. Ngoai ra,
thot gian cho qua trinh hép phu hoa hoc asen dat
can bang duoc dién ra rit cham(Cao, Qu et al.,
2012). Do do, tim kiém vat liéu tién tién trong
hap phu asen van con la mot thach 16n dbi véi
nhan loai.

Gan day, cac vat liéu nano trén co sd oxit st
(vi dy, o-FexOs; nano oxit sit trén carbon
nanotube, chitosan va hdn hop cua oxit sit voi oxit
khac...) cho thiy hiéu qua hdp phu asen rat tét
(Addo Ntim and Mitra, 2011; Cao, Qu et al., 2012;
Gupta, Yunus ez al., 2013) va da c6 nhimng trién
khai thyc té tai cac nudc tién tién trén thé gidi
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(Anjali Gupta, 2013). Tuy nhién, ¢ Viét Nam cac
vat liéu ndy van chwa dugc nghién ctru va ap dung
rong rdi trong thuc té. Nhin chung, céc vat li¢u hép
phu thuong dugc ché tao thanh cac hat c6 kich
thudc nano hodc cac hat nano duoc gén trén bé mit
ctia chdt mang; va doi hoi chit mang phai c6 dién
tich bé mit 1on va tuong tdc manh vdi cac hat nay.
Muc dich cta viéc nay 1a lam ting dién tich tiép
xuc va ting do bén cua cac hat hip phu. Két qua
cua viéc nay la hi€u qua hép phu asen cua vat li¢u
tang lén dang ké.

Gan day, nhoém nghién ctru chung t6i phat trién
vat liéu hép phu Fe Oy/tro trAu nhu mot loai vat
liéu méi cho xwr Iy asen trong nudc. Trong nghién
ctru, vat liéu tro triu sau hoat héa duge danh gia
nhu mot chit mang ¢ nhiéu vu diém hd trg nang
cao hoat tinh hép phu asen dbi v6i cac hat nano
oxit sit nhu: dién tich bé mat riéng 16n, tich dién
duong trén bé mit cua cic hat nano oxit sit nho
vao twong tic manh gitra chat hip phu va chat
mang. Tuy nhién, nghién ctru ciing nhan thiy ring
hoat tinh hap phu cua Fe O,/RHA s€ giam khi ham
luong Fe,Oy tim cao. Nguyén nhén chinh din dén
sy giam hoat tinh nay d6i véi cac miu c6 ham
lwong tdm cao c¢6 thé la giam dién tich tiép xuc va
giam sy tuong tac giita cic hat nano oxit sit va
chat mang (Francesco Arenaa, 2005). Nhu da biét,
qua trinh hdp phu asen boi cac hat oxit sit 1a qua
trinh hap phu hoa hoc. Pbi véi qua trinh hap phu
hoa hoc, qua trinh hip phu thudong dugc dién ra
don 16p vi vay vi€c tang ham luong tam 1a twong
duong voi viée tang s6 luong tam hap phu héa hoc.
Do d6, tim céc chét c6 hoat tinh hap phu ¢ ndng do
thdp; hodc giam tuwong tac gitra chat hip phu va
chat mang 13 hoan toan bat loi ddi cac qué trinh
hép phu hoa hoc.

Vi thé, trong nghién cGu nay, vat li€u
FexMn,O,/RHA véi ham lugng sit duge tAm cao
dugc xem nhu mot giai phap dé khic phuc cac
nhuoc diém khi ham lugng chét hap phu duge tim
v6i ham lugng cao trén bé mit chat mang.

2 PHUONG PHAP NGHIEN CUU
2.1 Hoa chét

Axit clohydric (HCI-36 vol.% - xuat xtr Trung
Qudc); axit flohydric, NaOH, MnClL.4H,0,
FeCl3.6H,0 - (dugc cung cap boi cong ty Merk);
va nu6e khir ion (DI water) duge su dung trong
qué trinh téng hop Chat hap phuy. KBr, cac dung
dich chuin asen va sit (duoc cung cap boi cong ty
Merk) dugc st dung trong céc phéan tich dac trung
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cua vét liéu; va danh gia ham lugng asen trong cac
mau thi nghiém.
2.2 Mau nwéc ngam

Trong cac thi nghiém, cac miu nudc ngim
nhiém asen duoc iy tir cac giéng khoan c6 cac do
sau ~ 20 m tai Chg Vam-Phu Tén, tinh An Giang-
Viét Nam. Phuong phap ldy mau nudc ngam dugc
thuc hién theo huéng dan cia TCVN 5993-1995 va
TCVN 6000-1995. Cy thé 1a 3 mL dung dich
HNOs 63% (San xudt tai Trung Qudc) cho vao cac
mau nude ngam (1 lit) dé dat pH = 3 va sau do la
mau nude ngam duge bao quan ¢ diéu kién 5°C.

2.3 Téng hop vit li¢u FexMn,O,/RHA

2.3.1 Biéu ché chdt mang tir tro trau

Tro trau thd (c6 mau den) thu tir cac 10 ddt (san
Xuét gach-Huyén Cho Mdi, tinh An Giang), dugc
xir Iy bang cach rira vai lan voi nude DI va sdy kho
¢ nhiét do 110°C qua dém. Sau d6 dugc hoat hoa
bang phuong phap dn mon hoa hoc véi dung dich
HF 10% thé tich. Cu thé 1a mot hdn hop gom 20 g
tro da qua xir Iy va 800 mL dung dich HF 10% thé
tich duoc khuéy tron li€n tuc ¢ nhiét d6 phong. Sau
30 phut khudy tron, chét rin ngdm nudc duoc tich
ra bang cach loc va rira nhiéu lan véi nude khir ion.
Tro trdu di hoat hoa (RHA) thu dugc bang cach
sdy ¢ nhiét d6 110°C qua dém.

2.32 T(fng hop vt liéu Fe.Mn,O./RHA

Céac hat nano oxit sit dugc g'f\n 1én bé mit cla
RHA (hoic AC) bang phuong phap tam. O day,
céc hoa chit FeCls.6H,0 va MnCl,.6 H,0 dugc sir
dung 1am nguyén liéu cho qua trinh tong hop cac
hat nano oxit sit va mangan. Phuong phap co thé
dugc mo ta co ban nhu sau: 100 mL hdn hop
huyén phu, duogc téng hop tir dung dich FeCls,
MnCl, (véi ty 1€ mol Fe:Mn khac nhau; cu thé nhu
10:0; 7:3 va 0:10) va RHA (hodc AC), duoc khuéy
tron lién tuc & nhiét @6 70°C. Dung moi (nudc) cua
hén hop huyén phii nay s& tir tir boc hoi sau vai gid
khuéy trén chdm & 70°C. San pham rin thu dugc &
cudi qua trinh boc hoi nuéc nay. Tiép theo, mau
rin nay duge siy ¢ 110°C qua dém. Cubi cing vat
liéu FexMn,O,/RHA thu dugc sau qua trinh nung 4
gio 6 450°C. Cac vét liéu Fe,Mn,O,/RHA dugc luu
giit trong binh hit 4m va chuin bi cho cac phan
tich vat liéu sau nay.

2.4 Thuc nghiém h:?'lp phu asen tir nwée ngﬁm

Déi véi cac thi nghiém nghién ctru kha nang
loai bo asen tir nuwéc ngam, cic mau vat liéu
Fe,Mn,O,/RHA dugc khao sit trén miu nudc
ngam thyc t& (c6 ndng d6 ban dau ~100 pg/L) &
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cac diéu kién c¢b dinh nhu: thé tich nude ngﬁm
50 mL va lugng chat hap phu 1a 50 mg (ddi véi cac
thi nghiém xac dinh diéu kién pH va thoi gian lay
mau thich hop) hodc 10 mg (d6i v6i cac thi nghiém
xéc dinh dung luong héap phu asen). Sau thoi gian
hap phu asen, chat hap phu duoc tich ra bang cach
loc v6i gidy loc Whatman 41 va dung dich chiét
sau loc duoc tién hanh phan tich ham lugng asen
dé danh gia hiéu qua hip phu.
2.5 Xac dinh ham lwgng asen, sit va mangan

Nong do asen trong cac thi nghiém hép phu
asen va ham luong sit, mangan trong cic mau
FexMn,O,/RHA dugc xac dinh bang phuong phap
phat xa ngon Itra vdi may ICP (Industively coupled
plasma; iCap-6000, Thermal). Cac dung dich
chuin asen, sit va mangan duoc pha ché tir cac
dung dich chuén asen, sat va mangan tir cong ty
Merk dé xay dung cac dudng chuan asen, sit va
mangan phuc vu cho viéc xac dinh ham lugng
asen, sat va mangan.

2.6 Phan tich diic trung clia miu

Céc phd nhidu xa tia X cta cac mau duoc thuc
thuc hién voi may D2 Phaser XRD 300W, budc
goc quay 1a 0,05° budc thoi gian 30s su dung
ngudn phat xa 1a Cu Ka (A= 1,5406 A) bac trung
hinh dang cia RHA duogc chup anh bang kinh hién
vi dién tir quét (SEM). Pic trung thanh phan hoa
hoc bé mit cua cac miu duge thuc hién béng
phuong phap quang phd hdng ngoai (FTIR) véi
méay Alpha —Bruker. Ciu triic dién tir ciia mau
dugc xac dinh bang phuong phap XANES (X-ray
Absorption Near Edge Structure) ¢ trung tam
Shinchu-Taiwan (National synchrotorn radiation
research center) v6i hé thong Beamline 17A.

2.7 Tinh toin hiéu qua hip phu asen ciia
chét hap phu

Hiéu qua xur ly asen trong nudc ngam dugc tinh
toan dga vao cong thirc sau:

H% = £ x100

o

Xéc dinh kha nang hap phu asen tr nuéc ngam
cua vat liéu:

Trong do, C, va C. 1an luot 1a néng d0 asen ban
dau va sau khi tiép xtic v6i mot khoang thoi gian
thich hop d6i voi FexMnyO,/RHA; V 1a thé tich ciia
nuéc ngam dugc sir dung trong nghién ciru hap
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phu (50 mL); m la khdi lugng cia vat liéu hép phu
duogc str dung (10 mg).

3 KET QUA VA THAO LUAN

3.1 Cac dac trung ctia vit li¢u
Fe,Mn,O./RHA

3.1.1 Dac trung FTIR cua vdt liéu

Tro trau twoi duoc thu gom tir cac 10 ddt trau
(16 @6t san xuat gach thi cong) lam nguyén liu
cho qué trinh san xudt chat hap phyu. O day chat
hap phu dwoc san xuit bang phuong phap in mon
héa hoc dya vao phan tng co ban gitta HF-10% va
SiO; nhu da dugc trinh bay trong nghién ctru trudce
day cuia chung t6i (Nguyén Trung Thanh, 2010).

Fe:Mn =0:10

RHA

Cwong do (a.u.)

4000 3500 3000 2500 2000 1500 1000 500

§6 song (cm™)

Hinh 1: Phé FTIR ciia chit mang RHA;
Fe;Mn3;0,/RHA; Fe;oMnoO/RHA (hay
FexOy/RHA); FeoMn100O, /RHA (hay
MnO,/RHA)

Thanh phﬁn héa hoc trén bé mit cua chat mang
anh huéng rat 16n d&én hoat tinh hap phu va xuc tac
ctia vat liéu (Comotti, Li e al., 2005). Thanh phan
bé mit cia RHA duge xéac dinh véi ki thuat FTIR.
Pho FTIR ciia RHA dugc thé hién trong Hinh 1.
Tir Hinh 1 tro trdu sau qua trinh hoat h6éa (RHA) cé
thanh phan hoa hoc don gian gém cac peak dao
dong cua Si-H (520, 610, 780 cm™); Si-O-Si (1100
cm!); C=C (1600 cm™); C=0 (1730 cm); -OH
(3450 c¢cm) (Ibrahim, El-Hemaly et al., 1980).
Dién tich bé mat riéng cua tro triu sau hoat hoa 1a
vao khoang 430 m%g va ¢ cdu tric rdng nhu
Hinh 2.
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Hinh 2: Hinh SEM ciia tro triu sau hoat héa-
RHA

Céac hat nano hdn hgp oxit sit-oxit mangan
duoc két tia 1én trén bé mat cia RHA béng
phwong phap tim. Quy trinh tong hop vat liéu 10
KL.% (FeCls va MnCly)- FexMn,O,/RHA dugc mo
ta chi tiét trong phan thyc nghiém. Cac mau co ty
1€ mol Fe:Mn khac nhau dugc bao quéan trong binh
hat 4m (vét liéu hat 4m 1a silicagel) dé chuan bj
cho céc bude phan tich mau tiép theo.

Céc pho FTIR cuia cac vat ligu Fe,Mn,O,/RHA
dugc thé hién trong Hinh 1. Dbi v6i mau
FeioMnoO,/RHA két qua cho thiy c6 sy thay doi
dang ké cta cac peak & cac vi tri sb song 630;
1000; 1188; 1700 cm™'. Dbi véi peak & s6 song 630
cm’! twong ung véi dao dong Fe-O-Fe (Shen, Cai
et al., 2012) va cac peak & so song 1000 va 1188
cm'-twong ung véi dao dong cua SiO(Shen, Cai
et al., 2012). Pbi voi peak ¢ sb song 1700 cmr'-
twuong tUng voi dao dong -OH(Sharma va
Jeevanandam, 2013); diéu nay co thé do qua trinh
hydroxit hoa cac hat oxit st trén bé mat RHA. D6i
v6i cac mau Fe;Mn;0,/RHA va FeoMn; (0, /RHA
khé nhan thiy rang miii dao dong dic trung cho
dao dong cua Mn-O. Viéc xac nhan sy hién dién
clia cc oxit mangan va cau triic tinh thé cua cac
miu Fe,Mn,0,/RHA c6 thé dugc dic trung boi
phuong phap nhiéu xa tia X.

3.1.2 Dac trung XRD cua vat li¢u

Céc phd nhidu xa tia X ciia RHA va cdc mau
FexMn,O,/RHA v6i cac ty 1¢ mol Fe:Mn khac nhau
dugc thé hién trong Hinh 3. Phé XRD ctia mau
RHA dugc ddc trung peak ¢ khoang 2 theta (26) -
25° day la nhiéu xa cta cacbon. Két qua nay rat
gidng cac két qua trudc day khi nghién ciru vé than
hoat tinh (Zhang, Lastra et al., 1996). Thém vao
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d6, phdé XRD ciia mau Fe;oMngO,/RHA cho thiy
rang cac oxit sit trén chat mang RHA thu dugc 1a
hdn hop cua cac oxit st (IT) (tai cac peak co hinh
ngdi sao theo JCPDS-No0.2:01-0862316) va oxit sat
(II) (tai cac peak co hinh elip theo JCPDS-
No.2:00-043-1312). Tuy nhién, mau oxit st thu
duoc cling khong phai 1a Fe;O4 (khi so sanh véi
phd XRD chudn ciia Fe;04-JCP2:03-065-3107).
Diéu nay cho thiy ring mau tong hop c6 FeO va
Fe,0s. Do d6, trong nghién ciru nay san phim thu
duge ¢6 tén goi 1a Fe,Oy. Luu ¥ ring, trong nghién
ctru nay FeCls duge sir dung 14 ngudn nguyén liéu
dé tong hop oxit sit. Nhu vy, trong qua trinh dinh
két cac oxit sit 1én bé mit ctia RHA céc ion Fe3* da
bi khtr thanh cac ion Fe?*. Piéu nay c6 thé 1a ¢
nhiét d6 cao (450 °C-duogc str dung trong qua trinh
nung dé tao oxit sit) dan dén sy dat giy cac nhom
Si-H, trén bé mit tro trdu sau khi hoat hoa, va tién
hanh khir cac oxit sit (III) thanh cac oxit st (II)
(Chanéac, Tronc et al., 1995); ddng thoi két qua
XRD cling x4c nhan su tdn tai cua hop chét
Fe;SiO,. Day 1a mot dang spinel ctia hon hgp hai
oxit sit (II) va SiO,. Vi tri peak XRD ciia Fe,SiOy4
duoc xac nhan ¢ vi tri 20-32°(Chanéac, Tronc et
al., 1995). Piéu nay co thé 1a cac ion sat (III)
khuéch tan va thay thé cac vi tri silic trong nut
mang phan tir (do cac silic da phan Gng vdi HF); va
cubi cung bi khir boi sy dut giy lién két Si-H &
nhiét do cao.

Dbi voi mau FeoMn 00,/RHA, cic peak nhiéu
xa clia MnOy hau hét tring voi cac peak nhiéu xa
ciia FeO, nhu dugc thé hién trong Hinh 3. Tuy
nhién, c6 su khac biét phé nhiéu xa tia X cia oxit
st va oxit mangan duoc thé hién & ving tir 2 theta-
37° dén 43° (nhu dugc thé hién trong Hinh 3). Mot
diéu tha vi duoc quan sat 14 vi tri 2 theta-26° va 33°
ctia phd nhiéu xa Fe;Mn;0,/RHA niam tuong ting
gitra hai peak c6 vi tri 2 theta-25° (cua Fe,Oy/RHA)
va 27° (cia MnO,/RHA); va hai peak cé vi tri
2 theta-32° (cta MnO,/RHA) va 34° (cua
Fe,O,/RHA). Diéu niy c6 thé 1a do su tao thanh
clia mot hon hop dung dich ran cia hai oxit sit va
oxit mangan. Tir nhitng két qua trén c6 thé noi rang
trén bé mat ctia mau Fe;Mn;O,/RHA ¢6 su ton tai
ddng thoi oxit sit va oxit mangan. Didu nay dung
theo y tudng thiét ké cAu tric vat liéu nhu da dit ra
ban du; va mong doi day la mot vat liéu c6 hiéu
qué cao trong tmg dung vat lidu trong hip phu cac
cAu ttr dién ly c6 dién tich am. Co sd clia sy mong
doi nay co thé dugc dua trén két qua phan tich
XANES nhu d3 duogc thé hién trong Hinh 4.
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Cwong do (a.u.)

2 theta (d§)

Hinh 3: Pho XRD ciia chit mang RHA;
Fe;Mn3;0/RHA; FexOy/RHA; MnOx/RHA

3.1.3 Bdc trung phé XANES ciia vit liéu

K¥ thudt XANES (X-ray Absorption Near Edge
Structure) cé thé cho théy duoc ciu tric dién tor
cia vat litu. Ky thuat thyc hién xac dinh phd
XANES dugc mo ta trong phﬁn thuc nghiém (xin
xem thém phan thyc nghiém dé biét thém chi tiét).
Cic phd XANES cia miu Fe;Mn;0,/RHA;
Fe,O,/RHA va sit kim loai dugc biéu dién trong
Hinh 4. O day thanh sat kim loai dugc sir dung nhu
mot vat chuan dé so sanh v6i cic mau vat lidu oxit
sat. Nhu da duoc thé hién trong Hinh 3, déc trung
clia sit tai mirc nang luong ~21.569 eV; didu nay
hoan toan phu hgp so véi nghién cuu trude
day(Jiao, Jumas et al., 2006).

So sanh mirc nang lwong st & vi tri white line
clia cic mau nhan thdy rang "white line" cua cac
mau Fe;Mn;O,/RHA; Fe,Oy/RHA c¢6 mirc ning
luwgng cao hon so v6i mic nang lugng "white line"
ctia mau sat kim loai. Piéu nay c6 thé giai thich 1a
sdt trong mau Fe;Mn;0,/RHA; Fe:Oy/RHA ton tai
0 dang oxit. Dac biét muc nang lugng "white line"
ctia mau Fe;Mn;0,/RHA thap hon mirc ning luong
“white line” ctia miu Fe,O,/RHA; diéu nay c6 thé
do sy hién dién cia mangan trong mAu
FesMn;0/RHA. Su hién dién cua mangan trong
chu trac oxit sat da 1am thay ddi cau tric dién tu
ctia oxit sit; cu thé 13 electron tir sit s& dich chuyen
sang mangan. Do d6, mirc nang lugng cua sit trong
mau Fe;Mn;0,/RHA sé& thap hon so véi mic ning
luong cla sit trong mau Fe,O/RHA. Chinh sy
dich chuyén electron nay lam sit trong miu
Fe;Mn3;0,/RHA tich mot phan dién tich dwong va
dé dang héap phu cac cdu tir tich dién am.
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Hinh 4: Phé XANES ciia Fe;Mn;0/RHA;
FexOy/RHA va sat kim loai (chat so sanh)

3.2 Hoat tinh hip phu asen ciia vat liéu

Tiép theo cac vat liéu dugc kiém tra hoat tinh
hap phu asen tir nuéc ngdm. Cac didu kién anh
huéng nhu pH, thoi gian va loai chat hip phu s&
duoc khao sat, cling nhu xac dinh ham luong asen
duoc hap phy; didu nay s& gitp danh gia kha ning
that sy cta vat liéu va déy 1a tién dé c6 y nghia rat
16n khi trién khai ung dung vét liéu trong thuc tién.
Thuc nghiém khao sat hoat tinh hip phu asen tir
nude ngam dugc tién hanh trong diéu kién tinh.

3.2.1 Anh huong gid tri pH ban dau dén hiéu
qud hdp phu cia vit lidu

Két qua cho thay anh huong cua gia tri pH ban
dau cia nude ngim dén hiéu qua xur ly asen tur
nudc ngarn ctia vat lidu sau 30 phut tiép xiic voi
nude ngdm duoc thé hién trong Hinh 5. Luu ¥ rang
cac diéu kién thi nghiém nhu nong d9 asen trong
nuée ngam, thé tich nudc ngém khdi lwgng chat
hap phu duoc gilt khong do6i (xin xem thém phan
thyc nghiém). O day, gia tri pH cua nudc ngam
dugc didu chinh tir 3-11 bing cac dung dich H,SO4
(2M) va NaOH (2M). Tir Hinh 5 cho thy ring tat
ca cac vat lieu déu cho kha nang hép phu cao dbi
v6i cac ion asen trong nudc ngam; trong do,
khoang pH cho hiéu qua hép phu asen cao nhat 13 6
+ 9. Pidu nay rét thuan loi cho qué trinh trién khai
tmg dung vat liéu vao thuc tién trong qua trinh xir
1y nuéc nhiém asen. Vi vy, trong nghlen ciru nay,
gia tri pH du vao (pH~7) clia cac mau nude ngam
duogc giit nguyén nhu ban dau.
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Hinh 5: Anh hwéng ciia gia tri pH ban diu dén
hi¢u qua hip phu asen ctia cic vat liéu. Trong
dé (1) -RHA; (2)- FesMn3O/RHA; (3)-
FexOy/RHA; (4)- MnOx/RHA

3.2.2 Anh hedng cia thoi gian tiép xiic dén
hiéu qua xu Iy

Hinh 6 cho thay anh huong cua thoi gian tiép
xUc gitra vét li€u hap phu va nuge ngam Két qua
thuc nghiém cho thay rang cac vat liéu hap phu dat
dén trang thai can bang trong mot khoang thoi gian
rat ngén (khoang 20 phut). Khi so sanh véi cac vat
liéu nano oxit sit hip phu asen trudc day (Wu, Li
et al., 2012), vat liéu hap phu Fe,Mn,0,/RHA cho
thiy kha nang dat trang thai cin bang hap phu
nhanh; hay no6i mét cach khac sy cai tién vé toc do
tmyen van da dugc quan sat ddi véi vat lieu nay.
Sy tién nhanh dén trang thai c4n bang cho qua trinh
hép phu héa hoc asen 1én bé mit nano oxit st co
thé 1a do su hd tro qua lai gilta cac tam héap phu vat
ly va hép phu hoa hoc ndm gin nhau va tdn tai
ddng thoi trong ciing mot vat lidu. Ngoai ra, su tién
nhanh dén trang thai can bang ciing c6 thé do tich
dién tich duong trén bé mat oxit sét, duoc tao ra tir
tuong tac manh giita RHA va oxit sit; oxit mangan
va oxit sét, didu nay dd dwoc thao luan trong phan
dic trung XANES. Tém lai, su tién nhanh dén
trang thai can bang c6 thé 1a do su két hop céc tac
dong hd tro cua su tn tai cac tim hip phu vat 1y-
hoa hoc gan ké& nhau va tlch dién tich duong trén
bé mat tim hap phu 0x1t sat b0r1 tuong tac manh
gitta RHA va oxit sat oxit sat va oxit mangan
(Hinh 9). Sy tién nhanh dén trang thai hdp phu can
bang c6 thé rat ngén thoi gian luu nudc va tang luu
lwong nudce xtr 1y (hodc ting hiéu xuét xir y) diéu

nay c¢6 nghia rat 16n khi trién khai tmg dung vat
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liéu vao thuc tién. Do d6, cac thi nghiém so
sanh/d4anh gia hiéu qua hip phu asen cho cic vat
liéu khéc s& duoc thuc hién tai mde thoi gian lwu
20 phut.
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Hinh 6: Anh hwéng thoi gian hap phu dén hiéu
qua hip phu asen ciia cac vat liéu. Trong dé (1)
-RHA; (2)- FezMn30x/RHA;(3)- FexOy/RHA;
(4)- MnO/RHA

3.2.3 Dung lwong hdp phu asen ciia vt liéu

Trong qua trinh san xuét chat hip phu, viéc xac
dinh ty 1¢ Fe:Mn thich hop duoc tam trén bé mat
chit mang RHA 1a rat quan trong va anh hudng
tryc tiép dén hiéu qua hip phu asen trong nudc.
Trong nhitng nghién ctu so by, thuc nghiém da
xac nhan ty 1€ mol Fe:Mn = 7:3 s& cho hi€u qua
hap phuy asen cao hon so véi céc ty 1& Fe:Mn khac.
Tuy nhién, trong bao c4o ndy, cac mau RHA;
Fe;Mn3;O/RHA; Fe.Oy/RHA; MnO,/RHA duoc
chon cho thyc nghiém véi muc dich théy anh
huéng ciia oxit mangan trong cu tric oxit sat dén
kha niing hép phu hoa hoc ddi véi asen ciia oxit sét.

Trong nghién ctru nay, khai niém "dung luong
hd'p phu asen” dugc st dung dé thé hién ham lugng
asen bi hép phu trén mét don vi khéi lugng vat
lidu. Ngoai ra, dé xac dinh dung lugng asen bi hap
phu, céc thi nghiém duogc tién hanh véi diéu kién
sit dung luong vat liéu hép phu nho (trong day
luong vat lidu duge sir dung 10 mg) dé ham luong
As bi loai bo khoi dung dich < 90% va c¢b dinh cac
thong s khac (thoi gian hip phu 1a 20 phut va pH
trung tinh). Cach tinh dung luong hép phu asen cua
vat liéu dugc trinh bay chi tiét trong phén thue
nghiém.
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Hinh 7: Dung lwgng hip phu asen ciia cac vit li¢u

Két qua tinh toan dung lugng hip phu asen cua
cac vat liéu duge thé hién trong Hinh 7. Trat tu
dung lugng hép phu co thé thu dugc nhu sau:
Fe;Mn;O/RHA > Fe,O,/RHA> MnO/RHA >
RHA. Trong trat ty dung lugng nay thi vat liéu
Fe;Mn;Ox/RHA cho hoat tinh hdp phu asen cao
nhét va cao hon gap ~ 1,1 lan so voi Fe,O,/RHA va
cao ~1,3 l4n so v&i MnOx/RHA. Ngoai ra, vat li€u
RHA (d6ng vai tro 1a chat mang trong nghién clu
nay) cling cho hoat tinh hap phu asen twong ddi tot;
diéu nay s& hd tro rit nhiéu cho hép phu asen cua
cac vét licu FexMn,O,/RHA. Dung lugng hap phu
ctia vat litu Fe;Mn;Oy/RHA cao nhit ¢6 thé 1a do
su ton tai déng thoi va lién ké cac thm hép phu vat
ly va tdm hép phu hoa hoc (diéu nay do sir dung
RHA (c6 cau triic composite) mang lai); va su
tuong tac dién tir gilta oxit sat-chat mang RHA va
oxit sat-oxit mangan.

Su twong tac giita oxit sit-chdt mang RHA
dugc hinh thanh tir lyc twong tic manh giita chat
mang oxit (SiO, trong tro triu) va oxit
sét(Durnesic 1981). Nho c6 tuong tac giita SiO»
(chat mang) - Fe,Oy da tich dién duong trén bé mat
cac oxit sat (c4c electron dich chuyén tir cac hat
oxit sit vé& SiO, chat mang) nhu dugc minh hoa
trong Hinh 8. Sy chuyén dién tir nay c6 thé 1a do su
chénh léch d§ am dién gitta sét va silic. Piéu nay
cling xay ra dbi v6i sit va mangan. To hop cac
tuong tac ¢6 thé hd trg kha ning hap phu asen ddi
véi vat lieu FeqMnyO,/RHA dugc mod ta trong
Hinh 9.
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Hinh 8: M ta twong tac manh giira chit mang oxit va oxit sit (Francesco Arenaa, 2005)

Hinh 9: T hop cac tlro’ng tac c6 thé hd trg qua
trinh hap phu asen débi vei vat liéu
FeanyOz/RHA

4 KET LUAN

Céc vat liéu FexMn,O,/RHA da téng hop thanh
cong va ciing dwoc dic trung bang cac phan tich
hién dai nhu FTIR, XRD va XANES. Céc vét liéu
FexMn,O,/RHA cho hiéu qua hép phu cao ddi voi
asen tir nudc ngdm; trong d6 mau 10 KL.%
Fe;Mn;Ox/RHA cho hiéu qua hép phu asen cao
nhat. O day, dung luong hip phu asen cia vat lidu
Fe;Mn;O/RHA cao nhét c6 thé 1a do su ton tai
dong thoi va lién ké cac tim hap phu vat Iy va tim
hép phu hoa hoc (diéu nay do st dung RHA (c6
cau trac composite) mang lai); va su tuong tac dién
to gitta oxit sat-chat mang RHA va oxit sat-oxit
mangan.

LOI CAM TA

Chung t6i chén thanh cam on Truong Dai hoc
An Giang da ho trg tai chinh va thiét bi d€ hoan
thanh nghién ciru nay.
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