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vat lieu tia'p phu da dirgfc nghiSn cifu va dieu che bang each co' djnh Zr(IV) trgn than 
hoat tmh trong tpoi trirdng NH, co tai trpng ha'p phu asen trong nirdc cao. Kg't qua thirc 
nghigm chi ra ring vSt lieu dieu che' diroc of nhigt do phong, pH= 5-6 trong 6h cd tii 
trong ha'p phu asen cao. D$c tfnh ha'p phu asen cua vSt lieu dirpc khao sat cSn bing 
hap phu, pH, ndng dg Zr(IV), ion can, giai ha'p. Vat ligu digu chg'diTOc cd thg' lfng dung 
ii xur ly cac nguon nirdc g nhiim. 

Tar khoa: than hoat tfnh, asen, zirconi. 

A STUDY ON AGSENICdll) 
DEMOVM rCOM WATER BY 

ZICCONIUM (IV) MAIECIAL 
IMMOBILIZED ON ACTIVATED 

CACBON IN NH, MEDIUM 

Surma^ 

A new material with tiigli adsorbent 
capacity based on Zr(iV) immobilized 
on activated carbon in NM, mediom for 
the removal of arsen in water has been 
studied and synthesized. The results have 
shown that Zr(IV) on activated carbon in 
NH, medium at room temperature, pH 5-6 
lor 6 hours can highly adsorb arsenic. 
The arsenic adsorption characteristics of 
the materials have been examined with 
respect to the adsorption eqilibrium, pH, 
concentration of Zr(IV), effect of co-eiisting 
ions, desorption. The synthesized Zr(IV) 
can be applied to treat contaminated water 
sources. 

Kevmrds: aclivaled carbon, arsenic, 
zirconium. 

Moldau 

Trong vung na6c ty nhien, thach tin vo cO ton tai chu yS'u b 
• dang asenat - As(V) va arsenic - As(lll). Trong do, As(lll) dSc 
i hon nhieu, hoa tan va ton tai imh dong hon so vdi As(V). Mot 
• so nghien CLJfu ioai bo asen trong nudc bang phuong phap trao 

doi ion, hap phu... da duoc thuc hien [1, 2]. Bac biet, phuong 
I phap hap phu hOfa hen nhieu trien vong vi khk nang xil ly hieu 

qua va hoat dong don gian. Nhieu nghien ciJu da chi ra rang, 
cac hop chat cua Zr co ai iuc dac biet vdi cac oxi-anion ntlK 
asen va seien... Tuy nhien, viec si!f dung true tiep cac hop 
chat Zr(IV) la I<h6ng thuan tien va dat tien, do dd ngufli ta 
nghien cUu co dmh chijng tr§n cac chat mang nhu: nhua vong 
cang, than hoat tmh, nhua polyme xdp... Than host tinh co 
l<ha nang ha'p phu rat td't cac l<im ioai khi gan them Zr(iV) [3]. 
Tj-ong bai bao nay, chung tdi trinh bay cac l<et qu i nghien ciiu 
tong hap vat lieu hap phu asen bang each cd djnh Zr(iV) tren 
than hoat tinh de danh gia l<ha nang h§'p phu asen va l<ilm tra 
inh hudng cua pH, anh hudng cua cac ion cJn tdi i<h4 nang 
xi^ ly asen. 

PhiAAig phap nghien ciIu 

Hoa chat va phuang ptiip nghien citu 

Cac hda chat sir dung trong thuc nghiem: ZrOCI,.8HjO, 
ASjOj, asen azo (ill), HNO,, N H , 6 H . . . tinh l<hiet phftn tich 
(Merl<), than hoat tinh. 
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Ham lUflng Zr va cau true be mat vat lieu dadc 
xac djnh bang ph§n tich tan s^c nang lUOng tia X 
(EDS). Dgng t6n tai cua Zr dUcic xac dinh bang phan 
tfch phd nhilu xg tia X (XRD). Di§n tich be mat hap 
phu diidc xac djnh bang phUdng phap dang nhi§t 
hap phu - gi^i h^p phu nitd (BET). T^i trong hap 
phy cue dai dU0c xac dinh theo m6 hinh hap phy 
ding nhiet Langmuir, 

Quy trinh cd djnh zirconi trin than ho^t tfnh 

Than hogt tfnh trudc khi sif dyng dUdc hoat hoa 
(ky hieu v§t li^u AC). Can than da hoat hoa vao 
binh non chiifa lU0ng Zr(IV) co nong dd l^n lUdt ia 
0,1 M, 0,2M, 0,3M, 0,4M, 0,5M ky hi§u mlu lan lUdt 
la AC-Zr^, AC-Zr2,AC-Zr3,AC-Zr^,AC-Zrg. Cac mau 
dLfdc lac trong 4h, sau do th§m vao moi mau NH3 
6M, lac tiep trong 2h va gan b6 dung dich, sau do 
r&a sach. Lpc, s^y kho cac mlu d 80°C. 

Kift qna va th&o lu|n 
Khao s^t dieu ki$n codinh Zr(IV) 

Anh hudng cOa nong do Zr(IV) tdt kha nang hap 
phi^ asen: dem cac mlu vat lieu AC-Zr,, AC-Zr^, 
AC-Zrg.AC-Zr^, AC-Zr^hap phy asen 10 ppm trong 
6h. T&i trpng hlip phu cCia cac v^t lieu dadc bieu 
diln 6 hinh 1. 

Hinh 1: tii trQng hgp phu cua vat li$u d cac him IUdng Zr(IV) 
khac nhau 

K^t quS d hinh 1 cho thay, cac vat lieu AC-Zr,, 
AC-Zr^, AC-Zrg, AC-Zr^, AC-Zr^ co kha nang hap 
phy asen cao hdn vat lieu AC. Vat iieu AC-Zr^ co tai 
trpng h^p phy cao hdn cac vat lieu khac. Do vay, 
chiing toi chpn AC-Zr de khSo sat cac yeu to ^nh 
hydng tdi kh i nang hap phy asen. 

Anh hudng cua thdi gian den khii nang hap phij 
cua v$t li$u: dem vgt lieu AC-Zr, h§'p phu dung djch 

asen 10 ppm trong cac khoang thdi gian khac nhau. 
Hieu su§'t hap phu cDa v§t lieu diidc bilu dien 6 
hinh 2. 

Hinh 2- anh hudng cua thdi gian den khi ning hip phu 
cOa vit lidu AC-Zr^ 

Ket qua 6 hinh 2 cho thay, sau 6h hieu suat hap 
phu As cua vat lieu AC-Zr^dat 44,07% va khong ddi 
theo thdi gian. Vay thdi gian can bang h^p phy cCia 
vat lieu AC-Zr^ la 6h. 

Anh hudng cija pH den khi nSng h&'p phtj cua 
vat lieu: cho vat lieu AC-Zr^vao cac binh chifa dung 
djch As 10 ppm dieu chinh pH 1-10. Sau 6h xac 
djnh tai trpng h^p phy cua vat lieu, ket quS dapc the 
hien d hinh 3. 

T î trgng hip phu ciJa vat ii^u Q(ing/g) i 

! 45,0 2715 

5,0.4395 

^ ^ ^ ^ | 5 S , 0 30B65 

3,0 2675 

j j « 0 4 

\_8,0 2B 
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Hinh 3: lai UQng hip phu cija vat li^Lt d cAc pH khic nhau 

Ket qua hinh 3 cho tha'y: pH = 5-6 thi vat lieu ha'p 
phy asen ia td't nhat. 

Anh hudng cua nong dg asen ban dau tdi tai 
trgng hap phu cua v$t lieu 

Bern vat lieu AC-Zr^ ha'p phg cac dung dich As 
cd nong do ban dau lU 10 den 600 ppm trong 6h 
Ket qua xac djnh til tronghap phu cue cua vat iieu 
(Q^^(mg/g)) dUdc bieu dien 6 hinh 4 va hinh 5. 
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H/nh 4; dUdng dang nhiet Hinh 5: dudng thang xic dmh 

hgp phu cCia vat lieu AC-Zr^ he so cua phUPng trinh Langmuir 

Ket qu& hinh 4 va hinh 5 cho thay phu hdp vdi 
mo hinh hap phu ding nhiet Langmuir vdi tai trpng 
hap phy cue dai cua vat lieu 0^^=16,86 (mg/g). 

Anh hudng cija cic ion 1^ tdi kha nang xt? iy asen 

Khao sat anh hucfng cua cac ion la: CI', COg "̂, 
NOg-, PO^̂ -, Mn^+, SO/ tdi kha nang hap phy asen 
cua vat lieu. V&t lieu AC-Zr^dem hap phu dung djch 
As 10 ppm cd nong dp cac ion thay doi, 6 pH=5-6 
trong 6h. Hieu suat hap phu As cua vat lieu khi co 
mat cac ion la difdc bieu diln d bang 1. 

Bing 1: inh hudng cOa cac ion cin tdi qua trinh hgp phu 
cua vat lieu AC-Zr, 

Tii bang 1 cho thay, cac ion NO3" &nh hadng 
manh tdi kha nang hap phu asen cCia vat lieu, c^c 
ion CI, CO32-, SO/-, Mn^* it anh hydng tdi kha nang 
hap phu cCia vat lieu. 

Khao sat kha nang giai hap cua v$t lieu 

Khao sat kha nang tai sinh cCia vat lieu, ti^n h^nh 
giai hap Asen ra khoi v§t lieu bang NaOH 0,5M, HCI 
0,5M, NaCI 0,5M. K§'t qua gi&i hap dUdc bieu dien 
6 hinh 6. „ 

STT 

0 

< 

2 

' 

' 
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M i u so 

CI 

NO, 

CO,^ 

SO, ' 

Mn ' -

Mong ai loti 

arti (ppm) 

100 

300 

500 

10 

40 

BO 

100 

300 

500 

200 

400 

500 

1 

2 

5 

Co(ppni) 

,. 

,. 
10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

C{ppm) 

,.,„ 

1,242 

3.349 

4.563 

2,635 

4.599 

5,742 

2,560 

3,540 

4,780 

3.450 

4.230 

5.230 

3,540 

3,940 

4,567 

Q(mg/g) 

0 ,™ 

0,438 

0,333 

0,272 

0,368 

0,270 

0.213 

0.372 

0,323 

0,261 

0,328 

0,289 

0,239 

0.323 

0,303 

0,272 

H » 

100 

93,629 

74.899 

61.225 

62.943 

60,823 

47,953 

83,784 

72,748 

58,784 

73,761 

64,977 

53,716 

72,748 

68.243 

61,182 

So sanh hieu suat hap phu khi co mat cac ion 
cSn theo phUdng trinh: 

ua, _ Tji trong hap phu As khi co mat ion anh hi/cfng 
T î trong ha'p phu As khi khong co mat ion anh hu6ng" ̂  ° ° ^ 

so 

P 70 

1 "" 
a. 30 

•S 20 

.i ^° 

| « H i f u j ! u 3 t ( % ) 

• • 
NaOH HCI 1 NaCI 

3 17837 4637^ 0 

N.o„| „ci !».a 

^.SlS2lf).668Z;| 0 

NaOH I HCI I NaCI 

l l n 3 

0.2 9071) 0641^ D 

Hinh 6: do thi so sanh khd nang giii h^p cija v$t lieu AC-Zr^ 

TU hinh 6 cho tha'y, kha nang giai h^p vat iieu 
cCia NaOH la tot hon ca, t<ha nang giSi hap cua 
NaCi kem. 

Dac tinh cua vat lieu AC-Zr., 

Kgt qua ctiijp niiiSu xa tia X (XRD): tO hinh 7 cho 
tha'y ket qua chup XRD cija vat iieu dieu che dU((c 
thi khong tha'y xua't hien cae pic dae trung eija ZrOj 
do vay chung toi ket iuan Zr(iV) gan tren than heat 
tinh ton tai 6 dang vo djnh hinh. 

Hinh 7: Xray cOa vat lieu AC-Zr^ 

Ket qua ptio tan xa nang lugng tia X (EDS): left 
qua chup be mat vat iieu (hinh 8) cho tha'y trSn b8 
mat vat iieu cd cac hop chat ciJa Zr(iV). Vat ii6u cii 
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nhiSu khe ranh va id xop. Vi vay, kha nang hap phu 
Asen ia tuang doi tot. 

Dien ti'ch be mat hap phu cua vat iieu AC la 809,069 
rnVg, the tich ig xd'p ia 0,305 cm=/g, dien ti'ch be mat 
ciJa ZrOj ia 172 m'/g [4]. Nhu vay, vat lieu tong hop 
duoc cd dien tfch be mat Idn, the ti'ch Id xop nhd 
hep, nhieu khe ranh iam cho vat iieu AC-Zr, cd t4i 
trpng ha'p phu cao hon so vdi AC, Zr(IV). GiOa AC 
va Zr tao ra cac moi iien ket iam tang kha nang trao 
ddi ion vdi dung dieh As(lll) va tang kha nang tao 
phUe chat giOa Zr(iV) va As(lll), do dd lam tang kha 
nang ha'p phu cOa vat lieu. 

Hinh 8: bi mat 
vSt lieu AC'Zr. 

Hinh 9: kgt qua phSn tich thanh phan 
nguyen td cua vat lieu AC-Zr 

Hinh 9 cho thay, vat iieu AC-Zr^cd chUa thanh 
phan phan tram khoi ludng cija cae nguyen to: C 
72,85%, O 22,77%, Si 0,73%, Zr 2,79%, va 0,86% 
la cac nguyen to' khac. 

Ket quci ptian tici) 
nhiet (TGA):hmh 10 
cho tha'y, khi toe do 
tang nhiet tO'C/phul, 
trong mdi trudng 
khdng khi thi cd su 
giam khdi iUdng. 6 
nhiet dp nho hon 
100°C cd pic thu 
nhiet. 6 50-150°C 
la 15,901% dc a 
giai doan nay xay ra 
su tach nudc trong 
than. 6 150-300°C 
ia 4,602% do su mat 
nude tao lien ket vdi 
Zr. 6 300-500»G la 
12,594% do SU chay 
am khd'i IUdng Idn ed 

' M I M 
? ? " l ' ^ 

k..a 
1 

k ' 
*"'" 

f 

J 
-^,. , r 

1 \| / 
,1', 

1 

' » 
\ 1 i 
\ ! ! 

Hinh 10- kel qua phan tich TGA 

cuathan. (!) 500-650°C CO sy _ 
the do sy chuyen doi cau true tinh the cua cac hdp 
chat Zirconi. Do vay chung toi dy doan Zr(IV) ton tai 
tr§n v^t li§u 6 dang vo dinh hinh Zr(OH)p . 

Ket qui phan tich ding nhiet hap phu - giai hap 
phy nitd (BET): cau true mao quan trung binh cua 
vat lieu dupe khang dinh dya tren dudng dang nhiet 
h^p phy - g\k\ hap phu N .̂ TO hinh 11 cho thay, day 
1̂  mdt dgng dac trung cho cau true mao quan trung 
binh. Tr6n dydng dang nhiet hap phu - giai hap phy 
Nj xuS't hien vong t r i , dudng cao hap phy 6 dang IV 
theo phUn logi cua lUPAC. Cac ket qua tinh toan Xii 
dudng hS'p phy - gi^i hap phy N^ cho thay dien tfch 
b^ mat hap phy cua vat lieu AC-Zr^ la 778,634 mVg. 
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Hinh 11: ket qua do BET 
cua vit lieu AC 

Ket luan 

Hinh 12: ket qui do BET 
cua vit li^u AC 

Than hoat tfnh sau khi gSn Zirconi cd kha nang 
hap phy tot asen trong nudc d pH=5-6, thdi gian can 
bang hap phy la 6h va t^i trong hap phu cyc dai la 
17,2 mg/g. Cac ion can hau nhu khong anh hudng tdi 
kha nang xii ly cua vat lieu. Khdo sat khci nang rCfa 
giai asen tren vat lieu cho thay, dung dich NaOH cd 
kha nang rCfa giai tot nhat, trong khi dung dich NaCI 
hau nhu khdng cd kha nang risa giiii vat lieu *:: 
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