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NGHIEN CU HAP PHU ASEN TRONG NUGC BANG VAT LIEU Zr(IV)
CO DINH TREN THAN HOAT TINH TRONG MOI TRUGNG NH,

PAO TH| PHUONG THAO

Khoa Héaly k§ thuat, Hoc vien K§ thudt Quén su

DO QUANG TRUNG, NGUYEN VAN NOI, PHAM TH| VAN

Khoa Hba hoc, Trudng Pai hoc Khoa hoc Tu rhién, Pai hoc Qubc gia Ha Noi

Vat ligu hap phu da dugc nghién cifu va diéu ché bang cach cd dinh Zr(IV) trén than
hoat tinh trong mdi trung NH, co tai trong hap phu asen trong nudc cao. Két qua thuc
nghiém chi ra rang vat liéu dleu ché dugc & nhiét do phong, pH= 5-6 trong 6h co tai
trong hap phu asen cao. Dac tinh hap phu asen cia vat liéu duge khdo sat can béng
hap phu pH nong dd Zr(IV), ion can, giai hap. Vat liéu diéu ché& dugc co thé ing dung
dé xi Iy cac ngudn nudc d nhiém.

Tir khéa: than hoat tinh, asen, zirconi.

A STUDY ON ARSENIC(III) Md dau
REMOVAL FROM WATER BY Trong vung nudc ty nhién, thach tin vo co ton tai cht yéu
dang asenat - As(V) va arsenic - As(lll). Trong do, As(lll) déc
ZIDCONIUM (1V) MATERIAL hon nhiéu, hoa tan va ton tai linh dong han so véi As(V). M6t
IMMOBILIZED ON ACTIVATED s& nghién clu loai bd asen trong nudéc bang phudng phap trao
CARBON IN NH, MEDIUM déi ion, hdp phu... da dudc thuc hién [1, 2]. D&c biét, phuang
phéap h&p phu hia hen nhiéu trién vong vi kha nang xu ly hiéu
Summary qué va hoat déng don gian. Nhiéu nghién ctu da chi ra réng,

cac hgp chat cha Zr co ai luc dac biét véi cac oxi-anion nhu
asen va selen... Tuy nhién, viéc s dung truc ti€p cac hgp
chat Zr(IV) la khéng thuan tién va dat tién, do dé ngudi ta
nghién clu ¢ dinh ching trén cac chat mang nhu: nhya vong
cang, than hoat tinh, nhua polyme x&p... Than hoat tinh cé
kh& nang hép phu rat t8t cac kim loai khi gén thém Zr(IV) [3].
Trong bai bao nay, chung t6i trinh bay cac két qua nghién cuu
téng hop vat liéu hap phu asen béng céach ¢6 dinh Zr(1V) trén
than hoat tinh dé danh gia kh& nang h&p phu asen va kiém tra
anh hudng cla pH, anh hudng cla céac ion can téi khd nang
xU ly asen.

A new material with high adsorbent
capacity based on Zr(IV) immobilized

on activated carbon in NH, medium 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
for 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-existing

ions, desorption. The synthesized Zr(IV) Phuong phap nghién cuu

can be applied to treat contaminated water Héa chéat va phuong phap nghién cuu
sources. ( a i

. Cac hoéa chat su dung trong thuc nghiém: ZrOCl,.8H,0,
Keywords: activated carbon, arsenic, As,O,, asen azo (Ill), HNO,, NH,OH... tinh khiét phan tich
Zirconium. (Merk), than hoat tinh.
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Ham lugng Zr va c4u truc bé mat vat liéu dugc
xac dinh bang phan tich tan sic nang lugng tia X
(EDS). Dang ton tai clia Zr dugc xac dinh bang phan
tich phd nhiéu xa tia X (XRD). Dién tich bé méat hap
phu dudc xac dinh bing phudng phap dang nhiét
hdp phu - gidi hdp phu nitd (BET). Tai trong hap
phu cuc dai dugc xac dinh theo mo hinh hap phu
déng nhiét Langmuir.

Quy trinh cé dinh zirconi trén than hoat tinh

Than hoat tinh truéc khi s&f dung dugc hoat hoa
(ky hiéu vat liéu AC). Can than da hoat hoa vao
binh non chia lugng Zr(1V) cé nong doé lan lugt la
0,1M, 0,2M, 0,3M, 0,4M, 0,5M ky hiéu mau Ian lugt
la AC- Zr,, AC- Zr,, AC- Zr AC-Zr,, AC-Zr,. Cac mau
dugc Iac trong 4h sau do them vao m0| mau NH,
6M, l&c ti€p trong 2h va gan bo dung dich, sau do
rifa sach. Loc, sdy kho cac mau & 80°C.

Két qua va thao luan
Khao sat diéu kién cé dinh Zr(1V)

Anh hudng cla néng dé Zr(IV) t6i kha nang hép
phu asen: dem cac mau vat liéu AC-Zr,, AC-Zr,,
AC-Zr,AC-Zr,, AC-Zr, hap phu asen 10 ppm trong
6h. Ta| trong hap phu cla céac vat liéu dugc biéu
dién & hinh 1.
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Hinh 1: tai trong hdp phu cla vét liéu & cac ham lugng Zr(1V)
khac nhau

Két qua & hinh 1 cho thdy, cac vat liéu AC-Zr,,
AC-Zr,, AC-Zr,, AC-Zr,, AC-Zr, c6 kh& nang hap
phu asen cao han vat liéu AC. Vat liéu AC-Zr, c6 tai
trong hap phu cao hon céac vat liéu khac. Do vay,
chung t6i chon AC-Zr, dé khao sat cac yéu t6 &nh
hudng téi khd nang hap phu asen.

Anh hudng cda thoi gian dén kha nang hap phu
cua vat liéu: dem vat liéu AC-Zr, hdp phu dung dich
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asen 10 ppm trong cac khoang thdi gian khac nhau.
Hiéu su&t hdp phu cla vat liéu dugc biéu dién &
hinh 2.
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Hinh 2: anh huéng cla thoi gian dén kha nang hdp phu
cla vét liéu AC-Zr,

K&t qua & hinh 2 cho thay, sau 6h hiéu suat ha'p
phu As clia vat liéu AC-Zr, dat 44,07% va khong doi
theo thgi gian. Vay thdi g|an can bang hép phu clta
vat liéu AC-Zr, la 6h.

Anh huéng cia pH dén khd nang hép phu cia
vat ligu: cho vat liéu AC-Zr,vao cac binh chua dung
dich As 10 ppm diéu chlnh pH 1-10. Sau 6h xac
dinh tai trong hap phu clia vat liéu, két qua dugc thé
hién & hinh 3.
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Hinh 3: tai trong hdp phu clda vét liéu & cac pH khac nhau

K&t qua hinh 3 cho thay: pH = 5-6 thi vat liéu hap
phu asen la tét nhat.

Anh hudng ctia néng dé asen ban dau tdi t3i
trong hap phu cua vét liéu

bem vat liéu AC-Zr, hdp phu cac dung dich As
c6 néng dod ban dau tu 10 dén 600 ppm trong 6h.
K&t qua xac dinh tai trong hdp phu cuc cla vat liéu
(Q, . (mg/g)) dugc bi€u dién & hinh 4 va hinh 5.
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. 5 . =0.0593x + 3.0496
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Hinh 4: dudng dang nhiét
hép phu cta vat liéu AC-Zr,

Hinh 5: dudng thang xdc dinh
hé s6 cta phuong trinh Langmuir

K&t qua hinh 4 va hinh 5 cho thay phu hdp vGi
mo hinh hap phu dang nhiét Langmuir véi tai trong
hap phu cuc dai clia vat liéu Q__ =16,86 (mg/g).

Anh huéng cta céc ion la tdi kha ndng xu ly asen

Kh&o sat anh hudng cla céc ion la: Cl, CO2,
NOs', PO,*, Mn2*, SO, téi kha nang hap phu asen
clia vat I|eu Vat liéu AC Zr,dem hap phu dung dich
As 10 ppm c6 nong aé cac ion thay déi, 6 pH=5-6
trong 6h. Hiéu suat hdp phu As cla vat liéu khi cé
mat cac ion la dugdc biéu dién & bang 1.

Béang 1: &dnh hudng cua cdc ion can t6i qua trinh hdp phu

cla vat liéu AC-Zr,

STT NGng dg ion Co(ppm) C(ppm) Q(mg/g) H%
a/h (ppm)
0 Mé,u so 10 1,117 0,444 100
sanh

100 10 1,242 0,438 98,629
! cr 300 10 3,349 0,333 74,899
500 10 4,563 0,272 61,225
10 10 2,635 0,368 82,943
2 NO, 40 10 4,599 0,270 60,823
80 10 5,742 0,213 47,953
100 10 2,560 0,372 83,784
3 CO 300 10 3,540 0,323 72,748
500 10 4,780 0,261 58,784
200 10 3,450 0,328 73,761
4 S0, 400 10 4,230 0,289 64,977
500 10 5,230 0,239 53,716
1 10 3,540 0,323 72,748
5 Mn2+ 2 10 3,940 0,303 68,243
5 10 4,567 0,272 61,182

So sanh hiéu suat hdp phu khi c6 mat cac ion
can theo phuong trinh:
Tai trong hdp phu As khi c6 mat ion anh huéng

H% = — - - 100%
M Y trong hap phu As khi khdng cé mdt ion dnh hudng g °
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Tu bang 1 cho thdy, cac ion NO, &nh hudng
manh t&i kha nang hdp phu asen cla vat liéu, cac
ion CI, CO,*, SO,>, Mn2* it &nh hudng t6i kha nang
hép phu cla vat liéu.

Khao sat kha nang giai hdp cua vét liéu

Khao sat kha nang tai sinh cla vat liéu, ti€n hanh
giai hdp Asen ra khdi vat liéu bang NaOH 0,5M, HCI

0,5M, NaCl 0,5M. K&t qua giai hdp dugc biéu dién
3 hinh 6.
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Hiéu xuat hdp phu clia cac vat liéu (%)

NaOH | Hcl | Nacl
Lan 1
| m Higu xust (%) 73.17837.46376

NaOH | Hcl | Nacl
Lan 2
7.515210.66823

NaOH| HCl | Nacl
Lan 3
0.29070.06418

Hinh 6: dé thi so sanh kha ndng gidi hdp cda vat liéu AC-Zr,

TU hinh 6 cho thdy, kha nang gidi hdp vat liéu
cla NaOH la t6t hon ca, kha nang gidi hdp cla
NaCl kém.

Ddc tinh cua vét liéu AC-Zr,

Két qua chup nhiéu xa tia X (XRD): t hinh 7 cho
thdy két qua chup XRD cla vat liéu diéu ché dugdc
thi khong thay xuat hién céc pic dac trung cla ZrO,
do vay chung t6i k&t luan Zr(1V) gén trén than hoat
tinh ton tai & dang vo6 dinh hinh.
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Hinh 7: Xray cta vét liéu AC-Zr,

Két qué phé tan xa nang lugng tia X (EDS): két
qua chup bé mat vat liéu (hinh 8) cho thay trén bé
mat vat liéu cé cac hgp chat cha Zr(IV). Vat liéu cé



nhiéu khe ranh va 16 x6p. Vi vay, kha nang hap phu
Asen la tuong doi tot.

Hinh 8: bé mat
vt liéu AC-Zr,

Hinh 9: két qué phén tich thanh phan
nguyén t6 clia vat liéu AC-Zr,

Hinh 9 cho thdy, vat liéu AC-Zr, c6 chiia thanh
phan phan tram khoi lugng cla cac nguyén t6: C
72,85%, O 22,77%, Si 0,73%, Zr 2,79%, va 0,86%
la cac nguyén t6 khac.

Két qua phan tich
\ nhiét (TGA): hinh 10

A cho thay, khi téc do
tang nhiét 10°C/phut,
trong moi  trudng
khong khi thi c6 su
gidm khéi lugng. O
nhiét dé nhd hon
T 100°C ¢c6 pic thu
'l . nhiet. 8 50-150°C
L la 15,901% do &
| giai doan nay xay ra
_"5\ s sy tach nudc trong
=t=——o.  than. G 150-300°C
14 4,602% do su mat
nuéc tao lién két vai
Zr. O 300-500°C la
) 12,594% do sy chay
cla than. O 500-650°C cé su giam khoi lugng I6n cé
thé do su chuyén déi cau truc tinh thé cla cac hap
chat Zirconi. Do vay chung téi dy doan Zr(1V) ton tai
trén vat liéu & dang vo dinh hinh Zr(OH) O

Xy

Két qua phan tich dang nhiét hdp phu - gidi hdp
phu nito (BET): cdu tric mao quan trung binh cla
vat liéu dugc khang dinh dua trén dusng dang nhiét
hap phu - gidi hdp phu N,. Ti hinh 11 cho thay, day
la mot dang dac trung cho cdu tric mao quan trung
binh. Trén dudng déng nhiét hap phu - gidi hap phu
N, xudt hién vong tré, dudng cao hap phu & dang IV
theo phan loai ctia IUPAC. Céac két qua tinh toan tu
dudng hap phu - gidi hdp phu N, cho thay dién tich
bé mé&t hap phu cla vat liéu AC-Zr,la 778,634 m?/g.

Deta ¥= 16201

Vel

b Y= 2007 4,
\

Topman

Hinh 10: két qua phén tich TGA
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Dién tich bé mat hdp phu cla vat liéu AC 1a 809,069
m2/g, thé tich 16 x&p 14 0,305 cm?¥/g, dién tich bé mat
cla ZrO, la 172 m?/g [4]. Nhu vay, vat liéu t6ng hop
dugc cé dién tich bé mat I6n, thé tich 16 x6p nhé
hep, nhiéu khe ranh lam cho vat liéu AC-Zr,c6 tai
trong hap phu cao hon so véi AC, Zr(IV). Giltta AC
va Zr tao ra cac moi lién két lam tang kha nang trao
déi ion véi dung dich As(lll) va ting kha nang tao
phuc chat gitia Zr(1V) va As(lll), do dé lam tang kha
nang hap phu cuta vat liéu.

%

Hinh 11: két qua do BET
cla vét liéu AC

Hinh 12: két qua do BET
cla vét liéu AC

Két luan
5

Than hoat tinh sau khi gan Zirconi c6 kha nang
hap phu t6t asen trong nuéc & pH=5-6, thdi gian can
bang h&p phu la 6h va tai trong hdp phu cuc dai la
17,2 mg/g. Cac ion can hau nhu khéng anh hudng téi
kha nang xU ly cla vat liéu. Khdo sat kha nang rla
gidi asen trén vat liéu cho thay, dung dich NaOH cé
kh& nang rlia giai tét nhat, trong khi dung dich NaCl
hau nhu khéng cé kha nang rla giai vat liéu «
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