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Loai b6 selen trong nwéc bang vat liéu zirconi c¢é dinh trén than
hoat tinh Tra Bac theo phwong phap thuy nhiét trong méi trwong NH;
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Abstract

In this study, a zirconium based activated carbon was synthesized by hydrothermal method in NH; medium
(Zr/AC/N), it creates a very good adsorbent for selenic. It is shown that the sorbent has a specific surface area of
548.944 m?/g, and a PHpz of 5.4, the sorption equilbrium can be reached within 6h and the optimal pH is 2 at room
temperature. The maximum adsorption capacity of 50.25 mg Se/g was achieved. This material was characterized by
using analytical techniques such as TA, XRD, SEM, TEM and BET.
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1. GIOI THIEU

Selen 1a mdt nguyén t6 co ca tinh chat cua kim
loai va phi kim[15]. N6 & nguyén té dinh dudng cin
thiét cho su séng, tao thanh cac enzym chéng lai su
oxy hoa glutathion peroxidas bao vé cac thanh phan
ctia t& bao khong bi pha hity boi cac chat oxi hoa
[11]. Theo t6 chirc Y té Thé giéi (WHO), ham luong
selen trong mau nguoi trung binh phai dat trén 0,15
pg/ml thi méi du lwong chét can thiét cho co thé.
Nhing két qua nghién ciru cia WHO khang dinh
selen ¢ vai tro sinh hoc rat 16n vai sic khoe con
nguoi. Tuy viy, viéc str dung selen vuot qua gioi
han 400 pg/ngiy c6 thé dan t6i ngd doc selen gay roi
loan tiéu hoa, rung toc, bong, tréc méng, mét moi,
t6n thuong th@m kinh, so' gan, phu phdi va tir vong.

Trong nhiing nam gan day, ¢ Viét Nam va trén
thé gioi da co nhiéu cong trinh nghién ctru vé vat
liéu hap phu selen nhu: than hoat tinh [1], xenlulozo
[3], composite ctia chitosan voi dat sét [2], silica
bién tinh [20], Fe;04/AC [13], nano FeO [6, 18],
tinh thé nano Al,05[9], TiO,[10, 14, 16], nano CuO
[4], CeO, [12], oxit kim loai [17], sit c6 dinh trén
than hoat tinh dang hat [5, 19], nano sat (ll1)
oxit/hydroxit [7]. Trong do, vat liéu hap phu nano
oxit kim loai duoc tong hop nhiéu va Umg dyng rong
rdi trong hap phu selen, vi c6 dién tich bé mit 16n, ai
luc hap phu chon loc cao. Trong bai bao nay, ching
t6i trinh bay mot sb két qua nghién ctru ¢b dinh
Zr(IV) trén than hoat tinh (AC) theo phuong phap
thiy nhiét trong moi truong NH; va khéo sat kha
nang xur 1y selen trong nudc cua vt liéu.

2. THUC NGHIEM
2.1. Hoa chét va phwong phap phan tich

Zirconi(1V) oxit clorua octahydrat ZrOCl,.8H,0
(PA, India, 99 %), As,O; tinh khiét phan tich
(Merk), selen dioxit (PA, Merck), hydrazin
dihydrochlorua, metyl dacam, kali bromat, glixin,
NHa;, HCI, C,HsOH (Trung Quéc, 99,7 %), than hoat
tinh Tra Bac

Nong do selen xac dinh theo phuong phap tric
quang v6i chit chi thi mau metyl dacam & budc séng
508 nm.

2.2. Tong hop vit liéu

Cho than hoat tinh Tra Béc vao binh dung dung
dich Zr(IV) 0,4 M, nh¢ tir tir dung dich NH3 28 % va
tién hanh thuy nhiét trong 60 gior & 180 °C (4p suit tu
Sinh). Thu duoc vat liéu ki hiéu 1a Zr4/ AC/N3_150.60.

2.3 Nghién ciru kha ning hip phu selen ciia vat
liéu

Cho vat liéu Zr4/AC/N3 180-60 vao 50 ml dung
dich selen 10 ppm (Co). Tién hanh khao sat cac yéu
t6 anh huong dén kha ning hap phu selen: thoi gian,
pH va x4c dinh dung luong hip phu cuc dai.

TAt ca cac thi nghiém dugc lam ldp lai 3 1an, két
qua ldy gia trj trung binh.

2.4. Xac dinh pHpzc cia vat liéu Zry/ AC/N3.150.60
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Chuén bi cac binh chaa 50 ml dung dich KCI 0,1
M, diéu chinh pH dung dich bang axit HCI 0,1 M
hodc KOH 0,1 M dé thu duoc céc gia tri pH tir 2 dén
12. Cho 0,5 g vt liéu Zr4/AC/N3 180-60 VA0 CAc binh
day kin, lic trong 6 gio. Pé ling, loc va do gia tri
pH:.

Lap db thi su phu thuée ApH = pH; - pH vao pH,
cit truc hoanh tai diém ApH = 0, hoanh d¢ chinh la
gia tri pH tai diém dién tich khong cua vat liéu.

ApH

Hinh 1: 6 thi x4c dinh pHy, cua vat liéu
2.5. Panh gia dic trung ciu tric vat ligu

Phan tich tinh chat nhiét (TA) trén may Labsys
TG — DSC 1600. Xac dinh thanh phan pha bang
phuong phéap nhiéu xa tia X (XRD) trén may D8-
Advance 5005. Xac dinh hinh dang va cAu tric bé
mit cua vat liéu bang phuong phéap hién vi dién tir
quét (SEM) va truyén qua (TEM) trén thiét bi
Hitachi S-4800 (Nhat Ban) va JEOL JEM-1010
Electron Microsc-ope. Xac dinh dién tich bé mit
riéng cua vat lidu bang phuong phap BET trén may
TriStar 3000 V6.07A.

3. KET QUA VA THAO LUAN
3.1. Piic trung céu triic cia vat liéu

banh gia dac trung cAu tric vat liéu Zry/ AC/N,.
180-60 bang cac phuong phap nhu: DTA-TGA, XRD,
SEM, TEM va BET.

3.1.1. Két quad phan tich nhiét vi sai

Két qua phan tich nhi¢t cia vat
Zr4/AC/N3.150.60 duge biéu dién trén hinh 2.

Gian dd phan tich nhiét trén hinh 2 cta vt liéu
Zry/ AC/N3 15060 nhan thdy, trén duong TGA co6 hiéu
mg giam khdi luong -22,03 % trong khoang nhiét
do 60-160 °C, g véi hiéu tng thu nhiét & 130,31
°C, day la sy giam khéi lugng do mat nudc bé mat.
Trong khoang nhiét do 250-350 °C, c6 hiéu ung toa
nhiét & 485,69 °C, g v6i giam khdi luong 23,79 %
c6 thé 1a do sy mit H,O lién két cua Zr va su chay
cua cacbon.

liéu

Dao Thi Phuong Thdo va cong su
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Hinh 2: Gian d6 phan tich nhiét cua vat lidu
Zr4/ AC/N3.150-60

3.1.2. Két qua phdn tich XRD cua vt
Zr4/AC/N3.180.60

liéu

Ké qua phan tich XRD cia vat
Zr AC/N3 15060 dwoc biéu dién trén hinh 3.
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Hinh 3: Gian dd XRD cua vat liéu Zrs/AC/N3.150.60

Gian dd XRD trén hinh 3 cho thay, vat liéu ton
tai & dang vo0 dinh hinh.

3.1.3. Két qud chup anh SEM

Két qua chuyp anh SEM cua vat litu AC,
Zr4/AC/ N3.180.60 dugc biéu dién trén hinh 4.

Anh SEM trén hinh 4a cho thdy, bé mat cua AC
c¢6 nhiéu khe ranh, 16 xp thuan lgi cho qua trinh
phan tan céc cac ion Zr*" va sy xdm nhép ciia cac
0X0 anion cua asen vao sdu cdu trac bén trong cia
AC.

Anh SEM hinh 4b cho thay, da c6 su phi déu
ZrO, trén bé mat vat licu AC. Két qua nay co thé
dugc giai thich do AC dugc bién tinh bang HNO; s&
gitp AC c6 thém nhiéu nhém hydroxylic va nhém
chte axit trén bé mat. Nhitng nhom nay s& lién két
v6i nhitng nhém OH', H',... & trén bé mit cua ZrO,
va gitip cho ZrO, co thé gin 1én AC.
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54600-MIHE 18,06V & 2mm %100k SE{M,LAD) 3ok s/2074

(b) Zrs/ AC/N3.18060 -

Hinh 4: Két qua chup SEM cac vat liéu AC va
Zr4/ AC/N3.150-60

3.1.4. Két qua TEM

Két qua chup TEM cua vat liéu Zry/ AC/N3 15060
duoc biéu dién trén hinh 5,

Anh TEM trén hinh 5 ctia vat liéu Zr,/AC/N3.1g.
60 cho théy su xen k& mot cach déng déu cua ZrO,
trén than hoat tinh, ching té sy gén két ZrO, 1én AC
dua trén nhiing hat mau den dugc phud boi nhiing hat
hinh ciu cta ZrO,. Diéu nay phu hop véi két qua
quan sat dugc tir anh SEM (hinh 4).

Hinh 5: Anh TEM cua Vélt héu ZI'4/AC/N3.130.60 va
Zr4/ AC/ N3-180-60/ AS

3.1.5. Két qud do BET

Dién tich bé mat cia vat liéu Zrs/AC/Ns.150-60
nho hon so véi vat liéu AC ban dau. C6 thé 1a do su
két tu cua zirconi oxit va su két tia cua zirconi
hidroxit trong cac 16 x6p 16n cua AC.

Thém vao d6, bé mit AC c6 nhiéu nhom
hydroxyl va nhidu nhém chirc axit manh. Cac nhém
chire nay sé lién két véi cac nhém OH', H* & trén bé
mit ctia ZrO,, gilp cho ZrO, co thé gin két voi than
manh hon. Vi vay, hiéu qua hép phu asen cua vét
li¢u tang.

Loai bo selen trong nuwoc bang vat liéu...

Hinh 6: Két qua BET cua vat ||éU Zr4/ AC/N3.150-60

Bang 1: Két qua BET ctia vat li¢u Zrys/ AC/Ns.150.60
va than hoat tinh Tra Bac

A ia BET Thé tich 16 x6p
Vi g | em)
AC 809,069 0,305
Zr4_/AC/N3_180_60 548,944 0,264

3.2. Nghién ciru kha ning hip phu selen cia vat
liéll Zr4/AC/N3.180.60

3.2.1. Anh hwéng ciia thoi gian dén kha néing hdp
phu selen cua vit liéu Zr4 ACIN3 180 60

Hiéu suat hap phu selen ciia vat liéu theo thoi
gian dugc trinh bay trén hinh 7. Két qua thuc
nghiém di xac dinh duogc thoi gian dat can bang hip
phu selen ctia vat liéu Zry/AC/N3 1g0.60 12 6 gi0.

0 8

Thei g?an (gid)
Hinh 7: Anh huéng ctia thoi gian dén kha nang
hap phu selen cua vt liéu Zry/AC/N3 180.60

3.2.2. Anh hwéng pH dén kha ndng hdap phu selen
cua th Zléu Z}"4/AC/N3_130_50

Qué trinh hap phu phu thudc vao sy tich dién bé
mat cua vat li€u. Do vay, trudc khi nghién ctru anh
huéng pH dén kha ning hap phy asen cua vat liéu,
can xac dinh pHy,c vat lidu Zr/AC/Nz.ig0.60 bang
thuc nghiém.

Vit liéu mang di¢n tich duong khi pH < pHy,,
mang dién tich &m khi pH > pHpc.

Két qua xac dinh pHy, cta vat ligu Zry/ AC/N,.
180-60 dll'O'C bléu dlél’l trén hinh 8.
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Hinh 8: D6 thi x4c dinh pHy ctia vat ligu
Zr4/ AC/N3.150.60

Tt hinh 8 cho thiy, pHy. cia vat ligu
Zr4/AC/N3.180.60 la5,4.
* Xdc dinh pH hap phu téi wu cua vt ligu
Zr4/AC/N3.180.60

Diéu chinh pH dung dich tir 2 dén 10 bang dung
dich NaOH 0,1 M va HCl 0,1 M. Két qua nghién
ctru anh huong pH dén kha ning hip phu selen cia
vat ligu Zry/ AC/N3.150.60 duroc biéu dién trén hinh 9.

100

0 3 6 pH 9 12 15

Hinh 9: Anh huéng ctia pH dén kha ning hap phu
selen cua vat liéu Zra/AC/Ns.150-60

Hinh 9 cho thdy, pH hép phuy selen t6i wu cua vét
liéu Zr4/AC/N3 18060 la2

Trong khoang pH nghién ctru tir 2 dén gia tri 5,4
pszc cua Vét héu ZI'4/AC/N3_180_50, hléu SUé(lt hé(lp phu
selen dat cuc dai ¢ pH 2. Sau d6, khi pH > pH,, cua
vat liéu thi hiéu sut h?ip phu selen giam.

Céc gia tri pHmax (12 pH ma & d6 hiéu sudt hép
phu selen cua cac vat liéu dat vc dai) thép hon cac
gia tri pHp, cia céc vat lidu twong (mg. Do bé mit
vat li€u tich dién duong, lam tang luc hut tinh dién
gilra cac phr:in tor dién tich &m, thuin lgi cho qua
trinh hap phu céc oxo anion cua selen, két qua lam
tang hi¢u suat hap phu selen ciia vat li¢u.

Céc két qua trén c6 thé duogc giai thich nhu sau:

Trong khoang pH nghién ctru tir pH 2 dén pH <
PHpzc, vat liéu tich dién duong thuén loi cho viéc hép
phu céac dang oxo anion cua selen.

Dao Thi Phuong Thdo va cong su

Vi axit H,SeO; c6 pKa; = 2,55 va pKa, = 8,15
[8] do Se(IV) ton tai chu yéu ¢ dang anion HSeOs
va mot phan nho & dang Se05%. Do d6, Se(IV) bi
hép phu do sy tao thanh céc phiic chat giira ion Zr**

o
\

~ p  Zr-0-Se-0

erOH Proton héa erOHz Hap phy 6 pH <pH ;¢ Z

~ 710H “uwoH ——————

Z % Hseo; se0> 2 L0

ZZrOH /ZrOH B 7 Zu-0" se=0

Hinh 10: Co ché tao phirc chét giita ion Zr** voi
Se(1V)

3.2.3. Dung luong hcfp phu selen cuc dai cua vat
lléu Zl"4/AC/N3_180_50

Xac dinh dung lugng hz"ip phu selen cuc dai dugc
tién hanh nhu sau: cho 0,5 g vat liéu vao trong dung
dich selen 10-600 ppm, lic trong 6 gid. Két qua xac
dinh dung luong hép phu selen cuc dai cua vat li¢u
Zr,/ AC/N3.10.60 dugc biéu dién trén hinh 11a va 11b.

Puong dang nhiét Langmuir va Freundlich
thudong duoc sir dung trong mé ta hiéu qua hip phu.
Ca hai duong dﬁng nhiét dugc st dung cho dir li€u
thuc nghiém. Tt cac dit liéu thi nghi€ém phu hop hon
v6i md hinh dang nhiét hadp phu Langmuir co
phuong trinh:

Cog  Ceq 1
9  Omax Gpax- B
Trong d6: qmax 1a kha nang hap phu cuc dai (mg-
As/g) cta chit hip phu, Ceq la ndng dd can bing
(mg/l) cta asen trong dung dich va b 1a 4i luc hap
phu khoi d6i c6 lién quan dén ning luong lién két

Tir d6 thi hinh 11a va 11b cho thiy, sy hip phu
selen bang vt liéu Zry/ AC/N3.1g0.60 phtt hop v&i md
hinh dang nhiét hap phu Langmuir véi hé s hoi quy
14 99,73%. Dung luong hap phu cuc dai cia vat li€u

ZryAC/Ng 1000 120 Q5 = m = 50,25 mg/g.
50
40
& 30
=T}
£
g 20
10
0
0 50 100 150 200 250
Cs(ppm)
Hinh 11a: Buong dang nhiét hap phu selen trén
Zr4/ AC/N3.150-60
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Hinh 11b: Puong thing xac dinh hé s6 phuong trinh
Langmuir cua vat liéu Zry/AC/N3 1g0.60 hap phu selen

4. KET LUAN

Vit lidu Zry/AC/Njas060 duoc téng hop bang
phuong phap thuy nhiét trong méi truong NHj & cac
diéu kién t6i wu. Vat lidu cho kha ning hap phu
selen cao. Pa danh gia dugc dic trung cau trac vat
liéu bang cac phuong phap phan tich hién dai nhu
DTA-TGA, XRD, SEM, TEM, va BET. Vit liéu c6
dién tich bé mat 548,944 m?/g va pH,, 1a 5,4. Cac
két qua nghién ciru cho thay vat liu c6 dung luong
hép phu selen dat cuc dai 50,25 mg/g, thoi gian can
bang hip phu 6 gio va pH hap phu selen i vu 12 2.
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