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NGHIEN CUU KHA NANG HAP PHU Cs* BOI VAT LIEU NANO
Zny[Fe(CN)s] va Cuz[Fe(CN)e]
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Qua trinh hdp phy ion Cs* tr dung dich mwéc bang vdt lidgu nano
Zn2[Fe(CN)s].5H20, Cuz[Fe(CN)s].4H20 Va dnh hieong ciia cdce diéu kién phan ing
doi véi qua trinh hdp phu da dwoc nghién cizu. Két qua nghién cizu cho thdy hai logi
vat lieu nay l1a cac chdt hdp phy ion Cs* rat hiéu qud. Pa diéu ché duoc
Znz[Fe(CN)s] .5H20 va Cuz[Fe(CN)s].4H20, cé kich thudc nano mét lam vat liéu logi
bé ion Cs* khdi dung dich. Dung lwong hdp phu cia cac vt liéu phy thuge vao pH,
qué trinh hap phy ion Cs* cia 2 logi vt ligu nay xay ra véi hiéu sudt tot nhat ¢ pH =
6,0. Hap dung cuc dai cia Zna[Fe(CN)s].5H20 l1a 142,36 mg (Cs*)/g trong khi dé
Cuz[Fe(CN)s].4H20 la 142,21 mg (Cs™)/g.

Hai m6 hinh hap phu Langmuir va Freundlich c6 thé mé ta qua trinh hap phy ion
Cs* bdi Cuz[Fe(CN)e].4H20; doi véi Zna[Fe(CN)e].5H20 thi két qua theec nghiém cuia
qué trinh hap phu khdng khép véi diz liéu tinh toan theo mod hinh hdp phu dang nhiét
Langmuir. Hai chdt hdp phu Zny[Fe(CN)s].5H20 va Cuz[Fe(CN)s].4H.0 c6 dung
lirong hdp phu cuee dai 1ém d@éi véi ion Cs*, dé tong hep, gia thanh tong hop thap nén
chdt nay cé thé tré thanh chdt hdp phu hdp ddn va day hira hen trong viéc xir ly ion

Cs™ trong nuéc.

Tir khoa: Cesi, hdp phu, Zn2[Fe(CN)s], Cu2[Fe(CN)g], nano

1. Pt van dé

Sy phét trién ciia nganh cdng nghiép
hat nhan da san sinh mot s6 cac chat thai
c6 tinh phong xa, cac nguyén té co thoi
gian ban rd 1én dén hang chyc nam. Chat
phong xa cesi (*¥'Cs) duoc tao ra trong
qua trinh phan hach, chiém 6,3% san
pham phu caa quéa trinh phan hach va la
nguyén nhan chinh gay 6 nhiém phong
xa tir sy c6 hat nhan va chét thai hat nhan
[1]. Nam 2011, mdt con séng than xay ra
& Nhat Ban do dong dat, két qua 1a nha
may dién hat nhan Fukushima Daiichi bi
mat kiém soét nhiét do bén trong 16 phan
ing, dan dén su nd cua cac 10 phan tng,
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day la nguyén nhéan chinh phét tan phéng
Xa cesi vao moi truong [2]. Mot lugng
I6n nuéc thai bi nhiém phong xa cia nha
may bi phét tan khip cac dai dwong. Chat
phong xa cesi c6 do hoa tan cao trong
nudc, €O chu Ky ban rd 30,2 ndm va no
c6 co ché, hoat dong hda hoc twong tur
véi ion K* trong co thé sinh vat. Chinh
Vi vay, khi cesi bi co thé nguoi hap phu,
n6 duogc tap trung nhiéu & cac co va rat
kho bi dao thai, cesi ¢ thé gay ra nhiéu
loai ung thu khac nhau [3]. Vi ly do nay,
van dé phat trién cac ky thuat dé nhan
biét va loai bo cesi cd tinh phéng xa dugc
cac nha khoa hoc tap trung nghién cuu.
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Trong k¥ thuat quan trac va k§ thuat
xtr Iy méi trudng, 6 nhiéu ky thuat tach
chiét, 1am giau cesi nhu chiét long — 16ng,
dong két taa, hap phu... Tuy nhién, trong
s6 céc ky thuat duoc ap dung thi hap phu
duoc cho 1a ki thuat don gian va kinh té
nhat. Cac cdng trinh nghién ciu trudc
day da su dung cac zeolit [4], amoni
molybdophosphate (AMP), silicotitanate
(CST) [6] va cac phirc chat ferrocyanide
cuia cac kim loai chuyén tiép [7] 1am chat
hip phu cesi. Trong s6 nay, cac phic
chat ferrocyanide - kim loai chuyén tiép
dugc biét 6 tinh hap phu chon loc cao
dbi vai cesi [8].

Cac phuc chat cua ferrocyanide -
kim loai chuyén tiép dugc lam vat liéu
hip phu cesi c6 tinh chon loc. Kém
hexacyanoferat va ddng hexacyanoferat
dang nano ngoai viéc tng dung 1am chat
ban dan trong viéc xt ly cac hop chét
mau bang phuong phéap dién hoa, ngoai
ra chling con co kha ning trao ddi ion véi
cac kim loai héa tri M*! [9-11]. Trong
hai dang phuac Zny[Fe(CN)s] va
Cuz[Fe(CN)] déu c6 kha ning 1am chat
xUc tac hay chat ban dan dé oxy héa phan
hity cac chat mau trong céng nghiép dét.
Ngoai ra, cac loai vat liéu nay con co kha
nang trao doi ion véi kim loai ¢6 hoéa tri
M*! nhu Cs. Tuy nhién, do cau trdc phan
tr va su sap xép dién tir khac nhau nén
ching c6 kha nang trao d6i ion véi kim
loai hoa tri M** ¢6 thé la khac nhau. Ung
dung kha niang hap phu ion Cs* cua cac
phicc chat cua ferrocyanide - kim loai
chuyén tiép va da dang cac loai vat liéu
trong xir Iy méi trudng. Trong khudn kho
bai b4o nay, ching tdi nghién ciru tong
hop Zn2[Fe(CN)s], Cuz[Fe(CN)e] kich
thudc nano va khao sat kha nang hap phu
cesi 1én 2 loai vat liéu nay.
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2. Nguyén vat liéu va phwong
phap nghién ciru

2.1. Nguyén vt liéu

Dung dich chuan gbc Cs * 1000
mg/L (Merck), dung dich dung cho
nghién cau CsCl ng véi cac nong do
nghién ctru duge diéu ché tir mudi CsCl
(Merck); Ka[Fe(CN)e]; ZnS0a4.7H20;
CuS04.5H20 (Merck); dung dich HNOs
(0,01— 0,5 N) va NaOH (0,01 —1N) (P.A)
Trung Québc dugc ding dé chinh pH khi
can thiét.

Xac dinh cesi trong dung dich trudc
va sau phan tng hap phu bang thiét bi
Shimadzu AA-7000. Phan tich, xu Iy sé
liéu, vé& dd thi bang phan mém Originlab
8.5.1.

2.2. Téng hep vat ligu hdp phu
Znz[Fe(CN)s] va Cuz[Fe(CN)e]

Tong hop vat liéu theo hai phuong
trinh phan ung:

2ZnS0s +  Ka[Fe(CN)e]
Zna[Fe(CN)s] + 2K2SO4

2CuSO4 + Ka[Fe(CN)e] —
Cuz[Fe(CN)e] +2K2S04 )

Hoa tan 0,15 mol mubi ZnSO4 hay
CuSO4 vao 750 mL nudc cit 2 lan cho
vao binh phan tng. Thém 250 mL dung
dich K4[Fe(CN)g] 0,05 M tir thiét bi nho
giot vao binh phan tng. Trong subt qué
trinh phan @ng, vira siéu am vaoi tang s6
(1500W-50Hz) vira khudy téc do 1200
vong/pht, nhiét phan ang duy tri 45°C.
Két thiic qua trinh phan &ing san pham c6
mau tring 1a Zna[Fe(CN)s] theo phuong
trinh phan @ng (1), san pham c6 mau
xanh la Cuz[Fe(CN)s] theo phuong trinh
phan tng (2). Vat liéu tong hop duoc
tach ra khoi dung dich phan ng bing
cach ly tam 10 phat téc do 10.000
vong/phut, rira sach 5 1an bang nuéc cat,

—
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say kho & nhiét d6 60°C dung cho nghién
ctu tiép theo [12], [13].

2.3. Xdc dinh céc tinh chat cia vt
lieu hép phu

Xac dinh phdé XRD cua vat liéu duoc
chup trén thiét bi nhiéu xa Scintag-XDS-
2000 véi buac séng Cu K a (A=1,54059)
va goc do quét 20 & 44,9°C. Hinh thai
cua vat liéu duoc chup trén céc thiét bi:
kinh hién vi dién tir truyén qua d6 phan
giai cao HR-TEM (JEM 2100, HSX:
Jeol, Nhat Ban). Kinh hién vi dién tu
quét — Pau do tan xa ning luong tia X
JEOL JSM-6510LV, Nhat ban) két hop
tan xa tia X (EDS-TEM). Phé BET chup
bang may do dién tich bé mat
(Micromeritics - TriStar 11 3020 3.02,
Hoa ky). Pho hong ngoai, duoc do trén
may IR (Thermo Scientific, Nicolet iS10,
Hoa Ky).

2.4. Khdo sat anh hwong cua pH
dén khd nang hdp phu ion Cs * cia vt
lieu Znz[Fe(CN)s] va Cuz[Fe(CN) 6]

Pé an toan trong qué trinh nghién
cau, cesi (Cs *) phuc vu cho nghién cau
la mudi cesi & ddng vi bén.

Can 0,1g vat liéu hap phu cho vao
binh tam giac 250 mL thém vao do 100
mL dung dich chtra ion Cs * véi nong do
150 mg/L. Gia tri pH cua dung dich dugc
diéu chinh dén cac thang gia tri nghién
cuau pH 2,0; 3,0; 4,0; 5,0; 6,0; 7,0; 8,0;
9,0 bang dung dich HNO3 hay NaOH
(0,01 N) va sau d6 duogc kiém tra va diéu
chinh sau mot khoang thoi gian 12 2 gio.
Sau 24h phan ng, vat liéu hap phu duogc
tach loai bang ly tim 10 phat (Universal
320-Germany) & 10.000 vong/phut roi
loc qua mang loc 0,22 um va dich loc
dugc phan tich bang thiét bi AA-7000.
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2.5. Xdc dinh dung lwong hdp phu
cua vdt ligu Zny[Fe(CN)g] va
Cuz[Fe(CN)e]

Can 0,1g vat liéu hip phu cho vao
binh tam giac 250 mL thém vao d6 100
mL dung dich chira ion Cs* véi ddy nong
d6 75, 100, 120, 145, 170 va 210 mg/L
tiy theo diéu kién nghién ctu. Nong do
cac ion trong thiét bi nghién ctu khéng
duoc diéu chinh trong sudt qué trinh hap
phu. Binh hip phu dugc day kin va lic
trén may lic (IKA HS 260 basic USA)
Véi tée d6 270 vong/phut, I4c lién tuc 24
gio dé dam bao qua trinh hap phu dat
trang thai can bang, nhiét do thuc hién
qua trinh hap phu & nhiét do phong
(25°C), duy tri ¢ gia tri pH = 6,0. Sau khi
két thdc phan ang vat lidu hap phu duoc
tach loai bang cach ly tdm 10 phat
(Universal 320- Germany) ¢ 10.000
vong/phut rdi loc qua mang loc 0,22 pm
va dich loc duoc phan tich bang thiét bi
AA-7000.

Ham luong cesi bi hip phu duoc tinh
theo cong thirc sau:

=V(Ci _Ce)

Qe B

Trong d6 qe 1a ham luong cesi bi hap
phu hay dung luong hap phu cua vat liéu
(mg/g chét hap phy); Ci va Ce la nong do
ion Cs* truge va sau khi hip phu tuong
g (mg/mL), V thé tich dung dich, B la
khdi lugng cua vat liéu hap phu duoc st
dung.

Phwong trinh hiap phu Langmuir

q,,0C,

=1 bC,

Trong d6 qe 1a lugng ion Cs* bi hap
phu bai vat liéu (mg/g); gm dung lugng
hip phu cuc dai cua ion Cs*; Ce ndng d6
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sau cua Cs* tai tirng diém cua qué trinh
hap phu (mg/L); b hang sé thuc nghiém.

Phwong trinh hap phu Freundlich
g, = KC,"

Véi ge 1 Tugng ion Cs* bi hap phu
bai vat lidu (mg/g); K, n 1a hing sb khi
qué trinh hap phu khi dat trang thai can
bang.

3. Két qua va thao luan

3.1. Tinh chdt cia vt ligu hdp phu

Dé x4c dinh tinh chat vat liéu dung
cho nghién ciru théng qua cac phé XRD

phé6 HR-TEM, phé EDS-TEM, phd
BET va phé hong ngoai cua cac loai vat
liéu.

Khi phan tich phé XRD cua
Znz[Fe(CN)s] va Cuz[Fe(CN)e] (hinh 1a,
1b), trong cung diéu kién tong hop nhu
(muc 2.2), két qua phan tich XRD trén
thiét bi Scintag-XDS-2000 véi budc
song Cu Ka ( 2=1,54059) va goc do quét
20 & 44,9 °C.
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Hinh 1: Phé XRD Znz[Fe(CN)s] va Cuz[Fe(CN)e]
Phan tich phé EDS-TEM, kinh hién vi dién tir quét két hop dau do tan xa ning

két qua & hinh 2.

lugng tia X cua Zno2[Fe(CN)s] va Cuz[Fe(CN)e] cho
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EDS Layered Image 6
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EDS Layered Image 3

Electron

(@) EDS mapping cua vat liéu
Zny[Fe(CN)s]

(b) EDS mapping cua vat liéu
Cuo[Fe(CN)e]

Hinh 2: Phé EDS-TEM cua vt liéu Zn2[Fe(CN)e] va Cuz[Fe(CN)s]

Tur két qua phan tich tir hinh 2a cho
thiy vat liéu gom céc thanh phan chinh
d6 1a Zn, Fe, C, N d6i véi vat ligu
Zny[Fe(CN)s]. Két qua phan tich tir hinh
2b cho thay vat liéu gom céc thanh phan
chinh d6 1a Cu, Fe, C, N déi vai vat ligu
Cuz[Fe(CN)e]. Tuy nhién, trong ca hai
vat liéu, con cac thanh phan khac nhu
kali (K) va oxy (O).

C6 kha ning K* 1a san pham phu sau
khi phan ng tong hop theo 2 phuong
trinh:

27nS0s +  Ka[Fe(CN)g]
Zno[Fe(CN)e] + 2K2S04
2CuS0O4 + Ks[Fe(CN)e] —
Cuz[Fe(CN)s] + 2K2SO04
Chdng bi chinh céc vat liéu d6 hap
phu lai, qua quéa trinh rira vat liéu bang
nudéc cat, luong ion K* khdng thé bi loai
bo day ciing 1a minh ching cho tinh chat
hap phu céc cation kim loai ¢6 hoa tri M*.
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(a) Phd hdng ngoai cua vat liéu
Zny[Fe(CN)s]

(b) Phd hong ngoai cua vt liéu
Cuz[Fe(CN)s]

Hinh 3: Phé Hong ngoai cua vat lieu Zna[Fe(CN)g] va Cuz[Fe(CN)e]

Khi nghién ciru phd hong ngoai cua
02 vit liéu dugc do trén may trén may IR
Thermo Scientific, Nicolet 1S10. Phé IR

cung cap thém céc thong tin co gia trj dé
khang dinh cau trdc cua cac vat liéu tong
hop duoc.
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Dan xuat cac kim loai chuyén tiép-
hexacyanoferat (M:[Fe(CN)6] voi M:
Cu, Zn), phé IR cua chung thuong la tap
hop cua 3 dao dong tap trung trong khoi
ter dién (tetrahedral [Fe(CN)e]*), d6 la
cac dao dong v(CN), v(Fe-C) va o(Fe-
CN). Bong thoi, néu nhu trong tinh thé
d6 con ¢6 chira cac phan tir nudec thi trén
phd hdng ngoai c6 sy dong gop clia Cac
dao dong v(OH) va 6(HOH) [14].

Déi v6i Zna[Fe(CN)s] (hinh 3a), c6
cac dao dong dac trung o vi tri 2104,67
cm™. Tai vi tri nay lién quan dén dao
dong gidn voi cuong d6 manh dac trung
V(CN) trong lién két phdi tri cua
[Fe(CN)s] Vv6i Zn ¢ dang khéi lap
phuong (tetrahedral hay triclinic) [15].
Trén phd IR (hinh 3a) con co peak la cac
dao dong gidn & cuong do thap cua lién
két v(Fe-C) & vi tri 504,60 cm™ va peak
la dao dong lic cuong d6 thap cua lién
két 5(Fe-CN) ¢ vi tri 600,78 cm™. Ngoai
ra, trén phd do IR con xuét hién 1 peak
don & vi tri 1613,32 cm™ 1a dic trung dao
dong lac 8(HOH) va c6 2 peak tai 3533
cm™ va 3595 cm™? 1a dao dong dan ddi
xung va bat d6i xtimg v(OH). Tir cac két
qua néu trén, vat liéu t

A dang

tinh thé va trong tinh thé dé co chua
nuéc. Thong qua cac két qua phan tich
thi hop chat tong hop duoc c6 dang
triclinic ~ véi cong thac la
Zna[Fe(CN)s].5H-0.

Mot cach twong tu ddi Véi
Cuz[Fe(CN)e] (hinh 3b), ¢6 cac dao dong
dic trung & vi tri 2099,59 cm™. Tai vi tri
nay lién quan dén dao dong gian voi
cuong dé manh dac trung v(CN) trong
lien két phdi tri cua [Fe(CN)e] voi Cu &
dang khéi lap phuong (Cubic) [15].

Ph6 dd IR (hinh 3b) c6 peak la cac
dao dong gidn & cuong do thap cua lién
két v(Fe-C) & vi tri 472,71 cm™ va peak
1a dao dong lic cuong do thap cua lién
két (Fe-CN) & vi tri 590,92 cm™. Trén
phd db con xuat hién 1 peak don & vj tri
1623,14 cm™ 1a dic trung dao dong lic
S(HOH) va c6 2 peak tai 3452 cm™ Ia
dao dong dan ddi xung va bat ddi xing
v(OH). T cac két qua néu trén, vat liéu
téng hop 1a dang tinh thé trong tinh thé
d6 c6 chira nudc. Thong qua cac két qua
phan tich thi hop chat téng hop dugc c6
dang cubic voi  cbng thac la
Cuz[Fe(CN)e].4H20 [16].

(a) Phé HR-TEM cua
Zny[Fe(CN)s].5H20

(b) Phé HR-TEM cua Cuz[Fe(CN)e].4H20

Hinh 4: Phé HR-TEM ciia Znz[Fe(CN)s].5H20 va Cuz[Fe(CN)e].4H20
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Hinh thai cua vat liéu duoc do trén
thiét bi HR-TEM JEM 2100, HSX: Jeol
két qua thé hién tai (hinh 4a, 4b). Vat liéu
thu dugc co kich thudc nano mét, vat liéu
lien két ¢ dang lactic. Két qua, doi véi

vat lieu Znz[Fe(CN)g] tinh thé & dang
tirgonal  (p-3cl), con d6i  voi
Cuz[Fe(CN)g] tinh thé ¢ dang cubic (F-
43m) (hinh 5).

(a) Cau trlc tinh thé va cau tric mang cua
Zny[Fe(CN)s]

(b) Cau trdc tinh thé va cau tric mang
cua Cuz[Fe(CN)s]

Hinh 5: Cdu tric tinh thé va cdu tric mang cia Znz[Fe(CN)s] va Cuz[Fe(CN)s]

Ttr két qua phan phan tich pho XRD,
EDS-TEM, phd hong ngoai IR, phd BET
va phé HR-TEM cua Znz[Fe(CN)e] va
Cuz[Fe(CN)g], vt liéu téng hop dugc 1a:
Zny[Fe(CN)g].5H20 c6 dién tich bé mat
la 43,08 m?/g va Cuz[Fe(CN)s].4H20 co
dién tich bé mit 1a 12,80 m%/g (hinh 4 va
5), ¢6 kich thuéc nano mét, dugc s
dung nhu 1a vat liéu hap phu duoc dung
cho nghién cuau tiép theo.
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3.2. Anh hwong ciia pH dén khd
nang hdp phu ion Cs* cia vat ligu
Zny[Fe(CN)s] va Cuz[Fe(CN) ¢]

Str dung 0,1g vt liéu hap phy, thé
tich dung dich nghién cuu la 100 mL
dung dich chtra ion Cs* vé&i nong d6 140
mg/L. Gia tri pH cua dung dich duoc
diéu chinh dén cac thang gia tri nghién
cau pH 2,0; 3,0; 4,0; 5,0; 6,0; 7,0; 8,0;
9,0. Két qua phan tich duoc thé hién tai
bang 1 va hinh 6.
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Bang 1: Dung heong hap phu cua vat liéu Znz[Fe(CN)s] va Cuz[Fe(CN) 6] theo pH

Khéi lirong Nong d9 Cs* sau khi hap Dung lrgng hap phu ge
pH Vat Iiéu'(g) phu béi Zn2[Fe(CN)s] cua Znz[Fe(CN)s]
R (mg/L) (mg/g)
2 0,102 33,547 104,880
3 0,101 33,400 105,441
4 0,101 23,795 115,169
5 0,101 22,772 116,529
6 0,101 14,816 123,456
7 0,101 17,041 121,621
8 0,102 16,147 121,663
9 0,101 17,785 120,766
£ Nong dé Cs sau khi ha Dung lwong hap phu ge
pH *\fgt"l'ié‘lj‘-’ég? phlf béi CUz[Fe(CN)e]p cita C'uz?Fe(grg)ej )
T (mg/L) (mg/g)
2 0,101 30,988 107,933
3 0,101 25,140 114,062
4 0,101 15,478 123,411
5 0,101 10,470 127,742
6 0,101 7,130 132,078
7 0,101 8,724 129,976
8 0,100 13,286 126,209
9 0,101 13,794 124,464
135
130
125 4
5 120 |
(@)}
ém 115 4
o}
110 -
105 4 —=— Cesium adsorption by Zn,[Fe(CN) ]
—o— Cesium adsorption by Cu,[Fe(CN)]
04+
1 2 3 4 5 6 7 8 9 10
pH
Hinh 6: Anh hwong ciia pH dén qué trinh hdp phy ion Cs* ciia Znz2[Fe(CN)s] va
Cuz[Fe(CN)s]
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Két qua nghién cau sy anh hudng
ctia pH dén qué trinh hap phu Cs* cua hai
loai vat lieu Zny[Fe(CN)e] va
Cuz[Fe(CN)e]: ddi véi Zna[Fe(CN)e] tai
gia tri pH 2 - 3 thi dung luong hap phu
cua vat liéu ddi voi Cs* rat thap, tai ting
gia tri pH c6 sy thay doi rd rét, dén khi
pH = 6 thi dung luong hap phu cua vat
licu dat gid tri cuc dai; dbi Véi
Cuz[Fe(CN)e] khi gia tri pH tang thi
dung lugng hap phu cua vat liu ddi véi
Cs* tang theo, dén khi pH = 6 thi dung
luong hap phu cua vat lidu ciing dat gia
tri cuc dai. Nhin chung, dang vat liéu ho
prussian blue c6 cbng thic chung
Maz[Fe(CN)s] (v6i M: Zn, Cu), Znva Cu

thudc nhom kim loai chuyén tiép nén co
tinh chat héa hoc gan nhu twong dong.
Tuy nhién, Zn la kim loai ¢6 tinh ludng
tinh nén c6 thé né tuong ddi nhay khi
thay d6i pH méi truong dung dich
nghién cuu.

3.3. Dung lwong hdp phu cia vit
lieu Zn2[Fe(CN)s] va Cuz[Fe(CN)e]

Khi nghién ctru dung luong hap phu
cuc dai cua hai loai vat li¢u Znz[Fe(CN)s]
va Cuz[Fe(CN)e] & day nong d6 Cs* 75,
100, 120, 145, 170 va 210 mg/L tai gia
tri pH = 6,0, cach thirc tién hanh nhu muc
11.5. Két qua nghién ctru duoc thé hién
tai hinh 7a va 7b.

" cesium adsorption by Zn,[Fe(CN),]
—— Langmuir
1004 ] - - -Freudlich
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® Cesium adsorption by Cu,[Fe(CN)]

—— Lang muir
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(a) M6 hinh hap phu Langmuir va
Freudlich cua Znz[Fe(CN)s] doi vai Cs*

(b) M0 hinh hap phu Langmuir va
Freudlich cua Cuz[Fe(CN)e] doi véi
Cs"

Hinh 7: M6 hinh hdp phu Langmuir va’FreudIich cua Zn2[Fe(CN)s] va
Cuz[Fe(CN)s/ doi véi Cs*

Khi dat trang thai can biang mic du
nong d6 Cs* co6 tang 1én nira thi dung
lwong hap phu cuc dai caa vat liéu khong
tang. D4i vai vt liu Znz[Fe(CN)s], dung
lugng hap phu cuc dai dao dong tur
137,63 - 142,36 mg/g con ddi voi
Cuz[Fe(CN)s] thi dung lwong hip phu

cuc dai dao dong tur 137,83 - 142,21 mg/g.

Dung phan mém Originlab 8.5.1 dé
phan tich két qua tai bang 2, cac théng sé
cuia qua trinh hip phu dang nhiét ion Cs*
Ién wvat lieu Zny[Fe(CN)s] va
Cuz[Fe(CN)e] theo mé hinh Langmuir va
Freundlich dwgc thé hién tai hinh 7 va
bang 2.
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Béang 2: Cac thong sé Ciia phuwong trinh hap phu Langmuir va Freundlich doi véi ion
Cs™ trén cac vat liéu hap phu

Vit liéu hap phu Znz[Fe(CN)s].5H20

Mo hinh hip phu ding nhiét Langmuir

Ton bi hip phu am (Mg/g) b R?
Cs* 176,05 1,64 0,88
Mo hinh hip phu ding nhiét Freundlich

Ton bi hip phu Kr (mg/g) 1/n R?
Cs* 109,27 0,20 0,95

Vit li¢u hap phu Cuz[Fe(CN)s].4H20

Mo hinh hip phu ding nhiét Langmuir

Ton bi hap phu gm (Mg/q) b R?
Cs* 142,27 0,81 0,87
Mb hinh hip phu dang nhiét Freundlich

Ton bj hap phu Kr (mg/g) 1/n R?
Cs* 84,01 0,14 0,79

Dung luong hap phu cuc dai theo
nhu tinh toan (gmax) cua vat liéu
Zny[Fe(CN)g] 16n hon rat nhiéu so voéi
gida tri thuc nghiém. DG Vi
Cuz[Fe(CN)g] thi gia tri (qmax) tinh toan
tuong duong véi gia tri thuc nghiém.

Xét cac thdng sé qua trinh hip phu
dat dén trang thai can bang riéng doi Véi
md hinh hap phu dang nhiét Freundlich
c6 gia tri 1/n < 1 12 ph hop véi ly thuyét
cho ca hai truong hop. Tuy nhién, gia tri
R? trong khoang 0,87 - 0,88 d6i véi ca
hai trudng hop 1a phi hop. Qua trinh hap
phu ion Cs* trong nudc baoi vat liéu
Cuz[Fe(CN)e] tuan theo quy luat cua qua
trinh hip phu don thuin. Hai mé hinh
hap phu Langmuir va Freundlich c6 thé
ding mé ta qua trinh hap phu ion Cs* boi
vat lieu Cuz[Fe(CN)e], riéng dbi voi
Zny[Fe(CN)s] thi khéng phu hop.

4. Két luan

Thong qua cac két qua phan phan
tich ph6 XRD, EDS-TEM, phé hdng

ngoai IR, phd BET va phé HR-TEM cua
Zny[Fe(CN)s] va Cuz[Fe(CN)s], chung
t6i két luan rang: dd téng hop duogc
Zna[Fe(CN)g].5H20 c¢6 dién tich bé mit
la 43,08 m?/g va Cuz[Fe(CN)s].4H0 ¢
dién tich bé mat 1a 12,80 m/g, c6 kich
thudc nano mét va dugc st dung lam vat
liéu hap phu.

Pbi  vsi Zn[Fe(CN)s]  va
Cuz[Fe(CN)s] dung luong hip phu cua
cac vat liéu dat gia tri cuc dai ¢ gia tri pH
= 6. Bdi véi vat lieu Znz[Fe(CN)s], dung
luong hip phu cuc dai dao dong tur
137,63 - 142,36 mg/g con ddi voi
Cuz[Fe(CN)s] thi dung luong hap phu
cuc dai dao dong tu 137,83 - 142,21
mg/g. Dung luong hap phu cuc dai theo
nhu tinh toan (qmax) cua vat li¢u
Zny[Fe(CN)g] 16n hon rat nhiéu so véi
gia tri thuc nghiém, con ddi voi
Cuz[Fe(CN)g] thi gia tri (qmax) tinh toan
tuong duong vai gié tri thuc nghiém.
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Qua trinh hap phu ion Cs* trong Freundlich c6 thé ding md ta qua trinh
nudc boi vat liéu Cuz[Fe(CN)g] tuan theo hip phu ion Cs* boi vat liéu
quy luat cia qué trinh hap phy don thuan.  Cuz[Fe(CN)s],  rieng  ddi Vi
Hai md hinh hip phu Langmuir va Zny[Fe(CN)s] thi khéng phu hop.
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INVESTIGATE THE ADSORPTION OF CESIUM ION (Cs*) ON
Zn2[Fe(CN)s] AND Cuz[Fe(CN)s] NANOPARTICLES

ABSTRACT

Adsorption of Cs™ ion from aqueous solution by Zn;[Fe(CN)s].5H.O and
Cuz[Fe(CN)s].4H20 nanoparticle and the effect of experimental conditions on the
adsorption were investigated. Preliminary results showed that two materials were very
effient as an Cesium absorbent. Zny[Fe(CN)e].5H20 va Cuz[Fe(CN)e].4H20
nanoparticle adsorbents for removal Cs* ion from solution have been successfully
synthesized. The maximum adsorption capacities depended on the pH, the best
adsorption capacities of the materials were in the pH = 6.0. The maximum adsorption
capacity of Zn[Fe(CN)s].5H20 was 142,36 mg (Cs*)/g and the maximum adsorption
capacity of Cuz[Fe(CN)g].4H20 was 142,21 mg (Cs™)/g.

Langmuir and Freundlich models were found to fit the experimental adsorption
data of the Cs™ ion onto Cuz[Fe(CN)e].4H20. The experimental adsorption data of
Zny[Fe(CN)s] .5H20 did not accord with Langmuir isotherms. The high adsorption
capacity and good performance on other aspects, make the Zn2[Fe(CN)s].5H-O and
Cuz[Fe(CN)s].4H20 nanoparticle these promising adsorbents for the removal of Cs™
ion from water.

Keywords: Cesium; adsorption; Zn2[Fe(CN)s]; Cuz[Fe(CN)s], nanoparticle
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