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TOM TAT

Trong nghién ciru nay, kha nang hdp thy ion Cs* tir dung dich CsCl si dung hgat nano
Cus[Fe(CN)s]. duroc thuc hién. Vit lidu nano Cus[Fe(CN)s]2 dd dicoc tong hop; pho ké nhiéu
Xa tia X (XRD) dwoc dimg dé phan tich cdc déic trung cua Cus[Fe(CN)s]2; ky thugt hupnh
quang tia X phan xa todn phan (TXRF) dwoc sir dung dé xdc dinh khd nang hap phu. Mét sé
ddc trung cua Cus[Fe(CN)s]z nhuw: khodng cdch giita cdc mit mang nguyén tir (d), tham sé
mang (a), thé tich ciia cdc hat nano da dwoc tinh todn ré rang. Tat ca cdc thuc nghiém thuc
hién ¢ dieu kién pH = 7 va nhiét @6 phong, dong thoi thay doi nong dg chdt bi hap phu. Mo
hinh dang nhiét Freundlich va Langmuir dwoc sir dung dé xdc dinh hé sé hon hop ciia qua
trinh hap thu/phan hap thy (1/n) va dung lwong hdp phu cuee dai cua ion CS* (Qmax).

Tir khod: Tong hop; Cus[Fe(CN)s]2; nhiéu xg tia X (XRD); ion Cesi (Cs*)

1. Pt van dé

Khi van hanh nha may dién hat
nhan, mot luong 16n chit phong xa di
chuyén ra bién, dic biét lasan
pham phan hach. Cesi 1a mot trong
nhitng nguyén td niang phat ra tir phan
ung phan hach hat nhan trong 10 phan
tmg, khi dat nang suat 16n. Hai dong vi
phong xa ¢ ¢6 tudi tho cao nhat 1a Cs-
134 va Cs-137. Trong nudc bién, Cesi
thuong ton tai chu yéu ¢ dang mubi
CsCl vadi chuyén tu do trong nudc
bién, cb nghia la sy khuéch tan cac
dong vi phong xa sé ting trong moi
truong nudc.

Trudc day, k¥ thudt co ban dugc
dung dé thu thap dong vi phong xa la co
dic, bao phu va chon 1ap vao cac ham ¢
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trén nuai. Hién nay, véi xu hudng phat
trién khoa hoc va cong nghé trén toan
thé giol, dac biét lacong nghé vat
liéu, con ngudi dd ché tao duoc nhiéu
vat liéu c6 dung luong hp phu cao dé
thu thap chét thai phong xa. Mot sd k¥
thudt dugc st dung trong viéc thu
thap cac kim loai ndng nhu két tua,
chiét dung méi, trao ddi ion,...

Trong cac nghién cuu trudce
day, nhiéu nhom nghién ciru da dé xuat
cac phuong phap dé sir dung hiéu qua
viéc thu thap Cesi, trong d6 viéc ché tao
cac vat lidu khac nhau dang nano dé thu
thap Cs* (Borai et al., 2009, Yang et al.,
2011; Sheha et al., 2012). Trong nghién
ctru nay, nano Cus[Fe(CN)s]2 duoc ché
tao, dong thoi tmg dung né trong viéc
thu thap Cs™.
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2. Vat liéu va phwong phap
2.1. Vit liéu
Ks[Fe(CN)], CuCl>.2H.0 va dung
dich chuian gbc Cs*(CsCl, 1000 mg/L)
(tat ca cac hoa chat duge san xuét boi
Merck Co., Ltd, c6 do tinh khiét cao
(99,99%)) da dugc str dung cho nghién
ciru nay.
Téng hop Cus[Fe(CN)s]z
Dé tong hop Cus[Fe(CN)s]2, hai
dung dich riéng biét di duoc chuan

bi:a) 250 ml dung dich Ks[Fe(CN)e]
0,05M va b)750 ml dung dich
CuCl,0,2 M. Dung dich dau dugc
rot 5ml/phtit  vao dung dich tha
hai dugc  khudy manh & téc do
1200 vong/phat trong 4 gio. Vat  liéu
nano Cus[Fe(CN)g]. thu dugc c6 mau
xanh  den.Phan ung hdéa hoc
giita CuCl, va Ks[Fe(CN)s] thé hién &
phuong trinh sau:

3CuClz + 2K3[Fe(CN)e] = Cus[Fe(CN)e]2 + 6KCI

bé thu duoc két
tia Ks[Fe(CN)e], st dung mday ly tdm
trong 5 phat voi tbc d6 10000
vong/phut, sau d6, phan két tia dugc
loc, rira nhiéu lan béng nude cit cho
dén khi pH trung tinh va sdy kho & 70°C
trong 50 gio. Cubi cung, nghién min
bang c6i mi ndo tao ravat lidu ding
cho nghién cuu tiép theo.

Nghién citu vé sw hdp phu Cesi
bang Cus[Fe(CN)s]2

Pé an toan trong qua trinh
nghién ctu, Cesi (Cs*) trong mubi
(CsCl) duoc st dung cho nghién ctru
ladéng vi bén. 0,1g Cus[Fe(CN)s]2
dugc thém vao 50 ml dung dich chtra
ion Cs*véi ndng d6 khac nhau (dao
dong tir 70 dén 600 mg/L). Binh phan
tmg duge day kin va hon hop phan tng
duoc lic véi toe do 270 rpm trong 24
gio dé dam bao qua trinh hip thu dat
trang thai can bang, git ¢ nhiét do
phong 25°C. Do pH dugc duy tri & gid
tri pH thich hop. Sau khi hoan thanh
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viéC hép phuy, vat li¢u duogc tach tu
tinh. Chét ndi trén mat duge ly tam (5
phut, 10000 vong/phtt) va dugce loc qua
mot mang loc 0,22 pm.

2.2. Phwong phdp tinh todn

Sur dung ky thudt nhiéu xa tia X
(XRD) xdc dinh cdc dac tinh vdt liéu
nano:

Dinh luat Bragg thé hién mdi lién
hé gitra budc song (1) cua tia X phan
xa, khoang cach giita cac mit phang
nguyén tir (d) va géc nhidu xa (0) nhu
sau.

2d sin 6 = k4,

Miller chira cac nghich ddo cua
cac phan tir phan doan ma mit phang
tao ra véi cac truc tinh thé (Pearson,
1972): h, k, I. DBbi voi hé 1ap phuong, s6
tich phan cua cac chi s6 Miller h, k va 1
duogc trinh bay trong Bang 1.
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Bang 1: Mot 56 gid tri tich phdn cua cdc chi s6 Miller h , kva I ¢6 thé dat dwoc

Twong tng véi chi s hkl h?+ k% + |2
100 1
110 2
111 3
200 4
210 5
211 6
220 8

221, 300 9
310 10
311 11
222 12
320 13
321 14
400 16

Dbi v6i hé 1ap phuong, mdi quan hé gitta khoang cach giita cac miat phang
nguyén tu (d) va chi s6 Miller h, k, | nhu cac ham sau:

1 h*+k*+1°

o @)
e i UL
- (4)

Trong d6 a 14 hang s6 mang, V 1a thé tich ctia 6 don vi.

Tinh todn su hdp phu

Dung lugng hap phu duoc tinh toan dua trén ndng d6 ban dau (Co, mg/L) va
ndng do cudi (Ce, mg/L) nhu sau (Dang et al., 2009, Tan et al., 2009):

_ Co _Ce

eV (5)

Qe

trong d6 qela dung lwong hap phu kim loai (mg/g), V 1a thé tich cta dung
dich CsCI (L) va M 1a khéi lwong kho caa chat hip thy (g).
Pang nhiét Freundlich

M6 hinh dang nhiét Freundlich (Freundlich, 1939) mé ta méi quan hé cua qué
trinh hap phy. Puong ding nhiét nay 1a mot phuong trinh thuc nghiém va dugc biéu
dién tuyén tinh nhu sau:
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log g, = log K. +%IogCe —q, = K.Cl"

trong d6 Krla hing sé Freundlich lién quan dén ning lugng lién két, 1/n 1a hé sb
khong dong nhat va n (g/L) 13 thude do do 1éch tuyén tinh ctia sy hap phu.
Pang nhiét Langmuir

Mo hinh déng nhiét Langmuir (Langmuir, 1918) cho rang sy hap phu la don
16p trén mot bé mat déng nhét véi sb luong hiru han céc vi tri hép phu. Khi mét vi tri
duoc lép dﬁy, khong cé su hép thu nao khac c6 thé dién ra tai vi tri do. Cong thuc
nhu sau:

&: 1 +LCE_)q —%

qe KLqmax qmax ° 1+ KLCe

trong d6 K 1a hang s6 Langmuir lién quan dén ning lwong hap phu va gmax 14 dung
lugng hip phu cuc dai (mg/g).

3. Két qua va thao luan

3.1. Ddc tinh ciia Cuz[Fe(CN)e]2

Gian dd XRD ghi lai dugc cdu tric ciia Cus[Fe(CN)s]2 bang cach st dung may
nhiéu xa tia X Bruker D8 Advance véi budc song A cuka1 = 1,5406 A. Hinh 1 14 gian
dd XRD cua mau Cus[Fe(CN)e]a.
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Hinh 1: Gidn d6 XRD ciia mdu hat nano Cuz[Fe(CN)e]2
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Tinh toan mot sb dic diém ctua Cus[Fe(CN)s]z, cac cong thirc (1) + (4) duoc st

dung. Bang 2 cho thay két qua.

Bang 2: Cdc thong s6 chi s6 Miller, tham sé mang va thé tich cia é don vi

binh 20 d(A) 1d? h*k+>? h k | a(hd) V=aAd
1 15,16 9,840 0,0293 3 1 1 1 10,114 1034,72
2 17,62 5,029 0,0395 4 2 0 0 10,059 1017,77
3 2515 3,538 0,0799 8 2 2 0 10,007 1002,16
4 28,12 3,171 10,0995 11 3 1 1 10516 1163,01
5 35,62 2,518 0,1577 16 4 0 0 10,074 1022,32
6 40,12 2,246 0,1983 20 4 2 0 10,043 1013,04
7 43,42 2,082 00,2306 24 4 2 2 10,202 1061,73

Theo cac ly thuyét, két qua cho lugng cac thanh phan nguyén to trong

thy rang sin?(0) gom cac gia tri 1, 2, 3,
4, 5, 6, ..., thi tinh thé nano c¢6 dang
khéi 1ap phuong dbi xtng tam. Ddi véi
nghién ciru nay, Bang 2 da chi ra diéu
d6. Nhu vy, ciu tric  hat
nano Cus[Fe(CN)s]2 1a hinh  khéi lap
phuong d6i xung tdm. Piéu nay phu
hop véi nghién clru cua Yun va cng su
(Yun et al., 2003)

3.2. Khd ndng hép phu

K¥ thuat huynh quang tia X phan
xa toan phan (TXRF) dugc thuc
hién. K§ thuat nay duoc st dung phd
bién trong phan tich dinh tinh va dinh

cac mAu ran, 16ng va khi. Nghién ctru
nay nham xac dinh nong do6 Cs* trudc
va sau khi hép thu béng cac hat
nano Cus[Fe(CN)s]».

Dir liéu thu dugc tir cac ion Cs*
trén cac hat nano Cusz[Fe(CN)s]2 cho
thdy thoi gian phan Gng trong 24 gio 1a
du dé dat duoc trang thai can bang. Vi
thé, ndng d6 hap phu Cs* (Ce, mg/L) va
dung luong hap phu (ge, mg/g) sau 24
gio dugc dua ra dudi dang cac gia tri
can bang. Bang 3 trinh bay két qua.

Bang 3: Cdc théng sé hdp phy ion Cs* bang Cus[Fe(CN)s]2

STT Nong d6 diu ciia ion | Nong dd hdp phu ion D_ung lwong hap
Cs*(mg/L), Co Cs*(mg/L), Ce thu ion Cs* (mg/g), Qe
1 71,235 10,823 30,21
2 117,142 36,495 40,32
3 194,137 84,290 54,92
4 314,451 141,378 86,54
5 7347,223 157,563 94,83
6 449,359 212,368 118,50
7 529,184 257,599 135,79
8 571,671 291,378 140,15
9 593,733 313,371 140,18
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Két qua cho thiy sy anh huong
ctiia ndng do chat hap phu ban diu (%)
ion Cs* thay ddi theo ndng do chit hap
phu. Luong Cs* dugc hip phu ting 1én
khi tang néng d¢ Cus[Fe(CN)s], tir 71
dén 570 mg/L; ddng thoi lugng Cs* bio

Ap dung cac phuong trinh (6) va
(7),stt dung dur liéu & Bang 3,
dung phin mém Origin 8.5d3d duoc
dung dé tinh toan. Bang 4 thé hién cac
thong sd khép theo ham dang nhiét
Freundlich va Langmuir

hoa khindng d6  Cus[Fe(CN)s]2
trong dung dich dat t6i hon 570 mg/L.

Bang 4: Thong s6 Ke, 1n, KL va gmax doi véi hap thu Cs* trén Cus[Fe(CN)s]2

M6 hinh hap phu ding nhiét Freundlich

Cac diéu kién: Kr (Mmg/g) 1/n R?
nhi¢t do phong,
pH=7 4,424 0,607 0.974

M hinh hip phu diang nhiét Langmuir

Cac diéu kién: Gmax(MQ/q) Ke (L/mg) R?
nhi¢t d6 phong,
pH=7 271,45 0,0036 0.953

160 160

120 - 120 4

0,607

0,=4.424(C,)

0,=0,0036*271,450*C /(1+0,0036*C,)

40
40
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a) b)

Hinh 2: a) Puong dang nhiét Freundlich; b) Puong dang nhiét Langmuir biéu dién
sw hdp phu Cs trén Cus[Fe(CN)e]2 ¢ nhiét dg phong, pH =T

Két qua khép cho thdy, dung

luong hap phu cuc dai (Qmax-fit) cO gia

tri 1la 271,45 mg/g. Cac dir liéu thuc
nghiém thu duoc bang phan tich k§
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thuat TXRF dung lwong hip phu cuc
dai (Qmax - exp) 12 333,46 mg/g. Ly do su
khai 1éch nay 12 & ving ndng do thap,
c6 sy sai khac voi gid tri tinh toan dang
nhiét Langmuir 14 do lwong hip phu qua
16m.

4. Két luan

Trong nghién ciru nay, vat li¢u
nano Cus[Fe(CN)s]. da duoc tong hop,
va Cusz[Fe(CN)e]2 c6 khoang cach gitra
cic  mat phang  nguyén  tu
(d) tir 2,082 dén 5,840 A, cac tham s6
mangla  khoang 10,145 A. Phan
tich pho XRD cia  Cus[Fe(CN)g]2 cho
thiay rang Cus[Fe(CN)sl2c6 céu truc

hinh khéi 1ap phuong don gian, d6 1a
ciu trac dugc xay dung dua trén cac gia
tri tich phan cua cac chi sé Miller h, k
va 1 1a (111), (200), (220), (311), (400),
(420) va (422).

Chung t6i da nghién ctu dugc vat
litu nano Cus[Fe(CN)s]» dé hép thu
Cs*¢ diéu kién nhiét do phong va do
pH = 7. Hiéu quéa ctia ndng do chat hip
phu vao (%) ion Cs* bi loai bo ¢ diéu
kién cin bang khi ndng d
Cus[Fe(CN)s]2 trong dung dich dat dén
hon 570 mg/L va dung luong hip phu
t6i da (Qmax - fit) dat 271,45 mg/g.
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SYNTHESIS, CHARACTERIZATION OF Cus[Fe(CN)e]2
NANOPARTICLE AND APPLY OF ADSORPTION ION CESIUM (Cs")

ABSTRACT

In this study, the ability to absorb Cs+ ions from CsCI solution using
Cu3[Fe(CN)6]2 nanoparticles was carried out. Cu3[Fe(CN)6]2 nanoparticles
were synthesized; X-ray diffraction (XRD) spectrometer was used to analyze
the characteristics of Cu3[Fe(CN)6]2; Total reflectance X-ray fluorescence
(TXRF) technique was used to determine the adsorption capacity. Some
characteristics of Cu3[Fe(CN)6]2 such as: the spacing between the atomic
planes (d), the lattice parameter (a), and the volume of unit cell (V) were
calculated clearly, the lattice parameters (a), the volume of nanoparticles
were clearly calculated. All experiments were performed at pH = 7 and room
temperature, while changing the adsorbent concentration. Freundlich and
Langmuir isotherm models were used to determine the heterogeneity factor
(1/n) and the maximum adsorption capacity of Cs+ ions (qmax).

Keywords: Synthesis; Cusz[Fe(CN)s]2; X-ray diffraction (XRD); Cesium
ion (Cs™).
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