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NGHIEN CU'U QUA TRINH HAP PHU Cs'
BOI VAT LIEU NANO Ni,[Fe(CN)g] va Nis[Fe(CN)e],
Nguyén Dinh T rung1
Lé Thi Ha Lan®
Doan Phuwong H(”;ng Nchl
TOM TAT
Pa diéu ché dwoc Ni[Fe(CN)g] va Nis[Fe(CN)slz ¢6 kich thude nano mét lam
vt liéu logi bé ion CS™ khoi dung dich. So sanh 2 logi vat liéu nay, Ni;[Fe(CN)s] cé
dung lwong hdp phu ion Cs* cao hon va thoi gian phdn iing ngdn hon so voi
Nis[Fe(CN)sl2. Qud trinh hdp phu ion Cs* ciia vt liéu Ni[Fe(CN)e] véi hiéu sudt
t6t nhat ¢ trong déy pH tir 3 dén 5, dung lwong hdp phu cuc dai ciia vt liéu ¢ pH=4
doi ion Cs™ la 1,01 meq/g. Phdn vmg dat cén bang trong thoi gian khodng 15 phiit va
ion Cs* bj loai khéi dung dich lén dén 98%. Ca hai mé hinh hdp phy Langmuir va
Freundlich khéng thé mé ta qua trinh hdp phu. Do Niz[Fe(CN)g] ¢é dung lwong trao
doi cuee dai |60, thoi gian dat cdn bang trao doi nhanh, dé tong hop, gid thanh tong
hop thdp nén chdt nay cé thé tré thanh chat hdap phu hdp ddn va day hiza hen trong

viéc xut Iy ion Cs™ trong nuoc.

Tir khéa: Cesium, hdp phu, Niz[Fe(CN)e], Nis[Fe(CN)g], vdt liéu nano

1. Mé& dau

Sy phat trién cua nganh cong
nghiép hat nhan da san sinh mot sé cac
chét thai co tinh phong xa, cac nguyén
t6 co thoi gian ban rd 1én dén hang chuc
nam. Chit phéng xa cesium (**'Cs)
duogc tao ra trong qua trinh phan hach,
chiém 6,3% san pham phu ciia qué trinh
phan hach va la nguyén nhan chinh gy
6 nhiém phong xa tir sy ¢d hat nhan va
chat thai hat nhan [1]. Nam 2011, mét
con song than xay ra & Nhat Ban do
dong dat. Két qua 1a, nha may dién hat
nhan Fukushima Daiichi bi mat kiém
soat nhiét o bén trong 16 phan wng, dan
dén su nd cua cac 1o phan ung, d6 1a
nguyén nhan chinh phat tan phong xa
cesium vao moi truong [2]. Mot luong
lén nudc thai bi nhiém phong xa di
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duoc thai vao trong bién va lan toa khap
cac dai duong.

Theo Co quan Nang luogng nguyén
ter qubc té (IAEA), trong nam 2016 ba
nha méy dién hat nhan cua Trung Qudc
nam & nhiing vi tri gan véi Viét Nam da
bat dau di vao hoat dong. Ba nha may
dién hat nhan & phia nam Trung Qudc
vira di vao van hanh thuong mai gém
Phong Thanh (Quang Tay) cong suét
1000 MW, Truong Giang (Quang Pong)
600 MW va t6 may 650 MW ciia Suong
Giang (dao Hai Nam). Nha may dién
hat nhan Phong Thanh chi cach Quang
Ninh khoang 50km. Nha may dién
Xuong Giang trén dao Hai Nam céch
dao Bach Long Vi cua Viét Nam hon
100km. Xa nhat 1a Nha may dién
Truong Giang cling chi cach bién gidi
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Viét Nam hon 200 km [3]. Nghién ctu
xac dinh nhanh hoat do cac déng vi
phong xa trong mdi trudng nudc 14 van
dé can thiét va duoc lam thuong xuyén,
dé 1am co so cho viéc quan tric, canh
bao nhanh vé phéng xa méi trudng
nudc do cac nha may dién hat nhan gay
ra trong qud trinh hoat dong cling nhu
trong cac truong hop co thé xay ra su ¢b
hat nhan 14 viéc 1am can dugc quan tam.
Chat phong xa Cesium c6 do hoa
tan cao trong nudc, c6 chu ky ban ra
30,2 nim va né ¢ co ché hoat dong hoa
hoc tuong tu Vvéi ion kali trong co thé
sinh vat. Chinh vi vay, khi cesium bi co
thé nguoi hip phu, né duoc tap trung
nhiéu & cac co va rat khé bi dao thai,
cesium c6 thé gy ra nhiéu loai ung thu
khac nhau [4]. Vi Iy do nay, van dé phat
trién cac ky thuat dé nhan biét va loai
bo cesium co6 tinh phong xa dugc cac
nha khoa hoc tap trung nghién cuu.
Trong ky thuat quan tric va xu ly
moi truong, co nhiéu ky thuat tach chiét,
lam giau cesium nhu chiét long — long,
déng két taa, hap phu... Tuy nhién,
trong sb cac k¥ thuat duoc ap dung thi
hip phu duoc cho 1a ky thuat don gian
va kinh té nhat. Cac cong trinh nghién
ctru trude day da su dung cac zeolit [5],
amoni  molybdophosphate  (AMP),
silicotitanate (CST) [6] va cac phuc
chat ferrocyanide cua cac kim loai
chuyén tiép [7] 1am chat hip phu
cesium. Trong s6 nay, cic phuc chat
ferrocyanide - kim loai chuyén tiép
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duogc biét ¢6 tinh hap phu chon loc cao
dbi véi cesium [8].

Céac phuc chit cua ferrocyanide -
kim loai chuyén tiép duoc lam vat liéu
hip phu cesium c6 tinh chon loc. Nikel
hexacyanoferate dang nano ngoai viéc
ng dung lam chat ban din trong viéc
oxy hoa cac alcohol vong thom bang
phuong phap dién hoa, ngoai ra chung
con ¢o kha ning trao ddi ion véi cac
kim loai hoéa tri (1) [9-11]. Trong hai
dang phuc Niz[Fe(CN)g] va
Nis[Fe(CN)s]» déu c6 kha ning 1am chat
xuc tac hay chat ban din dé oxy hoa
phan hiy cic chit mau trong cong
nghiép dét, cac loai vat li¢u nay con cé
kha ning trao d6i ion véi kim loai c6
hoa tri (I) nhu Cs. Tuy nhién, do cau
trac phan tir va su sap xép dién tir khac
nhau nén ching c6 kha ning trao doi
ion v&i kim loai héa tri (I) c6 thé la
khac nhau. Ung dung kha ning xur ly
cac hop chit mau trong cong nghiép va
oxy hoa benzyl alcohol cua Nikel
hexacyanoferate va da dang cac loai vat
ligu trong xua ly moi truong. Trong
khuén khd bai bao nay, ching toi
nghién ctu tong hop Niz[Fe(CN)s] va
Nis[Fe(CN)g]2 kich thudc nano va khao
sat qua trinh, dung lwong va co ché hap
phu cesium 1én 2 loai vat liéu nay.

2. Nguyén vat liéu va phwong
phap nghién ciu

2.1. Nguyén vt li¢u

Dung dich chuian géc Cs* 1000
mg/L (Merck), dung dich CsCl &ng véi
cac ndng do6 dung trong nghién chu
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dugc pha tr mudi CsCl (Merk);
Ka[Fe(CN)e] ; Ks[Fe(CN)s]; NiSOa.
7H,0 (Merk). Dung dich HNO;3 (0,01—
0,5 N) va NaOH (0,01-1IN) duogc dung
dé chinh pH khi can thiét.

Cesium trong dung dich va trong
vat lieu hap phu duoc xac dinh bang
thiét bi Shimadzu AA7000 va Total

2NiSO, + K4[Fe(CN)s] — Niz[Fe(CN)g] + 2K2SO4
3NiSO,4 + 2K3[Fe(CN)g] — Nis[Fe(CN)g]2 + 3K,SO4

Hoa tan 0,15 (mol) mudi NiSO,
vao 750mL nudc cat 2 1an cho vao binh
phan tng. Thém 250 mL dung dich
K4[Fe(CN)g] 0,05 (mol/L) tir thiét bi
nho giot vao binh phan tng. Trong sudt
qua trinh phan &ng, két hop siéu am voi
tan s6 50Hz va khudy véi téc do 1200
vong/phtt, nhiét phan ung duy tri &
45°C. Két thuc qua trinh phan ung, san
pham c6 mau xam 1a Niy[Fe(CN)g] theo
phuong trinh phan tng (1). San pham
duogc tach ra khoi dung dich phan ng
bang cach ly tim 10 phat véi tbe do
10.000 vong/phit, rira sach 5 lan bang
nudc cét, sdy kho & nhiét do 60°C ding
cho nghién cuu tiép theo.

Hoa tan 0,2 (mol) mudi NiSO, vao
750ml nudce cat 2 lan cho vao binh phan
ung. Thém 250 mL dung dich
K3[Fe(CN)e] 0,05 (mol/L) tir thiét bi nho
giot vao binh phan @ng. Trong sudt qua
trinh phan ung, két hop siéu 4m véi tan
s6 50Hz va khudy véi toc do6 1200

vong/phat nhiét phan ung duy tri & 45°C.

Két thuc qua trinh phan ung, san pham
c6 mau vang nhat 1a Nis[Fe(CN)g], theo
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reflection X-ray fluorescence (TXRF)
S2 Picofox Bruker. Phan tich, xtr Iy sb
lieu, v& d6 thi bang phan mém
Originlab 8.5.1.

2.2. Téng hep vat ligu hdp phu
Nio[Fe(CN)s/ va Nis[Fe(CN)g]2[12, 13]

Téng hop vat liéu theo hai phuwong

trinh phan ung:
1)
)
phuong trinh phan @ng (2). San pham
duoc tach ra khoi dung dich phan ung
bang cach ly tam 10 phut téc d6 10.000
vong/phit, rira sach 5 1an bang nuéc cét,
siy kho & nhiét d6 60°C dung cho
nghién ctu tiép theo.

2.3. Xdc dinh cdc tinh chdt ciia vt
ligu hdp phu

Phé XRD cua vat liéu duoc chup
trén thiét bi nhiéu xa Scintag-XDS-
2000 véi budce song Cu Ka (A=1,54059)
va goc do quét 20 & 44,9°C. Hinh thai
ctia vat liéu duoc chup trén kinh hién vi
dién tir truyén qua (JEOL JEM-1400
Transmission Electron Microscope) két
hop tan xa tia X (EDS-TEM).

2.4. Nghién citu qud trinh hdp phu
ion cesium (Cs) c#a vat ligu
Nio[Fe(CN)g] va Nis[Fe(CN)s]

2.4.1. Xdc dinh dung heong hdp phu
cua vat ligu  Niy[Fe(CN)g]
Nig[Fe(CN)e]z

Dé an toan trong qua trinh nghién
ctu, cesium (Cs") phuc vu cho nghién
ctru 1a mudi cesium dong vi bén.

va
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Can 0,1g vat liéu hap phu cho vao
binh tam giac 250 mL thém vao dé 100
mL dung dich chira ion Cs* voi day
nong d6 tir 100 dén 500 mg/L tiy theo
diéu kién nghién ctru. Nong do cac ion
trong thiét bj nghién ctru khong duoc
diéu chinh trong subt qué trinh hap phu.
Binh hap phu dugc day kin va lic trén
may lic (IKA HS 260 basic USA) voi
téc d6 180 vong/phut 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 & gid tri pH=5,0. Sau khi két
thiic phan ung, vat liéu hap phu duoc
tach loai bang ly tim 10 phut (Universal
320- Germany) ¢ 10.000 vong/phut, sau
d6 duoc loc qua mang loc 0,24 um va
dich loc dugc phan tich trén thiét bi
AAS va TXRF.

2.4.2. Khdo sdt anh hwéng cua pH
dén kha nang hdp phu ion Cs* cua vat
lieu Ni[Fe(CN)g] va Nis[Fe(CN)g]2

Gia tri pH cua dung dich duoc diéu
chinh dén cac thang gia tri nghién ctu
pH 2,0; 3,0; 4,0; 5,0; 6,0; 7,0; 8,0; 9,0
bang dung dich HNO; hay NaOH (0,01-
1N). Sau 24 gio phan tng, vat liéu hip
phu dugc tach loai biang ly tam 10 phut
(Universal 320- Germany) ¢ 10.000
vong/phtt, sau d6 dugc loc qua mang
loc 0,24 um va dich loc dugc phan tich
bang thiét bi AAS va TXREF.

2.4.3. Khdo sdt téc @ phan ig

Chuan bi 25 binh phan tng, can
0,3g chét hap phu Nis[Fe(CN)g] cho vao

136

tung binh tam giac 250 ml, thém vao do
100 mL dung dich chaa ion Cs* voi
nong do 0,3 mg/L, nhiét do va gia tri
pH = 4,0 duoc duy tri trong sudt qua
trinh hip phu. Binh hap phu duoc day
kin va lic trén may lic (IKA HS 260
basic USA) véi téc d6 180 vong/phut.
Sau 5 phut phan ung, lién tuc ldy mau
lAn lugt sau 1 phut. Sau khi léy mau, tat
c4 cac mau dugC Xt Iy nhu mo ta & trén
va phan tich ion Cs* bang thiét bi AAS
va TXRF.

Chuan bi 25 binh phan ung, cin
0,1g chat hip phu Nis[Fe(CN)s]. cho
vao tung binh tam gidc 250 ml, thém
vao d6 100 mL dung dich chua ion Cs*
v6i nong d6 0,3 mg/L, nhiét do va gia
tri pH =4,0 dugc duy tri trong sudt qua
trinh hip phu. Binh hap phu duoc day
kin va lic trén may lic (IKA HS 260
basic USA) véi téc do 180 vong/phut.
Sau 5 phat phan tng, lién tuc lay mau
lan luot sau 1 phat. Sau khi 1y mAu, tat
c4 cac mau dugC Xt Iy nhu mo ta & trén
va phan tich ion Cs* bang thiét bi AAS
va TXRF.

Cac quy trinh nay dugc thuc hién
trong sudt qua trinh nghién ciru. Ham
lwgng cesium hap phu dugce tinh boi sy
thay d6i nong d6 ban dau va ham
lrong con lai cua cesium trong trong
dung dich trén khéi luong cua vat liéu
hap phu.

Ham luong cesium bj hap phu duoc

V(Ci—Ce)

tinh theo cong thic sau: q = -
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Trong d6 q 1a ham luong cesium bi
hip phu hay dung lugng hap phu cua
vat liéu (mg/g chat hap phy); Ci va Ce
1a ndng d6 ion Cs” trude va sau khi hap
phu twong @ng (mg/mL), V thé tich
dung dich (mL), B 1a khéi lugng cua vat
lieu hap phu duoc st dung (g).

Phwong trinh hip phu Langmuir

qe= qm bCe
1+bC,

Trong d6 ge 14 luong ion Cs* bi hap
phu boi vat liéu (mg/g), gm dung lugng
hap phu cuc dai cua ion Cs*, Ce ndng do
dau cua tai mot diém cua qua trinh hip
phu (mg/L), b hing sb thuc nghiém.

Phuong trinh
Freundlich q, = KC

Véi ge 1a lugng ion Cs* bi hap phu
bai vat ligu (mg/g), K, n la hing sé
thuc nghiém khi phan Gng dat trang
thai can bang.

hap
1/n
e

phu

3. Két qua va thio luan
3.1. Tinh chit cia vt ligu hdp phu
Tinh chat vat liéu ding cho nghién
ciu duoc xac dinh théng qua cac phd
XRD va TEM ctia cac loai vat ligu. Két
qua nghién ctu pho XRD lan luot cua

e e s

so

Niz[Fe(CN)g] va Nis[Fe(CN)s]2 thé hién
nhu hinh 1.

300 +
250

200 +

Ln(counts)

Ni,[Fe(CN)].

50+ ‘ M N
J‘ f JU |  Ni,[Fe(CN),]
JEEA RS VL T YN | WY LI 00 | P WO

T T T T T
40 50 60 70 80

2theta
Hinh 1: Phé XRD cua Nip[Fe(CN)g] va
Niz[Fe(CN)e]2

Theo két qua phd dd6 XRD & Hinh 1,
ta thay cac gia tri 2 theta tai 15,2; 17; 25;
31; 35; 40; 44; 45; 45,5; 50; 54; 57 la
cac peak dac trung cua Niz[Fe(CN)s]a.
Khi so sanh két qua phan tich pho d6
V6i cong bo trude day cua Ali va cong

T T T
0 10 20 30

su [14] ¢6 sy twong dong.

Ph6 dd XRD cua Niy[Fe(CN)g]2 cho
thiy tai cac gia tri 2 theta hoan toan
trung khép véi chuan theo Hinh 2 [15],
véi duong (1) 1a mau thyc, duong (2) 1a
chuan 1010373.cif, phan tich biang phan
mém Fullfrop suit 072017.

zoo 1
.
150 - -

1oo

so

o

10

Z2Theta

Hinh 2: Phé XRD cua Niy[Fe(CN)g] so sdnh véi chuan 1010373.cif
Hinh thai cta vat liéu duoc chup véi phd tan sic nang luong tia X (JEOL JEM-

1400 Energy-dispersive X-ray)
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Electron Image 3
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(AL)TEM ciia Niz[Fe(CN)g],
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Electron Image 3
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(B1) TEM of Ni,Fe(CN)q

| (B2) TEM + Iép tan xa cua Ni

Hinh 3: 4nh EDX-TEM cua Nis[Fe(CN)s]2 va Niz[Fe(CN)e]

Tir hinh 3 cho thdy dang cua vat
liéu NI3[F€(CN)6]2 va le[Fe(CN)G] co
kich thudc 12 nano mét tuy nhién dbi
vé6i Nis[Fe(CN)g]z ¢ cdu tric mang tinh
thé phuc tap hon so véi Nio[Fe(CN)g].

Trong qua trinh t6ng hop cac dang
nano thi lugng du mudi NiSO, thic déy

NiSO4 (du) + K4[FE(CN)5] — NIQ[FE(CN)G] + 2K,S0,
NiSO, (du) + 2Ks[Fe(CN)e] — Nis[Fe(CN)s], + 3K5SO,

Khi phan tich phd XRD cua vat
licu bang phan mém Fullfrop suit
072017 két hop vé&i phé EDX-TEM cua
Nis[Fe(CN)s], va NioFe(CN)s nhu (hinh
1, 2, 3). Nikel hexacyanoferate co cu
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qua trinh phan Gng chuyén vé dang
le[FE(CN)e] va NI3[F€(CN)5]2 la céac
dang phitc khong tan. Theo phuong
trinh (3), (4) khi tong hop vat liéu, néu
nhu NiSO, thiéu thi co thé san sinh ra
cac dang mudi phuc nhu
KoNi[Fe(CN)g]; KaNiz[Fe(CN)g]. tan.

(©)
(4)
trac mang ludi hé tinh thé 1a sy sap xép
cac khéi lap phwong véi nhau. Ciu trac
cua ting khéi 1ap phuong 1a do su sip
xép td hop cac nguyén t6 (Ni, Fe), trong
do niken va sit dugc dat trong mot

(B3) TEM + l6p tan xa cua Fe
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mang khdi trung tam. Cac nguyén tir
duogc sap xép theo cach ma cac nguyén
tr sit dwoc bao quanh bai cac nguyén
to nito trong khi cac nguyén tu nikel
dugc bao quanh boi cac nguyén tir
carbon cau trac d6 duoc dé xuit nhu

hinh 4. Céu trGc nay twong dong véi

cong trinh nghién cuu cia Wu va cong
su [16] khi nghién ctu ciu trac cua
Prussian blue. Theo Wu va cong su,
nhiét do tong hop vat liéu c6 anh huong
dén trat tu sap xép cac nguyén tir, anh
huong dén hinh thai vat liéu.

Hinh 4: Cau triic tinh thé Nikel hexacyanoferate

3.2. Qud trinh hdp phu cesium
(Cs") ciia vt ligu

3.2.1. Xdc dinh dung lrong hap phy
cua vgt ligu  Nip[Fe(CN)g]
Nis[Fe(CN)s]2

va

Qua trinh hap phu duoc thuc hién
tai nhiét do 25°C ¢ pH=5,0. Két qua
dung lugng hap phy ion Cs* 1én trén vat
liéu duoc thé hién tai bang 1. Khi dat
trang thai cin bang luong Cs* mat di
trong dung dich dugc tinh theo cong
thic tai muc 2.4.3.

Béng 1: Dung luwong hap phy ion Cs™ boi Niz[Fe(CN)s] va Nis[Fe(CN)e]
theo cac thang nong do

le[Fe(CN)s]

Nis[Fe(CN)e]»

‘ Dun S6 mili Dun S6 mili
Nong do g; duong A o g; duong
. luong hap + Nong do luong hap
dung dich + lugng Cs . + lugng Cs+
phu Cs Ny dung dich phu Cs X
(mg/L) (mg/g) bi hap phu (ma/g) bi hap phu
(meg/g) (meg/g)
99,996 49,899 0,375 99,996 49,62186 0,373
169,572 84,565 0,636 169,572 84,26412 0,634
203,204 100,176 0,754 203,204 100,5861 0,757
255,986 120,639 0,908 255,986 124,6648 0,953
292,506 133,527 1,005 292,506 122,5825 0,994
354,327 134,422 1,011 354,327 124,422 0,936
399,415 132,779 0,999 399,415 122,779 0,924
450,011 133,559 1,005 450,011 123,559 0,949
500,193 132,123 0,994 500,193 122,123 0,919
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Két qua tir bang 1 cho thay, khi Dung phan mém Originlab 8.5.1
dat trang thai can bang mic du ndng dé phan tich két qua tai bang 1, cac
dd Cs® co tang 1én nira thi dung lwong thong s6 cua qua trinh hap phu ding
hip phu cuc dai cua vat liéu khong nhiét ion Cs* 1én vat liéu Ni[Fe(CN)e]
tang. D6i voi vat lieu Nis[Fe(CN)gl, va Nis[Fe(CN)g], theo md hinh
dung lugng hap phu cuc dai dao dong Langmuir va Freundlich duoc thé hién
tr 133-1345 mg/g con ddi  Voi tai hinh 5, bang 2.

Nis[Fe(CN)g]. thi dung luong hap phu
cuc dai dao dong tur 122-124,5 mg/g.
Bang 2: Cdc théng sé Ciia phiong trinh hap phu Langmuir va Freundlich ddi Véi
ion Cs+ trén vdt liéu hdp phu
Vit liéu hap phu Niy[Fe(CN)g]
M4 hinh hap phu dang nhiét Langmuir

Ton bi hap phuy Om (Mg/Q) b R’
Cs" 208,440 0,004 0,873
Mo hinh hip phu ding nhiét Freundlich

Ton bi hip phu Kr (Mg/g) 1/n R’
Cs" 8,163 0, 465 0,791

Vit liéu hap phu Nis[Fe(CN)g].
M6 hinh hdp phu ding nhiét Langmuir

Ton bj hap phu Jm (Mg/qg) b R®
Cs"' 178,994 0,005 0,814
M6 hinh hap phu ding nhiét Freundlich

Ton bi hap phu Kr (mg/g) 1/n R’
Cs* 11,115 0, 403 0,708

Phuong trinh hdp phu Langmuir  thuyét. Tuy nhién, gia tri R® trong
khoang 0,708 - 0,790 d6i voi ca hai
truong hop 1a rat thap. Qua trinh hip

’ A _ Odm bCe
theo 1y thuyét qe = "4bC,

; tuy nhién,
gia tri b ctia s6 liéu thuc nghiém tién vé . . o
phu ion Cs™ trong nudc bdi hai loai vat

ia tri zero dong thoi dung luong ha
g1 ong Mot ung Jwong NaP- e Nio[Fe(CN)e] va Nis[Fe(CN)]

phu cuc dai theo nhu tinh toan (qmax) ) . o o

; . khong tuan theo quy luat cia qua trinh
I6n hon rat nhieu so véi gia tri thuc . . .
) 8 o hap phu don thuan, nén 2 mé hinh hap
nghiém doi véi ca hai vat ligu hap phu. L . . 2
) ) phu Langmuir va Freundlich khong thé
Xét cac thong sO qua trinh hap phu dat o . S
) . ) mo td qud trinh nay. Diéu nay co6 su
den trang thai can bang riéng doi voi . o <. o

) . tuong dong véi cong bd cia nhém tac
mo hinh hap phu dang nhiét Freundlich . o

gia B. Li va cong su [12].

c6 gid tri 1/n < 1 la phu hop véi ly
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Langmuir isotherm curve
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Hinh 5: M6 hinh hdp phu dang nhiét cia Nis[Fe(CN)g] va Nis[Fe(CN)e]2
doi véiion Cs*

3.2.2. Khdo sat anh hwong cua pH
dén kha nang hdp phu ion Cs* cua vt
lieu NIQ[FG(CN)G] va NI3[F€(CN)6]2

Két qua thuc nghiém dugc thé hién
qua hinh 6, d6i voi Nis[Fe(CN)s] khi
gia tri pH=2 thi qua trinh hap phu gip
kho khin, dung lwong hap phu cua vat
licu thap. Khi gia tri pH 1a 3,4,5 dung
lugng hap phu cua qua trinh dat gia tri
cuc dai, nhung dén khi pH dat dén cac
gia tri 6, 7, 8, 9 thi dung lugng hap phu
giam c6 thé do Ni trén bé mat chat hap
phu bi hydrat hoa, tao thanh mét lop
mang trén bé mit chat hap phu, han ché
qua trinh tiép xuc cta ion Cs' 1én bé
mat chat hap phu va ciing c6 thé do thay
d6i dién tich trong dung dich, lam cho
ion Cs" khong tuong tac hut tinh dién
v6i bé mat. Tur két qua cho thiy qua
trinh hdp phu ion Cs* cua vat liéu
Nis[Fe(CN)s] dat dung luong hap phu
cao nhat, tai gia tri pH tir 3-5 tai pH =4,0
thi gia tri hap dung cuc dai cua
Ni,[Fe(CN)e] 1a 134 mg/g.

Riéng dbi voi Nis[Fe(CN)g]2 su
thay d6i pH khong anh huong nhiéu dén
qua trinh hap phu. Trong day pH tir 3-7,
dung luong hap phu gan nhu khong
thay d6i nhiéu, c6 thé 1a do cau truc
hinh khéi lap phuong cua vat liéu, trong
qua trinh thay ddi ctia méi trudong dung
dich, dé ung pho sy thay d6i do thi
trong phan tir ¢6 thé co sy dich chuyén
cac dién tich. Tai cac gia tri pH 2, 8, 9
thi dung luwong hap phu giam.

140
120 4

100 -

80 -

q.(mg/g)

—=—Ni,Fe(CN)], \
—e— Ni[Fe(CN),] T
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404

pH
Hinh 6: Anh huéng cia pH dén qud

trinh hdp phu ion Cs* én vt li¢u
Niz[Fe(CN)g] va Nis[Fe(CN)s]-
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3.2.3. Khdo sdt téc d phan img

Qua trinh hip phu duoc thuc hién
nhu theo muc 2.4.3 va phan tng duoc
thuc hién tai gia tri pH=4, trong qua
trinh khao sat tbc do phan ung cua thi
nghiém nay dung nong d6 Cs* trong
dung dich loang. Két qua duoc thé hién
tai hinh 7. Tur két qua cho thdy phan
tmg dat can bang trong thoi gian
khoang 15 phut va ion Cs* bi loai khoi
dung dich 1én dén 98%  ddi véi

Niz[Fe(CN)e]. Déi voi Nis[Fe(CN)g], thi
qué trinh hap phu dat trang thai can
bang cham, phan tng dat can bang phai
mét dén 20 gio va ion Cs* bi loai ra
khoi dung dich 1a 91%. Téc do phan
ung cua loai vat ligu Nis[Fe(CN)e]2
cham c6 thé do céu trac cua loai vat liéu
nay cé su cin bang vé mit dién tich,
c4u tric bén viing nén qua trinh hap phu
kho xay ra.

_E-E-E-E-E-E-E-E-E-1
_m

@ @
=] s}
1 1
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N
o
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/
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Hinh 7: Anh huong thoi gian dén quda trinh hdp phu ion Cs* cua Niz[Fe(CN)g]
va Ni3[F€(CN)6]2

Khi so sanh hai loai vat liéu
Niy[Fe(CN)s] va Nis[Fe(CN)g], cho
thay loai vat liéu Nio[Fe(CN)g], dé diéu
ché, c6 kha ning loai ion Cs* 1én dén
98% dong thoi dé 4p dung vao thuc té.

4. Két luan

Pi téng hop duoc 2 loai vat liéu
ng[Fe(CN)G] va NI3[F6(CN)6]3 co kich
thudc nano mét 1am vat liéu hap phu ion
Cs’, khi so sanh 2 loai vat liéu nay mac
do Nig[Fe(CN)gls ¢6 kich thudc nho
hon, nhung Ni,[Fe(CN)s] c6 dung lugng
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hip phu ion Cs* cao hon va thoi gian
phan &ng ngin hon. Qua trinh hap phu
ion Cs* cua vat liéu Niy[Fe(CN)s] xay
ra voi hidu suat tot nhat ¢ trong diy pH
3-5, dung lugng trao ddi ion cuc dai cua
vat liéu & pH=4 d6i vai ion Cs* 1a 1,01
meqg/g. Phan mg dat can bang trong
thoi gian khoang 15 phut va ion Cs* bi
loai khoi dung dich 1én dén 98%. Ca hai
moé hinh hidp phu Langmuir va
Freundlich khong thé mo ta qua trinh
hap phu.
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INVESTIGATE THE ADSORPTION OF CESIUM ION (Cs*) ON
Nio[Fe(CN)s] AND Nis[Fe(CN)s]. NANOPARTICLES

ABSTRACT

Nio[Fe(CN)s] and Nis[Fe(CN)e]. nanoparticle adsorbents for removal Cs* ion
from solution have been successfully synthesized. Comparison between two materials,
the Cs * ion adsorption capacity of Niz[Fe(CN)¢] was higher than Niz[Fe(CN)e]. and
the reaction time was shorter. The Cs™ ion absorption by Ni>[Fe(CN)s] nanoparticle
depends on the pH, the maximum absorption capacity of the material at pH = 4 is
1.01 meq/g. After 15 minutes, about 98% of initial ion Cs™ concentration was
removed from solution, the adsorption data did not accord with Langmuir and
Freundlich isotherms. The high adsorption capacity and good performance on other
aspects, make the Niy[Fe(CN)s] nanoparticle a promising adsorbent for the removal
of ion Cs* from water.

Keywords: Cesium, adsorption, Ni;[Fe(CN)e],Nis[Fe(CN)¢]., nanoparticle
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