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TOM TAT

Vat liéu cé kich thude nano dong hexacyanoferrate (CuHF) dwoc diéu ché bang phwong
phdp dong két tia hda hoc véi gia thanh téng hop thdp. Céc két qud nghién cizu cho thdy vat lidu
nay la chat hdp phu cac ion chdt thai phong xa nhue cesi va stronti hiéu qud. Cdac phwong phép pho
hong ngoai Furier, phé nhiéu xg tia X, quang phé phdn tan nang heong tia X, va kinh hién vi dién
tir truyen qua chat hieong cao dwoc dimg d@é xdc dinh hinh thai cua vat liéu dong hexacyanoferrate.
Vat liéu Cuis[Fe(CN)e]14.(2K).10H20 c6 cdu tric ldp phicong (nhém khong gian F-43) kich thuéc
khodng tir 10 dén 30 nm va c6 dién tich bé mat 462,42 m?/g. Sir hap thu Cs* va Sr* phu thugc vao
gia tri pH cua dung dich, dung lirong hdp thu cue dai cua vat liéu nay dwoc ghi nhdn ¢ gia tri
pH 6. M6 hinh hdp phu ddng nhiét Langmuir c6 thé ding dé md ta quéa trinh hap phu ion Cs* va
Sr*badi vat liéu CuHF. Gia tri hdp dung cure dai tinh toan theo md hinh Langmuir 1a 143.95 mg/g
va 79.26 mg/g lan heot doi véi ion Cs* va Sr*. Vit ligu nano CuHF trong nghién cieu nay duwoc danh
gia & vat liu hap phy tiém nang va day hira hen trong viéc xiz I ion Cs* va Sr* trong dung dich chat
thai phong xa Vi ¢é dung lirong hap phu cue dai 16n, dé téng hop va gia thanh tong hop thap.

Tir khéa: hip thu; Cesi, ddng hexacyanoferrate; Stronti; nano

1. Giéithi¢u

Trong nhitng nam gan day, cing v4i su phat trién vuot bac cua nén kinh té thi kéo
theo nhu cau str dung ning luong ngay cang ting cao, sy ra doi caa nganh dién hat nhan da
dap ung duoc nhu cau d6. Cac nguyén t6 phong xa hat nhan dugc sinh ra tir viéc van hanh
binh thudng cua cic nha may dién hat nhan hoic tir cac su ¢b ngau nhién nhu vu ro ri
phdéng xa xay ra tai Dao Three Mile tai Hoa Ki nam 1979, tham hoa hat nhan Chernobyl ¢
Ukraine xay ra nam 1986 va tham hoa hat nhan Fukushima Daiichi xay ra & Nhat Ban nam
2011(Koo et al., 2014). Nudc thai cua cac nha may dién hat nhan chira moét luong 16n cac

Cite this article as: Nguyen Dinh Trung, Le Vu Tram Anh, Truong Dong Phuong, & Huynh Thi Anh Ly
(2022). Application of copper hexacyanoferrate in the removal of Cesium and Strontium ions from aqueous
solution. Ho Chi Minh City University of Education Journal of Science, 19(3), 466-480.
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hop chit phong xa hoa tan va chat phdng xa khong hoa tan c6 chu ki béan ré dai hang chuc
nam va sy phan hach cao nén ching cé kha niang gay hai rat 16n cho stc khoe con ngudi va
moi trudng (Ma et al., 2011; Singh et al., 2008). Cac phuong phap dé loai bo sy nhiém
phong xa va giam bét ham lwong cua chat thai phong xa nhu cesi hay stronti dang gap phai
rat nhiéu thach thac (Yasunari et al., 2011).

Cho dén nay, c6 nhiéu phuong phap da duoc dé xuit trong hon 50 nim qua dé tach
va loai bé ion Cs* va Sr?* ra khoi cac dung dich nuéc thai phdng xa. Cac phuong phap nay
bao gom phuong phap dong két taa, chiét dung méi, trao di ion, hip phu, chiét pha rin
Bén canh nhiing uu diém, thi cac phuong phap chiét xuat, két tua, xtr i qua mang con
nhitng han ché nhu 1 hiéu qua phu thudc vao viéc sir dung pha l6ng va rin, tao ra cac chit
thai hitu co 1ong thtr cdp, gay tic nghén, birc xa 1am moéng mang hitu co va chi phi van
hanh may maoc ton kém. Phuong phép trao ddi hay hap thu ion dwoc cho la giai phap don
gian, phé bién, kinh té va hiru hiéu nhat dé loai bo ion Cs* va Sr** (Voronina et al., 2020;
Vipin et al., 2016; Ali et al., 2020) .

Céc dan xuat hexacyanoferrate cua cac kim loai chuyén tiép dang dugc cac nha khoa
hoc rat quan tam trong nhitng ndm tr¢ lai day, ching c6 kha ning 16n trong viéc hap thu
cac ion Cs* va Sr?* tir dung dich chat thai hat nhan (Ali et al., 2020; Vipin et al., 2014).
Céc dan xuat hexacyanoferrate kim loai ¢6 cau tric va su sap xép dién tir doc déo trong
mang tinh thé caa chdng nén ching hap thu hiéu qua va cé chon loc ddi véi ion Cs*. Su
hip phu céc ion Cs* hay Sr?* tir dung dich nudc thai cé thé théng qua qué trinh két tua trén
bé mit cac phic chat hexacyanoferrate — kim loai chuyén tiép hodc do cac tuong tac hoa
hoc gitta ching. Nho d6 cac vat ligu trén duoc biét c6 tinh hdp phu chon loc cao véi ion
cesi va ¢ kha nang hap phu ion stronti (Mimura et al., 1997).

Vit liéu dong hexacyanoferrate & kich thudc nano cé ciu tric khéi tinh thé lap
phuong (Avila et al., 2008). Vt liéu CuHF c6 kich thudc nano ciing da dan dwoc st dung
trong viéc phan tach cesi va stronti ra khoi nhitng hdn hop chat thai phong xa. Tuy nhién,
cho dén nay, van co rat it cac nghién ctru sau hon vé loai vt liéu ndy. C6 mot s6 cong trinh
nghién ctru d3 chi ra co ché khi dung vat liéu ddng hexacyanoferrate dé hap thu ion cesi,
tuy nhién, nhitng thdng tin ndy van chwa du cu thé vi chi dé cap dén co ché trao ddi ion
(Loos-Neskovic et al., 2004; Zong et al., 2017).

Nghién ctru nay nham giéi thiéu vat liéu hap thu CuHF cé ciu trac lap phuong duoc
téng hop bang phuong phap dong két tia hoa hoc, phuong phap nay dé tién hanh va gia
thanh téng hop thp. Vat liéu hap thu duoc xac dinh tinh chét bang cac phd FTIR, XRD,
EDS-TEM, anh HR-TEM, va phd BET. Su hap thu cua vat liéu trén ddi véi cesi va stronti
ciing dugc nghién ctu, thong qua qué trinh hip phu diang nhiét, sy thay déi gia tri pH cua
dung dich va anh huéng cua thoi gian hip phu. Céc két qua nghién ciu cho thay, dong
hexacyanoferrate la mot trong nhirng vat liéu haa hen va hiéu qua trong viéc xu li cesi
va stronti.
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2. Vatli¢u va phuong phap nghién ciu
2.1. Vatligu

T4t ca cac hoa chat sir dung trong nghién ciru nay déu duoc sir dung ¢ do tinh khiét
cip phan tich. Nudc cat hai lan dugc sir dung dé chuan bi dung dich cho tit ca cac thi
nghiém. Dung dich géc Cs* 1000 mg/L, Sr** 1000 mg/L (Merck, Puc); cac mudi
Naa[Fe(CN)s].10H20, CuSO4.5H20 (Merck, Birc).

Dung dich lam viéc Cesi (Cs*) va stronti (Sr?*) duoc tao thanh bang cach pha lodng
dung dich gdc Cs* va Sr?* véi nudéce cat hai lan. Céc dung dich HNO3 va NaOH (0,1-0,5 N)
dugc sir dung dé diéu chinh pH cua cac dung dich Cs* va Sr?* khi can thiét. Nong d6 dung
dich Cs* va Sr?* trong dung dich truéc va sau khi hap thu dugce do bang may quang phé
hap thu nguyén tir (AA-7000 Shimadzu, Nhat Ban) va may quang phd huynh quang tia X
phan xa toan phan (TXRF) S2 Picofox Bruker. Vi Ii do an toan, cac dung dich nghién ctu
Cs* va Sr?* sir dung ¢ dang mudi cua cac ddng vi bén.
2.2. Qué trinh téng hep vt ligu hdp phu

Vat lieu hiap phu Cuz[Fe(CN)s] duoc tong hop theo quy trinh sau: mudi
CuS04.5H,0 dugc hoa tan trong 750 mL nudc cat hai lan dé co duoc ndng d6 0,15 M
bang cach khudy manh va céc phan tng chira dung dich mudi nay duoc dua vao bé siéu
am. Céc phan tmg duoc trang bi mot phéu nho chira 250 mL Ka[Fe(CN)s] 0,05 M. Nho tir
tir dung dich Ks[Fe(CN)s] vao binh phan ng chira dung dich dong sunfat trong diéu kién
khuay lién tuc va nhiét d6 dwgc duy tri & 40°C. Qua trinh tdng hop vat liéu hap phu dugc
thuc hién trong bé siéu am Elma S300H 1500W-50Hz. Sau bén gid phan ung, két tua thu
dugc c6 mau s6 co la, dugc trang rira bang nudc cat hai 1an khoang 5 1an rdi dugc li tam
10.000 vong/phut (Universal 320, Buc). Phan két tia thu duoc sau li tim dugc siy khd &
60°C trong 24 gio. Cac vat liéu sau khi sdy kho dugc nghién min dé chuan bi cho céc thi
nghiém tiép theo.
2.3. Xdc dinh céc tinh chdt cia vt ligu CUHF

Phé XRD cua vat liéu duoc chup trén thiét bi nhiéu xa Scintag XDS-2000 véi budc
song Cu Ka (A = 1,54059) (Shimadzu XD-3A, Nhat Ban). Phé hdng ngoai FTIR dugc do
trén may Thermo Scientific, Nicolet iS10, Hoa Ki. Hinh thai cua vat liéu dugc chup trén
céc thiét bi: kinh hién vi dién tir truyén qua do phan giai cao HR-TEM (JEM 2100, HSX:
Jeol, Nhat Ban), kinh hién vi dién tir quét két hop dau do tan xa ning luong tia X EDS-
TEM (JEOL JSM-6510LV, Nhat Ban) va phd BET chup bing may do dién tich bé mat
(Micromeritics — TriStar 11 3020 3.02, Hoa Ki). T4t ca cac phép do dugc thuc hién & nhiét
do thuong.
2.4. Khdo sat anh hwéng ciia pH dén khd ndng hdp phu ion Cs* va Sr2* cia vt ligu
CuHF

Anh huéng cua gia tri pH ddi vai sy hap phu ion Cs* va Sr** da duoc nghién ciu
trong mot loat cac thi nghiém sir dung cting ndng dé ion Cs* ban dau la 140 mg/L va ndng
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d6 Sr?* ban dau 1a 150 mg/L khi cac gié tri pH cua dung dich dugc diéu chinh & cac gia tri
thay d6i 12 2,0; 3,0; 4,0; 5,0; 6,0; 7,0; 8,0; 9,0 bang dung dich HNO3 hay NaOH.
2.5. Xdc dinh dung liweng hap phu cia vt ligu CUHF

Dé xac dinh kha niang hip thu cesi bang CuHF trong cac diéu kién da cho, can chinh
xac 0,1 g vat liéu CuHF cho vao binh tam giac 250 mL, trong d6 c6 chira 100 mL dung
dich ion Cs*. Nong d6 ban dau cua dung dich Cs* thay doi tir 75, 100, 120, 145, 170, 200
dén 250 mgl/L.

Dé xac dinh kha niang hap thu Stronti bang CuHF trong cac diéu kién di cho, can
chinh x&c 1 g vat liéu CuHF cho vao binh tam giac 250 mL, trong d6 c6 chtra 100 mL
dung dich ion Sr?*. Nong do ban dau cia dung dich Sr?* duoc thay ddi trong khoang 40,
100, 150, 200, 250, 300, 400, 450 va 650 mg/L.

Céc binh tam giac thi nghiém duogc lic trén may lic IKA HS 260 Basic USA & muc
270 vong/pht trong 24 gio. Tat ca cac qud trinh thuc nghiém duogc thuc hién & nhiét do
phong. Gia tri pH ban dau cua dung dich dem di hap phu dwoc diéu chinh dén thang gi4 tri
nghién ciru bing HNO3 hoac NaOH. Sau 24 gio phan tng, tit ca cac mau duoc li tam ¢ téc
d6 10.000 vong/phut trong 5 phat va duoc loc qua mang loc 0,22 um. Dich loc dugc dem
di phan tich ndong d6 Cs* va Sr?* bang thiét bi do phd hip thu nguyén ti AAS (Shimadzu
AA-7000, Nhat Ban)

Kha niang hip phu cesi va stronti cia vat liéu CuHF duoc tinh toan bang su thay doi
ndng do cesi va stronti trudc va sau qué trinh hip phu. Dung lugng hap phu duoc tinh theo

biéu thirc sau:

V(C;i—Ce
ge =~ (1)

trong d6, ge 13 dung lwong hap thu caa chat hap phu (tinh bang mg/g chat hip phu); Ci va
Ce lan luot 12 ndng d6 cua cesi hoic stronti (mg/L) trudc va sau qué trinh hap phy; B la
khéi lwong (g) vat liéu hap phu duoc st dung va V 1a thé tich dung dich (L).

_ Qm bCe
T 1+bCe (2)

trong d6, ge 1a lugng ion cesi hoic stronti dugc hap phu boi vat liéu (mg/g); Qm la dung
lwong hap phu cuc dai cua cac ion cesi va stronti; Ce 1a ndng do sau cua ion cesi hoic
stronti tai diém hap phu (mg/L); b 1a hang sé thuc nghiém giita qua trinh hip phu va
giai hap.

Phuong trinh hip phy Freunlich: g, = KC2/™ (3)
trong d6, ge 14 lwong ion cesi hoidc stronti dwgc hap phu bai vat liéu (mg/g); K, n I céc
hang s6 hip phu ¢ trang thai can bang
2.6. Anh hwong cia thoi gian hap phu

Anh huong cua thoi gian dén qué trinh hap phu cesi va stronti da dwoc nghién ciru
qua mot loat cac dung dich thi nghiém c6 nong do cesi ban dau 1a 10 mg/L va ndng do
stronti ban dau 1a 40 mg/L trong khi cac muc thoi gian duge thay doi tir 0 dén 25 gio.

Phuong trinh hap phu Langmuir: g,
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3. Kétqua vathao luan
3.1. Nghién ciru tinh chdt cia vt ligu hdp phu Cuz[Fe(CN)s]

Hinh 1 1a phd FTIR cua vat liéu CuHF duoc téng hop duoc trong nghién ciu nay. Tir
két qua & Hinh 1, phd IR caa CuHF cho thiy 3 dao dong tap trung trong khéi tir dién
[Fe(CN)6]*: W(CN), 8(Fe-CN), va v(Fe-C) 1a cic dao dong dic trung cua dan xuét
hexacyanoferrate cua kim loai chuyén tiép. Binh peak & vi tri 2099.59 cm™ véi tan sé
tuong d6i cao 1a dao dong dic trung lién quan dén dao dong gidn véi cuong do manh
V(CN) trong lién két phdi tri ta dién cua [Fe(CN)s]* vai nguyén tir ddng. Khi nguyén tir
Cu dugc phdi tri theo phuong bat dién véi nguyén tir N ciia nhom CN, dao dong & dinh
2095 cm™. Tuwong tu nhu vay, cac pic 1a dao dong lic cudng do thip cua lién két §(Fe-CN)
va dao dong gidn cuong do thap cua lién két v(Fe-C) dugc ghi nhan & vi tri cac dinh pic
590,92 cm™tva 472,71 cm™,

Dinh pic ghi nhian dwoc & vi tri 1623,14 cm™ 1a dic trung cho dao dong lic cua
8(HOH), ngoai ra trong ving ctia v(OH) xuét hién hai dinh pic tai 3609,12 cm™ va 3452,00
cm™ twong tng véi su dao dong gidn bat ddi xing va dbi xang caa v(OH) trong lién két
phdi tri cua phan tir nuge. Két qua nay chi ra rang vat liéu CuHF tong hop duoc 1a dang
tinh thé va tinh thé d6 co6 chira nuéc Cuz[Fe(CN)s].xH20. Cac két qua tir phd FTIR cua
nghién ciru ndy pha hop vai két qua nghién ctu cia Avila et al (2008).

FTIR spectra of CuZFe(CN)G.XHZO ‘
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Hinh 1. Phé FTIR cua vt liéu Copper hexacyanoferrate
Thanh phan nguyén té caa phic chat duoc kiém tra bang cach sir dung kinh hién vi
dién tor quét két hop véi dau do tan xa nang luong tia X (EDS), phé EDS cua
Cuz[Fe(CN)s].xH20 duoc thé hién trong Hinh 2.
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Hinh 2. Phé EDS cua Cuz[Fe(CN)s]. xH20
Bdang 1. Thanh phan nguyén té cua phic chat CuHF

Element Line Type Weight (%) Atomic (%)
Cu L series 22,74 7,11
Fe L series 18,71 6,64
C K series 24,05 39,81
N K series 28,06 39,81
) K series 4,58 5,69
K K series 1,86 0,95

Phan trim nguyén tir cua cac nguyén td khac nhau trong phuic chat dugc mé ta chi
tiét trong Bang 1, tir d6 c6 thé suy ra cong thuc phan tir cia dong hexacyanoferrate 1a
Cu13[Fe(CN)s]14.(2K)10H20. CuHF cho thiy c6 rat nhiéu thanh phan trong ciu trc cua
no, cuing mot kim loai chuyén tiép ¢ thé thu duoc cac ciu tric gidng nhau hodc khéc nhau
mot sb thanh phan, didu nay tly thude vao phuong phap diéu ché (Kiener et al., 2019).

Mot sé bai bao da dé& xuit cong thirc cho vt liéu ddng hexacyanoferrate ma ho da
tong hop dugc nhu sau: Kig7Cu'"1.00Fe(CN)s (Loos-Neskovic et al., 2004),
K2;3Cu[Fe(CN)s]213-zH20 (Takahashi et al., 2015), KoCoFe(CN)s (Wang et al, 2009). Trong
cdng thuc hoa hoc, céc chi sé phai 1a sé nguyén nén viéc dién dat cong thic hda hoc nhu cac
cdng thirc ndy Ki.97Cu'1.00Fe(CN)6 gay hiéu nham. Néu cac phan tir phirc c6 chira K trong
khung K2CuFe(CN)g thi thanh phan nay cd thé tan trong nuéc (Vincent et al., 2015).

Vit liéu hap phu duoc tdng hop theo cic phuong trinh sau:

2CuS0O4 (du) + Ks[Fe(CN)s] — Cuz[Fe(CN)e] + 2K2SO4 4)

CuSO4 + Ka[Fe(CN)s] (du) — K2Co[Fe(CN)s] + K2SO4 (5)

K2Cu[Fe(CN)e] tan trong dung dich (Vincent et al., 2015), vi vay, n6 duoc loai bo
sau khi rira két tua s6 cd la bang nuéc cat 5 lan. Nhu vay, cac ion K* quan sat duoc trong
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phd cua vat liéu hap phu c¢6 kha ning 14 ion K* da bi hap phu lai boi chinh vat liéu hap phu
vira diéu ché duoc. Luong ion K* khdng thé bj loai bo ciing 1a minh chung cho tinh hap
phu céc cation kim loai c6 hda tri (1).

Hinh théi cua vat liéu CuHF duoc do trén thiét bi JEM 2100, HSX: Jeol, va két qua
dugc thé hién trong Hinh 3a, 3b. Anh HR-TEM (Hinh 3a) cho thdy vt liéu CuHF thu duoc
c¢6 kich thudc nano mét, tinh thé & dang cubic (F-43m). Hinh anh kinh hién vi dién tu
truyén qua TEM cua don tinh thé CuHF (Hinh 3b) cho thdy ching c6 cau trdc zeolitic
trong khoang 30 nm.

AT, T

‘.
it o

a0
Hinh 3(a). 4nh HR-TEM cuia vdt lieu CuHF ~ Hinh 3(b). Anh HR-TEM ciia don tinh thé CUHF

Dé khang dinh cau trdc tinh thé cua vat liéu CuHF da tong hop duoc, céc két qua
phan tich tr phd XRD boi phan mém Fullfrop suite voi chuan 101038.cif (Murray-Rust,
2021) dugc trinh bay trong Hinh 4 véi duong mau do 1a gian ¢6 XRD cua vat liéu CuHF
va dudng mau xanh 1a gian d6 chuan.

Cycle:100 ChiZ: 4.50 CuZFeCHNG&.dat

Z00 A
t
$
-

10 20 20 40 50 &0 70
2Theta

Hinh 4. Gian do XRD ciia dong hexacyanoferrate so véi phd chudn
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Céc thong sb lattice cua hé tinh thé CuHF duoc tinh bang phan mém FullProf Suite.
Tinh thé lap phuong CuHF véi céc chi sé Miller d [h, k, 1] 1a:

d[1,1,1] = %: 5,01; d[2,0,0] = % = 3,04 and d[2,2,0] = % = 3,01 . Khéi chinh dugc

két hop bai 8 khdi phy, diéu nay phu hop véi cac cong b trude day (Sun et al., 2020).
Diéu nay, co thé cho phép khing dinh phirc chat CuHF & dang zeolitic c6 cu hinh lap
phuong.

Tir cac két qua phan tich phd hdng ngoai IR, EDS-TEM, phé BET, hinh anh HR-
TEM va phdé XRD, vit liéu tong hop duoc 1a: ddng hexacyanoferrate c6 cong thic
Cu1s[Fe(CN)e]14.10H20 & dang tinh thé lap phuong (cubic F-43m), kich thudc trong
khoang 30 nm da dugc diéu ché vai gia thanh thip va quy trinh don gian. Cau trdc tinh thé
cta don phan tir vat liéu CuHF duoc vé bang phan mém VESTA trong Hinh 5, phirc chat
nay duoc st dung lam vat liéu hap thu cho nhitng nghién ctu tiép theo.

4 S
Pon tinh thé CuHF: Xanh (N); den (C), d6 (Cu), vang (Fe), hdng (H20 hoic K*)
Hinh 5. Cdu triic don tinh thé ciia Cuis[Fe(CN)s]14.(2K).10H20

Bdng 2. Cac tinh chdt hoa li ciia dong hexacyanoferrate

BET Surface Area 462.42 m2/g
Pore volume (cm3/g) 0.07 cm3/g
D-H Adsorption average pore width 3.12 nm

Vit liéu CuHF c6 céu tric 1ap phuong zeolitic véi céc 15 tréng co thé chia cac ion
K* va c4c phan tir nuéc (Loos-Neskovic et al., 2004), n6 duge dung dé hap phu Cs* va Sr¥*
vé6i quéa trinh tong hop cd thé lap di 13p lai va cac thanh phan duy tri khong doi, dién tich bé
mat BET 12 462,42 m?/g (Bang 2).
3.2. Swdnh hwéng ciia pH dén kha néng hdp phu ion Cs* va Sr2* cia vt ligu CuHF

Su anh huong caa pH dén qua trinh hap phu cac ion Cs* va Sr?* trén vat liéu CuHF
Vvé6i céc dung dich ndng do ban dau nhu nhau dugc thé hién trong Hinh 6a va 6b. Két qua
nghién ciu cho thay, ca hai qué trinh hap phu caa ion Cs* va Sr?* déu phu thudc vao gia tri
pH cua dung dich. D4i véi cesi (Hinh 6a) cho thay dung lugng hap thu cua vat liéu dat dén
cuc dai khi gia tri pH dat dén gia tri 6, khi gié tri pH tang thi dung lwong hap thu giam. Két
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qua nay phu hop véi nhém nghién ciu caa Loos-Neskovic (pH 5-8 trong khi nghién cuu
cua Clarke va Wai cho rang viéc loai bo cesi bai vat liéu CuHF xay ra tét nhat trong dung
dich tir trung tinh dén axit (Clarke & Wai, 1998). Déi véi stronti (Hinh 6b), dung lugng
hap thu cia CuHF vai ion Sr?* thay dbi rat it trong pham vi pH tir 4 &én 9. Két qua nay phu
hop véi két qua nghién ciu cua nhém Vipin (Vipin et al., 2014). Vi vy, trong sudt cac qua
trinh nghién ctu tiép theo, ching t6i diéu chinh dén gia tri pH = 6,0 dé tién hanh
nghién ctu.

140
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135 32+ ‘ —a— Strontium adsorbed by CuHF‘

130 \\ | ././.
125 T~ /
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q,(mg/g)
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a. Anh huong ciia pH dén qud trinh hap phu b. Anh hwéng cia pH dén qué trinh hap phy
ion Cs* cua vt ligu CuHF ion Sr?* cua vdt ligu CuHF

Hinh 6. Anh hirong ciia pH dén kha néang hap phy ion Cs* va Sr?* bai vt liéu CuHF

3.3. Dung lwong hdp phu ion Cs*va Sr¥*cia vit ligu CUHF

Dung luong hap phu cuc dai caa vat liéu CuHF ddi véi Cs* duoc thyuc hién trong day
nong do tir 75 dén 250 mg/L, dbi vai ion Sr?* 1a trong ddy ndng do tir khoang 40 dén
650 mg/L. Tat ca cac thi nghiém duoc thuc hién tai gi4 tri pH = 6,0 va luong vt liéu hap
thu dwgc st dung 1a 1 g/L. Céc két qua duoc thé hién trén Hinh 7 va Hinh 8.

Dbi vai ion cesi (Hinh 7a), dung luong hip thu ting nhanh khi ting néng do dau cua
Cs* tir 75 1én dén 170 mg/L. Khi ndng do ban dau cua ion Cs* 1a 200 mg/L, ldc nay gi4 tri
dung luong ion Cs* duoc hip thu bai vat lisu CuHF 1a 142,21 mg/g. Va khi nong do ban
dau cua Cs™ tiép tuc tang 1én dén 250 mg/L thi kha niang hap phu ion Cs* bai vat liéu CuHF
tang cham, sau d6 cho du ting ndng do ban dau thi gia tri hap dung khong ting lén nira.
Két qua trén c6 thé 1a do khi nong do ion Cs* cao, nhiéu vi tri hap phu bi bdo hoa va qua
trinh hip thu da dat dén gi4 tri can bang. Dung luong hip thu cuc dai cua ion Cs* boi vat
liéu CuHF 1a 144,17 mg/g.

Dbi vai ion stronti (Hinh 7b): két qua nghién ctiu cho thay vat liéu CuHF hap thu ion
Sr?* rat cham, cho dén khi nong d6 Sr** 1a 400 mg/L thi dung luong hdp thu dat 39,93
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mg/g. Khi qua trinh hap thu dan dat dén can bang khi ndng do dau cua Sr?* 1a trén 560
mg/L, dung lugng hap thu cyc dai cia ion Sr** bai vat liéu CuHF 1a 55,29 mg/g.

Cac thong sb cua qué trinh hap phu ding nhiét cua ion Cs* va Sr?* 1én vat liéu CuHF
theo m6 hinh Langmuir va Freunlich dwoc md ta chi tiét trong Bang 3.
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a. Mé hinh hdp phu Langmuir va Freunlich doi | b. M6 hinh hap phu Langmuir va Freunlich doi
VOi sy hcfp phu ciia ion Cs* boi vat liéu CulHF | voi sy hcfp phu cua ion Sr2+ boi vdt lieu CuHF

Hinh 7. M6 hinh hap phu Langmuir va Freunlich
déi véi s hdp phu cia ion Cs*va Sr?* béi vt lieu CuHF
Bing 3. Cdc théng sé ciia mé hinh hdp phu Langmuir va Freunlich
déi véi sie hdp phu ion Cs* va Sr** béi vt liéu CuHF
M6 hinh Langmuir

qm (Mg/g) b R?

Cs* 143,95 0,76 0,91

Sr2* 79,26 0,24 0,98
M©é hinh Freundlich

Kr (mg/g) 1/n R2

Cs* 87,14 0,12 0,81

Sr2* 16,57 0,56 0,98

Gia tri hé sb twong quan (R?) la 0,91 va 0,98 (mé hinh Langmuir) va 0,81 va 0,98
(md hinh Freunlich) di vai ion Cs* va Sr¥* duoc hap phu bai vat liéu CuHF (Bang 3). Qua
d6 nhan thiy mé hinh Langmuir phd hop dé md ta qua trinh hip phu Cs* va Sr?* boi vat
lieu CuHF vi hé sé hdi quy phu hop, qua trinh hip phu ion Cs* va Sr?* trong nudc bai vat
licu CuHF tuén theo quy luat hip phy don thudn. Dung lugng hip phu cuc dai gmax d6i voi
qua trinh hap thu ion cesi dugc tinh theo moé hinh Langmuir 1a 143,95 mg/g, twong duong
Véi gid tri thuc nghiém 1a 143,33 mg/g. Trong khi d6, dung lwong hap phu cuc dai Qmax
tinh theo mé hinh Langmuir d4i voi qua trinh hap thu ion Sr?* cao hon gi4 tri thuc nghiém.
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So sanh kha niang hap thu caa vat liéu CuHF trong nghién ctru nay véi cac vt lidu
khac cua cac nhém nghién ciru khac nhau dwoc chi ra trong Bang 4. Vit liéu CuHF dugc
téng hop trong nghién ctru nay dugc danh gia 1a vat liéu tiém ning dé xir Ii méi truong
nudéc c6 sy 6 nhidm cac chat phong xa nhd kha niang hap thu cao hai ion Cs*va Sr?*,

Bing 4. So sanh dung lirong hdp thu ion cesi véi cdc nghién ciru khdc

Dung lwgng hap

Dung lrgng hi .
ung fueng nap phu cwe dai doi

Vit ligu hap thu pH  phu cuc dai dbi Tai liéu kham thao

v cesi (mg g-Y) véi stronti
(mgg™)

Copper 6.0 143.95 79.26 Két qua’tron‘g nghién
hexacyanoferrate clru nay
MIL-101-SO3H 6.0 36.47 - Aguila et al., 2016

Zeolite 2-10 102 96.15 Vipin et al., 2016

Zeolite + MWCNT  2-10 113.6 107.5 Vipinet al., 2016
. El-Kamash et al.,
zeolite A 2-8 207.47 303 2008
AC-PBNP 6.8 36.1 9.26 Ali et al., 2020
Nanozeolite _
260l 7 208.38 97.08 Faghihian et al., 2013
composite
Mi lit -

|crozeq e 7 160.01 78.90 Faghihian et al., 2013

composite

3.4. Anh hwong cia thoi gian hdp phu

DPong hoc hip phu 1a mét trong nhiing yéu t6 quan trong cin dugc xem xét dé xéac
dinh hiéu qua cia qué trinh hap phu. Trong nghién ctu nay, dong hoc cia qué trinh hap
phu céc ion cesi va stronti Ién vat liéu CuHF da dugc nghién ciru. Gia tri pH cua cac dung
dich duoc diéu chinh & gia tri pH = 6,0, qua trinh hap phu cta cac ion Cs*va Sr?* Ién vat
lieu CuHF duoc tién hanh ¢ cac khoang thoi gian khac nhau.

Hinh 8a la két qua cua qua trinh hap phu ion cesi 1én vat liéu CuHF tai cac khoang
thoi gian khac nhau. Két qua cho thay sy hdp phu nay phu thudc vao thoi gian. Su hap phu
cua ion Cs* dién ra nhanh chéng trong 10 phit dau tién khi ti 1¢ hap thu dat 62%, can bang
hap thu dat duoc sau 18 pht va su loai bo ion Cs* ra khoi dung dich thi nghiém 1a 97,03%.
Trong nghién ctu cua nhdm tac gia Hwang ciing c6 dé cap dén viéc su hap thu cesi caa vat
lieu CuHF dat dén trang thai can bang trong vong 10 phat (Hwang et al., 2017). Trong khi
nhom tac gia Parajuli cho rang gia tri pH str dung tét nhat trong khoang pH 4-8, va thoi
gian can dé dat duoc trang thai can bang 1a trong vong 2 gio (Parajuli et al., 2016).

Sy hap phu ion stronti ciing phu thudc vao thoi gian. Theo két qua ¢ hinh 9b, can
bang hap phu dat dwoc sau 18 gid va kha ning loai trir ion stronti khoi dung dich thi
nghiém la 71,29%.
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Hinh 8. Anh huong ciia thoi gian 1én qud trinh hap phu ion Cs*Vva Sr?* béi vit liéu CuHF
4.  Kétluan

Vit liéu dong hexacyanoferrate CuHF d3 dugc tong hop bang phuong phap dong két
taa hoa hoc véi quy trinh don gian va gia thanh thap. Tur cac két qua phan tich cua phd
FTIR, EDS-TEM, XRD va phé BET, ching tdi két luan rang vat liéu CuHF da tong hop
dugc ¢6 cong thie Cuiz[Fe(CN)s]14.(2K).10H20, véi cu trac tinh thé lap phuong F-43m
zeolitic trong khoang tir 10-30 nm, va dién tich bé mat BET 1a 462,42 m?/g.

Viéc loai bo ion Cs* va Sr?* ra khoi dung dich nudc phu thudc vao gia tri pH, dung
lwong hap phu cua vat liéu ddi voi ion Cs* va Sr?* dat dugc cuc dai ¢ gi tri pH = 6. M9
hinh Langmuir cho thay su pht hop dé md ta qué trinh hip phu caa ion Cs* va Sr?* bang
vat liéu CuHF. Dung luong hip phu cuc dai tinh theo md hinh Langmuir qmax = 143,95
mg/g, va 79,26 mg/g lan luot di véi Cs* va Sr?*. Su hap phu caa Cs* dién ra nhanh chéng,
sau 18 phut c6 dén 97,03% ion Cs* bi loai ra khoi dung dich thi nghiém. Trong khi d6, qua
trinh hap phu ion Sr?* dién ra cham, phai mat 18 gio dé khoang 71,29% dugc loai bo ra
khoi dung dich nghién cuu.

< Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

< Loi cdm on: Ching tdi chan thanh cdm on Bé Gido duc va Pao tao da cap kinh phi cho
nghién ctru nay théng qua dé tai cdp Bé6 ma sé B2020-DLA 01.
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ABSTRACT

Nanoscale copper hexacyanoferrate (CuHF) material was prepared by a low-cost chemical
co-precipitation method. The research results show that CuHF is an effective adsorbent for both
radioactive cesium and strontium ions. Fourier transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), energy-dispersive X-ray spectroscopy (EDS) spectra, and high-
resolution transmission electron microscopy (HRTEM) images were performed to determine the
morphologies of CuHF. The Cuis[Fe(CN)s]14.(2K).10H.O material has a cubic structure (space
group F-43) in the range of 10 and 30 nm and a surface area of 462.42 m?/g. The absorption of
Cs* and Sr** ion depends on pH value; the maximum value of absorption capacity (Qmax) of this
material is recorded at pH 6. The Langmuir model was conformable to describe the adsorption
process of both Cs* and Sr** ions by CuHF. According to the Langmuir model, the maximum
adsorption capacity qmax obtained is 190.52 mg/g and 72.43 mg/g for Cs* and Sr?*, respectively.
The nanoscale copper hexacyanoferrate (CuHF) material in this study is evaluated as a potential
and promising adsorbent in treating Cs* and Sr** ions in nuclear water because of their excellent
adsorption capacity, easy and low-cost synthesis.

Keywords: adsorption; cesium; copper hexacyanoferrate; strontium; nanoparticle
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