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SUMMARY

SEPARATION OF ZIRCONIUM(1V) FROM IMPURITIES WITH
DI-2-ETHYLHEXYLPHOSPHORIC ACID FOR DETERMINATION OF THEM BY ICP-MS

Investigation of the effects of extraction time, extractant concentration, diluents, acids
and loading capacity of the extractant, sunfate with di-2-ethylhexyl phosphoric acid
(DEHPA) in toluene on extracting of Zr(V) has been done. The optimal conditions for
extraction of 30 mg/mL Zr(IV) are: 2 to 5M HNOg, toluene diluent, 50% DEHPA, 1 hrs.
for phase contact time. Extraction efficiency of Zr(V) increase in order: H,SO, << HCI
< HNOs;.

Extraction, stripping of Zr, Hf and scrubbing impurities have been studied and showed
that using 3M and 6M HNOg3, can scrubbing 95% of almost investigated impurity
elements and stripping about 20-26% of Zr(V). Obtained results allow to determine the
content of impurities in Zr nuclear materials by ICP-MS technique after removal of Zr
using extraction with DEHPA/toluene solvent.

Keywords: extraction, zirconium, HNO3;, DEHPA, toluene, impurities, ICP-MS.

1.MO PAU cu quan trong cua vat liéu Zr sach hat

Zirconi (Zr) va cac hop kim Zr sach hat
nhan dugc sir dung chii yéu dé ché tao
vat li¢u 10 phan ung va vo boc thanh
nhién liéu hat nhan do Zr c6 tiét dién bt
notron nhiét rit nho va tinh chit hoa ly
dac thu cua kim loai hop kim Zr. Yéu

nhan 13 ham luong cac tap chat kha thap.
Vi vay, can x4c dinh chinh xac ham
lugng tap chit nhim phuc vu cho viéc
san xuét, danh gia vat liéu Zr dung cho
16 phan rng hat nhan.
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Hién nay c6 nhiéu phuong phap phan
tich ham luong tap chit trong cac vét
ligu Zr, trong d6 ICP-MS 1a mét phuong
phéap phan tich hién dai c6 do chinh xac
cao, gidi han phat hién thap cho phép
xéac dinh dong thoi nhiéu nguyén td. Tac
gia Nakane Kiyoshi da st dung ICP-MS
d6 phan giai cao dé phan tich luong vét
cac tap chat nhu: Na, Mg, Al, Ca, Ti, V,
Cr, Mn, Fe, Ni, Sr, Cs, La, Ce, Hf, Pb,
Bi cé trong bot ZrO, d6 sach hat nhan
[1]. Nhom nghién ctu Zhang va cong su
da su dung ICP-MS dé xac dinh nhiéu
Ims trong Zr si€u min [2]. Cac tac gia
Burger va Riciputi da sir dung ICP-MS
dé xac dinh ty 18 dong vi cac nguyén td
trong mot s6 vat liéu hat nhan [3]. Ngoai
ra, tac gid Conrad Gregoire va cong su
da su dung ETV-ICP-MS dé xac dinh
luong vét mot sd nguyén t6 dat hiém
(REEs), U va Th trong quing zircon don
khoang [4]. Pac biét, nhom tac gia Chen
Shi-zhong va cong su da phan tich xac
dinh 14 REEs bang ICP-MS trong ZrO,
sach sau khi tich nén Zr tir méi truong
HNO; 2M bang tac nhan 1-phenyl-3-
metyl-4-benzoyl-5-pyrazon (PMPB). Két
qua da tach dugc 99,7% lugng Zr va
phan tich dugc ham lugng cua 14 REES
v6i giéi han phat hién thap va do léch
chuan tuong d6i nho [5].

Nghién ctru ctia chiing t6i va céc tac gia
néu trén cho thdy, khi nén miu 16n s&
anh huong 16n dén két qua phan tich tap
chat bang ICP-MS. Do d6, can phai tach
nén Zr khoi cac tap chit trude khi do
ham luong céc tap chit bang ICP-MS
[6]. Hién nay, c6 nhiéu phuong phap
khac nhau dé tich loai Zr, tuy nhién,
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phuong phap chiét dung méi véi viée sir
dung cac tac nhan chiét nhu TBP,
DEHPA, Cyanex 272, PC88A,..., dugc
danh gia 1a phuong phap c6 nhiéu trién
vong, trong d6 cic tac nhan chiét
DEHPA, PC88A dang duoc nghién ctru
tach Zr ra khoi cac nguyén t6 khac [7,8].
Trong bai bio nay, chung toi trinh bay
két qua nghién ctru kha ning chiét cua
Zr(IV) bang tic nhan DEHPA nham tng
dung dé tach nén Zr(IV) ra khoi cac tap
chat khac phuc vu myc dich xéac dinh céac
tap chét trong vat li¢u Zr sach hat nhan
bang phép do ICP-MS.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Héa chit, dung cu va may méc
Trong nghién ctu nay, cac dung dich
chuin sau duoc sit dung: dung dich Zr;
Hf; Ti (1000pg/mL) va dung dich

chuan hdn hop gém 43 nguyén té (Ag,
Al, B, Bi, Ba, Ca, Cd, Co, Cr, Cu, Fe, Ga,
In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, Tl, Zn,
Sc, Y va 14 REEs) 1000ug/mL;

Tac nhan DEHPA, HCI 36,5%, HCIO,
72%, H,SO, 98%, HNO; 65%, H,O
18MQ, toluen va cac chét pha lodng khac
déu c6 do tinh khiét phan tich ciia Merck.
May khdi phd plasma cam tmg (ICP-MS)
Aligent 7500a-M¥, phéu chiét, may lac va
cac dung cu thuong dung trong phan tich.
2.2. Phwong phap nghién ciru

2.2.1. Nghién citu cdc yéu té anh hirong
dén hiéu sudt chiét Zr(IV)

Cac yéu td anh huong dugc khao sat
gom: thoi gian tiép xtc 2 pha (0,1-3
gi0), ndng do tac nhan DEHPA/toluen tir
(10-80%), toluen va 5 chét pha lodng
khac, ndng d6 céc axit tir (0,5-8M), nong



do Zr(IV) tur (10-85 mg/mL), dung lugng
chiét cuc dai cia DEHPA 50%/toluen,
danh gia mot sé tac nhan giai chiét
Zr(IV) ra khoi pha hitu co, s6 bac chiét
thich hop theo gian dd MC Cable-Thiele.
Khao sat hiéu suit chiét cia Zr(IV) va
mot s6 nguyén t6 trong moi truong
HNO; bﬁng DEHPA/toluen dugc thuc
hién v&i pha nudce 1a dung dich chitra cac
dai dién cho tirng nhém nguyén t6, gdom:
Zr, Hf, Ti, K, Mg, Al, Fe(lll), Co, Zn,
Pb, As(V), Se(VI), La, Er, Tm, Yb, Lu,
ndéng d6 mdi nguyén té déu la 1 mg/mL
trong moi truong HNO3 (1-3,5M). Pha
hiru co 1a DEHPA 50%/toluen.

2.2.2. Nghién cvuu tach Zr(IV) tr moi
triweong HNO3 bang DEHPA/toluen

Pha nudc chia (Zr(IV) 30 mg/mL va 43
tap chat, nong d6 mdi nguyén t6 tap chit
14 0,5 mg/L) trong méi truong HNO3 tir
(1-3,5M). Pha hitu co la DEHPA
50%/toluen.

2.2.3. Quy trinh chiét tach loai Zr

100

Cac diéu kién chiét tach: ty 16 Vo/Va = 1/1
hodc 2/1, thoi gian tiép xac pha 1 gio,
thoi gian phan pha 0,5 gid ¢ nhiét do
25+0,5°C. Sau khi phan pha, tach liy
phan nudc cai va co can lan 1. Tiép tuc
¢o can lan 2 v6i SmL hdn hop (HNOs
25%+HCIO, 20%). Cudi cung dung
HNO; 0,3M dinh mtrc dén 10 mL va do
trén may ICP-MS Aligent 7500a. Céc
két qua xac dinh néng dd duogc dung dé
tinh hiéu suat chiét va danh gia kha ning
tach Zr khoi cac nguyén t6 khac. Cac thi
nghiém giai chiét Zr va cac tap chat cling
dugc tién hanh tuong tu.

3. KET QUA VA THAO LUAN

3.1. Anh huwéng cia thoi gian tiép xic
pha, ndng d9 tic nhin chiét, cac chat
pha lodng, ban chét va ndng d9 axit va
nong d6 mudi sunfat dén kha ning
chiét Zr

Cac két qua nghién ctru duoc chi ra trén
hinh (1a, 1b, 1c, 1d, le).
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Hinh 1. Anh hwéng ciia thoi gian tiép xuc pha (a), nong do tac nhan chzet (b),
cdc chat pha lodng (C), ban chdt va nong do axit (d) va nong do mudi sunfat
(e) dén khad nang chiét Zr.
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Két qua thu dugc cho thiy rang, hiéu
suat chiét Zr(IV) dbi véi hé chira 50%
DEHPA dat dugc kha cao, sau 1-2 lan
chiét lwvong Zr(IV) 1én pha hiru co dat
gia tri dung lugng chiét la 29,985
mg/mL Zr(IV). Mit khéac, khi néng do
DEHPA/toluen cao hon 50%, thoi gian
phan pha dai hon va gay kho khan cho
viéc xu ly mau sau khi chiét. Vi vay,
ndng d6 thich hop duoc chon 1a DEHPA
50%/toluen khi chiét Zr(IV) trong moi
truong HNO3; 2M. Két qua trén hinh 1c
cho thy, tac nhan toluen 1a thich hop
hon ca khi pha loding DEHPA ding dé
chiét Zr(IV) trong méi truong HNO3 2M
va axit HNO; cho hiéu suét chiét Zr(IV)
cao hon hin so v6i cac méi trudng HCI
va H,SO; Qua d6 cing nhan théy
khoang ndng d6 HNOj3 tir 2-5M la thich
hop hon ca khi chiét Zr(IV) 30 mg/mL
bang tac nhan DEHPA 50%/toluen.

Khac voi axit HNOs, H.SO, dac va
(NH4)2SO4/NH4HSO,4) lam giam hiéu

suét chiét cuia Zr(IV). Piéu nay duoc giai
thich 1a do ion Zr(IV) da tao phirc manh
v6i ion SO4* gay ra sy chiét canh tranh
vo1 tdc nhan DEHPA hodc tao ra cac
phuc mang di¢n tich am dang Z1(SO04)s"
kho bi chiét 18n toluen boi tac nhan chiét
axit nhu DEHPA. Két qua nay cho thay,
khi str dung axit sunfuric va mudi sunfat
dé pha cic mau Zr thudng giy anh
huéng giam hiéu suat chiét Zr(IV). Do
d6, can tim phuong phap pha miu khac
thich hop hon, ching han nhu sir dung
bom teflon véi hon hop céac axit dic
(HCI+HNO3+HF) dé phan hiy miu.

3.2. Panh gia kha ning giai chiét
Zr(IV) bang mjt s6 dung dich axit

Pé danh gia kha ning giai chiét Zr(IV)
ra khoi pha hitu co DEHPA 50%/toluen
(chwra 29,898 mg/mL Zr(1V)), chung t6i
st dung cac dung dich HCI, H,SO,,
HNO; trong khoang nong do (1-8M) dé
giai chiét Zr(IV) va két qua giai chiét
dugc chi ra trong bang 1.

Badng 1. Hiéu qua gidi chiét Zr(IV) khéi pha hitu co (DEHPA, 50%/toluen)

bang mét s6 dung dich axit

. Mic do giai . Mic do giai

STT | Dungdich | _ " (g%) STT Dung dich 7 f%)
1 | HCIIM 20,5 11 | HNO; 6M 6
2 | HCI2M 26 12 | HNO; 8M 9,5
3 | HCI3M 275 13 | HCI IM +H,0, 1% 25
4 | HCI4M 28 14 | HCI 2M +H,0, 1% 41
5 | H,S0, 0,5M 94,5 15 | HCI 1M +H,0; 2% 35
6 | H,50,0,7M 95 16 | HCI 2M +H,0; 2% 48
7 | H,S0, 1M 98,5 17 | HNO3 2M +H,0, 1% 5,5
8 | H,S0, 1,5M 98,7 18 | HNO3 4M +H,0, 1% 6,5
9 | HNO; 2M 3 19 | HNO3 2M +H,0, 2% 6
10 | HNO; 4M 45 20 | HNO; 4M +H,0, 2% 13
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Trong truong hgp su dung dung dich
HCI (1-4M), chi giai chiét duoc 20,5-
28% Zr(IV) ra khoi pha hiru co. Khi co
thém H,0, 1-2% mirc do giai chiét ting
lén tr 25-48%. H,;SO,; trong khoéang
noéng do 0,5-1,5M da giai chiét 94,5 -
98,7% Zr(IV). Mtrc do giai chiét cta cac
axit tang theo thu tu sau: HNO3z<
HCl<<H,S0O,4. Tac nhan H,O, b6 sung

vao cac moi truong trén da cai thién
dugc phan nao mirc do giai chiét Zr(IV).
Két qua nay hoan toan phu hop véi két
qua nghién ctru vé anh hudng cia cac
axit dén hiéu suat chiét Zr(IV) & phan
trén.

3.3. Gian @6 MC Cable-Thiele trong
hé Zr(V)-HNO; 2M - DEHPA
50%/toluen

Hinh 2 biéu dién gian 46 MC Cable-Thiele khi chiét Zr(IV) - HNO3; 2M- DEHPA

50%/toluen.
55

50
45

0
"‘
.
.
.
.

"
)
o
.
.
S
o

40
35

Vo/Va=1/1

30

25
20

—-—

15

-
“‘
.

VoV, =2/1

10

-
“‘
.

10 15 20

frr—

35 40 45 50 55

Hinh 2. Gian d6 MC Cabe-Thiele trong hé Zr(IV)
(10-85 mg/mL) - HNO3; 2M - DEHPA 50%/toluen.

Gian d6 hinh 2 cho thiy, khi s dung
dung méi DEHPA 50%/toluen & céc thé
tich pha Vo/V,=1/1 va 2/1, cin 3 hoic 2
béc chiét twong tng dé c6 thé chiét duoc
98,75% luong Zr(IV) ban dau. Vi vay,
trong cac thi nghiém sau chung toi st
dung ty 1& thé tich pha Vo/V,=2/1 khi
chiét Zr(IV) trong HNO3 bang DEHPA.
3.4. Hiéu suit chiét ciia cic nguyén to
trong moéi truong HNO;

Anh huéng cua axit HNO3 dén hiéu suat
chiét ctia Zr(IV) va mot s6 nguyén to tap

chat khao sat duoc trinh bay trén hinh 3.
Két qua cho thay, hiéu sut chiét cua cac
nguyén t6 c¢6 xu huéng giam khi ting
ndng d6 axit. Tuy nhién, mirc do giam
khong gidng nhau. Hiéu suat chiét cia
Zr, Hf rit cao va giam khong dang ké tir
(89-99%), Ti, Fe'' (74-93,5%), Tm, Yb,
Lu (40,78-91,56%), Y(37-57%), Al(3,3-
7,5%) va céc nguyén t khac cé hiéu
suat chiét rit nho tr (0,65%) K dén
(5,95%) Pb.
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Hinh 3. Hiéu sudt chiét ciia Zr(IV) va mét s6 nguyén t6 trong HNO3
voi dung moi 50% DEHPA/toluen.

3.5. Khio sat tach nén Zr(IV) khéi cac
tap chit

Trén co s& khao sat hiéu sut chiét cua
Zr(IV) va mot sd nguyén td trong moi
truong HNO3 ¢ trén, dung méi DEHPA
50%/toluen duoc st dung dé tach
Zr(IV) khoi tap chat tir hdn hop chira

Zr 30 mg/mL va 43 tap chit nong do
riéng 1¢ 0,5 mg/L trong moi trudng
HNO; 3M. Két qua sau 1 lan chiét
bang HNO; 3M va 1+2 lan giai chiét
bang dung dich HNO3 6M duoc chi ra
O cac bang 2a va 2b.

Bang 2a. Sw phan bé ciia cdc nguyén té ¢ hai pha khi ghié{
tir moi truong HNO3 3M bang DEHPA 50%/toluen va gidi chiet 1 lan bang HNO3; 6M

Li, B, Na, K, Rb, Mg, Ca, Sr, Ba, Al, ™™
£ Ga, Tl, Sc, Cd, Ag, Bi, Zn, Pb, Cu, ’ Ti,
Tap chat Co, Ni, Mn. V, As, Se, La, Ce. Pr, Tj Y | pe | H | 2
Nd, Pm, Sm, Eu, Gd, Th, Dy, Ho, Er

T .

Pha nudc, (%) 100 8857 91 | 58 | 25 | 20
= 5 ~ — -

Pha hiru co, (%) Khoéng xac dinh dugc 1135 09 42 75 80

Bang 2b. Sw phan bé ciia cdc nguyén t6 ¢ hai pha khi ghié't‘
tir moi truong HNO3 3M bang DEHPA 50%/toluen va giai chiét 2 lan bang HNO3; 6M

Li, B, Na, K, Rb, Mg, Ca, Sr, Ba, Al, ™
2 Ga, Tl, Sc, Cd, Ag, Bi, Zn, Pb, Cu, ’ Ti,
Tap chat Co, Ni, Mn, V, As, Se, La, Ce, Pr, Ib’ Y | pe | HE| &
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er | Y
Pha nudc, (%) 100 %‘Z 9% | 65 | 32 | 26
Pha hitu co, (%) Khong xic dinh dugc 45| 4 | 35 | 68 | 74
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Tir két qua & bang 2a va 2b cho thdy, khi
st dung dung mo6i DEHPA 50%/toluen,
qua 1 l1an chiét tir méi truong HNO3 3M
va 1+ 2 lan giai chiét bang moi truong
HNO; 6M, da tach dugc trén 95% hau
hét cac tap chat ra khoi nén Zr(IV) va
lugng Zr(IV) con lai chi to 20-26%.
Theo khao sat do chung t61 thuc hién,
luong Zr(V) con lai & pha nudc s€ khong
gdy anh huong dén phép xac dinh cac
tap chat bang phép do ICP-MS, trur
nguyén t6 Hf, Ti, Fe'"".

4. KET LUAN

ba khao sat thuc nghiém va chi ra céac
diéu kién t6i wu khi chiét Zr(IV)
30mg/mL bang tic nhan chiét DEHPA
nhu sau: moi truong chiét HNO; (2-5M);
DEHPA/toluen vé6i nong do thich hop 1a
50%; thoi gian can bang 2 gio; ion SO,”
lam giam hiéu sudt chiét cia Zr(IV);
Dung lugng cua dung méi DEHPA
50%/toluen la 29,985 mg/mL Zr(IV);
HNO; c6 kha ning giai chiét Zr(IV) kém
nhit; Pé chiét duoc 98,75% lugng
Zr(IV) can thuc hién 2 hodc 3 bac chiét
voi Vo/Va=2/1 hoac 1/1 twong ung.

Pi khao sat hiéu suit chiét cua mot sb
nguyén t6 dai dién tir moi truong HNO3
3M bang D2EHPA 50%/toluen. Két qua
cho thay, hiéu suét chiét clia cac nguyén
t6 giam khi ting nong do axit; hiéu suit
chiét cta Zr, Hf rat cao va giam khéng
dang k& tir (89-99%), Ti, Fe"' (74-
93,5%), Tm, Yb, Lu (40,78-91,56%),
Y(37-57%) va cac nguyén t6 con lai co
hiéu suat chiét kha nho (dudi 6%) khi
nong 6 HNO; tang tir 1 dén 3,5M.

Véi mau nghién ciu chua (Zr(IV) 30
mg/mL va 43 tap chat 0,5mg/L), sau 1

lan chiét bing HNO3 3M va 1+2 lan giai
chiét béng HNO;z; 6M, da tach duoc trén
95% hau hét cac tap chat va luong
Zr(IV) di kém chi tor 20-26% s& khong
gdy anh hudng dén phép xac dinh tap
chat bang ICP-MS, trir nguyén t6 Hf, Ti,
Fe''. He chiét nay co6 thé duoc sir dung
dé tach nén Zr va xéac dinh cac tap chét
trong vat li€u zirconi sach hat nhan béng
phép do ICP-MS.
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