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SUMMARY

DETERMINATION OF IMPURITIES BY ICP-MS AFTER SEPARATION OF
ZIRCONIUM MATRIX
BY SOLVENT EXTRACTION WITH 2-ETHY LHEXY LPHOSPHONIC ACID
MONO-2-ETHYLHEXYL ESTER

Investigation of the effects of extraction time, extractant concentration, diluents, acids
and loading capacity of the extractant with 2-ethylhexyl phosphonic acid mono-2-
ethylhexyl ester (PC88A) in kerosene on extracting of Zr(V) has been done. The optimal
conditions for extraction of 25 mg/mL Zr(I1V) are: 1 to 3.5M HNOg, kerosene diluent,
50% PCB88A, 1 hrs. for phase contact time. Extraction efficiency of Zr(V) increase in
order: H,SO, << HCI < HNOs3.

Extraction, stripping of Zr, Hf and scrubbing impurities have been studied and showed
that using 3M and 4M HNOg;, can scrubbing 95% of almost investigated impurity
elements and stripping about 22-28% 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 PC88A/kerosene solvent.

Keywords: extraction, zirconium, HNO3, PC88A, kerosene, impurities, ICP-MS.

1. MO PAU HNO; bﬁng tac nhan DEHPA/toluen va
O bai bao trudc, chiung t6i di trinh bay két qua nghién ciru tach nén Zr(IV) ra
két qua nghién ciru cac diéu kién t6i wu khoi céc tap chdt nhim xac dinh ching
khi chiét Zr(IV) tr mdi truong axit bang phép do ICP-MS.
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Hién nay, bén canh céc tdc nhan nhu
D2EHPA, Cyanex 923, 925, LIX-84,
TBP [1-6], tac nhan 2-etylhexyl
photphonic axit mono-2-etylhexyl este
(PC88A) 1a tdc nhan mdi dang duoc su
dung nhiéu trong nghién ctu chiét, tach
va c¢d dic nhiu nguyén t6. Tac nhan
PC88A c6 mot sd dic diém nhu: cong
thitc phan tr Ci6H3sPO3, d6 tan trong
nuée 0,00031M, ty trong 0,95g/cm®,
pK;=4,1. Tac gia Ramachandra R.B va
cong su [7] dd tién hanh nghién ciu
chiét Zr(IV) tr méi truong HCI bing
PC88A va cho thiy, phirc chat bi chiét
léen pha hitu co c¢6 dang
ZrO(H;0),Cl,.2PC88A. Trong hé chiét
Zr-HCI 0,3M-PC88A 0,005M: khi thém
cac mudi NaCl, Na,SO,;, NaNOj3 trong
khoang ndng d6 (0,5-2M) di lam ting
hiéu suit chiét Zr(IV) tuong Gng tir 46-
66%; 50-58%; 91-99%. V&i mubi
NaSCN, hiéu suét chiét Zr(IV) da dat
dugc >99% & ndng do NaSCN 0,5M; Sir
dung cac chat pha loing khac nhau cho
cac hé s6 phan bd (D) khac nhau va giam
theo thir ty sau: xiclo hexan CgHy, (D=9)
>CCly, n-CgHys (D:5,4) >CgHsNO;
(D:3,7) >C6H6(D:2,5) >CeHsCH3
(D=1,9) >dau hoa, C¢Hs(CHs), (D=1,7)
>CHCI; (D=1) >benzonitrile (D=0,8);
Khi ting nhiét do tir 30 1én 40, 50, 60°C
da lam ting gia tri D theo thu tu tur 1,65
Ién 3,05; 5,5 va 9,8. Tur cac dir liéu da
tinh toan duogc gia tri entanpi (AH) bang
-44.3 KJ/mol, cho thay sy chiét Zr(IV) 1a
qua trinh téa nhigt. Khi chiét Zr(IV)
cung voi cac ion khac nhu Hf(IV),
Ti(IV), AI(IIT), Fe(IIl) di cho thdy hiéu
suét chiét Zr(IV) va Hf(IV) ting lén, con
hiéu suét chiét Ti(IV) va Fe(IIl) giam di
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khi ting ndng d6 axit. Trong khi d6 hiéu
suat chiét AI(IIT) thi gin nhu khong thay
d6i. Vi vay, tir cac két qua trén c6 thé
tach dugc Zr(IV) khoi mét sé nguyén t6
khi st dung PC88A 0,005M/dau hoa va
mdi truong HC1 > 2M trong pha nudc.
Tuy nhién trén thé gii va trong nudc,
cac két qua nghién ctru vé chiét tach Zr
ra khoi cac nguyén t6 khac tir cac moi
truong axit khic nhau bang tic nhan
PC88A con chwa day du va thiéu hé thong.
Vi vy trong bai bao nay, ching t6i tiép
tuc str dung tac nhan PC88A dé nghién
ctru cac yéu td anh huong dén hidu sut
chiét Zr(IV) nham tach nén Zr(IV) ra khoi
cac tap chét khac bang phuong phép chiét
dung moi dé c6 thé phan tich xac dinh cac
tap cht trong vat liéu 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
chuan 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,
TIl, Zn, Sc, Y va 14 REEs) 1000ug/mL;
Tac nhan PC88A, HCI 36,5%, HCIO,
72%, H,SO, 98%, HNO; 65%, H,O
18MQ, kerosen va cac chat pha lodng
khac déu c6 do tinh khiét phan tich cua
Merck.

May khéi ph plasma cam tng (ICP-MS)
Aligent 7500a-My, phéu chiét, may lac va
cac dung cu thuong dung trong phan tich.
2.2. Phuwong phap nghién ciru

2.2.1. Nghién civu cdc yéu to anh hieong
dén hiéu sudt chiét Zr(IV)



Cac yéu t6 anh huong dugc khao sat
gdm: thoi gian tiép xtc 2 pha (0,1-3
gio), nong do tac nhan PC88A/kerosen
tir (10-80%), kerosen va 5 chit pha lodng
khac, néng do cac axit tr (0,5-6M), néng
do Zr(IV) tir (10-70 mg/mL), dung lugng
chiét cuc dai cua PC88A 50%/ kerosen,
danh gia mot sé tac nhan giai chiét
Zr(IV) ra khoi pha hitu co, s6 bac chiét
thich hop theo gian d6 MC Cable-Thiele.
Khao sat hiéu suit chiét cua Zr(IV) va
mot sd nguyén t6 trong moéi trudng
HNO3 béng PC88A/ kerosen duogc thuc
hién véi pha nude 1a dung dich chira cac
dai dién cho tirng nhom nguyén tb, gdm:
Zr, Hf, Ti, Na, Ca, Al, Fe(lll), Zn, Cu,
Pb, Mn, La, Eu(lll), Er, Tm, Yb, Lu,
ndéng d6 mdi nguyén té déu la 1 mg/mL
trong moi truong HNOj3 (1-3,5M). Pha
hiru co 1a PC88A 50%/kerosen.

2.2.2. Nghién cuu tach Zr(IV) tw moi
triwong HNOs bang PC88A/kerosen

Pha nuéc chua (Zr(IV) 25 mg/mL va 43
tap chat, nong d6 mdi nguyén t6 tap chit
la 0,5 mg/L) trong méi truong HNO3 tir
(1-3,5M). Pha hitu la PC88A
50%/kerosen.

co

2.2.3. Quy trinh chiét tach loai Zr

Céc diéu kién chiét tach: ty 18 Vo/Va = 1/1
hodc 2/1, thoi gian tiép xic pha 1 gio,
thoi gian phan pha 0,5 gio ¢ nhiét do
25+0,5°C. Sau khi phén pha, tach ldy
phan nudc cai va co can lan 1. Tiép tuc
¢ can lan 2 v&i SmL hdn hop (HNO;
25%+HCIO; 20%). Cudi cing ding
HNO; 0,3M dinh mirc ¢én 10 mL va do
trén may ICP-MS Aligent 7500a. Cac
két qua xac dinh ndng d6 dugc dung dé
tinh hiéu suat chiét va dénh gi4 kha ning
tach Zr khoi cac nguyén t6 khac. Cac thi
nghiém giai chiét Zr va cac tap chat ciing
dugc tién hanh tuong tu.

3. KET QUA VA THAO LUAN

3.1. Anh huéng cia thoi gian tiép xic
pha, nong d¢ tic nhan chiét, cac chit
pha lodng, ban chit va ndng dd axit
dén kha niing chiét Zr va dung hrong
ciia tac nhéan chiét

Cac két qua nghién ctru duoc chi ra trén
hinh 1a, 1b, 1c, 1d, 1e.
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Hinh 1. Anh huéng cia thoi gian tiép xiic pha (a), nong dé tac nhan chiét (b), cdc chat
pha loéng (c), ban chat va nong do axit(d) den kha nang chiét Zr va dung lwong chiét
cua pha hitu co (le).

Két qua thu duogc trén hinh la, 1b cho
thiy rang, thoi gian dat can bang 1a 1
gio, hiéu suit chiét Zr(IV) dbi voi hé
chira 50% PC88A dat dugc kha cao, sau
1-2 1an chiét luong Zr(IV) 1én pha hiru
co dat gid tri dung lugng chiét. Mat
khac, khi néng d0 PC88A/kerosen cao
hon 50%, do nhdt cia pha hitu co tang
1én, thoi gian phan pha dai hon va gay
khé khian cho viéc xir Iy mau sau khi
chiét. Vi vdy chung t6i chon ndéng do
PC88A 50%/kerosen la thich hop dé
chiét Zr(IV) trong méi truong HNO;
1,5M.

Két qua chi ra trén hinh 1c cho théy, tac
nhan PC88A 50% pha trong kerosen cd
kha nang chiét Zr(IV) 13 cao hon so véi
cac chit pha lodng khac. Thir tr giam
hiéu sudt chiét cua Zr(IV) theo diy:
kerosen > n-hexan, IP, benzen > toluen>
xylen. Chung t6i cho ring, hiéu suat
chiét Zr(IV) giam khi ting do phan cyc
clia chéat pha loang 1a phu hop véi qui
ludt anh huong ciia chat pha loing. Sy
giam nay la do tdng sy tuong tac cua
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monome phan cuc 16n hon cta tac nhan
chiét véi chat pha loang. Vi vay, trong
cac thi nghiém sau, chung t6i chon chét
pha lodng tac nhan PC88A la kerosen.
Ttr hinh 1d nhén thiy, hiéu sudt chiét
Zr(IV) trong moi truong HNOj3 cao hon
hén so vé6i cac méi truong HCI va H,SO4
va moi truong HNO;3 (1-3,5M) la thich
hop hon ca khi chiét Zr(IV) 25 mg/mL
bang PC88A 50%/kerosen. Hinh 1e cho
thiy, sau 4 lan tiép xic pha & 25+0,5°C,
hiéu sudt chiét Zr(IV) dat 99,8%. Tir d6
chung t6i xdc dinh dugc dung luong
chiét cuc dai cua pha hiru co (LO)
PC88A 50%/kerosen la 24,95 mg/mL
Zr(1V).

3.2. Panh gia kha ning giai chiét
Zr(IV) bing mjt s6 dung dich axit
Chang t6i sir dung cac dung dich axit
HCI, H,SO4, HNO;3 trong khoang (0,1-
4M) dé khao sat kha ning giai chiét
Zr(IV) ra khoi pha hiru co PC88A
50%/kerosen  (chua 24,95 mg/mL
Zr(IV)) va két qua duoc chi ra & bang 1.



Bdng 1: Hiéu qua gidi chiét Zr(IV) khéi pha hitu co
(PC88A4 50%/kerosen) bang mét s6 dung dich axit

STT | Dungdich Muc do giai | STT Dung dich Murc do giai
chiét Zr (%) chiét Zr (%)
1 | HCI1M 26,5 11 | HNO3; 3M 5,7
2 | HCI2M 30 12 | HNO3; 4M 7,5
3 | HCI3M 30,5 13 | HCI 1M +H;0; 1% 30
4 | HCI 4M 30,7 14 | HCI 2M +H;0; 1% 43,5
5 | HS040,1M 97,5 15 | HCI 1M +H,0; 2% 40
6 | H,SO,0,3M 98 16 | HCI 2M +H,0, 2% 54
7 | H:SO,0,5M 99,5 17 | HNO3 2M +H,0; 1% 6,2
8 | H,SO4 1M 99,7 18 | HNO3 4M +H,0; 1% 19
9 | HNO;3; 1M 2,8 19 | HNO3 2M +H,0; 2% 5,7
10 | HNO; 2M 52 20 | HNO3 4M +H,0, 2% 17,5

Trong truong hop st dung HCI (1-4M),
chi giai chiét dugc 27-30% Zr(1V) khoi
pha httu co. Khi c6 thém H,O, 1-2%
mic do giai chiét ting 1én tir 30-53%.
Khi str dung dung dich H,SO, (0,5-1,M)
da giai chiét duoc 97,5 - 99,7% Zr(1V).
Mirc do giai chiét ciia cac axit ting theo
th tu sau: HNOs< HCI<<H,SO,. Téac
nhan H,O, bd sung vao cac moi truong
trén da cai thién duoc phﬁn nao muc do
giai chiét Zr(IV). Két qua nay hoan toan
phul hop voi két qua nghién ciru vé anh
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huéng cua cac axit dén hiéu suét chiét
Zr(IV) & phan trén. Qua d6 nhan thay, dé
Zr(IV) khong bi giai chiét nhiéu khoi
pha hitu co, can lua chon dung dich giai
chiét 14 axit HNOg,

3.3. Gian d6 MC Cable-Thiele trong

hé¢ Zr(IV)-HNO; 15M - PCS88A
50%/kerosen

Gian dd MC Cable-Thiele cua hé chiét
Zr(IV)-HNO;3 1,5M- PC88A

50%/kerosen dugc chi ra trén hinh 2.
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Hinh 2. Gian d6 MC Cable-Thiele trong hé Zr(IV)
(10-70 mg/mL) - HNO3 1,5M - PC88A 50%/kerosen

Trén gian 6 MC Cable-Thiele gom co:
dudng can bang ding nhiét ¢ 25+0,5°C

khi chiét Zr(IV) tr 10-70 mg/mL trong
moi truong HNO3 1,5M va cac duong
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lam viéc & cac ty 1¢ Vo/V,= 1/1 va 2/1véi
hé s6 goc lan luot 13 1 va 1/2. Gian dd
hinh 2 cho thiy, khi st dung dung moi
PC88A 50%/kerosen & cac thé tich pha
Vo/V,=1/1 va 2/1, can 3 hogc 2 bac chiét
tuong Gmg dé c6 thé chiét duge 97,5%
luong Zr(IV) ban dau. Vi vay, trong cac
thi nghiém sau ching t61 st dung ty 1€
thé tich pha Vo/V,=2/1 khi chiét Zr(IV)
trong méi truong HNO3 bang PCSSA.
3.4. Hiéu suit chiét ciia cic nguyén to
trong moéi truong HNO;

Anh hudng cia axit HNO3 dén hiéu suét
chiét ctia Zr(IV) va mot s6 nguyén to tap
chat khao sat duoc trinh bay trén hinh 3.
Két qua cho thay, hiéu suét chiét cia céc
nguyén t6 c6 xu huéng giam khi ting
néng do axit. Trong do, hiéu suit chiét
ctia Zr, Hf rat cao va giam khong dang
ké trong khoang (88-97%), Ti, Fe'" (70-
90%), Tm, Yb, Lu (40-91%), Y (35-
53%), Al (3,2-7,4%), cac nguyén to con
lai c6 hiéu suét chiét rit nho tir (0,65%)
Zn dén (5,89%) Pb.
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Hinh 3. Hiéu sudt chiét cia Zr(IV) va mét sé nguyén t6 trong HNO;
voi dung moi 50% PC88A/kerosen.

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

Trén co s& khao sat hiéu suét chiét cua
Zr(IV) va mot sd nguyén td trong moi
truong HNO3 & trén, dung mo1 PC88A
50%/kerosen dwgc st dung dé tach
Zr(IV) khoi tap chit tir hdn hop chua

Zr 25 mg/mL va 43 tap chat nong do
riéng 1¢ 0,5 mg/L trong moi trudng
HNO;3; 3M. Két qua sau 1 lan chiét
bang HNO3; 3M va 1+2 lan giai chiét
bang dung dich HNO3 4M duoc chi ra
O cac bang 2a va 2b.

Bang 2a. Sw phan b6 ciia cdc nguyén t6 ¢ hai pha khi ‘chié't‘
trr moi truong HNO3 3M bang PC88A 50%/keroen va giai chiét 1 lan bang HNO3 4M

Tap chat Li, B, Na, K, Rb, Mg, Ca, Sr, Ba, Al m, Y | Ti, | Hf | Zr
Ga, Tl, Sc, Cd, Ag, Bi, Zn, Pb, Cu, Yb, Lu Fe
Co, Ni, Mn, V, As, Se, La, Ce, Pr, Nd,
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er
Pha nudéc, (%) 100 89 94 | 62 | 28 | 22
Pha hiru co, (%) Khong xac dinh dugc 11 06 | 38 | 72 | 78
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Bang 2b. Suw phan bo ciia cdc nguyén té & hai pha khi ghié'{
ter moi truong HNO3 3M bang PC88A4 50%/keroen va giai chiét 2 lan bang HNO3 4M

Tap chat Li, B, Na, K, Rb, Mg, Ca, Sr, Ba, Al, Tm, Y | Ti, | Hf | Zr
Ga, Tl, Sc, Cd, Ag, Bi, Zn, Pb, Cu, Co, | Yb, Lu Fe
Ni, Mn, V, As, Se, La, Ce, Pr, Nd, Pm,
Sm, Eu, Gd, Th, Dy, Ho, Er
Pha nuéec, (%) 100 95 98 | 70 | 35 | 28
Pha htru co, Khoéng xéac dinh dugc 05 02 30| 65|72
(%)

Tur két qua & bang 2a va 2b cho thdy, khi
st dung dung mo6i PC88A 50%/kerosen,
qua 1 lan chiét tir méi truong HNO3 3M
va 1+ 2 lan giai chiét bang moi truong
HNO; 4M, da tach dugc trén 95% héu
hét cac tap chat ra khoi nén Zr(IV) va
lugng Zr(IV) con lai chi tu 22-28%.
Theo khao sat do chung t6i thyc hién,
luong Zr(V) con lai & pha nudce s€ khong
gdy anh huong dén phép xac dinh cac
tap chat bang phép do ICP-MS, trir
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)
25mg/mL bang tac nhan chiét PCSSA
nhu sau: moi trudng chiét HNOjz (1-
3,5M); PC88A/kerosen voi néng do
thich hop 1a 50%; thoi gian cin bang 1
gi0; Dung lugng cua dung moéi PC88A
50%/kerosen la 24,95 mg/mL Zr(IV);
HNOs c6 kha ning giai chiét Zr(IV) kém
nhat; Dé chiét dugc 97,5% luong Zr(IV)
can thyc hién 2 hodc 3 bac chiét vai
Vo/V,=2/1 hodc 1/1 twong Gng.

P3i khao sat hiéu suat chiét cua mot sb
nguyén t6 dai dién tir moi truong HNO3
3M bang PC88A 50%/kerosen. Két qua
cho théy, hiéu suét chiét cua Zr, Hf dat

dugc rat cao va giam khong dang ké
trong khoang (88-97%), Ti, Fe'' (70-
90%), Tm, Yb, Lu (40-91%), Y (35-
53%) va cac nguyén td con lai c¢6 hiéu
suat chiét kha nho (dudi 6%) khi nong
d6 HNOs tang tir 1 dén 3,5M.

Véi mau nghién ctu chira (Zr(IV) 25
mg/mL va 43 tap chat 0,5mg/L), sau 1
lan chiét bang HNO3 3M va 1+2 lan giai
chiét béng HNO3; 4M, da tach duogc trén
95% hau hét cac tap chat va luong
Zr(IV) di kém chi tir 22-28% s€ khong
gdy anh huong dén phép xic dinh tap
chét bang ICP-MS, trir nguyén t6 Hf, Ti,
Fe'" Hé chiét nay co thé duoc st dung
dé tach nén Zr va xac dinh céc tap chét
trong vt liéu zirconi sach hat nhan bang
phép do ICP-MS.
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