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SUMMARY

SEPARATION OF ZIRCONIUM(V) FROM IMPURITIES WITH
TRIBUTYLPHOSPHATE FOR DETERMINATION OF THEM BY ICP-MS

The investigation of the effects of extraction time, extractant concentration, diluents, acids and
loading capacity of the solvent, cycles extraction on solvent extraction of zirconium (Zr) from
acid solutions with tributyl phosphate (TBP) in toluene as the extractant. With the extraction
of 20.5 mg/mL Zr(V), optimal conditions were: extraction medias was 8 to 12M HNO;,
diluent was toluene, TBP concentration was 50% in toluene, extraction time was 1 hour,
loading capacity of 50% TBP in toluene after 4 times the contact phases was 20.43 mg/mL
Zr(1V), stripping of metal from the loaded organic (LO) with different nitric concentrations
indicated (0.05 to 0.5M) HNOj; are the best, and (8 to 10M) HNO; is the poorest stripping
agent. Mc Cable-Thiele plot for the extraction of Zr(lV) from nitric acid indicated the
requirement of 2 stages at organic phase/aqueous phase (O/A) volume ratio of 2/1 to extract
the 98.75% of Zr(1V).

With 3 to 4 cycles extraction using SM HNO; (for extraction) and 10M HNOj; (for stripping),
investigated higher 95% of almost impurities (35 impurities) can be separated and Zr
remained in aqueous phase about 3 - 4 %. It was found that with the mentioned amount of Zr,
effect of Zr on the determination of impurities, except Hf, Ti, Fe, Ga, Cd, V, Sc, As, Se by ICP-
MS can be negligible. This system extraction can be used in separation of the matrix Zr(IV)
and determination of impurities in high purity zirconium (alloys, salts and oxides) by ICP-MS.
Keywords: Extraction, zirconium, acids, TBP, toluene, impurities, ICP-MS.

1. MO PAU méi Zr(IV) tir mdi trudng axit nhim xéac
Ngay nay, thé gi¢i di va dang st dung cac dinh tap chét trong cac vat liéu Zr do sach
tac nhan nhu TBP, D2EHPA, PCS88A, cao [1,2,3,4]. Mét $6 cong trinh da st dung

Cyanex 272,... trong nghién ctru chiét dung ICP-MS dé xéc dinh tap chét trong cac hop
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kim zirconi va ZrO, d0 sach cao sau khi
tach nén Zr(IV) bang phuong phap chiét
dung moéi [5, 6, 7]. Trong mot s6 bai bao
trude, chung t6i da thong bao cac diéu kién
t6i wu chiét Zr(IV) bang cac tac nhan
D2EHPA, PC88A nhim tach nén Zr(IV) va
xac dinh cac tap chét trong vat liéu Zr do
sach cao bang ICP-MS [8, 9].

Bén canh tac nhan chiét mai, TBP 1a tac nhan
kinh dién da dugc str dung trong nghién ctru
chiét tach Zr(IV), tuy nhién cac két qua cong
bb con chua diy du va thiéu hé théng. Trong
cong b nay, ching toi tiép tuc chi ra két qua
nghién ctru cac yéu t6 anh huéng dén hidu
suat chiét Zr(IV) bang TBP nhim huéng dén
muc tiéu phan tich tap chit trong vat li¢u Zr
dd sach cao br:ing ICP-MS sau khi tach nén
Zr(IV) ra khoi cac nguyén t6 khac bang
phuong phép chiét dung méi.

2. VAT LIEU VA PHUONG PHAP

2.1. Hoa chét, dung cu va may méc

Céc dung dich chuin don nguyén té Zr, Hf,
Ti (1000pg/mL) va dung dich chudn hdn
hop chira 39 nguyén té (Ag, Al, B, Bi, Ba,
Ca, Cd, Co, Cr, Cu, Fe, Ga, In, K, Li, Mg,
Mn, Na, Ni, Pb, Sr, T1, Zn, Sc, Y va 14
REEs) 1000pg/mL; TBP, HCl 36,5%,
HCIO,4 72%, H,SO4 98%, HNO; 65%, H,O
siéu tinh khiét 18MQ, toluen va cac chét
pha loing khac. Cac hoa chat trén déu c6
do tinh khiét phan tich cta hang Merck.
May khdi phd plasma cam tng (ICP-MS) ciia
hang Agilent 7500a - My, micropipet, phéu
chiét, may lic va cac dung cu thuong dung
trong phan tich.

2.2. Phwong phap nghién ctru

2.2.1. Nghién ciru cdc yéu té dac trung ciia
hé chiét Zr(IV) bang TBP

Cac yéu t6 anh huong duoc khao sat gdm:
thoi gian tiép xuc 2 pha (5-60 phit), ndng do
TBP/toluen tir (10-60%), toluen va 5 chit
pha loing khac, ndng d6 cac axit tir (1-
15M), nong d6 Zr(IV) tir (10,00-71,26
mg/mL), xac dinh dung luong chiét cuc dai
cta TBP 50%/toluen, danh gia kha nang giai
chiét Zr(IV) ra khoi pha hitu co bang cac
dung dich HNO3, x4c dinh sb bac chiét thich
hop theo gian dd MC Cable-Thiele.

2.2.2. Khao sdt hiéu sudt chiét cia Zr(IV)
vd mét sé nguyén to trong moi truong
HNOj; bang TBP/toluen

Pha nuéc duge chuin bi chira cac ion kim
loai dai dién cho tirng nhém nguyén td,
gdm: Zr, Hf, Ti, Na, Al, Fe(III), Zn, Pb, V,
Ga, Ag, Cd, Y, Sc, Ce(Ill), Ho, Tm, Lu vé&i
ndng d6 mdi ion déu 1a 1 mg/mL trong moi
truong HNO; (4 - 12M). Pha hitu co duogc
st dung 1a TBP 50%/toluen.

2.2.3. Nghién cuu tach Zr(IV) trong moi
truong HNO; voi dung moi TBP/toluen
nham xdc dinh cdc tap chat khac bang ICP-
MS

Pha nudc chira (Zr(IV) 20,5 mg/mL va 43
tap cht, ndng d6 mdi nguyén t6 tap cht déu
la 0,5 pg/mL) trong moi truong HNO; c6
ndng do tir (4 - 12M). Pha hitu co 1a dung
moi TBP 50%/toluen.

2.2.4. Quy trinh chiét va xdc dinh cac
nguyén té

Cac diéu kién cua qua trinh chiét gdm: ty 16 thé
tich hai pha V,/V, = 1/1 hoac 2/1, thoi gian
tiép xac pha 1 gid, thoi gian phan pha 0,5 gio,
nhiét d6 chiét 25+0,5°C. Sau khi phén pha,
tach 1y phan nudc cai va ¢b can lan 1. Tiép
tuc ¢d can lan 2 véi SmL hdén hop (HNO;
25%+HCIO, 20%). Cudi cung, ding HNO;
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0,3M dinh mttc dén 10 mL va do x4c dinh trén
may ICP-MS Agilent 7500a.

Céc thi nghiém giai chiét, rira chiét Zr va
cac nguyén té dugc tién hanh twong ty nhu
khi chiét bing dung dich rira giai thich hop.
Két qua xac dinh ndng do duoc dung dé
tinh hiéu sudt chiét (%Ex) va danh gia kha
ning tach Zr khoi cac nguyén té khac.

3. KET QUA VA THAO LUAN

3.1. Cac yéu t6 anh hwéng dén hiéu suit
chiét Zr va xac dinh dung lwong chiét
cia dung moi

Céac két qua nghién ciru duoc chi ra trén
hinh 1 (1a, 1b, 1c, 1d, le).
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Hinh 1. Anh hudng cia thoi gian tiép xiic pha (1a), nong dé tac nhan chiét (1b),

cde chat pha lodng (Ic), ban chdt va nong dé axit (1d) dén hiéu sudt chiét Zr

va dung lwong chiét ciia dung méi (le).

Tir hinh 1a nhan thay, sau 0,5 gid tiép xuc 2
pha hiéu suét chiét Zr(IV) trong hé Zr(IV)
20,5 mg/mL dat 79,5%, trong khi d6 hé
Zr(IV) 50 mg/mL chi dat 55,5%. Thoi gian
dat can bang chiét cia ca hai hé 1a 1 gio.
Két qua trén hinh 1b cho thdy véi ndng do
TBP 50%/toluen, hiéu suit chiét Zr(IV) dat
duoc kha cao, sau 1 - 2 1an chiét 1an luot 1a
86; 98% va dung lugng chiét ciia pha hiru
co dat gén tdi da. Mat khéac, khi n(‘Sng do
TBP/toluen cao hon 50%, d6 nhét pha hiru
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co tang, thoi gian phan pha va xir Iy mau
sau khi chiét kéo dai. Vi vay, ndng d6 dung
chon la TBP
50%/toluen khi chiét Zr(IV) trong moi
truong HNO; 8M.

Hinh lc cho nhan thiy, hiéu sut chiét Zr(IV)
twong tng voi 6 loai dung méi chira TBP
50% trong 6 chat pha lodng khac nhau khi
chiét Zr(IV) 20,5 mg/mL trong cic mdi
truong HNO; tir 1-15M 1a khac nhau. Pac

biét véi toluen, nhin thdy hiéu sudt chiét

moéi  thich hop duoc



Zr(IV) cao hon so véi cac chit pha loing
khac. Vi vdy, dung mo6i TBP/toluen dugc
chiing t6i chon dé chiét Zr(IV) tir méi trudng
HNO; 8 - 12M trong cac thi nghiém tiép theo.
Qua hinh 1d, khi str dung cdc moi trudng axit
HNO;, HCI va H,SO, trong khoang néng do
tir 1-15M khi chiét Zr(IV) 20,5 mg/mL bang
TBP 50%/toluen & nhiét do 25+0,5°C, cho
thay: hiéu suit chiét Zr(IV) trong mi truong
HNO; 1a cao hon hén so véi cac moi truong
HCI va H,SO,. Cling qua d6, chiing t6i nhan
thdy moéi truong thuan loi dé chiét Zr(IV)
20,5 mg/mL bang TBP 50%/toluen la HNO;
ndngdo tir 8-12M.

Hinh le d3 chi ra dung luong chiét cua
dung mo6i TBP 50%f/toluen & nhiét do
2540,5°C sau 1 dén 4 1an tiép xtc hai pha.

Qua d6 cho thdy dung lugng chiét cuc dai
cia pha hitu co (LO) dat dugc la 20,43
mg/mL Zr(IV) tng v6i hiéu sudt chiét
Zr(IV) dat 99,75%.

3.2. Panh gia kha niing giai chiét Zr(IV)
ra khoi pha hitu co bing dung dich
HNO;

V6i phuong phép tach bang chiét dung moi,
sau khi chiét cdu tor da luong va cac vi
lwong 1én pha hiru co, cin phai giai chiét
ciu tir da luong (nén) khoi pha hitu co. Dé
danh gi4 kha ning giai chiét Zr(IV) ra khoi
pha hitu co TBP 50%/ toluen (chtra 20,43
mg/mL Zr(IV)), ching téi st dung cac
dung dich HNO; trong khoang ndng dd
(0,05 - 10M) lam dung dich giai chiét va

két qua giai chiét dugc chi ra trong bang 1.

Bdng 1. Hiéu qua gidi chiét Zr(IV) khéi TBP 50%/toluen bang cic dung dich HNO;

Ty 1é Dung dich [Zr], mg/mL Hiéu qua
Vi/ Vo giai chiét Giai chiét | Giaichiét | Giaichiét | giai chiét (%)
[HNOs], M lan 1 lan 2 1an 3
0,05 17,62 1,25 0,0 92,36
0,1 18,97 1,23 0,0 98,87
1:1 0,5 19,78 0,65 0,0 100
8,0 0,79 0,25 0,0 5,09
10,0 0,50 0,15 0,0 3,18
0,05 17,34 2,45 0,0 96,87
0,1 17,63 2,80 0,0 100
2:1 0,5 19,63 0,80 0,0 100
8,0 1,15 0,40 0,0 7,59
10,0 0,91 0,25 0,0 5,68
0,05 17,53 2,25 0,65 100
3:1 0,1 20,18 0,20 0,05 100
0,5 20,28 0,15 0,0 100
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Két qua chi ra ¢ bang 1 cho thdy, Zr(IV)
duogc giai chiét hoan toan khoi pha hitu co
v6i cac diéu kién: ty 16 Vi/V, = 1/1 bang
dung dich HNO; 0,5M; ty 1€ V,/V, = 2/1
bang HNO; 0,1-0,5M va ty 18 V,/V, = 3/1
bang HNO; 0,05-0,5M vdi sb bac giai chiét
toi thiéu tir 2-3 bac dé thu hdi hoan toan
Zr(IV) tro lai pha nudce. Tuy nhién, véi muc
tidu vira gitt dugc nén Zr(IV) ndm chu yéu

trén pha hitu co va giam thiéu sy tiéu hao
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hoa chét, nghia 14 lwong Zr(IV) bi giai chiét
1a it nhét, chung t6i lya chon moéi truong
HNO; 10M lam dung dich rira giai sau khi
chiét vé6i ty 18 thé tich V/V, = 1/1.

3.3. Gian dd MC Cable-Thiele ciia hé
chiét Zr(IlV) - HNO; 8M - TBP
50%/toluen

Hinh 2 biéu dién gian dd MC Cable-Thiele
cua hé chiét Zr(IV) - HNO; 8M - TBP
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Hinh 2. Gian d6 MC Cable-Thiele ciia hé Zr(IV) - HNO; 8M - TBP 50%/toluen

Gian d6 MC Cable-Thiele gdbm c6: duong
can bang ding nhiét & 25+0,5°C khi chiét
Zr(IV) nong dd tir 10-70,26 mg/mL trong
moi truong HNOs; 8M va cac duong lam
vi€e voi ty 1€ Vo/V,= 1/1 va 2/1, cac duong
ndy c6 hé sé goc 1an luot 1a 1 va 1/2. Qua
gian d0 nhan thdy, khi st dung TBP
50%/toluen, twong (g voi cac ty 18 thé tich
Vo/V, = 1/1 va 2/1, dé c6 thé chiét duoc
98,75% luong Zr(IV) ban dau, can thuc
hién 1an luot 3 hodc 2 béac chiét. Vi vy,
trong cac thi nghiém sau ching t6i sir dung
ty 16 thé tich pha VoV, = 2/1 khi chiét
Zr(IV) trong HNO; 8M bing TBP/toluen.
3.4. Khio sat hiéu suét chiét cia cac
nguyén té trong méi truong HNO; bing
TBP 50%/toluen
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Két qua tinh hiéu suit chiét cua Zr(IV) va
mot sd nguyén t6 cua mau dai dién trong
mdi truong HNO; (4-12M) bing TBP
50%/toluen dugc chi ra trén hinh 3. Qua d6
cho théy, khi ting néng do axit, hiéu suit
chiét cua Zr, Hf, Ti, Fe, Sc, V tang con cua
cac nguyén té khac giam, riéng Cd c6 hiéu
suat cuc dai & HNO; 8M. Hiéu suét chiét
cua Zr, Hf rat cao va ting khong dang ké
dat tr (95,56 - 99,69%), Ga, Fe (90,15 -
99,99%), Sc, V (72,28 - 98,04%), Ti, Y,
Ho, Tm, Lu, Cd tur (29,10-80,91%) va cac
nguyén t6 khac c6 hiéu suét chiét rat nho tir
0,01% (Na) dén 5,95% (Pb).
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Hinh 3. Hiéu sudt chiét Zr(IV) va mét sé nguyén t6 trong HNO; (4-12M) bang TBP
50%/toluen

3.5. Nghién ctru tach nén Zr(IV) khéi cac
tap chét dé xac dinh ching bing ICP-MS
Dua vao hiéu suét chiét cua Zr(IV) va mét
s6 nguyén t6 dai dién trong modi trudng
HNO; biang TBP 50%/toluen & trén, chung
t6i tiép tuc st dung TBP 50%/toluen dé
tach Zr(IV) tr hon hop chia (Zr 20,5
mg/mL va 43 ion khac, mdi ion c6 ndng do

0,5 ug/mL) trong moi truong HNO; 8M
theo quy trinh chiét nhu mé ta & phan trén.
Két qua tinh toan luong cac ion bi chiét 1én
pha hitu co va con lai trong pha nudc sau 1
lan chiét bing HNO; 8M va 2-3 lan rua
chiét bang dung dich HNO; 10M dugc chi

ra & cac bang 2a va 2b.

Bdng 2a. Lwong phdn bé ciia cdc tap chdt & hai pha sau 1 lan chiét bang TBP 50%/toluen
trong méi truong HNO; 8M va 2 lan rira chiét bang HNO; 10M

Bi, TI, Mg, Pb,
NiNa, LK. Gd, Tb,
1, 1,
o Dy, Ho, | As, Se -
. Rb, Ca, Sr, Ba, )
Tap chat Er,Yb, | CooMn| Cd | Ti | Fe | Sc \Y% Ga | Hf | Zr
Al La, Ce, Pr,
Cu-Zn, | Lu, Tm
Nd, Sm, Eu, B,
Y
Ag
Pha nudc, % 100 91-94 | 8890 | 76 | 82 | 14 | 09 | 05 | 01 | 06 | 03
. Khong
Pha hitu co, % o 06-09 | 10-12 | 24 | 18 | 86 | 91 95 | 99 | 94 | 97
phat hién
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Bdng 2b. Lwgng phdn bé ciia cdc tap chdt & hai pha sau 1 lan chiét bang TBP 50%/toluen
trong méi truong HNO; 8M va 3 lan rira chiét bang HNO; 10M

Bi, Tl, Mg, Pb,

Ni, Na, Li, K,

Rb, Ca, Sr, Ba,

Al, La, Ce, Pr,

Nd, Sm, Eu, B,
Ag

Co, Cu, Mn,
Lu-Tm,
Yb, Gd, Tb,
Dy, Ho, Er,
Yb-Zn-Y

Tap chit

As, Se

Cd | Ti | Fe Sc | V| Ga | Hf | Zr

95-96-97
Pha nuéc, % 100 o8 94

85 1 90 | 19 | 12 | 07 | 02 | 08 | 04

N . Khong 02-03-04
Pha hiru co, % : 06
phat hién -05

15 110 | 8 | 8 |93 | 98 | 92 | 96

Két qua & bang 2a va 2b cho thiy, khi st
dung TBP 50%/toluen, qua 1 lin chiét
trong mdi truong HNO; 8M va 2-3 14n rira
chiét bang dung dich HNO; 10M, da tach
dugc > 95% hiu hét cac tap chit (35
nguyén t6) ra khoi nén va luong Zr(IV) con
lai chi tir 03-04% s& khong gdy anh huong
dén phép xac dinh cac tap chit bang phép
do ICP-MS, trir mot sd nguyén td nhu Hf,
Ga, V, Sc, Fe, Ti, Cd, As, Se.

4. KET LUAN

1. Da kho st cac diéu kién t6i wu khi chiét
hé Zr(IV) 20,5 mg/mL bang TBP nhu sau:
mdi truong chiét HNO; (8 - 12M); dung
mdi TBP/toluen ndng d6 50%; thoi gian
tiép xtic pha 60 phut, can bang phan pha 30
phut; Dung luong chiét cuc dai cua TBP
50%/toluen 1a 20,43 mg/mL Zr(IV); dung
dich HNO; (8 - 10M) ¢6 kha ning giai chiét
Zr(IV) kém nhét; Gian dd MC Cable-Thiele
cho théy dé chiét duoc 98,75% luong
Zr(IV) bang TBP 50%/toluen can thyc hién
2 hodc 3 bac chiét v6i V/V,= 2/1 hogc 1/1
tuong ung.
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2. Da khao sat hi¢u suét chiét ciia mot sd
nguyén t6 cua maiu dai dién trong moi
truong HNO; 4 - 12M bing TBP
50%/toluen. Két qua cho thy, khi ting
n6ng dd axit, hiéu sudt chiét cua Zr, Hf, Ti,
Fe, Sc, V ting con cua cac nguyén té khac
giam. Hiéu suét chiét cua Zr, Hf rat cao va
ting khong dang k& dat tir (95,56 -
99,69%), Ga, Fe (90,15 - 99,99%), Sc, V
(72,28 - 98,04%), Ti, Y, Ho, Tm, Lu, Cd
(29,10 - 80,91%) va cac nguyén to khac c6
hiéu suat chiét rit nho tir Na (0,01%) dén
Pb (5,95%).

3. Dbi v6i miu nghién ctru chira (Zr(IV)
20,5 mg/mL va 43 tap chit 0,5 pg/mL), sau
1 1an chiét tr HNO; 8M va 2 - 3 lan rira
chiét béng HNO; 10M, da tach duoc trén
95% hau hét cac tap chat va luong Zr(IV)
con lai chi tr 03 - 04% s€ khong giy anh
huéng dén phép xac dinh tap chdt bang
ICP-MS, trir mét sé nguyén t6 Hf, Ga, V,
Sc, Ti, Fe, Cd, As, Se. Hé chiét nay c6 thé
dung dé tach nén Zr rdi xac dinh céac tap
chét trong vat liéu Zr d6 sach cao va sach
hat nhin bang phép do ICP-MS.
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