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NGHIEN CUU TACH ZIRCONI BANG PHUONG PHAP
CHIET DUNG MOI V01 PC8SA/KEROSEN TU MOI TRUGNG HC!
CO MOT SO MUGI BEKAC DINH CAC TAP CHAT BANG ICP-MS

CHU MANH NHUONG
Truong Pai hoc Su pham Thai Nguyén

LE BA THUAN, NGUYEN XUAN CHIEN
Vién Céng nghé Xa hiém, Vién Nang luong Nguyén i Viét Nam

Bai bao trinh bay két qua nghién citu anh hudng cia nong dd HCI va cac mudi NH .NO,,

NaAc, K,SO, khi tach zirconi (Zr) khéi cdc nguyén to khac bang PC88A trong kerosen
Khi st dung moi tru’o’ng HCI 0,1M va cac mdi trudng co NH,NO,, NaAc, K, SO nong do
0,005M qua 6 bac chiét va giai chiét co thé tach dugc trén 95% cac nguyen to va lugng
Zr trong pha nudc con lai khoang 11-19%, khdong gay anh hudng dén viéc xac dinh cac

nguyén td bang ICP-MS, triy mdt sd nguyén té nhv Hf, B, Be, Ag, Ti, Ba, Fe, Pb.
Tir khda: chiét, zirconi, HCI, PC88A, NH,NO,, NaAc, K,SO,, ICP-MS.

SEPARATION OF ZIRCONIUM BY SOLVENT

EXTRACTION WITH PC88A /KEROSENE

FROM HCI AND SALTS SOLUTIONS FOR
DETEMINATION OF IMPURITIES BY ICD-M&

Summary

Investigation of the effects of the HCI acid, NH,NO,,
NaAc, K,S0, salts concentration on separation of
zirconium from other elements with 2-ethylhexyl

phosphonic acid mono-2-ethylhexyl ester (PC88A) in

kerosene as the extractant was carried out. With 6
extraction cycles using 0.1M HCI environment with and
without NH,NO,, NaAc, K,SO, concentration of 0.005M,
higher 95% of most investigated elements can be
separated and Zr remained in water phase about 11-

19%. It was found that with the mentioned amount

of Zr, effect of Zr on the determination of elements

except Hf, B, Be, Ag, Ti, Ba, Fe, Pb by ICP-MS can be
negligible.

Keyword: extraction, zirconium, HCI, PC88A,
NH,NO,, NaAc, K,S0,, ICP-MS.

I.Datvan deé

Zr 1a mot kim loai cé nhiéu d&c tinh co ly
vugt troi, khd nang chéng &n mon va chiu
nhiét cao. Vi vay, kim loai va cac hgp kim cla
Zr dudc sl dung rong rai dé ché tao vat liéu
hat nhan (vat liéu 10 phan (ng, vo boc thanh
nhién liéu) trong 16 phan tng hat nhan. Tinh
uu viét cla vat liéu Zr dudc khéng dinh dua
vao ban chat nguyén té Zr cé tiét dién luu gili
notron nhiét rat nhé (gan nhu nhé nhat), dam
b&o qua trinh trao ddi nhiét thuan Igi trong 16
phan wng. D& cé dudgc tinh uu viét nhu vay,
cac vat liéu Zr phai dam bao co6 do tinh khiét
hat nhan, dac biét la ham lugng cho phép cla
hafni va cac nguyén té c6 tiét dién bat natron
I6n phai rat thap. Vi vay, trong qua trinh san
Xudt cac vat liéu Zr sach hat nhan, can phai
xac dinh ham lugng céc tap chat dé kiém tra
chat lugng cla san pham. Mét sé phuong
phap xac dinh ham lugng cac nguyén t6 tap
chét trong vat liéu Zr nhu: phuong phap phé
hdp thu nguyén ti (AAS) [1]; phucng phap
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kich hoat natron (NAA) [2]; phudng phap phd huynh
quang tia X (XRF) [3]; phuong phap AES ngon Ia
[4]; phuong phap ICP-AES [5].

DPac biét, hién nay phudng phap ICP-MS dugc su
dung réng rai dé xac dinh nhiéu nguyén t6 kim loai
(6, 7, 8, 9]. ICP-MS la phuong phap phéan tich hién
dai, cho phép xac dinh dong thdgi lugng vét hon 70
nguyén td tu Li dén U véi do nhay va do chon loc réat
cao (gidi han phat hién thap tu ppb-ppt déi vdi tat ca
cac nguyén t8) trong cac nén mau Ién. Tuy nhién,
khi nén mau qua I6n thi két qua xac dinh ham lugng
cac nguyén td theo phudng phap ICP-MS sé khong
dam béo do chinh xac. Do do, trudc khi xac dinh
cac tap chat trong cac vat liéu Zr sach hat nhan
bang ky thuat ICP-MS, can phai tach bd lugng 16n
nén Zr va cac tap chat ra khéi nhau. Viéc tach Zr ra
khdi cac nguyén t6 khac c6 thé dudc thuc hién theo
nhiéu phuong phap khac nhau, tuy nhién phucng
phap chiét dung méi trong méi trudng axit vdi cac
tac nhan chiét nhu TTA, MIBK, TBP, D2EHPA,
Cyanex 272... dugc sU dung rat uu viét va cé nhiéu
trién vong [10]. Mot trong s6 cac tdc nhan chiét
hién dai la PC88A chua dugc sl dung nhiéu trong
nghién cuu chiét tach Zr khoi cac nguyén td khac.
Tac nhan PC88A (Di-2-(etylhexyl) photphonic axit)
c6 cong thiic cau tao nhu sau [10]:

CoH,
CHaCHCH2CHCHCH e
CHECHZCHZCHZCHCHz-O/p\‘OH

CzHg

Trong bai bao nay, chdng t6i nghién ctu anh
hudng cla nong dé HCI va cac mudi NH,NO,,
NaAc, K,SO, dén kha& nang tach Zr khéi cac tap
chét khac bang phuang phap chiét dung méi vdi tac
nhan PC88A trong kerosen va xac dinh chiing bang
phuong phap ICP-MS.

I1. Vat liéu va phuong phap nghién ciiu
1. Héa chat, dung cu va may moc

- Dung dich chuén Zr, Hf, Ti (1.000 yg/mL) va
chudn gém 23 nguyén t8 (Ag, Al, B, Bi, Ba, Ca,
Cd, Co, Cr, Cu, Fe, Ga, In, K, Li, Mg, Mn, Na, Ni,
Pb, Sr, Tl, Zn) 100 ug/mL; PC88A, HCI 36,5%, H,O
18 MQ!, kerosen, cac mudi khan NH,NO,, NaAc,
K,SO,. Cac hoa chat trén trén déu cé do tinh khiét
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clia Merck.

- May khé&i phd plasma cam ting (ICP-MS) Aligent
7500a - My, micropipet va cac dung cu thudéng dung
trong phéan tich.

2. Phuong phap nghién cuu
Nghién ctiu dnh hudng ctia néng dé HCI

Chuén bi 10 ml dung dich gém 26 nguyén t8,
néng dé mdi nguyén t8 la 1 pg/mL trong moi trudng
HCI & cac néng dé 0,1; 0,5; 1,0 va 1,5M. Cac dung
dich nay dugc dung lam pha nudc khi nghién ctu
anh huéng cta nong do axit. Ti€n hanh pha ché
dung dich PC88A néng dd 103M trong kerosen va
st dung lam pha h{iu cg khi ti€n hanh nghién ctu
chiét tach Zr.

Nghién ctu dnh hudng cla néng dé cdc mudi
NH,NO,, NaAc, K,SO,

Chuén bi 5 phéu chiét, Idy vao méi phéu 10 mL
PC88A 10°M trong kerosen, tiép tuc thém vao lan
lugt cac phéu: 0,5; 1,0; 5,0; 7,0 mL dung dich muéi
NH,NO, hoac NaAc hoac K,SO, nong doé 0,1M.

L&y 5 céc khac, thém vao méi céc 1 mL dung dich
chitia 26 nguyén t6 néng dé 10 pug/mL, 1 mL dung
dich HCI 1M. Lan lugt thém vao 8,0; 7,5; 7,0; 3,0;
1,0 mL nudc cat siéu tinh khiét. Chuyén cac dung
dich nay vao cac phéu chiét tuong (ing & trén. Nhu
vay, trong mbdi hé chiét, néng do clia mdi nguyén té
la 1 ug/mL va clia mdi mudi lan lugt 1a 0; 0,005; 0,01;
0,05; 0,07M.

Quy trinh chiét va xac dinh cdc nguyén té

Trong mdi hé chiét: ty 1& thé tich pha nudc va hiiu
cd la 1/1; thai gian l&c 30 phut; thai gian can bang
15 phuat. Sau khi can bang tach I8y phan nudc cai
va co can 1an 1. Tiép tuc ¢6 can 1an 2 v6i 5 mL hdn
hgp (HNO, 25% va HCIO, 20%). Cubi cung dung
HNO, 0,3M dinh mic dén 10 mL va do trén may
ICP-MS Aligent 7500a. Cac két qua xac dinh néng
do dugc dung dé tinh hiéu suat chiét (%Ex) va danh
gia kha nang tach Zr khoi cac nguyén t6 khac.

IIl. Két qua va thao luan

1. Anh huéng cta néng dé HCI, PC88A 10°M/
kerosen

Két qua dugc chi ra trén hinh 1 va bang 1.
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Hinh 1: &nh huéng cta néng dé HCI (0,1-1,5M) dén hiéu sudt
chiét Zr va cdc nguyén té
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Trong khoang nong dé khao sat ctia HCI tu 0,1
dén 1,5M, nhan thay gia tri hiéu suat chiét clia Zr dat
dugc rét cao (khodng 98%) va gan nhu khéng doi
khi tang néng do axit. Hau hét cac nguyén t6 khac
cling cé hiéu suat chiét tang va dat gia tri cao nhat
khi néng do HCI la 1M (tri Fe, Ti bi giam chiét khi
tdng ndng do axit). Tai nong dé HCI 0,1M cho thay,
hiéu suat chiét Zr rat cao, con da sé cac nguyén
t0 khac khéng cao, do dé trong cac thi nghiém ti€p
theo, chung t6i chon méi trudng axit HCI 1a 0,1M.

Bang 1: lugng cac nguyén té bi méat va con lai khi chiét

béng méi trudng HCI 0,1M - PC88A 10°M/kerosen
(qua 6 bac chiét va giai chiét)

Nguyén t6 | Li, Cr, Mn, Co, Ni, | Mg, Ca | Al | Pb|Be, | Ti | Fe | Ag | Hf |2Zr

Cu, Ga, Sr,Cd, | Zn,Bi B,

In, Ta Ba
Con lai, % 100 99 98 | 97 | 96| 95| 81 | 51 | 46| 14| 11
Bj mét, % 19 | 49 | 54 | 86 | 89
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Nhu vay, sau 6 bac chiét va giai chiét bang mai

trusng HCI 0,1M, c6 thé tach dugc gan nhu hoan
toan cac tap chat (trén 95%) va lugng Zr con lai
trong pha nuéc khodng 11% sé khong gay anh

hudng dén viéc xac dinh cac tap chat bang phudng
phap ICP-MS (trtt mot s6 nguyén t6 nhu Hf, Ag, Fe,

Ti).

2. Anh hudng cta néng dé NH,NO,, méi truong
HCI 0,1M, tac nhan PC88A 10°M/kerosen

K&t qua dudc chi ra trén hinh 2 va bang 2.
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Hinh 2: &nh hudng cla NH,NO, (0-0,07M) dén hiéu suat
chiét Zr va cdc nguyén t6
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Béng 2: lugng cdc nguyén té bi mat va con lai khi chiét
bdng méi tridng HCI 0,1M-PC88A 10°M + NH ,NO, 0,005M
(qua 6 bac chiét va giai chiét)

Nguyén t6 | Li, Mn, Co, Mg, Zn Ca Pb,Cr Fe,Ba Al Be B |Ag |Hf |Zr
Ni, Cu, Sr, Ti,
Cd, In Ga,
Bi
Con lai, % 100 99 98 | 97 95 93 70 | 51 | 31| 45| 14| 12
Bi mat, % 07 30 49 69 | 55 | 86 | 88

Qua 6 bac chiét va giai chiét bang moi trudng
NH,NO, 0,005M + HCI 0,1M, c6 thé tach dugc gan
nhu hoan toan cac tap chat (trén 95%) va lugng Zr

con lai trong pha nudc khodng 12% sé khong gay
anh hudng dén viéc xac dinh da s6 tap chat bang

phuong phap ICP-MS (trii mét s6 nguyén to nhu Hf,

Ag, B, Be, Al, Fe, Ba). Nhu vay, khi c6 mat NH,NO,
cling cho kha nang tach Zr khoi cac nguyén to khac

gan tuong ty nhu khi chua c6 mudi, tuy nhién, tap

chét Ti lai c6 thé dudc tach gan nhu hoan toan khoi
Zr.

3. Anh huéng ctua muéi NaAc, méi truoéng HCI
0,1M, tac nhan PC88A 10°M/kerosen

K&t qua dudc chi ra trén hinh 3 va bang 3.
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Hinh 3: dnh hudng cla NaAc (0-0,07M) dén hiéu suat chiét Zr
va cac nguyén té
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Béng 3: lugng cac nguyén té bi mat va con lai khi chiét
bang méi trudong HCI 0,1M-PC88A 10°*M + NaAc 0,005M
(qua 6 bac chiét va giai chiét)

Nguyénté | Li, Mg, Ti, Cr, Ca, Bi | Zn | Ba Fe, Al | Be B | Ag | Hf |Zr
Mn, Ga, Tl Pb
Co, Ni, Cu, Sr,
Cd, In
Con lai, % 100 99 98 | 96 | 94 | 93 70 | 64 | 61 | 34 | 15| 19
Bi méat, % 07 30| 36 | 39 | 66 | 85| 81

V&i moi trudng chiét c6 mat NaAc, s6 nguyén to
bi gidm chiét nhiéu hon moéi trudng NH,NO,; ngoai
Fe, Ti con c6 Al, Mg, Ca, Cr ciing bi giam chiét.
Nhu vay, trong moi trudng chiét c6 NaAc 0,005M
da gay giam chiét manh cho mot sé nguyén t6 ma
cac nguyén té nay cé hiéu suét chiét I6n trong moi
trudng khong cé mudi, do dé lam tang kha nang
tach Zr khéi cac nguyén td khac. Qua 6 bac chiét
va giai chiét bang méi trudng NaAc 0,005M + HCI
0,1M bang PC88A 10-3M/kerosen, cé thé tach dugc
gan nhu hoan toan cac tap chat (trén 95%) va lugng
Zr con lai trong pha nudc khodng 19% sé khong
gay anh hudng dén viéc xac dinh céac tap chat bang
phuang phap ICP-MS (trii mot s6 nguyén t6 nhu Hf,
Ag, B, Be, Al, Fe, Pb).

4. Anh hudng cia K,SO,, méi truong HCI 0,1M,
tac nhan PC88A 10°M/ kerosen

K&t quéa dudc chi ra trén hinh 4 va bang 4.
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Hinh 4: &nh hudng cla K,SO, (0-0,07M) dén hiéu suét
chiét Zr va cac nguyén té



Bang 4: lugng cdc nguyén t6 bi mat va con lai khi chiét trong
méi truong HCI 0,1M-PC88A 10°M + K,SO, 0,005M
(qua 6 bdc chiét va giai chiét)

Nguyén Li,Mn, Co,Ni, | Mg,Ca,Al, [ Zn | Cr, |Fe |B |Be |Ag | Hf | Zr
0] Cu, Ga, Sr,Cd, In | Ti, Tl, Bi Ba, Pb

Con lai, % 100 9 9| 97 | 96|60 5|35 |15]11

Bi mat, % 40| 42 165|85|89

Chung t6i nhan thay, & nong do K,SO, 0,005M,
Zr va Hf van dat hiéu suét chiét cao gan 98%, trong
khi cac nguyén t6 Ti, Fe, Al, Mg, Ca, Ni, Co, In, Bi,
Ga va Sr bj gidm chiét.

Nhu vay, sau 6 bac chiét va giai chiét trong moi
trusng HC1 0,1M biéing PC88A c6 K,SO, 0,005M, c6
thé tadch dugc gan nhu hoan toan céc tap chat (96-
100%) va lugng Zr con lai trong pha nuéc khoang
11% s& khong gay anh hudng dén viéc xac dinh
céac tap chat bang phuang phap ICP-MS (trtf mét s6
nguyén té nhu Hf, Ag, B, Be).

IV. Kétluan

- Khi sf dung tdc nhan PC88A 10-*M/kerosen va
moi trudng HCI 0,1M qua 6 bac chiét va giai chiét
cé thé tach dudc trén 95% cac nguyén t6 va lugng
Zr con lai khodng 11% khong gay &nh huéng viéc
xac dinh cac nguyén t6 bang phuong phap ICP-MS
(trtt mét s6 nguyén t6 nhu Hf, Ti, B, Be, Ag, Pb,
Fe).

- Da khdo sat anh hudng clia mot s6 mudi dén
kha nang tach Zr va cho thay: véi méi trudng HCI
0,1M c6 NH,NO, hoac NaAc hodc K,SO, nong do
0,005M qua 6 bac chiét va giai chiét thi co thé tach
dudc trén 95% cac nguyén to khoi Zr va lugng Zr con
lai trong pha nudéc khoang 11-19% sé khoéng gay anh
huédng viéc xac dinh cac nguyén td bang phudng
phap ICP-MS (trti mot s& nguyén t6 nhu Hf, B, Be,
Ag, Ba, Al, Fe, Pb) m
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