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Tom tiit:

Bai bao gi6i thiéu cac két qua nghién ciru kha ning chiét Zr(IV) bang tributyl photphat (TBP) théng qua phd
hdng ngoai va pho tir ngoai ciia mudi Zr(IV), dung méi TBP-toluen va phirc Zr-TBP-toluen. Két qua nghién ctru
ciing chi ra anh hwéng cia nong do HNO, dén hiéu suit chiét Zr(IV) va cac nguyén té tap chit khac bang TBP
trong toluen. Vi hé chiét (Zr(IV) 20,5 mg/ml va cac tap chit), khi sir dung dung mdi TBP 50%/toluen, qua 1 lin
chiét trong méi trwomg HNO, 8M va 2-3 14n giii chiét bing méi trwong HNO, 10M, di tach va thu hdi dugc (95-
100%) ham lwgng ciia hiu hét cic nguyén t6 tap chit va lwong nén Zr con lai trong pha nuéc tir 3-4% sé khong
gy anh hwéng dén phép xac dinh cac nguyén to tap chit bang ICP-MS. Hé chiét nay c6 kha niing ing dung cao
vao quy trinh tach Zr(IV) va xéc dinh tap chit trong cac vt li¢u zirconi dd sach hat nhan va d¢ sach cao bang

phép do ICP-MS.
Tir khéa: HNO, ICP-MS, tich, tap chit, TBP, Zr(IV).

Chi s6 phén logi: 1.4

Cac vat liéu Zr d6 sach cao va sach hat nhan, mac du c6
d6 tinh khiét rat 16n nhung chung van chira nhiéu tap chit
v6i ham lugng khac nhau va gay hai dén céc tinh chat quy
béu cia Zr, nhit 1a tap chét c6 tiét dién bét notron nhiét lén
nhu Hf, B, Cd, Gd, Sm [1]. Vi vay, viéc kiém tra danh gia
chat lwong céc vat lidu Zr d6 sach cao va do sach hat nhan
1a van @& duoc cac nha hoa hoc trén thé gi6i ciing nhu &
Viét Nam déac biét quan tam.

Phuong phép chiét dung moi (hay chiét long - 1ong)
thuomg dugc str dung dé tach nguyén t6 nén Zr va cac
tap chét khac bang mot sd tac nhan chiét nhu PC88A,
D2EHPA, TBP... trong mo6i truong axit [2-11].

Biswas va cong sy da sir dung cac tdc nhan D2EHPA
dé chiét tach Zr [1]. R. Reddy va cong su di nghién ciru
chiét Zr bang Cyanex 272, PC88A va LIX-84-IC [2-4].

TBP 1a mot tiac nhan chiét solvat cing véi cac tac
nhan khac nhu TPPO, PC88A, D2EHPA da va dang dugc
danh gia 1a c6 nhiéu trién vong trong nghién ctru chiét
tach va tinh ché Zr [5-7, 9-11]. TBP c6 cong thirc phén tir
(C,H,0),PO va cong thirc céu tao nhu sau [8, 10]:
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Trong bai bao nay, chiing t6i da nghién ctru danh gia
dugc kha ning chiét Zr(IV) bang tac nhan TBP thong qua
viéc ghi do phd hong ngoai, tir ngoai ciia mudi, dung moi
chiét va phuc chiét duoc; lya chon méi trudng axit va s6
lan chiét, giai chiét phii hgp nham tach nén Zr va cac tap
chat ra khoi nhau cao nhét, dap tmg duoc yéu cau cua phép
phan tich xac dinh tap chat bing ICP-MS.

Vat liéu va phuong phap nghién ciiu
Héa chit, dung cu va mdy méc

Mubi Zr(IV) ran, dung dich chuin don tig nguyén
t6 Zr(IV), H(IV), Ti(IV) (1000 pg/ml) va chuan hdn hop
gdm 23 nguyén t6 (Ag, Al, B, Bi, Ba, Ca, Cd, Co, Cr, Cu,
Fe, Ga, In, K, Li, Mg, Mn, Na, Ni, Pb, Sr, T1, Zn) 1000 ng/
ml; chuan 14 nguyén t6 dat hiém 1000 pg/ml; HNO, 65%;
HCIO, 70%; tac nhéan chiet TBP va toluen. Cac hoa chat
trén déu c6 do tinh khict phan tich ctia hang Merck (Purc).
H,0 ct siéu tinh khiét 18MQ.
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Abstract:

The capability of Zr(IV) extraction by tributyl
phosphate were examined by infrared spectrum and
ultraviolet spectrum of Zr(IV), TBP-toluene, and Zr-
TBP-toluene. Investigation on the effects of the acid
concentration on solvent extraction of zirconium and
other impurities from HNO, acid with TBP diluted
in toluene as the extractant was carried out. With
the (20.5 mg/ml Zr(IV) and impurities) system, using
50%TBP/toluene with 1 extraction cycle using 8M
HNO, environment, and 2-3 back-extraction cycles
using 10M HNO,, (95-100%) of most investigated
elements can be separated, and Zr(IV) remained in
aqueous phase was just about 3-4%. It was found
that with the mentioned amount of Zr(IV), the effect
of Zr(IV) on the determination of almost elements by
ICP-MS can be negligible. This extraction system can
be used for separation proceduce of the matrix and
determination of impurities in materials of nuclear
grade and high purity zirconium by using ICP-MS.

Keywords: HNO, ICP-MS, impurities, separation, TBF,
ZrV).

Classification number: 1.4
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Méy quang phd hdong ngoai FT/IR (Affinity - 1S,
Shimadzu) va may quang phé UV-Vis (V-630, Serial No.
C354161148) lép dat va van hanh tai Khoa Hoa hoc -
Truong Pai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia
Ha Noi. Méy khdi phd plasma cam tmg (ICP-MS) Agilent
7500a - My, micropipet va cac dung cu thuong dung trong
phén tich thé tich.

Phuwong phap nghién ciru

Nghién citu phé hong ngoai va tir ngoai ciia dung dich
mudi, dung méi chiét va phirc chat chiét dge: Nghién ciru
phd hong ngoai (IR) va tir ngoai (UV) nham danh gia kha
nang chjét Zr(IV)V trong moi truong HNO, bang tac nhan
TBP. B¢ chup pho IR, cac mau 16ng dugc tao thanh mang
trén vién KBr va ghi do trong ving tan s6 tir 4000-400
cm'. Pé chup phd UV, ban dau ghi do dudng nén baseline
ctia dung méi (etanol), sau d6 ghi do phd cac mau véi 1
cuvet chira nén va 1 cuvet chita mau do trong ving tan sd
tur 200-800 nm.

Nghién ciru lya chon dung dich gidi chiét: Pha nuéc
chira Zr(IV) 20,5 mg/ml trong HNO, 8M. Pha hitu co 1a
TBP 50%/toluen. Cac dung dich giai chiét 1a HNO, (0,05-
10M).

Nghién ciru dnh hudng ciia nong dé HNO,: Chuan bi
pha nudc 1a cac dung dich chtra Zr(IV) 20,5 mg/ml va
cac nguyén t6 tap chat; ndng d6 mdi tap chat 1a 0,5 pg/
ml trong moéi truong I,{NO3 c6 ndng do ting dan tir 4 dén
12M. Dung moéi chiét chira TBP 50% pha lodng trong
toluen dugc dung lam pha hitu co khi chiét Zr(IV) va cac
nguyén to tap chat khac.

Quy trinh chiét va xdc dinh cac nguyén té: Trong mdi
hé chiét, ty 1¢ thé tich pha nuéc va hitu co 1a 1/1, thoi gian
lic 30 phut, thoi gian can bang 15 phut. Sau khi can bang
tach 1y phan nudc cai va c¢o can lan 1. Tiép tuc c6 can
1an 2 véi 5 ml hdn hop (HNO,25% va HCIO, 20%). Cudi
cung dung HNO, 0,3M dinh mtrc dén 10 ml va do trén
may ICP-MS Agilent 7500a. Céac ket qua xac dinh nong do
dugc dung dé tinh hidu suat chiét (%Ex) va danh gia kha
nang tach Zr ra khoi cac nguyén t6 khac.

Két qua va thao luan

Nghién ciru khd nang tao phirc ciia Zr(IV) voi TBP
bing phé hong ngogi va tir ngogi

Phé hong ngoai IR:

Dé danh gia sy tao phirc ciia Zr(IV) va TBP, chung toi
tién hanh ghi pho IR ciia Zr(IV), TBP-toluen va Zr-TBP-
toluen, két qua dugc chi ra trén hinh 1.
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Hinh 1. Phé IR cta Zr(1V) (a), TBP-toluen (b) va Zr-H NO,-
TBP-toluen (c).

Trén phd IR cua dung dich Zr(IV), xuit hién tin sb
3401,11 em™, do la vung dao dong hoa tri nhém -OH (lién
két hydro) cta H,0O; tan s6 1635,53 e’ 'a vung dao dong
dac trung cua nhom -NO, [7]; Vung tan s6 1385,89 cm’!
duoc quy gan cho dao dong ddng mat phang cua nhoém
-OH; viing tan s6 1303,38 cm™ dugc quy gan cho dao dong
bién dang ctia nhom -OH. Con vung tan s6 484,41 cm! dic
trung cho dao dong cua ion Zr*".

Phé IR ciia TBP-toluen c6 tin s6 3487,17 cm™ 14 ving
dao dong hoa tri cia nhém -CH va cac tan s6 2960,77;
2875,13 ¢cm™ 1a ving dao dong cua nhom -CH, trong
toluen; dao dong 1464,80 cr ! dac trung cho nhom -CH
cia toluen. Tan sb 1272,60 cm™ dic trung cho nhom
-P-O...H sinh ra do lién két giira nhém -P=0 ctua TBP va
-H cua nhom -CH, trong toluen. Tén sb 1027,54 cm™ dac
trung cho dao dong cua nhém -P=0 tu do trong TBP. Cac
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tan sb 542,64; 439,80 cm™! dic trung cho dao dong cua
nhom -C=C- trong nhan thom cua toluen.

Nghién ctru phd IR cua phirc chiét Zr(NO,),-HNO.-
TBP-toluen thdy xudt hién cac dao dong 1208,43 va
1168,93 cm™! 1a do duogc tach ra tir vung 1272,60 cm™ ¢
trong dung moi chiét TBP-toluen, diéu nay chimg t6 c6
su lién két cua ion Zr** véi nhém -P=0 (hoaflc -P-O...H)
cua TBP. Bic biét, vung dao dong 1635,53 cm™! ctia nhém
-NO, trong Zr(NO,), bi mat hoan toan va chuyén thanh 2
dao dong 1646,37 va 1564,87 cm™' trong phtic chat chiét
dugc. Ngoai ra, ving 1027,54 cm™! dédc trung cho nhém
-P=0 cua TBP di chuyén dich thanh 1036,24 cm™ trong
phtre chit chiét. Cac van dic trung ciia nhém —C=C— va C

-CH, chuyén dich 16n tir ving 439,80 - 908, 81 cm! trong
dung moi chiét vé ving 466,85 - 945,81 cm™'. Tir d6 cho
thay da c6 su twong tac manh giita ion Zr*" véi nguyén tir
O ctia nhém -P=0 trong TBP, nghia la tic nhan TBP c6 kha
nang tao phirc manh VO’l ion Zr** trong moi truong HNO, va
phirc nay dugc chiét tot vao pha hitu co.

Su dich chuyén cac budc song cua dung dich mudi,
dung modi chiét va phtc chat chieét ¢ trén dugc trinh bay
trong bang 1.

Bang 1. Phd IR cta Zr(1V), TBP-toluen va Zr-HNO,-TBP-
toluen (don vi cm™).

Uy, U7y Oy Bag By Gy Voctm Vo,
IIV) 163553 48441
TBP-toluen 102754 127,60 348717 296077, 542,64, 908,81
W13 43980
ZrHNO- 164637, 46685 103624 1301,98 296370, 54383, 94581

TBP-toluen 156487 WI654 46685

Phé tir ngoai UV:

Dé 1am 6 thém kha ning tao phtc cia Zr(IV) voi TBP,
ph6 UV cua Zr(IV), TBP-toluen, Zr-HNO, 8M-TBP-toluen
cling da dugc ghi do va dugc chi ra trén hinh 2.

Trén phd UV ciia dung dich Zr(IV) xuét hién 2 cuc dai
o bude song 237,5 va 300 nm dac trung cho ion Zr*. Con
trén phd UV cia TBP-toluen xuét hién 4 cuc dai & 222,5;
256; 256,5 va 269 nm. Tuy nhién, trén phd UV cua phuc
Zr-TBP-toluen, cac pic xuat hién trong Zr(IV) va dung
moi TBP-toluen ¢ xu hudng giam cuong do hodc mat han.
Do 1a pic 237,5 nm cua -NO, trong Zr(IV) bi giam cuong
dd va cac cuc dai 222,5; 300 nm ciia TBP-toluen bi mat
héan khi di vao phtrc chat. Cac cuc dai 256; 262,5; 269 bi
giam cudng d6 rat manh. Cac sy chuyén dich ¢ trén 1a do
¢6 su tao phirc Zr(IV) voi TBP va két qua nay co sy phu
hop véi phd hong ngoai.
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Hinh 2. Phé UV cta Zr(IV) (a); TBP-toluen (b) va Zr-
HNO,-TBP-toluen (c).

Tir cac phd IR va UV cho thay, ¢ su tao phitc manh
clia ion Zr*" v6i dung méi chiét TBP-toluen trong moi
truong HNO, 8M. Noi mét cach khac, trong mdi truong
HNO, 8M, tac nhan TBP da tao phirc manh véi Zr** va
phtre tao thanh dwoc chiét tot 1én pha hitu co.

Nghién civu khd néng gidi chiét nén Zr(IV) ra khoi
pha hitu co TBP 50%/toluen

Két qua nghién ctru gidi chiét nén Zr(IV) bang mot sb
tac nhan dugc thé hién trong bang 2.

Bang 2. Hiéu qua giai chiét Zr(IV) (%) ra khéi TBP 50%/
toluen bang dung dich HNO, (0,05-10M).

Tyl Duns dich i {Zxl, mg/ml Hiu qué gidi
vy CMCCIHNOL o cnide  Giaichidt  Gidi chidt chiét, %
o il lin I lin 2 lin 3
0,05 17,62 125 0,0 92,36
0,1 18,97 1,23 0,0 98,87
111 05 19,78 0,65 0,0 100,0
80 0,79 025 0,0 5,00
10,0 0,50 0.15 0,0 3,18
0,05 17,34 245 0,0 96,87
0,1 17,63 2,80 0,0 100,0
21 05 19,63 0.80 0,0 100,0
8,0 1,15 0,40 0,0 7,59
10,0 091 0.25 0,0 5,68
0,05 17,53 225 0,65 100,0
31 0,1 20,18 0.20 0,05 100,0
0,5 20,28 0,15 0,0 100,0

Theo két qua & bang 2, Zr(IV) duoc giai chiét hoan
toan vao pha nudc voi diéu kién: Ty I¢ V/V, = 1/1 véi
dung dich giai chiét HNO, 0,5M; ty 1¢ V./V. = 2/1 v6i dung
dich giai chiét HNO, 0,1-0,5M hodc ty 1¢ V/V. = 3/1 voi
dung dich giai chiét HNO, 0,05-0,5M va can tdi thiéu tir
2 dén 3 bac giai chiét dé thu hoi hoan toan Zr(IV) tir pha
hitu co. Cac dung dich HNO, 8-10M ¢ ty I¢ V/V = 1/1
hodc 2/1 déu co6 hi€u qua giai chiét Zr(IV) la thap nhat.
Két qua nay co sy phu hop véi nghién ctru dugc chi ra
o tai licu [8]. Vi vay, véi muc ti€u tach ciu tir da lugong
1a Zr(IV) bang cach giir Zr(IV) chi yéu trén pha hitu co,
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can lua chon dung dich véi hiéu qua giai chiét Zr(IV) 1a
thip nhat. Theo tiéu chi d6, bién phap dugc dé xuat dé giir
Zr(IV) nam chu yéu trén pha hiru co 1a str dung cac dung
dich HNO, 8-10M d¢ rira chiét pha hitu co.

Anh hwéng ciia nong do HNO, dén higu sudt chiét
Zr(IV) va cic nguyén té bang TBP 50/ /toluen

Anh huong cua nong do HNO, dén hiéu suit chiét
Zr(IV) va cac nguyén to bang TBP 50%/toluen dugc thé
hién & hinh 3.

Ex
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Hinh 3. Anh huéng ctia ndng do HNO, dén hiéu suat chiét
Zr(IV) va cac nguyén to khac bang TBP 50%/toluen.
A - hiéu suat chiét clia cac nguyén t6 (Zr, Hf, Tm, Yb, Lu,
Fe,Y, Ti); B- hiéu suat chiét clia cac nguyén 6 (Bi, Zn, TI,
Mg, Pb, Cu, Co, Ni); C- hiéu suat chiét clia cac nguyén
6 (Mn, Na, Li, K, Rb, V, Ca); D- hiéu suat chiét clia cac
nguyén t6(Sr, Ba, Sc, Ga, As, Se, Al); E- hiéu suat chiét clia
cac nguyén t6 (La, Ce, Pr, Nd, Sm, Eu); F- hiéu sudt chiét
clia cac nguyén t6 (Gd, Tb, Dy, Ho, Er, Cd, B, Ag).

Két qua chi ra trén hinh 3 cho théy, khi ting n6ng do
HNO,, hi¢u sudt chiét Zr(IV), Hf(IV) dat dugc rat cao
(ttr 95 56 den 99,69%) va kha 6n dinh khi ting ndng do
HNO,. Mot s6 nguyén té duogc chiét kha cao nhu Fe(IH)
Ti, V Ga, Sc, Y, Tm, Yb, Lu; mot s c6 hiéu suat chlet
trung binh nhu Cu, Co, Zn, Mn, Cd, Se, As va hi¢u suét
chiét cuacac nguyén t6 con lai 1a kha nho. Voi moi truong
HNO, 8M, hi¢u suat chiét Zr(IV) dat 99%, Hf(IV) dat gan

98%, Ga (99,99%), Sc, V (97-98%), Fe(1ll) dat gan 95%,
Cd (62%), Ti (56%), Mn, As, Se (46-50%), Y, Tm, Yb, Lu,
Gd, Tb, Dy, Ho, Er (38-46%), Cu, Co, Zn (27-32%), Ag
(9%) va cac nguyén t6 con lai cé hiéu suat chiét kha nho
(dudi 1%). Dac biét, khi néng do HNO, = 10M, hi¢u suét



chiét cua Zr(IV) van tiép tuc tang nhe, trong khi hi¢u sudt
chiét ciia hau hét cac nguyén t6 con lai déu bi giam kha
manh. Dya trén két qua nay, chung toi d& xuat chon céac
dung dich HNO, co nong d6 > 10M lam méi truong dé ria
chiét cac nguyén to khac tir pha hitu co tr¢ lai pha nudc
nhim tach ching ra khoi nén Zr.

Cin ctr vao két qua giai chiét nén Zr(IV) ra khoi pha
hiru co TBP 50% toluen & phan trén, chiing t6i chon dung
dich HI}IO3 10M dé rira chiét tir 2-3 1an cac nguyén’ t6 sau
khi chiét hé chtra (Zr(IV) 20,5 mg/ml + 43 tap chat, moi
tap chat 0,5 pg/ml) trong mdi truong ’HN03 8M. Két qua
xac dinh Iuvgng phan bo cac nguyén to trong pha nudc va
pha hitu co sau khi chiét, rira chiét bang ICP-MS dugc chi
ra & bang 3 va 4.

Bang 3. Lugng phan bd cac nguyén td 6 hai pha sau 1 lan
chiét trong HNO, 8M bing TBP 50%/toluen va 2 lan rira
chiét biang HNO, 10M.

Tap chitva Bi,Tl, Mg, Pb, Gd, As,Se, Cd Ti Fe S¢ V Ga Hf Zr
nenZr  Ni,Na,Li K, Tb,Dy, Co,Mn,

Rb,Ca,Sr,  Ho,Er, Lu,Tm

Ba,Al, La, Ce, Yb, Cu,

Pr,Nd,Sm,  Zn,Y

Eu, B, Ag
Pha nuéc, % ~ 100 91-94 8890 76 8 14 09 05 01 06 03
Phabit— Khong o0 jop 24 18 86 91 95 9 o4 97
0, % phat hi¢n

Bang 4. Lugng phan bd cac nguyén to & hai pha sau 1 lan
chiét trong HNO, 8M bang TBP 50%/toluen va 3 lan riia
chiét bang HNO, 10M.

Tap chit va Bi, T, Mg,Pb, Co,Cu, As, Cd Ti Fe Sc¢ V Ga Hf Zr
nénZr  Ni,Na,Li K, Mn,Lu, Se

Rb, Ca, Sr,Ba, Tm, Yb,

Al La, Ce,Pr,  Gd, Th,

Nd, Sm, Eu, Dy, Ho, Er,

B,Ag Yh,

In,Y
Pha nudc, % =100 9596-9798 94 85 90 19 12 07 02 08 (4
Pha hitu c0, % Kh‘ﬁ‘ignphat 02030405 06 15 10 81 88 93 98 92 9

Nhu vay, khi st dung dung méi TBP 50%/toluen dé
chiét hé chta (Zr(IV) 20,5 mg/ml va 43 tap chét, mdi tap
chét 0,§ ug/ml), sau 1 lan chiét trong HNO, SM va2-3 lan
rua chiet bang HNO, 10M, ¢6 thé tach dugc gﬁq nhu hoan
toan (trén 95%) ham lugng cua 22-34 nguyén to va lugng
Zr con lai trong pha nudc 1a rat nho, chi tir 3-4% lugng ban
dau s& khong giy anh huong dén phép xac dinh cac tap
chat nay bang ICP-MS. Do d6, khi sir dung dung moi TBP
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50%/toluen da cho kha ning tach nén Zr rat tot vi mirc do
tach dat 96-97%. Tuy nhién, hiéu qua thu hdi va xac dinh
céc tap chit bang ICP-MS 1a chua cao dbi voi mot sb tap
chét nhu Hf, Ga, V, Sc, Ti, Fe, Cd, As, Se.

Théng qua phd IR, UV cua Zr(IV), TBP-toluen va Zr-
HNO,-TBP-toluen da cho thiy tac nhan chiét co kh’é néng
tao phtrc manh véi ion kim loai va tao ra phtrc chat chiét
duoc [én pha hitu co.

Nghién ctru cac dung dich giai chiét pha hitu co cho théy,
dung dich HNO, 10M c6 kha nang giai chiét Zr(IV) 1a kém
hon va 1a sy lya chon phu hop nhat cho phép giai chiét.

Khi str dung TBP 50%/toluen trong méi truong HNO,
8M qua 1 lan chiét va 2-3 1an giai chiét bang HNO, 10M,
da tach dugc kha nhiéu cac tap chat (95-100%) va luong
Zr(IV) con lai trong pha nudc chi con 3-4% s€ khong gay
anh huong va phép xac dinh cac tap chat bang ICP-MS 1a
thuc hién dugc vdi do chinh xac va tin cay cao.
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