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CHIET LONG-LONG ZIRCONI(IV) BANG TAC NHAN AMIN BAC CAO
CTAB/n-HEXAN TU MOI TRUONG AXIT SUNFURIC

Chu Manh Nhuong®*, Nguyén Thi Anh Tuyét?, Nguyén Vin Qué?
YTruong Dai hoc Sw pham - DH Thdi Nguyén,
2Truong Dai hoc Y Duoc - PH Thai Nguyén

TOM TAT
Bai bao trinh bay két qua nghién ctru cac diéu kién anh huong dén d¢ hap thu quang cta phirc
ZrXO0. Két qua nghién ctru cho thay cac diéu kién téi uu nhu: budc séng hap thu tdi vu la A = 535
nm, moi truong HoSO4 t6i wu 1a 0,35M,V IV =5,0/5.2. Puong chuén xéc dinh néng do

r510°M " T X05107°M
Zr(IV) trong méi truong H,SO4 0,35 M bang XO 1a tuyén tinh trong khoang (10 + 5.10°% M) tai
bude song 535 nm. Cac diéu kién t6i wu khi chiét Zr(IV) bang dung méi CTAB/n-hexan gdm:
Zr(1V) 5.10° M, méi truong H,SO4 0,35 M, CTAB 10 M, Vo/Va = 1/1, thoi gian tiép xtic pha va
phan pha 14 20 phut, hiéu suat chiét Zr(IV) dat 73,26 %. Hiéu suat chiét Zr(IV) khi c6 Na;SO4 0,25
M dat cao nhét 1a 76,24 %. Dic biét, nhoém tac gia da xay dung cac duong déng nhiét chiét Zr(1V)
trong cac méi truong axit HoSO4 (0,15 - 1,0 M); theo gian dd Mc Cable-Thiele véi Vo/Va= 1/1 va
2/1 sb bac chiét Zr(IV) 1y thuyét 1an luot 1 4 va 2; qua 5 bac chiét hiéu suat chiét Zr(IV) 5.103 M
dat 96,21%; dung luong chiét Zr(IV) cia CTAB 10 M/n-hexan qua 5 lan tiép xtc pha 1a LO =
0,4491 g/L.

Tir khéa: Zr(IV), H,SO4, CTAB, n-hexan, dung heong chiét, dieong dang nhiét chiét, gian do Mc
Cable-Thiele.

Ngay nhdn bai: 08/10/2019; Ngay hoan thién: 12/5/2020; Ngay ding: 21/5/2020

LIQUID-LIQUID EXTRATION OF ZIRCONIUM (1V) USING HIGH AMINE
CTBA/n-HEXAN FROM SUNFURIC ACID MEDIA

Chu Manh Nhuong?*, Nguyen Thi Anh Tuyet?, Nguyen Van Que?
ITNU - University of Education,
2TNU - University of Medicine and Pharmacy

ABSTRACT
In this study, we investigated the effect of three fundamental parameters (absorbance wavelength,
concentration of H,SO4 and volume ratio of Zr and XO) on the optical property of ZrXO complex.
The results showed that ZrXO complex can obatain the maximum absorbance wavelength of 535

nmat0.35 M HzSOsand V, /VX0510’3M =5.0/5.2. The calibration curve for determinination of

Zr(1V) at 535 nm is linear in the concentrations range from 10 to 5.10° M. The optimal
conditions for efficiency of Zr(1V), including: with 0.35 M H2SO4 for E = 73.26 %; with V/V,=
1/1, E = 73.26 %; contact time and equilibrium time of two phases were 20 minutes, E = 73.26 %;
the extraction efficiency of Zr(IV) is the highest when there is 0.25 M Na,SOs. Special, we
introducted some characteristics of the extraction system Zr-H,SO4-CTAB, that were: built
extraction isotherms of Zr(1V) at concentrations (0.15-1.0 M) of H,SO4; The Mc Cable-Thiele plot
indicated with V/V, = 1/1 the degrees of the theory extraction of Zr(IV) were 4 and V./V,= 2/1
were 2; extracts 96.21 % of Zr(1V) from Zr(1V) 5.10-3 M through 5 times; loading organic of 10
M CTAB in n-hexan was determined to be LO = 0.4491 g/L through 5 times of phases contact.
Keywords: Zr(IV), H,SO4, CTAB, n-hexan, loading organic, extraction isotherm, Mc Cable-
Thiele plot.
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1. Giéi thiéu

Zirconi (Zr) ¢6 thé duoc tinh ché bang nhidu
phuong phap nhu sic ky trao d6i ion, két tinh
két tia phan doan, thiang hoa. Phuong phap
chiét long - 16ng 12 mdt trong nhimg phuong
phap pho bién dé tach Zr(IV) va thuong két
hop véi phép do quang phé UV-Vis dé xéc
dinh ham lugng [1]. Bén canh céac tic nhan
nhu D2EHPA, PC88A, TBP, mot tac nhan
chiét kha hiéu qua 1a Cetyl Trimetyl Amino
Bromua (CTAB) dugc hoa tan trong cac chat
pha lodng nhu CCls, benzen, hexan,... dang
dugc cac nha hoa hoc quan tdm nghién cuu
chiét Zr(IV) trong cac méi truong axit [2]-[9].
Tuy nhién, phtrc gitta Zr(IV) va cac tdc nhan
chiét trén thuong khong c6 mau trong ving
UV-Vis, vi vay khi nghién ciru chiét tach Zr
can sir dung may moc rat hién dai.

Hién nay, xylen da cam (XO) 1a mét thudc
thir hitu co c¢6 d6 nhay, d6 chon loc cao dé tao
phirc mau déi vai cac vét vi lugng ctia cac ion
kim loai s6 oxi hoa cao trong d6 c6 ion Zr(IV)
[6]-[8]. XO c¢6 cong thuc phan tu
CaiH3N;013S, khéi lwong mol phan tir
672,67 (g/mol), khdi lugng riéng 0,855
(g/cm?®); XO thuong dugce ki hiéu 1a HzR, véi
cong thire ciu tao nhu sau:

Trong bai bao nay, nhom tac gia str dung XO
dé xac dinh néng do Zr(IV) sau khi chiét tir
moi truong H,SO,4 biang CTAB trong n-hexan
thong qua phuong phap quang phd hip thu
phan tr UV-Vis.

2. Thuc nghiém

2.1. Thiét bi, héa chit

- May quang phd UV-Vis 1700 (Nhat Ban),
phéu chiét, may lac va cac dung cu khac ding
trong phén tich thé tich.

- ZrCls, CTAB, n-hexan, X0, Na,SOu, déu c6
d6 tinh khiét phan tich.

2.2. Phwong phdp
- X4y dyng dudng chuin: Pé xac dinh ndng
d6 Zr, nhom tac gia do d6 hap thu quang cua
dung dich ZrXO c¢6 ndng d6 tir 10* dén 5.10°
M trong moéi truong H.SO4 0,35 M tai bude
song 535 nm.
- Chuan bj dung dich nghién ctru va qui trinh chiét:
+ Pha nudc: dung dich Zr(IV) 5.10° M trong
moi truong HaSO4 tir 0,05 + 1 M.
+ Pha hiru co: CTAB 10*M trong n-hexan
+ Qui trinh chiét: Lay thé tich pha hiru co va
pha nuéc theo ti 1& 1/1 cho vao cac phéu
chiét, lac phéu chiét 20 phit va dé can bang
tach hai pha 15 phat. Tach lay pha nuéc, dem
tao phirc véi thude thir XO 5.10° M va tién
hanh do d6 héap thu quang (A) cua dung dich
phuc tai budc song 535 nm. Nghién ctru anh
huéng cia cic yéu t6 dén hiéu sudt chiét
Zr(IV) duoc tién hanh twong tu nhu trén chi
thay d6i ndng d6 cua yéu té tuong tmg. Cac
gia tri 46 hap thu quang (A) duoc dung dé
tinh hiéu suat chiét (%E) cua Zr(IV) theo
cong thirc (1).

%E= 120 qoo_[2 150 (1)

[Zr],, [Zr], +[2r], .

trong d6: [Zr]ea = [Zr]o + [Zr]s; [Zr]o, [Zr]a lan
luot 1a nong 3o cua Zr(1V) trong pha hitu co
va pha nudc.

3. Két qua va thao luin
3.1. Khdo sdt phé hdp thu phin ti ciia XO
va ZrXo
Trong moi truong H.SO4 0,3 - 0,5 M, qua
trinh tao phirc mau xay ra theo cac phuong
trinh phan ung (2) va (3) nhu sau:

Zr'* + HSOs S Zr(SO4)* + H* 2

Zr(SO4)%* + HoR wangy S

ZI’(SO4)R (tim do) T 2H* (3)

Tién hanh do d6 hip thu quang cua ZrXO,
XO & dai budc séng tir 400+ 600 nm. Két
qua dugc chira ¢ hinh 1.
Hinh 1 cho thay budc song hap thu to1 vu cta
ZrXO la 450 nm va 535 nm, con cua XO la
435 nm. Vi vay, nhom tac gid lya chon budce
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s6ng 535 nm la budc song t0i wu khi xéc dinh
Z1(IV) bang XO sau qua trinh chiét.

rO-H,S0,

XO-H,SO,

Hinh 1. Phé hap thu phan tir UV-Vis ciia XO va
ZrXO trong moi truong H.SO4 0,35 M
3.2. Nghién civu cic diéu kign dnh hwing
dén d hép thu quang ciia phirc ZrX0O
Xac dinh méi truong H,SO4: Khi ting nong
do axit H,SO4 tir 0,05 dén 1M do hap thu
quang cta phtc ZrXO va XO thay d6i khong
nhiéu. Tuy nhién, & méi truong H,SO4 0,35M
nhan thiy d6 hap thu quang cua XO la nho
nhit va d6 hip thy quang cua phirc ZrXO 16n.
Nhu vay, nhom tac gia lya chon méi truong
H,SO, 0,35 M d do do hap thu quang cta
phuc ZrXO.
Xac dinh thé tich XO: dung dich Zr(IV) 5.10°
M trong moi truong HSO4 0,35 M dugc tao
phirc vé6i thé tich XO 5.10°M trong khoang
4.8 dén 5,4 mL dé dung dich ¢6 mau tim do.
Tién hanh tao phtic nhiéu lan nhom tac gia

nhan thdy véi 5,0 mL Zr(IV) 5.10° M cén 5,2
mL X0 5.10° M 1a ty 1¢ thich hop nhét.

3.3. Xdy dung dwong chuin xdc dinh nong
do ZrV)

Pudng chuan xac dinh Zr(IV) (tir 104 - 5.10°
M) trong moi truong H.SO4 0,35 M dugce chi
ra & hinh 2.

. [2r], M

Hinh 2. Puong chudn xdc dinh Zr(1V) trong méi
truwong H2SO4 0,35 M tgi A =535 nm
Phuong trinh dudng chuan xac dinh Zr(IV) ¢6
dang A = 36,28.C + 0,002 voi hé sé tuong
quan R = 0,9985 ~ 1 la rat tét. Vi vay, nhom
tac gia st dung phuong trinh dudng chuin
nay dé xac dinh noéng do Zr(IV) trong céc

phép nghién ciru tiép theo.

3.4. Khido sdt cdc yéu té anh hwéng dén higu
sudt chiét Zr(IV) tiv méi trwong H,SO, bang
CTAB trong n-hexan

Céc két qua dugc chi ra & bang 1 dén bang 5
va hinh 3.

3.4.1. Anh huéng ciia thoi gian tiép xiic va can bang phdn pha

Bang 1. Anh hwéng ciia thoi gian tiép xUC va cdn bang tach 2 pha dén hiéu sudt chiét Zr(IV)
(Hé¢ chiét: Zr(IV) 5.10° M; H,S04 0,35 M; CTAB 10 M/n-hexan)

Tiép xtic pha (phiit) 1 5 10 15 20 25 30 35
A 0,0783 0,0691 0,0641 0,0583 0,0523 0,0563 0,0587 0,0602
%E 57,94 6301 6576 6896 72,27 70,07 68,74 67,92
Can bang
ohan pha (phiit) 1 5 10 15 20 25 30 35
A 0,0585 0,0582 0,0562 0,0541 0,0523 0,0539 0,0556 0,0568
%E 6885 69,02 7012 7128 7227 7139 7045 69,79

Tir bang 1 cho thay: hiéu suat chiét Zr(IV) ting manh khi ting thoi gian lic tir 1 - 20 pht, con
khi lac 16n hon 20 phut, hiéu suat chiét Zr(IV) giam. Mat khac, hiéu suat chiét Zr(IV) tang khi
tang thoi gian can bang phan pha. Vi vay trong cac nghién ctru tiép theo nhom tac gia lya chon
thoi gian tiép xtic va can bang pha cung la 20 phat dé hiéu suat chiét Zr(IV) thu dugc 16n nhat.
3.4.2. Anh huong ciia nong dg H,SO4

Két qua ¢ bang 2 cho thiy: khi nong do H,SO4 ting tir 0,05 - 0,35 M, hiéu suét chiét Zr(IV) ting.
Khi H2SO4 > 0,35 M, hiéu suat chiét Zr(IV) giam dan. Trong moéi truong H.SO4 0,35 M hiéu suat
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chiét Zr(IV) dat gia tri cao nhét 1a 73,26 %. Dung dich H>SO4 0,35 M dugc chon 1a moi truong
toi uu dé chiét Zr(IV) bang CTAB 10 M/n-hexan.
Béng 2. Anh hiong ciia nong dg H,SO4 dén hiéu sudt chiét Zr(1V)
bang CTAB 10-*M/n-hexan (H¢ chiét: Zr 5.103M)
[H2SO4], M 0,01 0,05 0,1 0,25 0,5 0,75 20

A 0,0517 0,0509 0,0506 0,0505 0,0524 0,0527 0,0594

%E 7260 73,04 7321 7326 72,22 72,05 68,36
3.4.3. Nghién citu dung lwong chiét Zr(IV) ciia CTAB 10 M/n-hexan

Dung luong chiét (LO) cia CTAB 10* M/n-hexan sau n lan chiét dugc tinh theo cong thic:
LO=91,224.5C,  (g/L)

trong do: > Co (mql/L) 1a tong ndng do Zr(IV) dugc chiét vao pha hiru co sau n lan tiép xac 2
pha; 91,224 1a khoi lugng mol nguyén tir ciia Zr (g/mol). Két qua xac dinh LO dugc chi ra ¢
hinh 3.

Hinh 3 cho ‘théiy’dung luong ghiét Zr(1V) cua CTAB 10* M/n-hexan tang nhanh sau 3 1?1,11 tiép xuic
pha, 6 cac lan tiép xuc pha tiép theo dung lugng chiét thay doi khong nhicu. Sau 5 lan tiép xuc voi
Zr(IV) 5.10°M, dung lugng chiét ctia CTAB 10* M/n-hexan dat gia tri cuc dai 1a LO = 0,4491 g/L.

05

Lol

0,45

04

S0 lin tigp ¢ 2 pha

35 “ 45

Hinh 3. Sy phu thuge dung heong chiét Zr(IV) cua CTAB 10*M/n-hexan vao sé lan tiép xuc pha
3.4.4. Anh huong ciia ti 1é pha hitu co/pha nuée
Bang 3. Anh huéng ciia ti 16 VolNa dén hiéu sudt chiét Zr(IV) bang CTAB 10*M/n-hexan
(H¢ chiét: Zr 5.10°M; H,S04 0,35M)
Vo/Va 110 3/10 5/10 7/10 10/10 13/10 15/10 20/10

A 0,0506 00578  0,0551 0,529 0,0505  0,0531  0,0546  0,0573

%E 68,25 69,24 70,73 71,94 73,26 71,83 71,00 69,51
Két qua & bang 3 cho thay: hiéu suit chiét Zr(IV) ting khi tang ti 18 Vo/Va tir 1/10 dén 10/10. Tuy
nhién & ti 18 cao hon hiéu suit chiét Zr(IV) giam. Ti 18 Vo/Va 1a 10/10 hiéu suét chiét Zr(IV) dat
gia tri cao nhit 1a 73,26 %. Nhu vy, nhom tac gia chon Vo/Va= 1/1 1a diéu kién t6i uvu dé chiét
Zr(IV) bang CTAB 10 M/n-hexan.
3.4.5. Nghién ciru chiét nhiéu bdc

Bang 4. Nghién cizu chiét nhiéu béc Zr(1V) trong mdi trweong H2S04 0,35 M bang CTAB 104 M/n-hexan
(HE chiét: Zr 5.103M), v6i %E, 1, =100x pl+q+q* +...+q"™")

Lan chiét 1 2 3 4 5
A 0,0505 0,0279 0,0151 0,0092 0,0091
[Zr]° (M) 0,005 1,34.103 7,64.10* 3,61.10% 1,98.10*
[Zr]a (M) 1,34.10°3 7,64.10* 3,61.10* 1,98.10* 3.10
[Zr]o (M) 3,66.103 5,76.10* 4,03.10* 1,63.10* 1,95.10*
2 %E 4, 73,26 84,73 92,79 96,04 96,21
%EwT 73,26 92,85 98,08 99,49 99,86
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Két qua thuc nghiém cho thay, chiét duoc gan hét Zr(IV) vao pha hitu co qua 5 1an chiét véi tong
hiéu suét chiét thu duoc 1a 96,21 %. Hiéu suat chiét Zr(IV) 5.10° M qua 5 bac chiét 1y thuyét thu
dugc khoang 99,86 %. Két qua cho thdy c6 su phi hop tuong quan giita thuc nghiém, 1y thuyét
va gian d0 Mc Cable-Thiele. Nhu vay dé dat duoc hiéu suét chiét Zr(IV) cao va dam bao tinh
khoa hoc thi s lan chiét tir 4-5 bac dugc dp dung khi nghién ctru chiét Zr(IV).
3.4.6. Anh huong ciia muo6i Na2SOa

Bing 5. Anh huong ciia mudi NazSOq dén hiéu sudt chiét Zr(IV)

(Hé chiét: Zr 5.10%M; H2S04 0,35 M; CTAB 10 M/n-hexan)

[Na2S04], M 0 0,01 0,05 0,1 0,25 0,5 0,75
A 0,0505 0,0496 0,0476 0,0464 0,0451 0,0484 0,0495
%E 73,26 73,76 74,86 75,52 76,24 74,42 73,81

Két qua & bang 5 cho thay: tai gia tri
[NazS04] = 0,25 M mudi nay c6 anh hudng
tot nhat dén hiéu suit chiét Zr(IV).

Gidi thich: Khi thém cac mubi dién ly, chung
phan ly ra ion SO.*. Khi ndong d6 ciua SO
ting thi s& ting cuong su tao phic cia ZrO*
tao [ZrOSO4.CTAB]. Phuc trung hoa duogc
tao thanh cang manh thi n6 sé bi chiét 1én pha
hiru co v6i hiéu suét cao. Tuy nhién, khi tiép
tuc tang néng d6 mubi, nhom tac gia cho réng
6 su tham gia cia mot nhom SO4% vao phirc
[ZrOSO,.CTAB] tao phirc chit khéng trung
hoa dan dén lam giam hiéu suét chiét Zr(IV)
vao pha hitu co.

3.5. Puwong ding nhigt chiét Zr(IV) tai cdc
nong dp H,SO, khdc nhau va tinh sé béc
chiét Zr(IV) Iy thuyét

Hé chiét Zr(IV) bang CTAB tir mdi truong axit
duoc danh gia 13 hé chiét phic tap voi nhiéu
phén mg can trd qua trinh chiét [3], [4]. Do do6
nhom tac gia tién hanh xay dung cac dudng
diang nhiét chiét Zr(IV) tai cac nong d6 H,SO4
khéc nhau. Két qua duoc chi ra & hinh 4.

[H:S04] = 1M
[HQSOA] = 0,5'\/'

/,..4 [H.SO,] = 0,35M
‘// o 0s

" [Zr]e, M

[HzSO4] = 0,15M

[Zr]a, M

Hinh 4. Céc dwong dang nhiét chiét Zr(1V)
(10 + 8.10* M) trong H,S04 (0,05 + 1,0 M)
Duya trén co s¢ cac duong dang nhiét chiét
Zr(IV) trong cac mdi truong HoSOs khac

nhau, dé duy tri dugc ham luong Zr(IV) trong
pha hitu co can xdy dung quy trinh voi diéu
kién nong do Zr(IV) ban dau tir 10* + 8.10°
M va ndng d6 axit H2SO4 trong dung dich ban
dau khoang 0,05+1 M.

Trén co s& d6 nhom tac gia tiép tuc tién hanh
xay dung va tinh sé bac chiét Zr(IV) ly thuyét
theo gian 46 Mc Cable-Thiele. Két qua duoc
chira ¢ hinh 5.

40085

Poose Jinz dnd cledt 20T\

_Bim b nés
~ vV V=L
Al

3 e . 3517‘{.!'1' I:.'..lLiivlr‘.

Hinh 5. Gian d Mc Cable-Thiele khi chict Zr(IV)
trong H,S0O, 0,35 M bang CTAB 10*M trong n-hexan
Trén gian ddo Mc Cable-Thiele gdm c6 duong
dang nhiét chiét Zr(IV) trong mdi truong
H>SO,4 0,35 M va duong “lam viéc” voi Vo/Va
= 1/1 va Vo/Va= 2/1. S6 bac chiét Iy thuyét s&
duoc tinh bang s duong ké ngang song song
v01 truc hoanh.

Tir hinh 5 cho thdy qua trinh chiét toan bd
Zr(IV) tr dung dich Zr(IV) 5.10° M trong
axit H,S04 0,35 M ban dau theo 1i thuyét c6
thé nhan dugc sau khoang 4 bac chiét n=4)
v6i ty 18 Vo Va= 1/1 va sau khoang 2 bac chiét
(n=2) véity 1€ Vo/Va=2/1.

4. Két luan
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1. D3 khao sat pho hip thy phan tir cia XO va
ZrXO trong moi truong H,SO4 0,35 M va xac
dinh dugc budc song hép thu tdi wu cta ZrX0O
14535 nm.

2. Da chi ra céc diéu kién tdi wu xéc dinh do
hép thu quang cia ZrXO, gom:

- M6i truong H.SO, 1a 0,35M.

- Ti 18 thé tich Zr(IV) 5.10% M va thudc thir
X05.10°M 1a 5,0/5,2.

3. i xdy dung duong chuin xac dinh Zr(IV)
trong moi truong H,SO4 0,35 M tai bude song
535 nmvéi R~= 1.

4. Da khao sat cac diéu kién toi uu khi chiét
Zr(1V) 5.10° M trong méi truong H2SO4 bang
CTAB 10 M/n-hexan, bao gdm:

- Thoi gian tiép xuc va can bang tach pha la
20 phat.

- Mo6i truong axit HSO4 12 0,35 M.

- Dung luong chiét Zr(IV) 5.10°M cua CTAB
10" M/n-hexan qua 5 14n tiép xtic pha 1a LO =
0,4491 g/L v6i Vo/Va= 1/1.

- Ti 1€ Vo/Vala 1/1.

- Sau 5 bac chiét, d6 thu hoi cua Zr(IV) dat
96,21 % voi Vol/Va= 1/1.

- Khi ¢6 [Na2SO4] = 0,25 M, da c6 anh hudng
t6t nhat dén hiéu suat chiét Zr(IV).

5. Pa xdy dung cac duong dang nhiét chiét
Zr(IV) (0,05 + 1 M) tai cac ndéng do H,SO.
(10 + 8.10° M). Trén co s& do tinh dugc sb
bac chiét Iy thuyét khi chiét Zr(IV) 5.10° M
tir moi truong H2S04 0,35 M theo gian d6 Mc
Cable-Thiele: v&i Vo/Va= 11l la n = 4 va
Vo/Va=2/11lan=2.
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