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1.1 FEEI

FEALHS: PHS-38W A pH iF(FRIEAA]).
ZA3000 J5 1 WU WA (H AL m B BOR A |
SXJQ-1 Y H Fy 45 4% O M I L5 A7 BR 2 ] )
DF-101S fEIR /KB TR ) 79-1 )
PHFEZE (M T &4 KX AR ) Nicolet 380 {8 HLit:
AR ¥ 21 4b 6 3% AX (36 [ Thermo Nicolet 2 &) .
Ascend400 Rz FLPRPE 1% NMR(Ffi £ Bruker A ).

FEARF): KRN, 2K, EZAER AR
Ay ZRmR, ZwmiXAERAR: B, Wik
RFARAR s DUk, =& HLE. R, W5
CHDRFA R AR ANKEHIREE, PR TIRhH
BRAE s BL IR o ati .

1.2 SthE&x
JKAH pH W5E : 83 pH % B R4 1 v 53 47 U

=13

iE o
FKAHBE RS TR LI @3 B WO i
SE KA R B 2 FRORRE , BT 45 381 )OAH B 8 IR EE
AU B IR DI - AR A A AT 5 4 28
WREERIAR AL, I 22k ] v S A LA B S 1K
o

LLAMETENE . B> B IA AR B IR A
Fr by S IR A BRI AR LTSGR A HE AT E
FAHARILLAM G .

PR IEAR BN E B AR SO T
RHEE T, A 10 min JG AT AZ L IE IR E o

BB TRy ) M B (D) RIS A 0 R

_ Porg Vorg

x100% N
PV

D= Porg Vorg

£o VO ~ Porg Vorg
K: py AR P IA6H B TIRIE, me/L;
Porg NAERCTH G AU EIEE R TIREE, mg/Ls 7,
NI BERRAN IR IR, mL; Vo NAERCT )5
AHUAHEAFR, mL.

2

1.3 W

DA K s BRAM IO i 0T Bk FEAE 15 /L 2 IR1 g
FRENISVR,  FRAE ISR B AW, I B S
FIRFETE 20~25 mg/L 2 [A], @I BERRIE pH, %

(I LU (A -O) BUZ 75 B W R B VA L (A) S A HLAE (O) T
BRI, 76— B LT, HidE 10 min,
FE 6 min (FH 2, BERMR)LZEIHE)CHT
A 2 W), B AR A BE AR S IR SO 1 £
SE A BB IR E, RIS I S R T R R AN AT
YIRS B TIRE, BEEWESEE, tHE R AU
FEWHHE)HEE B T IO, b vh 5 B B T I AL
Ry ) LHAEFAE B AL (D) -

2 GBREDH

21 ZEBERENEETI PR EE

TORBREA R IR N RANE TR RS, KEE
P T A BRI P R BE B T, DRI R R AR
AR FLREAT I, DABE KL AE HUNS 5 7K VA ) 42 A
B A ROAERER T MRS 1. BT KR
BRI, ARV PRI, I AR S
P PRt AT BT VA AR, ELER SCHR SN — AR
BE o T T 0SB R = e, EAR R B AR
FCAEIK VYRR 7R R e PR, DRI, 5 2 H
AR HEAT SR, A5 (A BT 7 h 2 AN [ AT AL
TEFRTE AR ) — R BR o RO BB B TR . K
B MR AE A R AL 77 rh A A e T B R . e —
SE BN IRV T R, BT 25 CIEIR
REIKTRESE 3 h JE B I )E, 90 CRBTIERE, 1508
B T IRBLR A, ARE TSR RV TR P v
fRE. KRS R 1 PR,

R RBRERAEA FIVE 0 o e s

Table 1 Determination of solubility of dithizone in different

solvents
Dissolved .
Solvent 1ssolve Solubility/
Solvent dosaee/mL amount of (@@L
g dithizone/g g

Toluene 50.0 0.0502 1.00
Benzene 50.0 0.0965 1.93
Carbon tetrachloride 50.0 0.0287 0.57
Chloroform 50.0 0.8776 17.55

FH 1 TN, T 2RBREAE = S e b AV R
K, HURHE, 25 CF, RBEE=EF g
fRFER 17.55 g/Lo - 2RBRITRTEVE 77 o BV i FE K
A RT3 K HAEA VAR IR EE, SRR R A 2EEL
T, et — PRI E
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22 ARIILE&EH ZRMEFZERNES TN
2.2.1 AN[RIVE T 2R B A U B T PR R I
TEALL(A/O) M 3:1. pH N 7.25. HEHHEEA 550
r/min. & 25 C. FEHGERE N 0.6 g/L AT
T, AACLEZE, R = AR BN TE AT IR, S
IGEE RN 2 fion. B8 2 WA, RN AU A
—EME, IR =SSR BONE IR, R R
RSP HUME BE 22 BN K, B T LA R 2 7 e
AERCHERE, R, 3% =& B a7l .

T2 DA ARG A A

Table 2 Effect of solvent on extraction process

Initial Zn Zn concentration .

. . Extraction
Solvent concentration/  after extraction/ rate/%
(mgL™") (mgL") ’
Toluene 22.8 19.72 13.69
Benzene 22.8 18.59 18.48
Chloroform 22.8 18.34 19.57

2.2.2 JKAEWIGG pH X ARE R A B B 1 52
P SR8 R FAEAN A pH B R 1T PAAEHRL
ANHEEREF, pH £ 5~10 R4S FA mAE
PRS0, ORRR R AR B TR, pH (E AR AL
R AN H UK R, Bk, 22
FEOKMYILG pH A ZERUS FRMF M . A SLIGE/KAH
BB FIRIEN 22.8 mg/L, MIEL(A/O) K 3:1, Hiidki
A 550 t/min, EN 25 C, ZEHUR R EIKEN 0.6 g/L
RIS, 16 pH N 6.5~8.5 TEE N, 708 KL=
SR BNV pH AT — 2R R AU 5 T RO I 5
Wi, SEEGLESRANE 1 Fras. A 1 AT, AN
WO — BRI R - = e, %5 pH
IR, AR R ER e K5 8b . £ pH
N 7.25 B R IR S = SR AR R IA B F A AR HUE,
3N 18.48%F1 19.57%. IXJ& KA —Hhi e E T %
R, BEERE TSR H, BAHEET
Je AN SR e AR e 10200, Kk, pH (1)
BRAR TR AT, KT R m x4
ETFIER. pH A~ 7.25 B, EREFINKILE =R
Hibe, HEERCRANAE] T &K, X4 pH KT 7.25 5,
R, —ORBRERE T, ARG
W, AR TR, 55—, BE&EW pH 1)
EFt, OHTEWWhAE L, 2/ Zo™ W, [
187 KRS Zn® EA L, JE 8tk 7.25
KARRIUG pH ME, IR =& .

25 —a—Dithizone-chloroform

—o—Dithizone-benzene

—_ — )
(=} 9] (=}
T T T

Extracton rate/%

[}
T

O 1 1 1 1 1
6.5 7.0 7.5 8.0 8.5

pH
B 1 KARAIAE pH 08 T AR A B2

Fig. 1 Effect of initial pH of aqueous phase on zinc ion

extraction rate
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251
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Extraction rate/%

15

10 1 1 1 1 1 1
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Extraction temperature/'C
B2 ARG B B BRI (5

Fig. 2 Effect of extraction temperature on zinc ion extraction

rate

223 FEHURE X AL AR R

KM TIRE N 24.1 mg/L. M LL(A/O)N
3:1. pH N 7.25. HFEEEN 550 r/min. ZEHUES [A] K
10 min. AEHGR R EKE N 0.6 g/L KM T, B8R
RIS (U R RO FR s, 25 Rl 2 Fos .
M 2 Fmr s, FEHGE EEHZIS R BRI, A
BT AEHCRBEAE R M A g o, AR R
T Jo A B B TR A R, E B T v 2 I R 7] )
FERME, BERVEFIRRA, AR T 2L

48 van’t Hoff J5 221,

olnK AH
_Aaa 3
or  RT? @
A r 15

lnD:InDO—% 4)



2438

T EA O8RS

20204F10 A

FRPE (@) AT A1, A3 B EE D FIXHEUE In D 53R
BE T % /T B4R DL R mE-—8 A
AN, FHZEGER B R EI% 1/T R 43 T e 2
InD 1EE, AELERME 3 Fis. @dla e it
A3 AH=26.02 kJ/mol, i W] 1% S B & IR A Y. o HR
Je AR E AT O RO R A AR N AG=3.73
kJ/mol, 4% A AS=74.80 J/(mol'K).

-0.6

. = InD
Linear fitting

y=-3.22x+9.25
R?=0.996

-1.6F

320 325 330 3.35

T/1073 K
B3 FEUR T L RS

Fig. 3 Effect of extraction temperature on zinc partition ratio

3.05 3.10 3.15

224 PREE IR IR R AE U R R
PP 2 S A S KA Bl AR, gk
A BOS FE R . KM S FIRE N 22.3
mg/L. HILL(A/O) R 3:1. pH N 7.25. IR 25 C.
AHWIN ()2 10 min. A EUR BT EIK A 0.6 g/L 15444
N, SIS T PR X BT FE ORI R, 4
R 4 Fror. ME 4 FRTCUEH, SRR
250~550 r/min B}, IEANFEREERE, B RE
8.94% I3 20.82% , FHEA BERS; YhHR

25

—_ — e}
=) oY =)
T T T

Extraction rate/%

(%]
T

0 1 1 1 1 1
200 300 400 500 600 700 800
Stirring rate/(r-min’")

Bl 4 FERE O BT A IR A

Fig. 4 Effect of stirring speed on zinc ion extraction rate

JE M 550 r/min BH0E] 750 r/min I, HhEEEEE
BERIRERCREM 20.82% ETHE] 21.79%, 218 FFF. X
R FNEZERGE AR, B Tl S R R R AR
HREL, BT TORGIR AR R Ay, RS
ATAFBR5E A o 2 SRS B3 418 B2 B 250 r/min 35002
550 r/min B, JHAHAUKATR A EMFE /3, Itk T8
T5 BRI R, P DL I A 36 i R
3R PR m IR . S FEE S =T 550 r/min
J5G, BERS TR @S, BN B S S IA BT
SIS SUREY S ) FIA AR Ny N 7 e oy 2 Y L
I, P ARG AR B EAE 550 r/min BONIEH
2.2.5  AEEUI ] ARG R 1 50

TEKMEEE TIRE N 21.9 mg/L. MLk(A/O)HN
3:1. pH A 7.25. HEFEE A 550 r/min. JE R 25 C.
R REIRE N 0.6 /L FIZAM T, SLIH 5 T Hith:
BT E) 0 ZEES FR 52, B AE T [R) % 2E P47 (1 52
um, ZERE S fs. LS AL, IRER R EEEL

AEPLHIA BT, 3 min N, B4R P4, 3~6 min
V‘]%ﬁf%%ﬁﬂlz’ﬁéﬁf“;‘&iﬂ" 6 min 5, BEETRERR
BERAA ., BT IR A SRR, el
A R ﬂwﬂxfiﬁ%% AT LA HBE A B T
RARK, SRV FARAE, REHUS R s 2R 32 B2 AL Ji D
Bl . Rk, FEHGS AR FTAL 9 0P I ] SEBr R
W 7 REE A 4376 AT HUAR 5 KRR 2 18] A 5 KD,
Hem 2, FEBCPETIT ERET, 15 BA AEELH 43 75 9 A 7]
(A5 o TR 2R K

25

20

15F

10 -

Extraction rate/%

0 150 300 450 600 750
Stirring time/s
5 HEREmS D06 B 1 2 ER 2
Fig. 5 Effect of stirring time on zinc ion extraction rate
22,6 IR RO AR RO AR A 2
NIRIE IR Bl 5 B B 1 R LR 45 USSR
BA, fEKMERE TREEN 23.3 mg/L. pH ¥ 7.25.
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PR # M 500 t/min. EA 25 C ZEHUN A 10
min FIZPE T, SEIGH ST 2K ARH &= A L (A/O)
WRERGS R, HAERuE 6 Fis.

M 6 HRTLAE Y, TEALE—E R, BEH R
Fr PRI, R 2P0 BT MAHEA/O) N
LB, ZORBRAR B KR 1.2 gL J5, ZEHUH
B B TR L TR AN P, LI R T AR
i 92.57%. HLEFIELA/OY A 2:1 % 3:1 %R, —
BRI IR IR R 1.2 g/L 5, ZEBUH 483 Tk
FEATIARMAN, BB T RZEICRAK IR 4ERF &AM T
SR, —E AR, ARG R B & S R AR
HURHAIEHR R

—=—A/0=3:1
——A/0=2:1
80 F——A/0O=1:1

D
S
T

N
(e}
T

Extraction rate/%

N
(=}
T

0.3 0.6 0.9 1.2 1.5
Dithizone concentration/(g-L™")

Bl 6 FEHUTIR FE X B B 1 BRI (15

Fig. 6 Effect of extractant concentration on zinc ion

extraction rate

N T BAIE S PR R AN A T R R BR ERE B  1
EHAE, RAREIREN 30%. I#EHR &L
MNaOH Mresiue A 0.65 I SEALANIE O B AL HEEATIR
U, B8 S SR A3 1 B e R B R BN VA E DL R 4%
PR T BRI ZERGRIFE = SR Beis A
WREN 1.2 g/L, ZHCANIAS KM A/O 5 1:1,
PR R pH N 7.25, FiFEEE A 550 r/min, REH
25 °C, ZEHUHFAIA 10 min, F#E )2 10 min. 5%
B, RERWPEEE IR 22.8 mg/L FF% 1.6 mg/L,
BRI T AR N 92.98%. s, A SRR
N BN B 7S 7K A SR TR R — BN )
e KBEZ R, FrFIEYHE RS AT R R ST AR
HE ) FEL I TR BR IR i (HG/T 4701—2014) . R WZA
B5 208 T B BRI R P A BRI A B B, 2R
i PRV A VA VRO - 1) % P Tt R B TR K 7 it

TEREEGR R EIRE N 0~1.2 g/L KL X 2K
R FE B A BE LU IO 3, 6 BRSO T

BED PR TS5 R RFEN RS T EXR,
Frft s R 7 s .

B 7 FRrEL, 3 ANASEKEE R A AR
FN1.98, 2.03 fl 1.74, LT OKmilE S8 T8
G E R RFSM 2P, IR, T AEEE
TE RNV R 5 B T I 2 G I A2 DUJBE R B I A8
2:1 M GHEATE A .

1op = AO=3T g 1081, 2
* A/O=21 R2=0.920
A A/O=1:1 Fl
0.5F
Slope: 2.025,
R2=0.975
Q 0
20
-0.5 Slope: 1.738,
R2=0.997
-1.0F
_15 1 1 1 1
-3.3 -3.0 -2.7 2.4 -2.1

lg[cDithizone/(rnol ° L_l)]
B 7 ARG X IC EL R S
Fig. 7 Effect of extractant concentration on zinc partition

ratio

23 ZHEEEF-ZRRRERENR IR
2.3.1  ZEHUHT A AU SO ZEA G R AL Hr
X AR A (A AU SR AREAT ZLAM R AL,
BE— BRI T R SR T A ROV L AR
AIE DL . AEHUAT 5 A HURT (8 B 20/ R AL 45 2R n ]
8 P, KA I ZLANRAESE R 9 P M
Bl 8 Ik, AHCHTE AU A AR T IR AR

Before extraction 617

1497
1081 (f“

1123

After extraction

ey

1800 1500 1200 900 600
Wavenumber/cm™!
B8  —IRBAAE AT E LA ]
Fig. 8 FTIR spectra of dithizone before and after extraction
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Before extraction H T
SRR
After extraction
1 A L
L 5 13 119 7 5 3 1
4000 3500 3000 2500 2000 1500 1000 500 H/107
Wavenumber/cm™ ®) CononzeT oz
CH l\il\'l\'s\o\o\d T<I3
B9 BN AL S S
WS
Wz
Fig. 9 FTIR spectrum of aqueous phase before and after e E[\ T!I\I\?—N\\N By

extraction

o FEECHT KRB, LT 2REEEAE 617 em!
) N—H 4848 F PRSI IE) 1123 em ™' 4b 2y C=S
@%ﬁﬂWW%L%*ﬁmc—s&%%&W,l%,
W E RO B A, DA EE B AT .
E,N—H%E%%ﬂﬁﬁﬁﬁc:s@%%m$ﬁ
2K, TF 1497 F1 1081 cm ™ A H B 738 R i, I
HRHT R RES8EE &S, F5 N—H #K
C=S HRIWTZL, T HT H LA R S0 v EE R — AR
RSB TR TR, Bl RPN S 5
BT T N—2Zn 85k S—2Zn ATl R IIRBNIE . I\
Bl 9 HrmT s, AEEUET S KA L0 AMSI R R AR U
BT T AEKAE B &3, Z0aMar il e il
MISRIIRB I, (HMN— e FERE - nT LR B LA 7K
HIB RN
232 ZIEBREER 'H NMR 4347

ﬁiﬂﬁ%ﬁﬂﬁﬁﬁﬂﬁ$ﬁ,ﬁ:$mh%
BETHEAEY. o R &S HT
NMR Wk, MR 25 R 10 i

M 10a)H AT A1, 76 2K B 7 'H NMR B,
0=12.61 &b N—H WIHFFIEIE; 6=7.2~7.8 4b A FRIR
FRAEIERO), 9=1.79 4bJy S—H HIRHAEIE . 7E AR FLid
A2 LT 1:10:1, 45830 T2 C3H NS, H
AT E R ER R TE = SR e R DUR I T A TE . A
B 10(b) Al &1, 0=7.2~7.8 AbZEIR AL UL I B A
B ARAY, S—H HIRFIER IS I LT 7 22 9=0.88~1.32 4k,
WEB BB A B a6 S—H A — 52 (RS,
N—H I ys 2 B A B e R i i i i, 3

20.00{

5 13 119 7 5 3
£10°6
10 ZEBRARLURAERUR A "H NMR

Fig. 10 'H NMR spectra of dithizone(a) and extracted
complex(b)

—BUESE TIRB R R M A] N—H BREEE T T RS
S o

233 OREIFERER R TS R
4545 FTIR & '"H NMR RAEAT A, KRS T
=& Wb e, FEREEE N—H ## & S—H 5
%%EiﬁA&ﬁ TR S B A 5 B4 AT R
B R R A B8 72 DUBE R B ok 2:1 H R R AT OB
m%ﬁﬁﬂ%ﬁ&ﬁﬂ&mT%mo
C¢H,
NN
Zn**+2HS— C//
N=n
C|6HS

CeHs( N N
/
N \N‘ CHs

/
HS I 2 sy +2H*

CH,— N /k /N\
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dihydrate[J]. Jiangxi Chemical Industry, 2018, 140(6):

3 &g

1) R, 25, =& H b & ISR
A —E VR, (£ =S H R EmE R,
15 17.55 g/L.

2) EEMESE T IBRAEHRT, £ pH N
7.25 B, TOREFEAIEE B T LEE R EL 2:1 TR S,
TERRA G, HARUS R e PRI IE 311 .

3) EREUAR pH N 7.25. REBUFEEGE N 550
r/min. ZEURE N 25 C. MEA/O) N 1:1 B, PUF
HIRFEN 1.2 g/L 10 2K i — & b MU AL L
RN WP R S T, B RAERE A
92.57%, R IR IERE A R ZE B4y B0 R AN
Wi B

4) FRAE R UL L € o M KRB I AR A S
AHUAH FTIR 1 "H NMR #8045 58, ditfs
TG RN

5) ZEEUr i AT AR B KA HR A D B I ik B I
Ay AR — 25 [ WS A B DAYR D R PRI 1) G R
FIARFE o
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Extraction and separation of trace zinc ion in
sodium phosphate solution by dithizone

OU Xiao-ju, HE Qian, LI Zheng-ke, WANG Wei-yan, LIU Wen-ying, YANG Yun-quan

(School of Chemical Engineering, Xiangtan University, Xiangtan 411105, China)

Abstract: The extraction behavior of trace zinc(Il) in sodium phosphate solution was studied by dithizone extraction. The
solubility of dithizone in toluene, benzene, chloroform and carbon tetrachloride was investigated experimentally. On this
basis, the extraction equilibrium relationship of trace zinc in sodium phosphate solution was studied by using dithizone as
extractant and benzene or chloroform as its solvent, respectively. The effects of the extraction system pH , the stirring
speed, the amount of extractant, the temperature and the phase ratio on the extraction efficiency were investigated. The
results show that, among the four solvents, the solubility of dithizone in chloroform is the highest, reaching 17.55 g/L at
25 C. When the pH of the extraction system is 7.25, the stirring speed is 550 r/min, the temperature is 25 ‘C and the
phase ratio is 1:1, the single-stage extraction efficiency of trace zinc can reach 92.57% with a concentration of 1.2 g/L of
dithizone in trichloromethane. During the extraction, the molar ratio of dithizone and zinc in the chelate was estimated at
approximately 2:1; the chelating reaction was an endothermic reaction with a reaction enthalpy change of 26.02 kJ/mol.

Key words: dithizone; extraction; zinc ion; sodium phosphate solution; reaction enthalpy
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