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Fig. 1 Influence of HCI concentration in aqueous
phases on palladium extraction
1: 100% TBP; 2. 80% TBP-Heptane
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Fig. 2 The variation of water content
in the loaded organic phases
1: 80% TBP-Heptane; 2: 100% TBP

H ] 2 AT A BIURH Hh K 5 R 67 28k ) T i 32
¥, TBP H4UKiR-a 0. Bt TBP MK & WA
BRSO, HJE 24 TBP 5 JEHLURR K ROIR A5 - A HLA K



2040 Kl 5 T

%28 %

Em A RGN, PR A PR AR AR B R S . Xt
TBP A I LA Hh K 7 kB IR 67 48 o 38 Jon 1 00 588 18 ) 20
G0 EEEES I S VARTE B LA 56, F98 F, TBP
PR ARG A TR BRI A T 40 T b 3 A sk
BAA G KAER, T P=0 % H W 2 80 H 3 K A 3
P—0O HE5EFMLMAEF H:O 4G, IEHEAHET%
TG HEFREER RP=0 « H, O, ATRETEA WL A R AT
L W/O ok ™ . B A7 MR PR a8 i e . 2 518 L
TFL TBP 40PN, A58 Z 17K 5 3% A P .
X FHAA B PR B ik — e (H 5 A PR & BRI
SR FBERRE, ATRESA VAR & B L T BUE R ES
GhEAL R
2.2.2 BARAMAREOERHST DLS & TEM #F 5%
RTINS W] LA B R AE IS AR R0 5 Y LR S A 25
. Bl 3 J2& 80 % TBP-1E J b 2 40 A AL AR Bifi 25 P 7 7K AR 1R
RERE IS 9 S A WO E U (DLS) i, % 1 24 HLA 58
SRR S8 A g 2 A Bl AE A WA R o B 396 o 4 75 R 5
.

100{ a4 P,

o
S
==

(=2}
(=}

Intensity/a.u.

5
—
./..;

|

0 50 100 150 200
Radii of aggregates, R;/nm

20

Fig.3 The dynamic light scattering (DLS) measurements
of the loaded organic phases
1: Pd-0.01 mol « L™! HCl; 2: Pd-3 mol « L.! HCl;

3: Pd-7 mol « L™! HCI

Table 1 The variation of the average radii of aggregates with
the HCI concentration in the loaded organic phases
[HCl]y [HCorg Average radii of
/(mol « L™1) /(mol « L™1) aggregates/nm
0. 01 0. 003 16.43
3 0. 37 83. 36
7 2.09 22.40
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Fig. 4 TEM graph of the loaded organic phase
([HCI]yg=0.5 mol « L")
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Fig. 5 Evolution of the O—H stretching vibration of water
molecules in TBP-Pd( ][ )-HCI organic phases
a: 0.01 mol« L 1 HCI; 6: 0.1 mol « L™ ! HCl; ¢: 1 mol « L ! HCl;

d: 3mol « L1 HCl; e;: 5 mol « L' HCl; f: 7 mol « L1 HCI
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Evolution of the O—H—O bending vibration of water
molecules in TBP-Pd( ][ )-HCI organic phases
a: 0.01 mol« L™ HCI; 6: 0.1 mol « L™ ! HCl; ¢: 1 mol « L™ ! HCI;
d: 3mol« L7V HCl; e: 5 mol « L7! HCl; f: 7 mol « L™ HCI
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Fig. 7 Evolution of the P=0
molecules in TBP-Pd( ][ )-HCI organic phases

a: 0.01 mol « L7 HCI; 6: 0.1 mol « L™ ! HCl; ¢: 1 mol « L™ ! HCI;

d: 3mole L' HCl; e;: 5mol+ L' HCl; f: 7 mol « L™! HCI

stretching vibration of TBP
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Fig. 8 FTIR spectrum (a) and its secondary derivative results
(b) of pure TBP in the range of 1 350-1 180 cm™
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Fig. 9 FTIR spectrum (a) and its secondary derivative results
(b) of TBP loaded organic phase ([ HCI],; =0. 37 mol
« L7'; [Pd],g=0.215 g+ L™") in the range of 1 350-
1180 em™'
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Formation of W/O Microemulsions in TBP- Pd( ]| )-HCI Extraction
System and Spectroscopic Research on the Evolution of Solution
Aggregation Structure

HUANG Kun', QI Jian', LIU Xue-xin®, LIU Yu-feng', LI Wei-hong', YANG Zhan-lan' , WENG Shi-fu' , XU Yi-zhuang' ,
WU Jin-guang'*

1. College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China

2. Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080, China

Abstract The formation of W/O microemulsions in the extraction system TBP-Pd( [[ )-HCl was investigated. The solution
structural evolution of the palladium loaded organic phases, with the variation in the content of acid into the organic phases, was
characterized by various spectroscopic techniques such as DLS, FTIR and *' P-/'H NMR. The results indicated that (1) the ex-
traction behaviors of palladium was related to the formation of W/ microemulsion structure in the loaded organic solutions. Be-
cause of the co-extraction of hydrochloric acid, there formed the microscopic aggregates in the loaded organic phases. (2) The
variation in the HCI content in organic phase resulted in corresponding changes in solution structure. With the increase in the
HCI content, the average radii of nanoscopic aggregates in the organic phases increased and then decreased. The extraction of
HCI into the organic phase exhibited a distinct impact on the O—H stretching vibration and O—H—0 bending vibration of water
molecules in the microscopic W/O micelles. FTIR spectra of the organic phase saturated with acids show that the broad band of
O—H stretching vibration of water extended to a very wide range and overlaped with the C—H stretching vibration bands. The
higher the acid concentration in the organic phase was, the greater the overlapping. On the other hand, it was also observed that
a remarkable change appeared in the O—H—O bending vibration of water and the stretching vibration of P=0 in TBP mole-
cules shifted to lower frequency. With the increase in acid content in the TBP organic phases, the observed * P NMR chemical
shifts decreased and varied to up-field; whereas the ' H NMR chemical shift of H™ increased and even became larger than that of
deuterium chloride-d at a lower frequency field. The changes in §31p to opposite direction of S+ means that TBP molecules were
associated with acid protons and water molecules in microemulsion pools to form RP=0 +« H™ or RP=0 « H;O", and then in-
teracted with PdCIi~ complex ions, which finally led to the extraction of palladium into the organic phase. (3) When forming the
W/O reversed micelles/microemulsions, the concentration of acid within the microscopic micelles was even higher than that of
saturated concentrated hydrochloric acid. It was the microscopic structural changes in organic phase microemulsion “water pool”

that resulted in the corresponding variations in the palladium extraction behaviors.
Keywords Spectral analysis; Solution structure; Microemulsion; Palladium; Solvent extraction
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