7mL/min 98%
4.04mmol/g 3.0mmol/g
1% Imol/L
SmL/min 95%
2. pH 2, SmL/min
, 96% , 2.62mmol/g
1% 2mol/L
3mL/min 97%
3. pH 25, 3mL/min
, 96% ,
2.47mmol/g 30
5% 2mol/L
3mL/min 96%
4. pH 3, SmL/min
, 96% ,
4.21mmol/g 4.0mmol/g 10
92% Smol/LHNO,

2mL/min 90%
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Abstract

In this dissertation, the basic properties of precious metals and the basic methods of
enrichment and separation of the precious metals have been summarized. The status to the
research of ion exchange fiber are reviewed. On the basis of the above, the enrichment and
separation characteristics of a new ion ex-change fiber to the ions of precious metals such as
gold, palladium, platinum and silver have been studied. The main contents and the conclusions
are as follows:

1. The enrichment rate of gold by the anion exchange fiber was not greatly influenced by the
temperature. Under the normal temperature, the anion exchange fiber adsorbs and rich the gold
quickly. When the solution current velocity is 7 mL/min, enrichment rate of gold reaches 98%.
The saturated exchange capacity reaches 4.04mmol/g. This result is better than the theoretic
value (The maximal exchange capacity of the new exchange fiber is 3.0mmol/g).This is a result
that some gold ions are reduced to gold on the fiber. The result also shows that the exchanged
gold can be quantitatively desorbed with the mixed solution of 1% thiourea and 1mol/L
hydrochloric acid .The effect is good. When the velocity is SmL/min, the desorption rate of gold
attains 95% above. And the anion exchange fiber easily reborn and was reused again and again.

2. The enrichment and separation characteristics of the anion exchange fiber to palladium
have been studied, the results show that the enrichment rate of palladium reaches 98% in the
condition of the pH 2 and the solution current velocity is 7mL/min. The exchange capacity is
great and the adsorption capacity reaches 2.62mmol/g. The effect of the other ions to the
enrichment rate of palladium is negligible, but the concentration of chloric anion influenced
greatly. The results also show that the exchanged palladium can be quantitatively desorbed with
the mixed solution of 1% thiourea and 2mol/L hydrochloric acid .The effect is good. When the

velocity is 3mL/min, the rate of desorption attains 97% above .And the anion exchange fiber was

II



easily reborn and was reused again and again.

3. The enrichment and separation characteristics of the anion exchange fiber to platinum
have been studied. The result shows that the enrichment rate of platinum reaches 96% in the
condition of the pH 2.5 and the solution current velocity 3mL/min. The exchange capacity is
great, and the adsorption capacity is 2.47mmol/g. The results also show the exchanged platinum
can be quantitatively desorbed with the mixed liquid solution of 5% thiourea and 2mol/L
hydrochloric acid. The effect is good, when the velocity is 3mL/min, the desorption rate of
platinum attains 96% above .And the anion exchange fiber was easily reborn and was reused
again and again.

4. The enrichment and separation of the ion exchange fiber to silver has been studied, the
results show that the enrichment rate of silver achieves 96% in the condition of the pH 3 and the
solution current velocity is SmL/min, The exchange capacity is great, the adsorption capacity is
4.21mmol/g. The result also shows the exchanged silver can be quantitatively desorbed with the
solution of Smol/L nitric acid .The effect is good ,when the velocity is 2mL/min,the desorption
rate of silver attains 90% above .And the anion exchange fiber easily reborn and was reused
again and again.

Key word: new ion exchange fiber; enrichment characteristics; precious metals; enrichment and

separation.
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2-1  tou
2-1
Au 1III Pd 1I Pd IV Pt II Pt IV
AuCl, PdCL,> PdC1> PtCl,> PtC1>
N*(CH,),CI
-N*(CH,),CI
2.2
2.2.1
N=(Cy-C,)/Co *100% 2-1
—
Co— (mg/L);
C— (mg/L)
2.2.2.
Q=V(C,-C,)/W 2-2
Q—t ( ) );

C—t (mg/L)

11



2.3

Q,
2.3.1
n= QJ/Q, *100%
2.3.2
= QJ/Q, *100%
2-3 2-4 Qo
Ql_
Q—
24
24.1
Smm 25cm)
( )
( )
( )
( )
( )
( )

242

12

Qo
Q

2-3

2-4



-N'(CHy)s,

-SO;'H 2-2 2-3
2-27B-2
-N*(CH,),CI
1.7-2.3dtex
>3.0mmol/g ( , )
\ (mmol/g
>2.5mmol/g ( , )
50-60%
pH 0-14
100°C ( ) 50°C (OH )
2-37ZB-1
-SO,;H"
1.7-2.3 dtex
>4.0mmol/g ( )
mmol/g
>2.5mmol/g ( )
50-60%
pH 0-14
0-120 140
HCl H,SO, NaOH
2.5
WFX-130

THZ-82A
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HY-4

pHS-3C pH
SK82000LH
202
BS210S
2.6
2-4
2-4
Au Pd Pt Ag
nm 242.8 244.8 265.9 328.1
nm 0.4 04 0.2 0.4
mA 3 3 3 3
6 6 5 6
mm
MP 0.3 0.3 0.3 0.3
MP 0.09 0.09 0.09 0.09
6.5 6.5 6.5 6.5
L/min
1.0 1.0 1.0 1.0
L/min
2.7
1.000g (25mL)
s Smm Imol/L
pH 7 12
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2.8

‘III

\A 4

Yy

2-1

15



311

3%10°g/m’!
0.0lug/LI*
Au®' Cr
[64]
3.1.2
100mg/L (C) 50ml,
pH pH=1.0,2.0,3.0,4.0, 5.0,6.0

2h )

pH pH=1.5,2.0,2.5 3

16

AuCl,

0.0500g,



N %

100 - -
95 -
90 - N
S 85 |
- 80-
75 [ -
70 |
7 2 3 4 5 6
pH
3-1-1 pH
3-1-1 pH=2-3
99% pH 3,
pH=2.5
3.1.3
50mL 100 mg/L (Cp) , pH 2.5 1,3,5,7,9 11
13mL/min pH=2.5
3-1-1
3-1-1
Co C
(mL/min) (mg/L) C, (mg/L) (%)
(mg/L)
1 100 0.54 99.46 99.46
3 100 1.68 98.32 98.32
5 100 1.92 98.08 98.08
7 100 2.88 98.12 98.12
9 100 4.56 96.44 96.44
11 100 6.78 93.22 93.22

13 100 12.96 87.04 87.04
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1 0 0 B - m - -
T m
\-
90 T
80 |
< 70 F
60 |
50 0 2 4 6 8 10 12 14
V/(mL/min)
3-1-2
2-11mL/min 7mL/min
7mL/min
7mL/min
314
50mg/L( Qo) pH=2.5 50mL  7mL/min
Ql + B
s -
3 2-4 3-1-2
3-1-2
Qo Q Q,
mg mg mg % %
1 1% 2500 2449.6 2373.7 96.9 94.9
2 5% 2500 24497 2386.0 97.4 954
3 1% 2500 24497 2423.6 99.3 97.3
+1mol/LHCI
4 5% 2500 2449.1 2439.3 99.6 97.6

+1mol/LHCI

18



) 1% ,5%
1% +1mol/LHCI 5% +1mol/LHCI 10mL
, 1% +1mol/LHCI

3.15
50mg/L ( Qo) pH=2.5 25mL 7mL/min
Q, 10mL 1% +1mol/LHCI ,
1 3,5,79,11,13mL/min
QZ
3-1-3
3-1-3
\4 Qo Q Q,
(mL/min) mg mg mg % %

1 1250 1248.9 1220.2 97.7 97.6
3 1250 1248.8 1208.8 96.8 96.7
5 1250 1249.3 1193.1 95.5 95.4
7 1250 1247.6 1167.8 93.6 93.4
9 1250 1248.6 1120.0 89.7 89.6
11 1250 1248.3 1093.5 87.6 87.5

13 1250 1249.1 1066.7 85.4 85.3

19



98 [ w__ — %
96 [ T . %
94 [ T—u
92 [ \
90 N
88 [ T
86 [ T
84 |
82 N
80 N
78 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14
V/(mL/min)
3-1-3
SmL/min
SmL/min
SmL/min
3.1.6
100mg/L 25mL , pH 2,
0.0500g , 2 3 5 10 15 25 ,
, 3-1-4
n—=—%
100 F -
90 .
80 |
& 70
- 60
50 F
40 |
0 5 10 15 20 25
t/min
3-1-4

20



3-1-4 8min
98% 25 100%
3.1.7
15 20 25 30 35
, 3-1-5
N %
100 L e
o5 | _/
L -/
90
& 85 |
80 |
75|
70 I 1 1 1 1 1
15 20 25 30 35
T/(°C)
3-1-5
95%
3.1.8
Zn*,Cu’" Fe’* Pb* Mg* ,
3-1-4
3-1-4
Au Zn 11 Cu II Pb 1I Fe 1III Mg 1I
III
% 92.1 2.5 5.7 0.4 6.3 3.8
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92.1%

3.1.9
([AuCL]) ,
) 1.00mol/L.
2mol/L 79.25%
3-1-5
3-1-5
C, mol/L %

1 2.00 79.25

2 1.50 85.11

3 1.00 89.15

4 0.50 90.46

5 0.25 95.72

6 0.10 98.63

7 0.08 98.18

8 0.05 99.13

9 0.01 99.13
3.1.10

100mg/L , pH 2, 250mL,
0.5000g 30min 24h,

, 795.5mg

4.04mmol/g 3.0mmol/g
[65]
SEM , 3-

1-6
3111 SEM

3-1-6

22



SEM SEM

SEM AuCl;

AuCl,
AuCl,

1
P-N'(CH,); [AuCL,]+SC NH, ,+H,0 »AuCl+S+ P-N'(CH,),+3CI+OC NH, , 3-1

AuCl+2SC NH, ,—[Au SC NH, , ,|CI 3-2
2
4Au+8SC NH, ,tO,+4H"—4[Au SC NH, , ,]+2H,0O 3-3
3.1.12
D) [AuC14]_ 1)
s [AuC14]_ CB)
[AuCL] Q, 1gQ 1gCy,
3-1-7 [AuCl,] Freundlich
Q=KC1/ nB, 1gQ =InlgC;+IgK, , [AuCl,]
:1gQ,,=1/1.09491gC, +3.35618 0.998 0.913

3.35618 [AuCL,] ,
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3.1.13

4.4
42}
40+

3.8

I9Q

3.6F

3.4

32l = : : : :
2 00 02 04 06 08

IgCB

3-1-7 Freundlich

3-1-8.
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98%

3.1.14

100 F
90 |
80 -
70 F
60 [
50 |
40 |
30 |
20 |

%

3-1-8

3-1-8

95%

795.5mg/g,

25

4.04mmol/g
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322

100mg/L(C,) 50ml, pH
pH=1.0,2.0,3.0,4.0, 5.0,6.0 0.0500g, 2h
) 3-2-1

pH=1.0,2.0,2.5 3
3-2-1

100-—
90-—
80-—

70

n %

60

50

pH

3-2-1 pH
3-2-1 pH 2
100%  pH 4 ;
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3.2.3

50m1 100mg/L , pH=2.0
7 1,3,5,7,9,11,13m1/min pH=2.0
3-2-1
Co C, C
(mL/min) (mg/L) (mg/L) (mg/L) (%)
1 100 2.36 97.64 97.64
3 100 2.39 97.61 97.61
5 100 3.64 96.36 96.36
7 100 7.67 92.33 92.33
9 100 9.84 90.16 90.16
11 100 11.45 88.55 88.55
13 100 14.65 85.35 85.35
n—=—%
\-\-
90 . T
\-
80
\C 70
60
5 0 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14
V/(mIl/min)
3-2-2
1-5mL/min SmL/min
SmL/min

SmL/min
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324

50mg/L ( Qo)50mL pH 2
SmL/min
Q, NH,H,0 , 1% 5%
10% Smol/L 1% +2mol/L 5% +2mol/L
Q,, 2-3 3-2-
2
3-2-2
%
Imol/LNH,; H,0 87.6
W(NH2CSNH2)=1% 73.2
W(NH2CSNH2)=5% 80.4
W(NH2CSNH2)=10% 81.4
W(NH2CSNH2)=1%,C(HCl)=2mol/L 98.2
W(NH2CSNH2)=5%,C(HCl)=2mol/L 98.4
,NH; H,0, 1% 5% 10% Smol/LHCI
1% +2mol/LHCl 5% +2mol/L HCI
1% +2mol/LHCI
3.25
25mL 50mg/L ( Qo) pH 2
7mL/min
Q, 10mL1% mol/L. HCI
1,3, 5,7,9,11mL/min
Q,, 2-3 2-4

3-2-3

28



3-2-3

\4 Qo Q Q,

(mL/min) mg mg mg % %
1 2500 2474.8 2437.7 98.5 97.5
3 2500 2475.0 2432.9 98.3 97.3
5 2500 2474.6 2284.1 923 91.4
7 2500 2473.6 2194.1 88.7 87.8
9 2500 2474.2 1994.0 80.6 79.8
11 2500 2474.4 1892.9 76.5 75.7

T g——u. “m %
R 951 T - %
90 | |G
85 - '\
_ 80f | SN
> .5l 8
70
65 |-
% 2 4 6 8 10 12
V/(ml/min)
3-2-3
3mL/min
97% 3mL/min
3mL/min
3.2.6
100mg/L 25mL , pH 2,

0.0500g, 1 2 3 5 8 10 15 20 25
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n—"—%

100

90

80

70

n /%

60

50

40

0 5 10 15 20 25 30
t/min

3-2-4
3-2-4 9 :
98%

3.2.7

15 20 25 30 35
, 3-2-5

100 R
98 -—
96 |- /

94 °

92
90
88
86
84 r
82

n /%

15 20 25 30 35
TI(°C)

3-2-5
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328
Zn2+,cu2+,Fe3+’Pb2+ Mg2+
3-2-4
3-2-4
Au III Zn 11 Cu II Pb I Fe HOI Mg 1II
mg/L 10 101 10.5 9.8 565 235
(mg/L) 0.27 97.9 9.9 9.7 539.4 230.1
% 97.3 3.1 5.7 0.1 4.5 2.1
97.3%
3.29
([PACL* [HPACL])
[67]
[68]
3-2-5
Cy mol/L %
1 4.00 55.64
2 2.00 62.37
3 1.50 73.42
4 1.00 80.67
5 0.50 90.18
6 0.25 94.31
7 0.10 98.24
8 0.08 98.23
9 0.05 99.32
10 0.01 98.84
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, 0.25mol/L

2mol/L 62.37%
4dmol/L 55.64% , ,
3.2.10
100mg/L , pH 2, 1.000g
60min 24h, ,
279.8mg/g 2.62mmol/g

3.0mmol/g [68]

3211 SEM
3-2-6

LK
[Bum @882 11-WLT 25

SEM

SEM

3-2-6
SEM

3.2.12

, [PAC1,]*
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[PACL]" Q,

.75
.70
.65
.60
.55
.50
.45

I9Q
w w w w w w w w w

.35

3-2-7

3-2-7 [PACI, >

—KCI/nB  1gQ =InlgCy+lgK,
1gQy=0.296781¢C,+3.39992
3.39992 [PACI, >

3.2.13

40 F

1gQ

[PACLJ*

lgCBa

3-2-6

Cs,

33

0.997

0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1
lgCB

Freundlich
Freundlich

5

[PAC1,]>
3-2-6

Q

0.29678



1%

_ m
100 |
90
X 80
70
60
50
40
30
20
10
0
1 2 3 4 5 6
3-2-8
3-2-8
97%
92%
3214
)
479.8mg/g
(2)

3)
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3.3.2
100mg/L 50m1, pH
1.0,2.0,3.0,4.0,5.0,6.0 , 0.0500g, 2h
1 3 pH=15,2.025 3
25mL , 3-
31
100 [ —
L -/ \-\-
90 - —_— .
80 I
< 70}
60 -
50 1 1 1 1 1 1
1 2 3 4 5 6
pH
3-3-1 pH
3-3-1 pH 25 ,
, pH=2.5 99%
pH 25 , pH=2.5
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3.33

50m1l 100mg/L , pH=2.5 1,3,5,7,9 11 13ml/min
, pH=6.0, ,
3-3-1
Co C, C
(mL/min) (mg/L) (mg/L) (mg/L) (%)

1 100 2.46 97.54 97.54
3 100 3.27 96.73 96.73
5 100 7.64 92.36 92.36
7 100 9.67 90.33 90.33
9 100 13.84 86.16 86.16
11 100 16.45 83.55 83.55
13 100 20.65 79.35 79.35

oo -

95-— -

90-—

S 85-—
) 80-—
75 |
V/(ml/min)
3-3-2
1-3mL/min ,

3mL/min )

3mL/min
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50mL 50mg/L( Qo)

3mL/min

, pH 2.5

Q, 1% 5% 10% 25%
Smol/LHCl 5% +1mol/LHCl 5% +2mol/LHCI  10% +1mol/LHCI

Q,, 2-3
3-3-2
%
W(NH,CSNH,)=1% 78.8
W(NH,CSNH,)=5% 80.4
W(NH,CSNH,)=10% 81.4
W(NH,CSNH,)=25% 81.2
c(HCl)=5mol/L 80.3
W(NH,CSNH,)=5%,c(HCl)=1mol/L 98.2
W(NH,CSNH,)=5%,c(HCl)=2mol/L 99.3
W(NH,CSNH,)=10%,c(HCl)=1mol/L 99.2
25% 81.2%, , ,
98% , :5% +1mol/LHCI
5% +2mol/LHCI 10% +1mol/LHCI ,
, , ( 5%
+2mol/LHCI )
3.35
25mL 100mg/L ( Qo)s pH 2.5
3mL/min
Q, 10OmL 5% 2mol/LHCI
1,3,5,7,9mL/min ,
Q,, 2-3 2-4

3-3-3
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3-3-3

\ Qo Q Q.

(mL/min) mg mg mg

%

%

1 2500 2442.6 2405.9
3 2500 2441.8 2400.3
5 2500 2442.1 2254.1
7 2500 2441.8 2165.9
9 2500 2442 .4 1968.6

98.5
98.3
923
88.7
80.6

96.2
96.0
90.2
86.6
78.7

100
98
96 |
94 |
X 92|
90 F
88
86 |

82
80 |
78 |
76 |

—Hl— %
— @ %

0 2 4 6

V/(ml/min)

3-3-3

3mL/min , 96%,

, 7mL/min 90%,

3.3.6

25mL 50mg/L
0.0500g, ,

38
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n—=— %

100 -— -
95 -—
90 -—
85 -— y
O\O L
~ 80 -
— I
75 -
70 |
65 -—
60 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25
t/min
3-3-4
3-3-4 10min 97%
3.37
15 20 25 30 35 40
, 3-3-5
100
9s [ ./I - m
96 I /
94 |
92 F '//////.
90 [
88 |
° 86 |
~ 84 -
< g2FfF
80 [
78 [
76 [
74 F
72 F
70 1 L 1 L 1 L 1 L 1 L 1
15 20 25 30 35 40
T/(°C)
3-3-5
25
35
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3.38

100mg/L , pH 2, 250mL, 0.5000g
30min 24h, ,
482.5mg/g 2.47mmol/g 3.0mmol/g
339 SEM
3-2-6

SEM SEM

3-3-6

SEM PtCl>

3.3.10

5 . 3-3-7
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100

80

60

40

20

3-3-7
3-3-7

3311

(M

2)

3)

482.5mg/g
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SmL/min
4.21mmol/g
10

4.1

50ml

92%

100mg/L

1.0,2.0 3.0, 4.0,5.0,6.0,

2

pH=2.0,2.5,3.0,3.5,4.0

4-1

pH=3.0

4-1

96% ,

0.0500g,

pH=3.0,

4.0mmol/g

2mL/min

2h

4-1

98%

pH

pH=3.5
pH 35 ,

42

5Smol/LHNO,
90%

pH

50mL



4.2

pH=3.0 50mL 1,3,5,7,9,11,13mL/min
pH=3.0
4-1
Co C, C
(mL/min) (mg/L) (mg/L) (mg/L) (%)
1 100 2.4 97.6 97.6
3 100 2.8 97.2 97.2
5 100 3.7 96.3 96.3
7 100 4.3 95.7 95.7
9 100 5.8 93.2 93.2
11 100 8.6 91.4 91.4
13 100 9.4 90.6 90.6
95 | \-\'\'\
I -\'\
90 | -
§ 85 |
a 80 |
75
e R T v
V/(ml/min)
4-2
7ml/min s , 95.7%
Sml/min Sml/min ,
7mL/min SmL/min
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4.3

10% 20% Imol/LHNO;
5mol/LHNO; 10% +1mol/LHNO,
, 4-2
4-2
%
10%
20%
1mol/LHNO, 84.4
Smol/LHNO; 91.2
10mol/LHNO, 91.8
10% +1mol/LHNO,
HNO,
Smol/L 91.2%
5mol/LHNO;
4.4
50mL 50g/mL pH=3 SmL/mim 10mL
5.0mol/LHNO, 1,3,5,7,9,1 ImL/min pH=1
HNO,;25mL
2-3 2-4
4-3
N4 Qo Q Q,
(mL/min) mg mg mg % %
1 2500 2449.8 2234.2 91.2 89.4
3 2500 2448.6 2216.1 90.5 88.6
5 2500 2449.3 2206.8 90.1 88.3
7 2500 2447.6 2168.6 88.6 86.7
9 2500 2448.7 2113.2 86.3 84.5
11 2500 2448.4 2098.3 85.7 83.9
13 2500 24493 1963.6 80.1 78.5
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%

2mL/min

4.5

25mL

0.0500g,

4-4

100
90
80
70
60
50
40
30
20

n 1%

92 |
90
88 |
86 |-
84 |
82
80 |
78 |
76 |
74|
72 |

— %
—®— %

70

4-3

100mg/L

2

6 8

V/(mL/min)

10 12 14
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