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Extraction and Determination Methods for Mobile Forms of
Precious Metals in Soil Samples
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(1. Geoanalysis Center of Henan Province, Zhengzhou 450012, China;
2. The 3rd Geological Survey Team of Henan Geological Exploration Bureau, Xinyang 464000, China)

Abstract; The extraction techniques and determination methods for the mobile forms of platinum, palladium and
gold in soil samples are developed. The detection limits for precious metals in soil samples were 0. 03 ng/g for
Pt, 0.01 ng/g for Pd and Au in mobile forms of water extractable, clay absorbed and exchangeable, organic
phase and Fe-Mn oxides bonded metals. The stability of trace platinum, palladium and gold with various mobile
forms in a variety of extraction media was tested. And the solid-liquid separation methods, the effect of extraction
temperature on the precious metal extraction, as well as the treatment of the extractants were also tested. The
method was successfully applied to the identification of buried platinum and palladium deposits in South Africa
with satisfactory results and will provide guidance in searching for hidden mineral deposits.
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B PR /IR 2 DR 2
(1, 80 TSR R X PP Au (KRR
5 RIS S T At ATHUR S £ 75 BBk
Hsh A AT A SR A 5 2 IR
0 S LR IR T T HRR TS, ST 3
AR AR AR SRR Pr P Au 6 8075
Wt 25 AR 5B SRR () PR

1 SEEEsy
1.1 {38 B TARAcAF

Thermo X Series 2 I H1 JBfH A 45 2 AL
(3 Thermo AH]) o TAESAM I : AGFTIE 1400
W, TAERARR A, B EA I 13.0 L/min, Hi B <
HiE 0.8 L/min, LS i 0. 88 L/min, BURE4EFL
1.0 mm, BEEEFLAE 0.7 mm, Y& 5= Bkig, {5
FRIRHTE] 10 ms/ 5, 4R AL 40 IR, MR ERH[E] 60 s
1.2 brifErsig A 2]

Pt Pd  Au HRifERE A W : 73 5 FRE 0. 1000 o
&)@ Pt.Pd Au, # T 3 > 100 mL Babrif, A F 7K
WIEIA0. 2 g NaCl, 727K Fzs T FH8 mol/L
HCL # HNO; =ik, JinA 10 mL ¥& HCL,20 mL /K,
FRER R MR G B B A 100 mL 253+, K
R R ZIE  BE5] o ML ProPd  Au VR BE 34
1 mg/mL,

Pt . Pd Au FRUEFEL : 70 5IF5H 2 mL Pt Pd  Au
FruEfg £ 7 T 200 mL 25 5, A 1.2 mol/L
HCl B R 213, #25) o LW Pr.Pd  Au W)UK E
¥ 10 pg/mL, ARiEE R EH AL

TRAEPCS TG : 258 F7K

0 - W B S AT S 4 A PR O] 50 o/ L AP A
PRI o

EHLURSES4EEGR 0.1 mol/L NaOH -0. 1
mol/L Na,P,0,15 ¥ ,pH =13,

BRER A AL A A AP 0. 3 mol/L AP R
B —20 g/L Eh RIS WL -

1.3 585051k

FREX 20. 000 g 4 SEAE i T B0RH BOfR A, 1
BINA 100 mL £ 870K, 37 B a5 01 & T g ik
il bR 1 h, & & 30 min J5 b 8, 5RE A
BN — IGO0 K SR S 4
Ja& s KU AT 1 W B 25 5 ] S8 4 38 A LSS &
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A VB E A A S RO 100 mL, 4735 i g
KPR o 7ERAT 3 O 1 1 PR Vs A R m A
15 mL HCI,10 mL 71 KCI1O, 57K , 7 Efh 55 JF 4%
5o KB PR FERE TR A, F OB S min,
PR 30 ming HCHS 5 FH T PR W B 5 4 R Ak, K
53 12 mL ErFC ) FEOK IS, BT K R A,
ZZZIT T, I AP HCL EE HNO; PRI, U o
IR ZE =R, A 10 mL 0. 6 mol/L HCI, F§
i B ARSI 51y, 7F 1E E W AER AT H ICP - MS
e, a0 25 A R 2 X S U ()5 1

2 kGl
2.1 S EBERIREA
2.1.1 KBS

B TR SR W B SR A O,
BHES -2 41 45 & ( Cation Exchange Capacity, CEC)
— 100 g &2 &~ ww meq, R B FOK R
B, PO 2 12280 4 85 R e N UK 908
T 4w Al v MR IS TR I A JE | T I IR AR S T
HEENS S AR ST A LS G a8
2.1.2 BRI A

Ry - ) B 5 A 4 i DA v B
oS AT (F IR 700 ~ 800 m*/g, CEC g
100 g4-H170 ~ 150 meq) > AT ZRiefT > mll AT >
ZKE W7 (618 X 30 m*/g, CEC 43100 g+
3 ~50 meq) . TEMRBEFIENE MG, IR AR AE
BREh KB P BLRA) BIR IR 1Y LW
o RHIS0 o/ LATAIR BV AR IBGH] , SR 4 3222
G R AR a2 ] ] AL Oy
2.1.3 HHUREEE

T, SR T SEIURNZ &, Gl
PR ARG 2 MG, AN S
LIRE AR F LRI REHR] (—COOH) L)
FHAbI R iz 5 (—NH, ) Ak (—SH) &%, +
BAPUDN 48 B 1 I ER S A 4 — R SR A
BEA B % H A 24, F A 0.1 mol/L NaOH - 0. 1
mol/T, Na,P, O, #2 I 5] (pH = 13) , F2 IS Z T2k
oA DUAS & BA PR TR 48
2.1.4 PHAEMUYELS

g AR A ) R v T A, (H
B AR TR (R T RE 2 K TR . &
A IR BT R 4B IE A R R 2T
TE LG, AELIEPEREIT R AR FEAEH
MR AR R ALY . RHT 0.3 mol/L AT R Bk
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PR IR D R PR E TR , By DA T
Mo 5 B2 5t IR AE 45 P R AR ML BR AL 5
ol R B B — BRI . AR FETE S R U %,
e AR B4 (R 45 P S AR BOR A7 1E
L PR 1 LA SR O P AR M Tk

f8 T A B S AR k.

R T Pt.Pd Au 7F 1.2 mol/L HCI(1*) .5
FK (2" KBRBESHRBGR) (50 o/ L A7 458 R B Vs T
(3%, 2+ W [ 25 $2 HUA) 0. 1 mol/L NaOH - 0. 1
mol/L Na,P,0, % (4" , A HURLE &G 0.3
mol/ LIFERR R - 20 o/ L ERFR AR TR (5%, 4T A
et A ARG T RIRRE T SR A 1,

F 1 AFEFERE AR PRI

Table 1  Stability test of Au and Pd in different extraction solutions

WE my/ng

B Au(1%)  Au(1#+KCl)  Pd(1*)  Pd(1*+KCl)  Au(2®)  Au(2*+KCl)  Pd(2*)  Pd(2f+KC)  Au(3*)  Au(3*+KCl)
l1h 5342125 5.79£0.55 5.4820.61 6.50+1.31 5.08+0.76 4.94+1.10 4.56+0.06 4.82+0.65 6.14£0.29 5.50+1.17
3h  5.15%0.45 5.05+1.06 8.73%1.48 6.50+1.14 2.52%0.75 4.71£0.43 4.25+2.08 8.59%1.36 5.03+0.65 5.40%1.99
17h 4.68+0.46 5.89+1.21 5.02+0.49 5.47+0.53 3.50+0.95 4.340.87 3.19£0.66 4.25+0.70 4.96+0.32 4.93+0.30
24h 3.51£0.28 3.96+0.59 5.22£0.21 4.60+0.68 3.15£0.10 4.350.25 4.07£0.75 5.00+1.82 4.73£0.35 4.60+0.39
48h  4.98+0.37 4.93£0.57 4.76:0.95 4.36+0.64 2.1020.35 3.06+0.47 2.65+0.20 3.62:0.55 4.48=0.84 5.46+0.69
96h 3.97£0.53 5.30+1.42 3.76£0.15 4.06+0.63 1.09+0.41 4.23£0.44 2.22:0.48 3.40£0.70 4.56+1.02 4.78+0.59
7d  4.87:0.64 6.22+0.34 3.93x0.25 3.80£0.50 0.65£0.45 4.76+0.47 0.95+0.54  2.84£0.51 5.7520.47 4.071.75
14d 520%3.71 6.91+1.81 3.21£1.27 4.34£0.37 0.67+0.12 6.92+0.51 2.51+0.64 3.27+1.75 5.68+4.32 4.53+1.78
21d 6.09%0.25 3.74+2.50 4.8220.79 3.08+0.24 1.03%0.34 3.13:2.12 3.82x1.94 4.07+1.81 4.09+1.04 6.58+1.44
>21d 5.70£0.30 4.14£0.90 6.62+0.32 5.62+0.43 1.14£0.36  5.97:2.14 4.26+1.34 7.82x1.14 5.200.30 3.70£0.21
Loss 0.64£0.20 0.62+0.10 0.68+0.27 0.69+0.03 36.0+5.05 8.78+1.14 30.03+5.68 6.36+1.39 2.18+0.11 1.49+0.19
W my/ng

a1 Pd(3®  Pd(3*+KCl) Au(4%) Au(4% +KCD) Pd(4%) Pd(4* +KCl) Au(5%) Au(5% +KCD) Pd(5")  Pd(5%+KCl)
Ih 4.6520.13 5.52+1.65 5.15:1.15 7.22:0.45 5.43+0.16 7.58=0.84 4.91+1.53 4.84£1.08 4.38:0.83 6.15+1.26
3h  6.1120.39 4.68+0.87 6.27+0.85 5.4321.69 7.72£0.36 4.95+0.99 1.732.37 5.31£0.72 1.61£2.38 3.43+0.75
17h 2.5930.60 2.63+0.21 4.55+0.21 4.48%0.72 6.63+2.85 8.01+1.86 3.3420.50 3.78+0.33 2.98+0.60 2.79+0.29
24h 4.52+0.86 4.83+0.85 5.46+0.54 4.70:1.06 5.69+0.85 6.90+0.93 4.80+1.20 3.46:0.56 2.83+0.76 1.8120.82
48h 4.18+0.80 2.87£0.39 4.88x1.24 3.55:0.32 4.28+0.06 4.1420.65 5.15+0.78 4.54£0.52 1.54:0.73 1.640.34
96h 2.08+0.81 2.63+0.70 5.11£0.23 5.19+0.43 4.07+0.54 3.95+0.66 5.25+1.38 3.79+1.56 1.77+0.25 1.08+0.29
7d  1.7920.55 1.44£0.55 5.76+1.37 4.67+1.14 4.04x1.29 2.64+0.67 4.92£2.47 4.39:0.34 1.74+0.80 1.58+0.38
14d 2.13:0.44 2.21£0.63 6.48+1.01 4.87+0.88 3.9320.70 2.64+0.67 3.99x1.37 4.98+2.19 2.7320.33 3.070.75
21d 3.58+0.20 3.63£0.21 4.59£1.98 5.90+0.84 4.95+1.43 5.81£0.26 5.21£0.57 5.20£1.08 4.17+1.02 3.31+0.70
>21d 5.69£0.51 4.96+1.31 3.77+1.61 5.81+1.18 4.96+1.25 6.28+1.98 3.42:0.10 4.67+0.44 2.76+0.95 4.03+0.13
Loss 6.161.14 6.34£0.77 0.80£0.23 0.62+0.23 1.1120.20 0.65+0.07 2.80=0.46 2.99+0.03 22.53+0.45 20.34 %0.15

R MESI T FHZS 2 Rt shS RO BURHIT, B
ERIEBGATR A 200 mL, i1 10 mL p (Pt . Pd Au) =50
ng/ mL R, 7EAN RIS ] Y G 20 mL, 5 G P,
Pd Au i, 1 Loss BARTERSG —IRBUR G B
SRR 2, K Mg —k, B A 30 mL
HCl #1110 mL H,0,, 35 F#is, 8 TIRGIWRS 1 h,
HCE 24 h J5 TR 1 h E AR PePd Au 55

Pt 5 Pd (il & BAR AT, 3% 1 RS0 H P
SEEGHEE . SCERERM R & Pt Pd | Au 7ESCIG VW
HOEATRE I, NFR 1T 24 BEXT 5t 42 8 i W B 45
P Hr, 1.2 mol/L HCI(1") v 5% 42 i A o i 1 e
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Fig. 1 Comparison of extraction and separation effects with
different filtering methods
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AR T R T SREIBCR AR R I ol s 3 98 05 9%
(R RE PR, SRR, /e Pt Pd A 35 25 $E U
e I e DR A [ — o0 T3
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Fig.2  Application of the method in the Bushveld Complex
area of South Africa
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