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Research on the Leaching of Palladium in Anhydrous DMF-Copper Chloride System
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Abstract: In anhydrous N,N-dimethylformamide (DMF) solvent, palladium was extracted by oxidizing
copper chloride (CuCly). Using single factor test and response surface optimization method, the optimal
leaching conditions were studied. The results showed that palladium existed in the form of Pd(Il) in the
leaching solution, and that the leaching rate of palladium increased with CuCl, concentration, leaching
temperature, leaching time, and the solid-liquid ratio. Under the optimized conditions: CuCl, concentration
of 1.25 mol/L, solid-to-liquid ratio of 1:700 g/mL, and leaching 90 min at 80°C, the leaching rate of
palladium can reach 98.5%. By adding diacetyloxime to the leaching solution, 96.3% of palladium and 5%
of copper can be precipitated. The proposed method can provide a reference for the recovery of palladium
from electronic waste.
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L s, wRekEE, R REIER R, Wik
BHHEAR EEAFAEL, TR Ayt
& FMERER T AR SRRk, HE AR,
EAE B S N RIZE T, K AL BE BRI )
R B KA L AL 1 0 b P R e I A £ %
WA &8, MBI ERR, HFAREAF
PR EAIDHERG FEEDE R AR BRAER R, H
R TR, R AL, MRS TR .
Rt B R I Bt 42 )8, I HAIR AT LAE 3R
MM T EBA EERP RN E. A8
7N, FTE/K CuCL-DMSO(— H #£ A1) CuCl,-DMF
(N, N-Z F 5 G Jlg ) 2R AT DLV i, AEVR HIVRH
IAZEFKE, BRSSO I 4 5
Fi, &RIREIER 97.6%. AR R,
FIFH Cu(IDEIEAKEF T AN, BL DMF A%
A, H CuClL FAEEAR Y, R H AR AL 1
T T S PAT Wi fi5 QB B VRV TIEIR
W R . R IR BHIE R R SRR 2

1 SER

1.1 RFJEE

DMF & — Pl JE BT 7o K PRI, B R4
MG E AL AR v, F BRI CuClys
CuCl, TENAFITEA HLIE T B8 BEAREL Y S 1L
FLA7, A8 & JE A LA B Cu(I) 5 AL % PA(IT)
BT, 38 | 0.025 g CuCl, RENS 52 4R 0.02 g
B, ARSEEE CuClL Bt . R R R N:

Pd+2[CuClL]+2CI=[PdCL*+2[CuCL] (1)
Pd+2[CuCL]*=[PdCly]* +2[CuCL] )
1.2 SRR R &

N,N-— I 5 H iz (DMF), 2:Mradi, i (5 &
SEL FRHD>99.5%; LEE, AyHrél; FoKE AT,
SATal, AifE>99%; T HifE(C4HN,O,), Fr 4,
4ifE>98%; 4 J@iisL, 4lifE>99.99%. LI fH FH1E
TRE IR KR, AL X St i FRE AN
2 [E 2B K /R A 7] ESCALAB250XI A XPS.
1.3 LB HEE

1) RS, #EFRI 0.02 g (K2 0.02
mg, AN my)flzF 50 mL BIHETEE A, A
CuClL-DMF ¥, B THERE s s T, n

PO — BN TR . HEF U R AR 22, AR5
F DA AR 22 3 G b Vi, R ARV AR (AL
R (my). AR R, IARFERERT
IKEAH . SR AN AT DMFPC B ) 22
IR E (TR 8] (£), BREH B — X PATFEEAT
B, HRR R A KON
Ry =(mo=m1)/myx100% 3)
2) VIHENTHISELS . &EL 20 mL 4LHR T
50 mL H#EFEMPY, HU 1 mL 32 HBOIM B,
NG AR NR BRI — 2 B T Fif5 LR
W, RVERE B E, B 1 mL AR,
I3 AAE S R 500°CHBEE 0.5 h, SRS IR R N
A 8 mL F/K, fEVERE N 200°C AR R
TR, JEEMRE. B B, 8 ICP-AES
ME AR & &, JRFEYaE R, HEARN:
Re=(po=p1)/po>100% (4)
L, po RUTE AT LIS, me/Ls py NUL
VEJE B TARRRAR L, SR B A3 S A5 tH AR Y
WA, mg/L.

2SR5

2.1 XPS F/E

BB ARAE R CuCl,-DMF VAW T 185
F XPS &, #3202 H R PG R TE 3d FUIER
XPS B, g5 1 Fis.

XTI NIST Frde i, FEo A cm!™, &
RS A REN 335 eV, MR AT, HEARmESN
=S R, 4G RERE K, PACL 4G REN
337.8 eV, HHT d Huild | HEeZ 5 500 2 Mg
2k, BUETELR IR FE A 5.3, Ui B & B H4E CuCl,-DMF
=P E AN PA(TD).
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Fig.1 XPS of Pd element in palladium leaching solution
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2.2 HERKMHLE
2.2.1 CuCly #R XTI H AL

il 5% DMF %7 &4 14 mL(FEWR A 1:700
g/mL), 7£ 70°CHFFH 90 min, 44F CuCl, IIA
B, % CuCly IR XA R somd, 45 B
2 fime. MBI 2 ATRUEH, CuCly IRESHR H B %
KM, 2R CuCl WRETF RN, 74
CuCL K% 0.75 mol/L I, 12 Hi K 82.19%. CuCl,
WA 1 mol/L B, HUIR HIZIAF] 89.53%.
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Fig.2 The influence of CuCl, concentration on

the leaching rate of palladium

2.2.2 R AR R R

£ CuClL ¥4 1 mol/L, [ EE 1:700 (g/mL),
SBEIRFE 70°CHIZFAE T, B8 T RSN AR 2
FIssm, S5 3 Fron. B 3 A%, BERE
K, RHBCREE RN, 432 I E 30 min FR
HRAUHN 20.68%, 17 B AIZEK E 75 min 3% H 2L
2N 87.61%, 90 min B HZE G T =5 89.32%.
223 PR E XN R R

7E CuClL #E 9 1 mol/L, [ EL 1:700(g/mL),
SBEEF AL 90 min 254, WAL T ALKIR AR Bl
RIS, dRmE 4 fros. i 4 e
B, R TR, AR AR RN, Y
WA E] 90°CHRE, FRANAMAZEIIE 96.25%, X
UL CuClL-DMF 14 517 H AL OB A — AN IR A
P FE .
2.2.4 I LExT AR H E AR

7E CuCLIKJE N 1 mol/L, RMIEE 70°C, &
;R[] A4 90 min 25 2F . BF AL 1A LA 28
10 12+ 14, 16 mL, R LL)xS 48R HRCR 1)
o, SR S frn. B S BoR, AR
REfE DAL AIR e, AR il bkt 700 (mL/g)
Jei s VR LR H e R TP A
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Fig.3 The influence of leaching time on

the leaching rate of palladium
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Fig.4 The influence of reaction temperature on

the leaching rate of palladium

100

60

RL/%

0
300 400 500 600 700 800 900

L/S (mL/g)
B 5 VRUIE Bt 4R R R e
Fig.5 The influence of liquid-solid ratio on

the leaching rate of palladium

BT B RFARRNSE R, mERH%
R X 0.02 g &)@, IMAWKEAN 1 mol/L
CuCl,-DMF ¥ 14 mL ([# Ee A 700:1 mL/g), 7E
90 CHiiPHiZ i 90 min. LA MR HE A 96.25%
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2.3 WL SE S
2.3.1 W S TR A S5 5 M PR 3R s X

TE LR IR Rl -, R Design-Expert
V8.0.6 ¥, WM CuCl, KL SRS [A]L S
T R e sem 2oy B AR &, DURRIR RN
M NAE, {4 Box-Behnken FH o8 & 8T,
BETH DU LA 2K = KPS 3 e T 2 s 50,
W=k 1 frs.

# 1 Box-Behnken ¥t FEKER
Tab.1 Factor level of Box-Behnken design

K& A W& B H#HEC HWED

K W/ TR L/ 18 T VA5 -7
(mol/L) (mL/g) min T
-1 0.75 600:1 60 60
0 1 700:1 75 70
1 1.25 800:1 90 80

2.3.2 Box-Behnken 0o & T HFIA LS

Box-Behnken HUOhHA BRI S5 R ansk 2
B, BRI 2 AFATHRE, BIR HEREL 2 A
S 25 A, MR S5 4 AT B A
e E AR R, P(P>F)<0.05, RSN
ZRE, BRAERIF. R FRRERT, ¥
A EELIR HY T 2 ) 5 BR300 &R R (D) > $R X
I 1] (C) > W FE(A) > TR E Lh(B),  FLER 1B Eh K &=
A 3 BRI s ma ) B3
233 HRELEAERM S

A. B. C. D% 4 MAZZIAIAE HAE X4
(R tH ZR S i BT P, il 6 s, FE T i
PR DR 23 L A e 2 T PR A7 A v i, BVREIR HH 2R A
B AT LA I 2 g ST B TR A 5 R R TR 28 HL
PERDHRECT Z psem, iR R R R AE AR
M, FRNERZTERANREE, FTUEHS
BRI 2 0t e A A2 AR FANBA &6

FETm SR SR, SRR RN,
XF0.02 g & B4, AWK EE N 1.25 mol/L CuCl,-DMF
R 14 mL GRE ECA 700:1), 76 80°CHEFHZ H 90
min. VSR RN 98.5%.
24 T ZEBUTRENTHR B4

CuClL,-DMF 1A Rig 4l f5, B3R il i\ 2
BTK, R AEEERLE RA 53.6%, AEAE
T T Bk, ARSCRATT ZEiAG- £ EE
AT PR DTE .

%2 Box-Behnken 3265 926455

Tab.2 Experimental design and experimental results of

Box-Behnken

s A B C D R\/%
1 0 -1 1 0 80.6
2 0 0 1 1 53.0
3 -1 0 -1 0 54.5
4 0 -1 0 1 62.8
5 0 -1 -1 0 51.3
6 0 0 -1 1 34.8
7 0 1 -1 0 63.8
8 0 0 0 0 68.7
9 1 0 1 0 76.4
10 0 1 1 0 76.7
11 0 0 -1 1 59.6
12 0 -1 0 1 88.5
13 -1 1 0 0 55
14 0 0 0 0 68.7
15 0 0 0 0 61.8
16 1 0 -1 0 70.2
17 1 0 1 0 65.2
18 1 0 0 1 67.8
19 1 -1 0 0 58.9
20 1 0 0 1 90.9
21 0 1 0 1 71.5
22 0 0 0 0 59.3
23 0 1 0 1 36.5
24 1 0 0 1 61.4
25 -1 0 0 1 49.1
26 0 0 1 1 100.0
27 0 0 0 0 56.9
28 1 -1 0 0 68.7
29 1 1 0 0 66.8

FREL 0.1 g 4B422%F 100 mL KA 1mol/L 1
CuClL,-DMF 1, o CuCl, Ik 58 2V,
FEHL 20 mL {93R T 75 0.1 mol/L T —Hilf5 Z.1
I B (5 A HLVE AR AR L)X i ROR 52
M, 5 7 B,

FREX 0.1 g HR 22 A sE 43T 100 mL R JE R 1
mol/L ] CuCl,-DMF H, L 20 mL =2 H#, i
20 mL ANFEIRBERT —Hifi5, HET EfE R AT
DURRCR IR, 558 8 Fior.
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Fig.6 Response surface of the influence of various factors on palladium leaching rate
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Fig.7 The influence of the amount of diacetyldioxime added on Fig.8 The influence of the concentration of diacetyldioxime on

the precipitation rate of palladium and copper the precipitation rate of palladium and copper
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MW 7 WA LLE, T A5 2 B o A
BARUF I UTIE BER , IR RS> CuCl,-DMF K
B T RIUTRE, RN 40%0F, e R
A 1.6%, (BERUTIE RN 62%, TEMMANER 60%
i, HITTE RN 5%, HRITTERIEE] 96.3%, T
LL, R8T ZHf5 NN RN 60%, HE T R mE,
[ B 80 T AR I DTE

M 8 ATLAE . T —Ef5HR 551 0.01.
0.025. 0.05. 0.1 A1 0.5 mol/L, [ T #£ 0.01 mol/L
WP A AR IIUTTE LR Ah,  HoAth ik B x4 1)
DU LB W, JUERAE 90%LL L, T
P i AR P S5 R RO T 2R B2 AR OK, 7E 0.1 mol/L B Ay
5%, {HFE 0.5 mol/L i ] LLIEF] 67.5%.

3 4

1) X 5ot 7 RERE(XPS)RAE L B on, 40
#£ CuCL-DMF & Z 1 L) PAADJEASAAE, & /@]
B CuClL AR

2) AR AL RIS R BT . IR H 2R B
CuCl, Wm0, BEREFA mmsgm, iz
EH B T 164 00 v 386 000, B A K T 3 e 2 T
WAE TR, SFERFEMOAERARE,
R T2 & R E ORI FE (D) > $2 B (8]
(C)>IKJE(A)> W EL(B). B CuCl, K
¥ 1.25 mol/L, ¥ [&E L 700:1 (mL/g), 80°CHiiHHIZ
90 min, R HZELF] 98.5%.

3) T EifsUtiE iR K JoK CuCl,-DMF
BHIZ AR R T E A ALE R I T Eif5 B
B EDUIE TR, WA B Il R #om,
FEMREE 0.1 mol/L, FE A WIEBR AT K] 60%I,
HERIUTIEF N 96.3%, FRITTER A 5%, AR TG
SR BRI AL
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