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Preparation of gelatin-acrylamide graft copolymer and
its application in copper electrorefining

ZHENG Ya-jie, KE Lang

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: The gelatin-acrylamide graft copolymer (PGAM) was synthesized by acrylamide and gelatin using peroxide as
initiator, and the PGAM was applied in copper electrorefining as additive for the first time. The results show that this
copolymer is an appropriate substitute for thiourea in copper electrorefining, and has significant flocculation effect on the
floating slimes. When the graft copolymer was used as an additive combined with gelatin and bone glue, high-pure
cathode copper can be obtained after electrolysis for 168 h at current density of 235 A/m? and 65 “C. The impurities of
As, Sb and Bi in the cathode copper are 5.1X 1077, 1.24X10°° and 6.9X 1077, respectively, which are much lower than
those obtained by using the traditional additives of thiourea, gelatin and bone glue. The contents of As, Sb and Bi in the
anode slimes are 5.12%, 4.04% and 1.01%, respectively, while those in the anode slime obtained using the thiourea as
additive are 3.25%, 2.20% and 1.95%. The linear sweep voltammetry shows that the copolymer has polarization effect on
Cu*' reduction. In the meantime, the peak current density increases. When the copolymer was used with gelatin and bone
glue, the polarization effect becomes weaker and peak current density decreases.
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1.1 SKI&MG
1.1.1  PGAM #4544k

fEFHWIS . NIGBEIAAR) IEHRREN(AR). A
(AR) S Z5 1R /K &5 il PGAM .. HU— 7€ 2 AR T 72810 K
SRR =0k, EEVURY P kAR —
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R ATEMRL Y
Table 1 Chemical compositions of electrolyte (g/L)

Cu As Sb Bi Fe Ni Cl' H,SO,

45 9.59 040 027 074 883 0.06 185

F2 AT FE T E R,
Table 2 Main chemical compositions of anode copper (mass

fraction, %)

Cu As Sb Bi Fe Ni Pb

99.21  0.11  0.031 0.005 0.037 0.090 0.077

HLERS RIS R 1.6 L AU A AR 1.9 L Y
fiEFteh, SRR SF 2N 10.5 em X 10 em (R SEHTEA R
ERI, 10 emX9.5 em [ FHARARAE B4R,  [mIAkEE A
90 mm; KV EI R B 65 °C, ELtAS  HAYH
(WYJ-0) il FE R 25 5l 235 A/m?, {H A (HL-2B) %
o F B Ay 5 mL/min, &7 2R ERER
t, AR IR SR AR . AR T AR B
AR P THIAE 2 v, AR 10%05 3 B0 IR 2
Ue, Bea FHZEMKVE . TR & RS s,
W B 10% R BRIGE E, SR J5 -HZRTR/KVES . IRT-FR
BT, ARIGHURE T o AR R A AR 31 S B 5 D
INGRER, il — o AR, CRIE HRR IR IE AT

1.2 KWHZE

K 7K B R A (AR) ATV i IR (AR) T i i A JeC
W, LR b 45 g/L Cu™ i1 185 g/L HySO4; KA
B BlK. PGAM Bl A FEA L, 021 v fif i
WP SR Ak 2 T AT 3l CHIG00A (i A3 #e /v w))
X IR BOIAT A 2 AR SR =R A R
T 5% FEL AR A A F AR (d 1.48 mm), G Bl HaAR R KT AR AY
IR, Z MR H R Ak, K Luggin
B IR R LATH BRAS [ ) R A S . I
YRR AR A B, RS . IS G,
FEH B koK L ZEIK B, B A 7E 65 'C R T

K HH HUBRE 5 45 8 1 R OGS (Y (Intrepid 1T XSP)
SIMTRE A By, FEbRitE SN/T 2259-2009 il 914K
B A2 Ay o R AR S I AR R 2T A S U (FT-IR,
Nicolet iS 10, KBr [ )%} PGMA 432544 S BH#R IR
TG M EAT 43 M o SR 22 o B A BT A
(DSC200F3, NETZSCH)%t PGAM 431 &5 {4 34T 4347 »
FE Ny TR A 150 CHIFE 4 450 C, FHEEZ N 10

‘C/min.
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2.1 PGMA WIESEMH T

VEF AT IR 7RI, MR BEREE R 55 C, R
IYIFE] A 85 min, DA NCA B2 R 60 mg/mL, I iR
B2 1.2 mg/mL B}, & PGAM AR 70 F 3 55 5 o
SCHGHY 10 g WIS T 175 mL £ B 17K, REmA
#1000 mL = iR, RS Mg 55 °C,
SRJG NN 25 mL 3 FEA 12 mg/mL FIREAR BRI,
P HE SN 10 min J5 FFZ2 123 D 50 mL W EEA 0.3 g/mL
(RIS IEI R, 29 15 min PISRINSEYE, RN
85min J5, WA $24l, JEXHRLLE YT T 4G
KI5 HT, SR 5 T4 AR I

Bl 1 s o W SR A e R PGAM IRZ1410
e HIE 1A, IR, RN . PGAM =& 1)
WSOV AT — 7 2200 o B IR LT A0 Ll ELAT DL N AR AIE U6 <
3423 cm '(N—H 4 3h0%), 1646 cm ' (WEE— 1T -
C=0 fl C—N {f4ifkzh%), 1542 em '\ 1243 cm'
(N—H iz A C—N Mgifcshig), 1406 cm™
(COO M FRIRB e ) o 2R TR s Tk Jie LA LA ARp A1E U «
3423 cm '(N—H 4 deshig), 1677 em ' (BEfe—11,
C=0 MH4ifRsNE), 1646 cm ' (BEIE— 1), 2925 cm™
(C—H h4EdRzshI%), 1454 cm ' (CH, BYYIkzhig) M
1319 cm ™' (CH, 1 i #=5h14).

£ PGAM (L MGi, 3428 em™' AbfMR LI
J2 HH I RN R TR T A 1) N—HL {47 91 5 06 T3 T ik
;1406 cm ' &bk COO XM Frdleshi, 1322 A
I SCRE R R, VR S9; BT 52 PGAM 4y

1
o
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1 WK AR PGAM L1401t
Fig. 1 IR spectra of gelatin(a), PAM(b) and PGAM(c)

TR ST, BE— T SE 1646 cm™!
AMmFE 1632 em ™' Ab. X T A B EEERUR 4
W SCRE T #A N ORI H R, 201 AR ) B e
IXLLARAY B PGAM BEEAT AR, X EAT RN
iR

Kl 2 s AW RN IZ AT PGAM 1) DSC
Wi, HIE 2 WL, BIRE 159.8 °C HBL—AMK
g, 7E 311 °C. 340 ‘CHI1 400 ‘CHIIL 3 Mg,
FLr R A0 2 T IR R A B F AL AR T R, oAt
JECARUEE 2 1T B Ay 1 A il = P 1) o SR I e
237 CHBUEE, 75 90.6. 294.6 i1 376.6 ‘CHHL 3
AN A, o 90.6 °C o B A ARIRE, FiAthg
VL2 H TSR TR I A o 2B 23 i = AR TR . PGAM 4y
JAE 235 1 355 °C H LM SR B, {E 94.8 °C
BN, o 94.8 C ol PGAM [ 3% AL 54
ARIE, 235 °C oINS AR O3 Al = R IR AR
W, 17 355 °C IR EH T I S B AR A AR R B
W FRAAEE— U, PRI R B R
FHE b, PR BT R B G R L IR
HAb =85/ & 3 Jios.
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Fig. 2 DSC thermograms of gelatin, PAM and PGAM
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Fig. 3 Chemical structure of PGAM
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A e A BRSO B s g e fot
AN, 4 T i€ PGAM [F3E B B AR EL, 52
ox; PGAM. Bk, WIS LA A i i F s A C L R4
T4, LATHE L PGAM (f3&E B HEAEC L . % 3 BT
H1244 PGAM. WIEHI iR &40 16, 18 il 16
mg/L I HUfF 6 h S IR A X B AR W0 o £ 1) 5%
Mo AN FHGRIR LA BB IR 58 20 mg/L B, B4R
i R Th R 1 4 P

F 3 TR S TR A 2T 1) R
Table 3 Effect of thiourea dosage on surface quality of

cathode copper

Thiourea dosage/(mg-L ") Cathode surface

0 Smooth, bright red
5 Smooth, bright red
10 Rough, dark red
20 Very rough, dark red

(2)

B4 ARISINGRHIR N 20 mg/L G5 IR I 7 BAR 4 F
Fig. 4 Photos of cathode copper without thiourea(a) and
adding 20 mg/L thiourea(b)

B2 3 n 0L, BB IR A & ARG 0, AR R
A AR A, MR A 0 Rl 8 mg/L I, Jif
P3RBT AR LT, IX W0 KA H] PGMA B
AR o

A LR M R N 2 S (R DR T LA 2140
AL E R, BRIRI 207 X8 (NH,),CS, I EBI AR
W2 TP B B R R T A B A S, B Cu,S
FI[Cu(N,H,CS), ]SO, 10717, B IR FEARAR AT, 7
BB R AR B CupS TR PR A IS s 4
BN E =T 10 mg/L I, 48 57085 1 [Cu(N,HLCS)a ]
FE BIARBZ T R, o Cu™ 8 [ AR s v 2 R
TRALE BARRARACIE 0, A3 ) T4 B B0 R B AR .
MR IRAE I B, S IINGR TIARS, RO
FERITRL, BEAh, AFFHBRIRIE 2 8 b S 5
BNy 1107,

X 4 Py AR R R AR AR L R IR
A 0 mg/L I, PGAM FH et BB A 2 WL ot 1) 5%
M. 4 PGAM 254 16 F1 24 mg/L i, B
KW 5 Bros e

(2)

Bl 5 PGAM JHEH 16 F1 24 mg/L i £ BIAR A I
Fig. 5 Photos of cathode copper adding PGAM dosages of
16(a) and 24 mg/L(b)
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F 4 PGAM HIEX HI AR A # WL 5T B2 1D 5 ) RS 12 S HESIGAE HT RIS N4k
Table 4 Effect of PGAM dosage on surface quality of Table 5 Compositions of additives used in electrorefining

cathode coppers experiments 1 and 2
PGAM dosage/(mg-L ") Cathode surface Test Composition/(mg'L™")
0 Relatively smooth, whitish No. Bone glue Gelatin Thiourea PGAM
4 Relatively smooth, whitish 1 16 18 0 16
8 Relatively smooth, bright red 2 24 16 20 0
16 Smooth, bright red
2 Relatively smooth with some ali AR UE, g 1 S F As. Sb. Bi i
particles, bright red FEAE T 2 5 BB 7 60, K U P PGAM AR BB R

LAY IR AR Asy Sb Il Bi s, Ak, 2 S
EE%% 4 mﬂ’ Bﬁ% PGAM ﬁﬁiﬁ’ﬂi’%ﬁﬂﬂ, [ﬁ*&%ﬁ]%@ *&%ﬁ]qjé\ﬁ 6>< 10—6 E,(] S, ﬁzﬁ 1 %IKH*&%EEPE(] S {E’l\%mu

MURESEAEE, JG 2822, 4 PGAM HITREN 16 mg/L I, e ko uuin s 530 00 1] PGAM 50 ] Bt

BB AT LA 5401 POAM SRR

PRI AEIIT, SRR PGAM 16 mg/lL, 267 FA 12 S R B

I 18 mg/L ‘B K¢ 16 mg/L, {ESb4ME F HfifakAg i 22, g 7T, 1 TR As il Sb 4t
° L, =)

IR 7T 2 FEREIE T As B Sb A it K PGAM
23 PGAM 7540 o 24t oh ) S FE R I B SE AR D As I Sb 2 R UT e 21

% 5 A s o e v EY 1 2L R 1R Werts KEBFFTRHE, FMRET Sb(V) [R%HE IR
WA, O 1Bk ik 4 S B 5 5 B RN AN, H Sb(V) S KA, (EHRR T RN =S A As.
Sy 2 B AR VR I A4 5 o Sb A Bi ARG FIRIE" M. — FLELE BRI RS
PRI T R e, it SUBTBOHIRIRL, S RAEBIRR IR OB Kl
Jp 168 hy RIIAIHIGAA IS 51k 50 mg/L(1 ) BBIAIER . KKy, W, FIRETT As. Sb Al
60 mg/L(2 ), MR IAI MRy Bl SR R RTEE . S PGAM AR
90 g. MR TS , ¥4 IR T 28 A P B P 10%  F, Bt T HORh VB0 A LA TR A (R 2R, Tl A
IRRBRIRATE, RTINS sy, | BRI 2 S0 LRI YR, TR T BIRZHTH As. Sb
WAk 27 1 43 I e 2 B AR il B UE(GB/T467-97) Wik 6 FBi 2405, [RIIS 38 I RH AR e i) As Fil Sb & o

B3 (FLE 11 2 S BIRVE R Bi 45 BEHBLSRS , X i
2 6 WL, 1 B2 BPINAAAEI T RS SR

R6 1A 2 TP 103 N e 2 B AR A v
Table 6 Compositions of 1 and 2 cathode coppers and high-pure cathode copper standard

Cathode Mass fraction/107°
No. Se Te Bi Cr Mn Sb cd As P
1 — 0.17 0.069 — — 0.124 — 0.051 —
2 0.04 0.2 0.11 — — 0.27 — 0.16 —
Standard 0.2 0.2 0.2 — — 0.4 — 0.5 —
Cathode Mass fraction/10
No. Pb S Sn Ni Fe Si Zn Co
1 0.009 — — — 0.21 — — —
2 0.09 0.6 — — 0.62 — — —

Standard 0.5 2.5 - - 1.00 - - -
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Table 7 Main compositions of anode slimes obtained from
electrorefining experiments 1 and 2

Mass fraction/%

Anode

slime Cu As Sb Bi
1 23.70 5.12 4.04 1.01
2 13.03 3.25 2.20 1.95

6 7k 15 BRI A, L 3= 2l
Ik N—H 443 16(3404 cm™"), C—H 4R 3%
(2925 em '), C=0 H4ifzh¥%(1631 cm '), As—OH
W (1085 ecm ™), As—OX(X=As, Sb)W & (792
em '), Sb—OH W irl%(1085 cm™ A1 598 cm™'), C—H
PEARYR B 5 NH, A2 TR 516(622 em ™). LA FFAEIE
Wi B AR FPAFE S IR Asy Sb LA,
HE—UESE PGAM XS B AR e HAT R 4 i 2L e
H.

Wavenumber/cm™!
6 1S HARSCIR T AR SR LT A
Fig. 6 IR spectrum of anode slime obtained from

electrorefining experiment 1

2.5 RMFR Cu’IE REARAR L B9 SLNE

HHGEEE A 10 mv/s, MIFESHLAL 21-0.6 V 5[ A
Wi SR KR MR 22 it e, 85 R l& 7 o
B 7 AT, ARG R 22 it e B 43 3 F 435l
=30 mV F1-550 mV BT HILIL J50E a T b, 23 Hilxt
N, Cu™ IR JERIATEUR N, ab BE A Cu R E AT H By
By AR AT R T B A I, X Cu'
I Ji o REANATT S N A A AN T T

KL MEFRAR 2VELSY), ZJFEE N 10
mV/s B, WIFEE A 2600 mV, X PGAM. #i

JIR - BH R RSt FRLARR T Cu 3 S AR R S A T
TR, LR 8 . tlEl 8 F UL, i\ PGAM
G, Cu®iE LA tH-33 mV i 72 mV, {HI4
RS A 124 mA/em? B K AE 136 mA/em?; A 5
mg/L BifiKf5, & JREHRA H-33 mV IE# 225 mV,
U FLAE 5 1 b 124 mA/em?® B9 KE 131 mA/em?; 11734
TR FERE A 20 mg/L B, AEIARZE #5374 0
mV FI-250 mV Btz H I B0 s N B AT I
Cu” I g LT #8 2 A T 61, 5 PGAM MIRALAE H
FHLG, BRI AL R BE DN, B B R AR A i B2
PGAM FIFIEL, 0N WA B FIR e S 3 D 0 P 441
/N o

PGAM 1 (1 W Jis B SRR R s I M S e #4405 I

200

100

J/(mA-+cm™?)
o

=100

200 R
100 0 -100 -200 -300 -400 —-500 =600

Electrode potential (vs SCE)/mV
7 R IR 2 i £

Fig. 7 Cyclic voltammetric curves of base electrolyte

150 2

100

J/(mA-cm™)

50

6 —ll()O —2I00 —3|00 —4I00 —SIOO -600
Electrode potential (vs SCE)/mV

8 USINFRT Cut i SRk R 5

Fig. 8 Influence of additives on reduction of Cu®": 1—Base

electrolyte; 2—DBase electrolyte+16 mg/L PGAM; 3—Base

electrolyte+5 mg/L thiourea; 4 — Base electrolyte+8 mg/L

gelatin; 5—DBase electrolyte+16 mg/L bone glue; 6—Base

electrolyte+20 mg/L thiourea
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B SRR I i R A P DX, A Cu? ROT H 3R AT
I, BT RNEB R R R SR, fe
g A HIARER T I PR K, BRI PR T A i 4
A Cu 75 FUARR RSO INDR, S S0 b it 15 4
Ko 1K ACGHR R I ZARAARE FARAAT ™ 1> 190, G R v 4
H AR 95 v Bl A B AR R T AR P R A S, B
Cu,S MI[Cu(N,H4CS) 4S04, Btk S FLAE BT & Fh 2 5
V5T 6 PR A B AR R T, AU B AR b P R )
SFEYIALA; TR CuS SAE R #h 7R 5
s, SIS S AZ, AT A B AR A AR U 1018
Rk, 1 8 ALk 6 78 0 mV F1-250 mV BT (A R
U 43 Sl 6F S Cu® T [Cu(N,H4CS)a 1™ 4% 45 W Y I8 5
W o AR IRIASERRARIT 2 a2 G A e DUR A AR
DUvE, Pk, FERIH CuS M EWALIER, RN
o4 3 HAE-25 mV BT A B g B IRIR
i 10 mg/L BT S, AR i 4 G 25 7 AR
JE AR, Al Cu fE MRS R A A, B
WA o BH AN F S R R B PR R T b A
m b, WAL . BRAL, IRORLRESI R LI Cu® T
TR A, BRAR T Cu™ 7 HAR R SO R, g

HL L R R 0,

160

120F 1

80

J/(mA-cm™)

40t

0 L 1
100 0

—160 —2b0 —360 —4I()0 —SIOO -600
Electrode potential (vs SCE)/mV
9 RN Cu I JFU R )
Fig. 9 Influence of mixed additives on reduction of Cu*":
1—Base electrolyte; 2—Base electrolyte+16 mg/L PGAM+18
mg/L gelatin+16 mg/L bone glue; 3—Base electrolyte+20 mg/L
thiourea+24 mg/L gelatin+16 mg/L bone glue

KL FAR 2VELSY), ZJFEE N 10
mV/s B, MWIFEE AR -600 mV, X[ 5 1l
2 SRS I AR Cu® i SR i BT T
g0, HEERwE 9 fim. HE 9 mr L, fREF LR 4t
A, [AE I PGAM. BRI B, Cu® HIIE 5
U HL A7 AR Kg—45 mV, R REAE h 130 mA/em?,
L] PGAM I AHEL, TLEJRIE I/ ER T 27

mV, {HIGHRE G T 6 mA/em?, IEHIARZE, X
2 FH T I IR W 2 e 08 308 0 MDA B BT £ 9] A3 2 1 17
PGAM, [EAK T BRAGAVERT s AH BRI PR W PR By i
BEAE I FEAT HLLY Cu I T R A, PR T Cu™ 75
PR TH S R, A P FE BRI, [RIIS), )
W FR - R 3 VR B B AR T A X 35, 3380 Cu e B
R RSO DR JAR N , AfEIE J e AR A 1200 [ i i A\
Wik WIRCAVE SIS, AR IR i A 1%,  H.
1E=250 mV Abid JFUEE P F 7 o B S 30K, e AR A,
XYL N R 5, PHARAR AR AE s 71

LSV MIAE W : PGAM 1 Cu® I il it ke i Ak
YERT, R ACAE F LC B BRI IR ik, AR5 T IR 4%
ERIACAE ] PGAM R IR #RBERS $2 70 Cu 7
PR T PR RO R, AU PR S I, T I AN W R
IV R )25 BRI s Cu (R TS H R B8, A e Hh i 4% 58
FAG.

3 Zig

1) PGAM W] LUCACHAL IR A R s I ) 2 540 v
fERTERT . 1 PGAM. B B IRH 2008 164 18
mg/L 1 16 mg/L B, FrfS s 4l s ) As. Sb Al
Bi S 5.1X107, 1.24X 10051 6.9X107, S &
ST AT R s A BRI B R s A A 77
I, T 3 B AR p oA Y 2% 5 B4 ik 1.6 X 1070,
2.7X10°%, 1.1X10°F16X10°°,

2) FLER WO R RV BH AR U A AR e 1 R
HEAE T, T DU AE L gt N B ARV o 41 PGAM
IARHRIR S , AHR BHERYE T As 5 3.25%39 2
5.12%, Sb & H 2.20%ME 14 4.04%.

3) HALFEIRER M, HEH PGAM 1E RN
FIEF, Cu® B JFgE A H-33 mV 78 %E-72 mV, {H
W L5 B 1 124 mA/em? B9 K% 136 mA/em?; 1]
B BRI A, Cu® i g LY tH—33 mV 68
45 mV, {HIEHEFEE H 124 mA/em® # K% 130
mA/em?®, HEMUE I PGAM IAHEL, JLU i es
BfG, UETBAR%E .

REFERENCES

[1] ZHENG Ya-jie, PENG Ying-lin, KE Lang, CHEN Wen-mi.
Separation and recovery of Cu and As from copper electrolyte
through electrowinning and SO, reduction[J]. Transactions of

Nonferrous Metals Society of China, 2013, 23(9): 2166-2173.



5524 5 10

W — A i T BB SR A ) 5 0 SE A A PR #

2675

(2]

[12]

WANG Xue-wen, CHEN Qi-yuan, YIN Zhou-lan, WANG
Ming-yu, TANG Fang. The role of arsenic in the homogeneous
precipitation of As, Sb and Bi impurities in copper electrolyte[J].
Hydrometallurgy, 2011, 108(3): 199-204.

PENG Ying-lin, ZHENG Ya-jie, CHEN Wen-mi. The oxidation
from As( [l ) to As( V ) during
electrorefining[J]. Hydrometallurgy, 2012, 129/130: 156—160.
PENG Ying-lin, ZHENG Ya-jie, ZHOU Wen-ke, Chen Wen-mi.

of arsenic copper

Separation and recovery of Cu and As during purification of
copper electrolyte[J]. Transactions of Nonferrous Metals Society
of China, 2012, 22(9): 2268-2273.

WANG Xue-wen, CHEN Qi-yuan, YIN Zhou-lan, ZHANG
Ping-min, LONG Zi-ping, SU Zhong-fu. Removal of impurities
from copper electrolyte with adsorbent containing antimony[J].
Hydrometallurgy, 2003, 69(1): 39—44.

BONOU L, EYRAUD M, DENOYEL R. Influence of additives

on Cu electrodeposition mechanisms in acid solution: Direct

current study supported by non-electrochemical measurements[J].

Electrochimica Acta, 2002, 47(26): 4139-4148.

MURESAN L, VARVARA S, MAURIN G. The effect of some
organic additives upon copper electrowinning from sulphate
electrolytes[J]. Hydrometallurgy, 2000, 54(2): 161-169.
FABIAN C P, RIDD M J, SHEEHAN M E. Assessment of
activated polyacrylamide and guar as organic additives in copper
electrodeposition[J]. Hydrometallurgy, 2007, 86(1): 44—55.

YU Run-lan, LIU Qing-ming, QIU Guan-zhou, FANG Zheng,
TAN lJian-xi, YANG Peng. Inhibition behavior of some new
mixed additives upon copper electrowinning[J]. Transactions of
Nonferrous Metals Society of China, 2008, 18(5): 1280—1284.
MARTIN S, NEBEKER N. Polyacrylic acid additives for copper
electrorefing and electrowinning. US 5733429[P]. 1998—09—10.
HOPE G A, BROWN G M, SCHWEINSBERG D P, SHIMIZU
K, KOBAYASHI K. Observations of inclusions of polymeric

additives in copper electrodeposits by transmission electron

microscopy[J]. Journal of Applied Electrochemistry, 1995, 25(9):

890—894.

AALPE, BUEGE. BURENA G2 M) dbst: Bl iR, 2003:

[13]

[14]

[16]

[17]

[19]

527-530.

ZHU Zu-ze, HE lJia-qi. Modern metallurgy of copper[M].
Beijing: Science Press, 2003: 527-530.

IEIHE, BOMEER, ERF, WU, DRI B o
[0]. @& FAPRRNE 5 TRE, 2002, 18(1): 93-97.

LENG Yan-guo, HUANG Ya-qin, DONG Chun-ling, HUANG
Ming-zhi. Research of grafting acrylamide on gelatin[J].
Polymer Materials Science and Engineering, 2002, 18(1): 93-97.
HAT o, UL, WIZEAE, ZgedR, (TR, WRREILE N
IR BN BERZ[T]. AEELT:AR, 2008, 22(5): 136-139.

DONG Fen-qiang, CUI Ying-de, HU Jun-chu, LI Ni-ni, HE
Chun-lin. Preparation of biodegradable gelatin-g-poly(ammonium
acrylate-co-acrylamide)[J]. Materials Review of China, 2008,
22(5): 136-139.

A, BT R — T R AR S 0 R K AR VA CN,
201310429547.9[P]. 2013-09-23.

ZHENG Ya-jie, KE Liang. A new-type additive for copper
electrolytic refining: CN, 201310429547.9[P]. 2013-09-23.
SUAREZ D F, OLSON F A. Nodulation of electrodeposited
copper in the presence of thiourea[J].
Electrochemistry, 1992, 22(11): 1002—1010.
TARALLO A, HEERMAN L. Influence of thiourea on the

Journal of Applied

nucleation of copper on polycrystalline platinum[J]. Journal of
Applied Electrochemistry, 1999, 29(5): 585—-591.

BLECHTA V K, WANG Z Z, KRUEGER D W. Glue analysis
and behavior in copper electrolyte[J]. Metallurgical Transactions
B, 1993, 24(2): 277-287.

FABRICIUS G, SUNDHOLM G. The effect of additives on the
electrodeposition of copper
technique[J]. Journal of Applied Electrochemistry, 1984, 14(6):
797-801.

BOOOHE, RKHR, KRR MR M. dba:
Tk AL, 2011: 124-147.

JIA Zheng, DAI Chang-song, CHEN Ling. Electrochemical

studied by the impedance

measurements[M].

124-147.

Beijing: Chemical Industry Press, 2011;

(4mig  FTHBLD)



