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Abstract

Copper oxychloride used as an agricultural fungicide has been recovered from copper-containing waste etchant by the neu-
tralization with alkali hydroxide. Large amount of copper-containing waste etchant is generated from Printed Circuit Board
industry. In an environmental and economic point of view, retrieve of the valuable natural resource from the waste is important.
Recycling process of copper oxychloride from the waste etchant is discovered through the our study. In the range of reaction
temp. 20°C-40°C, pH 5-7, pure copper oxychloride was able to prepare and the yield of copper oxychloride was higher than 95%.
Physical properties of the sample have been characterized using SEM, XRD, TGA, ICP and Atomic absorption spectroscopy.

Key words: Copper oxychloride, Copper-containing waste etchant, PCB industry, Partial Neutralization, Sodium hydroxide

1. M = 2 HAolA thFe] 7Ejvt S ol FHdo] BAlgt

otk ol33t oA el A HA(F3T )

PCB(Printed Circuit Board) A& A1]e 2] A G718 HAd (GuRlE Ho)el des 44 FEE

£ o83 AX BE I ARIoEA Az FAHA Y 7F 10-15 wi%A % ] Qo] o|2RE] FelHES
AE ek A e Fasi).

0039 29 23 A%, 20039 39 129 %2 M ggks AN @EA; CuCly 19255 wi%, HCL:

* E-mail: yhkokim@kicet.rekr 7-10 wt%, H,0: 64.5-74 wi%)Q 28€ & I




4 B - SFH - BFE - IVEE - I

she e HS Ul g4 R IgEhe WY
o] g AMgEIL JUA|RE o] Wl ofsf 3<% Cu
Cemente= Cu, Cu,0, CuO%Ee] &) qlo] #717t
27F v o] gtk PCBAKIAIA & s 4
Haks #Hde o] dalsd daeE 1o
o ol9fe] B<ew FHakol vl W) wiiel] At
WS AR st PEISRMER A S 5
AE 7FsAel Yok

TEES e MEH AAAE AMEEHo gho
‘11 Z710) AHgE SArEe 2ol Bl & Be AE

< phytotoxicityS FEsl7] Wi B =x] e
5"3-‘4@%01 A 2201A] HAZ, Bordeaux mixture
2 g7 9714 F2EI(3Cu(OH), - CuSO,)7t 4%
Aoz F8£%¥ ¥ Burgundy mixture (basic copper
carbonate) $o| ARS-EI132, o}¢} 7o) fixed copper®
MRl 2 v o2) 7R A FEIEREe] ok
o &=

Copper oxychloride™ basic copper chloride, copper
chloride hydroxide, copper chloride oxide hydrated
ToRE EFYR|Y s5h 0 2% CuCl(OH);, CuCly:
3Cu(OH),, CuCl, - 3Cu0 - 3H,0 508 ¥71¥9, 1
vl F8le e gshwdd wet o2 7] el A
°] & F Urh A E2AStE A2 atacamite
(orthorhombic), paratacamite (rhombo-hedral), botallac
tkjte(monclinic)EE'J AR E0] o &3 FHrt i

" FEo] FAHY Yehte 254 AN B 5
U Aot 1A o T e Aol EAst
= 2 o)) oy 7B AP A2, A A
a &Aool Fee Avde v B2 TRt e
At

Copper oxychloride 9A] & & £x] &= st
FERA o= @ol AMSHIL Jon dRHThe
mancozeb, maneb, zineb, ziram 53 &7 A ¥
=z ALEE3 vk FFOR AMEEE  copper
oxychloride= &2 Eoln 83l A2
Table 13 Zt}h X3 copper oxychloride= TE|E&
AHEER] A7 TRE7] 0@l Cu(OH), & CuO9
Azl FHZA ARREL UL Fof) Alxole AR
=3 gl

Copper oxychloride2 A|Z3= W2 A Atsly
Z FIYoE Us § Yok Ao dshre
oA F& FE|E ASATIE IR AsiAEM
Ak2:, NaClO, KCIO, NaClO;, So] AM=m 24

J. of Korean Inst. Resources Recycling Vol. 12, No. 2, 2003

Table 1. Physical properties of copper oxychloride used as an
agricultural fungicide

Physical Form Powder Solubility Insoluble
Color Blue to Green |Specific Gravity|3.55

Odor odor less Bulk Density |420-520 g/l
Melting Point|Decomp. 220°C |Flash Point Not burn
Boiling Point [Not applicable
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Table 2. Physical properties of acid etching solution from

PCB industry
Components Acid etching solution
CuCly: 19-25.5 wt %,
Chemical HCL: 7-10 wt %,

H,0: 64.5-74 wit%

Specific gravity (25°C) 1.21-1.22
Cu contents (wt%) 10-15 wt%
Color green
pH <1

Acid ectihg solution | 33-50 wt% NaOH solution
[ ]

Reaction 20-40°C
pH=5-7

Filtration

Dry at
100°C~180°C

Copper Oxychloride

Fig. 1. Block diagram of copper oxychloride synthesis.
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Table 3. Various copper compounds at different reaction conditions(COC=Copper OxyChloride, CO=Copper Oxide, CH=Copper
Hydroxide)
pH
Copper compounds
5 6 7 8 9 10 11
20 cocC COoC coC COC+CH COC+CH CH CH
30 CcoC CcoC coC COC+CH COC+CH CH CH
T(‘f,‘g' 40 coc coc coc COC+CH COC+CH CH cH
50 COC+CO | COC+CO | COC+CO COC+CO+CH COC+CO+CH CH+CO | CH+CO
60 COC+CO | COC+CO | COC+CO (6(0) CO CO CoO

Table 4. Chemical analysis data of recovered copper oxychloride

Chemical Analysis Data
Sampl Reaction Drying -
ample Temp.(°C) | Temp.CC) | oyt a Na Zn Pb Cd As  [Purity as Cf)pper
(epm) | (epm) | (ppm) | (ppm) | (ppm) oxychloride

COC(pH=5) 40 180 57.9 16.8 <10 28.24 40.94 <10 31.64 98.1
COC(pH=6) 40 180 58.2 16.4 <10 27.18 38.16 <10 31.81 98.6
COC(pH=7) 40 180 58.5 16.0 <10 28.52 40.57 <10 30.28 99.1
Commercial 575 | 165 | 30 285 30 57 97.5

Product
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Fig. 3.X-ray diffraction patterns of copper oxychloride
prepared at different temperatures.
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Fig. 4. TGA and DTA data of copper oxychloride prepared
at pH=6, 40°C using 33% NaOH.
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Fig. 5. Particle size distribution of copper oxychlorides (a) commercial product (b) recovered sample

Fig. 6. Scanning electron microscopy analysis of copper
oxychloride prepared at pH=6, 40°C using 33%
NaOH.
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Table 5. Wettability measurement of recovered copper

oxychloride
Samples Weight of sample(g) | Wetting time(sec)
pH=5 5.0100 47
20°C pH=6 5.0138 36
pH=7 5.0052 30
pH=5 5.0624 16
3°c | pH=6 50310 35
pH=7 5.0203 20
pH=5 5.0325 26
40°C pH=6 5.0074 56
pH=7 5.0136 47
4.4 E
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