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1. Introduction

The Hong Kong printed circuit industry has played an
important part in Hong Kong manufacturing industry,
which supplies printed circuit boards (PCB) for various
industries, from high tech electronics to domestic
appliances. Currently, the PCB industry produces
more than 26 million square meters of PCBs and
generating estimated sales of US$1.1 billion per year.
According to a recent PCB industry research report, it
is forecasted that the HK/China PCB production will
grow continually with an annual growth rate of 16.3%
from the year 2003 to 2005 despite the global
economic downturn. To cope with this increasing
market demand, the Hong Kong PCB industry has to
upgrade her manufacturing capability and
simultaneously to tackle the generic manufacturing
difficulties especially on the production efficiency and
environmental issues.

Etching is an important process in the PCB
manufacturing industry. Every year, approximately 7
million liter of etchant is being used by the PCB
factories and generates a huge volume of waste. A
total amount of HK$24 million is being spent for waste
treatment on top of the HK$ 9 million chemical cost.
Therefore, the regeneration of spent etchant and
recovery of the copper is essential to minimize the
operating cost of the etching process. Over years, in-
situ method uses hazardous chemicals to oxidize the
etchant. The etchant is treated through vigorous
reactions for reuse; this requires high cost in chemical
replenishment and safety measures. Due to the huge
operating cost and enormous operating difficulties in
maintaining the stable copper etching performance,
PCB manufacturers are skeptical to incorporate their
on-line etchant regeneration/recovery system with
their etching line. We had investigated and
established a new and innovative High Precision and
Re-circulate Copper Etching System by employing the
Hydroxyl Free Radical Oxidation techniques through
the use of doped synthetic diamond electrodes. This
system incorporates both the etching and
regenerating processes in one unit and the etchant
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performance is being precisely controlled with
minimal fluctuation. Indeed, the key competitive edge
with the named system would be its easy-to-manage
and more precise controllable manner. Cuprous ions
will be removed electrolytically by the hydroxyl free
radical, which minimizes the uncertainties and the
adverse effect of the chemical reaction. Therefore,
the electrolytic regeneration of etchants and recovery
of copper serves as a more economical alternative in
saving replenishment chemicals. Besides, additional
revenue comes from the by-product, the recovered
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2. Experimental - BBE

The pilot scale continuous copper <

regeneration and recover system Regenerated cu

was built and tested. Etchant Solution Solution

The experimental setup of this
continuous system is shown in
Fig. 1. The total volume of the
system is 550 liters (anode
compartment = 240 L and
cathode compartment = 310 L).
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pump
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Cu Cu pump
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Etching Tank Electrochemical Reactor
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Fig.1(a) Schematic diagram
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The fresh etchant solution was prepared by the
following recipe: CuCI2 = 36.4 g/L, HCI = 0.01 M.

Copper coil was etched by the fresh etchant until the
concentration reached to 1.52 g/L.

In this system, the spent copper etchant solution was
continuously fed into the anode and
cathode compartments by two metering
pumps both at various flow rates. Boron
doped diamond (BDD) and stainless
steel (SS) served as the anode and
cathode respectively. The effective areas
of the two electrodes were both 4300
cm?’. After residing in the reactor for Mo
certain process time controlled by flow &
rate, the regenerated etchant solution '
exited from the reactor and flew back
into the etching tank.

The regeneration test was conducted

under constant voltage of 6.0V and Fig.1(b) Photo of continuous acidic etchant

H regeneration system
current of 20A, c.orrespondlng tg) R DN ey
constant current density of 2.33 mA/cm”.
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3. Results and Discussions _ 3. SER ERHEAT R

3.1. Dependence of cuprous ion concentration 3.1. ORPIE 8 — [E AR 7 i B Y 5

on ORP value

To measure the cuprous ion concentration in the RAEBRPABETHRE  —EHCY) k- EH
solution containing both cupric (Cu**) and cuprous (CuUN—HEHBEE - NE2.FT~ » BE » WK
(Cu*) ions, first we measured the dependence of H3RRORPEME — BB T E2EENEER - WEBAR

cuprous ion concentration on the ORP value of the
solution as below. From the curve (Fig.2) the
concentration of cuprous ion during the regeneration
process can then be obtained by measuring the ORP

value of the regenerated solution. 3.2. AR BEEEERE W
RARK R EREE - B8 E GRS RER
(@A MORPERVEML » 5 » BREEABRLE -

FEAATE > R E A EORPES AT AE AR P —E R B
FRBRE -

3.2. Etchant regeneration and copper recovery
We measured the change of ORP value in the anolyte

and catholyte at various process time. In addition, the KEEINFEAE - BEGREES.
change of specific gravity in the catholyte in terms of
Baume degree was also measured. The results were BB R AR A S B 4R Y B U By 5 & 4
shown in the below figures (Fig. 3). +
From the above figure, the copper etchant
regeneration and copper recovery can be calculated in
Fig.4.
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It can be seen from Fig. 4 (a) that after regeneration
cuprous ion concentration was considerably reduced
in the anode compartment. When the process time
reached to 3 hr, nearly 90% of initial cuprous ion has
been oxidized into cupric ion.

It was also observed that although there was
negligible copper metal recovered when the process
time was less than 1 hour, the copper recovered in the
cathode compartment started to increase when the
process time exceeded 1 hour.

3.3. Electricity utilization efficiency
It can be calculated from the process time between 2-
3hr that the electricity utilization efficiency of anode
and cathode compartments is about 100 %. Due to
the co-existence of both Cu* and Cu** in the solution
which both contributed to the copper recovery, the
current efficiency in the cathode cannot be measured

directly. Despite this, the
current efficiency in a typical
cathode compartments can be
generally considered 98 %.
Under such circumstance, the
electricity utilization is

Change

rate

summarized
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3.3. EREHBME
RBRESE  ERRERB-3INBEZEAZEREAR
K3#E100% » BBRACU" J Cu™ #t73 » “HHE
ERRIANEE 2  BBREARELKAGEE
BEAE BENR  BELREEBRRNERBE—
i A EERIB% - TEBBRET » NEEM20A
BRMNEAREABNNELAR :
in the|Change rate in the | Net change rate after 20
anode compartment |cathode compartment | Ahr of power input
after 20 Ahr of power | after 20 Ahr of power | 20Ahr J$#&{L %
input input
20 Ahr [BR[REE(LZE | 20 Ahr [RR[@EELZ
- 0.5 g/Ahr + 1.9 g/Ahr
. - 1.4 g/Ahr - 3.8 g/Ahr

in Table 1| g + 2.4 g/Ahr
(according to constant current
of 20 A). Cu” - 2.4 g/Ahr
- Cu 0 + 1.8 g/Ahr + 1.8 g/Ahr
4. Conclusions
The continuous cupric | Cu’/Cu” 1.0 2.8 1.9

regeneration system by means
of BDD electrode proved to

(theoretical value = 2)
(EHE=2)

generate hydroxyl
which efficiently oxidized
cuprous ions and regenerated
copper etchant.

By balancing the ratio of Cu’ generated to Cu®
consumed, it is possible to maintain the concentration
ratio of Cu* to Cu®* in the solution by the above set up.
An application example is shown in the Appendix.

5. Appendix: Application Example

Here is an example for the application of the above
system. Supposing that a PCB factory uses CuCl,
(initial Cu**=71g/L) as copper etchant. The copper
coil with a thickness of 0.1mm is etched at 1 m*/min
(the copper forwarding speed is 2m/min and the
width of the etching machine is 0.5m) and the etching
tank has a volume of 1 m* (or 1000L). A regeneration
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system can be designed as below to stabilize the 2m/min) > BEEMSE > BARGES DM

etching rate.

5. AT 7 -

Fig. 5 shows the schematic setup of the regeneration Copper
system. 'y P Etching Tank » Spent
fib R 7 Etchant

The calculation of operating parameters is Regenerated P BR A
as follows: %i&:%};ﬂ
a) Copper etching rate: Given the area of

copper coil to be etched is 1m? /min, the < Regeneration

total copper to be etched is 53.5kg/hr [= Tank

8.92 x 10°g/m’ (copper density) x 1 m* / P BaE

min (copper area) x 0.1 x 10°m (copper

thickness) x 60 min]. This copper etching Fig. 5 Schematic Diagram of the Regeneration Setup

rate corresponds to the reduction of
cupric ion at 53.5kg/hr and accumulation
of cuprous ion at 107.0kg/hr.

B5. BERETREE

RESEEEWAT -

a) AR EA R K ¢

b) Regeneration current: The regeneration tank aims
to regenerate cupric ion and recover copper both at
53.5kg/hr in order to make balance. Table 1 shows
that 1Ahr of power input can resume 1.9g of cupric
ion and recover 1.8g of copper metal. Therefore, it
requires 28.2kA [= 53.5 x 10°(g/hr) / 1.9(g/Ahr)]
and 29.7kA [=53.5 x 10°(g/hr) / 1.8(g/Ahr)] of

power input rate to resume cupric ion and recover b) B4 E;

copper metal at the expected rate. If the
regeneration tank operates at constant current of
29kA, the cupric ion can be regenerated at
55.1kg/hr [= 29kA x 1.9(g/Ahr)] and copper
recovery rate at 52.2kg/hr [= 29A x 1.8(g/Ahr)],
respectively.

c) Flow rate of etchant circulation: It has been
estimated from literature (Processing and
Economic Aspects of Etchant Regeneration, R. E.
Markle, 1983, Plating and Surface Finishing, 59-62)
that the specific gravity of the copper etchant has
to be controlled between 1.280 and 1.295g/mL so
that the copper etching rate is maintained at 25

A B8 fiz By 6 AR B AR T AE 1m® /min > bR 2
53.5kg/hr> [=8.92 x 10°g/m’ ($AZ2 E) x 1m? /
min (E &1 4) x 0.1 x 10°m (8 E &) x 60 min] »
It & 8 3R 2 AH B 7Y (E 8 B ¥ L153.5kg/hri&E R L
K—E B+ 21107.0kg/hrig 5 -

B
BAEBRENLS3.5kg/hrivtaii BRI HFE T
ERBETLUIREBIWER » W FEERTE - R1LEBT®H
AlAhr (9B 2 A 181.99 — (& R B ¥ X [0 U 1.89
B AT & E28.2kApg Ty E 8y A[=53.5 x
10°(g/hr) / 1.9(g/Ahr)1Ll K 29.7kAKJ Th = &) A
[=53.5 x 10°(g/hr) / 1.8(g/Ahr)] - 75 ] & — &
BFLULSBRIWHRESITRHMNER - MBEARE
MR2KAEB RN GHTRE  —EBRITBLE
55.1kg/hr [= 29KA x 1.9(g/Ahr)] » < & & AJ [2] 4%
52.2kg/hr [= 29A x 1.8(g/Ahr)] -

pum/min. The increase in specific gravity is due to C) P EERIRE ¢

the increase of total copper ions in the solution
(cupric ion + cuprous ion). Therefore, when the
total copper ion has been increased by 15kg [=
(1.295 - 1.280g/mL) x 1000L], the etchant has to
be disposed and regenerated. As the net change of
total copper ion is 53.5kg/hr (=increase of cuprous
ion at 107.0kg/hr  decrease of cupric ion at
53.5kg/hr), as calculated in step (a), the maximum
turnover time of the etchant is 0.28hr [= 15kg /
53.5(kg/hr)]. As the total volume of the etching

Ce0eeo

2 £ 5 B B (Processing and Economic Aspects
of Etchant Regeneration, R. E. Markle, 1983,
Plating and Surface Finishing, 59-62) » & #3525
um/min By &0 87 X - 8 b B R % I 70 1.280 K&
1.295g/mL 2 A » b B 18 h0 & Ok & 08 K A 48 4R B
F(CERFE—@BRT 2MIEM - FTLL > EMEE
F1#Z=15kg [= (1.295 - 1.280g/mL) x 1000L]# -
T EZEENRBLE  HNBABE TN FELR
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Copper Etching Tank #t 4 #&: >
A » Copper etched #2247 = 53.5 kg/hr Spent Etchant:
Regenerated Etchant RiBr st Bl
fuh 7 Cu®** =63.5¢g/L;
Cu™ =71.2 g/L; Cu"=1549/L;

Cu*=0g/L; FL = 3571 L/hr.
FL = 3571 L/hr.

Technical Paper
B W X E
eJOX XOXOXOXOXO)
0000000000
tank is 1000L, the flow rate is 3571L/hr (= 1000L / 53.5kg/hr (— {& 47 2 7 1\ 107.0kg/hrty
0.28hr). N e o
) 5 82— (E 478 7 L 53.5kg/hrito L 8 2
Table 2 shows the summary of the above system. ) ERTR@FEL  BENERA
- A #® & 2 0.28hr [= 15 kg /
e « “ < 53.5(ka/hr)] - % i 48§ 21000L + 75
Etching Tank +107.0kg/hr |- 53.5kg/hr | - 53.5kg/hr | ®s=3571L/hr (= 1000L/0.28hr) = 54t
AR SREEF B eanak2. o
Regeneration Tank -110.2kg/hr | + 55.1kg/hr | + 52.2kg/hr
BARE
Table 2 Summary of the regeneration system
xR2. BERGNEEF 2L
It can be seen from the above table that after 1 hour BMR2.AR BERAKUNSWERE > hBE R A G
of running, 97% of etched copper can be recovered 97 % B4 B 47 LU & A F #7100% fCu® -
and 100% of the Cu®* can be refreshed.
After regeneration, the system runs as below figure. BAER  RGRFAES.

7

f

FL (anode) |
FL (Fz 1) =
Regeneration Tank & 4 #&: 1558 L/hr
Copper recovered [@] Y48 = 52.2 kg/hr FL (cathode)
<4 FL (2 1@) = '
2013 L/hr

Fig. 6 Summary of the Operation of the Regeneration System
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