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Duplication of Koryo Tripitaka (Taejang'kyong) by Copper Electroforming
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Abstract

Copper electroforming process has been applied to duplicate Koryo Tripitaka (Taejang'kyong), wooden print-
ing block. Thin copper replica printing plates of Imm thickness was successfully manufactured from the
printing face (54.5 x 25.5 cm) of wooden printing plate. Major processes are (1) silicon rubber replication
of the master (2) silvering on silicon rubber (3) copper electroforming (4) separation of copper from the
silicon mandrel (5) final coloring by brass plating and trimming. This process has various potential applications
in making thin metallic objects such as plaques, statues, bust and hollow metal objects for jewelry.

Keywords : Copper eleciroforming, Koryo Tripifaka [Taejangkyong), Siicon rubber, Silvering, Prinfing piafe, Replica

.M &

AFTHE A7 =g ol &3 ALE, 44
Al =78 § =5Fs 2AFEHNA 2t
Ashe FAolv BES B AP, o|RE&
1838 2] AJo} Academy of Science®| Jacobi W
7F & A de] FE AV|EFEte] R B
o] EHE & @l}- Az F 2L F¥e=
A" Ag E4% Zlo] Alxrt HA o] wA
< AFFAY dEAYL AR #{ole AHIAY
of B3 FEATHE HoAFe AR ZI|d=

Blw& 7133 bas-relief, 2ZHHE, status®] A &bt
A F? BAjo ELHAYTFD. o] o]Foj
= ot B3 mAg Fago] AR HAERY,
CD, DVD stamp” Yo7} &<Zoll= MEMSY nano
imprintZ| &%= A&53 Ar}. = FA7} gk

S0 5, 4, FIAS FEAF AR 7}

*Corresponding author. E-mail : igkim@dongeui.ac kr

= E7Fs3
%%’—23 o] 7he st

2 d7dMe AFTHE o8-8l g
e AMAZ EAAE FA F 1mme] TEL
2 d8sp] BAske #Ee lstant e 4
Bolli= oF 3mmzole] AL A Fash =
Zhsloigint. gk 2] A= R, 4
of Mot $HOR E4Y RAE Ak B
A A71aLE FAEA ol e 29 $] A

z9 A7 Eol AT MAZNNE $4T
AFG BaRAoI, 2t FnRPA e Zu
oM %ol @AY} e FruEstu
AR 2ol AEHA A Fd Bok 27
Fa5el Y 7)o ARAUAT ABH
o ol B | mme] B Aol Ao

FNelie Ha2e B d7ddy 723
go) Azaterh.

(;C_}‘
zol.ﬂ_Ol

4

k)l

-ll'j X

}

Olr
of 32 ml

f l‘l
N

0O



el o)/ 82Ew

33 37 (2004) 22-27

23

el

AF B8 ARTY $4E e 2o

() 9 — (2 HFE 20 — 3) A7 =7
— @ delEay 54 @EL) — 5) 238
— 6 F1F — (D) 28 — Q) FHUAY —

9 "FE7RE — (10) 94

FoETEL AHRA

21 nﬂ:Ell x-"xl-

(DNA @)l == T olth W= (mandrel
22 master)o]& BRI EAE Ao weps 2
oA E2e dodg ARLER= A o] o)AkA o]
At 71E2]] "ellA AEAM B

Fssisnt &
A FERE 37 JeiiE WA, o3y o
9% FHFE AFopu shed of FHolM P2
o £4L N 5 T, EF Imm A
Be YR Balshs Aol BrFsar] wEol

At webA Yol nNEAS 7o hEsEA B
A ¢ Je o)dE Ae)E LT (ShinEtsu KE
1300D)E EA3 BAES vz ALs7)2 3
Atk 2By o] R E BAFGA] DAt o)
gk 2 28jal YR Fojde 28 HEX A7)
A7 EF g 2gjoloja YR HdYEnF
A= sgEA] @t

O AP ew Fd7te AX R ExpEe
HIFHE 208 €A} ou|X| & o]&s)of T}, o]
grolulA= AR edol] AFEE o|ljt] 27t
Hi(TE 1) o] RZFARE IFZ HAsty

Hed 2 ARSI Y ERlo|n|R & 3o 3 =
zZhate W E ARFHUA T 224527} s}—*‘%oﬂ 1
NE UF =gy, 245F 2248 oy W
Asjoratr] wio] AR 7F Asfolals Hdﬂ?ﬂ
w 2B 317te] AWZtA o R o oA st

2 2YT},

2E 19 B 249 o)y HyE 37§
Rog JEA BlEy AXge] Ao 9&x3re
FANA AIE B A /AR 7129 84
dol Zsgle 71X E AASAY. @7]e HEA
F9 sHE A3 F2% DA g &

IHX] Bod F o] 371%g Feje] EHo

3
H7] ol B2 A
-—’%ﬂl F &l &

oA ge A

£Az W
BT
8
*

s o8 el

Fig. 1. Master.

oF gt W] e 2oz AAslcl & HAlE

Sholtt. YAz o= HE ZSHE 7 9] 7}

A FL oA AT 3R 5L Sgch o

A A AelEanel Sos of spmalon

F00 YT M HelE 3T Be] g

7] S oIk, T Aeje 2R WAL
=

iz
j&
i
H
 d
' o
T
=
<
tr
oyl
F_E,
rlo
o
SE
i
_\,1_,
o
)
S
2
£

g7)e] @& o} FRP| 719 285} o8
A FoBA HFF FRPEFH F459 4yE

27e) )7} golshsint.

22 2=IEI3)

He]ZLTE 78 B8R forz A4S
Fosjofsted, 2 dFdME & EAPES A
g3ttt & 78 &AE L3 2o ) €249
24 (b) Al (c) wetting (d) FA1 (e) 4 BAI3)
(f) TAl (g) & ZixHolay]. B3] Fosjof B A

& uput & A~xgo] Y H @A ZE E
l 3] 2g A7t Hojof gthks Heolt. 2
t— Al F FZHgo] FAA 4n &

2 goainh. 28 A7) ofd
(C)S’Jr OFHAR S FAbe wHESolgt Yo, o
2A4stE Ae|EaF9o] & olg i
A7 FLAE FAl] BAAZ|E & o]Lo
2 AP oEMN gk Lto] FA AL &
AMEE FAEAE, & 2 g
o vehy At

4>
&
ol

o g rkfz

L rr &L nlo rE flo
rﬁ

_aoﬁ

> flo rlo ot Ho

+
2,

[o oo X

ofo

S

o
N
oX
rlo

s

o] Ronle} ez

of it} W%



24 AU /8= HHFEE] 37 (2004) 22-27

Table 1. Bath composition and operating conditions of AIZF mksle] AAgE & @4e o2 A
acidic copper sulfate electroforming g, F&0leS 2gsle FIESEES AFY
CuS0, - 5H,0 230 g/l =7 28 o 2 mA/cmi A BEE XaA18E
H,30, 60 g/l 2 Ho| T S50l 2442 FHElE A Alsle] A
HC! 60 mg/! aki!
Brightner (SP-95) 2 mg/l
Anode phosphorized copper ball 2.3.2 FalAFA2H

(Titanium basket/anode bag)

29 3¢ FRAFAZYS et 28 3@

Temperature room temperature (20~25°C)

.p. - P - ; ZFGel Hole 22 900X400X 820 mm =7|8] PP
Agitation air bubble, continuous filtering =283 o 230g e m2ale] Sol 0101 -
Cathode silvered silicon rubber * B v =T e
Purification activated carbon, dummying

Fig. 2. Silvered silicon rubber mandrel. Ready for copper
electroforming.
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23 EXN= Fig. 3. (a) Copper electroforming system showing plating
tank (center), rectifier (right) and continuos filteting

231 FEE system(left). Air pump is located upper right side

g 82 Algslgon SxAd9 ALgRALS of the piating tank (b) Close view of the plating
3 20 JJePGT =F3 @a] ZA7E =gsjor tank. Four titanium baskets filled with copper balls
e AP mawds Eeun Gae A S 2 o oo e Ca
Ast= Zlo] wg Fasit EsEdes /718 polypropylene shiefd is seen near the right
Fr18o] slom, Axe A8 & S Wi 24 anode.

Table 2. Chemical composition of the solutions used for silvering process

Sensitization Silver solution Reduction solution
stannous chloride 3 g/ silver nitride 20 g/l formaldehyde(40%) 22 ml/
stannic chloride 3 g/f ammonium hydroxide 30 g/i (0.88 M) sodium hydroxide 0.5 g/l
hydrochloride acid 40 ml/! (35% wi/w) sodium hydroxide 2 g/l lead acetate 0.5 g/l
sodium chioride 175 g// (adjust to 1.25 ! with deionized water) (adjust to 1.25 I with deionized water)
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Fig. 4. Initial stage of copper electroforming.
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Fig. 5. Completed electroformed copper printing plate
(@), and its close view (b) showing fine details of
the origin.
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Fig. 6. (a) Wooden ¥ sculpture with finely embossed background (b) front face of bronze plated electroformed copper
(c) rear view, the background was blackened by coloring agent of Jax Brown/Black, the thickness is 0.5 mm.
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Fig. 7. (@) Original Tin Plaque, 2 mm thick (b) 0.2 mm thick electroformed nickel (c) Rear View of the Electroformed
Replica.
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