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Abstract

In a previous report, we studied the effect on the physical properties of electrodeposited copper plating film for gravure
cylinder by using the commercial additive agents (COSMO G series) and verified the validity of the estimation method for the
concentration of hardener. Here results on the continuation of the study for the the physical properties of electrodeposited film
and the aptitude for engraving are presented. The Vickers hardness and elongation at high current density are similar with the
results in a previous report. The concentration of G-1 was estimated using the equation simulated from the multiple regression
analysis. The correlation coefficient of the applied and estimated concentration of G-1 is 0.941 when the concentration of G-1
varies from 05 to 4ml/l. The falling speed of tensile strength by acceleration test at 95C is about 600 ~ 1,000 times as fast as
that of aging test at 25T . It was found that the half-life time of tensile strength by the acceleration test can be estimated this
time by aging test. The relationship between the half-life time of tensile strength and the reciprocal of absolute temperature is
linear. This suggests that the time of re-crystallization is due to the applied temperature. When the cylinder is electroplated
in G-1 concentration 0.5ml/l and aged at room temperature, the volume of cell (£ 0) deviates from that of cylinder which is
electroplated in G-1 concentration 1.0 ml/l or above. This is because the Vickers hardness falls whereas the elongation increases

by aging and the cell shape consequently deteriorates.
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RIFZETIE, 9 GMU OFRIMEE (LT GMU &
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—EMBEEIH LT, GligfEE 2N 2N 05 ~40ml/l &
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BOELERT. TOfER, @) \IRLZE Yy 71— A&
X, GMU BEIC L 2@V AV/NE <, GLIBEOII -
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B OERE R, <, OFEHHY oRETHY,
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Fig.1 Changes of (a) Vickers hardness and (b) elongation, tensile strength with the concentration of G-1
when the concentration of G-MU is 4, 8, and 16 ml/I.
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Fig.2 Changes of the elongation with the concentration of
G-MU when the concentration of G-1 is 25ml/I.
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Fig.3 Changes of the elongation with the concentration of G-1
when the concentration of G-MU is 8.0ml/I.
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Fig.4 Linearity of 1/elongation vs. logjy (G-1 concentration)
when the current density is 36 A/ dm?
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5C T, GIRM 1L GlIREN05ml/l DA 4 H
TR 55, 10m/I U ETREOETIIR SN2 D5
7. (b) 25C T, GLEEN05mI/I Db DI 4 HT
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Fig.5 Correlation between the applied value and estimated
value when the current density is 36 A/ dm?
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Fig.6 Changes of the tensile strength with aging time at various temperatures when the concentration of G-1

varies from 0.5 to 4.0ml/l and that of G-MU is 8 ml/I.
(b) Temperature is 25T ,

(a) Temperature is 5C ,
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15ml/l Tid#9 14 H TR F 2B LT 525, 20ml/l B
FomETIHMET IR SN, F72, GlLIEESE W
DAL L 2RO HER & 138 r > TWh, RS DHK
FELSHEEH S 10 1ZB VR LT S OREEL L
HTho7.

—7, Fig7 12, GMU#E%* (@) 4ml/i, (b) 8ml/L,
BLO (O 16ml/l O=FEHDEIZBNT, GligELZ
NZEN05~40ml/l LB ERTHELN D> X%
g (B 95C) 1C A, FEREFZEAL OGS % 17 -
ARERERT. TNHOMMAL, WTINo GMU iR
DBFIZBVTH, O XEBED D DIFH 83 x 108N/m?
OFE®RE DD B, GLIEED05mI/ TIRWTFho
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L TWB, F72 GLEEA 10ml/I Tk, GMU
A Q)4 ml/l DB A1 303 T 59 x 108N/m? 12K T L
(b) 8ml/l ®Hs4ri 30 43T 44 x 108 N/m? (2L, &
512 () 16ml/l DHFEIE 20 53T 41 x 108 N/m? 12283 L
TwWa. LAaL, GLEED 15ml/ LTI, FIERS
DERTIEHEB L ed o7z, $74b6, GMUIBEDEWIZ
EHIRIM S IER RN T2 2 £ 0 5.

UEoZo0R» 5, GMURED 8ml/l D¥h, 25C
OF B EL TOFR®E S O fEREZL (Fige (b)) &,
95 C 2B 2 IMHEHE T oKL (Fig.7 (b)) &I,
T (RER) oM EIZ R 2 228, RO T AN & TR
LTwa, $T4bb, GlLIEEA0SmI/IIZEWT, 3l

5,700 43) T 2Dk LT 95C fnkzkERTIE 10 4T
Y, MR TIREIRAT L ) b 570 5O MEE TR T
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SAVT B EEIIE, WIRATIC B B R ER T 21
H (#30,00043) Ta 5 DIZ%F LT 95T ofn#zER Tt
305 THY, #1000 FOEETET LTW5S, Lo
T, \@EE25TH5 95T GE70T) ERSELE,
600 ~# 1,000 1% 3R & THEFEZEAL (i Sk = D MLAAL)
PRI EDGD L. LaL, G1iEEA 15ml/l Pl L
TIRIEHSIMET LTy, CoBRIE, BE»S
BEHUZIRA L7241 5 2 OTEHEAFEREED € ¥ ko) %
FEAEL, 95C DA T b SR RO AL IR S 7z 7z
w010 Lzz N,

GMU % 8ml/l & L, G1iFE% 1.0ml/l & L7z
ZBVLTELNZD - EEFIZOWT, FREIZBIT2
FIIRIR S 250 % F COREM &, HkHREE O3 5o B R
EMET L7 ZO8E%E Fig8 IIRY. oMLy, Bl
B X AT B F T MR & AR EE o B B
A D 1, THE TICHE SN TV A EHEHIZBIT 5
50 9% FE- A i 00 B ] s A0 IR FE 00 53 20 0 BIAR 1Y) 1L L,
AWFFEZ BT 55 3 & O FHRAHE SR AEOH KL
LB EREMFITE. ZoZbns, KEERERICBY
R L DR S OLEER (1) LoERERD (3)
YL ORTIENTES,
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g X 10 9 9
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E \A\ E NE
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s t 5 o 5
5 5 N
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Fig.7 Changes of the tensile strength with soaking time in boiling water at 95C (acceleration experiment) when
the concentration of G-1 varies from 0.5 to 4.0 ml/l.
(b) Concentration of G-MU is 8ml/l,

(a) Concentration of G-MU is 4ml/I,

(¢) Concentration of G-MU is 16 ml/I,
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Int=—1InA - Qg/RT (3)

2T, ARER QR IITEMHALZ AL F—, RITKME
T, TRHSRETHL. 20 (3) X»roFEHERE
AL O KAL) OFEHALZ ANV F— Qr KD B &,
225 keal/mol T o 7= Z Ol 99.999% Cu 0 Fi-# 5 0
EMAL AV F—CTdh 5 224 keal/mol™® L B —% LT
V3.
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100 /
e

10000

Half-life time ( T) of tensile
strength (min)

10

1
26 27 28 29 3 31 32 33 34

3
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Fig.8 Relationship between the half-life time of tensile
strength by aging and the reciprocal of absolute
temperature when the concentration of G-1 is 1.0 ml/{
and that of G-MU is 8 ml/I.
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Fig9 12, GMU#E % 8ml/l & L, GliEE % 05~
25ml/l EZAL S TENEITo722 ) v ¥ —% 4 HiEE
%, MUY IR K304 125%1E L Ce V2 FE L 72
MRS 2 EVEROZLERT. ZORLDY,
G-1 IREEDS 05 ml/l DL VERIE, HRTHFEEDS 50% L 1
BV 10m/IMEDL DX I Twa. $hbb,
HEHRER50% D ETIE, EVBROZEESKE %o
TWLEERA.

Fig.10 (@) &, GMU 4% 8ml/l & L, GligE% 05
ml/l & L72GEa0en (£ 0:aY TV AN OFEBELRRT,
xRy (Fy b=t 1 100%), Hi (F60%), 3
FUONA T4 (F20%) I2BWTH, ¥4 YEY N
DADFHATOEVROETALL S NS, ThhMK
JAHETEERLTWS, IR LT, GLiEEE 10
ml/l & L72Ha01l (£0) OFRE%E (b) IR, ¥ v
K7 (Fy k28—t F100%), i (F60%), 3L
NAFA4 T ([20%) I2BWTH, ¥4YEY FEtoA

160 000
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Fig.9 Changes of the cell volume (£ 0) with the dot percent
when the concentration of G-1 varies from 0.5 to 25ml/l
and that of G-MU is 8 ml/L.
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Fig. 10 Photographs of the engraved cell (£ 0) after aging
and high light (20%) when the concentration of G-
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for 4 days at shadow (100%), medium (60%),
MU is 8ml/I.

(a) Concentration of G-1is 0.5ml/l, (b) Concentration of G-1 is 1.0ml/1
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