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Table 1 The electroplating bath composition and the
operating conditions

Ni(NH2S0s3)2 - 4Hs0: 500 g/L,

Bath NiCls-6H20: 4 g/L,
H3BOs: 33 g/L, CNTs: 0 — 10 g/L

Agitation Horn sonication!®
Bath 45 °C
temperature

Current density -5 A/dm?

Process time 60 min

Substrate High Speed Steel (SKH51)
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Horn sonicator

Ni Plating bath
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Fig. 1 Schematic illustration of the ultrasonic-assisted
electroplating setup using a horn sonication method!?.

(27kHz, 200W)% HWTHIEA R L7z 10, BEKA—
VRN D OB RIRENC LV, RIS IR S
, BHELLTW ONT Ofih To4r 418 - &4,
CNT 23— IZH B L7l 2 e - SWIEEEL 2 L

BTED.

2.2 > THIE DL

CNT & 0, 1.6 g/lL DR T=y s> EEA
R L, @ie Y — AMEE (=28 QM-2) &M
T, ZFEIR~600COWREHIACTEEE v 7 — A SRR

(HIEME : 0.98N) Z{T-7=. £/, WALV E—%

THHEREFHMEE (insitu TEM) 2k Vv, EfF A4
VE—AZE VY)Y LW & SRS N L 2R A
D b b E OB b 2 BIICBIER, T LT,

BULERIC X % fE S O 2L, FEi A X KO RED
M, X #REST (XRD, V477 8 RINT-2500) 3 XY
BRI FEGELEIYTYE (EBSD) ICXVRHMm L7z, F7-,
BN SE - BT (TG-DTA) I2LY, FHibamEE
BLOz ¥ —85RE L.

2.3 F/42T) 0 MKk BEEHOFE

B 212, vAZ—RNLEF ) A7) MRV, 8
G AR T D FIEEZ RS, ~ A2 —A%, v ) o f/C,
SBumDAJ T Ry M —v b Uiz, BF /40T
v NEEE ((SCIVAX Y X-300) % T, BEZERFHKT
500CIZMZA L 7RBET, ~ A&7 —Hl% 6 > EPIHER R IZ
3 MPa OJESTH L&, BHEEFIZL T, Do T
W2~ A X —BIOTIREERE Uiz, B ORFIREFIL 60
L7

Ni-CNT coating

(a) Electroplating

. Thermal imprinting

Silicon mother mold

Ni-CNT coating

(b) Replication by nanoimprinting

Ni-CNT coating

Replica mold

Fig. 2 Replication procedure of Ni-based CNT
composite mold by nanoimprinting. (a) A Ni-based
CNT composite coating is prepared. (b) High-
temperature softening allows the coating to
faithfully reproduce the master mold. (¢) Upon
cooling, the coating retains the master mold
impression.
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Fig. 3 High-temperature hardness of Ni-based CNT
composite coatings and normal nickel coatings®.
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Fig. 5 Vickers hardness versus heat-treatment

temperature of Ni-based CNT composite coatings®.
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TFig. 6 Inverse pole figures (IPFs) of
cross-sectional  Ni-based  coatings
with/without = CNTs  after  heat
treatment (temperature: 500°C, time: 3
h) analyzed by electron backscatter
diffraction (EBSD)?.

3.50
D\D —o—(111)
3.00 - —+(200)
L 250 | ——(220)
3
:_:: 2.00 | bkl = I(hkD) [ I,(hkl)
) XI(hkD)) ZIy(hk])
= 150
5
5 100 FRIfandam aystaliine TTTTTTTTTTITTTTTTITTTN
056 L A/A
& ————@ CNTOg/L
0.00 '
As depo Heated at 500°C
(a) CNT 0 g/L
3.50
_ IGhkD) [ 1,(hkD) —o—(111)
IF(hk])=
300 [ D= Gun/ S0k _o-200)
L 250 | ——(220)
3
£200 +
5
§ 150 ¢
=
2100 p---------- ﬁ%@ ------------
o
050 | IF=1: randam crystalline
CNT 1.6g/L
0.00
As depo Heated at 500°C

(b) CNT 1.6 g/L

Fig. 7 Orientation index (IF) of Ni-based coatings
before and after heat treatment (temperature: 500 °C,
time: 3 h) analyzed by X-ray diffraction (XRD) 9. IF
was calculated by the Wilson formulalV).
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(c) Ni-CNT after heat treatment. No further
recrystallization is evident.

Fig. 8 Thermogravimetric (TG} and differential thermal
analysis (DTA) of Ni-based coatings with/without CNTs
before/after heat treatment at 500 °C®.
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Fig. 9 SEM images of a mother mold and a replica nickel mold
containing CNTs formed by thermal nanoimprint”
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