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Table 1 The electroplating bath composition
and the operating conditions

Ni(NH2S05)> + 4H:0:
g/L, NiCls-6H:20: 4 g/L,

500

Bath H3BOs: 33 /L, CNTs: 0 —
10 g/LL

Agitation Horn sonication!®

Bath

temperature 45°C

Current density -5 A/dm?

Process time 60 min

Substrate High Speed Steel (SKH51)
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Ni-CNT coating

(a) Electroplating

thermal imprinting

Silicon mother mold

Ni-CNT coating

(b) Replication by nanoimprinting

Ni-CNT coating

Replica mold

Fig. 1 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. 2 High-temperature hardness of Ni-based CNT
composite coatings and normal nickel coatings®.
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Fig. 4 Vickers hardness versus heat-treatment

temperature of Ni-based CNT composite coatings®.
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Fig. 5 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

T diffraction (EBSD) ?.
(c) at 800°C PHEDORE S MK 70 o Z &b hroT.
Fig. 3 In situ TEM images and diffraction of ®5(@), (b2, FiFi 500°CTOELEEE D Ni #
Nibased CNT  composite coatings at high B4 & OF Ni-CNT BB o> EBSD 43k 4
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Fig. 6 Orientation index (IF) of Ni-based coatings
before and after heat treatment (temperature:
500 °C, time: 3 h) analyzed by X-ray diffraction
(XRD) ?. IF was calculated by the Wilson
formulal?.
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(b) Ni-CNT, as deposited, showing a
recrystallization event at 377°C
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(c) Ni-CNT after heat treatment. No further
recrystallization is evident.

Fig. 7 Thermogravimetric (TG) and differential thermal
analysis (DTA) of Ni-based coatings with/without CNTs
before/after heat treatment at 500 °C”,

10 um

(a) Silicon master mold

(b) replica nickel mold

Fig. 8 SEM images of a mother mold and a replica nickel

mold containing CNTs formed by thermal nanoimprint®
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