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Abstract: At present, the improvement of anti-wear performance of piston rings remains
a challenge. In this article, Ni-SiC composite coatings fabricated at 3, 9, and 15 g/L SiC
were denoted as NSc-3, NSc-9, and NSc-15 coatings. Meanwhile, the influence of SiC
concentration on the surface morphology, phase structure, microhardness, and anti-wear
performance of electrodeposited Ni-SiC composite coatings were investigated utilizing
scanning electron microscopy, X-ray diffraction, a microhardness tester, and a friction-wear
tester, respectively. The SEM images presented NSc-9 coatings with a compact, flat, or
cauliflower-like surface morphology. The cross-sectional morphology and EDS results
showed that the Si and Ni elements were uniformly distributed in the NSc-9 coatings with
dense and flat microstructures. Moreover, the average grain size of the NSc-9 coatings was
only 429 nm. Furthermore, the microhardness and indentation path of the NSc-9 coatings
were 672 Hv and 13.7 um, respectively. Also, the average friction coefficient and worn
weight loss of the NSc-9 coatings were 0.46 and 29.5 mg, respectively, which were lower
than those of the NSc-3 and NSc-15 coatings. In addition, a few shallow scratches emerged
on the worn surfaces of the NSc-9 coatings, demonstrating their outstanding anti-wear
performance when compared to the NSc-3 and NSc-15 coatings.

Keywords: Ni-SiC composite coatings; electrodeposition; microstructure; anti-wear
performance; piston ring

1. Introduction

At present, the automotive industry is becoming productive and prosperous in the
foreign and domestic markets, producing a burst of innovative vehicles. However, the
automotive industry is still plagued by some issues, such as the anti-wear performance
and service life of combustion engines [1-3]. The composition of combustion engines
includes engine cylinders, plungers, piston rings, bearings, valves, and so on. Among
these components, the friction system between engine cylinders and piston rings has a
significant influence on the properties and efficiency of the engine [4]. Generally, chromium
is deposited on the surface of piston rings using the electrodeposition method to enhance

Materials 2025, 18, 1117

https:/ /doi.org/10.3390/ma18051117

_10_



WK RIEHR S

WXMEE: KRR
WICHARSE: 2025 4

1. Web of Science %75 %E- Science Citation Index Expanded (SCI-EXPANDED)

2. Web of Science “¥*&5 Journal Citation Reports (JCR )4 /%

3.7 E Rh A B SCRR AR o0 ) 2 X R (RO
KRR

22553, KRR (JE3C : Zhang, Fengwu) & # ] “Effect lcgfmentratlon

on the Microstructure and Anti-Wear Performance of Electrodepopl’fe\éiNl SlC‘Con@Bgi‘e
Coatings Constructed for Piston Ring Application” > # SC IE L&& ; &

,,7

°
s
\‘355.0/

ey

_11_



SCIE HiZic sk i3 5 B AT 2 X A5 B R .

F HR | THEE | iR H A
CR 3
8 4 SRR H R T JCR 4+ X B4y X v NS
Effect of SiC Concentration on the CHEMISTRY, PHYSICAL

Microstructure and Anti-Wear
Q3 (90/178)

Performance of Electrodeposited 3.1 AKX 2025 | WOS:00144
1 i . ; MATERIALS | Article | #—{F# MATERIALS SCIENCE, e
Ni-SiC Composite Coatings (2023) A3 X, 41X | MAR | 2567100001
Constructed for Piston Ring i
Application Q2 (208/439)
BLEA .

1.2023 FUART KA it X, HMFI6H-aE-F. JOR &5 KA P HILHF 2 KK At A K S Feh%cd.

2.2023 ke K AN X, L1890 B FHe JOR 4 B K A 2023 a9 446, I E JOR M) K 448 £ 45,

3.2024 F R &ML, HMPIGFAHIES R KA 2023 ey A0 K046, 2025 F A R0, LA 6 b AR KA R 2025 F45 4
o K48,

VELBA, R UEIERH .

_12_



2 Clarivate

Web of Science”

1 record(s) printed from Clarivate Web of Science

FBI1E 1 £
¥5R3E: Effect-of SiC€ Concentration on the Microstructure and Anti-Wear Performance of
Electrodeposited Ni-SiC Composite Coatings Constructed for Piston Ring Application
{E&: Zhang, FW (Zhang, Fengwu); Wang, QH (Wang, Qiuhua); Shen, HJ (Shen, Huajie); Bai,
CX (Bai, Caixia); Li, CY (Li, Chaoyu); Tian, DH (Tian, Dehao); Wang, BJ (Wang, Baojin)
FRFELHARY: MATERIALS #5: 18 HA: 5 XEES: 1117 DOI: 10.3390/ma18051117 Published
Date: 2025 MAR

Web of Science #/OSERRY "B 130K 0
WeIsmREt: 0

(ERXE (FRiE 180 X): 0

{FFIREY (2013 &EES): 0
SIBRSEEREL: 35

#&2: At present, the improvement of anti-wear performance of piston rings remains a
challenge. In this article, Ni-SiC composite coatings fabricated at 3, 9, and 15 g/L SiC were
denoted as NSc-3, NSc-9, and NSc-15 coatings. Meanwhile, the influence of SiC
concentration on the surface morphology, phase structure, microhardness, and anti-wear
performance of electrodeposited Ni-SiC composite coatings were investigated utilizing
scanning electron microscopy, X-ray diffraction, a microhardness tester, and a friction-wear
tester, respectively. The SEM images presented NSc-9 coatings with a compact, flat, or
cauliflower-like surface morphology. The cross-sectional morphology and EDS results
showed that the Si and Ni elements were uniformly distributed in the NSc-9 coatings with
dense and flat microstructures. Moreover, the average grain size of the NSc-9 coatings was
only 429 nm. Furthermore, the microhardness and indentation path of the NSc-9 coatings
were 672 Hv and 13.7 mu m, respectively. Also, the average friction coefficient and worn
weight loss of the NSc-9 coatings were 0.46 and 29.5 mg, respectively, which were lower
than those of the NSc-3 and NSc-15 coatings. In addition, a few shallow scratches
emerged on the worn surfaces of the NSc-9 coatings, demonstrating their outstanding
anti-wear performance when compared to the NSc-3 and NSc-15 coatings.

AliiES: W0S:001442567100001

PubMed ID: 40077342

i8&: English

k2B Article

fEEXEiF: Ni-SiC composite coatings; electrodeposition; microstructure; anti-wear
performance; piston ring

KeyWords Plus: WEAR; MICROHARDNESS; COMBUSTION; RESISTANCE; PARTICLES
ftbiit: [Zhang, Fengwu; Li, Chaoyu] Sanming Univ, Sch Mech & Elect Engn, Sanming 365004,
Peoples R China.

[Wang, Qiuhua] Southwest Forestry Univ, Coll Civil Engn, Yunnan Key Lab Forest Disaster
Warning & Control, Kunming 650224, Peoples R China.

_13_



% KA A E M

WK R UE IR S

WXMEE: KRR
WICHARSE: 2025 4
1. Web of Science 1% 2% %E- Science Citation Index Expanded (SCI-EXPANDED)
2. Web of Science “¥*&5 Journal Citation Reports (JCR )% /%
3.7 [ R e SRR R PO ) 4y X R (FHRISO
2285 %, KRR (3L : Zhang, Fengwu) & & Y] “Effect QE’S‘C’émcentrauon
on the Microstructure and Anti-Wear Performance of Electrodeposﬁ'mel SIC CO[T@O;]‘C
Coatings Constructed for Piston Ring Application” 3 #{ SCTE: L&l& 3\1\}

Tver,

_14_



SCIE HiZic sk i3 5 B A 2 X5 B R

R Xk | BAEE | MR iR
i 4 KR R ; JCR 43X FRHE 4 X N

] RE | ®WH | FUP i fi]

Effect of SiC Concentration on the CHEMISTRY, PHYSICAL

Microstructure and Anti-Wear

Q3 (90/178)
Performance of Electrodeposited 3.1 KK X; 2025 | WOS:00144
1 D . ; MATERIALS | Article | #5—ff:#& MATERIALS SCIENCE, i
Ni-SiC Composite Coatings (2023) A3 IXL 41X | MAR | 2567100001
. . MULTIDISCIPLINARY
Constructed for Piston Ring
Application Q2 (208/439)
L

1.2023 FhAT K A6t L, AMAIH 0BT, JOR 2 KA AHIEMFl 2 K3 K A LK & L F ook,

2.2023 ke KA M X, HHFIA9F 0 B FHe JOR 9 B K A 2023 65445, H E JOR M5 K 448 £ 4F .

3.2024 F A £Mit L, HMAIGFAHIES R KM 2023 SFay A0 K448, 2025 F A R MB L, LMF 6P Aro KA N 2025 £45
Ao K448,

VEWLBA, RpUEIERH

_15_



[Shen, Huajie; Bai, Caixia] Fujian Univ Technol, Sch Design, Fuzhou 350118, Peoples R
China.

[Tian, Pehao; Wang, Baojin] Northeast Petr Univ, Sch Mech Sci & Engn, Daging 163318,
Peoples R China.

ERFERAL: L, CY(OEREE), Sanming Univ, Sch Mech & Elect Engn, Sanming 365004,
Peoples R China.

Tian, DH (#il{F#), . Northeast Petr Univ, Sch Mech Sci & Engn, Daqing 163318, Peoples R
China.

B Flp{Htbilt: 20230368 @fjsmu.edu.cn; ghwang2010@swfu.edu.cn;
shenhuajie@fjut.edu.cn; 2242007004 @fjut.edu.cn; 208001 040066@stu.nepu.edu.cn;
238003040822@stu.nepu.edu.cn; bjwangbaojin@nepu.edu.cn

Affiliations: Sanming University; Southwest Forestry University - China; Fujian University of
Technology; Northeast Petroleum University

HhRES: MDPI
iikRRESHtELE: MDPI AG, Grosspeteranlage 5, CH-4052 BASEL, SWITZERLAND
Web of Science Index: Science Citation Index Expanded (SCI-EXPANDED)

Web of Science 38: Chemistry, Physical; Materials Science, Multidisciplinary; Metallurgy
& Metallurgical Engineering; Physics, Applied; Physics, Condensed Matter

#5E7E: Chemistry; Materials Science; Metallurgy & Metallurgical Engineering; Physics
IDS S: 0AF9Q

elSSN: 1996-1944

29 FRIFRLARMZFRIES: MATERIALS

I1SO EiRBIRWIES: Materials

R AR 12

HEEE:

&N Bys

Natural Science Foundation of Heilongjiang Province |LH2023A002

This research was funded by the [Natural Science Foundation of Heilongjiang Province],
grant number [LH2023A002].

FFEERAN: gold
M EHA: 2025-03-21

End of File

12 Clarivate

_16_



2 Clarivate

Web of Science”

1 record(s) printed from Clarivate Web of Science

FBI1E 1 £
¥5R3E: Effect-of SiC€ Concentration on the Microstructure and Anti-Wear Performance of
Electrodeposited Ni-SiC Composite Coatings Constructed for Piston Ring Application
{E&: Zhang, FW (Zhang, Fengwu); Wang, QH (Wang, Qiuhua); Shen, HJ (Shen, Huajie); Bai,
CX (Bai, Caixia); Li, CY (Li, Chaoyu); Tian, DH (Tian, Dehao); Wang, BJ (Wang, Baojin)
FRFELHARY: MATERIALS #5: 18 HA: 5 XEES: 1117 DOI: 10.3390/ma18051117 Published
Date: 2025 MAR

Web of Science #/OSERRY "B 130K 0
WeIsmREt: 0

(ERXE (FRiE 180 X): 0

{FFIREY (2013 &EES): 0
SIBRSEEREL: 35

#&2: At present, the improvement of anti-wear performance of piston rings remains a
challenge. In this article, Ni-SiC composite coatings fabricated at 3, 9, and 15 g/L SiC were
denoted as NSc-3, NSc-9, and NSc-15 coatings. Meanwhile, the influence of SiC
concentration on the surface morphology, phase structure, microhardness, and anti-wear
performance of electrodeposited Ni-SiC composite coatings were investigated utilizing
scanning electron microscopy, X-ray diffraction, a microhardness tester, and a friction-wear
tester, respectively. The SEM images presented NSc-9 coatings with a compact, flat, or
cauliflower-like surface morphology. The cross-sectional morphology and EDS results
showed that the Si and Ni elements were uniformly distributed in the NSc-9 coatings with
dense and flat microstructures. Moreover, the average grain size of the NSc-9 coatings was
only 429 nm. Furthermore, the microhardness and indentation path of the NSc-9 coatings
were 672 Hv and 13.7 mu m, respectively. Also, the average friction coefficient and worn
weight loss of the NSc-9 coatings were 0.46 and 29.5 mg, respectively, which were lower
than those of the NSc-3 and NSc-15 coatings. In addition, a few shallow scratches
emerged on the worn surfaces of the NSc-9 coatings, demonstrating their outstanding
anti-wear performance when compared to the NSc-3 and NSc-15 coatings.

AliiES: W0S:001442567100001

PubMed ID: 40077342

i8&: English

k2B Article

fEEXEiF: Ni-SiC composite coatings; electrodeposition; microstructure; anti-wear
performance; piston ring

KeyWords Plus: WEAR; MICROHARDNESS; COMBUSTION; RESISTANCE; PARTICLES
ftbiit: [Zhang, Fengwu; Li, Chaoyu] Sanming Univ, Sch Mech & Elect Engn, Sanming 365004,
Peoples R China.

[Wang, Qiuhua] Southwest Forestry Univ, Coll Civil Engn, Yunnan Key Lab Forest Disaster
Warning & Control, Kunming 650224, Peoples R China.

_17_



Materials

F&
Fi5

ISSN

Review
OA Journal Index (QAJ)
Open Access

Web of Science

Materials
2025
1996-1944
B
&
=

SCIE

~E Mega-Journal
» TopHA
X F
X
3 S
%
METALLURGY & METALLURGICAL ENGINEERING j4&T 5
o PHYSICS, APPLIED #718: RZF3 3
ES PHYSICS, CONDENSED MATTER 38 : EFEA4E 3
MATERIALS SCIENCE, MULTIDISCIPLINARY #¥lEl=: 2 4

Copyright © 2019-2022FFEFF R ERSPC iTESIPMEE. All rights reserved.



. materials

Article

Effect of SiC Concentration on the Microstructure and Anti-Wear
Performance of Electrodeposited Ni-SiC Composite Coatings
Constructed for Piston Ring Application

Fengwu Zhang 'f, Qiuhua Wang 2, Huajie Shen 37, Caixia Bai 3, Chaoyu Li '*f, Dehao Tian ** and Baojin Wang *

check for
updates

Academic Editor: Pawel Pawlus

Received: 11 February 2025
Revised: 25 February 2025
Accepted: 26 February 2025
Published: 1 March 2025

Citation: Zhang, F.; Wang, Q; Shen,
H.;Bai,C.; Li, C; Tian, D.; Wang, B.
Effect of SiC Concentration on the
Microstructure and Anti-Wear
Performance of Electrodeposited
Ni-SiC Composite Coatings
Constructed for Piston Ring
Application. Materials 2025,18,1117.
https:/ /doi.org/10.3390/ma18051117

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org /
licenses/by/4.0/).

School of Mechanical and Electrical Engineering, Sanming University, Sanming 365004, China;
20230368@fjsmu.edu.cn

Yunnan Key Laboratory of Forest Disaster Warning and Control, College of Civil Engineering, Southwest
Forestry University, Kunming 650224, China; qhwangZO]()@swfu.edu.cn

3 School of Design, Fujian University of Technology, Fuzhou 350118, China; shenhuajie@fjut.edu.cn (H.S.);
2242007004@fjut.edu.cn (C.B.)

School of Mechanical Science and Engineering, Northeast Petroleum University, Daging 163318, China;
bjwangbaojin@nepu.edu.cn

*  Correspondence: 208001040066@stu.nepu.edu.cn (C.L.); 238003040822@stu.nepu.edu.cn (D.T.)

¥ These authors contributed equally to this work.

Abstract: At present, the improvement of anti-wear performance of piston rings remains
a challenge. In this article, Ni-SiC composite coatings fabricated at 3, 9, and 15 g/L SiC
were denoted as NSc-3, NSc-9, and NSc-15 coatings. Meanwhile, the influence of SiC
concentration on the surface morphology, phase structure, microhardness, and anti-wear
performance of electrodeposited Ni-SiC composite coatings were investigated utilizing
scanning electron microscopy, X-ray diffraction, a microhardness tester, and a friction-wear
tester, respectively. The SEM images presented NSc-9 coatings with a compact, flat, or
cauliflower-like surface morphology. The cross-sectional morphology and EDS results
showed that the Si and Ni elements were uniformly distributed in the NSc-9 coatings with
dense and flat microstructures. Moreover, the average grain size of the NSc-9 coatings was
only 429 nm. Furthermore, the microhardness and indentation path of the NSc-9 coatings
were 672 Hv and 13.7 um, respectively. Also, the average friction coefficient and worn
weight loss of the NSc-9 coatings were 0.46 and 29.5 mg, respectively, which were lower
than those of the NSc-3 and NSc-15 coatings. In addition, a few shallow scratches emerged
on the worn surfaces of the NSc-9 coatings, demonstrating their outstanding anti-wear
performance when compared to the NSc-3 and NSc-15 coatings.
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1. Introduction

At present, the automotive industry is becoming productive and prosperous in the
foreign and domestic markets, producing a burst of innovative vehicles. However, the
automotive industry is still plagued by some issues, such as the anti-wear performance
and service life of combustion engines [1-3]. The composition of combustion engines
includes engine cylinders, plungers, piston rings, bearings, valves, and so on. Among
these components, the friction system between engine cylinders and piston rings has a
significant influence on the properties and efficiency of the engine [4]. Generally, chromium
is deposited on the surface of piston rings using the electrodeposition method to enhance
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