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ABSTRACT: Arc cladding corrosion-resistant coatings are one of the primary methods to enhance the surface performance of
workpieces and extend their service life. To thoroughly investigate the effects of arc cladding process methods on the
microstructures and mechanical properties of coatings and base metals, optimize the cladding process with good coating quality
and minimal impact on base metal properties, and ensure product service safety, MIG and CMT cladding technologies were
respectively used to clad copper alloy coatings on the inner surface of hydraulic cylinders. A comparative study was conducted
on the effect laws of the two process methods on coating forming quality, coating microstructure morphology, coating corrosion
resistance, base metal interface morphology characteristics, base metal heat-affected zone (HAZ) morphology, base metal
microstructure morphology, as well as base metal yield strength, low-temperature impact toughness, and microhardness. Both
MIG and CMT cladding coatings had dense structures and good bonding, with no obvious defects such as pores and cracks.
Both cladding coatings were mainly composed of a-phase, B-phase, and k-phase. However, the MIG cladding coating contained
a large number of spherical and blocky base metal structures. The interface between the MIG cladding coating and the base
metal was uneven. During the cladding process, part of the base metal melted and was involved in the molten pool, and existed
in the coating as spherical and columnar structures after solidification, forming base metal "inclusions". This not only increased
the coating dilution rate but also affected the mechanical properties of the coating. The CMT cladding coating had uniform
element distribution and low coating dilution rate, and the interface between the cladding coating and the base metal was
serrated. Its steady-state open-circuit potential was —0.44 'V, self-corrosion potential was —0.67 V, and corrosion current density
was 4.46 pA/cm?, which were better than those of the MIG cladding sample (0.47 V, —0.72 V and 4.81 pA/cm?). Therefore, the
CMT cladding sample had better corrosion resistance.

Both MIG and CMT cladding processes have a certain degree of effect on the microstructure and properties of the base
metal. The HAZ width of the CMT cladding sample is 890 um, which is lower than that of the MIG sample (1 025 pum). The
microstructure of the HAZ in both CMT and MIG samples is primarily composed of coarse ferrite and cementite. Notably, a
small amount of Widmannstatten structure is observed in the HAZ of the MIG sample. Compared with the cladding samples, in
addition to the obvious change in the HAZ microstructure of both CMT and MIG samples, the microstructure in the near-HAZ
of the base metal has undergone an obvious coarsening phenomenon. The microhardness, yield strength, and low-temperature
impact toughness of the base metal in the near-HAZ of the CMT cladding sample are 257HV, 707 MPa, and 135 J respectively.
Compared with the uncladded base metal, these values decrease by approximately 10.5%, 7.0%, and 17.7% respectively. For the
MIG sample, the corresponding values are 249HV, 701 MPa, and 125 J, with decreases of 13.5%, 7.7%, and 23.3% compared
with those of the uncladded base metal. The degree of decrease is higher than that of the CMT process. Compared with MIG, the
CMT cladding process has lesser impact on the microstructure and properties of the base metal.

KEY WORDS: MIG; CMT; cladding; copper alloy; mechanical properties
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Tab.1 Chemical composition of the oil cylinder

wt.%

C Ca K Mg Na Si Al Ti \% Cr Mn Ni Cu Mo Fe
030 0.09 0.03 0.01 0.01 029 0.05 0.01 0.01 1.1 0.55 0.03 0.04 0.23  Bal

®2 HEBRLZEFERS
Tab.2 Chemical composition of the manganese copper welding wire

wt.%

Ca Mg Na S Si Al P Cr Mn Fe Ni Zn Cu
0.07 0.01 0.01 0.02 0.07 7.52 0.01 0.01 9.73 1.59 2.43 0.04 Bal.
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Tab.3 Parameters of the arc cladding process
Method Welding current Welding voltage Welding speed Shield gas flow Overlap ratio Heat input
I/A UV v/(m-min ") rate O/(L-min"") q/% E/(J-mm ™)
MIG 225 22 0.9 20 40 267.3
CMT 170 15 0.4 20 40 260.1
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Fig.2 Schematic diagram of the sampling location
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Fig.3 Macroscopic morphology of the copper alloy coating on the inner wall of the oil cylinder
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Fig.4 X-ray inspection photo of the copper alloy coating on the inner wall of the oil cylinder

a 500f%

b 1 000£%

K5 MIG B Z O LUES
Fig.5 Microstructure morphology of the MIG cladding coating: a) 500%; b) 1 000x
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Tab.4 Transpassive polarization corrosion parameters

Jcorr/ . Epilecorr/
Method  EwnlV (X% 5 EydV v
MIG -0.72+0.02  4.81+0.10 -0.38+0.01 0.34
CMT -0.67+0.03 4.46+0.05 —0.45+0.02  0.22

LA LI, CMT BB E RS, AR
JED RS AR, UEBH CMT 478 2 0 i i ol 1 e 2 s
T MIG,

22 RETESH

WIE 10 B, A MIG %6 B A ML i e R
SAARE . HIE 10 AT, MIG M8t , RmiE
T RIFRIREE5 G, W2 N R i 1 T A )
2N IR EDR Fe-Cr b & FIERIR Fe-Cr b4
Y, HA R ACIRE S B A T S m B, ek 4L
U A T 1R 2 P B B s A T e 1 o7 o X R R
T MIG BES BT, Mo NEIAREE T, —&8
SRS R A, BATE T RS CHS,
T P TR 2R T 1) B R IR T SO A 5 1 55—
SRS GBS TR, {2 Fe 7£ Cu Y
FERAR, DAL A Tt i BB 8 [ 5 LA BRI 28U A7 7
FWZh. FIAh, K E0 J A iy St v Ak e R
(6 &WRE SR AL TR e RN, WP Fe,
Cr FnuRMRENTY 8, IEREhHEN,
BT HRIR SO A SR 2. i 11 BR, S A AL
TLEFREASMIMERE . mE 11 AT, A A77E
WRICE S EIX, TR IEX LN 20.5 um, Bt
WAL AL & A T AR N, S5 A R

WK 12 i, i CMT #5488 iR A 1 B e &
A, HE 12 AP, FmEiAk Fe, Cu, Al, Cr &0
EomrAERELL, FAWRNITETEX; CMT
WA )2 S AL Fe JEANE BT S mIAL 10 4R 2 A K,
EHEER . XFRERHATEMIEHRRERE R, et
MR A RSB TC R AE il T P R 2 N
TERE B B L R, 23R A B A o B 5 ), VR
ST AR o (EL PR 0 b 30 B ARG B AIG  YA A
JERAR, Fe MRA KA, MIIE B/NRSH R R
Mo 5 MIG EIKFEAI L, CMT )2 Cu, Al
SETUEAYE N A), T EA Fe ARG, IaE
JZFEAR Y Fe JEZIRSFRE AN/ . [ N A K B
B, ULEHREMIR R | WRERRROR L, HIRE
A, ASRETE L 1) AR K A B 2R R Bl Ty sk . R
I, CMT &8 20 TERE—BUEMXT T4, CMT IG5
T2 X ERER A SR EZ M AR X TN

e 13 s, o CMT I IR R A TR
Mgk, Ik 13 %0, Fimabooad i X A,
HEXTEEAN 15.6 um, 5 MIG M, A TFHK
23.9%. X FEEARAR, —HAERE BT,



- 150 - *z m B R 2026 4F 4 A

K10 MIG % iU St T Ak 70 28 70 A1 14
Fig.10 Distribution map of elements at the interface of the MIG cladding sample

Cu

sl

Coating Tiransitipn Zone Base metal

(=)
(=]

S

(=]
[l
[¢]

Mass fraction/%

]

0 20 40 60 80 100 120
Distance/um

Bl 11 MIG % B 5 I Ak JC 3 20 il 2k

Fig.11 Distribution curve of elements at the interface of the MIG cladding sample

B 12 CMT % i ke St i Ak T 3% 73 A 12
Fig.12 Distribution map of elements at the interface of the CMT cladding sample



H55% HTH

Xk, 4. MIG 5 CMT I8 T 2% Cu JEIR)Z 5 B HEUWERE R - 151 -

o Scanning direction
Coating *

20 40 60 80 100 120
Distance/pum

K13 CMT % BLRE Fr i Ak 0 2 23 il 2%

Fig.13 Distribution curve of elements at the interface of the CMT cladding sample

CMT ¥ IR EEAL T MIG, Bl CMT T2 52k
AT /N X BRI IRGE I T /N 5 55— T T 15 B
CMT T ZMREMBERTAR, WRZEMERE SRR
KRR AT
2.3 BMARSHEHRR
2.3.1 BH#EmX

TR A B T B 2 01 I IE G
WpeE TR XY Y8R . [FAEMRET, SEhrildm A
R, FRGE I DX BE R, TG e DX R A P R Ak
P, PRI e B i DX 6T b, T sk
AR T X B 8L e B S2 AR

WE 14 s, L MIG %6 8 1 RE A AR 7 & Ak
BPGEIR IX TS, IR S AT, HEL MIG 38 7 44
T, B TRIE AT B R IR I X, H G X 5 R

Coating

Base metal

Coating

Base metal ~

Bl 14 MIG KB AE AT A A7 15 Ak A R i DX 35
Fig.14 Morphology of the HAZ adjacent to the MIG sample

JZ ) BT AL S IR T SRR AR 1 28 A AR R R
HEEH . X R B T O O B R, B R
AT AR T R ) TR AR, R B R R
KA AL, N A R MR, T MIG
SRR th R [ 7 8 B R e X B B 22 SRR, IRt
S FHFAG i X 98 B2 () P BB R ARER MIG 16 3 1Y
S IX TR, FAHZY R 1025 pm,

W 15 FiR , o CMT 5 78 BURE R FA i X 0 .
FHE 1S I, CMT WSS, TG IERWIE B 1 B
R FRGE M X, (H SR A DR, IR X TE B 2
890 um, 5H KL MIG KEE M, CMT 15 5 ke 1 #4
SO DXCTE BB N, 29 13.2%. URBHZEIIR &%
T, CMT I8 T X RER A G2 i B/ N F5 FL Y
MIG 1.7,

K15 CMT % B lAe i B i DXOE 3
Fig.15 Morphology of the HAZ adjacent to the CMT sample

H 1.2 ANTTRTSD, 2 2SR RS P A
AHAE], HARYE 2 Fp T 200 3G i X 58 B 2 B o] A
R & T CMT B SEPR R ANAR T MIG T2 iX
— T CMT T 2AFEM o F R A el 227
RS, FEMETG IO A IEH 3 I8 22 A1, a8 i R g AR
2z A ], AR 22 SR A B, SEBLIG T B 5R
Tl U, e A IR ] R LT A B0 3 HE R R
SR KR M b AT U, R AL TR R
BRI R A XS B0 . o5 — 7 DA TR B MIG AR
Pl i, MR BN RUE R, R AR 2R



- 152 - £ mw ¥ R

2026 4F- 4 H

W, M e s R, T RERRMRER, M
2 AR R B I CMT 4678 T2/ H
SR b 3 B A, S PR B A AR X8/, X
o AR AR AR X A /N o
2.3.2 BHHMALREIR

gl 16 iR, A A K H T RO ZUE 5,
Horp & 162 SAMEL P9 REN B AL IO LB S, E
16b M BEES ML I BE 5 mm 7 B AL B O ZH ZUE SR
M 16 A%, BEAE P RERIESTA B 4 SRR RN
IR E R ERRL B A A8, X R R AR (7
KR ) ARFR S A SRR SRR AR, A [E] ok
RICHR Hirp, PN BEQRL B b A2 S5 B — & 1Y 5 ) i
AT e TG 2R L R, T B MI 4R B —

“a HEEME (500fF)

FE B 5L 4 SURRAE

WE 17 fizs, b MIG % B0 B A o 41 21
TES, Horp I/ 170 A E 172 FhALE A 2R RSO 219
i, B 17c A 17a PALE B AN LIES, K
17d A& 17a H 457 & C A PITORA U5 . i 1] 17b~d
AL, BB ARG X (8 A ) 8 EE M
KIWRR RSB, AR AL,; mE R
AL PGEIR X (78 B) A ET BRI
BRARBERAR, I X (AL C ) dZULIR
AR+l K R B, (HERIEE R AL,
RAETHEMKRHS, ZkEemiAUBEL, 5
MIG G, BA 2R MHGE R, R X 412
PEREEZE, TIRES FEBIM I 1 2A AR T .

100 pm
b RERAIE (5006% )

16 R R RO ZUE S
Fig.16 Microstructure morphology of uncladded base metal: a) inner wall (500%); b) core (500x)

Coating

a PEMAE (100£F)

b fIEA (500£%F)

c PiEB (5004%)

d fEC (5006% )

K17 MIG # iR G A4 U
Fig.17 Metallographic microstructure photograph of the MIG melted copper sample: a) location
distribution map (100x); b) location A (500x); c) location B (500x); d) location C (500x%)



H55% HTH

X, 4. MIG 5 CMT BB T 2% Cu JEIR)Z 5 RER LR RERY R - 153 -

W 18 iz, i CMT #4578 kR A BRI 2 UE
i, HrPE 18b~d 205 41K 18a HH i A B, C ALK
SLHLUES . FH IR 18b~d AT, SRR A 3G X (4
B OA) AL FE KNSR RSB, (A5 MIG
IEAREAI L, AR RGBS AR/, HAZoH R 2L
O30 e R B AR AE 5 e AL I HAGE R X (L B)

Lapped hne\‘; :

¢ Ipterface

a8 .

Base metal

a (rESMEE (100£%)

(BB (500%)

L E TN PRI B AR ; 3 G X 7Y
BEpr (i C) AEUBLIRIRAE+RIKRICE N E, 5
RGO E R A LA —E LR KIS, i CMT
IEE G, B2 B mAETR, GEm X 42U hk
B2, H5 MIG S8 L, CMT 153
i X 2H 20 ROSF A /N, B () A i A X A 70N

€

b fEA (S00f5)

d fiEC (5006%)

K18 CMT Ml il ke G A ZUR F
Fig.18 Metallographic microstructure photograph of the CMT melted copper sample: a) location
distribution map (100x%); b) location A (500x%); c) location B (500x); d) location C (500x%)

233 EMEE

Wi 19 ffR, i MIG Fl CMT %578 8RR 7 i b
SR R A 2 . m R 19 AT, MIG Al CMT 4%
TR 1) 0 ARt B AR AL AR A ], U 2 A 1) S8 A el
TR TFHRERE, A DX Ak i) b Al Bl 88 37 o TR, 44
S XA ) B S Rl s — 3, S R AR B
T AL H B A, T BUESSR N S1BEH o XF A
B2, MIG B A EEZ°h 167THY,
CMT 578 B RE 1) -2 A B2 29k 201HV, 5 MIG
M THE 202%, 5 CMT #HLL, MIG BB IRFES
2B AR S) HELLLE Cu AR o A
S, wRACH « AR HA A S, I S 80LR
JZ AR FE A FTREA o X REM G I X, MIG 57
IREE RS2 MR EE 2 418HV, CMT 4R EER)
2550 4190V, P E HH 2 6 3 G ) X B B
MIG %5 7 1URE (1 - 14 S 3R 5 24 4 249HV, CMIT 4
T URE B 24 8 SR B 2 258HV, B T MIG 5
HilH . SREEIFEAHLL, MIG FIl CMT 4 7 ik

AT ARG R XA B R B R R S — R
K, MIG Z9FM% 13.5%, CMT ZYFEA% 10.5%, iX7]
REEh TrEBES RS, RS T K A
R, AL S A IR AR I . N SRR, B A
JE TR

450

—s— Base metal
—o— MIG

—a— CMT

IS
=)
S

o
W
(=]

Microhardness (HV)
s
(=1

250
200
150 .
0 2 4 6 8 10
Position/mm

P19 Fitin ik b (i 3 A0 Al pth 2k

Fig.19 Variation curve of Vickers microhardness
at the interface



- 154 - £ mw ¥ R

2026 4F- 4 H

2.3.4 [ERREE

A3 EE R RIS MEL A MIG . CMT %578 1M &L,
E ST PR 7 BT A 30 R i A T, e =
BT, PG 45 A E 20 Fras . - 20 AT,
I T I T PN RE T B R A i IR R A 760 MPa,
MIG F1 CMT # 78 1aURE 114 Jeft F 5t 52 4R XoF 1 A s 7 R
Y TR o 53X AT REJE: i TG X A SO 41 20 %
Ak, LASGIE G X R A 2 20 % A — e R AR
FIARAE AR 55 , 5 B X SRSB4 0 58 B A T T
MIG %5 78 I FE P9 BERL B RER 10 i AR5 8 701 MPa,
SRIGEIRFELA TR 7.7%; CMT KB RE P BE (]
BRI ISR EE K 707 MPa, SARIGEIRFELA T
[ 7.0%, 5 MIG B IRFEHY

WE 21 s, IREEIRES MIG, CMT /5E
IRFERLA IS B 23 . fr B 212 AT, SR L
FE W7 TR S0 5L A B I 0 300 1k D SRR A, T 1 b0

BMEZ ., BHEE. HE 21b~ W%, MIG fil CMT
S TR URE G R IT T  SARRAE  F
A AR WL o (H 5 R A B R AR LG, MIG Al CMT
TR A TR 11 A5 45 A W 3 P 48 2 R i A

900
t
o i t
% 600 |
S
B
5
8
= 300
2
bl
Base matel MIG CMT
& 20 IRl JE AR T L

Fig.20 Comparison of yield strength of different samples

c CMT1‘;‘§

B 21 AR i BT 5
Fig.21 Tensile fracture morphologies of different samples: a) uncladded sample; b) MIG sample; ¢) CMT sample

2.3.5 {RiBmEEH

A3 AL X AR SETE I EL A MIG , CMT 4478 BT
P T T e VA R L T W = S I (A U L = W
(=20 C), RELERWME 22 B, mE 22 a7,
AEEIREME P D 164 1, MIG 15 R
R T 125 1, 5RIGER ML T R
23.3%; CMT B HE IR DI 135 7, 5K
YA LA T 17.7%, LS R &4 1%
JZJG, N EESLE R AR th i B E A T R, U
WA T 22X REA PR R B T — 2 . 5341,
5 MIG i tb, CMT & iR AIKIR oo D) T B e
YU 24.0%, VLB CMT T2 % BEAH: fi 14 52 i AH
XN
2.3.6 AN

W 23 fioR, IANE T2 F S ib £ 4 ) XRD
st Eis, md 23 AT%0, MIG Fl CMT %578 A A

THT AR AR AR ZH B BEAT W] 2 22 57, 33 ABR R AR RIRR AL 1
Fo HEREEAEA AL, MIG R CMT %5 3 iUk
ST Ak YRR A S RGN, BT B IS B AL P RE AR
B, XEREA R ISR I

200

—

W

(=]
——

H

—

Low temperature impact energy
I S
(=] (=]

Base matel MIG CMT
Bl 22 ASTR AR il ot PERE XS L
Fig.22 Comparison of low-temperature impact
resistance of different samples



Xk, 4. MIG 5 CMT I8 T 2% Cu JEIR)Z 5 B HEUWERE R - 155 -

sk T
H
CMT aall v : .
— P L NN SR PAN—
=2
&
oy
] MIG
S ——— )
| e q-Fe
m Fe-Cr-Ni
A Fe,C
Bal. V¥ Cr;,C

10 20 30 40 50 60 70 80 90
20/(°)

K23 Wil
Fig.23 Phase analysis

3 Hig

1) MIG Hl CMT I 25 ¥4 Al 78 35 i (T 2 T il 4%
WL LW . KT HAF . 455, TR
SUMASFLEFBE G &2, B2 S IR IE K
BAELELS, 4 HIE R 20.5 pm A1 15.6 pm B ICE i
X

2) MIG 1 CMT T 2345 Bk B i X K% i e
B ZURPERE S I T — R BRI, 5 R e R A
Ho, JER B E A AU R I R R KBS,
fRaE . ARIE oo WM I T R, ARG A X
AR B S S N 3T ARG ) DXCBE R Y S AR O A
TR

3) SRIEEMAAL, MIG ¥ R G
DXASE B 1R S Bl e PR B L AR o o P 4
249HV. 701 MPa, 1257, 432 AK 13.5%. 7.7%.
23.3%; CMT I&8IRAFEM 43 257THV . 707 MPa,
1357, 3 BIZIRAK 10.5% ., 7.0%. 17.7%.

4) 5 MIG EIREEH, CMT BEZMTE s
MEMIA] . MR EAL, TR X 5 LR
23.9%; CMT %4 7 J2 i J otk R s ay, ARS8 TR il
A7l EL AN JE it FE 3 2 B 4l S —0.44 V. —0.67 V|
4.46 pA/em?®, 34T 6.4%. 6.6%. 7.3%; CMT ¥
T T2 X RE R AL SURPE R (452 i A2 B 1 Sl R AR, R34
Y FREE M X 58 B Sk 890 pum, ZYBEAIR 13.2%, ITIRIZN
EREAT AR BE | AIGR B T R A Sl B AL
9.1%. 24.0%.

S 3k

(1] EFEL, X KEM, & BRI 30CtMnSi
SEAE P ETTF R AR [T]. BUINT T, 2025, 54(3):
143-146.

CAO C L, LIU J, ZHANG Z Z, et al. Cracking Failure
Analysis of 30CrMnSi Column Cylinder for Mining
Hydraulic Support[J]. Hot Working Technology, 2025,

(4]

(7]

(8]

(9]

(10]

54(3): 143-146.

AR, D, 2ET, & RS R SR
PRI LB [)]. IR AAAEBE, 2024, 49(8): 289-294.
CUI L L, MAK, LAN Z Y, et al. Cause Analysis and
Solution of Crack of Hydraulic Support Column Cylin-
der[J]. Heat Treatment of Metals, 2024, 49(8): 289- 294.
WU Q L, LONG W M, ZHANG L, et al. A Review on
Ceramic Coatings Prepared by Laser Cladding Techno-
logy[J]. Optics & Laser Technology, 2024, 176: 110993.
R, BORUE, AR, 4 TR Z RS E &
SEM G BORBTSEIAR]. R EAR, 2023(8): 49-70.
FAN S C, YIN F S, REN Z Q, et al. Research Status of
Multi-Energy Field Composite Additive Manufacturing
Technology Based on Arc[J]. Surface Technology, 2023(8):
49-70.

TKPE, SR, SRAR, AF. AR T HEIR 2 UKL ER
P SR EOARBEE RI]. TR, 2025, 54(1):
1-16.

ZHANG Z, ZHANG Y T, ZHANG L, et al. Research
Progress of Large Particle Defect Removal in Arc Ion
Plating Coatings[J]. Surface Technology, 2025, 54(1): 1-16.
e B, XK, REME, . aNIAORLEE K 3 i xf
KGRI EFIR 2T M 0 2 ma [J]. DL LR 23R,
2023, 59(12): 225-235.

LONG W M, LIU D S, WU A P, et al. Influence of Size
and Content on the Wear Resistance of Induction Brazing
Diamond Coating in Air[J]. Journal of Mechanical
Engineering, 2023, 59(12): 225-235.

Je B, XX, N, 5. BB KA RN BT
WENA R EHEEE ], B, 2021, 42(12):
67-71.

LONG W M, LIU D S, WANG B, et al. Effect of
Aluminum Powder on Properties of Induction Braze
Coated Diamond Layers in Atmospheric Environment[J].
Transactions of the China Welding Institution, 2021,
42(12): 67-71.

WA, AR, B, S5 A N EERUES IR A2 TIG
HERRE 625 RIS G Z A GUT M ERRT]. MR,
2025, 46(5): 94-104.

PU J, SHI S T, WEI H B, et al. Microstructure and
Corrosion Properties of 625 Ni-Based Alloy Surfacing
Layer on the Inner-Wall of Oil Pipe Prepared by Twin
Tungsten Electrode TIG Welding with Heat Wire[J].
Transactions of the China Welding Institution, 2025,
46(5): 94-104.

JeB, XKL, sk, . BRIk AR Rl S A%
PRI S, 2021, 42(11): 29-34.

LONG W M, LIU D S, ZHANG G X, et al. Melting and
Heat Transfer Mechanism of Powder by Induction
Brazing Coating[J]. Transactions of the China Welding
Institution, 2021, 42(11): 29-34.

AHMAD SIDDIQUI A, DUBEY A K. Recent Trends in
Laser Cladding and Surface Alloying[J]. Optics & Laser
Technology, 2021, 134: 106619.



+ 156 -

* om AR

2026 4F- 4 H

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

ZHU L D, XUE P S, LAN Q, et al. Recent Research and
Development Status of Laser Cladding: A Review[J].
Optics & Laser Technology, 2021, 138: 106915.
SRINIVASAN D, SEVVEL P, JOHN SOLOMON I, et al.
A Review on Cold Metal Transfer (CMT) Technology of
Welding[J]. Materials Today: Proceedings, 2022, 64:
108-115.

SELVI S, VISHVAKSENAN A, RAJASEKAR E. Cold
Metal Transfer (CMT) Technology - An Overview[J].
Defence Technology, 2018, 14(1): 28-44.

ENGSTLER R, REIPERT J, KARIMI S, et al. A Reverse
Osmosis Process to Recover and Recycle Trivalent
Chromium from Electroplating Wastewater[J].
Membranes, 2022, 12(9): 853.

ILANLOU M, SHOJA RAZAVI R, PIRALI P, et al.
Additive Manufacturing of Functionally Graded Stellite6/
17-4 pH Fabricated via Direct Laser Deposition[J].
Journal of Materials Research and Technology, 2024, 32:
985-999.

5, BRERE, Wik, 55 CMT LSRG 5 7 4
P18 TOU 2 20 % Tt g ol M BE IF 9 (0], G % UE TR,
2019, 11(5): 149-154.

WEN T T, CHEN Y H, CHEN W, et al. Microstructure
and Corrosion Resistance of Aluminum Bronze Made by
CMT Arc Additive Manufacturing Technology[J]. Journal
of Netshape Forming Engineering, 2019, 11(5): 149-154.
WRf, e, BREE, % CMT HLIUHE B il iE
Cu-Ni-Al-Mn-Fe $# fi& &RORAHLMEREDT T[], K
% HUE THE, 2018, 10(5): 81-87.

CHEN W, HUANG L B, CHEN Y H, et al. Microstructure
of Cu-Ni-Al-Mn-Fe Copper Alloy Made by of CMT Arc
Additive Manufacturing Technology[J]. Journal of
Netshape Forming Engineering, 2018, 10(5): 81-87.
HROCHE, Mo, ARIBEZR, 5. IREEHLAE IR CMT &
B RHORAH L T ISP ReXT LU SR [J]. A% I T,
2023, 15(9): 99-107.

SHAO G H, YANG K, ZOU X D, et al. Comparative
Study of Microstructure and Mechanical Properties in
CMT Repair Layers on Surface of Steam Turbine
Rotor[J]. Journal of Netshape Forming Engineering,
2023, 15(9): 99-107.

AT, HEREE, RO, AF. CMT HLSIRHS b i 7
& BAL AR [T]. HLAR T R 24, 2022, 58(1):
267-276.

ZHAO W Y, CAO X Y, DU X W, et al. Numerical
Simulation of Heat and Mass Transfer in CMT-Based
Additive Manufacturing[J]. Journal
Engineering, 2022, 58(1): 267-276.
LIU Y, LI B, ZHANG W G, et al. Interfacial Behavior of
Copper/Steel Bimetallic Composites Fabricated by
CMT-WAMM[J]. Coatings, 2024, 14(7): 756.

BEOK, WIUT, XUBE, 2. (BRI B b2 EE 2
B TR R PERED]. RIMHIR, 2020, 49(9): 225-232.
XUE B, LEI W N, LIU X, et al. Friction and Wear

of Mechanical

(22]

(24]

[25]

[26]

(27]

(28]

Resistance and Corrosion Resistance of Low Carbon Steel
Arc Welding Additive Layer[J].
2020, 49(9): 225-232.

LI K, LI B X, ZHU L, et al. Optimizing Microstructure
and Strength of CMT-Wire Arc Additive Manufactured
WE43 Mg Alloy through a Novel Active Cooling
Technique[J]. Thin-Walled Structures, 2024, 205: 112453.
RAJESH KANNAN A, MOHAN KUMAR S, PRAMOD
R, et al. Metallurgical Aspects and Electrical Resistivity
of Hardfaced Pure Copper Layers over AISI 347 with
Cold Metal Transfer Process[J]. Proceedings of the
Institution of Mechanical Engineers, Part C: Journal of
Mechanical Engineering Science, 2023, 237(1): 95-102.
WU Y M, WANG X H, ZHANG J T, et al. A Comparative
Study of Interface Characteristics and Properties of

Surface Technology,

Bronze Coatings on Steel by Plasma Arc and Cold Metal
Transition Deposition[J]. Applied Physics A, 2024,
130(2): 134.

PEPE N, EGERLAND S, COLEGROVE P A, et al
Measuring the Process Efficiency of Controlled Gas
Metal Arc Welding Processes[J]. Science and Technology
of Welding and Joining, 2011, 16(5): 412-417.

FI U, ki GTAW Hl CMT St B 3 (L T4
ABEAE[D]. Kb ThRER%, 2013.

GAO R C. Numerical Simulation of Heat and Mass
Transfer[D]. Changsha: Central South University, 2013.
XI2E, Eriiy, HRFE, 55 IR A AR T I 2
PERE[N]. MB35, 2024, 45(8): 103-109.

LIU J, WANG K H, XU C, et al. Microstructure and
Mechanical Properties of NAB by Wire and Arc Additive
Manufacturing[J]. Transactions of the China Welding
Institution, 2024, 45(8): 103-109.

B, mhie, ke, A5 mIIEA TS 0Cr;NisMo
ANEMRHLIFITERE()]. Hh 2T TR, 2025, 38(3):
297-305.

YANG W, GAO Z Q, ZHANG H Y, et al. Microstructure
and Properties of 0Cr13Ni5Mo Stainless Steel Prepared
by Wire Arc Additive Manufacturing[J]. China Surface
Engineering, 2025, 38(3): 297-305.

JAtES, WRT, Bk, S AP G kS &
FHREEE 215 1 R 9 BF 5T (0], S 3 B AR, 2025,
68(15): 121-129.

ZHOU X M, TAN C Y, ZHAO M Y, et al. Study on
Microstructure and Properties of Cu-Fe Alloy Fabricated
by Wire Arc Additive Manufacturing[J]. Aeronautical
Manufacturing Technology, 2025, 68(15): 121-129.

SRR, R, XM, S RAEIEXT CMT HL RS A7 i
AL A PERERIZ W (7). B TR 4R,
2025, 32(2): 213-221.

ZHANG G, LI1J Y, LIU J, et al. Effect of Heat Treatment
on Microstructure and Mechanical Properties of
Aluminum Bronze Manufactured by CMT Arc Addi-
tive[J]. Journal of Plasticity Engineering, 2025, 32(2):
213-221.



	表面技术7期
	表面技术7期正文
	12---w刘晟-MIG与CMT熔覆工艺对Cu基涂层与母材组织性能的影响



