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Abstract: Overlaying and thermal spraying, core technologies in modern material surface engineering, have been indispensable in

industrial manufacturing and equipment restoration since the 20th century. However, accelerated industrialization has imposed

increasingly stringent demands on material surface properties—such as wear resistance, corrosion resistance, and high-temperature
resistance—in sectors including machinery, energy infrastructure, and aerospace, exposing the limitations of conventional overlaying

and thermal spraying techniques in addressing material protection and functional enhancement under complex operational conditions.

By reviewing the integration and evolution of overlaying technology within surface engineering, this article highlights key
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advancements and applications in both fields over the past decade while outlining their developmental trajectories. Technological
advancements 1n materials, processes, and equipment in the field of overlaying technology have been systematically summarized
using various methods. These include arc surfacing techniques, such as shielded metal arc surfacing, submerged arc surfacing, gas
metal arc surfacing, self-shielded arc surfacing, tungsten inert gas surfacing, and cold metal transfer surfacing; high-energy beam
surfacing approaches like plasma arc surfacing and laser cladding; and specialized surfacing technologies such as oxy-acetylene
surfacing. Although traditional high-chromium iron-based wear-resistant flux-cored wires remain mature for engineering applications,
recent efforts have prioritized cost-eftective high-boron iron-based alternatives. Nickel-based, cobalt-based, and metal-ceramic
composites continue to dominate material research, with high-entropy alloys (HEAs) emerging as focal points in laser cladding.
Process studies emphasize the optimization of parameters such as current, speed, and powder / wire feeding rates, along with auxiliary
techniques such as ultrasound, magnetic fields, and heat treatment, to enhance the layer microstructure and performance.
Advancements in overlaying equipment have primarily focused on enhancing the efficiency, quality, and precision of the surfacing
processes. Additionally, the article provides a detailed overview of the practical implementation of surfacing technology across
industries such as petrochemicals, cement and mining, metallurgical and power generation, agricultural and forestry machinery,
aerospace, medical devices, and nuclear energy. Current research in the field of thermal spraying focuses on technologies such as cold
spraying, plasma spray-physical vapor deposition, suspension plasma spraying, and detonation spraying, each with distinct priorities.
Cold spraying focuses on theoretical research, development of high-performance equipment, standardization of raw materials, and
optimization of coating performance. Plasma spray physical vapor deposition concentrates on optimizing process parameters, such as
powder feeding rate, plasma gas composition, and spraying distance, to regulate coating growth patterns and microstructures with the
aim of achieving high-performance coatings. Suspension plasma spraying explores the fabrication of high-performance thermal
barrier oxide ceramic coatings. The development of high-frequency focused-energy detonation spraying technology has resulted in an
order-of-magnitude improvement in efficiency and significantly enhanced coating quality. Additionally, the applications of thermal
spray coatings, including wear resistance, thermal barriers, corrosion resistance, and functional coatings, are summarized. Regarding
the future development trends of overlaying and thermal spraying technologies, it points out that high-end equipment overlaying
materials, composite overlaying technology, as well as the automation, intelligence, and flexibility of overlaying processes will be the
future development directions for overlaying technology. For thermal spraying technology, the development of new materials, novel
processes, and improvements in the coating density remain key advancement priorities. These findings provide theoretical support and

directional guidance for the technological evolution and industrial applications of overlaying and thermal spraying technologies.

Keywords: overlaying; thermal spraying; technical progress; applications
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Main development history of overlaying & thermal spraying and the academic organizations

FARALNEZRAIE

Development

Overlaying technology' -]

Thermal spraying technology[”

Corresponding academic institution

history
: Evolved in near parallel with welding LAnEspt of e - K : Chinese Mechanical Engineering Society was
Inception proposed by Dr.Schoop 1n Switzerland in . \
technology. established in 1936.
the 1910s.
Domestic development commenced,
Domestically originated, with 1ts while the United States pioneered
1950s primary application being the repair of  high-velocity oxygen fuel thermal -
geometry and dimensions. spraying.
Combining dimensional recovery with
surface enhancement, domestic :
1960 research efforts were launched in the DOH]GSEC ke ll}avn? fom;sed ikthe Welding Society of the Chinese Mechanical
S ) i research and application of plasma : . ; . ;
areas of flux-cored wire development sl s Engineering Society was established in 1962.
and overlay welding for used roll praying &Y
repair.
Development focused on the . Surfacing and thermal spraying (Ic)
application of powder plasma arc dD;rg;aOs ti;:joar;?;caentﬁzttligz tohfe Sub-committee of the Welding Society of the
1970s surfacing and submerged arc surfacing, - -—acs " ﬂamipme bl s dior. Chinese Mechanical Engineering Society was
along with the creation of self-shielded . 1:':; ' t);echnolo P established in 1979, with Professor XU Binshi
flux-cored wires. praying &Y serving as its first Chairman.
Develffz Eiﬂti?ti ﬁpll::j;ggsf G During 1its slow development phase, the Ic
?;:rtszhromegwear-refistant allo Progress 1s marked by the development sub-committee’s professional advancement was
1980s sider Blocks sotttibated & th}c; s and application of high-velocity oxygen predominantly focused on individual
p?owth o iltn domesticnrodrragin t;:] ; fuel spraying. technologies such as surfacing, thermal spraying,
Eu Pk industey and surface engineering.
Phase of Cautious Advancement for Ic: this
: 1 . Development of arc spraying advanced period witnessed rapid development in surface
2;;5:; Sai:iya::ti?;?z;ez?:gr?gcti?le rapidly, characterized by high-energy / engineering. In 1993, the Surface Engineering
S wi?e‘; e 2 high-velocity equipment, standardized Society was established under the Chinese
1990 A erondl intte rationpw’i s materials, and automated processes; Mechanical Engineering Society. Subsequently,
5 Fotnfllil it cy‘n trolgan R, meanwhile, Professor Herman introduced in 1999, Ic was renamed as the Surfacing and
ltii dirgle en;ble 4 the fopnnation of liquid feedstock thermal spraying, and Surface Engineering Technical Committee, with
ﬁear—ne?—sha s tochails Muehlberger proposed very low-pressure  three specialized groups established: the
P 8y plasma spraying. Surfacing Group, the Thermal Spraying Group,
and the Surface Engineering Group.
Ic Reorientation Phase: influenced by the rapid
o , advancement of surface engineering, Ic was
ST AUSTEY hEs w1tne§sed . . : positioned in 2004 as the sole national-level
large-scale development, while Advances in new spraying materials and : : : .
. : . = academic society dedicated to the surfacing field.
2000s high-energy beam techniques such as equipment have significantly broadened : : :
: ; oy It established surfacing technology as its core
laser cladding have emerged as a major  the range of applications. < 7 o . ¢ e
focus for both research and application diseipie, Wh.lle PORITERTIING, COVELARD .Of :
) ' thermal spraying and other surface engineering
specialties.
Ic Vigorous Development Phase: during this
Devel o ‘tv oriented period, biennial academic conferences were
il e s : established. These conferences played a pivotal
towards high efficiency, automation, Cold spray technology entered the stage * , . o
2010s - : : e role in tracking academic trends, guiding market
enhanced precision, and of industrial application after 2015. : b
o developments, serving as a communication hub,
S S facilitating information exchange, and advancing
the profession.
i nteprated with inchnilegias sush In 2022, the professional scope was refined into
as wire arc additive manufacturing and GUK k€3 Arcas: SuLlaClng, et sprayuig.
20205 reserse pnginsesite. saliling 5 Research is problem-driven, focusing on additive manufacturing, and other surface
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engineering technologies. In 2023, the inaugural
International Conference on Surfacing and

Surface Engineering was successfullz held.
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beam surfacing

Specialized
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Laser surfacing

Electron beam surfacing

Oxy-acetylene
surfacing

Electroslag surfacing

Friction surfacing

High-frequency
induction surfacing

Electrospark deposition

(Cold metal transfer, CMT).
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heat-affected zone, capable of surfacing all
metals, unaffected by magnetic fields
Concentrated energy, narrow heat-affected zone,
minimal welding distortion, performed in a
vacuum chamber

Simple equipment, flexible operation,
dilution, high-quality surfacing layer

High deposition efficiency, low dilution, high
heat input, relatively easy adjustment of
surfacing layer composition

Concentrated heat source, high heating
efficiency, small heat-affected zone, dense
surfacing layer with properties close to forgings
Shallow penetration, thin surfacing layer, high
production efficiency, high metallurgical bond
strength

Low heat input, no preheating required for base
metal, no annealing, distortion, or residual stress

low
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Table 2 Overlaying methods and characteristics
Surfacing method Characteristic Primary application scope
Shielded metal arc Simple and versatile equipment, high mobility  Irregularly shaped components and scenarios where
surfacing and flexibility, excellent accessibility automation is difficult to implement
Submerged arc High production efficiency, good formation, Primarily suitable for flat position surfacing; ideal for
surfacing high dilution rate, easy to automate large, distortion-resistant components
Gas rnntai and High current density, wide variety of shielding Internal cla}ddlng of ‘vessels, *large-area_ surfacnng of rollfs,
. self-shielded arc and on-site repair; semi-automatic equipment 1S
Arc surfacing , gases . .
surfacing particularly suited for complex-shaped components
Tungsten inert gas Low deposition efficiency, stable arc, easily BRI L smal} v WORBSE Dans; can wepince
: : : oxy-acetylene welding for larger, poorly weldable
surfacing controlled bead geometry, high quality
components
. Low heat input, excellent distortion control, Suitable for thin-walled structures and components with
CMT surfacing : : . : : :
high-quality surfacing layer high-quality requirements
: Concenfrated energy > eastly nontrolleq e Widely used for valve sealing surfaces, o1l drill pipe tool
Plasma arc surfacing and surface profile, high-quality surfacing layer, . . :
: joints, mold cutting edges, ploughshare blades, etc.
complex equipment
High-energy High efficiency, low  dilution, small Wear / heat / corrosion-resistant surfacing on component

surfaces, e.g., oil drill bits, turbine blades

Particularly suitable for reactive metals, superalloys,
precision instruments, and thin-walled structures

Small-batch surfacing of high-quality, smooth-surfaced,
complex-shaped workpieces

Mainly wused for simple-shaped, medium-to-large
components requiring thick surfacing layers

Suitable for dissimilar material combinations with vastly
different physical / mechanical properties at room and
high temperatures

Wear parts for agricultural machinery like ploughshares,
rotary blades, turf cutters, sugarcane knives

Repair of heat-sensitive, poorly weldable workpieces,
especially slender and thin-shell structures
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Schematic diagram of shielded metal arc surfacing
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Fig. 2 Schematic diagram of submerged arc surfacing

%wm (LN el Sl
CO,. Ar. JBRESMECKH B R4S IE LT 1A
% =R — M N HESR vk, B3 ﬁjﬁ@ﬂﬁﬂi —MZii
Ry HEEREE . SR EINEE B G EZERE
0. MR E. BERS. et a3). £ 83
AT THEAE. RiEME S LR AR TS
78 AR . S O ] £ (N, TI)C g5k 8
A HER Z 0590 B =M A R R AR Ak (4l Ar,
80% Ar+20% CO,. 4 CO,), ZEHRFEH, 4 Ar {}
P HER ZE R NLTHC MthhEmwzZ, N
0.54 A~ /pm’, “F¥J R 708 HV, BERHE{N
ati COL 347 T 19 9.5%, it BEME fEf A

M M HE SR (Tungsten inert gas welding, TIG )
KHAEHSAAE Ar /Y, EREHRENIEFHFEMEH
Mz, @I AR AR R &R, TE
BIRE R, B4 NENRE TR R EE ., skkgegl
A7 T —Fh RSM 5 NSGA-TE 8 5l 45 A R
T 2% Bttt i, kst HAE

fﬁ?ﬁﬂﬁhﬂxu

ll

Wire feed rolls

Nozzle

Contact tube
Shielding gas

—

Welding direction

Molten pool

Weldjng layer  gubstrate

£l

—

3 IR AR A

Fig. 3 Schematic diagram of gas metal arc surfacing

Nozzle

Contact tube

Welding wire

Tungsten electrode

e
e

Molten pool

::::

We]dmg direction

\.v\c‘,w.!:

Welding layer  Qubstrate

Lid

g4 R INHE

ERERE

Fig. 4 Schematic diagram of tungsten inert gas surfacing

ERIT

IR RFE
1t
fRZ R 22 1%

M EHA 25

:‘I:E}ﬁ.r X

Fe-Cr-Mo-B

3

AT 10 &
Wz, HEUS )R G pl R A 21
H MBS e R A :
Fe-Cr-B-Nb-C .

™~

TAENF

Fe-Cr-B-Si-C 4121
& 1) NiCrB ¥y .0 22 3 (B ) i &2 B0H 0% ~3.5%),

jEBU
i

s

Fhi B /A% g8 B N HE R 7 1E
R E—EEZSR, BAREME
]

R TH

1% GL I = B B2

SRR RI. AT

H

oS Kt

fe A K 2

Fe-Cr-B-C .

PR AN HE SR 6| S HESR & &, SRS TE 800
FE R 34T 200 h HI4E
TEN 0.8%F, HEIE G S

TAE R
FCAUE A

B 1

LN

SR B HE SR 2 N R 22
H 540 6 7K
Fe-Cr-B
Fe-Cr-B-Ti-C .
T % T TR FIE

™~

‘CH
(AR ,uﬁ'éﬂ%fﬁﬁHHB’Jﬁa

BT, W) o = UK T 1. 6%Hﬂ>~fwg&§ CrBOs,



o

280 = x W L FHE 2026 =

AR ALERE . SRR GE T Ti B Nb BRI RTER R, XU AR S AL G IR T S R AL ¢
=X Fe-Cr-C-B RELEWEIE S S BEPERI 2, 45 P i ) 6 R B

RANE S FToR. FRON 5% Ti B, & Ti HEAR & 4 i Vi 2 SR LA R BB EE | AR JSE L T BB A
BEPESCUT , SLR S 66 HRC, BEBIE N 0.048 7 g;  fhepthiifase, H S HORIEIBYE RAFHIMR A . it
NI 4% Nb B, & Nb HEE G 4 i B i 4, o5 o | e S O (P R . B . R/, TRA. 4 LU
SERFARAE Yy 65 HRC, BESURLN 0.0524 go SRR o 5 aqhgi 412 [ AUCRC RS B0, REidt— B4R 1 4R
B, Ti55 CHZRAIILE NG 558, TiC REREIEm.  2agmtgsek. HAT, . Sy, memmE
FIR Ti SR 7R EE Nb /b, SERISERERAT T gy U Mg BTk, &1 TIC. NbC. WC,

LLLl

-

F]b Aﬁiiz?ﬁlﬂc @E*E! *ﬁté\;ﬁﬁ% Tl %@Eﬂ:& A1203- TIBZ\ TIN VC jﬁ] SiC %D %»’5@&3%[17}&

RS RN B Q235 HMEMA |- hAT 250548 4 BB, 14 & TiC
L L 3 B B R B SR B2, 45 R TIC AL
o BN . ) IO SRR T, OSSR MR O B O R

ol 7 LB LB A P e R o B b e, R LR 2 R
E ol Z v i) TiC h#ﬁm T BN él’J*rflzﬁE:'iﬁiﬁ
7 g g FEHER T ERF T, AU O R s %
E .| BILER 308 TG AR BRI B0 . 6
1 7 g 1 WA RENE 44Tt AR T IRD, HEA R
o g’ é g g AR FEIE ML 35.0 jm K51 T 19,6, S
Rk 0 1 2 3 4 5 6 1 44%, F _EamArFEEAMN 84.6 um [FR| [
Additionamou?;)ogzlrz)g;:felememsM/% 483 um, BEAE T 42.9% ﬁjfg. B, RIS R
. SO TR0 A1, 08002 AT
N BT 11.3%, - K [

From - FE N 7 214.4 MPa, %’ﬂ;‘ JZ= B hr o
e/ 633 MPa, WFEEPEZmEWRIEBEN

o
¥
r

Wear amount AM / g
=
b
|

-l é g 1 241.8 MPa, 34/ 7 44T 42.0 MPa. 5K % R
0.2F 7 %
1
0.1F é g _____
0 ] 4 77

4 5 6
Addition amount of alloying elements M / %
(b) Wear amount

|
(g
>

K5 AN Ti B Nb 780 i HEX 2 i g A0 B 401
Fig. 5 Hardness and wear of surfacing layer with

different additions of T1 or Nb

SRERFEHEIR AR Ab, R FEHESR MR 2 [ P 4F
[RF 78 34 5 . MOHAMMAD 25647 Ni 36 we &
E MBS SRR HESRRT, I WC FURLIY
YRR . HEIRZ RN TR 2 B R K. &8
SRR E SRR . B O A g
B 24 4R %ﬁﬁi"’zﬁt’“ﬁ IR S EREESSH
12, FXHEERESRMREHEITIRIE. SRR, 7 | —
ﬁf.{'tm#%_:%%ﬁ? ﬂ%—%*& ¥ ﬂLQQ W%‘J&fﬁkq:_ (¢) 2nd layer without ultrasound effect (d) 2nd layer with ultrasound effect
2R R E r] 1A 700~900 mm / min, (A ECE 0] 1A & 6 it IS S AN A it R A HE AR L A TPF
2.5~6kg/h, ZJNEIHBENL T2 =1%. 1ERIE
% L= i S e I A R A MR E R B overlay single-layer crystal

4

Fig. 6 IPF plots of applied and unapplied ultrasonic




11 AR, 5. MR AR I OSBRI R S M F 281

T RALFEXTANB NGOG L HE IR E RN, 45
HRA, PHALE A A ENHER RS P ge B PR
FEIFERZE Cr i# gl it i, THREER SR
Kb B [ %ﬂ{mﬁﬁ;@ H41 % Q345R Fil 15CrMo 7
ikt kL & Uk T 2240

e R, AREHEERCE, BN
é)ﬁf&#iﬁ%_‘ﬂ%ﬁz%f&#%é}ﬁ KR RSt
ZHFEHEHIERGE I KE. WA, BalfeHErR
A AGFR 2 28 SN | HEIR LR Wt — 25T, kil
SAELLE R SRR T TAEANELLSFR B, 2
PR AR BN A 15 HE A5 8 &8 7R RS 12 1 _E 19 21 R
b, Bl EshiT B RE SHEAAIAEEC S, &5 T
PATFE I

(2) CMT HEfE

CMT (Cold metal transfer, CMT) HE4EE —Fh o
P RIR T AR T 28R, CMT HESRES,
B ISR, A AMNEDN, TZERE
P 7 P’ﬁT I AR R, ity
Aizsl, MR EnEr, IR, BEREEHEIR
A, SERT IR 22 [ml R e dh s 7, R T L
FEEA . CMT HESE ] LIRS BRI EER, A R
KB Hﬁfﬁﬁ?mﬁiéfﬂﬁ%ﬂﬁ, /N TR

[

A7 CMT HRREE

Fig. 7 Schematic diagram of CMT surfacing

T 10 Kk, BEE £ EEE AR IR EN A HE
Al DR HEE, 7 3R o R b R A ) I e
Z S BE) SRS v M A Rt . KA
CMT HARTELIRR BB HE f%k? Ni # M)H Car
Inconel 625) NFEHIMF A TIAENMHCCEE | BRI
RIROR, fERFmIRE 6~8 fif.
£ CMT HEIRM BT, B3, #E. 82U
ke RWEREEMEYHIT CMT #F. XUE
At 2070 0k & B ARG 1Y Inconel 625 (R EHEIRE 1, B
5T 7 BEFEAAR A [F] 25 B Ak ) O 5 #4758 R & 8] F& okt
TR, 5REH, HIEEHRERA S 2T 45
Wy A8 o R A B [ A R, BE A R A ER B Y
wahn, SmlEl P eE, geAh, BidEiE CPHARD
X AN T AR R, SR T I 1B R
e R X 1, THINESH 25%'7F AISI316L 409344 |
HEJE Stellite-6 &4, FFiEE{# FH TOPSIS At

T CMT #1E T 2%, #m 7 HERE MR

fE CMT MR T2 TH, & %#ml"'
A& @I Nk R R HELR T Z ] 4 Inconel 625 &4
HEIRZ, HEIRE A B o HooehPa, %W Ni [E%
k. MC BYEAL Y0 Laves FHF K, 101358 0 55 5 i

hEC A ER, RN — XA REHEEEAF
170N F BE SR A RDRE IR K A R dn i i) 237 R 5%, e
W HE = e ) TR 1 . & ifi‘%[BﬁﬂjLT CMT
Cycle Step f&#_éam#?fﬁﬁfﬁ*‘ K22 IR 8] R
B F1 445 70 250 55 S BN HE AR 2 O R ST R 3R T FFAIE
LU IR, R EAS I T XSRS HEE
i e R . R ABESUPKZ B EIHER, 2557
a2 w2 B TIG AT CMT T2 HE4E X80 /2205
W4 JE B EEE R, TIG Ml CMT HEEJ S EAK S
BRI LI Z 57, 7l 37 2 63 1 54 © 46,

i 8 prs (B NERER, A N, [FH

CMT H#E1E ZE W S ekt ge e TIG HELR J= 56 9%, I
PR 2R AT o2 B2, CMT &S T 5 2% 1 & i

(b) CMT

A 8 fii/Z EBSD i
Fig. 8 EBSD morphologies of corrosion resistant layer
1.1.2 AR HELR
EEEREEEARBESEE FIHEE. BOLHER
FOEFRRHESR, Fr B e AN B 2 /2 55 19
HESR RO CHE SR o
(1) FE T IHERR
ST INHE LR & — MR & 1 I E NI,
H gedE N & e a e LA A s gers £ (A CoCrW
) HERBEORWHEIR vk, HHERRE BU A sIHESR )=
% HE . FE IR R EEWE 9 fror. L8R,
#%?%ﬁ#&*ﬂﬁﬁiﬁ B Ll AL 15 28 ) R
B R TN B, HAEM T U E R S HL R
E%b I Fr R IERAHMZE T, HHER SRR E
i =P
TEMBHER RO AT, SR EHE IR 2
TR IR CIE Q235 ML Lt ﬁTTI’] B
R g 8] Fe-B-Ti-C &5 & TilHER, 4iRE
%ﬁhfﬁmmmﬁ@ELﬁﬁ%Bﬁ%%ﬁM%




282 o * W T 2026 4
IMAWTSE S, = B REDECN 4.7%0, HEER  RIARE T T WC PR aEE S SNEE T
R M E B =, N 991 HVoo, M B RS IR, WFCARTN, = FistvE B K8 s i e fe
HOLE) 7.1%, HERZGRART - EXREICRIE 4740088 WC BiRioyiRe, SR Hs 5
FER) FeB $1ZEAH, HERPJZ thBLP HIERAL fE, T WC BTRLAN — OB AL 4 A 0 3553 1 I B

o ) R MR E T B iR RE . AN [F] PR A R HE
Cooiing water~__—18 o 1RZER B E 10 fias, MET 200 C,
Orifice gas nozzle 400 CHIAEA E P EEENERE, BiiFF
rowr | 1651.89%.
TG Wi e J? f
Plasma Striking 3.0
Substrate\
SeCng QECion o tlnnsl Welding ey l
an 2.0
K9 %GBT IR R =
Fig. 9 Schematic diagram of plasma arc surfacing ; - i
= 16l
BUAERTEL, B RERTR AT A T R L >
THRERETEREEE. FE%7 304H N -t
PR IIT Stellite6 & &35 H TINHESRE, 45RK : S -y
i, HhEMEIEZESAENRKE SR, #EEFE Samples
EONRRE, HARATERBK. xkTsE T ———
Q235 MR FHITARE T WC SENBRESESEH 0 oA L o
FINHESR, 4 WCIRINE (TR £33 30%H, o "\
KRR B RS AL SUT I Ok, : | o
N HE R R 4 ICTE R N A, THEN s | -y
7672 HVos, SIFFE T REHRERD. |
& B TS MR EE TR 7T A Ll ,
M. MEES®E Q35 me#H Il kAT ol
Fe/ WC/CeO, £ Bl ER G ENFE IR, H 0 500 1000 1500 2 000
it B AT B Fe / WO HER AR50 20% , T AR 5% i B i i
£ Q235 EAK LitAT T ANH Y203 ’é‘%ﬁ’]@% LA > M ———
AL, JFEL WC %*’%DEE& = Y20 E’Jﬁﬁﬂiﬂﬁ different preheating temperature
3 1.2%0), HEEE4ERMERE & (970 HVos), LR
N Y205 FIHELE Z 08 51 283 HV s (2) BOGHELE
ELZHIR T, FEEPHEEBEA. HEEE O HE R S R O IR & AR A kL & BEM R
FEFNIEN) | 2R E T ZSH Ef—i il 37 A0 kb R A REEE A RIR, MM THEER —F T 2.
P4 Bh T2 0t o 45 2 A A AR B «%{fﬁﬂ#T%ﬁ{%{féAé{X,&{%{ﬁkﬁ%[4la (IR
KARTSEV[”]E%E‘ZE@—-BuzlﬁiU)EI?‘?#%, feett HABOLERA B HIHIEIL — IR E R B, 3
RAER TR RERIEZE DTSR B oTmk KD, MW EEtRm ERMREBS, A K#T
N T NHE R IR AN TR AL T FRAS 1 SRR R ‘fjﬁ%ﬁﬂ”*ﬁﬂﬁ’]#ﬁﬁﬁ&ﬁ%m, M IE 2
AP SR Ak S S T MBS BB AL TC4A RESMEMEHK. FEEMESRZNNE E4E
FIAH| & WC/Ti HIEZE, KIE WC BRI EBER - &, MEMRERHE, WEZES M ERG
I 1 LA TiC AH 8 F R st H 2, [q]if WC EHEIRE T4 . WOtIBEMEBERK, XeHEROtEE
FHEBER “UIUR” IR, kEFZEPIE 42CMo AR EEZ X A .




ANt ERER . BOCHEERA R
TR B R /)

N4 H 3 B

ST

[Laser beam Shiel d

Nozzle\\
(4

®
Powder— @ ¥

/

Molten
pool

_E.iue—: PR
2.

e B M B 123

Clad layer

cloud
L Base mtenal R
& 11 ﬁﬁ@%ﬁﬁ%
Fig. 11 Schematic diagram of laser cladding

TR, SmTHUCHRORIIRER &, BR T

LG KB E RS, [E
WG E . LMBOCIE . [F5HIKR
WO R FIEABIR - BOCHOtARHILE
TS e SR R R 0

TR BERE .

e L APEHAI A =, RIS a2 14

B R, EFHEUCE B,

NN R T

A TR

IR ) A

HE R HIRICR, RORIET

22 AR N O CR B A R K $g

E%! {}?:‘ -—éfi

2 RBOLFEFAEH T [F

g ) Rl L1 o TP D) [
MAERE. 2 RBUCHE T,

K. HRMBEFHE, BDNEOCERR]

fb. K4 N T a5 Ak B 5 AN

HWOCHIRHN , b BN T AL

B

ATBOC I B B £ BT 2247 .

1 B R, . HEIR K ARG AT R 3 R Ay B 283
K AR T ROCIE B RN EHT =2, B 11 — BB, “M 5 EREES, RO

_ﬂi{%fi GE EVE

AN FEBOEHA AN A3

{0 L2 T ¢

hiae, MM PRAK 5 R
BH, RIGHARL K
O IR B A LA 2 B R AR &K

EPS Ee i

A BERKR. EEHRNEHEE,

e e dlIR A asiil
58 =, il AbE Al &

E’JJ@'&%F’Q‘J? 5 25%. FK[E

c ap el

- K418 #53&
2% 1 NiCoCrTaAl-TiC B &0t

F 2R M

FFRER 3, KA &G el 5 R BUG I B 9T
SIS T T2 RIEMAE . W

=G INEHH R, WE

E
-

B e A Z BRI, MR

B 1 RIS JE5 b % K@ PR T, Wl

R U BEE AR

JEHE AT | i B 2 S/ JE N BB, Al & & O
HED N 15% Hoirf B 1k B 5 4
%UUE Q345 KT
317 I FeCoNiCrosAlo: mifi & BUCHAE, =k
SIEEES Q345 NIk &EL A

WA Al

AR, MERESE S, i

ARSE A A

KR IR FEH] & AR 2 BB =

*=3 AXEEMR
Table 3 Materials used for laser cladding

rp,
HE T

1T

Material type Description & composition Characteristic Advantage
ey s : : gt : High material utilization, low
: Includes metallic wires, cermet composite wires, and  Broad applicability across various substrate : o
Wire : : : ot : S : cost, and high deposition
particle-reinforced metal matrix composite wires. materials and engineering scenarios efSciEney

Self-fluxing Primarily include Fe-based, Ni-based, and Co-based

alloy powder alloys

Powders contain self-fluxing elements (Si, B)
providing simultaneous deoxidation and fluxing

action during deposition

Commonly employed In fabricating
Ceramic Powders composed of carbides, nitrides, oxides, and  high-temperature wear-resistant,
powder silicides corrosion-resistant coatings and thermal barrier

coatings
. Materials formed by mechanically blending or  Synergistic integration of metallic
Composite : . . . : o . :
sowder coating / encapsulating metallic materials with  toughness / ductility with ceramic

High-entropy
alloy

ceramic materials
Alloys composed of five or more principal metallic
elements mixed in equiatomic or near-equiatomic
ratios
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Table 4 Applications in petrochemical industry

Typical components and

Technology application areas for Research and application examples
surfacing
Valve sealing surfaces, N _ , _ o
Oxy-acetylene _ I Co119 cast rods were utilized for surfacing on KX84-310 journal bearings, achieving a resultant hardness
pump casings, o1l drill bits,
surfacing o of 57 HRC.
drill pipes
Single-layer strip cladding technology has matured internationally and is progressively becoming the
Electroslag Hydroprocessing reactor mainstream method for internal wall surfacing of hydrogenation reactor vessels!*®’. Domestic standards
surfacing internal walls'* typically specify a single-layer cladding thickness between 4.0 and 4.5 mm for the internal walls of
hydrogenation equipment[‘”],
Submerged Bimetallic pipe end Buttering welding was performed on 2205/ X80 bimetallic pipe ends using ENiCrMo-3 filler metal,
arc surfacing preparation yielding an average tensile strength of 728 MPa with hardness values well-matched to the base material*®!.

_ _ The sealing surfaces of mining equipment gate valves were processed via plasma transferred arc powder
Plasma  arc  Sealing rings, valve seats, _ . _ _ _ _ ' o
surfacing with a nickel-based corrosion and wear-resistant alloy, effectively replacing traditional manual

surfacing valve cores, PDC drill bits _
oxy-acetylene welding.
Tungsten inert . The internal wall of an X70 pipeline was clad with duplex stainless steel ER2209 employing the Hot-Wire
Pipe internal walls . 45
gas surfacing T1G surfacing Erocess[ |
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Table 5 Applications in metallurgical power industry

Technology

Typical components and application areas

Research and application examples

Rolls, four-roll crusher roll shells, edger rolls for wide hot
boiler water walls

Arc surfacing

strip  mills;

pulverized

coal

superheaters, hydro turbine guide vanes.

Plasma arc
surfacing

Laser cladding

' - 57
Rolls, nuclear valve sealing surfaces, etc °*.

Rolls, nuclear power steam generator tube sheets, etc.

Following heat treatment, the roll achieved a hardness of 65 HRC; the
service life of the repaired edger rolls demonstrated a 2.5-fold increase.

Research indicates that dual hot-wire plasma clading offers
comprehensive advantages in terms of production efficiency, cladding
layer purity, and overall quality for large-area nickel-based alloy
cladding on tube sheets""’,

&

Cobalt-based alloys and nickel-based alloys are deposited onto the
sealing surfaces of nuclear valve discs.
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Table 6 Common technologies and examples of agricultural and forestry machinery

Typical components and

4] 18

NI

Technology applicabion:areas Research examples
Blades: coated with an Fe-Cr alloy and subjected to a microheat treatment. This treatment extended the
Plasma arc Lawn mower blades, service life by nearly three times compared to standard 65Mn steel cutting blades.
surfacing subsoiler shallow points Shovel points: plasma-clad layer demonstrated a 1.7 to 2 times improvement in wear resistance and a 3 to 10
fold increase in microhardness compared to the untreated base material.
Lawn mower blades, rotary Coatings: microhardness of various coatings—including Ni35B, TiC, a WC nickel-based alloy coating, and
Elzsdet;ing tiller blades, subsoiler a N162 composite coating using WC+Ti1C as the reinforcement phase—was measured to be 2.5 to 3 times

shallow points

greater than that of the substrate material.
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Fig. 18 Wear-resistant layer surfacing on rotary tiller blade
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Table 7 Applications in the nuclear power industry

Service conditions and requirements

Application examples

Nuclear reactor pressure vessel

Steam generator

Nuclear fuel assembly

Nuclear power plant pump and
valve components

Nuclear waste treatment
equipment

Subjected to long-term high temperature, high pressure, and
radiation, leading to material aging and degradation.

Long-term exposure to high-temperature, high-pressure water
vapor, prone to corrosion and stress corrosion cracking.

Operates under sustained high temperature, high pressure, and
intense radiation, susceptible to wear and deformation.

Long-term contact with high-temperature, high-pressure fluids,
susceptible to corrosion and erosion / wear.

Long-term exposure to highly radioactive substances, requiring
exceptional corrosion resistance and radiation resistance.
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Strip cladding and laser cladding are applied to the
inner surface of pressure vessels.

Nickel-based alloy overlay welding and plasma
surfacing provide surface protection for tube sheets!®?.
Electron beam surfacing enhances zirconium alloy or
stainless steel surfaces, while laser material deposition
repairs localized damage.

Tungsten carbide surfacing is used for pump and valve
sealing surfaces, and cobalt-based alloy overlays
improve corrosion resistance and high-temperature
performance.

Titanium alloy 1is deposited on nuclear waste
containers, and ceramic materials are applied via
surfacing to enhance radiation resistance.
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