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S ince the industrial application of plasma arc powder surfacing technology, it has been widely concerned in mechanical engineering all over the
world, and has achieved encouraging results in the repair of mechanical parts and the surface life of components. With the development of
modern science and technology, plasma arc powder surfacing equipment is continuously optimized and improved, and its automation, systemiza-
tion and numerical control level are continuously improved, thus its industrial applications are more convenient and efficient. However, at present,
it is given priority to self-fluxed alloy powder with researching of cladding materials, and a few high-performance new cladding materials have been
reported. How to discover the technical advantages of the new equipment for plasma arc powder surfacing, and meet the needs of special per-
formances for cladding material, such as high strength, high vacuum, high temperature, wear-resistant, corrosion-resistant, etc., which is big
challenge for workers on surfacing welding cladding material.

In nearly a decade, the researcher focus at home and abroad is mainly concentrated on the compound design of self-fluxing alloy powder and
its reinforced powder. Although some achievements have been achieved, it has not broadened the new research fields of cladding materials. In re-
cent years, some researchers have begun to apply new powders, such as metal ceramic base, nano-particles, self-lubricating and high entropy
alloys as cladding materials, which have been applied to the surface strengthening or repair of plasma arc powder surfacing, but the selection
principle, composition optimization and preparation processes of composite powder need to be further research. In addition, it is lack of a set of
systematic and scientific theory for the research of plasma powder surfacing welding cladding material.

At present, the domestic and international plasma cladding material systems mainly include: (1) alloying self-fluxed composite materials by
adding some functional metal elements, which can improve the microstructure and properties of cladding layer by the solid solution strengthening,
precipitation strengthening, dispersion strengthening and fine grain strengthening of added elements; (2) reinforced self-fluxed composite mate-
rials by metal ceramic particles, which can improve the performance of cladding layer; (3) rare earth doped self-fluxed composite materials,
which can purify the cladding layer microstructure by exerting the unique chemical activity of the rare earth; (4) metal-based self-lubricating com-
posite materials, which consist of a metal or alloy as the base phase and a solid lubricant as the dispersed phase; (5) high entropy alloy compo-
site materials, which mixed five or more metal powder. In addition, there are metal-based cladding materials, such as copper-based, zirconium-
based, titanium-based, aluminum-based, and nano-based.With the help of some properties of these materials, the surfacing layer achieves func-
tions such as wear resistance, corrosion resistance, anti-friction, high temperature resistance, oxidation resistance and biological compatibility.

This paper introduces the general design principle and basic composition optimization methods of cladding powder materials. The existing sys-
tems and research status of cladding materials are summarized and the problems of plasma arc surfacing welding cladding material are analyzed,
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and its developing trend of the surfacing welding cladding materials is prospected.
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Table 1 Relationship between powder flowability and particle shape!®!

Powder . Powder
. Loose density Rest angle .
particles shape flowability
Sphere Large Small Good
Irregular shape Medium Medium Poor
Flake Small Large Poorest
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Table 2 Physical and chemical performance of several common powder materials on surfacing
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Materials Melting Density Thermal conductivity Expansion coefficient Poisson’ s Elastic modulus

point/C ¢/cm? W (m-K)™! 10%°c ™! ratio, y GPa
Mo 2 620 10.2 130 6.6 0.3 336
W 3395 19.3 150 5.5 0.28 415
Ni 1 455 8.9 90.7 13.2 0.291 197
Fe 1535 7.87 80 16.7 0.23—0.29 215
Co 1 490 8.9 100 13.5 0.32 219
Ti 1 668 4.51 16.8 9.2 0.3 104
Nb 2 470 8.57 54.6 7.9 — 118
Cr 1857 7.2 93.7 10.6 0.12 288
v 1 890 6.11 30.7 11.65 0.35/0.36 131
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Table 3 ~ Wetting angle between several metals and WC, TiC, VC and
Cr, G, M
Caregory  Melals T/°C  Medium Wetting angle, 6/(°)
Fe 1490 Vacuum 0
wWC Co 1420 Vacuum 0
Ni 1380 Vacuum 0
Fe 1490 Vacuum 28
TiC Co 1420 Vacuum 25
Ni 1380 Vacuum 23
Fe 1490 Vacuum 13
VC Co 1420 Vacuum 13
Ni 1380 Vacuum 17
Fe 1490 Vacuum 0
Cr,C, Co 1420 Vacuum 0
Ni 1380 Vacuum 0
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Table 4 Three factors and three levels

Factors
Levels
Cr/wt% Mn/wt% W/ wt%
1 10 4 5
2 20 5 6
3 30 6 7
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Table 5 Analysis of results in orthogonal exoeriment

TARA XA BRI B SRR & RO ik 25 1T
HERIE S,

A(Cr) A’(Cr) B(Mn) C(W) Hardness/HRC!'!
Number 3
1 Null columns 2 3 x; x;

1 1 1 1 1 1.73 2.99
2 1 2 2 2 -7.9 62.41
3 1 3 3 3 3.55 12.60
4 2 1 2 3 -1.15 3.23
5 2 2 3 1 -6.6 43.56
6 2 3 1 2 2.5 6.25
7 3 1 3 2 -33 10.89
8 3 2 1 3 34 11.56
9 3 3 2 1 ~11.85 140.42
K, -2.62 -2.72 7.63 -16.72 T=-19.62 07=292.00
K, -5.25 -11.1 -20.9 -8.7 . Zx
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Table 6 Analysis of variance

FB

Sources SS f MS/f F value Critical value  Significant
A 14.71 2 736
B 135.67 2 67.84 10.16 * K

. C 86.86 2 4343 6.50 Fy (2,4)=4.32
column 11.99 2 59

Er e 2671 4 6.68

Sum T 24923 8
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Table 7 Characteristics of the self fluxed alloy powder system

Self fluxed Self-
alloy powder

[16]

Advantages Disadvantages

fluxing

Good corrosion

resistance, heat .
. . . Poor high temperature
Ni-base Good resistance, impact
performance

resistance and

oxidation performance

Well abrasion
resistance, heat

Co-base Better resistance and Expensive

high temperature

resistant performance

Certain abrasion Poor oxidation
Fe-base Poor

resistance and low cost resistance
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P, H2 B S aiEd 0.006%0F , B 75 i P A i SR B i A,
HLAR TP FE ZEFR R 2RIBE I, FLAT S IR 4 407 A6 DA e
SR e g Py U RU L ) A
2.1.2 BEEEABEASEH K

TR R A AT A MR R R SR R R R L
Bt B P A I P A K R B R A, HAT, S5 5 T
AR 2 B35 Ok 3 5 LA WC  TiC \VC SiC . Cr,C, R T,

(1) WC BUkL I 8

WC FE M A, 7558 TR AR MR R v 150 0 4
HEARIZ N R BN IR R AVE . EAh, 78 HE R 2 Pk v H 2ot
R RIS WC BURLAT 5 1R S BB, 4k T
HERRZ LY, WALl WC BUR gt W A €, IF5
MR b H At T 2 0T A AN A B R, SR A A
FE W C RS SR AR JE BB, R BV ETFLAE T, 24 8098, A
AR R 7 e 2 0 23 i v AEDY . Sundaramoorthy 25 7
NiBSi Fl NiCrBSi W HEAR )2 a5t 9 WC 00k, & I
L A T 5 AT iofr o i R 4R S L Nick 26 FERFSE WC
UKL 5 TIOAIAV HEXRJZ I 2 1, 465 55— HE AR oI R 30 0 HE
JZ 1 2 SURT S 7= A S ), IR L TE 70 ~ 80 A IR, MEARE S
JE T R A B SOR L AE B  H BE 2 I HR T Y
P HR T SRB SR, P BORAR)Z FL BRI 3R DT 3 A
P K2 (1% 5 RO S A

(2) TiC ik 3o

TiC 0k EAT 55 2 AR B R P A L 4 A R e P
FEBEASE AR P THC THUAT B 5 AR T LA S 3 B 401 1 S
SR T RS (TR Y Shi SR R AR S T IO AR B R
TE R 45 T TiC-W-Cr HEAR 2 | & 90 76 3 45 2 22 1f
JE AN B 55 19 X ——& 4 X (AZ) FAGZ I X (HAZ) ,
e X T LG B G SR (Fe, Cr),C, HEMHLY
FIRELIT AT RIS TiC SR8, TiC-W-Cr 3 s AH$E = 1 3
PRI R AMRERE THBR T C FNRE e Ak W3 4 (4 13 ) e b fil
PR I S T HERRJZ 9 55 F i

(3) VC g s

VC UKL AT LS i e KL (0 2 SURI I BE X R Vi
AR S B TR R oh 3oy R AR AR R LAL VIR C I
SAFFEFHE b, FE RS v 0 A2 v B ) Ve il
AR AE R V,C, DT | S 3 K2 N TR AL 2 254 B
FHo G % e A Ak, IR, ViR 5 R4 4 o0 2 B %
A X HEARL ) 7 A B s A A ) B i FL A B A, h 5%
BTN — S HRH I AR H i e, 30 ok AN R s Ak i
VC FUREAE K tth v A2 2 9IR 358 4 1 /K 040 A A HE SR )2
AN IR HGR N, T R T AR 2 AR s T

(4)SiC kit g

SiC & T#IIFATRERR TR R h 5 5
56 &M A T HoAh ot 2 & A R O, 7 AR i ek | 3k
s iETE ) B Ak R A A B TSR AAE B TR R
HIBTHEDTRE T, [ B, o AR 2 2 T 1 I A o028 BRI T
HARmRE, N T Hiah & s nhe

(5)Cr,C, FUki3h5R

Cr, C, U7 S — i UL 1Y) P 6 156 i b RE, im A3 1

Cr,C, okr, AT 5 ML A & R A LUBES | Sk KNI
AR, Cr,C, J0RE AT 2R K 7 2 A 2 25 5 O X F
AR 2% L B gnfb i sk, X REN Cr,C,
TR, TE S B T HE R s L R e B A R AR CryC, R
YENAE A IR, BT 2 HR 09 A, B8 T kL
K/NFI A B T Al A S0 . 534, 7E e
T ARIER Cr, C, FURLAE M - AN, e T AR it (s
A DB TR AR AR B T TS T AL 4 T XL
AL Cr,C, iR C Al Cr ML 5 HBA 40
FIU MR R E T EERAEN, TR, 2 EBRAL
SAEFHTR L2 AR 3 A A 2 TR

B LR O AN, I8 HF 53 38 30 4o 40 DK SR R 14 i A
B2 R A0 K IR A 110 98 K R0, T30 35 Ko 7 )2 1y 41 27
FIPERE, HrAESE ST T Cod0 54 +30% (T 73 %0) 94
K Cr,C, TURLAHERIZ | KBS A4 K ks A5 Z AR L, 40
K Cr,C, B A HEIEZ AORE B AR B T 50% .55% .,
XFEREHR TR Cr,C, POk o2 7 182 H 2UE B M4
A SEHERR I AL 207 A T Al Ak 250 T RSk O Ak i 7R
Acebedo-Davila 25 BFSE T 40K TiC X4 BE 45 8 T HEIR 2 4H
ZURPERE AU RN, & PLANK TiC POk RE o EMEAL 2 0 4H 2,
PE i B AEE R, UM 2% 400K TiC k72 $2 & e A5 2
Folchat 3 AR B 1 e R 3K
2.1.3 WHEHBEaBErsemnR

Fii 1 TC 4B 2% B 5 B T A B R AT DA HE AR
R LEER TR S E R 2 LR SRR O R
i - AT LA A ZH 20 A0 A bR | T 5 Ak R R A R A X S i
ERRRBEMEH S Mo Rt A5 SRS
SR RE B RS R A RN, T R S TR E
VoD T HERZ e Ay, TR A R T A AR A R IR T
AR A AU S FL A AL SE BRI , AT 28 M A5 2 2 2Lk
fig . TEMEASE M B A B 5 A 2% T T R T A
A T 3 ) o A DR 6 (7 3 A e S T T A SRR A,
BELRS: T AR 78 4 R, AT 8 3 7 22 2 2 A Ak A 50 4k
BEAh, B T R A T W 2 AL A W 3 e R
FEMEARJZ AN LU () b T R 5 A7 Al A5 ol o A, ok il ME SR
SRFREERET MR RALERS] T KEWHEES ST A
WY BLC.Si 503 kA S A% 25 B b, AT e 591 51 95 58 £ A
YRECRALAE . RIS 5 3 B R A 32 (4 A )Xo S L J2 1
B, AR m HERL 2 G S O AL T A 406 0 £ i R IT I i ok 553 66
AR5 e bR 22 18] )47 FEORIGE BT, AT A8 AT 35 A T S 2 1Y
FieR o)

Zhang 25U BF5E T Y,0, X Fe-Al-Si-B 25 85 1M 48 2 20
URIVERE A RE I , & B A2 A AT DA/ &y Ak (1
B EIL) A T T R I B AR TR ROIR A B A
D7 TR T e 24 B 504k B R A5 8 T —FP s 1
SIYNTE HLTCHE IR G 2 )20 5346, 24 Y,0, TNk
0.9% ( i 4340 B KRG & 2 T L 573k 5.1 GPa, i B4
REfF , RRARM TS . Hou 25 HF9E T CeO, Wik 0
TFHEARZ B RZ I, & BURG + E AR B I A RS T HEIR R A 4
ML LIS A SEH , ARG B T HEAR)Z TP RS v (Fe,
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Ni) .(Cr,Fe),C, Fl(Cr,Fe),B S5AH, i B T 4340 76 fh Ak
FIEZ T y(Fe,Ni) [FFE A CeO, ML, 1AL, &
RS AR A & T 8 AL G R & i, T IA 14.8% , i 4
T HEARIZ G40, TR & T HEXRZ BT B, Praveen
AEUSIRESE T S AW La,Ce, 0, YT ST R), Kk 30
JIA La,Ce,0, J& , 3ARH LS8 T A4k, 7ERE BT & 4 5 34k
(A LT 0 8 T Bt Ao 9 DX, T A T G A, AT 4
T4 T HE K2 i
22 EREBAHEBEEMRME

G JEFE [ W KA R 0T DA i e v a2 A R R L
o L2 AT 20 00T 3 Bl A PR 2 B 461 977 4 [P, 2 —
A4 ol A 4 R S A AT Vi 500 SR 43 BIOHH, % — T LL i
TR HER 4 B 5 A T R A AR R R BT, 4
JaR JE LI HE AR BRI 5 S B AR R A R SRR 1 T T
RESZEBARMEL, U0 Ni 25 42-MoS, & Ni K& HIAIES 42-
WS, % .Fe/C . Fe-Cu/C Fe-Mo/C %5 | Skarvelis % fiJff
3T 4R H-MoS, R M4 JEIE-MnS & A IHME &% Z M1
Al , & BRUN AN MnS 1) HERE TR J2 REAT R IR S 1A 11 JBE 488 SR 40N
P H MoS, X AR 114 JBE 452 2% H50RN 5 51 2 00 A B Inb A
X T MoS, 7EBEE 2 H 4 f# AL Mo F1 S, I 5 Fe JE
% FeS Hl Fe,Mo 54, HiX $6 4L &9 B Ma k1Y, R HA A
HTPERE . TACGE BT T HEAR Ni6O & Ak A Hr 4 Bl
5%WS, 10%WS, .5%MoS, Fll 10% MoS, H57 iY£5 3L 1 ¥ W
BAWE, RIS A i A s R 2 AR T
ANFEWR A, A WS, B ARG, )2 1 B3R s — 1
Ni60 W) A, LB 5 VS 6 1 4 1, % J2 1) S iR A g
{HIR I MoS, ¥R & , I 2 B8 R 40V] 1o e, ELR & s In
I, SRR A EE R BN, AN, BN MoS, S, TR
JZ R T e 5 B — A9 Ni60 k)2 AH HL IR A B ARk, 1
I WS, Jo , AR 2 00 J i 1) A5 K, A 2 AR RIS
23 BREEEmRTH

A SRR AL LR RS BT R S
&R TEA G —FH A 4, BT E S 8T
BT 5% ~35% 22 10], HAT G5 R T 2 MERE G S A4 Y
FEMEARIE A R R b R A5 B I < FE T PR ANG 41E
FH 8 2005 4 T b/ e AR b R A B S A B, T E & TR
SAAFETE R A A TR R . AR R A T IO
TR TE Q235 4R 145 T CoCrCuFeMnNi 4 & 42 U
JZ2, R A T B T LUE R B 8L A AL, I 3Rk
BIRESAENREMEGSRE, WEEEAN 1 mm, EEH
FCC, [ VR AL iy A1 /b ek A it (5] A V2L o, A T 2
BCC.FCC, 1, W2/ BHHE N 260 ~390HV,, , 7 T3k
IRERE (150 ~ 180HV,, ) , He i AL AIL il Ay o A% W 722 120 s 528
k., Chen %7 Fil F 45 B 1 5 B IO AR ] % T CoCrCuFe-
NiNbE A 4 R 2, B 9T 2 BUME AR e & 2 0 2 AR HE A
A, — SR IHLO S T W B AR, 55— J2& (CoCr) Nd 257U )
laves AH, ¥RJZ 1) WAAERE (H) FIPERIR (E) B2 -5 SR
I (H/E) ST AERE J1 53 512 6.13 GPa 221 GPa,0.028
N 4.7x107 17 FL IR 20 5 00 5 00 T 1 R 6 o vk g,

Nd S G AR Z T EEPERE R AN Nd SR G a8 2 1.5
. BAN, SARM N B E A 304 NEMA L, & Nd Ao HE
TR A SR EEMAL I 2 LAY, (B AR, 75 £ /8 th ik
HR BT 7, Cheng %57 SR FH A5 5 7 90 A HE AR 45 T
TiC-TiB, #4558 CoCrCuFeNi @& 42 1%)2, BFL(Ti,B,C) (X
Y FRAYR L, 0.1 <X <0.5) By R & 2552 4R 2 1 45 4 AN
PERE, M X K 0.1sX<0.2 B, iR ZE5H T2 FCC BCC Al
TiC FL A ; 24 0.3<X<0.5 i, &Lk & R0 41 Tic-
TiB, #x A FCC #1 BCC ZEAH Y, 73 4b, CoCrCuFeNi (Ti,
B,C), IRJZ M B EEE (H) Fidg R (E) 2000k 4.19
GPa 234 GPa JFHEH (Ti,B,C) & EHIIN, IR Z M TP REW
2, Hrh CoCrCuFeNi(Ti, B,C)  IZ2 00 H FLE 4354 9.14
GPa 261GPa,
24 HMEREREBEME

bR T AMHA S AR 4R A 2 S0 K MR AR
WA A AR RSN, B FTE T A 78 A0 e K05 b A A 4
B BRI FRIE BEIEF Stellite 7425V FEMESG B AR
rf R FH I A ARk 11 R R T I o0 4 2 LA
Tl DB B iR PTG R AR A R S TR

3 HiEERE

LB TR AR L AR [ 20 TR 60 AEACAE Tl 1 ]
RSk sz 3 1 [ P9 AMIT 9T R T AR T A IR, e T AR
TR YEIE RN B L, S T IO A, A TR
SERPRIRIRE MR ALAS , (HJE , AR AR i 2% B AR &
(R —A SRR 28 . MR, 55 B IO K5 7 b e i i 1 2
(I RRALFG LA 7T - (1) 2% F 58 7l R AR E AR T & 1
yARMRHER ZR D K ZHA PRI TR B A A Ay HE K05 78 A )
TS B D L IR R (2) % 851 IR HEAR 5 544
MRS & R EL, B = AR o T PR L FH bR
15 (3) 5B FORHE RS IA M B ) FE Rtk BRI B 5 LA 55
WEE TR GEMBUE MBS IR R,

Wi 5 2 IO AR B AR IR % (0 5 R, HE AR T A R &
St S — 2 R, IE R W SE M RMAR R, BN 4
J B 4 LA R AT RL, AR 42 8 R RE B R R R
WEKIRERRL R, A5 09 & 7 1 24 U LA 5 1 .

(1) HERE AR BT 5 P AR I 1A R AR B
AU 5 — P R LI AT R R B 4 B RN Ak 2 DT B
AL TE AR M 2E AT R A AT A A TR A R AR
Oy AT RS AL, EESr e AN IR 2R FbR e

(2) BURA R, DL —Fh e 2 4 JE o SR B
BALH & 4B AR (I WC SiC TiC \VC B,C il Cr,C, %) &
WIS RR (I ALO,  Zr,0, \TiO, %) ALY & &k K
(4 TiN Si,N, %) W &R R B A S AR [
THBIAR (MoS, \WS, \MnS %) @& 48 A kSR AR L K&
TRANAKRS R S B I A Sk 5 4 8 R AR TR A I A HE AR A% b
ST SRR TR FR | 3t AR S T IO AR
WIS KRR

(3) % B TOIRHEAR ARG 42 AERME RS it b A #1072
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