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Friction and Wear Properties of the Surfacing Welding Cladding

Surface on Q235 Structural Steel
LI Congl, CHEN Xue-gin', PENG Dao-heng! , WANC Jin-feng!
(1. School of Materials Science and Engineering, Hubei University of Automotive Technology, Shiyan 442002, China
2. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract. The improvement of wear resistance is one of important developing directions of surfacing cladding layers. The high-strength welding
cladding layers were prepared on the Q235 surface by surfacing cladding method, of which the flux cored wire was protected in CO2 gas.
Metallographic microscope, scanning electron microscope and friction and wear tests were employed to investigate the change characteristics of
microstructure and properties of matrix phases, cladding layers and their interface regions. Results showed that the fine needle-like martensite
structure was obviously found in the interfacial zone, and the crystals were refined obviously. The friction coefficients of matrix, the cladding
layer and interface decreased in turn. Moreover, the secondary electronic morphologies of wear morphology presented tremendous wear of
matrix, severe plastic deformation and local ustripping pit". In the interfacial regions, a lot of hard phases were formed because of element
diffusion and metallurgical reaction, which could improve the wear resistance and reduce the tendency of " stripping pit" and plastic
deformation compared to cladding layer.

Key words: CO0? gas and flux cored wire surfacing welding cladding layer friction and wear

OFi=

- E AR L SR EE RO 25 S5 F g N =
7 AR T PR S 57 TR BORZ AR AE 2R
iy PRIEL RS 2 ELFR w2 B T (58 A A Tlse A BRI (52
FAIEERN - ARYE TAZ_EAPRMS IREV IR I R AT AE
K IT LRI & MEREMSE BRI R R B A E
EEE R A EEE X UW

M FE& RNEHE L2 POREr Sl &

(sches L EA

(FeTH
CE(E1E#E

2019 05 -08

@ 163.com

JRERER AR EEY  BIF R R a7 & s A 2 T R ALL5E
HYAAR  RAFE T B A AR Iy & s b RHE b
B L RIB LY s RS B T A AR R = L A= S A
(SE A PR E TR LR TP e H RV RE - %
SRS BHE T ZAHER OB EA S B TE K
PR YR E AR FOR A2 feg a1 (HAE RIS T RS
Sl i H & A TR LR IZE T ERE

R EETTZE[R] » BR T #ille J77R9M 4 AHAIERE

RS [ S R A R L (20192 Y DO023) S IL A a1 5 28R 2B AT H (D20181801) i)
F HE( 1985-), YHili EBRHTEIT R AP A S A REREROR . FIE 18772873950, E - mail: licong_122


163.com

fil e f2 A pkFe-Cr(B) -CSE—Lesm iyl LR b
b A R AT RS IR IE R RV EE AR - A LAEH]
FHCO? SR AEQ235 i & YDSO7 & /5 a 1=
M S HEHER RO R RDR RIS L
B ERE H N HH 2 A RE A5
PR T 2 S E O A U RE Ry s maf LB

A K5

B RS DrR S Y& M Y v
Ak 56 FICPXDS-500Z2U CO/MAG = fA friF =
H 2l 25 505 22 R MEIR 5 & il BIR 22 P B IR
R R A T F T Q235 R A A = Y il e 2t
FHQZ3SHME Sy B4 FAR FIr EL Al R~ 140 mmx
30 mmx 16 mMMEYAE S K7 2208 e A 5B A A PR
PEAREERYYDS07 = 88 & =25 R 22 fR 22 1N
1.6 MMOFLARSFIIAIZGENF 22 T F & gzl WAL
== SR 5 YDS0 725 E08 22 3L oy %

%) C Cr S P
Q235564+ 0.180 - 0.030 0.030
YD507z5; 522 0.100 14.500 0.015 0.015

1. 2 EHER T

NTHEEA - EEERL eSS RIS E R
B it T BE1IHEEE R E R MBI RFIE—R
FEFIE T A E AR A S RNFIE %R
ZENEE RGN I RERI S R NI S Ja—E
RVHEIE AR B0 "EF fEAerCslaRENREZ
[BIEVEE & LA X FER Y B LSRN T — B8 ORI B
M BRI EERAMRIER A S LR O GRE SLIE A
SRR RS BB RARE S E YT R AN FERUHR
i A S MM AN FT— R B RN AR B2
HSE IRV (HEFEEM A E X LL FHIkE
BAR” 2 FARAVAE XI5,

O
N W
G

8
i

A MR ERESRE

1. 3K ZSEEHE
BREN & A ER R A AT RE =T AL
{28 IR LR oK E AR 1 BAL R RE ST RN

55255 « 551057 20194210A 71

FIEET IR EERYTRIE  FIME ST TERE N IE © HEIRIE
IR e ST AL A IR R K28
TN TAE L Z SRS S iEny B T ARy 25 25ER
[EEONESP=S YIRS =/ S3= 20 7 NI R Pop -2 VN ) VA
COZ2=FUT) IZ RFLN N IR S L B aE AT R E A
W5 2 KA RE#E S ST LAY A4 S R R IR AR col
TRIF SRR EIE S S EE bRy ik A = 2aFmR
A ER AL

@)=sLmgE

FRSAL"

(b)=Fm ek
] 2 Hi R R IR et AR A s
Ny TR SRS B R S VR R A IERS
WIS L2 T IR TEE B EESEHCURED H T A
96082 2 2B R P USSR R E - FRR A ORI AR
SRR AR T R 29 T T
T 2R T ZSHCER

HEMREEIT/  MEIRERIE/  HERERE/  CRIPSURE/ IR T
A v (m+hl) (LTnin-1) s rEimm
190-200 20-24 120 10-15 16

1. ANy

% FCPXDS-50024 CO/MAGS {47 1 5124
TENT 22 FL RN 5 & A DA BT 221 BlR IR e R Biemsg
St T REEIAEE o FFISM-6510L VAT # d 4
(SEM) TR ZE R AT S = E 2 A1) I M-2000
TR JEE PR PG TR I M Lodh T IR A P MR RE M Z= AT

e BN A SO S T i e A i MR 53 551 el
BV FLAA &7 2 A0 SR TS, il bR AR R P A AR 2T T
PSR PEAD IR G - AT GG I EIR FHA0Cr =) 55 (W



Vol.52 No.10 Oct. 2019

HRC35): BEfsik 5 THEE 1430 NI 190 N, S5t
(6140 min « 9 T 2 1 5 LK M 7 55 7
P LB 53 SIS 305 L0051 00O 1B ¥
ISR KT

= AR5

2. 1 HWIES
E 3R IEE E R EIKIRA004% FryeHE - MK

(@)EMAEX

(b))

WMIESH KL FAAX FREXANEEE A B L=
S B EEEFE ARV R AN AN JEEE
B R R Y L AR A SR B e B T 3k
FHHPREEHS B RARH LA | B SRS &
BXERZRAEFIBRS AR HY Skt A A/ N B R iy 7 2
[BIFEIE )N B B RETIE S KRR IR CRLL DR &
5 JE 7 BRI SIS X AR Y ok 5 2 A Sk
g/ A AR SR R T ARSI X B T A BB SR

(HBEEE

E S EEE N ERIA s HE A

2. 2R ERE

EA SRR T AT JE 7 2 BRI X 3P Bk
N EE 2 SRV N FAR B BRI S B R S IR 3
RZ,FHAIR /N » X 15t A 5 YN EE M BE A AT

J& R E L EEE A DU SR MR RE AL NV B IS A i fE h
0

0g &
0.8
8~7 142
0.6 120
03 loo
: ;
60
0.2 40
0.1 20
0 0
0 11 12 13 14 15 16 17 18 19 20
z/min
(@ EHKRX

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0

0 11 12 13 14

SR BB AR 22 & A2 06 2 S NV BT 12 XA
& A T AHART Bl & 42 T 4 b gy FIZHZH s
S, X ERRE R = H YN I - &A= iR TR
BrYCroz= A4k 7 REFe-Cr-CE5I e,
12 25 W 5T AH 2 H A v Y BEE PR R4 T P P

1.9 200
%ag 180
160
0.7 140
853 120
. 100
3 80
60
0.2 40
0.1 20
0 0
0 1 2 3 4 5 6 7 9 10
t/min
(b)) FHX
.25
- 1%
- 16
- 14
12
"1
8"
60
40
120
"0
15 16 17 18 19 120
r/min
©)EEE

<A E R [E OB g Hh 2%



| Saf AR ENY N L2 FREER R
Wb EG™ e M A00f5 1y F sz S v LR 2 s
T A A RHTEEMEZS I | 00042 YT S o Ja B X
BT HEhT o E5b, EScia 2 20 R

#5255 - 551057 20194210H

BH TR (R R S R R AR R B T R 2
PRI P AR R B X B SRR S
A& AT EIA T 8) AHEERE A ZRIZ |, 55 i TS 0% 1 PR A
AR EEREERIR =

30 x | 000x
(@) EMAIAEE I S
30x 1 000x
(OB R E AP
30 x 1 000x

() FLHE K U 3
| SiaE & IR S

EriTT R CrEe (e AR i [EE TR (BAY I
I RhE 5T AHCITC3,Cr23C6 , Mk & <= o Criy s &k
2 N o AH A& 8 2 X (AT R T P Mt
ZieE - CrTRIREINA BB S8BT, eSS
R E R CrtRE /AR, A YCr/Ci LS
LB NI, CroT 2R~ AE I B S HE AR 2 B 4
HCr/ClriELEEAES.O-7.00) ¥4 LY 2 A IR
HAUT S o e B ERHES = H R I 5 i P RE
FHAR(1)] o HEXRE op LS MTC3 328 DU K AN S5
B HorAa s AR EaI R SIS
2 PEAOIIT 2 35 B [T S B R R s AT (S P A 2

72 S B RIS < e e A A R T Y MTC3IE S K HR 2
B INEI UKL AR TREL 53 AT HLARIRE DI, M 2 i P
By, ARSI H S S AR EIFTIREE ST AR B 52
e HEAT 2 BN A (2):

Bs5ie

(DfEEEN T ZSECEE @t CO?E H a2
TR 22 R T HE KRR R AT Q23542 HI il 6 1 e v
JZ RA3BEGENIZZE LT J7 58k REIRE
P2 B4 A EakfE



Vol.52 No0.10 Oct. 2019

(2) &SR IS S 2B M B EfA X SLAE X [4] LIUDS, LIURP, WEI'Y H,et al. Comparative behaviour
JAEE I XL FUA X ANAEE EZLEA N X4 of cobalt and iron base hardfacing alloys[J _. Surface Engi-
SR AL T (R B T A NIRRT AR A B heering, 2012, 28(5) , 338-344.

S T [5 A48l &E 6, BRI 55 . Fe-Cr-CRMIR MY

ZE Bk SR [I] 44K S4%,2012,26(3)  96-100.
[6 _1 skZi& . Fe-Cr-CZfH2 TR 22 HEXR I FE R 2H AR MERE
2 [D].5758  LLIZRKE,2012 12-13.

(3) EARTX W& 78 = A0 57 TH] DA EE 8 2 BRI
s FAR T i P EE YRR AT T R AT e Al K AL B
SHIESHT SR BB TGS B R
HIRGE e IR BB s B e D) [7 B £45 . FREHHEE S ABUREOR M BT ATl H
P B B G A SR KA P P M B bt 2004 23.25,
AR AR R = T ADRH I R 52 [D]. /R W& /RE ol k2%, 2017 4-7.
N [9]1 ZHUANG M H, LI M Q. Effect of Ti addition on phase con-
[ ==K ]

stitution and wear resistance of Fe- B -C hypereutectic over-

[L] LIUDS, LIUR P, WEI Y H. Effect of titanium additive on lays produced using powder-wire composite arc weldingfJ].
microstructure and wear performance of iron-based slag-free Materials Transactions, 2017, 58(6) 945-950.
self - shielded flux - cored wire [J7]. Surface and Coatings [10] ‘R4 fHFIE 4 (% 25 R 22 R (FCAW)H
Technology, 2012, 207, 579-586. JEFE LR X Fe-Cr-C& R & 8 4H 4 Sl B AR 52
[2 W 2605 T2 4Eis 5 . W6M05Cré4V 2, 4 WC/ [J] - #k15:41,2014,28(S1) :427-430.
CoBeiazE R mE I B R M RE [I] AR 2017, [11] F&=2 SET) PUEDR 5. Fe-Cr-B-CHER G AR
50(3):19-22. St [I] - #kETAZ » 2014(9):57-62.
[3 W 2. A RS SRS A IMY bst L (121 FEEF ¢ Fe-Cr-CoXHErR &< T AHEH SRS R L M
W&ol R+ 2012 35-39. [D].Z= &5 #1A%,2013 79-80. [ FHfkE  F)
f— . - —— e g et et .
(_EPEEE69TT) LI E B Res2 SHERENAIE[I] 7K J1 & H5$R,2015,34
[12]  FEBRJE XPELL . BT 1R S [0 2 A e i S 7l (2) 37-43.
[J]. 2% T#2,2006, 3(2)=20-21. [19] e ZpkHR BN LK PRI 8 S EEmE = 15
[13] WANG F K,CHEN J C. Capability index using principal com- [J]. B #35R% E$1,2009,18(5) :174-177.
ponents analysis[ J].Quality Engineering, 1998,11:21-27. [20] =ZEEH R, EBERZE F OGEEISR S BT
[14] YUSDAR H, ANUAR A R, HANAFI M M, et al. Analysis 5 SR E TR R R [I] - TR AR (1 2AF
of Phosphate Rock Dissolution Determining Factors Using hf),2012,43( 10) 3 976-3 981.
Principal Component Analysis in Some Acid Indonesian Soils [21] ZFHE BETRoe I BER —RhIRL M 2ot
[J]. Communications in Soil Science and Plant Analysis, BELTT3ALI]. 24 THEFG 5528%,2005(4) : 22-28.
2007,38( 1/2) 273-282. [22] WHEFHFR EFSC MG~ & B PR bR SRl
[15] Eefes 8IELL FE/NGS S5 T IS F R S 4 s JARBAIAY RIS AR PN [I] - TR B AR
BB (L4 A2 [I] AT RHE 7, 2018 51( 1)=37- h0),2016,47( 12) 4 277-4 282.
2. [23] D7 s (T (STt AT B SR
[16] FRIEDMAN J H, STUETZLE W. Projection pursuit regres- EFR T HY R [3] 3t~ 22 [|] 5 AR 57K,2010,6
sion [J J. Journal of the American Statistical Association, (5) :932-937.
1981,76(376) :817-823. [24] FEHEH 0 58 ELTBAS-BPEHIL KGRI E LT
[17] ZE¥erk SRIERT, Eitn & AT FERE IR MI[I] . EEr R} 2,2018,37(3) =457-463.
BRI A5 [I] 7 A 52241, 2016, 27(4) 1 480- [25]  BKAGHT T & . S5 i S ERE) T R AT AR A
487. FREY R [I] - U TR 541 ( TA2 R RD) 2000(3)

[18] sl waidsml, a0 % MoK b BERR S e L EE 13-15. [ 932 - KREE ]



