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Abstract

To improve the surface hardness and friction performance of Q235 steel, CoCrNi medium-entropy
alloy coatings were prepared on the surface of Q235 steel by preset-powder laser cladding. The
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effects of different laser powers on the macroscopic morphology, microhardness, and friction prop-
erties of the cladded layers were investigated. The results show that, with increasing laser power,
both the macroscopic forming quality and the average cross-sectional microhardness of the cladded
layers first improved and then decreased. At 1200 W, the cladded layer exhibited a continuous and
relatively smooth surface with good forming quality, and the average cross-sectional microhard-
ness reached 489.375 HV0.2, the highest among all tested conditions. The friction coefficients of all
CoCrNi cladded layers were lower than that of the Q235 steel substrate, with the lowest average
friction coefficient of 0.5031 obtained at 1300 W. Overall, appropriate laser heat input can improve
the forming quality, hardness, and friction-reducing performance of the cladded layer. Under the pre-
sent experimental conditions, the suitable laser power range was 1200~1300 W.
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Q235 PEA BAMR . BIEMRSIERE RAF . 5 TN TR, FENUHIG . AR 45 0 223 2
F IR )z . SR, Q235 AW I AE FE A AR, AE IR R s o) BB 45 . 2R EAR T 45 i)
AR, PRI T AR R I TOU R it PN Rk, FEGREH Q235 AN R AFLR G VERERAERL I, i 2w ik
BOAR S vo H AR T AE L AN P e R BB TR o WOCE B R RER S . XN, %
HIEFEDR . RERRE R LR R SRR REW T I R AR & 45 S5 1L, TRV ERA BRI R L A &
TR TBL BRILEE[1E 45 R IR A BOLIRE BB % CoCrNi i & &Iz, ZiIRERW], @il a2
PR AL L RENE SRS H A BONEUE . BINERSE & RIFH CoCiNi #R)Z, W] CoCrNi i & e fE N Bk
PR IR AT R A BT IR . RRBESE2IHTFE T ARBOCIIFRZMT CoCrNi i & 420
RN, RIBOL T ESHOME RS AT . FRIE S LA BHE RE R A B2 R

AR, R EEn T RAZ e R B iR G ALK (10 SRS AR s i, AERRI T
R B2 Rk . SEgiaemit, TReeils A BOR LR EE AL, JRRILT R E
B YEVE R EEVERE . CoCrNi fE NS I =Jerhi ek &, HLALGUE B LA L7 5 E AN, HfeR
RGF P E VLA R e v . S RIS SR B IR MO IR B U7 1% CoCiNi i & &in)Z, ALl
LAY G R BENS I S R TR R IO 2 B 2 S SR AT O o TR S50 (4 AE B T ) 6 PP AR & e
JRIE R, DRSS AR T RSN, T RSCE AR TERE . T 2 B5E[5 N AR
CoCrNi 2 Hlii & SO TR IV ST EEAT T RIEAL, RSB MRS I A 2 TR i) e 2 9 B T TG <6 2
AR E ALY OB A BE B R

CoCrNi H i & e Rk R 5 MO AL BTG . WRZE L[0T AL, CrCoNi Tl & AEAR L
RS R YR KA GTEAE, SR RT S AL S R R 2 T2 RE . XSS 7138 5E 4E CrCoNi
AR Ti JoER, BE—HEY G e oK el U AL SRS SR AL AR e A2
REN . R ZE[8IX CrCoNi H & G HIROW AL LM )2 AT kAT TIEFE, Z5RERW], &G RA
RUFROSEEEAIEYEILRS, HAERESETH S5 @Rt . AL ATissh LA B DI . 3258 B85 [9]% VCoNi
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& BT ST R, IR KB AT RE S S AR BE P RN B 4547 0 - B BB AR (10l & <
Wt — ISR T & e R0 ol & S ON 23R A R RO B AR o R (1R R, AN AT
REFE 2 51 R & < ok TS0 A R o 25 ) R A2 384k, TSR L2325 ) 2P RE . T IRFHAE[12] B 7T
FIRERIT, o & 0 I o 2V e 5 HOURy 1 AL A 45 K AR TN A1) 25 DTRE 5%

bR G E B oAb, BP0 A T2 FIR R o8 U2 PR B E K K . /KRS 13]4E Q235
PR M I R BOCIE B ORI, WOt TES e W BREaE 2 WY RS bR, &k
TEAE[1414E Q235 AR M4 CoCrNi RE Lo HERE R RKI, 18EZHIUMERE i B RE 5 IAH
RN R RFIE B T VIR R o RIETTSE[1 SR A TUE D KRR AT MO B R, B TR RIBOLRE R A
S EAEFC IS IAIEIA . I N A SV AR,  HETT SN 7 2 ) e R

i bprid, HETRT CoCrNi Hi & &AM A R SLHOE M i it 7t DS —Edt e, (HEEXT
Q235 FAFR IR M TR E A AR % CoCrNi i & S HOLIR R IR Z T S A i BIR N2 6] B,
ATCVL Q235 HONFEAR, RITPUEM AVEAE R % CoCrNi & &IRZ, WIREZEYIMAR. &
T S MEREREAT 70T, TRITBOG I B CoCrNi IR J2 I SURFIE S s AL BOR S O Q235 #9395 Ak [z CoCrNi
& TR R SRR RS
2. WB75E

A ST Q235 IETRASHIHIME OB BE UbDR. LR VMBS Q235 #AN TR 9 100 mm
x 100 mm x § mm FUEARURE, JF2E RPE R I TR FHUE & S8R AR, WIHER Y 40 mm x
4mm x 0.6 mm. Ff)a, &SRS T LA, L8PS L5 BATHOCEE . TUE R A A ok
MRS 1 Frr. Q235 RIS WA 1, Horh Fe AR .
Table 1. Chemical composition of Q235 steel (wt.%)
= 1. Q235 IRSNHI L FE R 2 (FRE 5 8/%)

KA C Si Mn P S Fe
Q235B 0.15 0.15 0.25 0.12 0.11 99.22

Figure 1. Macroscopic morphology of alloy powder preset in
grooves on the Q235 steel substrate
Bl 1. Q235 NEARKREMEANE S M RIENHR
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HEE e

K TRE R RVEAE Q235 MR TH ] % CoCrNi i & &R . AW UL Th 3R 2 A5 M RE 5y
W, FEFARERL . DI B N HAL T Z S B ARFFAZ R ZAT, 700 1000, 1100, 1200, 1300 W F
1400W TLZHBEOEThR.

WOt EZ R A XA

P
E-— )

X, ENBOCRER®E, Jmm®; POYBOCHIAR Wi v NHEHEE mm/s, D ACREEARE 42 mm. BEE
BOLThFRIG, RN, TR R I . SR Kt Re. AR T ZSHOLE 2.

Table 2. Laser cladding process parameters

T2 HABEBAEIZSY

o Botoh= EEEPLY) S HPEEAE RER T
W) (mm/s) (mm) (J-m m?)
Al 1000 5 4.2 40.00
A2 1100 5 4.2 53.33
A3 1200 5 4.2 66.67
A4 1300 5 4.2 80.00
AS 1400 5 4.2 93.33

3. WBEHIFRMRERILS &
3.1. RERIRBRANMRARGR S

BOCTI R AL A R S L R B T 22358 SR, tRER LM T 225
TREFAIIZFAE N, BERWOCTIZIG N, S ] P 40 A ST IR R BB T G oK, CoCrNi TILE Ry AR R 54K,
FERE . IR s IRES Kl AT N2 B AR I 2 W50, SHBOETIER N 1000 W I, 158 2 SEARES
EERY, (R, JRMKIBRIEAEI5], WK RN, R & i
R B —E R . MR EE 1100 W B, W82 SRR BN, 10 H A BH B 0 SUIR Bt [E S
H, (R EEAAEA R RIS, RO s A i s, (BRI AL

LWOCTIEIE A 1200 W B, CoCrNi My RASAE AT 7, B 2SN ks, SR TR B
DU ) £ DR U [ S0 B, EATIAFAE R R R TR AR . MIRIEEE 1300 W A, JA78 2 84K i 3 ik
S, RPN, HLk, TEERINE, WEMERE Y, AWE S 8 2 R e f ™ HE R
., LB BT EOG R BN S ISR SRS LR, AR TG RIFHIRT AL R . SH0LTh%
HE—P N 1400 W B, AR 72 R MDHRSFE BEAG BT, 5 H B0 B S IR0 AN R0 U sk [ 0 3 . IX AT g
MBI &, (MR E T & ARG, SRR e TR, MR A 2 R
Ji

R LB RO DI T I E MBS AT A1, Bt DR K B0d S AR T a8 A€ BB . AR
WS HEHEN, 1200 W 26 4F T I8 2 R SE | P88 SRR 38 ST AR, 7 LR TH R o S AR B £
R AT IA A 1200 W N HGE B FIEOLTh %
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Figure 2. Morphology of single-track laser cladding
2. BIEHEBAR

3.2. BESHT

EUAN A 06 Dh 2R 1l 45 ) CoCrNi Y878 JZ 7047 B AR FE AR, IR 2R & Q235 AN FAA 7 Mk itk
AN s, MARE AT A 0.2 kgo ARAE S s 5 X 2 SR e B P o A it 2, HETF AR RO TR R
TFE A P38 A, &5 IR lan sl 3 A 4 FoRs

ARI K T E M AR B0, AFEROCDI R S UCRERRE  AIS AL DU R S 2
PR [RINE S 45 GIRES, TR CoCrNi )75 J2 (1) Rl B2 7= AR 52l o 14 3 AR RIBOEh & T il iR =
FHI A Q235 HXFEARTT [r) 1) A P 43 A o FH PRI 0, #% 2GR PR A P AR A A B AR — 5, Y RBUN IS
SRR, B BEIR R AR TR PR S N, IR R I, JREE AR E B TR E . AEEERIZY 100~700
wm G, SRR EE A ATAE 535~645 HVoo 18], BT Q235 WAk44, ] CoCrNi J47E =Xt
Btk BRI BRI R SR . o 1200 W iRFEBE R R B2 5, e 22078 645 HV oo, W& E H
Y78 2 M 456 XL BT, S AR B2 35 HE I B 2 B, 7249 900~1100 wm Y5 [l 4, B 5 PG 22 2 405~495
HVooo 1X2 T2 IX 4852 2] Q235 MR LLAGHOE VG ER, CoCiNi &<t R & ML, fiivafl
TERIRES. BN Bt b NI RIS, S 4LRFEREEE N FF 22 200~230 HV,o, FEa T2

& 4 W] LG H BEAE WOG DR 3G00 , R A <1 350 . i 252 52 B v ) PRI IR %5 10001 1100
1200, 1300 F1 1400 W 2514 P48 & 73 i 441.75. 451, 489.375. 465.875 Al 457THV 2. FHH 1200 W
ISP S f o DAL, AL, BRI SIS RS A 785, BEEDIZEm, 188EH
SUE NS A1 805, R RE 2 P2 /o AT RAREH N ZE 1300~1400 W B, 3o /& i A0\ 2 (I b J5 B v
FARTRREAE IG5, [ A08 (1 v4 J10 B2 W] R R AvoR i kELAL, OB RS BT R . ZRE TR, 1200 W
AT T CoCrNi 4578 2 B B (AR /K, 5 FLRU 0 2 W ot & A — 2
3.3. EEEm ST

SR UMT FE R BTN Q235 AW A A4 S AN [0 E T 28 T il %8 1) CoCrNi #4578 J2 AT R F 1tk sl
o TEAHFRRIGSEOCE T, LN 30 min, FHSZFIC % BE B R EBE I (A (A Ab A . AR5 21
2t RV R A - IR B, (RN TH SR SRR (P 3 BE R, LUT AN OB Th 22 CoCrNi #4378 )2 (1) ik
JEE 14 B o
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Figure 3. Microhardness variation
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Figure 4. Average microhardness

Bl 4. FHIRRMEEE

B S BTN, SRR B IEYIE I B A 7 T W SR IR B A i, I J R AT N X A 1 R R B
Q235 XA ) BRI REUR M iy, AT Y B R BAERRAE 0.9~1.1 28], HBENECRHE; M2 T, &
CoCrNi 1378 J= 1) BE ¥ RBUSE P FEAR, RUTBOGIEE RENS A s Q235 MR M EESERE . FEE WO
THEEIEIN, 167 )25 BE P 2 A B S RS T s 1R AL 3, Forh 1300 W IRREFE RS & I B 1) PR #2 R 300
i, Hishig BRI RN, R B i B fa e v

B 6 7I%1, 1000, 1200, 1300 F1 1400 W BUFE 73 BE 2 R 404 51 0.7698. 0.7017. 0.5031 #
0.6636. HH1, 1300 W iRFF 1135 BEHE R B AR, AHEL 1000 W FRKZL) 34.6%, WiHiZIhE T aEEREA
BCUF (DR BEVE RE o IX T] RS2 I THIE BTG RIAAE FIT CoCrNi ¥y R TR 454k, H I B 8% . $524]
ISR HL . MR — PR 1400 W I, PR R BT m, AlRe Sl s A G H S0
1 KRR RAE SR E 6. L6 KE, 1300 W 248 T CoCrNi 14578 J2 I EE P it f fE
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Figure 5. Friction coefficient-time curves
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ARSCRFHTRE R RO E 7%, 75 Q235 MR % T CoCrNi & SIRZE, WHA T AR
BXIEEEFE I DR J PEEEPERE I RE I, SR1F UL R 451

(1) RNFEFEIEThZF CoCrNi J&7 J2 1 2 MY i BA W B . B BORThRE N, 1582 B0%
JRERRAR R SCE E TR, b, 1200 W BN A ERIBON R, ELL, wERINS, ZERBIE
TR ThEed s, AN, RIS TR A BT K.

(2) CoCrNi X578 2 1) A P I W5 i T Q235 WAL, i 2 T ) A Uy ) s e S ST I B 34 o
ANTR] T e e A T 1 25 S At i 2 S T S AR AR A B, L 1200 W A8 T 1 2 B A e v
N 489.375 HVo, R UIE B IBOLY)ZA F) T m a8 2 M AE A .

(3) WOCKATE G R I BE R R BT Q235 364K, UEH CoCrNi ¥)2 RENEAT R Lk 38 FE AR T 1R Uk
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