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Manufacture and microstructure performance of H13-TiC gradient
composite coating made by laser cladding
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(1. Key Laboratory of Mechanical Manufacture and Automation, Zhejiang University of Technology, Hangzhou 310014, China;
2. Research Center of Laser Processing Technology and Engineering, Zhejiang University of Technology , Hangzhou 310014, China)

Abstract: In order to solve the coating’s general peeling and cracking problems caused by thermal stress at high
temperature, H13-TiC gradient composite coatings were made by laser cladding on the surface of H13 hot-work die steel
substrates. Using scanning electron microscope, X-ray diffraction and energy dispersive spectrometry, the microstructure and
morphology, distribution of constituents, hardness andthermal stability were checked. The results show that the coating mainly
consists of Fe-Cr, TiC, TiO, and Fe,C,. Polyhedron agd’dendritic TiC particles were dispersed in the coating. With the rising of
TiC, TiC particles become larger, the hardness of the gradient coating is graduvally improved, the dendritic structure in the
bonding zone become smaller, and their distribution is in gradient. After heating at high temperature of 600°C and cooling in the
air, the decrease of the hardness is the largest in remelting region among the layers, while the substrate H13 steel is in the second
place. On the whole, the hardness distribution of the coating is still in gradient. H13-TiC gradient composite coatings made by
laser cladding have a great potential for applications.
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Table I Chemical composition of H13 steels( mass fraction )

C Cr Mn Mo Si A Fe
0.0042 0.0519 0.0042 0.0164 0.0099 0.0101 other

L2 HABBRLESKHESHT

KRB KIERR TkW 1 CO, BOLEEXHXFESETT
AT, B F TiC B R E (2um Z£47) M %
(4.51g/cm’ )RR/, AT RE AW H A K% P4,
£ TiC FRBABIILAHE . H M, SCHR BB K B
BRI, REMAIERE d = 1. Omm, & E R 1. Omm
FRT R 1 2 o U 08 P T R 425 o) 000 A0 R P 1 B, BIHy
MR 2 O MR B P RE LG8, BETES
1 25,5 R 6, 30 F w2 2500 M4 S T R &
i, M A A ST, TR 2 2. W3, RA
320 MY ENARE M T RIEEE 3 2. B
Bt —REOCKKE#HIR 1. Omm, X BF HF#2 D =3mm,
FEEEEH 99. 9% A M {R 4, Fi 8251/ min,

i BB 9 4 M TR 25 BRSO R A A D TR
BEHR, 7F HXD-1000 7Y 5 S8 B T 00 2 HL A 3 ( 3R Aor
200g, finZR B (8] 15s) ; Al HitachiS-4700 %137 % 414 #
LT B B USRI )2 O SUB A5 3R A PAN-
analytical X’ Pert PRO 7 X 5 2R it 4300 v 3 2 b 47
YIARSI AT

NRFTAR E ¥ R AE TAEIRE (560°C ~600C) T
T IEl K BE ), B R i # B 600°C R, 45 F% 7h 25

Rt RURBZ e
2 BESAMEMETSH&

2.1 BESSMHMATRIT
BEEE G HI3 5 TiC PR A 1, R
WAKASHIMA % A M4 i 6 B S A T 2K 2 1
FAREI ST 50 A7 -
V(d) =(d/H)" (1)
RS d D71 RIBEE T 0], A 240 ) 5 1 4
EEEAAL, TIC AR V(d) B d B 1 TTRE X
T H RIRIZ IR, n R AL
ALERERSNE TiC BB H0h 0.4, B (1) K
AL -
V(d) =0.4(d/H)" (2)
AR n ERIR/N, BT RABUE V(d) B IE AR, )
B 1, KA n=2,H=3mm, B¥N 3, 5§ TiC #ik
BUMSCEB R U B 8, #K A 0.05,0.1,0.2, 78 T
£2H,

0.40
0.35
0.30
0.25

o020

_—

00 02 04 06 08 1.0

Fig. 1 The volume fraction of TiC under different n

Table 2 Composition design of gradient eoatings( mass fraction )

coatings powder composition
third H13 +0. 2TiC
second H13 +0. 1TiC
first H13 +0.05TiC
substrate HI13
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Table 3 Parameter design of gradient coatings

coatings laser power/kW scanning speed/ ( mm - min ')
third 3 500

second 2.5 700
first 2 700
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Fig.2 X-ray diffraction of HI3-0. 2TiC layer
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Fig. 3 Microstructure of the cross-section paralleling to the scan direction in

the gradient coating

Fig. 4 Microstructure of H13-0. 2TiC layer

TiC PO BT R EEF AN, B A L
B, ¥4 TiC BURLE S 7E— BB RUE KA BRL, X
R TFABANARRKWRESE FRREMERELR,
#B4r TiC BORLRERE AL, TR M A XTI I E R T 885
TiC W AE— , 7E POE B B S AR P R AL T B 4
Sk AR BYE R TiC JB0RE, HokE BE 3 KR Sum ~ 6pum
ek 4 HPHE N RO AR T 2SR A0 0 R s (]
kR s R AT R R T E A

M5 SR 78RR UYEOE T H 07 1) A4 B A
HEHEERWALIEH . Hp & 5c JE Sa p T4
AR BMALIEFR WK, HE S5a fE Sc B, 45
AXGHE-ESLHEWITERX, 2P0 BECRA
LU F H13-0. 05TiC #E B2 o X 21 PRk 5 ]
AR, BT R IME KOS, B Sc
P Xk Ak BRI A, 45 A4 KR AR E
KR kS S MAR, HR/D R Spm ~ 6pm, 3F
BW A A 4 20 RO i R A e (X ] H13-
0.05TiC B E Z B /v, 5a d* H13-0.1TiC )2
5 H130.05TiC E & & KB R AR AR R E N
3um £ 4, B 5b § H13-0.2TiC JZ 5 H13-0. 1TiC
B HTHALHDN SE6XAHE, JFEE
AR BCR AR E T HI3-0.2TiC B HE 2 o
BAARE HESZT TC SEMYEM3IEHEER
4 & XKBCRA R FA R EHE/DEH, X
BT TiC BURLA A R T A R 2, BLAR T ok
MK GRS THREMANIER, IEH AR TiC
BLEEME, 4R E R,



£34% HIH

BB BOLHTE HI3-TIC BB E AR Z M & SH 5 R 329

a
H13-0.1TiC

transition region

H13-0.05TiC

transition region H13-0:1TiC

H13 substrate

125pm

Fig. 5 Microstructure of gradient coating’ s bond zones

a—structure of bond zone among 0.05TiC,0. 1 TiC layer and substrate b—structure of bond zone between 0. ITiC layer and 0. 2TiC layer c—structure of

bond zone between 0. 05TiC layer and substrate
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Fig. 6 Structure of each coating in the gradient layer

a—structure of 0. 2TiC coating b—structure of 0. 1TiC coating c—structure of bond zone beween 0. 05TiC and 0. 1TiC coating
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Fig. 7 Surface distributing of Ti in the gradient coating
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Fig. 8 Heat treatment of gradient coating
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Fig. 9 Micro-hardness of H13-TiC gradient coating

TiC FEZWREAR, EEEBZE TR, HhHAT
JLR B3, 4 A RAEE R )Z 1mm, 2. 3mm F
3.2mm fitdT, XRHTEMSERZRREZRL, B0
M ERE R HAE R B RRE, SESERREZR
77 EAFTE LA I AL X

BEERZTEL DI 1 A Th miRAEHE (LA 8),
BARZWEE A — MR RN BRIE B, A 5 B
Th HEIRACIE S B8 BT R BEAR /D, U AR 1R B AE
A 7Th b B R PR E T SR 3] T AN R R R .

Bl BEUR 2 08 BTl 28 b (A U R B AR, ith 2%
PEUELb XTI TiC A5 8 4 X3, AR, Bl Tic
B AR TEGF, B T iR /N, 4 TR E W
0.2TiC ZH B AW E o HV,, ,550 o 5. MBS
40 Xof 1 BRI X, TE L 3> 21h f $kb Rt 2
Ja R T R BB, 41 D 38% F1 30. 6% , BE
I HV,,400 4, 30 K Ab 3 5 4k HIZ 1 &
E. BHERENE P RBEHEESE TR,
HIFMBAE A, W BRG TiC & B2t B A B (R4
e EE A, HEERAER S 81
i 5 558 15 ot 2k A I8¢ 04 98 8 43 51024 1. 2mm, 0. 4mm Al
0. 2mm, P4 55 B 43 518 1mm 1 0. 6mm , I 08 F0
AR 8 RE & BRI, X T REE TiC & &
ELRETRMEER R R (WA, FEURIEE
BEBXERE HREHEHZAEN T —RERKE
F, R H 0 0 6 B8 B B A H3 AR XT E b sk,
WEE ST VR 41 R 19.9% ,11.7% 1 5. 2%,
it 36.8% , ALy HV,,,280 A4, AL FRE
0. 2TiC ZH IR A AE A R B 2 45, I B B IR
BARERER T TENE N,

MEL R s el LUE 1, B B R 2 v e
U SLBR S B B, B PR Ik, TR B
JRIEEMBHER RN B R Ey A & E KR
o TICHWEHEA GEEMGAREEREBERZ
MBI R EEIEH . BERE T TiC sRL Bk A
EARTREEENREA LA SBANERT,
TiC & BRI R, ZEAR 2 g b ROEEAE /N #E TiC
PRI SR RUSR AL A4 SR AL L RFE A T, B IR 2

O BRE J3E 52 T £ P R 355 A B O 2 42 600°C e IR A
Py b 21h J5,0. 2TiC JZHYRE BT AR 1K HI3 1Y
2GR, IR IHDR B E ARG R

4 & it

(1) ESEOLRE, T8 HI3-TIC HEE &
R, TiC 475 5 A0 B 4 A7 R ph 3R K B A0 B sl
b, BiE TIC HRBIEM, IFE TR WEOCRER R
AR, IFH TC FEXMARRARMRERE R RS
BRHIE

()BEE SRR EE N Fe-Cr, TiO,, Fe,C, fIE
YRELST AT 1K) TiC JSORL BT H B, AERR R Z P, B TiC
TR, fobL AL E R0 TiC BRI K &2
GG KRB M R B R/ BB R IR R MR,

(3)H13-TiC B ER S22 600°C J iR m# s
¥ 4b3E 210 J5,0. 2TiC 25 0. 1TiC 22 [0 B X iy hd
JE T FRE B R, 2T RE 38% s 4L TR 0. 2TiC )2
WA 2 554, W THEREEE SR
W T TAEME .

2 £ x W

[1] PAN X H, ZHU Z Ch. The study of the chemical composition and im-
provement and development for the H13 hot work die & mold steel
[J]. Die & Mould Manufacture,2006(4 ) :78-85(in Chinese).

[2] ZHANG Ch Y, XIONG W H. Research of TiC hominess alloy[J].
Cemented Carbide,2000,17(3) ;:134-138 (in Chinese).

[3] SUNJR, SUNY Sh, FAN Q. Microstructure and mechanical proper-
ties of TiCp/HI3 (4Cr5MoV18i) composites[ J]. Materials Science
and Technology,2001,9(2) :146-149(in Chinese).

[4] JINYX, LIUSW, ZENG S Y. Wear resistance and wear mechanism
of TiCp/Ti6Al4V composite[ J]. Materials Science and Technology,
2008,16(2) ;184-188( in Chinese).

[5] QUTY,ZHAOHY, OU Y J. Swudy of high-temperature stability of
a TiC/Ni-Al composite coating prepared by laser deposition[ J]. Rare
Metals and Cemented Carbides,2008,36(1) ;11-15(in Chinese).

[6] HIRAIT, CHEN L. Recent and prospective development of function-
ally graded materials in Japan[ J]. Materials Science Forum, 1999,
308/311.:509-514.

[7] JASIM K M, RAWLINGS R D, WEST D R F. Metal-ceramic {unc-
tionally gradient materials produced by laser processing[ J]. Journal of
Mater Science,1993,28(10) :2820-2826.

[8] YANG S, ZHAO J L, YANG X. Research status of functionally coat-
ing produced by laser cladding[ J]. Laser Technology,2007,31(2):
220-224(in Chinese).

[9] JIANG W P, MOLLAN P. Nanocrystalline TiC powder alloying and
glazing of H13 steel using a CO, laser for improved life of die-casting
dies[J]. Surface and Coatings Technology,2001,135(2/3) :139-149.

[10] JIANG W H, KOVACEVIC R. Laser depasited TiC/H13 tool steel

composite coatings and their erosion resistance[J]. Journal of Mate-
nals Processing Technology ,2007,186(1/3) .331-338.
[11] WAKASHIMA K, HIRANO T, NINO M. Space application of ad-

vance structure materials[ R]. Paris: European Space Agency Special

(T#% 334 70)




334 Mo B A

2010 %5 A

R/, N R, SR Z M 5 KAERE . BER
T3 A0V BE AR R BOH K BB R 2R
S5 5 B, A e JE AR AR BRI, 44 R 2 5
RAEMYEAETE . R AT, R AR )2
(] 18— J2 T I, 3 )22 i I o Uk 1 R L < R
2 (6] B B R o, ELTE B 10 AR A TR X I 9
R oy T A 8 O A R 0 PR A S I YA R R B0
MR T PR R & 8 T RIS & 1, v T EE
ZIE B o5 — T T RIS SRR B T s 1
TCBE , Xt R R A R AE R . BB I B 2R AT , R
7 A P PR TR i R B R VR A B R
PESEABCA R B R R e R T FRAR /D, W
3o AN A0 [ i 3 2% 1F T B2 A GCrls )
BB A FF TURSEIR AR

4 £F ®

(1) e TEEHEAR T, MR BE 40 i) 74, 300 38y
B 0 BB P BT A 5 2 A 3 0 2] 400g 1Y, 5
35min BE15 P HE T 4R °F B 5 A A0 B 500g 10, EE
AR TLEITR K, I EEER R HOCA 0. 777, 1L 300
N T 75% , B S5 AR IR BE R 58 B2 . b 300 i R
W, B E U AR PR B RAPE R T R

(2) eI #5544 F ,300g ~ 500g 28 1E AH [F] 5 2
If B PR BT A AR E R B, HLIR) — 2T R B
ARATE IR S, S B R K 300g B39 ONIF3 T
[ %) 500g W4 0. 016, BRI T 90. 8% , BE4E J1 AR 1
84.6% . Rt BT IA) B9 RE K, BE HE A BE IS BUn
WA LI B RERCA TR, IR B MR SR
HZ I B R, [R] A B R K2 AT I RE
PAWNIHE TS

2 % X W

[1] NAVAS C,CONDE A,FERNANDEZ B J,et al. Laser coatings to im-
prove wear resistance o monld steel[ J]. Surface & Coatings Technolo-

gy,2005,194(1) :136-142.

(2]

(3]

[5]

(6]

(7]

(9]

(10]

(11]

(12]

(13]

[14]

RIABKINA-FISHMAN M, RABKIN E, LEVIN P, et al. Laser pro-
duced functionally graded tungsten carbide coatings on M, high-speed
lool steel[ J]. Materials Science and Engineering,2001, A302 (1)
106-114 .
YANG S,ZHAO J L, YANG X. Research status of functionally graded
coating produced by laser cladding[ J]. Laser Technology,2007,31
(2):220-224(in Chinese).
HAQSYED W U,PINKERTON A J, LIU Zh,et al. Coincident wire
and powder deposition by laser to form compositionally graded material
[J]. Surface & Coatings Technology, 2007, 201 ( 16/17 ) ; 7083-
7091.
ZHANG Q M,HE J J,1LIU W J et al. Microstructure characteristics ol
ZrC-reinforced composite coating produced by laser cladding[ J]. Sur-
face and Coatings Technology,2003,162(2/3 ) :140-146.
KATHURIA Y P. Some aspects of laser surface cladding in the tur-
bine industry [ J]. Surface & Coatings Teehnology, 2000, 132 (2/
3):262-269.
DURANDET S S, BRANDT M. Parametric investigation of pulsed
Nd: YAG laser cladding of satellite 6 on stainless steel[ J]. Surface &
Coatings Technology,2005,194(2/3) :225-231.
CHANG M, ZHANG Q M,LIAO ] H. et al. Processing parameters op-
timization of pulsed Nd: YAG laser cladding repairing plastic moulds
[J]. High Power Laser and Particle Beams,2006,18(9) ;1443-1446
(in Chinese).
YANG X Y,PENG X,CHEN ], et al. Effect of a small increase in the
Ni content on the properties of a laser surface clad Fe-based alloy[]].
Applied Surface Science,2007,253(9) :4420-4426.
DURAISELVAM M, GALUN R, SIEGMANN S, et al. Liquid impact
erosion characteristics of martensitic stainless steel laser clad with Ni-
hased intermetallic composites and matrix composites [ J]. Wear,
2006,261(10) :1140-1149.
PAUL C P, ALEMOHAMMAD H, TOYSERKANI E, ez al. Cladding
of WC-12 Co on low carbon steel using a pulsed Nd: YAG laser[ J].
Materials Science & Engineering,2007 ,A464 (1) :170-176.
LIU Y H,GUO Z X,YANG VY,et al. Laser (a pulsed Nd: YAG)
cladding of AZ91D magnesium alloy with Al and Al, Oy powders[ J].
Applied Surface Science,2006,253(4) :1722-1728.
ZHANG Q M, HE J J,LIU W J,et al. The Investigation on the mi-
crostructure and properties of In situ particulate reinforced metal ma-
trix composites layer produced by laser cladding[ J]. Applied Laser,
2002,22(2) :109-112(in Chinese).
ZHANG Q M,LIAO J H,LIU W ]. Investigation on the tribological
characteristic of laser clad layer[J]. Joumnal of Optoelectronics « La-

ser, 2006,17(7) :887-890( in Chinese).

(L% 330 W)
Publication, 1990 .97.

[12] CHEN L, HUANG F X, LIU X M. Relationship between characteris-

tic and property of cladding and laser processing parameters[]]. E-

lectric Welding Machine ,2007,37(3) :20-22(in Chinese).

[13] LIM W, ZHU J Ch, YIN D Zh. The equivalent estimates of thermal

conductivity of particle dispersion composite material[ J]. Functional

Materials,2001,32(4) :793-794 (in Chinese ).

[14]

[15]

QLY T, SHI H Ch. Influence of Ti( C,N) particle on microstructure
and performance of laser cladding Ni-based coating[J]. China Sur-
face Engineering,2008,21(2) :26-30(in Chinese).

WANG C Sh, XIA J L, LI G. Microstructure and properties of Ni-
WC gradient composite coating produced by broad-beam laser clad-

ding[ J]. Applied Laser,2001,21(3) :151-158(in Chinese).

o et et e

g

Sl

Lis




