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Technology of Reactive Spray Forging to TiC/Ni Coating on the Surface of
316L Steel for Medical Use

CHEN Da-zhi', HE Jian—tai', ZHANG Yang-de', CHEN Wei*, SU Hong-yi’, GAO Yi-xiang’
(1. The National Hepatobiliary and Enteric Surgery Research Center, Central South University, Changsha, 410008 ;
2. Department of Mechanical Engineering, Academy of Armored Forces Engineering, Beijing 100072)

Abstract: The reactive spraying forge technology was developed and investigated in this study to make it
more practical to the industry. Ti powders and C powders added with a bit of Ni powders were blended ac-
cording to stoichiometric ratio and pressed into cylindrical rods. The experiment for reactive oxyacetylene
flame spraying technology combined with forging was done by ceramic rod spray gun with Aluminum - coated
nickel composite powders used for the transition layer. TiC/Ni ceramic coating was developed on the surface
of 316L steel substrate and the parameters for reactive spraying technology combined with forging were as fol-
low: preheat temperature of 300 -400 C, acetylene pressure of 0. 12-0. 13 MPa, acetylene flow of 0. 7 -
0.8 m’/h, oxygen pressure of 0.4-0.5 MPa, oxygen flow of 1.3-1.4 m’/h, air pressure of 0.4-0.8 MPa,
spraying angle of 90°, and spraying distance of 100—150 mm. The results show that the flaws and holes in the
ceramic coating decrease and the bonding strength between the matrix and the coating is strengthened with the
improvement of the abrasive resistance. Elasticity modulus of the ceramic coating is 147. 79 GPa and the one of
the substrate is 202. 99 GPa after forging. The Wechsler hardness of the ceramic coating after forging are
541 HV,.,,542 HV, ;,499 HV, ; under different loads, which can meet the need of implant part.
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Table 1  Processing parameters of transition layer spraying

Oxygen Acetylene Spraying
Spraying ,

Flow/ Flow/ ) ) speed/

Pressure/ Pressure/ distance/
10? (L (cm -
MPa MPa mm i

L-h™ D h™1) min~ )

0.4-0.5 1.0-1.2 0.07-0.08 900-960 100-130 25-60

TR AR 2 QT 2 bl % B WEAG . 165 0% b1
FHA E I TIC/Ni Sz WE U4 1  JREBE R AL B
45~190 pm(ZEEE=9920) , A B By 25 pm (4l =
99%0) NiBPRLEE 75 pm, i3 75 Ti 5 C # 5
T L 1R TR & S B 200600 NiL 5
KB —ALIR ) B, @ 6 mm X 50 mm ),

R R IV A F N R BE DG o R
VR BN 58 4 » o0 15 0 1 BLAIAR . % B B
PR TR E L SO R SR R T B A R R L R
30 V. TAEREBIR T ESHILE 2.
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Table 2 Processing parameters of working layer spraying

Temperature of matrix Oxygen Acetylene Air Spraying Spraying
) ) Voltage/
material preheat/ Pressure/ Flow Pressure/ Flow Pressure/ distance/ angle/
C MPa (m'+h') MPa (m'-h') MPa mm ©
300-400 0.4-0.5 1.3-1.4 0.12-0.13 0.7-0.8 0.4-0.8 100-150 30 90
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Fig. 1  Surface and cross section morphologies of the

TiC/Ni coating
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Fig. 2 Morphologies of the interface between the coat-

ing and substrate before and after forging
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Fig. 3 Energy spectrum of the TiC/Ni coating
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Fig. 4 XRD pattern of the TiC/Ni coating
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5% 33

PR 4% BEJTM 3161 Kl & TiC/Ni ik 2 M R Bk BiE T2 69

R AR BE R RZ SR E, =
147.79 GPa, R & E,.. =202, 99 GPa,
SRPERC R R TR A A T R AR B

A TR 8T T o BB U T2 R 1Y S ol B JEE 7 S
A 541 HV,,.542 HV,,.499 HV, ;. 7 WLix)2
AR B R BB WAL AR D R AR R AR
2.3.2 BIUISEJE

B G TR 2 R A B 0T R A5 R 3k 3 B
7o TIC/ NI R 4 FA i 38 10+ S o M58 3% e il 4
JHTBR M3 ABURL /1N o J 07 3k J3E PR o 5 T A BB 9 15
PRf i 5 B TR E W BRI S A Ah L i A IR
J2 5 R R A LTRSS A s B Ak TIC/
Ni [ & 5 A R AR B 5 5 02 i 1 £ K

£3 TIC/Ni AEMHNEKEER

Table 3 Results of tension shear test for the TiC/Ni
coating
Length/ Width/ Area/ Force/  Shear strength/
mm mm mm® N MPa
30 21 630 6 557 10. 41

PEIS b0 5 58 0 AL SE 10, 41 MPa,
ZMEE RIR Y FE SR P R S5k
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o e 7 F I A 1B U ok U 2 T R v R 1
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& 4 2y 3161 AR J5 12 M AR 45 R
TiC/Ni i 2B E H 0. 17 mg/min, JF KR,
7 [/ 55 25 A0 3161 (B 53435 1. 31 mg/min, JiT &
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AL R T M i T 3161 .

T4 316LENH TIC/Ni A EHERIKBER
Table 4 Results of wear test for 316L and the TiC/Ni

coating

Original Post-test  Wear Wear rate/
Sample

quality/g quality/g volume/mg (mg ¢ min ')

316L 20.33 20. 28 52.40 1.31

TiC/Ni  58.79 58.78 6.70 0.17
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Fig. 6 Wear morphologies of 3161 steel and the TiC/Ni

coating
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