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Improvement of Fracture Toughness of Boriding Layer by Plating Nickel Layer and

Diffusing Heat-treatment
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(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640; 2. Huaiji Deng
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Abstract: The boriding layers have widely potential applications in tribological and antioxidation in high temperature area due
to their outstanding combined properties including high-temperature hardness and chemical inertness. However, the high-
brittlness of boriding layer limits its application spreading, how to improve the brittleness is the key in practical use. In this
paper the nickel-boriding layers were fabricated by the powder-pack method on y-(Fe, Ni) layer prepared by electroplating
nickel and diffusing heat-treatment on 45CrNiMoV steel. The micro-hardness and the fracture toughness of the boriding layer
were investigated by micro-indentation test. The cross-section morphology and phase structure were analyzed by scanning
electron microscope (SEM) and X-ray diffraction (XRD). Results show that the fracture toughness of the nickel-boriding layer
is improved considerably compared with that of the direct-boriding layer. The quenching and low-temperature tempering heat-
treatment has scarcely effect on the fracture toughness of the nickel-boriding layer, while it greatly decreases the fracture
toughness of the direct-boriding layer. The y-(Fe, Ni) phase embedding in nickel-boriding layer can buffer the external impact
power and improve the fracture toughness availably.
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Fig.1 Cross section morphology with Fe, Ni and Cr linear scan
profile of 45CrNiMoV after 4 h diffusion annealing at 920 °C
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Fig.2 XRD patterns of nickel-boriding and direct-boriding on
45CrNiMoV steel samples
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Fig.4 Cross-section microhardness of 45CrNiMoV steel treated by
direct-boriding, direct-boriding+QT and nickel-boriding, nickel-
boriding+QT
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Fig.5 Indentation morphology on cross-section of nickel-boriding
layer after quenching and tempering heat-treatment



%24

ERTTRr, A LERER YR B S B T B 83

6 L 5.7 (1236,13)

5.1 (1245,14)

4 F

53 [27(130921)

2 b 1.6 (1 421,29)

Fracture toughness / (MPa-m'?)

Direct-boriding Direct-boriding Nickel-boriding Nickel-boriding
+QT +QT

6 EHIBMNANGEERS N KA R JOS R 2L
Fig.6 Fracture toughness of boriding layer of direct-boriding,
direct-boriding+QT, nickel-boriding and nickel-boriding+QT
samples

AT R A e, i85.7 MParm'?, HZ
VR ] TS, B AT £ 4 2 v 7 28 )
(5.1 MPa-m"?) X Ui B VA KGR 0] KA R
£ VYRS DI G AL N TP 53 21 P eSS
Pt/

Ni, BRI 5 4288 GPal®!, &= T Fe,B,
IMAE EENEAIL T Fe, B, ARAEWI LT A (D),
Ni, B K 25 5 T-Fe, B, SEBR I, Wik i
HRIRIE R A 15~20 um,  HHHB AR M (Fe,
Ni),B, 1A (Fe, Ni),BHIKIZ4) 1 ENi,B/MH L
Fe,BR, M EBEMHR MBI Ay-(Fe, Ni)
HEE A Fo-Fe+MCRIPELS, DRI BE ERIB 10 )2 i 24
I T EIEB W, WRHRIRE K, B WE
FEIR i 22 18] £ - Fe+M 3 C 2 56 728 il 7] K 5 G AR,
B0 2 W 2L P R (I (Rl bt B R ), TR
BMZE LN (Fe, Ni),B+y-(Fe, Ni), P K+IGIR [F]
KIG B KA, B U= 8 N R ) i A8
b, DRI 2480 AR AR N, HLRE DR B3 4K = 4K
B VAR KRR ] KRB A 20 v ek U8 DXORIE AR g i
JERBERE , fRUEXTBIE R0 )2 31, 2B
B W A Je AL B

3 4 ip

(1) 45CrNiMo VAN ZAE R B -8 IR ]k
PALER)E , B Z WP L S A IR
Tk TE] KA 8 A R

(2) 45CrNiMo VAR HEER B A A K+ 1] ok H4
A R S W 2B AR AR /N, T EL R B 2R T
KA KK B T 8 S R AT

(3) BEERB T2 TP A y-(Fe, Ni)AEA 5% mh o145,

il PR B EWEREE
S

(1]

[2]

[3]

[4]

[51]

(6]

[7]

[8]

(91

[10]

(1]

G, BsnaL, RAe, 45 BB Ml T ZHoR LA
SR, P EFE R TR, 2003, 16(5): 5-10.

YUAN X B, YAN R C, CHEN H, et al. The optimum tech-
nologies and prospects of solid boriding[J]. China Surface
Engineering, 2003, 16(5): 5-10 (in Chinese).

TSR, BREE. SCrNiIMofiB il 1.2 S B W RE i 5
(1. PO Tl RS20, 1997, 19(1): 39-42.

CHEN X M, CHEN T Q. Study of boronizing process and
mechanical properties of boronised layer on SCrNiMo
steel[J]. Journal of WuHan Automotive Polytechnic Uni-
versity, 1997, 19(1): 39-42 (in Chinese).

USLU I, COMERT H, IPEK M, et al. Evaluation of borides
formed on AISI P20 steel[J]. Materials and Design, 2007, 28:
55-61.

UCISIK A H, BINDAL C. Fracture toughness of boride
formed on low-alloy steels[J]. Surface & Coatings Techno-
logy, 1997, 94-95: 561-565.

CAMPOS I, ROSAS R, FIGUEROA U, et al. Fracture
toughness evaluation using Palmqvist crack models on AISI
1045 borided steels[J]. Materials Science and Engineering A,
2008, 488: 562-568.

GOEURIOT P, FILLIT R, THEVENOT F, et al. The influ-
ence of alloying element additions on the boriding of
steels[J]. Materials Science and Engineering, 1982, 55(1): 9-
19.

UEDA N, MIZUKOSHI T, DEMIZU K, et al. Boriding of
nickel by the powder-pack method[J]. Surface & Coatings
Technology, 2000, 126: 25-30.

SISTA V, KAHVECIOGLU O, KARTAL G, et al. Evalu-
ation of electrochemical boriding of Inconel 600[J]. Surface
& Coatings Technology, 2013, 215: 452-459.

MAKUCH N, KULKA M. Fracture toughness of hard
ceramic phases produced on Nimonic 80A-alloy by gas bor-
iding[J]. Ceramics International, 2016, 42: 3275-3289.
BHAE, B, S, SRR B R A 455
WS P IR 2B, 1993(3): 354-357.

HU Q P, ZHAO Q H, ZHOU J H. Study of nickel-boroniz-
ing structure in carbon steel die[J]. Journal of Center-South
Institute of Mining and Metallurgy, 1993(3): 354-357 (in
Chinese).

JalAR, R A, R, & SRR LR S
I FHIT). 42 JmARAb 3, 1994(4): 7-11.

ZHOU J H, LIU S Y, ZHAO Q H, et al. Study and applica-

tion on nickel-plating and boronizing for dies [J]. Heat Treat-



84 B X W L & 2017 4

ment of Metals, 1994(4): 7-11 (in Chinese). troplating process[M]. Machinery Industry Press, 1997: 189-
[12] Hrksg, &I, S R P PR Kb m RS L TERE 205 (in Chinese).

[1]. 4B AL T, 1996(1): 36-38. [14] BARTKOWSKA A, PERTEK A, POPLAWSKI M, et al. Ef-

SI'Y M, ZHAO Q H. Study on anti-hot shock and anti-high- fect of lasermodification of B-Ni complex layer on wear res-

temperature oxidation properties of nickel-plating boroniz- istance and microhardness[J]. Optics & Laser Technology,

ing layer[J]. Heat Treatment of Metals, 1996(1): 36-38 (in 2015, 72: 116-124.

Chinese). [15] RODRIGUEZ C G, CAMPOS S I, CHAVEZ G E, et al.
[13] WG4ER SLAhik, BRISC, 45, A T.4F WM. AL Tk Mechanical properties of FeB and Fe,B layers estimated by

H AL, 1997: 189-205. Berkovich nanoindentation on tool borided steel [J]. Surface

ZENGHL, WU Z D, CHEN J W, et al. A handbook of elec- & Coatings Technology, 2013, 215: 291-299.

== ==
(L4 £5%)
3E 2 33E 33636332363 TE 3336333633332 2633336333633 3333

* AKFUR ¢
FURFEFHRESFEANFRRERSIUSELEE

S 14 25 B PR B i ARIDURUE PR B0 T20174F10 4 17~20 H 76 LI A FF . 2580l [ PR s
PR AU 5123 (PBII & D International Committee) &2, i H ERL2ABE FiERERRENIFFE T, b E Rl
B bR S 515 BT it [mR I

BRI PR ARDURERR S A KA, BRI —E, H19934F7E L EEHE — )
WL, 1E45 Tz T 130, B MRS AR, S5 AR, B SRR AR
VR AR R R T SO AR DG SR A5, B TE N A ERMIE L B B e 45 B 7B 11 AR
FAR AT R AT 6 o

U TR BE bV ik R AR AT BT X B8 Y O3 R R BE L TR G BT Rk 3 W IO B AR S I
TG BE L FREBE L RURSISEBAAER AR ERE, R0l Je 23 1 e PEFFE fir Stephan MandIZ
B )TN B R et Bt | B RK2:Marcela Bilek #4755 & FMaH E. S22 I0EA R FE L3R ERE
W TAEE AR B R AL IR AT SRR, PRI ETEIZ U [ bR g, &7 EPrHA o

EMHR 2 SRR E B W E 7 W . http://pbiid2017.csp.escience.cn



