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Effects of Temperature on the Microstructure and Tensile Strength of YG20/42CrMo
Steel Joint Diffusion with Ni/Nb/Ni Composite Intermediate Layer
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Abstract: YG20 and 42CrMo steel are connected at 1 150 °C and 1 200 °C for 1h respectively by using Ni/V/Ni as
the composite intermediate layer by adopting the solid-state vacuum diffusion method, followed by an analysis of the
microstructure and tensile strength of the diffusion layer at different temperatures by scanning electron microscope,
energy dispersive spectrometer, X-ray micro area diffractometer and mechanical testing machine. The results show
that (yFe, Ni) and (Ni, Co) solid solution are formed at the interface of YG20/Ni and Ni/42CrMo steel; meanwhile,
carbon atoms diffuse from YG20 and 42CrMo steel terminals to the composite intermediate layer, subsequently forming
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carbidesin in the diffusion layer. An analysis has been made of the formation mechanism of composite intermediate

phase, combined with the C-Ni-Nb isothermal cross section calculated by phase diagram thermodynamics and the

experimental characterization of diffusion layer phase. The phase forming sequence from Ni to Nb end is NbNi;/NbC,
Nb,C and Nb;Ni,. Due to the difference between the thermal expansion coefficients of NbNi; and NbC, NbC can be
easily peeled off from NbNi; matrix, thus forming holes. As the connection temperature increases from 1 150 C to

1 200 °C , more NbC precipitates, resulting in the increase of holes, which reduces the tensile strength from 40 MPa to
24 MPa with an overall brittle fracture at the NbNi;+NbC layer.

Keywords: diffusion bonding; cemented carbide; steel; composite diffusion layer

1 WFERELA

B Jo A A R FR A 2RV . ORI . A
P T R v T S P SR R MR, AR SR LAR A TAE
T, AEAR KB = L e R AR b B TR R U
W BT A AR PR Y SME IR KB A 520 mm, GRIFAYJEE
WHH N 110 mm. FESEPRIRA SR, S T ORRRELAR
FINIE, FRPA AR TR %) B B H S B A B AR Y
10%~15%, A7 M —F 8 & 4 Rl . #
I AR AR 0 B o B S AR MR B A, DU AT L
ARG THIRANIR S, FRAUBIAS . HATERME S
& S T Tk A SR B R SRS A
RO EFRHE SR T 25 5 K A A AR AL, X DL 1
LR RIR . RER ATl TR ¥ B AP
K R B A K T R A B, R EUZ
BINR P FRAL A N, e RSB R R 4 45
It H A EEAR RN . RS2 R N
B2 WC-Co it 4 5 I TE I M S50 E AP AE &
MZE5, JCHDERIEZ K RECAILR (%R T WC-Co
H6.42x 107K, A (12~14)x 107K ) ., L Fxtfiff
A4 /N E Y HURE:, IRAEA G e A IR,
SRR HeAE, A S RN B T A ME AR
A%, W MC. Fe,C. FeW Fl Fe,W, F&F%L1ERE
SURIR R T sl D BR AN T R AR T
A BB A—Frha))Z2, Y EusiEt, EE e
B R 2, o N NB L T v
Ti/Ni'"™ DL K Ti/Cu' %,

A M4 )8, Nb (8.42x 107K ) # i
ik REA T WC-Co RN Z 0], AT LAAT RL 2% i Jog
B/ NAESRTE S Ni B BTG 4 @ SE R 1,
A% Sk R A I S, HONi 54K R Y Fe A
Fi A Co M ETEIS, AN 2377 A e v 4 e )
aEY. 8T, A0SR A Ni-Nb-Ni /E 4
YG20/42CrMo SN [ &8 B4 § RS Z 5 U2,
AIF AN [7] 32 22 1 B X 7 RO THOUE 4 2R 254 B4 UL
B FNTHL 38 B A 520

2 SRIf

2.1 ##

YG20 i Jii 54, AR A 4 S B BRA Rl A
775 42CrtMo N, KRR AT PR A /AR Nifh ()2
0.05mm) . Nb %5 (J&0.1 mm) , ZliEY% 99.95%,
BIeh i m Ed 28 4 Jm MR IR A Rl AE ™, i 42CrMo
1 YG20 Bk 1 s

F= 1 EMEMEERS

Table 1 Chemical composition of raw materials %

Materials Cr C Mo Ni Co Fe W

42CrMo 1.1 0.4 0.2 0.3 - 97 -

YG20 - 4.9 - - 20 - 75
22 Hik

ASCRAEAY WL 2T Bk . St
YG20 F1 42CrMo H 545 TR K] 240~2 000 H B>
YOG NI B S THT BRI R s . ToRH k)
I, Ni fE5HINb 6 1 500 H AR 4EEF 14T S . BT
V& Ji5 3R A DA I PO RS T VR 1S min, DA RBRERTH
RITMTE S5 % 50 9 HORE i L YG20/Ni/Nb/Ni/42CrMo
MY 202, Qi 1a iR o e A0 A AR A B
AR, fEEEN R ES /N 107 Pa, LU
10 °C /min FHEEHRTFF] 1 150~1 200 CHARIR 1 h,
Bl 59 LL S °C /min PR A1 S 500 C, FFp¥
FaiE. MERERFE FARE 26 mm x 10 mm x 3 mm
b fflAE, & 1b Frs.

S

g~ VCCo a Y .
l L oot 2 B4 |

@}}9 @ <—steel
(g =

b3

«

Hfi7: mm

ale

a) AL e b) FrfiArE R E
1 AEFEREMABRT TEE
Fig. 1 Schematic diagram of sample preparation

process and tensile size



Al M, SF

JEEE X Ni/Nb/Ni &4 a2 82 YG20 Fl 42CrMo 409 B2 MO AL 40 FFTHrsm B 152 - 49

PRSI0 AE I HL Instron-3369 F AT, AR #
F 1 mm/min, L5 SRR B ARSI (E
VE RSk -S4

i S L5 7 5% ( TESCAN, MIRA3
LMH) . fEi%{Y (EDS, X-Max20) F1 X 5 £k 5
{¥ (XRD, D/MAX RAPID 11R ) 4453k Wi 240 5
FITORESEHE . b2 i R A AL AR

) FH AR & #4F7 243154 Fe-Ni, Ni-Co —JCAH K Fll
C-Ni-Nb =JCARAR M, WoEd B2 YATE B LEE .

3 FEREOMH

3.1 BEMY SRS
& 241150, 1200 CF YG20 Fl 42CrMo W4~
#1)2 SEM-BSE FE 7.

33 pm
L

Ni

a) 1150%C

46 um

— o«

Nb

b) 1200C
2 FEZEEZRETH YG20 F1 42CrMo By
¥ 82 SEM-BSE B4
Fig.2 SEM-BSE images of the diffusion layer of YG20 and
42CrMo at different connection temperatures

HIE 2 AL, BEE i T, Ni/Nb 47 HUZ
JEEEM 30 pm HEANE] 42 pum., 37 EUZ 5 EE R3S Il
A (1) PR

2 _ -2
l —koexp(RT]t, (1)
A DAY RUZEEE; k AT BREG 0 WROVZE

A RKWIERE; R WEIRSIEE R T Y WO EE; ¢
Ryt ]

X (1) ATAL, PEoRE T, JRFRP
FEAK, ¥ HUZMERE AR,

¥ 3a~3e &7 WC-Co/Ni/Nb/Ni/42CrMo 7E 1 200 °C
NYEOEEE, PBUR XA T RO B DL RE
EATEE A, Hoh B 3b M 3¢ & 3a MR HE X A1)
RS . HIE 3b A 3c FTLAA H, YG20/Ni A fiAl
Ni/42CrMo FUf ) 4 RUF, RAMAL, Kl 3d F
&l 3¢ & 3b Fll 3¢ BYFHRDGIE A4 R, HIEl 3d Al
Kl 3e RyIC R M AT AL, IR oA AR # i
KIER A B, FWTE YG20/Ni Fl Ni/42CrMo § 1 )Z
RIE BT

¢ ) Ni/42CrMo FL1a]



50 (71 N DR AN N S S 14

2022 4F

100

intensity/(a. u.)

0 5 10 i 20
distance/pm

d) YG20/Ni L1 EDS &5

100

801
Ni
601

Fe
40F

intensity/(a. u.)

201

0 5 .10 15 20
distance/pum

e ) Ni/42CrMo il EDS 4554
B3 YG20/42CrMo £ 1200 CTH #EK
SEM-BSE Bl fIRETES
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