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ABSTRACT: The work aims to study grain coarsening behavior and microstructure on the carburized layer of 20CrMnTi steel
by controlling the distribution of “boost” and “diffusion” pulses in the process of vacuum pulse carburizing. An electromagnetic
induction vacuum pulse carburizing was used to prepare carburized layers on 20CrMnTi steel through four processes of “origi-
nal pulse”, “variable boost”, “variable diffusion” and “variable pressure” respectively. Meanwhile, the microstructure, crystal
phase transition, hardness gradient and surface residual stress of the carburized layers were analyzed deeply through SEM,

EBSD, automatic microhardness tester and XRD residual stress tester. Through the comparison and analysis of four processes,
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the thickness of the carburized layer of 20CrMnTi steel reached 1450 pm, but there was still a large amount of massive Fe;C in

the carburized layer after the process of “variable boost”. The Fe;C, the retained austenite and the thickness in carburized layer

of 20CrMnTi steel treated by the “variable diffusion” process decreased to 3.88%, 7.32% and 1320 um respectively. In addition,

the hardness of the carburized layer in the depth of 0 to 60 pm increased to 780 HV, s and the surface residual compressive

stress increased to —231 MPa. From the results, the “variable diffusion” could provide the optimum structure property. “Variable

boost” process increases the carbon concentration difference between the surface layer and the interior during the early stage of

carburization and improves the diffusion driving force of carbon atoms, which is favorable for the growth of the carburized

layer. Moreover, the “variable diffusion” process further dissolves the carbides in the late stage of carburization, which facili-

tates the full diffusion of carbon atoms into the interior of the carburized layer and reduces carbide precipitation and formation

of residual austenite in the carburized layer.
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Fig.1 Schematic diagram of electromagnetic induction vacuum carburizing device



- % W o# A

2018 4F 12 A

BRA TR CoH, M CH, ELfl R 10 5 BIRA A, SR
AR RB - AP Bosg g T 202 g e
BHESENTA—E R BIRA TR RS,
WAEHE A GRB B B, Al Bz A HE B, 2%
HEAT 8 AN ERB-P BRI, BEEFEA 1 atm (EHS, &
IR % 880 CIFHIR 10 min, ZJ5 #EATIMEE, 25 180 C
IR K 2 h, Bee B R

SCS SR DURR T2, HSg 9% -9 5ok o st (8] 43 A
KB K 2 Fion . T2 1. JEER 8 NI & 1Y ik
W, BRIBIE S N-T0 kPa, {RJESRB-ELAS PR ] 4

Boost Diffusion

B 10 min-5 min ( AR FRCH<ERK ). T2 2: 9F
IR 8 N5 B I 8] Bl G P U B0Z A JE K I AR ik o, Herp
PREFRIB R J1-70 kPa FIEZ Y HL 5 min fK P B[
A (LUF AR 85mB ), T4 3: 6 8 MEASY I
Ik e s ) i 5 B VR B2 A B K A ik o, HG v A R
B J1-70 kPa FI5RE 10 min ki EIAZE (LR FR
FAEY ). T 40 RIS 8 NSRBI T BEAG I UL
AN AR Bk, o R AR LS SR B IR R HONK
] 22 Y 5 min-10 min, IS LR35 Dk s ] A
A (LR FR AR R T )o

Original pulse

0L

=70
L L Vaccum

Variable boost

M N
Vaccum

Variable diffusion

Pressure/kPa

il
U U T

Variable pressure

J L

—62.5

\_,_\_,_\_I—C Vaccum

I UL

I
0 20 4

L
60 80 100 120
Time/min

B2 SRiB-9 HUbk of st (] DL KB R 7 43 A

Fig.2 Distribution of boost-diffusion pulse and carburizing pressure
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Fig.3 Metallographic structure of carburized layer of 20CrMnTi steel under different process:
a) original pulse; b) variable diffusion; c) variable diffusion; d) variable diffusion
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Fig.4 Phase distribution of carburized layer: a) original pulse; b) variable diffusion
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Fig.5 Contrast and orientation figures for cross section mass of carburized layer: a) original pulse; b) variable diffusion
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