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Gaseous Nitrocarburizing and Post-quenching of Low Carbon Steel
LI Nan, HONG Yue, WU Cui-lan, XU Qiang

(School of Material Science and Engineering, Hunan University, Changsha 410082, China)

ABSTRACT: The work aims to decrease the shortcomings of numerous pores and poor performance in the martensitic layers
fabricated by traditional nitrocarburizing and post-quenching and find out the optimized process parameters to obtain a streng-
thened layer with few pore, high strength and high tenacity on low carbon steel. X-ray diffraction (XRD), scanning electron mi-
croscopy (SEM), transmission electron microscopy (TEM) and microhardness tester were used to characterize the microstruc-
tures and the properties of the strengthened layers formed at different process parameters. Nitrocarburized compound layer was
transformed into a porous martensitic layer after re-heating and oil-quenching at 850 ‘C. The quantity of pores on the surface
quenched specimen could be decreased by lowering quenching temperature, reducing nitrocarburizing time, decreasing gas
fluxes of NH; and increasing the gas fluxes of CO. After post-quenching at 680 °C, the nitrocarburized compound layer could
be transformed into a multiphase strengthened layer composed of martensite and retained austenite. The multiphase strengthened

layer had the hardness up to 1000HV and good toughness. Even after tempering at 120 “C, the multiphase strengthened layer
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could still keep the high hardness and good toughness. Compared with increasing of the gas fluxes of CO during the nitrocar-

burizing process, decreasing of gas fluxes of NH; not only decreased the pores and kept high hardness and good toughness of the

strengthened layers, but also reduced the nitrocarburizing time and costing. The optimized nitrocarburizing and post-quenching

process can be used to fabricate a multiphase strengthened layer composed of martensite and retained austenite and reduce the

surface pores. The widely distributed austenite-blocks in the strengthened layers can greatly improve the toughness. Therefore,

the multiphase strengthened layer has advantages of high hardness, high toughness and few pores.
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NC-1-680 C 90 20 1 680 0.5
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Fig.1 Cross sectional SEM morphologies of samples after nitrocarburizing and post-quenching
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Fig.2 XRD patterns of the surface of samples after nitrocar-
burizing and post-quenching. (The bottom curve represents

the simulated XRD patterns of martensite with c:a=1.05)
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Fig.3 Cross sectional hardness profiles of samples after

nitrocarburizing and post-quenching

2.4 REFNENIXER ST

TR R AR I8 KR S ok T AR AR R )Z
PR REm, XA R R BE R R 61T 9.8 N
Zofar FOR M AIEE . I 4 iTLIE 1, NC AR
TR S CHE BT 34 B B, X 3 A AU A2 4 5 1)
EHIEANGE . NC-1-850 “CiskE 35 T IR it .
P RR S, XU 850 C YR KA KE T AR BB
IR T AL A YZE . M KRN 680 CHYT,
N|C-1-680 ‘CifFE Il NCy-4-680 °C % 1 JE I Fft I #F
WA MR B M AAFAE, XU 680 CE A,
WAL R PITES L 850 CH Ak MR pET i, T3
JRA R 680 CYEJGRME A K my B ICHA, HIGHK
PRI T S R, I — AR R 850 Tk
AR 2R 2 B K LI, B HEPERRAC . B2,
FREAR AR R AN B 5 T R AL )2 R, o
TsRAbZE



¥4 FH 1M

G AR RIS KR L v K5 3

a NC b NC-1-850 C

10pm 10_;,u_n
¢ N,C-1-680 C d NC,-4-680 C
K4 ARk K e oAb B R A 2 T M ik

Fig.4 Surface toughness test of samples after
nitrocarburizing and post-quenching

c 5 He=200y

hm FETIWEE gum,

XRD TR, 680 CVAIRFER & K
BATGIAR , BPCAR B B R bl PG B4 A B A, (LR A
JEATEE HE R, 680 °C VR SR FE T fh J2 i B 3 i T
RIRALA Y RIZ R 5 [CRRZ, dm Tk b
JB ) Fe-C G [GAKRIT29  Fe-N I [GAR>IHI Fe-N-C &
FCARIPOIRG R B S T FEf 680 C R FEsR L2
F R IAEHLE], XF NC-1-680 CifRE Ay 58 1k 2 T 2H
LT T TEM 4347,

TEM B, N,C-1-680 Cikkesmfb)Z2d, &
B RN TG, B RRAFE T IR Z ], 23
TERN B HORIE S, WK 5 Fras . B8 AR ) [ AR
TR AR, X i 2 B A Ry ik Ak 2 $2 it T
PSSR AL, U B TG AR Hp ) v 2 B R R s T
PG AR Y 5

AN, TEM 2081 &3, N,C-1-680 CikkEimik)2
o, D RARAEE PRI AY . R 6 R . —Fh S EGiA
(o) PIHFATFAERE R BB T B A5 HIAT B (a0
Kl 6d e B R B ), (RS AT 5 BE S
#4T TEM B G3RAERT, 20 & B 5 IR S kL
Asas (anE 6d FiraR ) o KRl 6d HR B € B TR B adE
T8, BB MIALEI S o"-FeoN, AL, 85

B=[001]eu[113]0/[013]y

d mTRIATTER

K5 NiC-1-680 Cidhf R mysi k)2 i B A S 5 [RAA S A7 1) TEM JE SR
Fig.5 TEM images of martensites and retained austenites in the strengthened layer of N|C-1-680 ‘C sample:
a) bright field image; b) dark field image with g=2000.,; ¢) dark field image with g=200y; d) electron diffraction patterns
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a) bright field image; b) dark field image with g =110 a"; c) dark field image with g =112 ay;
d) electron diffraction patterns
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