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WE: WERARFRGNSRZHSRERE N, R 520 °C, Wy 4h, 8 h R 12 h, RN BINE/TEE <+
FUTIRAURS MRS 38CTMOAl AT A58 TS . AT WAL BT, X SR Fi R itk T
{3k, X JZ AR WAL AL BENEE . HIZ . TS DA i ST R AR . BB EE, BRI
P890 249.4 pm, V-8 5 i 2.30 mg / em?, 4 h JE A A B K 990.5 HV 05 ZUAUR A URIB AUR 182 5215 294.8 pm,
PR i 2.39 mg / em?, 4 h SRR A BIE K 1000.2 HV s, % UEEUZ FEAR N v-FeuN, A Y e-FepaN: & ARG
GUBEJZET ETMIAE Ny e-FepaN, IREHIN v-FeN. ZEIRAHBE A0 5, Srk2 ok E/ (108.05 um/a) , M
B TR (919 uA/em?) .
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Characterization of Plasma Nitrided Layer at Different Atmosphere
Conditions on 38CrMoAl Steel at 520 C
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Abstract: In order to explore the influence of different atmospheres on the microstructures and properties of plasma nitrided layers,
the nitrided treatments are carried out on 38CrMoAll steel at 520 ‘C for 4 h, 8 h and 12 h in different atmosphere (NH;z or NH3 + N,).
The modified layers are characterized by optical microscope (OM), microhardness tester, X-ray diffraction (XRD), scanning electron
microscope (SEM), electrochemical workstation. After nitrided in NHs, the average thickness of the modified layer is 249.4 ym, the
average mass gain is 2.30 mg / cm?, the hardness reaches the maximum (990.5 HV, gs) after 4 h, the main phase is y'-Fe,4N, the minor

phase is e-Fe,.3N. After nitriding in NH3 + Ny, the average thickness of the nitriding layer is 294.8 um, the average mass gain is 2.39
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mg / cm?, the hardness reaches the maximum (1 000.2 HV ) after 4h, the main phase is e-Fe, 3N, and the minor phase is v'-FesN.

After nitriding in NHz + N, for 4, the corrosion rate of the nitrided layer is the smallest (108.05 um/a), and the current density

decreases to the lowest (0.919 x 10° A / cm?) 9.19 pA / cm?

Keywords: 38CrMoAl steel; plasma nitriding; microhardness; corrosion resistance; modified layer
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WA B 5 mm, EHE 420 mm (1)
38CrMoAl £, AL sy O Wk 1 pr
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Table1 Chemical composition of 38CrMoAl steel

Element C Si Mn Cr Mo Al Fe
Mass

H QG-1 & AHUIEIHLRS [ 75 b B2 5 R D Ak
5 mm [#)3 F, 00 120 #5 K0 AF B, G
K G A PEVE 10~15 min,  FHMORUBLIK
'T‘o

{fi /] CPA-225D Hi— KPR FERATRRE, 2R
Ji# LDMC-30AFZ &2 A il & H4% 10 Pa LA
T, BHMTEE TARBE, BAEIE 520 C, BEN
i 4 h, 8h, 12 h; NHz 5 NH3 + Ny VRSB A,
WEIN 100 mL/min (NHsz : Ho=1: 1), BARL
W, B RVPRRE, FH HV-10001S {2 hhd 5
PO R G ot 2 AT S S etk SR
I RFER T A 4L D 8 Advance %Y X 5 k47
SHGRAE, AT 42594 Cu, RN
5(°)/min, ¥K 1=0.154 18 nm, HiJEN 45KV, H
A 200 mA; ThermoScientific™ Apreo C K517 k&
SRR WSS Bl 3.5 %NaCl
HUMEI,  E AL 24 T 1E5h CHIB04E B16276 b4y
TRf o st 25 e Al oy Ag/ AgCL, AR i Bl v
W, UGN E-15V, ZIEHE-2.0V, F#iHE
A 0.01V /s, HHIIEIA 5 min, 7 L2
1072 A/ cm? i 45 14
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B 1 oA NHg i3 U4 T Stk 2 08 AR
(4h. 8hA112h) . & BEL, HEDN
4y 1.81mg/em?, 236 mg/em?, 2.72mg/em’. &2 K
NHz + N VARG PR R Z R AR, 1
Tk sk 1.83 mg / cm?, 245 mg / cm’. 2.88 mg / cm’.
32
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Fig. 1 Bar graph of mass gain of modified

layer under NHs nitriding condition
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Fig. 2 Bar graph of mass gain of modified
layer under NH3 + N, nitriding condition
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Fig. 3 Microhardness of modified layer cross

section under NHjs nitriding condition
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Fig. 4 Microhardness of modified layer cross

section under NH3 + N, nitriding condition
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1973 i
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324:6 um

(e) NHy+Na, 8 h
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(¢)NH3, 12 h
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K5 NHz 5 NHz + N &SR T b2 il
Fig. 5 Microstructure of modified layer under nitriding conditions of NHz and NH3; + N,
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Fig. 6 XRD pattern of nitriding modified layer in mixed atmosphere of NHz and NH; + N,
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Table 2 Elements concentration (wt.%) of
nitrided layer in NH; + N, for 8 h
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- 150 o3 T oy €012, K 8e A bE IR ZIKIR AT, VF
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Ry =L AN e N i Ja e e LD S AR U A, b 2
%F 38CrMOAl 4 B ATV E g, 2 MALZUN BRI KA.

(a)NH3, 4 h (b) NHy, 8 h (¢)NH3, 12h
(d) NHy+N3, 4 h (¢) NH3#N5, 8 h (f) NHz#N3, 12h

8 NH; 5 NHg + N RSB R T o = Wi 21
Fig. 8 Microstructure of modified layer under nitriding conditions of NHz and NH; + N,
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Fig. 9 Microstructure of modified Indentation under nitriding of NH; and NH3 + N,
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Fig. 10 Corrosion resistance curve of modified layer under nitriding conditions of NH; and NH; + N,

#3 NH; ZBEFRERFHTUMEERLHEUESHIE
Table 3 Fitting data of polarization curve of modified layer under NH; plasma nitriding conditions

Sample Untreated 4h 8h 12h
Corrosion rate / (um / a) 174.72 17.479 21.244 22.489
Polarization resistance / (kQ / cm?) 1.756 2 1.7555 1.444 1.364
Corrosion current / (uA / cm?) 14.86 1.489 1.806 1.912
Corrosion potential / V -0.674 -0.951 —0.956 -0.982

Passivation zone width / VV 0.715 1.930 2.127 2.226
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XT K 10b #eAb ih & B U S AR B S, S5 0 A&
4, WRIRGAHNBEAN 8hH12h 5, BEE
Ji§ ah3d 24> 5] %y 108.05 um/a. 170.06 um/a Al
165.82 pum/a, B/NTARBEIAFE, [ 2l
ANSERGE NI R, AEIB R 4 h, SRk 3R A B i

AN, AR B R RE A L L T [ )
9.19 pA / em’ G EUIR AR I AE Sk 2 8 N
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Table 4 Fitting data of polarization curve of modified layer under NH; + N, plasma nitriding conditions

Sample Untreated 4h 8h 12h
Corrosion rate / (um/ A) 174.72 10.805 17.006 16.582
Polarization resistance / (kQ / cm?) 1.756 2.840 1.804 1.850
Corrosion current / (uA / cm?) 14.86 0.919 1.446 1.410
Corrosion potential / V -0.674 —0.988 -0.960 -0.974
Passivation zone width / V 0.715 2.072 2.463 2.517

3 4k

(1) 38CrMoAl 14 NH3z + N B &R 118
A 4h. 8h Fl 12 h J5 ook 2 B BE 43 107.0 pm,
324.6 um. 362.8 um, T4y 1.83 mg / ecm?.
2.45mg/cm’, 2.88mg/cm’, WL TEIBE, I
HAE 4 h I A 2 R 285K 1.000.2 HVoes, Wi
THRETS BIE . [RINFAE 1 kg 2o T, R0 HIR GRS
SUHIL, IR RIS .

(2) JARRETTBEY AR, TERB A
e MW NHs : Hy = 12 30, BRZETAHN
v-FesN, AN e-FeosN, 449 NHz @ Hp=1: 1
i, BERJET AN e-FepsN, KA y'-FesN.

(3) NH3 BAMEE, T i 2 B3 20N ) (1)
FERBHIEIN; NHs + N2 IR G URBEE, Sk
I [F) 98N RGN R, B 4 h GRS
s R /s 108.05 pm /a, L LI S R R R i
i€ 9.19 pA /om®, il i .
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