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Effect of Carbon Content on the Nitrogen Permeation Heat Treatment
in Aluminum Bearing 13%Cr Stainless Steels
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Abstract This study aims to investigate the effect of carbon content on the surface nitrogen permeation of 13%Cr-
1.8%Al alloyed stainless steels. The surface nitrogen permeation was performed at 1050°C~1200°C in the 1 kg/cm?
nitrogen gas atmosphere. The nitrogen permeated surface layer of the specimen containing 0.03%C consists of AIN,
martensite and retained austenite phases, while the surface layer of the specimen containing 0.14%C appears the
AlFe;C, phase including former three phases. The specimen containing 0.14%C shows lower total case depth than
that containing 0.03%C at the nitrogen permeation temperatures of 1050°C and 1100°C, while the total case depth of
the specimen containing 0.14%C is remarkably increased at the temperature of 1150°C and 1200°C due to the
increase in the retained austenite content. Martensitic phase, AIN and AlFe,C, precipitate of the nitrogen permeated

surface layer cause to increase the surface hardness of 550~800Hv.
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Table. 1. Chemical composition of specimens.(wt. %)

specimen |~ | o | Cr | Cu.| Al | Fe

No.

MS8 0.03 | 0.15 | 13.27| 2.07 | 1.80 | bal

MS9 014 | 0.16 | 13,5 | 2.01 | 1.81 | bal
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Fig. 1. Optical micrographs of the nitrogen permeated specimens
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showing the surface and interior phases after heat treating

in the 1 kg/cm? nitrogen gas atmosphere for 10 hrs ; (a)MS8, 1050°C, (b)MS8, 1150°C, (MS9, 1050°C, and (HMS9, 1050°C.



ARMr 13%Cr 2¥lzierde] ) AT dxElel) vlxis A7H4 o) ofsk 153

ol EHFO HEEo] Holx T YRI|Re 1
A ZFARE 71881 HjElo| el o3ls|ic). gt
o|E o2 4RI o Aol AsiAwt
Axs} A9 78 Yoz QlF davt Ix=e
o H&Eo] A&E) 1150°CaME AANES
o7} vl A1 EUF B I = Ay HSE
o] Bt ®4e o] 0.14%<¢ MSHARE
1050°ColME ()¢} Zo] FHZe] N2E 37 Ui

a)

{b)

9] HiEolEZIA Yol vlig e@BEEC] Kol )
9, o] v1§ @3}&Ee YA 1A (grain boundary
pinning)& T oJ3) #zlolE AFYo) nMSi}. 2%
7} 1150°CE &3t (delAis}t o] migele 7)X)
Well vig- @3}Eo] ngEo] HElo|EdyYHe| =)
g Aoz qAEigoy 2 AHuo|EARRE L n}
Ei|ERD)Y] 302 1% 24ERZF 9] AYYUA
A JAED 5 3 AAYe] viMsi. dE EuS

Fig. 2. SEM micrographs of the nitrogen permeated specimens showing the surfece and interior phases after heat treating in
the 1 kg/cm’ nitrogen gas atmosphere at 1100°C ; (a)MS8, 5hrs, (b)MS8, 24hrs, ()MS9, 5hrs, and (dMS9, 24hrs.
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Fig. 3. SEM microgmi)hs of the nitrogen permeated specimens showing the surfece precipitate morphologies after heat
treating in the 1 kg/cm® nitrogen gas atmosphere ; (a)MS8, 1100°C, 5hrs and (b)MS9, 1150°C, 10hrs..
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Fig. 4. X-ray diffraction patterns of the surface layer after
heat treating in the 1 kg/cr_n2 nitrogen gas atmosphere for
10 hrs ; (a)MS8, 1100°C and (b)MS9, 1150°C.
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Table. 2. The retained austenite contents after nitrogen
permeation treatment.

10hrs 24hrs
MS8 | 1100°C 3.0% 0.2%
1100°C 15.8% 19.5%
MS9 .
1150°C 79.5% 792%

Fig. 5. SEM micrographs of the nitrogen permeated spec-
imens showing the extracted grecipitate morphologies
after heat treating in the 1kg/cm® nitrogen gas atmosphere
for 24 hrs ; ()MS8, 1100°C and (h)MS9, 1150°C.
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Fig. 6. X-ray diffraction patterns of the extracted precipi-
tates after heat treating in the 1kg/cm? nitrogen gas atmo-
sphere for 24 hrs; (2)MS8, 1100°C and (b)MS9, 1150°C.
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Fig. 7. Changes in nitrogen and carbon contents of MS9
specimen with depth below surface after heat treating
in the 1kg/cm? nitrogen gas atmosphere at 1200°C for
10 hrs.
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Fig. 8. Variation of total case depth with time for MS8 and

MS9 specimens after nitrogen permeation treatment in

the 1 kg/cm® nitrogen gas atmosphere at 1100°C.
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Fig. 9. Variation of total case depth with temperature for
MS8 and MS9 specimens after nitrogen permeation treat-
ment in the 1 kg/cm2 nitrogen gas atmosphere for 10 hrs.
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Fig. 10. Hardness as a function of depth below surface after

nitrogen permeation treatment in the 1 kg/em? for MS8 and
MS9 speciments at 1100°C and 1150°C respectively.
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