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Effect of Aluminum and Nitrogen on the Graphitization
of High-Carbon Steel (Part-1)

(Study on the graphitization of high-carbon steel—II)

Naomichi Y amanaka, Dry. Eng. and Kunio Kusaka

‘Synopsis:,

The authors studied on the effect of aluminum and nitrogen on the graphitization of fine

high-carbon steel.

Results obtained were as follows:

(1) The presence of acid soluble aluminum had a promoting effect on graphitization.

O 32 F48, ASBEAKCTHE * HRUGEKSNSE, T8 Y R, B
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When the high carbon steel were made from electrolytic irom, the graphitization at 650°C
after water quenching from 870°C were very mrarkedly accelerated as the acid- soluble dalumi-
num increased up to 0°04%, and the graphitization after cold drawing from 104 to 8¢ were
also accelerated as the acid-soluble aluminum increased up to 0°06%.

(2) The nitrogen. in solution calculated from total nitrogen, total aluminum, and solubi-
lity product for ALN inhibited the breakdown of cementite to graphite after water-quenching

from 870°C.

(3) High-carbon steel made from. electrolytic iron had a reduced tendency to graphitiza-
tion at 650°C after air-cooling from 870°C and furnace-cooling from 770°C compared with
after water quenching, but this rate of graphitization increased with acid-soluble aluminum

up to 0°08%.

-(4) The carbide stable rim was noted when austenitizing was carried out in NaCN-BaCl,
salt, and the rim thickness increased with austenitizing time.

(5) Nitrogen dissolved in aluminum-killed high-carbon steel inhibited graphitization after
water-quenching, but nitrogen over 0°03% did not produce inhibiting effect on graphitization

after cold drawing.
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Fig. 1. Effect of Al (A, B) and nitrogen in
solution (C) on the graphitization of fine
high- carbon steel made from electrolytic
iron. Heated at 650°C after water quen-
ching.
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Table 1. Chemical composition of steels tested.
Steel Chemical composition (%) Austenitizing, 870°C
* * *
No. | C|Si|Mn P|S |Ni|CriCu|Sa|Sq 0|51 |2N,| Ne Al |N in solution
GS-8 |1°10] .28| *39/°010/°012{ tr | tr | tr | tr | *004 | *0008| *0048| *0076| *00002 | *00004 *0076
-15 |1*07| =25 *38|*010|*010; # | tr | 7 | # *O10 | *004 | *014 | *0055| *0024 *0046 *0031
- 6 |1°05 *28| *41|*010|*012{ # ol 4 4 ‘014 0l2 | 026 | *0076] *0034 *0067 *0032
-18 |1°07| *26] =43|*010|*012{ # |txr | 7 | # *023 | 009 | *032 | “0074| 0051 *0098 *0023
-23 |1°08| *23| *42|*009|*011| # “ ” “ *025 | 004 | *029 | “0068| *0050 <0087 *0018
- 7 (116 =35 *43(*010[*010{ # 4 4 4 *030 012 | =042 | *0080| <0063 *0121 *0017
-24 |1°08| 28| *42|*008|*010; 7 4 4 #.| *033 | “004 | *037 | *00&9| *0055 0117 *0014
-20 {1°07] *37] *41|*009(*0O11| # 7 4 7 | *042 | *009 | =051 | -0084| <0073 ‘0141 *0011
-11 |1°06| *27| *40(°*009|°010] # 4 7 4 *044 | *O11 | =055 | *0062| *0053 *0103 *0009
=25 {1*06] *25 *43|*008|*011|. 7 v 4 7 *059 | *002 | 061 | *0063| *0056 *0108 *0007
-19 (1*11] *30f *41{*014]*013| # 7 7 7 *063 | *006 | *069 | *0076| *0069 |.*0135 *00061
-10 [1°06] *32| -42(*010;°011| # 4 7 7 *092 | <011 | =103 | *0054| *00S0 *0097 * 0004
-12 |1°07| *28| *41|°009°013| # v 4 7 ©104 | 006 | *110 | *0061| *0057 ‘0111 *0004
-13 |[1°06] *25 *39|°00%9;-011| 7 4 4 4 ©134 | 006 | *140 | *0053| *0050 0097 *0003
=21 {1°09| *28| =41(*C09*011| 7 v 4 % *183 | 006 | *189 | *0076| *0074 *0143 *0002
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cold reduction, heated at 650°C.
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Effect of acid soluble Al on the graphitization of
pure high carbon steel made from electrolytic iron after

TE Al LOBREYRT DO THIE Al006
%ETHE AlOEne: &3 B4 {LA(RE
SNMIEOKREWIE Y Z OEMISEZ S



BREMOBSIL I IITT Al BINOEEBILOWT

113

Bbhb.
(C) ek LU=sgo Bkt onT
770°C x4h : 3 (A) Air cooled from 870°C
BLUTHRIKELE
boxrec 57
X 30mn Z&E 5 %Z
oK 650°C T §a4
300h FTEMRHE s / < SN 690400
I EATOCRE e i B
}i ;3:5 225X acid soluble Al %
DoRDETE Al & for (B Furnace cooted srom T70°C
DBtk E kDT, o “/u@z'xgqof__n\
Fig. 3(A)ix 870 \é‘ﬂg_l/ ?A/’ e "x\sjo"x/m

°C khWZ&TsLiz
Ei ke 650°C T %0.4.'1
ML h ook S0 /|

I/ ol I L 1 h e
RThoTEME  Tn % # 07z % 7

acid soluble %
.": .A

%)}5*—} & thg] = 61 (C) Anneated at 780°C .
DT E L RftD

o

a -

650Cx72h

%

/’ CESITX0E N\

x
1

'

Graphite carbon %°

g
BEAEERSh S0 N ]
TR A
I - ME L=
Er& 5 T L phitization of fine high-carbon
air cooling from 870°C (B).

. 0 ._/x(/" i
AN UIE Ay A= -3 3 g B M
SR 3o T I B4 weid soluble Al %

Em ¢ il
. Fig. 3. Effect of Al on the gra-
A Al OEEHNIC steel heated at 650°C after fur-

' oI T B LA nace cooling from 770°C (A) and
HUBLLEES C: Effect of Al on the graphiti-

N oHHAE Al s zation after annealing at 780°C.

1C

1D %300 (2/3)

1A Gs-8 steel, heated 300h at 650°C after air cooling from 870°C .
B GS-7 steel, heated 300h at 650°C after air cooling from 870°C

1C GS-8 steel, heated 100h at 780°C and furnace cooled
1D GS-12 steel, heated 100h at 780°C and furnace cooled

Photo. 1. Microstructures.
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Table 2. Chemical compositions of steels tested.
Chemical composition (%)
Steel No. , | .
-C Si | Mn P S Ni | Cr  Cu | Sn |sol. Al |insol Al X Al Z N, .
GS-84 L1012 30 | -4 [ 016 | 014 | 07| 05| -16]-031 | -014 004 | o018 *015
-85 t1°10 . <32 49! -015;+013| 09! -03| -t6]-032| -038 *006 | 044 017
-86 1*11 ] *30| +46 017 , "013 | *09 | +03| *15] *030, <047 009 -056 018
-87 1*12/| *30 48 -0l6 | *013 | *04 | *05 | *17 | -031 | -064 ' -002 | 066 015
-83 { 1°13 | +28 | 43| -014 | *012 | -08 | 05| ‘18| 031 | -163 | -004 | -167 014
GS-121  : +98! 32, <36 -007 | 06| tr | -2 | tr | -003| -006 003 | -009 025
-156 D 1°04 | 26, 47 01201t 2 | otr § # |-003| -007 003 -010 024
-172  +98  *30. -461 010|010 | 7 02| # |-004| -oO11 -004 015 | 028
- 99 1 1%19 | 30| 46 -008 | 017 | 7 02| # |-003| -0l6 -003 *019 026
71961002 24 44 009 | tOil | 7 02| # |-003| -021 -006 027 021
-~ 90 ; +99| -28! -46 +009| 019 | # *02 | 0°1 ] +005 | -027 -002 *029 023
-98 110l | °*30| -48 006 | -018! # *01 | O°1]-+004 | -045 *002 *047
-130 1°06 | 24| -44 008 | *019 1 7 tr | 01| -004 | -054 003 *057 :
-100 I 1507 | "30 | 47 007 | 017 | 4 *02 | "0°1 | +005 | -076 005 -081 -025
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Fig. 4. Effect of Al on the graphitization of commer-™
‘cial high-carbon steel (A,B) and fine high-carbon

. steel made from sand iron. (C, D).
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2E 2F

x4 (2/3)
2A: GS-211 steel, austenitized 1/2 hours at 950°C in cast
iron chips

2B: GS-211 steel, austenitized 1/2 hours at 1050°C in
"~ cast iron chips

2C: GS-273 steel, austenitized 2h at 870°C in NaCN-
BaCl; salt

2D: GS-273 steel, austenitized 4h at 870°C in NaCN-
BaCl; salt

2E: GS-273 steel, austenitized 2h at 870°C in cast iron
chips

2F: GS-273 steel, austenitized 2h at 870°C in charcoal

Photo. 2. Macrosections of steel heated 100
hours at 650°C after water quenching.
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A and B acid soluble Al: Less than 0.01%

C and D acid soluble Al: 0.014~0.019%
Fig. 5. Effect of total nitrogen on the grap-

hitization of high-carbon steel.
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Table 3. Chemical composition of steels tested.
Chemical composition (%)
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Fig. 6. Effect of total nitrogen on the graphitization

of high-carbon steel.
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Effect of Heating Rate on Properties of Heat-Treated
n 13% Cr Stainless Steel

(Effect of heating rate in heat-treatment—II)

Seita Sakui, Dv. Eng., Tsutomu MOori, and Chiaki Yamamoto

Synopsis:

The effect of heating rate on heat treatment of 13% Cr stainless steel was studled by app-
lying two kinds of heating rates, 3000°C/s and 10°C/mn.
The recrystallization temperature in rapid heating was higher by about 100°C than in slow

heating.
-than in slow heating.

The grain size immediately after recrystallization was smaller in rapid heating
X-ray photographs, which was taken at the recrystallized specimens,

showed that the rapidly heated specimen had a more random directionality than the slowly

heated specimen.

A, transformation occured at about 900°C in slow heating and at about 950°C in rapid

heating.

Martensite, which was formed by quenchmg from the temperature higher than A,

point, was finer in rapxdly heated spec1men, than in slowly heated specimens.
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Table 1. Chemical composmon of the
specimen (%)
C s$i  Ma | Ni o Cr
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