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FACTORS CONTROLLING THE GRAPHITIZATION OF HIGH
CARBON STEEL AT SUBCRITICAL TEMPERATURE (Part—1)

(Study on the graphitization of high carbon steel—I)

Naomichi Yamanaka, Dr. Eng. and Kunio Kusaka

Synopsis:

Several experiments has been made in an effort to reveal some of the factors controlling
-graphitization of pure high carbon steel deoxidized with aluminum and silicon. The results

obtained were as follows:

(1) Rate of dissociation of cementite was a maximum at about 650°C..

(2) . The reaction rate of dissociation of cementite was a maximum when the steel had
been quenched previously in order to produce martensite, and less graphite formed in the
furnace cooled, air cooled or isothermal transformed samples. '

(3) The heating at 1000°C for 2 hours and furnace cooling after water-quenching from
870°C inhibited very markedly the graphitization on subsequent anneal at 650°C. The treat- -
ment of heating above the critical apparently tend to destroy or render inoperative nucleation

which would promote graphitization.

(4) Cold drawing accelerated the formation of the graphite nuclei and the increase in the
cold reduction to 509; produced a corresponding increase in‘the rate of graphitization.
(8) The more graphite fromed in cold drawn samples of pearlitic structure than spheroidized

state on subsequent annealing at 650°C.
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Table 1. Chemical composition of steels tested.
Steel ‘ 7 Chemical composition (%)
No- ¢ si | Mn | P | S | Ni|Cr|Cu|Sn|sol Al |insol Al|3 Al | 3N,
{ - ! .

GS— 8 110 | 0°28 0°39 | 0°010] 0°012 tr tr tr tr 0-004 0+0008 | 0-0048! 0+0076
—15 1-07 | 0°25 0+38 | 0°012} 0°0iQ} # 4 7 7 0+010 0°004 : 0014 | 0°0055
— 6 105 | 0°28 0+41 | 0°010] 0012 # 001 v 4 0*014 0012 0+026 | 00076
—18 1+07 | 0*26 0°43 | 0*01Q] 0*012| 7~ “tr 4 4 0023 0009 0032 | 0°0074
—23 108 | 0°23 ' 0°42 | 0°009}.0*011].. 7. ” 4 4 0025 0-004 0:029 | 0:0068
— 7 | 1*16 {1 035 0°-43 | 0°01Q| 0°010 v 4 7 4 0-030 0-012 0°042 | 0*0080C
—24 1 1+08 | 028 0°+42 | 0-008|°0-010] # o 4 ” 0°033 Q004 0°C37 { 00069
— 9 | 1*07 | 0°29 0°41 | 0°010| 0-012! # 4 ” ” 0-033 0-005 | 0-035 | 6+0058
—20 107 | 0°37 0+41 | 0°Q09| 0°011} # 4 4 4 0+042 Q002 0+051 | 0-0084
—11 106 | 0+27 ! 0+40 | 0*009; 0*010, # 4 9 7 0+044 0+011 0055 | 0-00&2
—134 | 1°06 | 0°23  Qr42 |.0°012|- 0015 # 001 4 4 0-058 0+004 0+C62 | 0008
—25 106 | 0°25 0°-43 | 0-008{ 0°0!1 4 tr ” 4 0+059 0-Q02 | 0-C61 | 0-0063.
—19 - 1+i1 [ 0°30 0°41 | 0°014/-0°013}  # ” 7 z 0-063 0-0Cé 0069 | 0:0076
—10 106 | 032 0+42 | 0010 0011} # 4 4 7 0092 0-011 0+103 | 0*0054
—12 107 | 0°28 0°41 | 0*009| 0°013] 7# 4 4 7 0-104 0-006 0*t10 | 0°0061
—13 1°06 | 0°25 0°39 | 0°009| 0-011} # 4 4 ” 0-134 0+0C6 " 0140 | 0°0076
—21 1409 1 0*28 0°+41 | 0-009| 0-011 ” 4 4 4 0-183 0+0C6 0+189 { 0°0076
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Microstructures of GS-19 steel
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‘Fig. 1. Effect of heating temperature on the
_graphitization of pure high-carbon steel.
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Photo. 2. Microstructures of GS-10 steel
heated 72h at 650°C after air coolingfrom
870°C (2A), and furnace cooling from 770
°C (2B).
2C: GS-9, isothermal transformed at 400°C
for 10mn after austenitizing at 870°C and
heated 24h at 650°C
2D: GS-9, water quenched from 870°C and
heated 24h at 650°C '
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4A 0.429C, Lamellar pearlite
4B 0.42%C, Spheroidal carbide

4C 1.082C, Spheroidal carbide
4D 1.089%C, Lamellar pearlite , .
Photo. 4. Effect of initial microstructure on
 the graphitization of 359 cold-drawn
carbon steel heated 24h at 650°C.
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