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Influence of Various Elements on the Graphitization
of High Carbon Steel (Part 2)

(Study on the graphltlzatlon of high carbon steel——II)

‘Naomichi Yamanaka, Dr Eng. and kumo I{MSdka

Synopsis:

The authors studied upon the influence of various elements on the graphitization of high-
carbon steel made from electrolytic iron or sand iron with 0°01% or 0°05% aluminum addi-

tion. .

Samples were water-quenched from 870°C or cold drawn from 10¢ to 8¢, and then

heated for 24, 48, 72,100 and 150 hours at 650°C. Results obtained were as follows:
(1) Silicon promoted the graphitization of the high carbon steel after ‘Water—quenching
and cold drawing, and manganese inhibited the graphitization.

(2) The carbide forming elements such as chromium, molybdenum and tungsten mh1b1ted

graphitization and chromium was most effective..

(3) Titanium, zirconium and boron promoted the graphitization very markedly after water-
quenching and.accelerated the graphitization after cold drawing.” Vanadium restrained the
graphitization after cold drawing, but accelerated graphitization after water- quenchlng as

the vanadium increasedt to over 0°1%.

(4) Nickel promoted the graphitization after cold drawing and copper had littel effect on -

the graphitization.
ted the graphitization after water-quenching.

‘Columbium inhibited the graphitization after cold drawing, but accelera-

(5) Tin inhibited the graphitization very markedly after water- quenchmg and cold dra-
wing. Phosphorus, tellurium, antimony and arsenic restrained the graphitization. High carbon
steel made from ordinary scrap was highly resistant to’ graphitization in the presence of

_small amounts of tin.
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h, BRSROEEFPLOLDEBEL LT L B&KFERD
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II. % 8 & R

(1) Si pgsm
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InLf% 650°C wwhnEh L CEALE L 5708, ok

BVX Fig. 1 (A), (B) WRITELTHY, ZDfs

WA Al 5% 7D B bIRIEE 1T A3 Si O
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(C), (D) & THvy, WiE Al EKEIDHEHL
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Si OEmMc >N TEMMERRE S 52 & 25R/T.

Photo. 1 ClIm#RERZBAWTHERE L Si 041090
HD% 8¢ THkINLEE 650°C T 150 h ik L 734

DOFiEi v 7 vl TH > THHERETVWBEU B L LAk
(AN ’

L12p (AY Hter quenched grom 870°C

) . &
EDrogh 12 (C) Hater guenched from 870°C

a1

»
i 1 L 1 L L .. L L A

% 02 448} N 06 28 ] az 04 26
[ (8 ol drawn grom 109 to 89
L i
gSCKIh — 2"

4807
A6_5_0f€4_.-°
-- Ah
Mede from
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KXo X X 7
X 1 i I

1 1 2 1
4 22 04 06 a8
S/ %

A and B: Made from electrolytic iron with 0.05% Al
addition
C and D: Made from sand iron base metal with 0.01%
Al addition .
Effect of Si on the graphitization of

high carbon steel.

Fig. 1.

(2) Mn QH#
Mn RS JOBA) & UCTEE 0°4% F7i4S
FNDHH O Mn Z—EHhEk CIEEFEL B OIS

kA a4 VRCEBT . Mo EREmOBHR{LE

FHiEd % Z &% Austin® St X2 CHHE XN TR,
72 Mn BEEEORRLEEILET 5 ZEdmbh T
L. X OoCEBGEER L LT Al JFNE% 0°05% iz
—EI LT Mn 82Z1L8 Lo E mwtk RERZHv

T Al IFhnE% 0°01% & LT Mn E»ZT{bELDT

ERok 35 Tl0%. M Table2 wRT L&D
5ThH D 870°C KAHHB I 10689 %RAFIHHE

Table |. Chemical composition of steels tested. "
Chemical composition (%)
Steel No. sol. insol
C|si|Ma| P| S Ni[cr|[cCu|sn %% oSk s 1] 2 x| o,
GS— 91 0-97 02 *42 | 010 | *016 tr tr tr tr *035 008 | *043 | "010 | *0O111
— 92 1°07 ‘01 *42 | *01C | 015 7 ‘01 4 4 <035 003 | *038 | *012
—108 1°02 *07 *52 | 002 | 015 | # tr tr 4 ‘044 | 006 | *050 | *012 | *0074
—107 1°01 *12 *52 | 009 | *016 ” 4 4 4 051 | =004 | *055 | *0i5
— 23 [ 1°08 *23 *42 | 002 { *0O11 7 *01 4 7 *025 ] *004 | =029 | *0068! *003%
— 24 1°08 *28 =42 | 008 | *0l0 4 tr v 4 *033 | *004 | *037 | *0069 -
— 20 1°07 =37 *41 [ *009 | 011 ” 7 4 4 *042 | 009 | *0O51 ‘0084l
— 22 1+09 *49 *41 | *009 | *012 4 4 4 4 037 | 007 | *044 | 0076
— 68 1+08 ‘64 *39 { *00% | *0O11 ” 4 ” 4 038 | 004 | *042 | 007
— 69 1+08 *84 *39 | <008 | =010 ” 4 7 4 *039 | *005 | *044 | 010
—160 | 0*98 'OZH "43 § *011 =013 tr 01 | tr l *003 | *005 | *003 | *008 |
- —165 38 06 "44 | *011 ; *012 v 02 7 *004 | *CO4 | =004 | "008 | *0O11
—162 1*00 ° 10| <47 | *010 *0t1 4 01, 7 *004 | 006 | 002 | 008 | *013
—161 ; 1701 - "2t *44 | <013 | *012 4 01 ¢ *003 | *002 | *00t | *003 | *0i2
—164 ; 1°03 . 42| 47 | *011 ! *012 | # ‘01 # *003 | *005 | *002 | *007 = *Qll
—163 j 1°02 ' *60 *46 | *012 1 *013 ” 01 4 “C05 | 002 | *002 | *004 n 014
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" Table 2. Chemical composition of steels tested.. .
Chemical composition (9%)

Steel No. - :
C Si .| Mn P S Ni Cr Cu Sn |sol. Al linsol. Al| X Al | Z N,
GS—111 1°05 *19 15 | 004 | *015 tr 01 tr -tr *029 *002 031 *008
—112 1°03 *19 “16 | *008 | 016 | 7 4 4 4 *030 *002 +032 *010
—113 109 | 21 *20 {."C09 | *015 7 4 ” 4 *028 *003 *031 =009
—114 111 =20 *30 | *009 | *0i4 7 tr A 4 *036 *002 *038 <009
— 24 1+08 *28 *42 | *008 | *010 7 ” 4 v - *033 004 *039 * 0069
—116 1+14 |- =22 62 | 008 | *0l15 7 01 7 4 <027 *003 *030 *008
—117 1°10 *22 *73 | *009 | *014 4 4 4 "/ *028 *006 034 *008
GS—234 1°01 *27 *17 | *009 | *010 tr tr *0l | <003 ‘011 *002 -*013 =008
—253 1°06 *26 =48 | 012 | *015 4 *02 tr * 004 *010 *001 ‘011 *013
—235 1°04 =26 *63 | 010 | 010 v *01 *01 | *004 014 *003 +017 012

650°C I ERFRIMEL L T2 REEZ T X hRDT.
Fig.2 (A)(B) B 0FEREZR LD DT MnfKHD
P OREBLEENS VLU B LLEL Mo O%<745
CoNTEHRLEERABICEL k5. Fig.2 (C)(D)
VRS ER R IV o3& T Rk {fR & 75 3. Photo.
1A XX 1B X Mn 0'48% XX 0°17% DOH O
# 106 —8¢ ®RI5I#kTE 650°C 1T 150hRBAL 72D D
DHBTHOT Mn OFEVDHDIXF & A EFTEICEE
{LZRLTW5.

12r (A Bater guenched }rm Evan 12p (O Yater qrneted rom 70T
& w{ e— ® (
N ° PCx224 < 0
< o
Sost gas -
E | o
N o xeoraizy 06T
Epab TN Soef
& S
el VN - L
08 e o elctralytc iran a2
Oiroz a7 a6 05 A VR TR
_ in %
20 (B) Cotdd drawn rom 19 to 89
R 10+ “\
e o
§o8 . \ o2
Sosf " o, s
& &7
5 e, H
§ " : 2%y
Sgzl T~
- SN 4 £
0 L e
0 02 2% 06

Ma %

A and B: Made from electrolytic iron with 0.05%
Al addition

C and D: Made from sand iron base metal with
0.01% Al addition

Fig. 2. Effect of Mn on the graph'itization
of high carbon steel.

(3) Cr o o

Cr i3 0°5~1°0% ODETHRILWEEDIDITOS L
BV 5NR Tk DD %7 Huges & Cutton® (MR EH
COWTOERICHE VT Cr PEM{LEBEIETSZ &2
TRUTz. F 7oA SEEAESLIE OIS O B kS O REaLIEsE
vk Cr S A§I & LT 0°15% BEAS/HE T IN
2 U B L B BEU 2, E7c Fe-C-Si

'><300(2‘)3)

1D E %4(2/3)

1A GS-253 Steel: 0.48% Mn
1B GS-234 Steel: 0.17% Mn
1C GS-162 Steel: 0.10% Si
1D GS-231 Steel: 0.011% P
1E GS-222 Steel: 0.055% P

Photo. 1. Microstructures (1A, 1B)and macro-
structures (1C,1D,1E), heated for 150
hours at 650°C after cold drawing from
10¢ to 8¢.
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GREEE S bVWREATWERS CrifFMCI D |
UsL<BHIEAEIESNS Z & 2RT.

(4) W,Mo,V RmMOEE

W,Mo,V i Cr U RILWERTRCTHY, T
AT 5 & BAAMOBAILEMIET 5 & L 23 X
ATHOIOD, Fr@Eko BHRIIEEEIET 52 EhMb
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Table 3. Chemical composition of steels tested.

Chemical composition (%)

Steel No. _ ‘
c L Si | Mn | P ; S Ni | Cr | Cu | Sn |sol. Allinsol.Al X Al | =N,
GS— 24 1+08 *28 42 1 005 | *013 tr tr tr tr *033 *004 *037 *0069
— 36 1+02 *26 *37 | *006 | *014 4 08 4 4 *030 *003 *033 <008
— 35 1+08 *25 *39 | 007 | *013 4 *18 4 4 *042 005 047
— 34 1+02 *26 <37 | *00%9 | 010 4 +28 4 4 *035 *005 040
— 33 1+03 *26 *36 | *008 | *013 4 *48 4 4 *036 *007 +043
— 51 1*0C0 | -*36 “36 | *008 | 012 ” *79 7 7 *038 004 042
G S—213 o *96 i 32 *H4 J *008 ! *013 tr tr 02 \1 004 *015 *003 *008 *012
—167 1°01 *30 *45 : *011 ; 012 ”

23! 45| -011 | *010
‘241 -45| 012 | *013

—141 1'00; ‘24 *45 ) *012 | “015

V
V4
V4

‘06| tr | *003 | °0i2 *002 ‘014 013
05| # *004 | -016 *003 019 *020
12 4 +004 | -015 *004 019 -021
*21 ” *003 | 012 *002 *014 *026

™~
<

©) itater quenttsed rom 870°C

=
e
T

B
Y

Graphite outon, %
o S
~N )

5

B A T A T ¥

2 % g o . g/) 23

1 @ Cold drasn 1rom 109 to 89 r %
®RAL R g () Cold drawn rom 0% to 89
8og
= §ot
8 < o
Sask\, gsocxt00n O il
g 5 200h
04 N . S
ga 21\ “\ Hede from efectretytic iron 0 ol % a a3
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0 = e SR S ‘
w2 24 0.5 05
Cr %

A and B: Made from electrolytic iron with 0.05%
Al addition

C and D: Made from sand iron base metal with
0.01% Al addition

Fig. 3. Effect of Cr on the graphitization
of high carbon steel. :
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¥X 650°C x100h hn#hi% o BEARFE O Hix 2o bh
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SAEEMIET 5. VIRInd RIS ik o B4a{b % Mk +
L{EMEZRH T B 870°C JkisH 650°C ey 17 A ak - Sy
Iix V 04089 ETixEMAb w4 555 V B h
DL s & Bt A RET 5 L S b. Vid
0'1% ETIIRBRILE (VC) 2WHeF 22 24
PACEE L CEMLEIELET 52 V BRonll bk
5 LIHRRILIE DL 5. VIZBEERMA L DD
VIEMD S\ DI RRIEL 75 0 ABEAKZOBIL
BUBLBLLAEEbDEEZBIS.

Table 4. Chemical composition of steels tested.

Chemical composition (95)

Steel No. : . | -
C|si|Mn| P | s |Nijcr|cu! W |Mo| V] Sn sob | msol-t s a1 | s,
GS—178 | 1-01f 31 | *43 | v010l 612 tr | o2 |tr | = | —| — -003] ‘010 002 | ~012 | +013
—218 "9¢ '27 | “50 | Q08| *O14, # | tr | -0l | “07 | — | — | *004 | *008 | *001 | ~0I0 | *015
—211 1 1°00; "29 ; 48 | -011 *013, # | -02| 02 | *14 | — | — | -003 | -009 | -002 | 011 | -012
—207 "94| ©29 | 48 | *009| *012] # | 02| -01|*23! —| — | 004 | -009 | -002 = ‘011 | -0l0

: [ i i ; T
GS—2i0 . <97 *28 | -50 H -013 0115 tr f 02 | tr | — |018 —| 004 010! +002| 012 | -011
: ; ! ! ; i
GS—158 106 "24 -47 -OI1 *012 tr|-01|tr | — = —| — 003 -016] -001 | -017 | ~021
—175 | *99 32 -43 -012 'oxsj # 10217 | — | — 008 -004 | 015 | *001 | *O16 ; *021
—260 | 102, *27 * *46 1 *O11 014 # | -02|-03|— | — | -14' -003 | “O16 | -001 | -017 | 008
—261 | 101 °29 45, -011] *013 # | -02)-03|— | — 20 -004 ! +016 | -001 | *017 | 013
—206 96 '32 48 013 Ol 7 |tr [0l |~ | — | +27,-004 -014,| 002 | -0l6 | *010
!

— 12—

P



EREFROBHMAM I IIITEERMITKEOEELCONT 503

_ Lgectop W Ettect of Ho Ejfectop V.
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Fig. 4. Effect of W, Mo and V on the:
graphitization of high carbon steel
made from sand iron.
(5) Ti, Ni, Cu ¥imno g
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Table 5.

,%VC“ 5) 5L & I X <§ﬂ ')OZI'L"C}S % @f‘ i 67—5 Effect of Tll-é’?ﬂ" p Ferect of M @ Efrect of Cu
y N N _ . " . 120 (A) Water quenched from SR [2¢ ; o A2 - ”
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Fig. 5 (A),(B) bi Ti OFELZRTHOT 0 Yoardz v o dzdy Yo ar 9z 0 @702 03
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AECERT D, BEAEREOBEDS Ti 201 Xal gt Sl V*"*'ﬂfw mf o m‘r Gt dep
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[ z BB A =3 S06F 5 v %
% LA B T8 % L B L3 DEEICET T 5. S e "355 \“\\ E,(Z §sTxt . S50 /50h
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TiC %2 Z DK CVIERSEE 0 ] N
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¥ % % % v %
Effect of Ti, Ni and Cu on the graphltlzatmn
of high carbon steel.

Chemical composition of steels tested.

Chemical composition (%)

Steel No. i i
C Si {Mn | P S Ni | Cr | Cu Ti | Sn S(Ai mi"l ZAI 3N,
G S —231 1°02 *29 46 | *011 *013 tr - tr s o —_ *Q03 | *017 | =002 ’019 *010
—177 1*01 =30 *44 | *013 | *012 7 *01 7 07 | 003 | *015 | *001 *016 | *019
—180 *99 *32 *44 | *014 | 011l 4 02 4 *16 | *004 | *013 | *001 *0i4 | *011
—205- 1+00 *33 49 | *011-| 011 7 tr 4 *24 | 004 | 014 | *001 *015 | 008
GS— 24 1408 *28 =42 | *008 .| *010 tr tr | tr ir *033 | *004 | *037 | 0069
— 66. 1°08 27 *35 1 <002 | <014 *17 01 4 7 *032 | 004 | *043 .
— 67 108 *26 36 | "003 | 014 =30 tr 7 . 4 *035°| *006 | *041
GS—213 96 *32 54 | 008 | *013 tr tr 02 005 | *Ql5 | 003 | *018 | =012
—215 *Q9 *28 =48 | *Q07 | *0O16 <21 4 *01 *004 | *014 | "002 | *0l16 *013
—232 i*C1 *28 44 1 -Q08 | <010 43 7 *01 003 | *014 | *003 | *017 |.*014
GS— 65 108 |. *26 “36 | 002 | *014 tr 01 *15 . tr *036 | *005 | 041
— 64 105 *23 *33 | 004 014 | . 7 tr *26 ir *034 | <005 | *039
—196 102 *24 44 | 009 | *O11 | # 02 ir *003 021 006 | *027 | *021
—216 1°00 *29 *48 | *007 | 012 - *01 =20 003 | 027 *003 *030 | *019

— 13 —
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Table 6. Chemical composition of steels tested.
Chemical composition (%)

Steel No :

C Si Mn P S Ni Cr | Cu Sn |sol. Al |insol. All 3 Al 2 N2

GS— 56 1°05 *25 *35 | *010 | *013 tr *01 tr *009 *034 *006 *040 *008
— 55 1°06 *25 36| "008 | *012 v *01 4 022 *040 *007 *045 *007
— 54 1°06 *29 *37 { *008 | *012 4 tr 4 *034 *041 *008 *047 |- =009
— 50 105 *21 *29 | *009 | *012 7 ” 4 =057 -038 *005 043 | -010
— 53 1°05 <27 *35 | *009 | 012 “ 4 4 073 *039 *007 *046 *008
— 49 1°05 =23 "33 | *008 | *013 4 7 4 *095 =037 *005 ~042 *007
— 52 1-02 "26 *35 | *0O1t | *014 4 4 4 *150 *039 *006 *045 +008

G S—158 1°06 " 24 *47 { 011 { 012 tr *01 tr | <003 *0té6 *001 017 | 021
—263 1-02 =25 *45 | *0t1 | *014 4 *01 *03 ; -0t1 *013 *002 *015 ‘011
—217 ~98 -28 *48 | *008 | *012 7 "01 tr J *029 *014 *004 <018 '

G H—231 1-02 *29 *46 t‘Oll *013 tr tr tr 003 | *0l17 *002 *019 <010
—222 "85 *28 *49 | *055 | *012 4 v .*01 | ~004 *020 *002 022 016
—221 *96 =30 *46 | *085 'Qll 7 02 01 | 003 ‘018 *002 *020 *012

r 8§n0°C , — .

//';L_(ﬂim Weﬂrﬁfﬂ'ﬂm : ity et ot gt FTEEZ D BVWRBADOPOEE Y TRTHDOTPAE L

R OPRe~. NG & o swt l rom %% —
Sosl . w“ w ﬁag_%’jfjﬁ 5% & BEMEAS AT DIIEE NS & & &5RF. Photo. 1
Sost 2t \mmﬂ, - §as~ ESUCI50h Eas-\ . 1D, 1EX 10¢ 8¢ 3N 650°Cx 150 h ks
= pal 2 CRaal Yt
o por ) G T OWET S oMEERT S OTP OGSV DI HES
02 -e/mj’n,;’;jc”’m \\ o2} \ Spafb
P : P ’ BRITE D DTS,
0 a0z 057 006 008 a7 03 0 aw wz 453 gan a5 @ ‘
. Sn % Sn ) £ % (7) Sb, As, Te, Zr, Bihnogs
o B) Cold drwn from 109 tv &9 % 0 (D) Cotd drawn gron X gl ) %fg d% from
%M G E AR g MR E R L LT Sb, As ORERMZTY, 7
s —ar, % : N Py . y
N s G IPH 047 \esovasson %ﬂ?'\,ﬂ%\ WEREE 2D bWicd DikowT Te, B Zr DR
£ 984 S 4l - 49 .
Eaz | 24 A\n\ §a5 » =9 Qs a0 WINETW T OREYHAAE L. Fig.7 (A) (B) 1z Sb
0 giz ot% absjmgg'/o 35 R o e ' DEELZRTHDT ShOMEFHEINC Y D B4 WS
- o ' :
Fig. 6. Effect of Sn and P on the graphiti- CHLMHIEENS. As i3 Sb izl 5’\5 & BEALIH

zation of high carbon steel.
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. Table 7. Chemical composition of steels tested.
Chemical composition (25)

Steel No. : T i
C | S |[Mo| P | S | Ni|Cr|Cu|Sn |Others |5 ™39 Izal| 2N,
GS— 80 |1°02| 24| 35| 010|013 -0t | tr tr tr | Sb 0-015| *027 | 002 | =028 | *009
— 79 | 1°05| 27| *35|-008|-012| 01| # ” ” # *03 | +028 | *001 | 029 | -008
— 77 | 1°05 | 23| *35| -009 | *013 | tr ” % 4 # *05 | *030 | *003 | *033 | *010
-GS— 76 | 1°16| 29| *35|-008|-013| tr | tr tr tr [ As -02 | -024 | *002 | *026 | *009
— 75 | 122 |. *28 | 38| -011|-014| # | # ” 7 # *05 | *023 | <002 | 025 | *009
— 74 |1°16 | *25| 49| -0l1 | 012 | # 01| # 7 #  *10 | *027 i *004 | *031 | *008
GS—158 | 106 | -24| <47 (-011|-012| tr | -01| tr | 003 Te — | -016] 001 | 017 | 021
—184 98 | *32| -45|-007 | *012 | # ‘02| # | 004 | # -037 | *012 | *003 | *0I5 | *026
—202 | 102 27| -48|-c08| 011 ]| ~# tr # | *003 | # <047 | *017 | *002 | 019 | *020
GS—243 | 1-03| -22| -45|-014|019| 01! -02| tr |-003|Zr -008 | -013} 002 | ‘015 | -007
—277 | 1*10| *28| 52| -013| ‘016 | tr *02| # | +003| # *+014 | *019 | "001 | *020 | *005
=279 | 1°02| -33 ) 44 |-014| 019 | 01| 02| O°1|-004| # +110] *019 | *002 | *021 | -C04
GS—233 [ 1°01| 27| -46 -010! -011 | tr ‘01| tr {+003| B -010| +017 | *003 | -020 | =008
—186 96 | 32| <46 +009 ;| 012 | 7# *02 | # | 004 | # -005| *006 | *002 | *008 | *019
—288 | 1°00 | -32| ‘46 °008 | *020| -02| tr *02{ *004 | # 015 | *OL1 | *001 | *012 | *006
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Ball-Bearing Steel Made with a Vacuum Induction-Furnace

Manabu Ueno and Hirvooki Nakazima

Synopsis:
In this report, the austenitizing behavmur and durability of the ball-bearing steel, made
with a vacuum induction-furnace, were researched by means of the Rockwell hardness tes-

ter, lineal analysis, X-ray integrated intensity method, electrolytlc isolation method and rapid
life- testmg machine.

The results obtained were as follows: ' .

(1) In the ball-bearing steel made with a vacuum induction-furnace, the gas contents and
non-metallic inclusion were very little in comparison with the air-melted steel.

(2) The austenitizing behaviour of the vacuum-melted steel was not different to one of
the air-melted steel.

-(3) The mean cycle to flaking of the vacuum-melted steel was superior to one of SKF
ball-bearing steel in the results of the rapid life- -testing machine, but its difference had no
reliability at 95 per cent confidence coefficient.

The standard deviation of the vacuum-melted steel was inferior to one of SKF ball- bearmg
steel. It is deduced from this fact that the content of non-metallic inclusions, which is consi-
dered as a main unfavorable factor of the durability of ba]l bearing steel up to this time,

may not be a main factor to fatigue.
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