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EFFECT OF CARBON, ARSENIC, COPPER AND TIN ON
TRANSITION TEMPERATURE OF STEEL

Hiroshz Sa'wamum Dr .Eng., Tcshzsada Mori, Dr. Eng., and. szohzlco F ujzta

Synopsis:

This paper gave results of U-notch Charpy tests which were carried out at several tempe-
ratures ranging from —80° to 400°C for the purpose of determining the 'effect of arsenic,
copper, tin and molybdenum on the transition temperatiure of dead soft steel and also
determining the effect of carbon and arsenic on the transition temperature of carbon steels.

The results obtained were as follows:

1) Carbon raised the fracture transition temperature of steel but in case of U-notch
- Charpy test it did not raise the ductility transition temperature such as that which was

defined by 15 ft-1b energy.

2) Arsenic raised thé transition temperature of steel, but arsenic less than 0°19 did not
change the transition temperature of steel even when it was contained alone in _steel or to-

gether with copper and tin.

3) Copper less than 0°35% does not change the transition temperature of dead soft steel
when it is contained alone in steel or together with tin and arsenic.
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43 Tin less than 0°19 did not change the transition temperature of dead soft steel when
it was contained alone in steel or together with copper and arsenic.

.5) Nitrogen in the form of aluminum-nitride, lowered the transition temperature and the
nitrogen not in the form of this compound seemed to raise the transition temperature of steel.
.6) The .effect of molybdenum on the transition temperature of dead soft steel could not

be determmed because the results of the experiments were at variance. ‘
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Table 1. Chemical composition.
T~ % l : ' ‘ | b { | l
T C § Si ( Mn P S | As! Cu!Sn Mo | Ni | Cr | A1l 30 | 3N
Specimens ™ 1 | i o i ! ; ! | |
7 V i 1
A0 | 006  0°25 " 0°42 | 0006 0-028 0018 0025 — . — | — | — 1001700075 —
Al ' 0°05 i 0°25 0740 | 0°006, 0°027. 0°35 ; 07025 —  — ; — ! — 0°028 — —
A2 | 0706 | 025 | 0741 | 07008 07027 0°61 | 07023 — = — | — | — | 0024 — | —
A3 1 006 ' 023 * 0°38 ' 0008 0°025 0°85 0022 — = — : — | — 10088 — -
Aa 0706 0°21 0°37 07008, 0°026) 1°07 ; 0°040, — . — ., — | — 10°015 — —
< T v ]
BoO 0728 | 0°04 " 0°25 - 0°029| O ozlt o011} 0036 — @ — | — ' — | — ‘oro0e7! —
B2 026 | 006 Q25 07028/ 0022 0°59'| 0°018] — = — | — | — | — | — —
B 3 0°24 | 004 . 0°26 | 0*029| O 020; 0790024 —  — | — | — | — | — —
B4 23 | 0705 ' 025 07032/ 0*022 1*01 | 0022 — — | — ! — —  — —
Do l 0'57 - 0°26 | 0°37 : 0-028! 0°020: 0-0l8l 0*018 — | — | — | — | — '070039| —
D1 1 0°56 ; 0°23 { 0°39 * 0028 0°022 0*34  0°017 — . —  — @ — = — | — —
D2 ©| 0*59 | 0°22 | 0*38 , 0*026; 0°018 0*54 0°0l5! — = — . — | —  — — —
D3 054 | 021 | 0°38 | 0°028' 0°018 0°87 ' 0°018, — | — | — | — | — = — —
D4 . 10°55:0°23|0°38 0°029 0°017 1°04 07020 — = — { — | — ' — + — —
E 0 085 | 0°30 | 0°43 | 0°024' 0°015 0°014! o'o14E — | — 1 — | — | — o003 —
E1 0°84 | 0°25 ; 043 | 0°024 0°017 0°34 : 0°014 — | — | — = — . —  — —
E 2 | 0°85 . 0°26 | 0'43 { 0°025' 0°014 0°54  0°014] — | — | — « — i — [ — | —
E3 0°85 | 027 | 0°42 | 0*025' 0°015' 0°8 0-015 — = = = — | — —
E-4 0'83 . 0°27 1 0°43 . 0°025 0°015 0°98 - 0°015! — | — | — — — | - —_
FoO 0°04 | 023 | 040 | 07008 0°017| 07002 0*07 * tr. | tr. | 0703 | 008 | 0*017/0°0073|0°0189
F1 1 0°04 | 0°21 | 0°40 | 0°008! 0°016| 07004 0°18 * tr. | tr. ; 0°03 ; 008 | 0°040] — —
F2 / 0°03 | 0°21 | 0°40 | 0*C08| 0°017| 0°C04] 0°18 0°06 | tr. | 0*04 | 0708 | 0055 — —
F3 0°04 | 0719 { 0°41 | 0*012| 0°014] 0°11 | 0*18 ' 0°05 | tr. | 0703 | 008 | 0°051[0*0062| —
F4 0°04 | 0°19 { 0°40 | 0°011{ 0°015{ 0°25 | 018 { 0°06 | tr. : 0°03 } 0°08 | 0*041] — ! —
Fs 0°04 | 0"21 ! 038 | 0°013) 0°017| 0*43 | 017 | 0°05 | tr. | 0°03 } 008 | 0°060 — —_
Fe 0°05 | 0723 | 0737 | 0°012| 07014| 0744 | 0°19 | 0°04 | 0°26 | 0°03 | 0°08 | 0°019| — —
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Table 1. Continued

F 72 0~=80°C DI A F A7 )b = — MITEED K7
A7 4 AEHAL L OWHETHBH 2B LT AT
% 12D R 2 LB 2 5 A Bt ET
BISEIRIT E A LT Ssec TH D1 COBRCI T
BRBE ORED(LEARRY. LA UTREL:. |

ABRBRRUER

BERECEE < DRSS Y, 117 L DOBERS
RENH DD TRIDNC LR EBHTH 5. Bl

IV.

.

% | ‘ . ’ . .y '
\ C Si Mn PY S As | Cu | Sn ‘Mo Ni | Cr. | 3A1'] 20 | ZN;
.Specimens ' ' ok : . s

‘ Go 0*04 | 0°18 | 0°43 | 0°008 0°014} 0°008 007 tr. tr. 0°03 | 0°07 | 0°Q17|0°@066|: —
G1 0°04 | 0°23 | 0°46 | 0°009%9| ©*017| 0007} 0*07 | 014 tr. { 0°03 | 0°08 | 0"036| — | —
G2 0°04 | 0°21 | 0°43 | 0*00%9| 0*016! 0°007| 0°15°| 0*15 | tr. | O°03 [ 0*08 | 0O*030 " — —
G3 0°03 | 0720 {-0°44 { 0°011] 0°016;-0°11 017 |1 0°10 tr. | 0°02 | 0*07 | 0°028|0*0055 —
G4 0°03 | 0°18 { 0*41 | 0°*011; 0*017| 0°26 | 0*19 |-0°11 tr..| 0°03 0°09 4 0°028, — —
G5 10°03|0°17 | 0°39 | 0*012] 0*016| 0°43 | 0*17 | 0*09 | tr. | 0"02-| 0°07 | 0°047| — —
G 6 ' 0°03 | 0°15 | 0°34 | 0°013| 0°016] 042 { 0*18 | O0*11° 0*31 | O"03 : 0*08 | 0*037] — —_
HO 0*03 { 017 | 0*33 I 0*008| 0017} 0*005| -0°07 tr. | tr. ' 0°0l | 0°06 | 0*008'C*0115 0°0173,
H 1 0°03 { 0°16 | 039 - 0*009| 0°015| 0°007|-0°35 | tr. | tr. | 003 {0°08 | 0°0231 — - | —
H?2 0°04 | 0°17 | 0°38 : 0°011].0°017{.0°005| 0*34 | 0" 14 tr. 0703 007 0‘038[ —_ Ce—
H3 0°03 | 0°18 | 0°35 , 0°011| 0°014] 0*10 | 0*33 | 0°11 tr. ! 0°03 i 0°07 : 0°0220°0036| —
H4 0703 | 0°18 | 0736 | 0°010| 0°015| 0*26 | 0°37 | 0*11 tr. ' 0°02 : 0°07 00200 — . —
H5 0'03 | 0°18 |-0°30 : 0°Ol1| 0°015 0°43 | 0°34 | 0°10 | tr. ' 0703 . 0°08 ! 0*024] — 0°0155
He6 0°03 | 0"15 | 0*27 | 0°012| 0*0l6| 045 | 0°33 | 0°08 i 0°28 t 0°03 ; 0*07 | 0°015, — i —_
Jo J 004 : 0°21 | 0°35 ! 0°009| 0°016] 0007} 0°07 ir. tr. | 0°03 i 007 0’009'0'0145 —_
J1 0°04 , 0°23 | 0°39 0011t 0*0l6, 0*Q05| 0°07 | 0O°05 tr. 0°03 g 0*07 | 0°045] — —
J 2 i0°04 | 0°23 | 0*39 +0°010 0°015 0007 0*35 | Q*04 tr. 10°03 { 0°07 0’045[ — —_—
J 3 | 0°04 f 0°2t | 0°39 : 0°0l11. 0’017‘; 011 |-0*36 | 006 tr. 0°03 ] 0*07 { 0°04110°0087| -—
J 4 1 0"04 ; 0°21 | 0°37 ! O'Oll! 0*016 026 | 034 | 006 tr. 1 0°03 ' 0°07 | 0*038} — | —
Js. 10%04'0°21{0°35 1 0°012' 0°016] 0*46 | 0°35 | 0°05 | tr. | 0°04 | 0°08 { 0°048] — | —
Je6 “ 004 l 0°18 | 0*31 | 0'012: 0'0141 0*46 | 0°35 | 005 |'0°30 | 0°02 | 007 O‘OZOi —_ _

Note. —: not determined.
Table 2. Annealing temperature .

Speci- Annealing Speci- Annealing Speci- | Annealing Speci- Annealing

mens temp. °C mens temp. °C mens’ temp. °C mens temp. °C
A0 920+0 DO 795+0 FoO 9162 HO 21840
CAL 920+0 D1 795+0 F1 9162 H 1 921+0
A2 918+0 D2 810 - - F2 9200 H2 92345
A3 218+0 D3 8220 F 3. 9222 H3 9182
A4 218+0 D4 8301 Fa4. 9210 H4 919k1
F5 9182 HS 91942

F 6 923+5 | He 9200, -

]

BoO- 8652 EO 7631 ' Go 92242 Jo 9180
B2 895+ 1 | E1 7631 { G1 9191 J1 9203
B3 91542 ! E2 765 : G2 918+0 R 920£0
B4 ..930 i .E3 77020 . i G3 92043 J3 91840
4 Ea4 7700 | G4 92040 J4 9192
i1 - - e i G5 92040 J s 2180
| I Ge 91840 Je 91941
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Fig. 2. Effect of carbon on the transition

temperature of plain carbon steel.
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Fig. 3.  Effect of arsenic on the transition
' temperature of .plain ¢carbon steel.
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Fig. 4. Effect of arsenic on the transition
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Fig. 6. Effect of tin on the transition
temperature of dead soft steel.
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form alumina.

Calculated value by assuming that 80% of total aluminum is combmed by oxygen to
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STUDIES ON THE HOT-WORKING STRENGTH OF STEELS (III).

(Rupture Characteristics)

Katsuro Inouye

Synopsis:

As one method of expressing rupture characteristics of steels, states of rupture can be used.

In this report, the author compared and studied the states of nominal stress- converntional
strain-curve and elongation percentage etc. described in No. 2 report, thus obtaining charac-
teristics of high-temperature high-speed deformation of various steels. ’

The y-a—embrittlement, the 900°C-embrittlement recogmzed in the course of these experi-
ments were also made clear. :

By performing high-speed tension test at the super-high temp. of 1250°C up to the melting

point, the author further
decrease until it reached the melting point.
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discovered that deforming resistance uniformly ‘continued to
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