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Inﬂuence_;s of Cu, Sn and -Other Factors on the Hot Workability

(Study of the hot workability of special shape steel—I)
Eiichivo Asano Dy. Eng. and Akizi Suseki

Synopsis: .
‘Hot workability of rolled steel depends on many factors, i.e., refining molten steel, heating

ingots, condition of the rolling mill, impure elements in material, etc. Espécially, in the case
of the special-shape steel rolling, such as sash bars for build_in'g and rims and side rings for
ivhe‘els, 'high level material for hot workability is demanded, because of necessity to make
seamless skin and accurate size. The problem of material, principally the influence of impure
elements, is one of the most important theme among many factors in workability of steel.

In this report, studies are made on the influences of Cu, Sn, and other factors on the hot
workability. Methods to measure the workability are special h'ot—rolling test, hot-torsion
test, hot bending tést, hot up-set test, hot rotary-hammering test, sensibility test for over-
heating, sulfur-print test, and microstructure test, ’

In general, the material which shows low workability in these tests, also causes many seams
and small cracks on the surface of shaped steel, and is not avajlable for rolling production.
The special hot-rolling test and other tests for determining the workability show that either
of Cu or Sn as impure elements makes workability of steel lower. Increasing the content of
Cu (or Sn), Cu (or Sn) concentrating phenomena are found in the matrix metal just under
scale after heating (surface oxidation), through a microscope. Cu (or Sn)-concentrating phase
seems to be related to degree of seams and hair cracks on shape steel surface during rolling.
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Table 1. Chemical compositions of specimens.

]

J
Inspection after

Chemical compositions (%)

Mark . Shapes | Material “ - s ‘
rolling . e l'si Mo, P s |Cu S

. i | . J
R—1 No defect Billet Rimed steel (by open | 007 | 0°017| 0°39 0'023; 0°*046| 020 | 0*04
R—1 4 Sash bar| hearthfuriace) 0+07 | 0*01¢| 0*38 0.024i 0°034| 020 | 004
K—1 | Mary defects | Sash bar| Killed steel (by open ! 0-07 § 0+063}-0°44 | 0-013] 0°031| 0°32 ‘ 0-04
K—2 4 ” hearth furnace) 0-08 ; 0-080! 0°46 | 0016} 0°036] 030 | 0°06
K— 3 | Some defects Billet 0+10 | 0-088! 041 | 0°0L2{ 0*026] 0°34 | 0°07
EK—1 | Some defects Billet Killed steel (by open | 0°07 | 0°072! 0°40 | 0-019] 0*018 0*23 | 0°05
EK—2 7 Sash bar| hearth furnace) 0-09 | 0-084{ 0-41 | 0*020] 0008 0*28 | 004
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Fig. 1. The roll pass of the hot special

rolling test.
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Table 2. Chemical compositions of specimens for hot bending test and microstructure test.

Melting Chemical compositions % Purpose to know
- No. : - the i
furnace C | si | Ma] P | s | ca| sn| Fe he influence of
H 11 0.11 0.072 | 0.48 0.016 0.027 ' 0.34 0.28 C
- 12 ” ” ” " " { 0.41 ” u
13 ” n ” ” . ” t 0.71 ” o
14 ” 4 ” ” #” ) #” : 0.73 ”
S . ' ~ ~ —
: H 21 0.10 .057 .39 0.018 ; 0.022 . 0.34 : 0.07
Open 22 ” 0 ” 0 ” ” i # . 0.39 ” . Cu
23 ” ” o ” ” 0.57 7”
hearth 24 ” ” ” N4 ] ” ¢ 0.03 ”
H 31 0.15 | 0.158 | 0.43 | 0.021| 0.031] 0.28 | 0.07 cu
32 ” ” ” ” ’ ” 0.34 s
a3 . ” ” ” ” ” 0.61 ”
34 ” ” " ” 14 0.77 ”
E 11 0.20 | 0.194 | 0.48 | 0.024 , 0.017{ 0.30 | 0.06 ' Gu
12 ” ” ” ” ” | 0.40 ” .
13 #” ” ” N T 0.79 ” °
14 ” 7 # v 7 1 7 110 4
i ' . : -
i E 21 0.08 | 0.280{ 0.37 | 0.017! 0.010; 0.34 ' 0.05
Electric arc 22 ” ” ” ” ! ” : 0.43 ” i Cu
23 ” ” ” ” ” £0.72 ” ’
24 . ” ” v ” ” ' 1.01 ” i
E 31 0.08 0.057 0.36 0.020 | 0.011 ] 0.34 0.05 { C
32 ” ” ” ” ”, 0.43 ” u
33 ” Vg " ” ’” 0.72 ”
34 ” ”- ” 4 ” 0.64 I "
H 41 0.11- 0.057 0.39 0.018 | 0.022 ' 0.33 0.11 : S
42 ” Va ” ” ” ” 0.14 . i
. 43 ” ” ” 4 /7 ” 0.31
Open hearth 44 v ” ” ” S i 0-60
H 51 0.15 0.172} 0.39 0.021 | 0.024 I 0.23 E 0.08 s
52 Y u “ “ v 0.14 n
53 ” ” » ” ” e 0.34
54 ” " ” " v ; ” i 0.50
E 41 0.08 0.280 0.40 0.025 0.010 . 0.35 , 0.04 I s
42 P ” # ” ” 7o 0.09 - i n
43 ” ” ” ” ” ” T 0.25
44 ” ” ” ” ” ” ! 0.03
ic arc E . 51 0.12 | 0.231| 0.40 | 0.025| 0.042| 0.35 , 0.08 S
Electric arc. . 52 p o P P P PR Sn
53 Vi ” Vi /s # #” i 0.44
54 ” ” ” ” ” ” . 0.71
1
E 61 0.09 | 0.074 | 0.37 | 0.021; 0.013| 0.29  0.05 S
62 ” P ) v ” 0.14 o
63 ” /” : ” ” i ” ” L 0.47
64 ” - ” ” : ” ” . 0.87 '
E | oJe | 0200 | 045 | 0,037 0.016 | 0.28 . 0.60 l Sn
72 ” ” ” " ” » | 0.20 . .
73 ” ” #” ” ” ” v 0.33
74 ” ” v ! I ” I‘ ” . ” " 0.70 ‘
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© Table 3., Chemical composition of spe_cimeﬁs for hot-rolling test.

Melting " Nol L Chemical compositions Purpose to knovz
. | - e b
furnace | Cu j Si i Mn l P S Cu Sn the influence o
. [
) H 61 ! 0°10 0089 0-48 i 0019 0-037 032 009 Cu
Open hearth 62 ! 0+40
furnace 63 : 0°69
64 i 076
E 81| 0°20 | 0°184 0°48 Q 0+024 | 0°017 | 030 | 0-006 Cu
Electric 82 I *~ 0"40 L
furnace 83 i ’ ‘ 0°79
84 | ‘ | 110
Open hearth H ;; 010 .- 0-C88 038 | 0-022 0°025 O‘/,32 8;2 Sn
furnace ‘| .
73 | ﬂ 4 0+74
. E 91| 018 | 0240 046 | 0037 | 0-016| 028 | 0°06 Sn
Electric o2 . ” 0°20
furnace .
, 93 : | 7 | 030
. Table 4
. i ) . | Crack defects of the hot Crack defects of Crack defects of
Material ' Inspection S : special rolling test the hot torsion  |the hot bending test
Marks : after hape
(Melting ! rolling Part T Part S - -
. o] (o} [o] [¢] Kel o} O (o] Q [e] (o] (s} (o] o-
furnace) 1050115012501050115Q125o|9501050@1501250 850 9501050%250
R— 1 Rimmed steel [No  defects [Billet Alalojlolojo|lolOo|lajOo|—|—|—|—
R—2 | fitnacey + Sash bar| — | — | — | —|— —1O|A|AO|O|O|A|L
K— 1 | Killed Steel |Many defects | Billet XXX O| O |XX] O X IXX|[XX[XX| —]—]|—1|~—
K— 2 | (open hearth |Many defects | Sash barj — | — | — [ — | — | — | O] A X XX X| A | X |X X|X X
K— 3 | furnace) Some defects | Billet XXIXX|A|O XXt OO x| x| A|—|—]|—|—
E K— 1 | Killed steel |Some defects | Billet — =l === =10 x|*x|O|—|—|—=1]=
EK'—_2 (arc furnace) |Some defects | Sach barl A [ A | C | O O[O |O|A|AIO|O|O Al A
Amount of crack defects © None '

/A A little amount

X Appreciable amount

- X X Much amount
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~0°339% Ll b/ s e, 950°C DEEIITE A EHIT
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" Table 2 i RT B R DR ERIL D OEEIREIFRN
7 950°C- ~1250°C X 1h, X 1150°C O %2 h jjpzEk,
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S THEEL, X7 —VETF® Cu, Sn ORGREEC
XA L. FORERIT Table 9 R4 T, Cu
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Table 5. Crack defects of the hot-bending test influenced by Cu.

i Cracks on surface Cracks on surface
Material Mark | Cu% Material Mark | Cugsp
) 950°|1050°|1 150°|1250° 950°|1050°|1150°(1250%
H 1] o3 | alx]|x!a E 11l o3 |olalo|o
12 0-41 A X X[ XX ]XX 12 040 O X X O
. 13 ] 071 | A [ XX|IXXIXX 13| 0°79 @) X [ XX| A
madewith | H 21| 034 | A lxx|xx| A | made with| E 21| 03¢ | 'O | A | X | A
an open 22| 0°39 AN FPXX XX X an electric 221 0°52 O | X X A
: - 23| 0°57 A XX | XX | XX : . 231 0-82 O | X | Xx|xX
hearth 24| 1°03 | A |xx|xx|xx| fuarnace 24| 101 | O | X [ Xxx|XX
furnace - :
' H- 317 0°-28 @) AN O @) E 311} 034 O X X AN
323 0734 X X 1O | O - 32| 0.43 O | Al X X
33¢ 0-61 XXX X XXX, 331 0727 | O A | XX | X
34| 0°77 X XXX XXX 34 | 0-64 O | A X X
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Table 6. Crack defect of the hpt-bending test influenced by Sn.

! Cracks on surface 1 A Cracks on surface
Material ' Mark Sno, |- , ‘ Material | Mark | Sn% ‘ : -
: | 950°]1050° 1150°1250° ‘ 950°'1050°.1150°|1250°
4 . - ; i
H 41, 0°11 Al X | X A E 51 008 Ol A ‘ A | O
Steel made 420 014 | A | X |xx| x | Madebyan 521 022 | O | x (xx| A
with an 43 | 0°31 A | X | XX|XX| electric . 53 | 0-44 O | X i XxX| XX
an open ' 44 | 0°60 XXX XX XX e ce 54 | 0°75 O XXX XX
hearth H 51 008 | A| x| A!O E 61| 005 | O | Al OO
furnace 52 014 A X FAN X 62| 0°14 O X X A
53 0-34 . i A X XX XX 63 0-47 O X XX | XX
54| 050 , X | X ><><E><><‘
Steelmade | E 41| 0.04 | O | A | O | O | ’ E 721100 |O|lA|O]| O
with an 42 0+09 O X O O 72 0-20 O FAN JAN @)
electric ) 43 0+25 O | XX [XX|xXx 73 0+33 O x JaN AN
furnace 44 | 063 O | XX |IXX|XX 74 | 0°70 @) X X X
. Table 7. Relation between Cu content and hot shortness on the hot-rolling test,
i Rolling cracks on surface
Material Mark Cu% 1050°C 1150°C 1250?(;
Ty | Te | 8 | To | To| S | To| Te| S
51 0°32 A o . A | x X | x ®) @) @)
Steel made with an 52 0+42 X X X XX I XX X X @] O A
open hearth furnace 53 - 0°69 XX | X 3 XX | XX X X X X Pl
: ‘ 54 0+76 X X X XX i XX X X X ;X X
1 '
. o1 0-36 @) O O X A loX O O O
Steel made with an .12 0-40 X A X X A X O O O
electric furnace 13 0°79 X X X X X X X X X @) @) A
14 1°10 X X X X XX | XX | XX | XX | XX | XX

Table 8. Relation between Sn content and hot shortness on the hot-rolling test.

| o Rolling cracks on surface
Material Mark Sne;, 1050°C 1150°C 1250°C

‘ T, | T2 | $ | Ty | To| S | Ty | T:| S
Steel made with a | 3} o X |8 é% ‘ SVl B A Eg Eg Si
open hearth furnace 33 074 XX | x| x| kx| xx | xx > 5 B
Steel made with an 21 0°06 X X box | X A o| ol o
lectric furnace 22 0°20 XX X X | Xx i X | XX O o) O
electric u 23 033 XX | X X | xx | x X | xx | xx | xx
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Table 9. Relation between the amounts of Cu (or Sn) concentrated by .
oxidation and heating temperature

Fig. 3. Microstructure oxydized grain
boundary, .after heating at 1250°C for
th. (0°749, Cu) X170 (2/3)

Fig. 4. Microstructure of Sn-concentrated
phase, after heating at 1150°C for th.
(0°849;, Sn) X560 (2/3)
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[e)
Cu9 950°C 1050°C 1150°C 1250°C 1%02 ?1)
Material Mark (Sr(;)

) 90° 15° 90° 15° 90° 15° 90° | 15° 90° | "15°

Steel made with! H 11 | 034 | X o) X O x o) X X o | @

an open hearth 12 | 0°41 X O X ® | X ® X X X ®

Cu furnace 131 072 X O O A O o X O O A
Steel E 21| 034 | x X x x x | o] x | O] x O

made with an 22| 0°43 X X X X X O X @) X @)
electric fur- 23| 072 X O x @) x | O X O X @)

nace 24 1*10 O O X O X o X O X O

Steel H 41| 0-11 e O X |" X @) O X X O O
Made with an 42| 014 X O | X X O | @ X X O o
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Steel made with E 61 0:05 X X X X X O X % X [ B

an électric fur- 62 014 X 1 X A X9 X A x Q

nace 63| 047 X X X O X | QO x| O O O

64 | 087 P O X ® X ® X O O- [ )

X erennnens none, (O--:eee a little amount, @« appreciable amount, A---------much amount.

Fig. 5. Microstructure of austenite grain
boundary, after heating at 1150°C for 1h.
(0°7294 Cu) X560 (2/3)
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Ni-Cr RESICL LI TERORE
(BRI BT 5 EETHE LTORROERCDNT— 1)
M Ok E ET-k B
Effect of Nltrogen on Ni-Cr Alloys ,»

(Nitrogen as an alloying element in-heat-resisting materlals—I)

_qz***

Masazs Qkamoto, Dy. Eng. and Renpei Y0da, Dr. Eng.

Synopsis:

The effect of nitrogen on nichrome and Nimonic alloys were investigated. These alloys
were prepared in the following manners by using raw. metals of high pur1ty by melting
rapidly in a Tammann furnace: (a) melted in air, (b) melted in air and added _nitrogen in
the form of mitrided chromium. ! .

The nitrogen content of all alloys melted in air was in the range of 0°03~0- 049,N. Che-

-mical analyses of these alloys showed large amount of solpble nitrogen (soluble in hydro-

chloric acid: water=1:1) in nichrome and of ‘‘insoluble’’ nitrogen (insoluble in hydrochloric
Hence, nitrogen in the former
was presumed to be containéd.as solid éolution, and that in the latter as both aluminium
‘nitride and titanium nitride. ; . i

Small amount of nitrogen in Nichrome modified various ‘properties a little: it strengthened

‘the material without decreasing the ductility so much, increased the electrical resistance,
.decreased a temperature coefficient and increased the expansion coefficient.
‘nitrogen to obtain the sound alloy safely was presumed to be about 0°0559,N

The limit of

The age- hardemng of Nimonic alloys was promoted by a small addition of nitrogen, but
As the nitrogen content in Nimonic alloys was increased,
the alloys tended to show over-aging and to decrease both the high temperature hardness

-and the creep strength. The function of nitrogen was detrimental to Nimonic alloys. Its
vacuum melting was recommended for the purpose of preventing the melt from the contatni- -

nation by both oxygen and nitrogen.
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