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Inﬂuénce of Vacuum Casting on Quality of Steel.

(Cdmparisoh of vacuum-and air-cast steels—II)

Synopsis:

The vacuum casting is no cure-all, but has a number of advantages.

Tonoya SUzuki and Toshihiko Asakuma .

Following a through

twenty months experience, the followmg benefits were recognized.
(1) 60 % of hydrogen in stc_ael and 30% of oxygen were removed, but nitrogen content

would not vary appreciably.

(2) The vacuum pouring gave h}'gher properties in directions transverse to the direction

of work.

improvement was indicated in elongation and reduction of area on the vacuum steel.

It was noted that there was little or no change in tensile and ‘yield strength, an

Generally

properties of the vacuum steel had less variances 'than those of air ingots.

(3) Ultrasonic test had proved no internal defects. : )
(4) Microscopic study and sand analysis indicated the reduction of non- metalhc inclusions

by 30%.
in surface.

But porous or spongy surface by the spraying resulted in increase of sand marks

(5) The segregation was not materxally affected.
The dendritic structure had less growth by the vacuum castmg, and a ghost with _

microcracks was dissolved.

(6) The vacuum pouring had resulted in elimination of the secondary cavity with a

greater certainty.

(7) The vacuum steel had indicated a freedom from ﬂakes
(8) The heat treatment cycles would be reduced from a half to one third.
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Fig. 1. Mechanical properties of air-and

vacuum-poured Ni-Cr-Mo steel.
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Table 1. Mechanical properties of Ni-Cr-Mo steel forgings from air and
vacuum-poured ingots.
Heat No l‘ Yield strength ' Tensile strength Elongation Reduction of Impact value
i i kg/mm? | kg / mm? % area % kg -m/cm?
[ : P
a5 A 146°2 150°9 8°0 “ 1571 h 27
A 146°2 1502 94 | 22°8 ! 2"3
7982 A 143°2 1462 10*9 302 3°4
Vv 142+3 14679 11-8 28°9 3°1
70041 A 146°2 157°3 82 20°3 27
i v E 13874 146°2 12°0 30°2 2°8
Table 2. Mechanical properties on Cr-steel forgings from conventionally

and vacuum cast ingots (24 tests).

As quenched and tempered.

Air Vacuum
Properties “
Min i Max. 3; Avg. Min. Max. i Avg
Yield strength kg/mm? 88+7 1049 i 96°0 91+9 k 98° 1 947
Tensile strength kg /mm? 96°5 * 1137 1082 103°3 i11-4 108-4
Elongation 9 49 98 68 70 86 7°8
Reduction of area 10°2 125 11°5 10°5 1176 | 11°1
As annealed
Air Vacuum
Properties
Min. Max. Avg. Min. Max. Avg.
Yield strength kg /mm? 283 40°3 31+9 - 308 344 32°9
Tensile strength kg /mm? 61°1 864 67°6 621 64°6 62°9
Elongation % 60 16°5 12*9 14+7 164 15°8
Reduction of area, % - 7°5 13°0 10°3 85 9+8 90
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Fig. 2. Impact properties of air-and
vacuum-cast steels (Ni-Cr-Mo steel).
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Table 3- Comparison of mechanical properties
in a Cr-steel ingot, air-vs. vacuum-cast (7800-

kg ingot)
Properties Top |Midway| Bottom
Min. 93°2 887 887
. A Max. 1042 98° 1 104+9
Yield Avg. | .97°3 | 94'9 | 97°3
strength
k 2 Min. 219 910 922
g/mm® o | Nax., | 98°1 | 97°5 | 96°5
Avg. 951 94°3 944
Min. 104°6 96°5 968 .
Tensile A Max. 1137 112°0 116°*9
Avg. | 1088 | 106°7 | 108°2
strength -
k 2 Min. | 103'3 | 104°0 | 1069
g/mm? | o ) Max. | 11104 | 11104 | 109°1
- Avg. 108°9 1077 108°0
Min. | 98 | 100 | 12°6
A Max. 15°8 14*0 196
Elonga- Avg. 13°6 | 11°9 14°8
tion
% Min. 150 148 140
A\ Max. 1642 17°2 16°0
Avg. 156 16°0 150
Min. | 20°3 203 265
. A Max. 38+3 437 46°9
Reduction Avg. | 30°5 | 28'6 | 36°1
of area
% Min. 34°9 37°1 313
Vv Max. . 38°3 437 383
Avg. 37°2 404 34°8
Min. 33 37 27
A Max. 67 49 67
Impact Avg. 46 42 4°2
value -
ke-m/cm? Mni. 37 3°3 37
. 58 /e v Max. 52 5+0 4*9
Avg. 4+5 41 4+4
Table 4. Ultrasonic tests of vacuum-and
air-cast steel (Ni-Cr-Mo steel).
Air-cast
Grade Vacuum-
cast Jan., 1957 to| May, 1957 to
Jan., 1958 Sept., 1957
A 100% 83%, 70%
B 0] 2% 6%
C o] 15% 24%,
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Table 5. Depth of primary shrinkage pipes(mm)

Ingots | Air- |vacuum-| Ingot | Air- |Vacuum-

(kg) cast |[cast 1 (kg) cast  |cast
3000 250 . 250 6500 315 310
4500 250 |7 245 7800 - 310 290 .
5500 280 270 10000 250 235
6000 305 295 12000 260 235
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Table 6. Microscopic inclusions.

i
! A type B type
Ingot | ‘ .
| Cleanliness |Mean thickness(u)| Cleanliness [Mean thickness( )
. A 1+39 236 1456 4+01
Test ingot v 1+26 216 153 3494
A 2:05 3430 1°65 4°35
Top v 1*64 310 1+60 417
4°5t ~7°8t :
A 2-14 3400 1°60 4+03
Bottom v 191 2°93 155 400

Table 7. Comparison of sand from air and vacuum-cast steel (Cr-steel)

Heat No. | Pouring STa‘;fgl % Si0; % ALO; % | .FeO % MnO % | Cr:0s %
8273 A 0°01064 0°001%95 000417 0+00250 0°00072 . 0*00130

A% 0° 00909 000182 0+00333 0°00212 000079 0+00103

8276 A 0*01571 0° 00204 0+ 00659 0° 00492 000084 000132

A% 001137 0*00180 000474 0°00315 0* 00060 000108

8286 A 0°01799 000320 0° 00651 0°00380 0*00192 0°00256

) A% 000891 0+00167 0°00304 0° 00290 0°* 00065 0°00065

8294 A 002300 0+00383 0*00703 0+005%94 000398 0°00222

Vv 001929 0*00345 000621 0°00495 0°*00310 0°00158

Table 8. The number of the sand marks to converted into standard area (100cm?)
of Cr-Mo steel rods in the case of gradation cutting.

D; (110mmg) D (80mm ¢ ) D1 (60mm)
Symbol Number Total length Number Total length Number Total length
um mm mm mm
8818 V 720 12*30 1°20 0°90 2*40 2°00
8818 A, 2*22 4°+45 3°64 364 2°44 2°80
8818 As 290 3°53 596 - 6*55 7°85 9°02

Table 9. The number of the sand marks in inspected area (110mm ¢ X 1000 mm)
after cutting from a 125mm¢ bar of Cr-Mo steel.

Length %fmfhe sandi Vg Vg Asg Ay Ag Ags
* -
01 ~0°5 71~35°5 18~ 9 20~10 71~30°5 49~24°5 31~15°5
0°51~1°0 67~67°0 42~42 40~40 78~78 66~66 65~65
1*01~1°"5 10~20"0 4~ 8 8~16 11~22 6~12 1~2
1*51~2"0 5~10 3~ 6 4~ 8 2~ 4 4~ 8 3~6
2*01~3°0 2~ 6 2~ 6 I~ 3
3°01~4°0 3~12
4°01~5°0 1~ 5 2~10
Total sum 159~155°5 7I~81 | 72~74 | 162~134'5 | 126~113'5 | 100~88°5

* The first figure is the number of the sand marks, the second is the sum of each length.
Vg~ Vg vacuum, A30~A33: air.
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Table. 10. Sand marks of the rod from air-and vacuum-casting ingots

(Cr-steel).

Number of sand marks in the inspected area
Heat ' (419 min ¢ X 293 mm) [O] Total sum
. 0°10~0°20|<0° 21~ [0°31~0*40,0°41~0"50 . pPpm
No. <0*1mm mm 0°30mm mm “mm >0°51 mm Number | Length
8408 55 o} 4 11 3 . 1 58 74 12°2
8579 57 2 5 8 0] 1 _ 73 104
8314%* 15 1 8 2 1 1 20 28 60
8612% 7 0 4 1 3 1 31 16 55

* vacuum casting.

Sand marks of the rod from vabuum—casting and vacuum-induction melting.

Table 11.
Nimber of sand marks in the inspected area (165mm¢ X455mm) [0
Symbol . : 1
<0°08mm | 0°10~0°20mm | 0°21~0°30mm | 0*31~0°40mm | >0°5mm pp

1 — — 0 0 2

2 — — 1 0 3

3 — 2 1 0 0 \

4 — — 1 0 1 +30

5 — ‘ — 0] 1 1

6 — 1 1 0 0

7 3 1 0 0 0

8 20 5 0 0 0 7~10

7~8: Vacuum-induction melting.
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Table 12. Analysis of air-and vacuum-cast ingots (Cr-steel, 55 t).
C% | Si% ‘Mn% | Peo% . S9% Cr%
Ingot -f : - “ e ,
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.gMin. Max. | Min. Max.
Air 081 | 086 | 030 | 0°32 | 027 | 0°30 0-01350-018fo-011 0-013} 1*64 | 1*85
! , Lo
Vacuum 070 [ 0°92 | 0°24 | 0°27 | 0°28 | 0°2% 0'00815 0*017 0°014| 0°018| 1°65 | 1°78
: ]
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Photo. 1. Comparison of dendritic structure
in air-and-vacuum-cast ingots(1000kg).
Upper: air, lower: vacuum.
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Photo. 2. Comparison of dendritic structure
in air-and vacuum-cast ingots (5500kg)
Upper: air, lower: vacuum.
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