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STUDY ON BLOWHOLES IN IRON AND STEEL (V)

(Some Examples of Blowhole by Hydrogen)

Takehiko Fujii

Synopsis:

Blowholes in iron and steel are presumably due to CO, Hg, N2 gases. In killed steel, so far
as deoxidation is done fully, the pressure of CO gas in molten steel is very low and H,, N,
gases may become a cause of blowholes. It was expliained in Report IV (Tetsu-to-Haganeé,
May 1956, Vol. 42, pp. 391~397) that when the H; content was less than 8 X10+49, H,, hydro-
gen was not the main cause to blowhole formation if the molten steel was deoxidized fully.
But in steel castings or large killed ingots, blowholes often grow in killed steel even if
hydrogen content is 3~5X10-4%. Accordingly, to make clear the cause of blowhole formation
in steel castings or large killed ingots, some experiments were done as follows.

1) The same molten steel was cast in steel mold and sand molds. These patterns were all
of the same size and form. Sand molds were heated at 100°C x 2h, 300°C X 2h, 700°C % 2h before
casting. These cast samples were cut and analysed w1th a vacuum cutting apparatus and the
results obtained were as follows.

a) It was made clear that moisture of sand molds was decomposed and became a cause of
blowhole formation and in this pattern, heating temperature of sand molds at 100°Cx2zh
was not sufficieat because of hlgh hydrogen content in the sample. ’ .

b) When sand molds were, left long from molding to casting, the moisture absorbed by
sand molds from atmosphere was decomposed in casting and became a cause of blowhole for-
mation.

2) Cylinders of 50¢ X 200mm were taken from the center of a 12 ton killed ingot, and
analysed with a vacuum cutting apparatus, and the discharged gas was measured at room
temperature. The results were as follows. ‘

a) Discharged gas at room ‘temperature was mostly composed of hydrogen and the diffu-
sion constant of hydrogen was of the order of 10-7. :

b) The hydrogen content in the center of large ingots was calculated from the diffusion
constant as well as the results analysed with a vacuum cutting apparatus. The results obta-
ined showed 12~15x1074% H;, and these pressure in 4 -iron was higher than 1 atm. and
was possible to become a cause of blowhole formation. '
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Table 1. Analysis of gases from cast $teel by vacuum cutting (I)
(change of gas content with different heating temperature of sand molds)
(a) Vacuum cutting. '
: Total CO. Oe H, l . CO N, l
Sam-: gas , = ; :
ple cc/ icc/ |vol. cc/ |vol. cc/ [vol. | wt |cc/ !|vol. cc/ |vol.:
. 100g 100g| % 100g| % 100g| % . |X107% 100g: %  100g| %
: B Steel mold
B15 1009} — ’— _ *" ) o T — o no analysis
oA . . . . . . . e1a ] ape . . Sand mold
B17 | 0°44 | 0°00 | 0°0 0°00 | 00 0°30 | 68°2 | 0°23 | 0°16 ‘ 36*7 { 0°00 | CO*0 100°C x 2h heating
. |l aea . . . . . . . . . . Sand mold
Bi18 | 0°38 | 0*01 | 0°3 004 | 1°0 0°34 | 895 | C*25 | 0°00 | CO*0O | 000 00°0 300°C X2h heating
. . . . e . onen | Ae oA . . . Sand mold
B19 | 0°40 | 0°01 | 0°3 0°02 |05 0°*36 |{90°0 | 026 | O OO 00°0 .O 00 QO 0 700°C X 2h heating
(b) Exﬁ;us’ion from chips at 800°C ‘ ” o
Total H, o Total H, Total H,
Sample | - gas - (cutting X extru.)| (cutting+extru.) | Chemical analysis
wt
: cc/100gicc/100g| vol.% 7 cc/100g X 10749,
) X 1074%
Bi5 | 562 | 210 | 3676 1+64 2*10 1°64 C; 0°57%
© 2. . vgd . e Si; 0°52%
B17 6°1i1 . 364 596 2°84 394 ‘3 07 Mn; 0°23%
Big 509 | 2767 52*5 207 3-01 232 P; - 0°0259%
Bi1o-| 473 | 267 | 56°5.| 2:07 3+03 273 S; 0'018%
- Table 2. Analysis of gases from cast steel by vacuum cutting (1)
, (Change of gas content with different times from molding to casting)
(a) Vacuum cutting ' ‘
Total . COz 0O, H, - Co N,
Sam- | gas .S - - Wi T
ple | cc/ |cc/ |vol. |cc/ | vol.|cc/ | vol % 10~ cc/ wol. | cc/ |.vol.
100g| 100g| % | 100g| % | 100g| % o |100g|" % | 100g| %
i v : Steel mold
B11 | 220|001 | 06 7| 0°01 |06 1°81 [ 82°2 | 142 { 0*35 | 15°1 | 0O*00 0°0 |{ Electric furnace
' cast steel.
) . Sand mold 300°C
. . . . . . . sE4 'O - . . % 2h heating .
Bl12 | 2748 | 0"00 | 0°0 000 | 0*0 1°97 | 796 | 1 5Af i 0°50 | 20°4 | 0°00 0-0 Electric furnace
i ¢ cast steel.
' - : i : . Steel mold
B13 | 0°54 | 0°00 | 0°0 0°03 | 6°0 0.45 | 84*0 | 0°35 | 0"04 80| 0°00 00 |{ High-fre. furnace
g
. ; ' cast steel.
i Sand mold 300°C
. . . . . . 85 25 | Ay . . . % 2h heating
B14|3°56 | 0700 | 00 | 0°02 | 0°5 | 2794 | 82'4 | 2°32 | 0°01 | 03 | 060 | 168 [ az o " od o
i ‘ J : fre.fur.cast steel.
(b) Extrusion from chips at 800°C
: Total H, Total Hy ‘Total H, " Chemical analysis
Sample | gas . " wit " |(Cutting+extru.)|(Cutting +extru.) .
Icc/lQOg. cuc;/IOOg vol.%, X 10-495) - cc/l00g X 10'%% %
B11 ‘} 1306 | 4'54 | 34'8 | 363 | 635 I s0s C; 040 RO
B1 | 7°50 . 3'30 44‘0 2°65 ; 527 | 4'1? S; 0019 Cu; 0°24
Bi3 ' 9:25 | 4-58 | 49°5 | 383 - 5°03 4°18 1‘3,;“9'5‘?64511;.05?:%23
Bi4 110°17-| 4'37 © 4875 | 3'46 7°31 - 5°78 S: 0-014 Cu; 0720
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Da Total gas CO; " CO Hg Ny H, H; wt? {. Room Atm.pres.
vay cc - cc - - cc cc cc cc/100g X107%" | temp.°Ci mm Hg
1 072 0+00 . 0°00 0766 © 006 0°0190 176 15 768
2 071 0°00 000 0°71 0*00 00221 1°99 15 769
3 070 - 0-00 0°*00 069 0°01 0°0198 . 178 18 765
4 078 0°00 . 0°01 - 0*76 001 00219 . 197 —_ —
5 0+84 0°00 . 000 0°+75 0°09 0+0214 1°93 15 766
7 066 0*00 000 - 066 0+00 0°0196 1°76 13 770
8 064 0°00 0+01 061 0°+02 0-0178 1°60 16 767
9 0°74 0°00" 0°00 0°73 0°00 | 0-0221 1°99 16 767
10 074 000 0°*00 0*75 c*0l 00215 1°94 19 771
11 077 0°00 0°00 069 c-08 0+0197 1477 18 771
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Table 4. Analysis of gases from forged steel by vacuum cutting.
.(a) Vacuum cutting ‘
Sample Cutting ggtsal €0 O . H, co
. day cc/100g|cc/100g!| vol.% [ccf/100g| vol.% |cc/100g| vol.% 'Ang'ﬂ%cc/lOOg vol.o,
! -
1950
No. 1 107 2°02 002 09 0°02 09 164 80°9 1°34 0-37 17-0 -
' 1950 . :
118 139 0-02 44 0°00 0°0 127 914 106 015 10-8
1950 :
No. 2 10°16 158 0°01 0-9 00t |. 0°3 1°44 912 112 0-11 7°5
: 1950 : : .
112 106 0'01 09 0+00 00 0°94 887 0°81 014 13°2
(b) Extrusion from chips at 800°C
T H, Total Total
Cutting otal H, H, .
Saraple ‘gas wt (Cutting (Cutting C/utié)ttlglgé—lz
day cc/100g | ccf100g | vol.% X 1042 +Extru) | +Extru) 2
- | cc/io0g X 10749,
1950 '
No. i 107 7°18 2°58 35" 211 4+22 342 38°9
: 1950 . ) )
11°8 2°44 115 472 0-94 2°42 2°00 52°5
7
1950 ..
No. 2 10°16 " 552 3°30 596 T 266 4-74 378 30°4
: 1950 . “ ~
-2 . 3°69 1+40 3870, 118 2+34 1499 40°2
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Fig. 8. Comparison of hydrogen content deter-
" mined by vacuum cutting method and
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BHTH 5.
Total hydrogen in ingot center (calculated)
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