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degassing of steel is appended.

Mines Branch Research Report R 47.

VACUUM DEGASSING OF STEEL. PART I: LITERATURE
" SURVEY, AND PRELIMINARY WORK?¥

by
D, E. Parsons™ and W. A, Morgan***

ABSTRACT

This report discusses methods and equipment used for

vacuum degassing and vacuum casting of steel on an industrial
scale in the U.S. A,, Germany, and the U.S.S.R. The production
of degassed alloy and carbon steel ingots up to 350 tons in the
U.S.A. and Germany is reviewed,

German, Russian and American ladle-degassing techniques

are compared. The deoxidation of open hearth or basic bessemer
rimming steels, for use in the production of killed steel rails,
silicon transformer sheet and forging ingots, is discussed. A
summary of published test results includes gas contents a.nd
mechanical properties of vacuum degassed steel,

An experimental 500-1b vacuum stream degassing unit, in

service for about 6 months at the Physical Metallurgy Division,
Mines Branch, Department of Mines and Technical Surveys, Ottawa,
is described and some preliminary results of the effect of vacuum -
casting on gas content and tensile ductility of carbon and chromium-
molybdenum-vanadium steels are presented,

A list of references concerning vacuum casting and vacuum

*A summary of this report was presented at the Annual Meeting of

the Canadian Institute of Mining and Metallurgy, Montreal,
Quebec, on April 14, 1959, by permission of the Director, Mines
Branch, Department of Mines and Technical Surveys, Ottawa,
Canada.

* . s s ke .
* Senior Scientific Officer and Head, Ferrous Metals Section;

Physical Metallurgy Division, Mines Branch, Department of
Mines and Technical Surveys, Ottawa, Canada.
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l DEGAZAGE SOUS VIDE DE L'ACIER. PARTIE I:
RELEVE DES OUVRAGES PUBLIES ET TRAVAUX PRELIMINAIRES

R s

*

\
! ' par
t
A

Ao
MM. D.E. Parsons et W, A, Morgan***

o T mELT -

o S

RESUME

|_a- R

Dans ce rapport, il est question des procedes et des appare1 s
de dégazage et de moulage sous vide de I'acier, employes a 1'échelle’
industrielle aux Etats-Unls, en Allemagne et en URSS. On passe en }
revue la production des lingots en acier a111e et en acier au carbone,

dégazés, pesant Jusqu a 350 tonnes, aux Etats Unis et en Allemagne.

e . . A I S -

i Le rapport établit la comparaison entre les techniques

! allemande, russe et américaine de dégazage de la poche de coulée.
{ On y traite de la désoxydation des aciers sur sole ou des aciers
basiques effervescents Bessemer, destin€s 3 la production des rails
en acier calmé, de la t8le d'acier pour transformateurs au silicium,
et des lingots de forgeage. Dans un sommaire des résultats publiés
des essais, on donne entre autres les teneurs en gaz et les propriét
mécaniques de l'acier dégazé sous vide.

e o aar RIS T T MR AT

o™
~-.r.;,‘,;;‘m_ ey

Les auteurs décrivent un appareil d'essai de degazage par _]et
sous vide, pesant 500 1liv., en usage depuis environ 6 mois ala
Division de la metallurg1e, D1rect1on des mines, ministére des Mines
et des Relevés techniques, & Ottawa. On fournit certains résultats
‘préliminaires de 1'effet du moulage sous vide -sur la teneur en gaz et
la ductilit€ d'aciers au carbone et au chrome-molybdéne~vanadium.

e R Cma T LM wA TS & e €n DGk . 8 ey

L'appendice énumére des ouvrages de référence traitant du
moulage et du dégazage sous vide de 1'acier,

*Avec la permission du chef de la Direction des mines, ministére
des Mines et des Relevés techniques, a Ottawa (Canada), on a
donné lecture d'un sommaire de ce rapport i la réunion annuelle
de I''Institut canadien des Mines et de la Me'tallur‘gie, a Montréal
(Québec), le 14 avril:1959,

>k*Agent scientifique senior et chef de la Section des métaux H
|

e A -

TP

eskeok

e pE T

ferreux, Division de la metallurgle physique, Direction des mines;
ministére des Mines et des Relevés techniques, Ottawa (Canada).
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INTRODUC TION*

st

: <Tllls_ report:will present a brief review of the literature
S

e

pertaining to vacuum casting and vacuum degassing techniques in

e AT T T

current use in the U, S, A,, Germany, the U,K, and the U, S, S.R. for

the elimination of flaking and hydrogen embrittlement of steel, De-
gassing is widely used for the production of steel forging ingots, and

is used to some extent in.the production of heavy section castings.

Further applications of vacuum degassing in Russia and

R XUET, ST 4

Germany, for the conversion of open hearth and basic bessemer
‘ grades of carbon steel into transformer sheet or killed rail steel,

{ are discussed,

—————

Sk D>

chnical Surveys; Oftawa. This equipment has be

(ment_of M if%ge s and T

NN
T TN Y

operational for about six months and, while tests are incomplete,

i :
| some preliminary results on500-1b steel melts will be mentioned.

TYRES OF, DEGASSING EQUIPMENT 7 " 7 /7
AND 'METHODS OF DEGASSING
Four methbds of vacuum degassing which are in large-scale

industrial use are illustrated schematically in Figure 1.

A'description is also given of the vacuum stream .degassing unlit

<which_is_in use. a.tvj_:he EhVS_‘LcallMétallLl rg th1v1 s 1,01:1,<M:~Lne' s B%anch,MD 2part

en
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Method A
Method B
{ Method C
Method D

(1),,

Figure 1. - Four vacuum degassing technlques £

Ladle degassing.

Vacuum stream degassing,

Pipette degassing by lifting.

Continuous degassing by the
syphon method.

Other variations of these four basic methods have been.used
on a laboratory scale. For example, early work in Russia was done
by use of a,collecﬁhg’ hood placed directly over.the ingot mould., ‘Since

this time an industrial application has developed where 150 tons of

1y and a system analogous to method B is used without a separate

ivacuum chamber, This technique is illustrated in Figure 2,

steel in the ladle is. sealed directly on top of the mould hot top assembi

T
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Equipment
for pouring large
ingots (Lenin Works
in Pilsen),

s s

(2)(3)

Figure 2, - -Russian degassing method with ~—
: & ladle sealed directly to the mould,

A subsequent varia;tion_of method A, Figure 1, used in :Germap.y
and Rus svia;, left a sealed po;l_'rt, thr ough.which me't{éi?fgcbﬁld be poured,
at the top centre of the lid and moved the pumpin‘g po:r:f to.the middle
-ofjthe side section, This modified vacuum tank for ladle degassing

is illustrated in Figure 3,
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Figure 3. - Ladle degassing tank with hinged lid
and vacuum port in the centre of the
lid. (%) 3 -

L

(1) Ladle Degassing ~ Method A, Figure 1,

The ladle degassing method A, in Figure 1, illustrates a .
,te‘chniqﬁe for vacuum-degassing of metals which, in one form or

another, has been used since 1893, The method was revived by the

this method is being used in the U,S. A., by AF1 N a Sons.

. s
© TrerE e

the production of forging ingots and heavy .sectian'ci;}?s_»ﬁn'gg; In Russia,
ladle degassing is used for the production of large tonnages of trans-

former sheet, for rail production, for alloy constructional steels, and
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for the production of forgings., The transformer steel applicationéé)n)_/)

1

may be classed as a vacuum refining technique dependent on slag

reactions, whereas rail, alloy steel and degassed forgings involve

deoxidation and degassing in.the more familiar sense,
Thermodynamically, the solubility of hydrogen in molten steel g'

. !

is pressure-dependent, according to the Sievert.relation H = K\, pHg_
k
]

|

The efficienéy of hydrogen removal, however, is controlled by

S s wtbn | et S i A T MR P

kinetics, and all the successful methods seek to improve degassing

rates,

' L §
the metal at this depth is subjected to 1 atmosphere pressure despite |

exposure of surface métal .fo high vacuum,
For effective ladle degassing, stirring is necessary. This

is usually accomplished, in steelé.which have not been aluminum
killed, by displacement of the carbon-oxyggn equilibrium at reducedl
pressure, The resultant evolution of CO agitates the r;letal, exposing
new metal by vacuum. When the steel is returned to atmospheric
pressure for solidification, effective deoxidgtion of the metalby'
carbon has been accomplished without retention.of deoxidation product

in the steel,

This technique is used in Germany and Russia for treatment

-
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'. production of transformer sheet, and from higher carbon levels

0.030%: respectively. Sulphur reduction from 0,00 7% to about 0, 003% *

of unkilled basic bessemer steel, from the 0, 1% carbon levelfor the 4

)
!
!
|

(0.5%) for the production of killed and degassed rail steel, ﬁ
. b
In the application of degassing to transformer steels, the slagg

!
is allowed to remain 6én the metal and act as an oxygen reservoir,

Application of vacuum, atpressures of 30 to 35 mm, results in a boil

which reduces the oxygen and carbon contents to about 0, 004% and

ks

occurs When the carbon monoxide ev,plut'ion mixes the metal and the
basic élag. %
Historitally, Russian development work sfarfed in 1940, 'when‘
tests were carried out using either a 16-ton.ladle sealed.in a vacuum
pot‘(Met-hod A, Figure 1), or a gas-collecting hood placed over a 4-

ton ingot mould, The test apparatus(} used for collectin as above
PP 4 g B

the ingot inouldﬁ is illustrated in Figure 4,

s T E o
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i - Figure 4. - Gas-collecting hood placed above
the mould.

Tests weré carried out at the Ye naidevsky metallurgical plant
where bess&ner steel was vacuum treated in a 16-ton ladle or in a 4-
ton ingot mould. Three melts of rail steel and seven melts of othe';r
‘steel were treated in the ladle, and seven melts of rimming steel
were treated in the ingot mould. Vacuums of ?O-to 100 mm Hg weré
the lowest which.could _b_e controlled., Treatment ti¥ne in the ladle
was 12 to 14 min; in the ingot mould, 25 to 36 min, After vacuum
treatment the steel was teemed in air,

The rimmed steel then acted like killed steel and solidified

’ e
|with shrinkage. The ingots were rolled to billets 1/2 in.x 3/4 in.

S e
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Ix 6 in, Analyses showed that the oxygen contents of converter steels

i

l

]

|
|

iwere reducedto; about.rl'\/:_4 to :’"_1'/_1.0fgthei‘-fépxgi;g’;iqna-.l_}v'al&eﬁs;'.g,i_ri_‘;some.",.,' ‘

: melts,

-kept there for 10 min at 30 to 35 mm Hg .

instances to 0.004%,.. The nitrogen content of bessemer steelwas

also reduced by 30%.to 50%. No gas bubbles were observed and no

AT L S L T T, + PUA TR

sulphur segregation of the rimming type was observed. The distributi;on

of carbon, sulphur, pho’sPhoruf‘s, nitrogen and oxygen in the ingot
was very uniform, Thus, killed quality rolled bar stock was obtained R
from bessemer rimming grade steel, A !
At the Dneiprospetsstal plant, vacuum .chambers resembling
the one illustrated in Figure 3, with provision of a seal so that molten

metal may be transferredfrom a ladle outside the tank into another

ladle held} inside the tank, are used for treating 253ton arc furnace
Usually, a ladle filled with steel is placed in the chamber and

The output of this plant is maiﬂy used for transformer sheet. |
Vaquum treatment is intended to reduce watt losses and to increase
piasticity. All other things being equal, the improvement of electrical
propertiés. of the transformer steel is due to reduction in its content
of impurities such as carbon, sulphur and oxygén. Elimination of
these elements is facilitated by high liquid metal temperatures, but
casting of.ove:éheated metal results in unsound ingots unless' vacuum
degassing is used. It has been reported that after degaséing these

steels can be continuously cast.
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Before degassing was commenced the average carbon contents

‘were of the order of 0,04 - 0.09%, and not less than 0.007% sulphur

VPO —

was present,

contains less than 0,03% carbon and 0,003 - 0,005%. sulphur., The

!',oxygen content is reduced;’iby 1/._2{1:0’ 2/3 ‘Of‘dité::gii—é-inalt \falue;m .
3 | Figures 5 and 6 illustrate ;rnqnency curves for final carbon
and sulphur.nontents. Figures 7 and 8 illustrate the mégnetic induc-
tion ,and-thStevre s;is;loops, respectively, for vacnum Ai,ndtli‘cti‘on melted -

steel.

for ladle.'de gassed meta‘l,";;‘e)

100
{ -~ UNEXPOSED T0 VACUUM -
: —— EXPOSED TO VACUUM
i
80
o 4
o 60 e
L /7
=z 4
L 7/
> rd
= /
L 40 ~
. }y
Vd
v
Vd
20 : 7
rd
rd
‘I//
02 03 04 03
CARBON. %

-

# Figure 5, ’;- Carbon content of transformer steel
(ladle deg:assed steel) (6 ) TR

/e
<

_After vacuum treatmient almost all the steel produced 5~

(Data similar to those shown in Figures 7 and 8 are not availab

]
:
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Figure 7. - Reduction in coercive force obtained in
vacuum. {h&iﬁctidri_.mél-te'd.;t:r-arisfdrmér -
steel.vs: air melted transformer ste e‘l.(j_é)/;;‘/
Melts 1-5 are vacuum melted, melts 6-9 ~
are air.melted,4% silicon-iron alloys.
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Figure 8, - Hysteresis loops, air_.melted silicon
transformer steel vs.vacuum&,mductlon
.melted. transforme,r steel Melts'1-4
are air’melted, melts 6- 9 are vacuum
induction melted, 4% silicon-iron alloys (6)

v

The reduction in carbon, sulphur and oxygen.contents of
'é transformer steel contributes to consider_able improvément of steel
plasticity and makes possible cold .r.olling of the steel with hi.gher
!content' of silicon, Watt losses were decreased by 20 25%.

While the low carbon, sulphur and oxygen contents in.4%
silicon transformer steel can also be attained by appropriate hea;t
!treatment of sheets made of this steel, it'is easier and cheaper to
ftr-ea.t steel with lower contents of the impurities mentioned, énd the
use of vacuum .allows considerable re‘du;ttion in melting time.

At this plant, also, the tendency of chr orr;ium-nickel con-

struction steel to form flakes and hair line cracks was controlled by

vacuum removal of hydrogen, The same degassing chambers were

ltused as for the transformer steels.
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Before treatment, out of 50 heats, 35 had hair line cracks,

e s R

After treatment, out of 41 heats, only 13 had hair line cracks and the '

extent of the latter cracks was reduced;’so that wastage of alloy ¢

construction steels was almost completely eliminated,

i Good results were obtainedin vacuum treatment of chromium

|
|

stainlessgf‘s,,_t'eels.- Bonus effects were additional purification from

N

sulphur, and more complete chromium recovery, from result;é.nf’; mixin
nyd

/
[EPNS
”o 7

'—“wm"' [P

of the slag and metal,
At the Dzerzhinsky plant the change in hydrogen content of f
basic bessemer steel before and after ladlectreatment was studied, ,

Here, when producing rail steel frompig iron, the blast is stopped .

at a high carbon content, and the metal is deoxidized and cast into

-moul'gif’s. The preésure is reduced to 2to 10 mm Hg in 4 or 5 min, The

total ladle exposure of 18 tons of metal does not exceed 15min, After

Data reported for 15 melts treated at pressures of 2to 11 mm Hg

(average 6 mm) gave average hydrogens of 4, 2 ppm before and 2 ppm

jafterwards. Oxygen contents (average) were reduced from 0.0049%

to 0.0019%. These results are shown in Table 1.

TABLE 1

Gas Content of Rail Steel

e TR IS T v

treatment the steel is air{)cast in moulds and used for rail production, |

) Befdre After -
Hydrogen range?: 1.9 /6. 8 ppm | 0,6 2.,3'7 ppm (15 melts)

‘Oxygren range
, _ |

l

0.0030/0.0071% | ,0.0009/0.0015% {11 melts) |
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g Figure 9 shows gas reductions for degassed bessemer steel.?

I ]
" w i 3 GAS CONTENTS IN J
> 0 v By Lioie | |
: 4035 . VACUUM TREATMENT 1
2 L I O T :
%‘ “ g | v
w = ;
0nf5 = :
100 LK E ‘
0o E : :1

237% 2005 20154 0306 70495 20839 3010990207 3021 30506 3052 |
EXPOSED TO0 VACUUM UNEXPOSED TO VACUUM

—

Figure 9. - Oxygen and mnitrogen .contents of basic
" bessemer steel, )‘//

At the Pilsen Lenin Works, tests 'were carried out in:1955

: which led.to .erection of a vécuum casting plant where the ladle was

i sealed directly to the mould as illustrated in Figure 2. This equip-
ment was used for the production.of ingots up to 120 tons, Provision
was also made for vacuum ladle treatment of 55-ton batches.of alloy A
steel, intended for castings, bj sealing the ladlé with a gas-~tight lid.
The purnping_cai:aéity was 1000 cfm at I mm or 600 cfm at 8 mic?ons.
Comparison of vacuumvs.air ;:ast metal was facilitated by use of a
ladle having two pouring nozzles., Hydrogen reductions of about 50.%

.were reported, Steel, treated, was produced in a 55-ton acid open’

| hearth furnace by the siliconreduction process from _liquid steel
| , _

o . i - : |
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{ taken from 55-ton basic openhearth furnaces. The steel was cast

o T A

into 5-ton ingots, This work demonstrated the necessity for return-

ing the ingot mould to atmospheric pressure for solidification, subse-

I

£

‘quent to vacuum treatment, to obtain the benefits of carbon deoxidation.

! i

-

I Vacuum treatment at 35 mm does not eliminate flaking but is stq.ted

to reduée the incidence ofﬂaking.
One difficulty, fundamentalto ladle degassing, is the loss }
of temperaturé. The minimum temperature depends on.the casting
or ingot sectioﬁ and .on the ,flléidity required. In extreme cases of
temi;erature drop, slag and inclusions are unable to floaf out of the |

steel and some form of energy input is necessary,

One recent and successful variation of ladle degassing is

P T e TR T

employed by v\A Finkl “a',zii;_Sons Cc;-.v,"\‘,\‘)\ Chicago, Illinois, where the
intention is to reduce hydrogen to levels at which flaking and

embrittlement will not occur in forging ingots or in heavy section

castings, Final hydrogencontents in modified AISI 4350 of 2.5 ppm,
reduced from an initial level of 5 to 6 ppm, are obtained, | The slag
must be removed, and use of deoxidizers is restricted to yanadium,
i.e. no aluminum can be added., It has also been necessary to increase
the boiling ,actioﬁ resulting from displacerhen_t of the carbon-oxygen
equilibrium, by lance injectionof helium gas into the 76—ton melt
held under 1 mm vacuum... The result isa 50 in, Boil in killed
electric furnace steel whichis effective in removing hydrogen. The

relatively hi‘gh‘ carbon content and low oxygen level of the steel, and
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' the absence of the slag action in providing an oxygenre servo1r, §
probably explain the necess1tf for 1{1Ject1on of 1nert ‘gas t-o obta1n ‘ g
turbulence. B

The necessity for removing slag demonstrates that, while ?

i
)

basic. slag is useful and necessary for sulphur removal or for main- ‘
tenance of a strong carbon monoxide boil, effective hydrogen removal

is rendered more difficult by the presence of slag. -

(2) Vacuum Stream broplet Degassing - Method B, Figure l:)

| In this techn_iqixe, metal is held in, or poured into, a ladle
§ sealed on top of thé {}jlacuum tank, When the stopper is opened the
metal. melts through an aluminum rupture disc and is spray(;xcast into
l an ingot mould or ladlev held inside.the vacuum tank, Invacuum,'ii;b‘ei ,
métal stream breaks into droplets which subdivide as they fall, there-
by exposing a large surface area of metal to vacuum, In the absence.
_of air, oxidation of the droplets does not occur. | The extent to which
‘t}%le metal sprays depends on the pressure, At operating vacuums
between 300 and 1200 microns, the spray angle measured to the
vertical axis is betweel:;§30° and 45°, (Total spray'r cones of 60° to
90° are obtainecj:li;;::i)(ﬁ‘s;),/‘\

The stream droplet méthod was originally developed by

Bochumer Verein A, Ggg)(;o)in Germany and was: "‘r'épor:ted in the technical
litera‘turei in. 1954, Ingoté of upto 150 tons were being cast in a tank

14-1/2 ft. in diameter by 29ft, in height., Operating vacuums of

1{ 5-20. mm were reported at this time, . The pumping system consisted

HI
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of 8 mechanical and 1 booster pumps providing a free air displacemen”t

L of 3000 cfm,. In addition to spray casting of large forging ingots, the

system was used to degas metal by spray casting into a second ladle

.| held inside the tank, This ladle was later removed frorri the tank and

the metal was used for castings, With precautions and attention to
the density of the nozzle stream after degassing, it was possible to

degas and air cast without affecting the low gas content obtained by

LT T AN MR T S S T

spray degassing.

b

The hydrogen reduction obtained at Bochumer Verein on ingots

|

of 8 to 150 tons is shown in Figure 10.

ppm B - Cast in open air 1+ Vacuum cast
10

9

8
7
6
5

=

o - N w

5
B ’ ] & il N
0QI5%C  20%Ni  20%M  13%Cr  08%Mn LI%Cr  1I%Cr R0%Cr  160%(r
13%Cr  13INCr 06%Mo  32%Ni  12%Mo 1.2%Mo  10%Mo 160 %N
Gh%Mo  Du%Mo 02%Y  O04%Mo 03% Y  03%V  0I%V l.;ﬁ/::o
0.7%Cb

21t 70t 150t 70t 25t 35t 25t &8t 2t

-Figure 10, - Hydrogen reduction obtained on
vacuum spray cast ingots{10) ,

The hydrogen reduction obtained at Bbch;tt",i;m‘e;r Verein on

vacuum spray,cast metal collected inside the tank in a ladle andair ;

poured into castings is shown in Figure 11,

. J : ,
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ppm
- 10

07%C 07 07 02%C +02%C

035%C . 3
08%Mn 08%Mn 08%Mn 130%Cr 13.0%Cr

Figure 11, - Hydrogen reduction by vacuum spray .
- degassing for castings. 1 ' '

Hydrogen_contenté were reduced by about 50%,from initial
contents of 4-8 ppm.té'f'inal contents of 2-4 ppm.

The reduction of oxygen and ﬁitrogén,contents .obtained at
Bo’chumer. Verein ’1S/s'shown in Figure 12, Oxygen c.onté'nts were
reduced,t_o less than half their origiﬁal value, excépt when the steel

had been fully killed with aluminum before degassing. In steels which

z H

HdX

were fully aluminum killed, no reduction of oxygen content was obtained.

Reductions of about 10% to 30% in nitrogen content were obtained in
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the absence of large quantities of aluminum,
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@8 - normai steel 4 « degassed stee!

0010 1 — —
Oxygen_contents Nilrogen conlents |

‘1{ IT |

Q8 %C OBKC Q7XC 048 KC 08%C 0IXC 070%C 045%C
080%M 10 % 080%Mr 10 XMn

10 %Si 10 % Si
016 %Al 0004 XA QOCA%AI QOCH%AI O %A 0004%A!l 000L%AI 00CMNAI
Figure 12, - Effect of degassing on the oxygen and
nitrogen contents of steel ingots.(lo)
Note that when the steel is fully killed

with aluminum, no decrease of oxygen
occurs during spray degassing.

This method of degassing eliminated flaking, and the segrega-
tion of hydrogen to the centre of forgings was eliminated or strongly
reduced, depending on composition, The results showed a significant
reduction in the relative amounts of SiO, and A103, and an almost
complete elimination of MnO, in these tests,

Comparison of air melted vs.vacuum cast steels showed
marked improvement in tensile ductility as measured by percent
elongation and percent reduction of area after vacuum casting.

Between 1952 and 1955, approximately 25, 000 tons of
vacuum cast ingots have been used and approximately 1900 tons of
castings have been made from vacuum-treated steel. The forging

ingot output have been used to produce generator shafts, turbine rator
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- of degassed steel did.not show flaking, eveﬁ when air cooled and

forgings, back-up rolls, ‘rolls;.;dies, and rails.

~ Since 1957, use of vacuum streamdegassing techniques for
the production of forging ingots has increased, until at this time there
are at least three large insfallatiohs in .the U.S. A.: the Bethlehem
Steel Company, the U,S. Steel Company (Duquesne Works), and Erie |

Forge and Steel. Four stream degassing units are reported to be in
., '

laboratory unit in use at the Mines Branch, Department of Mines and !

-operation in Russia, In Canadathe only installation is the 500-1b

t

Te(g;fhnic al Surveys, Ottawa, Pumping,for all the insta,liations in the

-
3

‘U.S.A,, is accomplished by use of four-stage steam ejector systems
having capacities of the order of 100, 000 cfm measured with standard!
air at 1 mm or 0.5 mm. The pumps are connected to tanks of about

17 ft. diameter and 30 ft. in height. The overall height of the steam

ejector pumps is of the order of 80 ft,

With this equipment, ingots.up to 250 tons and, in at least

one instance, carbon steel ingots up to 350 tons, "have been cast in the

pressure range 100 microns to 1200 microns, Final hydrogen contents

of 0,8 to 1.2 ppin are consistently obtained heat-to-heat and surface-

'\to‘-;gic‘e.n.tr{e in these large ingots. Test forgings (16 in. x 16 in. x 28 in,})

quenched directly from the austenite range. Records of many casts
show that.flaking and loss of tensile ductility at the centre of heavy

sections have been eliminated as forging problems.

Typical hydrogen reductions reported by U, S, Steel Compa,ny(;l)
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are shown in Figure 13, )
l ' !
* |
! :
.
! o
i E ; Il
! e 50 - 77 )
t ~ / AFTER VACUUM CASTING
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Figure 13, - Frequency distribution of hydrogen

content in. steel(r‘;,(l 1/). "

(e

. v——— . g

The hydrogen content of 24 heats ranged from 3,3 to 5, 8 ppm |

before vacuum casting with an average of 4.3 ppm, and from 0.3 to.

2.0 ppm after vacuum .casting. (The average is less than the 1.5

PPmM ain'iil ) : . ;

Table 2,gives the U.S. Steel hydrogen, oxygen.and nitrogen

contents of heats before and after vacuum .casting.

,‘_.._._.__

’C[VEI.I.SNI LAHAHS NOISIAFY AHHDVLLY HHL
asn ILnd ‘sInvd FHI NOdN ILIIM ILON OJd FSviAId
‘AIHIVYDOLOHd 9 OL SI Ad0D GEJAL FHL AONIS



~ seur] Axepunoq anjq Y3 UIyIim.3dey aq 03 sI
{pojunow zo uderp ‘padLl) psonpoadsr aq 03 TRIIaIRW [V

AydeiBojoyd 10 ,x0zx0¥,, Lq sazeid 19sy30 [®ow 10 xaded jo
uorjonpoxdsx 107 s389ys Ioisew Jurredosad .Io; poriddns st 199Ys STy,

e s St . S e . b ot P T A e i - .
T .
i R

=2L.- top
Page Non

v ]
TABLE 2. - Gas Content of Vacuum Cast Steel ;
- PRETENCE .
(from Orehoskx andeornak(l’m) u
) Before or Gas Content, s
Gas After Vacuum | Number of pPpm |
Casting Heats Range | Average ReductionLg
Y Before 24 3.3-5.8 4,3 , ,
Hydrogen After 24 . 0.3-2.0 0.8 81% |
Before 7 20-70 36.5 :
Oxygen After 7 10-60 26.5 27% |
Before 9 30-200 80.0 ;

Nitrogen After 9 30-190 75.0 6%

s oV A A T t———— it

§
{

oi about 63% are reported by Bethlehem Steel Company,

reductlon of nitrogen occurs,

(12

ﬁ“‘

Steel Company is shown . in Figures.14 and 15,

SIGHT GL

FURNACE LADLE

STOPPER ROD

PONY LADLE

VACUUM SEAL

ASSES : AN i Z)
B
N
/

N\ REFRACTORY

POURING NOZ2LE

VACUUM SEAL
RUPTURE DISC

T coLar

p— HOT TOP

—— INGOT MOLD

Figure 14,

- Erie Forge and Steel Company

spray degassing unit.

).

¢
L/

o s S—

For all heats and compositions, ave rage-hydrogen, \réduetions'“&, '

8l

. :
: andizesince

steels used for rotor forgings are not generally alurninqm; killed, a

reduction of the order of 30% in oxygen.content occurs, Very little

The steam ejector stream degassing installation at Erie Forge

and
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Figure 15, - Vacuum stream degassing unit for
casting 250-ton ingots at vacuums
of 300-750 microns., (Erie Forge
and Steel Company)

Views of the U. S, Steel, Bethlehem, and Bochumer Verein

installations are shown in Figure 16.
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(a) (b)

(c)

Figure 16 (a-c), ~ Vacuumn stream degassing
installations,

(a) - U,S, Steel
{(b) - Bethlehem
(c) - Bochumer Verein
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Data reported by Bethlehem Steel Company, givingthe
hydrogen contents in the air and vacuum cast conditions, and a
comparison of hydrogen segreéation in air and vacuum cast ingots,
are shown in Figure 17, Segregation data for hydrogen in U, S.

Steel forging ingots are also shownJ11)(12)
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Figure 17, - Hydrogen data for stream degassed
ingots.(lll)(lz)‘//‘
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» and a chart illustrating the reduction in size and number of silicate 5
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B b

and unaged vacuum:cast steel are the same but are higher than the ,

treatment at 500°F.(12)

; ' = RER u"- Tt '“/1/( 2
linclusions, are shown in Figure 18, The tensile ductilities of aged
T e AR

!values obtained in air-cast steel even after a dehydrogenizing (aging) ' ‘J
| |

N I
The improved tensile ductility resulting from vacuum .treatmentf‘-,

[
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FRACTURE INCLUSION RATINGS

Distribution of fracture inclusion ratings on
forgings of three grades from conventional and
vacuum-cast ingots

20 25

Figure 18,

- Mechanical test results and cleanlin
data, Bethlehem Steel Company(
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In general, according to Bethlehem data, vacuum spray castiné

"
}

- does not affectzCIha,rpy impact values or transition temperatures. The
U.S. Stéel'Company results showed an improvement in Charpy

i impact strength, and in transition temperatures, which might have

SRS

resulted either. from degassing or from process changes which

accompanied use of the degassing process.

Ry

The U.S. Steel Company reporfs.that surface defects .can

ik e

result if the spray washes the sides of the ingot moulds, Others

~mmarmrein e

report that this has little effect on ingot surface, since oxidation ‘of
the metal droplets does not occur in the vacuum,

Analysis of the fumes givefl off shows f.hat Mn394‘\is thg
principal cohstituent. Despite this, the quantity of i’néﬁganese lost
as fume does not have any significant effect oningot composition,
Analysis of evolved gases by U, S, Steel indicates maximpm hydrogen
| and carbon monoxide contents of about 68% and .38% reskpe.ct_iv"e‘l;y. |

Typical Bethlehel;n Steel Compa:rny:anglyses for hydrogen é.nd carbon
monoxide were 31% and 25% re;pectively.

The presence of hydrogen, carbon monoxide and finely
-dispersed dus‘t necessitates breakiné vacuum with nitr‘ogen .or argon,
As soon as the hydr ogen and.carbon monoxide contents reach sa.f.e
levels, air is allowed.to enter a.nd/the ingot solidifies at dimqspheric
pressure, Other precautions must be tak.en when steam .ejector pumps

are used,to avoid any possibility of steam back-streaming into the tank

e
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in the event of a steam plant failure-,
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The reported benefits of vacuum stream degassing may be

summarized as. follows:)

(1)

(2)
(3)

(4)

(5)

(6)

(7)

(8)

Reduces.the hydrogen content in most steels to less

than 1 ppm "‘alt'hqii‘g}?i’ thé»amdli"‘n-tzof ‘,hydro=g.eﬁ‘;‘fe;tained. |
depends on the grades of stéel; t'hi_s,_‘as sumgs pouring
pressures of less than 1 mm Hg.

Reduces the sensitivity tothermal flaking,

Improves the tensile ductility and the transverse
properties of large :fC')_.I.':ging"Si,' 5

Do,é:s not affecf the ingot structure or the alloy segregation
characteristics of large ingots.

Deoxidizes some steels, the amount of oxygen removed

‘being related to.the composition of the steel,

Improves cleanliness. Reduction in the size and

‘quantity of silicate inclusions was reported by

Bethleherﬁ Steel C‘ompan)({i:;‘;z(st?ll)‘ and by Bochumer
Verein A, G, (Tix).

Higher tensile ductility is reflected in improved
forgeabili,ty and in fewer rejects for centre looseness
after ultrasoni; testing.

Comparison of McQuaid-Ehn grain size showed no
difference between Vacﬁum cast and ;'onventionally

cast steels,

Operating pressure graphs for ingots stream degassed by
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Data concerning ,%élative humidity, blank-off pressure and

(11)(12)
5 {

-

»V‘ —— e

Page No
‘f,‘ U.S, Steel Company and by Bethlehem: Steel Company are shown in z
i ’ : ,g
| Figare 1081112, ;i
i . S {
! ;

rpr—mmey

R
- 7

operating pressure are shown in Figure 20
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- Figure 19. - Pressure curves for vacuum-cast ingots .
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Figure 20, - Operating data on hydrogen vs. \

relative humidity and relationship !
"between operating pressure, blank- i

off pressure, and pouring rate.(11)(12) =7
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: (3) P1pette, Llftlng Method of Dega551ng Method C, F1gure 1

,\',

This method is illustrated schematically in Figure 1 C,

and three installations of this type at Dortmund-Horder Hﬁf{c_enuni’o_n;fg

Vi

A, G, will be described. The original work was carried.out with a

vacuum tank pump'as sembly that was mounted on a platfornd and.

was raised or lowered above the ladle by a crane. The apparatus

Figure 21,

| is illustrated. in Figure 21.;(.13')//’(
_ e (.

- Experimental pipette apparatus,
This apparatus was raised and
lowered about 60 cm (24 in. ) for
each increment of metal.(1 )\‘
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This unit was used to treat 3300 tons of open hearth steel, ;
: each ladle holding 88-110 tons of steel, which was degassed by raising
a.nd- lowering the vacuum tank, thereby allowing 4, 4~tonbatches of
steel to be sucked up and exposed to vacuum, After treatment the
tank was raised (see~ Figure 22), the metal was returned.to the
bottom of the ladle, and a fresh increment was treated. Treatment
time for 88-110 tons ‘of steel was about 30 minutes; the individl;ga,l

| portions (4.4 tons) each required 30 s.ec onds for treatment, and about . -
25-cycles were required per ladle. The treatment _r:educed the ;

! oxygen and hydrogen contents of the steel to about one-third of their
t

initial values.,
|

Figure 22, - Method of exposing»_4;4-ton increments
= of steel to vacuuma. 3)(”/':
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pressure is possible and

S

dustrial plant for the treatment of open hearth

After the experimental installation had shown that a large-
one in

3

-
’

economicy

\

.

PR

scale treatment of steel under reduced

Figure 23, and one plant for the treatment’of

, were erected.

S.NCE THE TYPED COFY IS TO BE PHCTCGRAPHED
PLEASE DO NOT WRITE UPON THE PAGES. BUT Ccﬁ
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Figure 23. - Dortmund-Horder apparatus.(13):f ,'

gure. shows top and bottom views

of the Dortmund-Horder open hearth
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The Dortmund-Horder vacuum treatment of steél depends

on( ‘the following:

2 T e I e AT

(1) - Displacement of the carbon-oxygen equilibrium by

(2) Removal of elements the Folubilityiof which dépends:on the

S

o

o

pfessure; for example, ‘hydrogen and nitrogen dissolved

in iron. The product of the concentration of carbon;:

ot e, - - i

multiplied by the concentration of oxygen inthe molten

metal, is directly proportional to the partial pressure

of carb(;n monoxide in the gas phase, indicatin.gA,that (&

éven at 10 mm Hg it should be possible to obtain 0..01%

carbon aﬂd'O; 003:70 oxygen in the metal.

Since the dissolved géses‘ are dissolved in the. atomic state
in iron, the; solubilities of nitrogenand hydrogen are proportional to
the square ibot of their part1alr§£es#§{1rés,:,1 e., theiri;‘,_é'/(;iﬁbility is
mugh less affectevd by pressure than is the carbon-oxygen.equilibriufn :
Without sﬁrring, nitrogen and hydrogen are only eliminated at thé

8
surface of the bath ;and.the rate is limited by diffusion from the deepgr
{par?s},of the bath towards the surface. Hydrogen, however, does

 diffuse faster than nitr ogen; but elimination of both is speeded by the

evol\ut;lfpnuof carbon monoxide, which assists diffusion,

For rapid degassing, use of strong deoxidizers must be

avoided, at least until after the CO flushing action has been operative,

Also, before any vacuum treatment, the slag in contact with the bath
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must be removed so far as possible. :
If slag removal is not possible to the desired extent, the
~residual slag must be rendered less r:'eactiv.e; e.g., by making it
. more viscous with burned lime or dolomite.

The experimental apparatus, illustrated in Figure 21,

.
wd . .
w ' contained a 420 kva transformer, three rotating piston pumps with a
Doy !
L S
70 4 capacity of 720 cfm, and a Roots blower with a capacity of 900 cfm.
r“' ci N ’ M
o .
W @ - Heat was supplied by use of a carbon resistance heater inside the
O w0 :
he t:. .
i ¥ ;" . degassing vessel, Tests were carried out, using glycerine and water
g} i .
e e ’ (at the same viscosity as steel), which showed that with slow lifting :
'r‘"; :y - the return metal did not mix with other metal in the ladle but that
e
by f’
K} ‘% with fast lifting mixing did occur. Hence, by flow control the degass=-’

¢4 ' ing process could be regulated. Alloy additions could be made

w ' through a vacuum lock when required, followed by up and down

33 L - .
B3, A0 s
1

T
T
L3
RS

! cycling of the unit to provide good mixing. The quant‘ity'o.f gas

Yy

® ! sucked out per 88-ton heat was 1060 cft (10 1/2 cft/ton). Most of .
i the steel treated was 0.22-0. 35% carbon steel with lower-than-average

phosphorus and sulphur. The off-gas composition by volume was o

cAydezRosoyd so | xos
>
s

i w A o

80% CO, 15% H, 5% N, and 1% CO,. | | o

2 l; Very little nitrogen was removed. However, removal of
,’ o
1

P

! nitrogen is not so important when the oxygen content is especially

O

¥

. low, ‘sincé in this case additions of small amounts of nitride formers,
, .

)

|

i Al and Ti, are not lost and can eliminate the deleterious action of

~/
. nitrogen on aging of steel without formation of fparrnful Al;O4 or

: 4 a
) l

Y
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TiO, ‘inclusions,

R

S .
‘Vacuum treatment at 1-10 mm Hg of 4.4 tons takes 1 minute

1

==

—a:

d
;
5
]
} .
%and results in considerable frothing. The degassing vessel must,
!therefore be about 6 1/2 feet high to contain the froth,

¢ .

|

i

Agents for the elimination of oxygen and nitrogen, and alloyin

‘elements which have a higher * affinity for oxygen than iron, are only :

added after degassing. The process ensures satisfactory mixing,
. : - ;}

Sufficient oxygenis removed from the steel by degassing 507

! f

that it can be cast without rimming action even in the i?bsence 6f a
deoxidant. Final oxygen contents of 0.003 - 0,006% were about 1/3
of the initial val.lue.s’. Vacuum treatment reduced.the hydrogen from
an average of 7.2 to.less than 2, 2 ppm; in some cases, as low as
¢ L. 2 ppm was obtained, The vacuum .vessel must be heated,

| ~'fI§/Ios'1éioffth‘vex”s‘i:e_;;lr. p;oa.u‘é:gd.i‘n the Ve‘ic-p:'erimenta,l plant was cast
into large ingots which were press-forged into cranks’héft‘s - In |
ordi-na.rky open hearth steel, deoicida.tio_n products and flakes were
sometimes f.ormed, but, despite ultrasonic indications at the cogged
down stage, it was reported that ingot discontinuities welg‘ied up more
easily, during hot working of vacuumg}reated steel, to give clear
ultrasonic patterns,

Segregation is lower in _va.cuum:trea?:ed than in untreated steel, .

giving uniform sulphur p,}riﬁts and-an absence of fine cracks near,
segregates and non-metallics after deep etching. The whole of the

150 tod test lot of 0.22%, 0.35%, 0.45% and 0.53%carbon steels
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Yva s'rolled to billets andWwa s /then die-forged into difficult shapes !

e P

without a single reject for flaws or remachining. Occasional bubbles

immediately beneath the surface did not lead to reject die-forged

g e

parts as they do with untreated open hearth steel, Also, even on

o .

han;ily forged fly wheels the"fflmashi showed no q;_@gk&g?en at the

outermost-edge.,. ' {
The success of this experimental plant led to construction of }
an open hearth degassing plant having a mechanical pump capacity,.':-'

at 5 mm Hg of 3600 cfm. A 400-kw carbon resistance heater was

SN

used., Treatment time for 88 tons is 30 minutes.

A plé,nt was also built in the basic bessemer :section'.which
raises and lowers the ladle beneath the vacuum tank to provide 10-<) !}
minute treatment i)eriods. The pumps for the bessemer plant consist,
of a Rooté blower and water ring pump with a capacity of 9000 cfm.
Indirect arc heating supplies up to 3000 kw to the vessel, In the
absence of oxygen, the degassing vessel roof can be built of carbon
bricks, A:30-ton melt can be heated 30°C (55°F) during the 10-minute
treatment, Alioying elements can also be meltedinto the steel in the ‘

N
content of basic converter steel is insufficient to allow removal of
oxygen through displacement of the‘CO equilibrium at the usual

bessemer steel carbon level,

R R
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vacuum chamber, Carbon has to be added to the stee], since the carbon
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-39 .
Effect of vacuum treatment on steel works operation
at Dortmund-Horder carbon steel mill:(13)

Pipette degassing introduces considerable simplification into
steel works operation. It is no longer necessary to allow the carbon
el%mination reaction todie down slowly in heats for which there are
special quality specifications, In arc furnace remelting, boiling for
degassing of steel or for the easier separation of inclusions is
superfluous. The reducing period in the arc furnace can be eliminated
if the sulphur content permits.* For carbon steel it is claimed that
additions and alloying elements no longer need to be precalcinedto
protect the steel from intake of hydrogen. The heated degassing vessel
is regarded as an arc furnace with high output and refining capability.
In refining by top-blowing of oxygen, the use of highly concentrated
oxygen is no longer necessary. The oxygen concentration can be based
on economic considerations without regard for the nitrogen content,

Fields of apglicatiion of_ vacuum steel produced by
Dortmuna-Horder:

The special feature of this vacuum treated steel is its high
degree of purity., This is of special importance in view of the continuous
increase in demand for uniformity and freedom from defects of steel
supplied to the rolling mills and other processing stages, consequent
upon increasing automation,

Deep-drawing sheet; and stlfip whigh must have surface

quality, e,g. for galvanizing, deserve special mention,

*The usual refractory and heating precautions are rigorously main-
tained by manufacturers of large alloy steel forging ingots.
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- !
Vacuum treatment eliminates surface defects resulting from deoxi‘dati?n

products, Since oxygen is removed from the steel with the aid of

carbon, considerably less aluminum is required to combine with

nitrogen.
! _ .
Since reaction with oxygen no longer interferes with the effec

of trace elements in vacuum-treated steel, these elements become

of enhanced importance for improving the quality of steel, This
, ]

applies especially to z';i:trild’e formers,

e e M

Another noteworthy feature is the observation, previously
i made on heavy forgings, that viacuu-rn;:treated steel machines more
easily than untreated steel,

A new field opened up by vacuum treatment is the production |
| of plain’ and alloyed steels with very low carbon and oxygen contents,
The small amount of grain boundary or iﬁtergranu’l’afr‘ sq?gtanée in
vacul_lm‘,;trea'.ted steel méans that these steels willbe much less subject
to intergranular corrosion, and they are especially suitable for
surface treatment thr. ough metal diffusion, particularly by chromizing,

The process can also be used for thev' treatment of cast iron
or non-ferrous metals,-

Figure 24 illustrates the pressuré records for heats of open
hearth steel in the experimental and open hearth plantls, a/r‘.lgdAalso
shows typical ultrasonic patterns ta:ken during the production of

crankshafts - from degas sed steel,
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Figure 24. - Dortmund-Horder Ppressure data, /7

and results of ultrasomc tests.
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i (4) Vacﬁium*-Pip’éfﬁe Degassing - Method D, -Figure™l, - =~ -, .
{ . T —— o N N ; o ) B o .-
5 o

Heraeus-Ruhrstahl has devised the most recent ladle vacuum

degassing technique, shown in Figure 1-D. In this method a vacuum.
tank, operating at '_1_1-‘2 mm Hg,- isplaced above the ladle containing
. A : : : - ]
:;;3 molten steel. Two legs dip into the molten steel. An inert gas
e o, ) (argon) is introduced into one leg, ‘reducing the density of the steel, o
='e 0 . . § - 1
g% & ! which then sprays upwardinside the vacuum tank and.isdegassed. The E‘Lj é
2w o : ‘ ! ot
o o 3 a -denser metal returns to the ladle 'j,,Vig.;-?the other leg and,because of its , ! E’
er B g} - I [ B
o MiEw t
. & %‘. higher spec1f1c welgh‘r,collects at the bottom .of the ladle. Meanwhile, | E_; ey
¢ ;,,g_. ?-’;- R ] % o
ei0 o & | other metal sucked up from the upper portion of the ladle is B Eg :
S {ﬂhyg : ‘ @,:ﬁ G
i é}ﬁ S " contmujogs_ilyf“cycled thr ough -the,vaeuum, f‘ha.mber. Temperature drop %Lﬁ 8
EEET o NS | | o B
t;, g %- S tis $mall and an .induction heater on the return legcan be used to Rt
Bon B o D | < S
- g
5‘;,: =3 5 compensate for heat losses. An exa.mple of this type of unit, at = %’p-]
£330 | N 14 Z g0
oD D xHennc’hshu:‘gge/ of Ruhrstahl A, G., is illustrated.in Figure 25 ( )ﬂ v T o
0" "W T g ey &
N ) Y
é; N s ;251"-'-
I g C gg ] 0 (ON
4858 ¢ HE
l Z q Q
ﬁ—: o} o 4y 0 . 10
5 Yo g 3
° 38 5 9
® Q i ) :> C:.(Fs
4 < ":ﬂ
o oH g .o me;\
o hgl 0 e
ag g TR
T Q
e
o)
2]
AR - . - hicmen o, S
] o Figure 25, - Vacuum dega.ssmg at(~ Y ;;
% , Henr1chshutte, Ruhrsta.hl A"G”( 17(14)/ £
[ n @
e
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| nitrogen and oxygen contertsof all types of steel to as low levels as

: ‘ f
By this. continuous process, 100 tons of steel can be vacuum '
degassed in the relatively short time of about 15 minutes,

The plant!s present production program is concentrated

LT, e o,

in large forgings, withcastings up to 200 tons and medium plates

S e v

also occupying an important position, Forgings from ingots

weighing up to 180 metric.tons are in the form of crankshaftst;

[ ]

turbine shafts, rotors, back-up rolls for steelrolling mills, wheels, :

e

axles, and many other products,

s

With such a program ‘of heavy forgings, the problem .of

flaking resulting from contamination by hydrogen and other gases‘\’:’x/

has been of primary concernto the firm and has resulted in a.research

program largely oriented toward.vacuum degassing.

The vacuum-flow steeldegassing technique developed at
Henrichsﬁ&tte has now been in.commercial operation for over 6 q
months with apparent success, although operating figures have not
yet been released by the firm. Capital costs are quite low.

The apparatus is reportedly capable of bringing the hydrogen,

are obtained in vacuum casting techniques. The operation is
carried out in normal steel ladles- of capacities between 60 and 80
mét?ié, tons,

~

The method is adaptable to all types of carbon stee}.;;r;::
rimming and killed, as well as most alloy steels, At Ruhrs."i::_a,',hl,

it is used both on open hearth and electric furnace steels, In all
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.container,

cases a special effort is made to remove furnace slag, because of
its high oxygen content, but with some alloy steels a special slag is

made to cover the steel in the ladle during the degassing operation,

-

thereby preventing excessive oxidation,

The degassing operation in the 60 to 80 ton ladles requires

from 12 to 15 minutes,

A vacuum ofil\-:Z,/mm Hg is maintained in.the vacuum
A cyclone dust catcheris inverted between the container
and the vacuum pumps.

Vacuum pumps consist of an initial series of 3 Roots pumps
in parallel, with .a pumping capacity of 16, 800 cfm, This 1s followed
by a second series of two Roots pumps in parallel with a capacity
of 3600 cfm, and one further Roots pump of 600 cfm capacity. The
final pump is a water ring pump with an eccen’tric‘ paddle-wheel
type rotor, It has é.capacity of 450 cfm and exhausts gases through
a pipe into the atmosphere,

Continuous gas analysis samples are

taken for Orsat analysis.
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MINES BRANCH EXPERIMENTAL STREAM DEGASSING “UNIT !

C2E L pmalZT L mE C o~ T - [ e s T T TR ST B e T e T

This unit has been in operation at the Physical Metallurgy

A
Divisionflaboratories since April, 1958, The pumps, and degassing
AN - ,» ,,

\'(

tank "are a model 438 stream degas sing apparatus,buﬂt by F.J. i

Y d
’5_.3 Stokes Company. The unit is intended for" vacuum treatment of 500/%3‘1
o) . -
(]
. 9@ o | steel heats which are melted.in a 250 kva, 200 l1b//ht direct arc ‘
Py b : - : . 1 o
=0 i 5
g,{_ /™ | furnace, - C , ]
Qfﬁ {E::;j ;. ‘ . \.’L&j
b 3358 o . . R o . A=
® oy o The vacuum installation is illustrated in Figure 26. : ‘ L%*} -7}'-«&_.‘
1= oy o
o R3w . 8“7’
of o 0 E D o HE
R I o : 2
wd o O MO B
m% b 9’, S\ (:1; g ttj:,;t_
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§ Figure 26, - Experimental vacuum stream
2% degassing unit.
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. The rotary pump and mechanical blower are visible at the
left of Figure 26, with a pneumatic main line ¥acuum valve shown

at the centre of the picture., At the right of centre, the filter is

I IR, RN . TR T (RS -

| visible, connected to.the tank, The tank and ladle are shown at the
! - .
! extreme right of the picture,

FeE
P

Figure 27, - Vacuumcasting a 500-1b ingot
at the Mines Branch. . N

H . ,
D“ - [ i
o In Figure 27, the stream degassing unit is shown during
O “,;:;}\. . ’ 5
S TR g-‘ Y ’\: § RSV
=g o the castmg of a 500-1b mgot A walkway and safety splash plates ; S wEE
.ég".&)‘,@::: 3 ‘f)vf ﬁ:“mm L wvﬁ-"h | N
e R bl
“* ® ® © | are shown 41n;p<‘>,s'it1,on‘~. ! _ ?,’,L{'J
Y R AR R , HHd
i L L S 1 - '; ijj m
o 5 o] b ol
e '-*?; A § b O W
g o o o E fg
e Py <e) :-’."
?g‘g o 3‘ > 3 ()
e vy O O]
& M H R ‘v
5,’0 o H e o Q
vy - m U =t
e E ) el !
B g o R ] “ <.
o+ " .
R 5 3%
o g d 55
Eg =P
aw Z |
S5 2=
Q.4 g g:j =
s o ®
SEN .
Bip -5 o>
hige a
< ; 0] E gj)
BT g
ny g 5
F 9w g > G
£ Hog (wille!
5.2 N
o g o w0 5
e g GRS
. n 0‘
i
0
]







‘ - saury Axepunoq snrq ay3 uryitm 3dey oq o3 st
{pejunowr z0 umesp ‘paddy) paonpoadsi aq 03 TeLISBW IV

“AyderZojoyd a0 xoxsy,, Lq sarerd 3osyj0 TeIowW 10 xaded jo
uoryonpoxdax 103 sje9ys raisew Zurredaad zoy perrddns st jeeys sTyT

...__4 7@7

o, top
Page No

without\refractor\}r iining is éccc)mplished in 1. 2 minutes. Inleak.

| circumstances time is available for routine pouring of ingot moulds
~.of the order of 35 microns,are obtained beforethe ladleis sealed on

: measured at 50 microns,are obtained prior to spray pouring. Initial

varying between 1 1/2 inches and 1/2 inchyand pouring rates of 1/4

The vacuum tankis situated ébout 20 ft from the dlrect gr_é.-

furnace and is serviced by two travélling 3-toncranes and by a{'\"l 1/2
' : Ve .

Pl

tonjib crane, -The ladle shown at the top of the tankis a 10004l

/
commercial bottom=-pour type,modified for use with the .degassing,unit,;

In tests up to this.time, ‘the metal has been tapped into this ladle

which was then ,'é,lac_ed in .,p'évéi'tjibn above j;ﬁ’él,télnl% ‘for vacuum POUFiAg;.

The integrated pump speed of this unit from atmosphere to 1 mm 1s

¥ <. ~
< -

o ’ - >x‘»i'4 . (’;) _ s A a - TG - B
500 cfm,:and;with a system volume of 76 cffpurrip down: of theisystem

rate of the empty tank was 30 micr ons/hour'measured_ at 10 microns,

o T

The large '""hogging capacity" is neceSsary*'-#h'e’né71ad1e degassing tests

are carried out. In this instance,with 500 pounds of molten steel
the ladle must be sealed in the tank? pump down, degassing,and air
pouring must be accomplished in 10 minutes. However, in all other

A . ¥

or sand castings held inside the tank. Blank-off presSurés of the tanki:

top of the tank, Inleak rates of the order of 4 microns/ minute,
vacuums of 500-600 microns are obtained after the ladle and steel
are se¢aled above the tank, Operating pressures during the actual
pour increase to between 3 and 10 mm,depending Efcéh“?pouri'ng rate

(nozzle i’é("i/ze) and on refractory practice, With nozzle openings

[

T
Yoo e
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‘ton per minute,final sulkhead)hydr ogen contents of 1.1 to 1.9 ppm

- !

are obtained. It is expected that, for killed steeli,,;:attention toladle
| refractories,nozzle and stopper seals ~shou1d;‘3:{;enable-lower operating

pressures. to be maintained during ingot pouring.

SRR INETY ISR eSS

i

p—

Spray angles of at least 60° are obtained during spray casting

of ingots and castings.

Detailed Description of Equipment;

. General -

N e

T -

o wTh'e unit is sPécific ally de signed to degas ﬁomi{;}‘al chargés
of 500 1b of steel. Absolute ope_rationai level of vacuum is iﬁtended
to be at least 5>00 microns;however, this vacuum .depenas on alloy
éomposition, de oxidatign, refractory and mould technique S and upon
the drying measures taken pri.or to degassing.

The uni‘t consists ofa single degassing chamber with spe;:ial

rupture disc énd ladle support seal, integral with its head; a vacuum

~pumping manifold, complete with filter and high vacuum wvalve; and a
| Stokes model 170-5 rr;"%chanical booster blower pump,together with

controls and instrumentation,

T

Depending“-'g;i"”:f ix\é'}available ladle and mould configurations

used, the equipment can be operated for larger heats ‘if'so desired.

1% . Degassing Chamber

S TR s

"The dégéésing chamber is a 2-piece carbon steeL tank- havin

U

an outside diameter of 48 inches. This tank, oriented with its long-

o
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axis. vertical, has flanged and dished heads on eitherend,with the

main seal flange being 1loca;ted 5.ft 9 inches above the floor levei.

The lower dished portion of the tank is filled with rammed magnesia
and a single course of f\iii‘}'ebrick is used at the floé)r li'n.'e*ff_" to prevent ?’
any possible damage to the taik caused By an inadvertent run-out or
by excessive reacbtion. - About 15.inches free fall is provided above
fhe hot-t"fép,_:,.at present, but by removal of stools or use of a squat
ingot mould this drop distance can be“increa.seclgé,_élrjsfidéfa.p}y. fBegg_;ﬁSe’:
of the 60° spray which occurs when metal enters.the vacuum,it is.

necessary to use a refractory funnel above the ingot mould hot top.

~T

o~

_The base section of the degassing tank contains’a 10 5

- -z . e - els L 3 !

inch-diameter vacuum pumping nozzle; two 4-inch-diameter vacuum

reserve ports equipped with a 4-wire, high ~vacuum instrumentation

lead-through; 'a l=inch-diameter vacuum instrumentation connection

and a machine-grooved "®!' - ring seal flange, i!
. . )

- ]
~ T - I

."I‘hy.g(,‘c_,ove_r srg_gtion.gpggaigfs‘Va_machined flange to mate with g
the " O“ - ring s{n'face; ‘a completely water -jacketed head for the ‘
pr otec;ion of the seals; and a ‘1.-inch-dia.m'e'ter, intermedié.te ladle
'{rolume, by-pass line, with{ a remotely operatéd valvé;\ -’Ai{e_ih'(),;é’.b:le :
8 'i:inch-.dia.met.er rupture disc assembly, an int’er.mediate ladle -
support with a flanged and machined "O" - ring groove,an;dﬂas,i-:n;ch- ;
diamete;f;shéltereg,i _sight gias s ::a.re also included in.the cover

’

' asserhbly.
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Vacuum Manifold and Filter

"~ Connected du'ectly to the 10-inch-diameter vacuum nozzle

by means of a 2-ft-long spool piece (\sc; a.; to remove valve and
pumping unit from the critical molten metal area), is a cylindrical
filter chamber, fabricated of mild steel, 24 inches in diameter and
having an approximate height of 30 inches. This filter chamber is
equipped with an ""O'' - ring seal and removable flange cover, to afford
opportunities for cleaning, A single full height and width, stainless
steel, screen baffle is located in the maximum cross-section position
of this chamber, to prevent the carry-over of damaging metallic
particles. No attempt is made to filter out the smaller dust-size
particles, since such a filter would result in a prohibitive loss of
pumping efficiency,

Extending from the filter chamber is a 3inch-diameter,
manually operated, vacuum break valve,located on the pump side to
permit any air-blasting to be in the reverse direction of the filter.
Argon is also fed in this aperture when required. Located on the
pump side of the filteris a l10-inchdiameter nozzle, extending to and
including a 10-inch-diameter, pneumatically operated, high vacuum

gate valve which effects isolation of the chamber from the vacuum

pump and allows determination of the inleak rate.

Vacuum Pump
The unit is evacuated with one standard Stokes 170 - 5

mechanical blower pump,rated at 1400 cfm, The speed curve
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fﬁr this pump is illu'.strz‘-zte’d in Figure 28,.to show the ver)'r .la'x'-ge
""hogging'' ability of this unit,

) The pump‘ consists' of a ébinplete blower unit 'éapable of

1480 cfm free air displacement at 3100 rpm, Its discharge is
equipped with a large-diameter poppet valve. The blower unit is

" driven by a special, high-slip, constant torque, variable-speed;drive
motor rated at 550 v, 60~ 3# This special Stokes motor is capable
of sustaining power outputs of up to 60 hp (corresponding to 20 mm
vacuum) for a maximum period of 7 minutes without overheating, The

normal moto;; rating is 15 hp, It is completely equipped with internal

¢ —
e

protection devices and thermoguards, By use of this special motor, -

prqviding outstandingly high pumping capacity, it is possible to obtain an
// w . —ma .- = N

S g

average ihtéfgrated pumping speed from atmosphere to 1 mm of 500

Soe o 2

cfm,
This is accomplished by pumping directly through the blower

and exhausting through the poppet relief valve from 760 mm down to

.

525 mm at speeds much in excess of the capacity of the rotary, oil-

sealed mechanical vacuum pump'(‘1~30 cfm). At the 525 mm point,the
poppet valve automatically cl‘;éé'éf because of the pressure balance
within the interstage manifold. Thig <fe_aturvp completely eliminates
any vacuum by-pass manifolding, its“ valving,anQ controls, together
with the necessity of valving sequencing and rﬁ;intenance, and results
in a direct connected vacuum manifold of short-run  and high

efficiency.

Considering the operation of the blower pum;z}:/ és soon as

w7
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: the degassing chamber load is thrown on it,"};t:ﬁe‘ﬂbfowa;'pu_mp,-

e

Al

which has previously been \\idliiig‘ at full speed;slows. d:d\é[r-l'tc‘). the order
of 700 rpm',‘ at which speed maximum torque is developed, As the ,

. compression effort in the blower pump is reduced per cubic foot of ;

gas handled, the constant torque motor speedsup, handling a larger

" ! amount of gas. This relationship continues constantly throughout

i the pump down cycle, with the poppet valve closing at 525 mm, -after

-~

! which the power input of the backing pump also becomes effective,

3 4

The const%t_nt torque, variable speed power output characteristic of the
Y - . o

~‘motor c ontiﬁu’é,s;'With the output of the motor -decreasing to the order

N o t

; of 15 hp at 20 mm. The speed of the blower continues to rise until
: ' : | i
' the peak speed is reached somewhat below 1 mm, Finally, the speed!

output of the unit becomes limited below 100 microns, because of the z

: flow characteristics of the raw;l';,_arefied‘.gas being handled.(Note that
h i
. the unit has this very high pumping speed,not only in the several

W

i

hundred mm area, when pressure release is obtained by means of theij

' poppet valve, but also in the 10 mm to 100 mm vacuum range, ' ‘
! ' v

: X
wherein the high power input of the special motor can be utilized:;.;\ 'Onie

of the unique advantages of this unit is its stepless performance whichj

= poc wa

requires no control sequencing or attention.) - !

t
i
4

The backing pump on this unit is a standard,’$tokes model 212;’
" b

G microvac pump rated at 130 cfm, free air displacement. This %
. 1

pump is driven by a 5-hp polyphase motor and is equipped with gp' 6il ig

! injection, gas—bgllasting . feature, ' )
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Two Stokes thermopile gauges,calibrated against alphatron

J

1000 microns respectively,were used for pressure readings.

- 14

RESULTS

e ot e LI O RS LTS ST 3R e B it B2 I

Preliminary test results have been obtained on twenty melts

where metal, prepared ina 250 kva, 2001b/hr direct-arc furnace by

double-slag basic practice, wasdegassed by the streamdroplet method

at pressures of 4 to.10 mm,

Comparison of the- hydrogen,. oxygen and nitrogen contents 1

of melts before and after degassing and of air’cast versus vacuum/

)
. cast melts was made,

¢ :
Four other melts weretreated by ladle; ‘degassing the metal,’

- /

held in{fhe ladle, inside the vacuurm chamber,

(1)

(2)
3)
(4
(5)
(6)

Six groups of melts are discussed, as follows:
: .;7;,' -
Carbon steel slab casting§.{_,> (moulds held inside the

vacuum tank),

Carbon steel - 500-1b ingots.

Cr-Mo-V - 500-1b ingots, "MMi' composition,
Ci‘-Mo;ij- 500-1b ingots, "1\/\1U"\c omposition,

Cr-Mo-V - 500-1b ingots, modified "NfUY composition.

T

Ladlesdegassed, carbon steel, slab casting/S/ /f/»(moulds

poured in air),

("MUX";;E)
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ithe oxygen and nitrogen reductions resulted from the rolling action :
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(1) Carbon Steel Slab Castings -

: For these tests, carbon steel was spray.:cast into the

i

;vacuum tank through an 18-inch-diameter funnel, which guided. the

{degassed metal into the riser of a,dry'-sand,' slab mould casting :

: o ) ) -(15). i
‘having the dimensions shownin Figure 29, Previous worl;‘-,f -had shown ™ -
! ' T T
éthat‘ this casting was susceptible to loss of tensile ductility atthe centre

of heavy sections whenmelting and casting were carried out in air to

obtain normal hydrogen levels of 3 to 4 ppm.

i
]
!
!
§
{
i
1

i Hydrogen samples taken from the risers of castings p'rep'aredé;
t ’ . ’ '

;'by' air casting gave average initial hydrogen contents of 3. 6 pPpm;
tand,after vacuum casting,average final hydrogen contents of 1,5 ppm
.were obtained for a reduction of about 60% in hydrogen content,

‘Reductions in oxygen content from about 90 ppm to about 40 ppm were :

; obtained on two preliminary tests. . Some reduction of nitrogen content"

i

;was usually obtained in.these carbon steel slab castings. Possibly

3

t (CO evolution) which took place in the mould afte:g vacuum stream 3
) : ‘

! degassing, :
! y
: Sections through the castings were examined, in the ‘air: cast. a.d’nd

in the vacuum.cast slahs,by radiography and deep etching,and this 1
examination indicated some improvement in soundness and |
cleanliness at the centre of.the vacuum/cast samples, |

' ’ The tensile ductility, measured at the centre of the slab

i
i -

-casting,is considerably better than that of air.cast samples unless
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‘the latter are subjected to dehydrogenizing heat treatment, .
: Comparative results of gas analyses made on a‘i:{e\,"_c:/aj.éthnd on :
';vacuumf_cast carbon steel slabs are shown in Figure 31 for ina:l-vidual ‘
Smelts, Averaged results are shown, item (1), in Figure 33,
|
1
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Figure 29. - Drysand ‘siab casting. . .
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'Zu("é)(3)(4)(5) Vacuum Stream Degassed 500-1b Ingots

:  Carbon steel ingots of approximate AISI 1030 composition ),

and three Cr-Mo-V forging compositions (3)(4)(5), were spray.cast

<
i
i
'

in the vacuum tank, through the collecting funnel,;and into a 500-1b

iingot mould, Hydrogen samples were taken during melting and

) {immediately before vacuumn casting. Hydrogen sa.mples\ ‘,\é.rfter

.
q
[
{
i
[
i

;vacuum degassing were obtained from the (s"/iAnkhea',d.'_ .. All hydrogen ' e
; samples were taken by the pin.tube a.nd,liquidfiilitrogen method. : ‘
i The 500-1b ingot and distribution of material are shown in { = * ! ”'C; t,;
. i B ‘
.- : 1 i~
5. iFigure 30. Blocks B, C andD from each ingot were forged to 2 1/2" i :-_i % "g
: : &g
: ‘ : ' O
[ X 2.1/2" section and were then rolled to give bar sections of 1 1/2m s
H ) . ‘ . ’-“:j :Ij ﬂ
: S B
ix 2. 1/4" for testing, The forging axis coincided with the mid-radius ;i/ , ;3 i;} %
| I i
éposition of the ingot, u fj ‘E 73
. | ) “.'?r/,/ & . i 1
For AISI 10304 carbon steel ingots, average initial hydrogen - ~3 o
: "‘ e ] . .o \‘ ¢} :I(, f?}
'contents of 3,5 ppm were reduced to 1.8 ppm (average) by vacuum . Ej = D
: i -‘;; ’U L}
: stream casting at 4 t0 10 mm;Hg, Similar hydrogen reductions of the ~ 73 ;':)g
i a S T T S )1
d 4 ) R
> 1 order of 50% were also obtained for the Cr-Mo-V;: 500-1b forging o %
i . ’ V/ 1 ‘:: :l"
, ingots, The comparative gas results for individual air and vacuum ' i ‘:g
: . ' . ”if i 1 - t“}
I',‘uca.st ingots are shown in Figures 31; and 32. Averaged gas results 1 :{‘ o
¢ v : ORI B
h e r{,’ ' L &
, are shown in Figure 33 for the carbon steel (2)7 and for thethree
ﬁ compositions i/:'Cr-Mo-\&* (3)(4)(5)"‘:‘" - ;
i \ ’ o .i%
! {
: i
g i

Ly T e
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1

The chemical compositi'on of the test melts is shownin

Table 3. One melt in each of the groups 1 to 4 was cast in air in the

.

'

‘test coupons prior to vacuum casting the 500-1b ingot,

. conventional manner to provide an air .cast standard., In additionil,«

in some melts of each group,: .50 pounds of metal wasz_f'_'ajiif';‘cast into

i

? The record of hydrogen analyses made throughout melting,

3 and Ehe final hydrogen,cont'e-nts, tog_éther with the operating prese;»ure,
¢ .

;are shown in Table 4.

' Some availa..ble oxygen and nitrogen determinations made on
t air' cast and vacuum cast test melts are shown in Table 5,

‘ The results of tensile and Charpy V notch impact tests on
;,carbon steel melts, groups 1 and 2,are shown in Tables 6 and 7,

The gas contents of all the .me'lts‘_.iare ski:own%‘.in;vE;-i

gur»eé 31 to

! 33,inclusive. Averaged gas results are shown in the lowef half of

Figure 33,
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TABLE 3

. -»~>.»,;Che’rﬁi—c:al ‘Gompééitio'n of 'Min‘est,ZBra‘nch 'Melts"»**"'jn}' oo

Melt

AL e

v et

Code . - Percent “¢f”  Casting
Number Number | C "~ "Mn  'Si~ S~ P Cr’ T Mo’ V|  Médium Product

(1)

Carbon Steel 1120 .28 .64 .46 .020 .011 Air. Casting
Slab Castings 1144 .28 .74 .36  .019 .018 Vacuum Casting
[(mould in 1152 .27 .70 .35 .020 .020 Vacuum - pCasting
tank) 1183 .39 .80 .60 ~ .020 " .019 - Air and;/Vacuum]| €Casting

(2) N .
Carbon 1172 .27 75 .37 .023  .019 Air Ingot
Steel 1126 .32 .81 .44 .0I5. .013 Vacuum Ingot
[ngots, _ 1170 .26 77 .32 .030 .026 Vacuum Ingot
500 1b. -’ 1198 i25 .88 .09  .022 .022 | Air and Vacuum| Ingot

(3) | § - , |
Cr-Mo-V 1179 .28 .85 .50 .018 011 1.83 .75 .51 | Air Ingot
500-1b 1137 U.27 .86 .20 .012 014 1.38 .58 .34 | Vacuum Ingot
[ngots 1174 .31 .90 .93 .023 019 1.81 .58 .47 | Vacuum . Ingot
("MM'") 1187 .28 .98 .56° -, 019 .032 1.71° .73 .42 | Air and Vacuum | Ingot (‘c')\"

(4) " : ol
Cr-Mo-V 1182 .25 1.07 .29 .017 .01l .71 1.32  1.10 | Air Ingot
500-1b 1157 . .24 .98 .17 .013 013 .86 .70 .93 | Vacuum Ingot
fingots 1162 . 32 1.05 21— — 1.37 - 1.30 .90 | Vacuum Ingot
("MU'") 1190 .26 '1.05 .27 .029 ° .007 1.23 " 1.22  1.03 | Air and Vacuum | Ingot

(5)

Cr-Mo-V 1146 e 307 1.10 .28 .015 .018 .94 1.17 .33 | Vacuum Ingot
500-1b 1156 V19 .85 .02 .090 .012 1.22 1.24 .98 | Air (Ingot)=2100 1b
[ngots 1167 .37 1.21 .13 .016 .009 1.23 1.17 .98 | Air - " | Ingot
("MUX") 1180 q-31 1.00 .42 .018 .011 1.05 1.12 1.14 | CoreOil and Ingot

: | Vacuim ‘

(6) :
Carbon Steel 1099 .42 .83 .60 .015 .018 ‘Tadle Vacuum Casting
Slab Castings 1103 .27 .63 .36 .018 .024 . - Ladle Vacuum Casting
(ladlecdegassed, 1109 .24 .76 .42 .021 .023 Ladle Vacuum Casting
mould poured | 1112 .33 .81 .52 .024 .026 . Ladle Vacuum Casting
in air) : , S o .




: (1) Carbon Steel Slab. Castings "

«v Hydragen Cont.entsﬂ ‘

\ AR

......

.—-L.-.‘. .;' P ',,

W)

‘Melt) 4 Hydrogen Content, ppm x 10-4 B Lowest Highest Average
No. fEnd of boil Tap Tadle {Eiser' o ‘Pressure ' Pressure " Pressure . .
1120 .00025 00035 .00037 .00043 Air | 760 mm 760 mm 760 mm '
"1144 .00026 00033 .00037 .00014 Vac| 1.7 mm 7 mm 5 mm
1152 .00018 -- .00019 -- Vac| 1.4 mm 10+ mm: - 7 mm
, 1183 | .00032 00034 .00031° """ 00019 |~ Vac| 700idicEons 9 mm 7 mm 5
+ 1201 .00018 00022 ©.00033 00012 ) Vac] 2.2 mm’ " 10 mam 7 mm
f/% (2) Carbon. Steel 500-1b Ingots R o
1172 -- 00047 . 00034 R Air [ 760 mm 760 mm 760 mm :
1126 - 00032 .00038~ L Vac| N.D. N.D. N.D.
1170 .00021 00031 .00035; .000’2(,,‘0". Vac 4 mm 8.5 mm 6 mm
1198 | .00018 - 00027 2.600345> " .00016. | Vvac| 700"microns 6 rnm 5 mm
| - 7 (3) Cr-Mo-Vi "MM'" Composition 500=1b Ingots S s
*1179 -- 00063 .00140 - .00091 Air | 760 mm 760 mm 760-mm N
1137 .00049 5 00059 .00059 - Vac| 3.8 mm '/',1’5" mm 12 mm clzi
*%1174 .00045 00063 .00120 -- Vac| 1.3 mm 12 mm 10 mm .
1187 | .00030 ~  .00034 -- ©.00019 | "Vac| 700/ microns 8 mm 6 mm
O - (4) Cr-Mo-V '"MU" Composition 500-lb Ingots =~~~ "~~~ =~~~ B -
1182 .00036 00037 .00040 .00044 Air { 760 mm 760 mm 760 mm
1157 .00031 00028 .00031 .00013 Vac|1l.25 mm 15 mm 5 mm
1162 | .0003 -- -- -- Vac| 1.6 mm 15 mm 6 mm
1190 .00034 00042 .00034 " .00024" ""Vac|1.35 mmm 8 mm 7 mm
' ' " (5) Modified "MU'" Composition 500-lb Ingots ~("MUX") N .
1146 | .00024 .00032 .00035 .00011 ~Vac|1.75 mm -- -- ’
1156 -- -- -- -- Air | 760 mm 760 mm 760 mm
1167 .00031 .00036 .00030 .00036 Air| 760 mm 760 mm 760 mm
*%%1180°) .00038° "~ - '.00049 s . 00054 .00061 Qllfume§ 600" m1cronleO+ mm = 100+ mm e
o B " (6) Ladle’ Degassed Carbon Steel Slab Cast]_ngs ' AU
_"|BEnd of boil 'L’a’dle‘before Ladle after ‘Riser .| \L ,,) e |
{- ;1099 | .00026,- .00029 .00019 _‘Vac - 5 mm T
-1103 [ 100021 " - .¥*.00036 00015 «700018 . | Vvac| S5imam 4 mm 3 mm
1109 | 00023 . " 00034 .00020 - - . -f;,>@:'“ | vac|  4mm -- 8 mm
1112° | 00050 - . ".-.00040" 200017+~ 0004L. Vel Vac | 4mmy oL T d
+7 Only-gas result avallable, therefore melt.No. 1201L>1s only included in Table 4 gt : : R
*Excesswe holding time (10 minutes) before tapping: . T Ty

*% Last heat on thin shell,

k% Care cand fiimnel -

"Slow melt.

cnnt anAd A1l fiivmac
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‘TABLE 5

*

(Melt

*saui] Axepunoq anyq a-
"Aydexojoyd 10 x013x,, £q sayerd 395370 TeloWw 10 zaded J0

Pressure Kjeldahl Vacuum Vacuum
No. (Av.)During| Nitrogen, | Fusion, Fusion, ;
2 Casting | Wt. % | Nitrogen,Wt%| Oxygen, Wt. %l
Sid. ¢y 1120 760 mm .011 .009 .009
7 1144 5 mm .006 .004
1152 7 mm .007 # #
1183 7 mm 0100 .- - §006/.006 | .010/.004
*KB 1201 760 mm (| -
1201 7T mm [
Std. 1172 760 mm .008 .006
1126 ol .006 -
1170 6 mm .005 .006
*KB 1198 760 mm [
1198 | P .
%Std. 1179 760 mm .006, .006 .005
1137 12 mm :
1174 10 mm . .007
*KB 1187 760 mm [ ) S . 006 .007#
1187 | 6wmm L 1,005 004
Std 1182 760 mm .006 .010 .008
1157 5 mm .007
1162 6 mm .008
*KB 1190 | 760mm [/ | .006 .010
1190 Tmm L o 006 004
1146 R .004 '
1156 760 mm
1167 760 mm
*® o 1180 | 1004+t~ 009 |
1099 014
1103 .009
1109 .008
1112 1,007

uogonpoxdax 103 $339ys 13jsew Surzedazd zoy parfddns st 393ys siyg,

A\

% Core oil in sand.
KB A1r cast 50-1b test coupon.

e

#Note The 2006/.006 refers to comp051t1on before and after

‘degassing,re spectwetly,.\/Slmllarly »[ 2010/ .,004,
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. TABLE 6

(a) Tensile and Tmipact Properticsiof Carboh Steel Slabs. (1) *
Tensile-Bar [Casting| U.T.S., Yield % Elong % RA

Code No. [Medium psi Point, . 4D S

P psi
1120 A - 4 Air 73,400 48,200 - 21.0 25.1
11120 B -4 “Air 70,600 | 45,800 | 14.0 - 1 22.9
1144 A - 4 Vac 74,300 47,900 33.0 - 44.9
1144 B -4 | Vac | 74,100 | 46,900 | ~ '34.0 - " 50.8
1152 A - 4 Vac 80,000 48, 300 27.0 40.8
1152 B -4 "Vac | 79,300 | 49,600 | " 27.0 " 40.8

Normalized:: - 1650 °F,
* Centre of three-inch section..

iDfawn .- 2 hr 1250 °F,

‘

7o |
Uit-1bk.

SN N

Bar No. | "~ 1120 (Air) |~ '1144 (Vac) - 1152 (Vacg)
1 30 42 33
2 29 40 31
3 26 40 33.
4 36 44 32
5 29 gy 33

'AVALSNI LIAHS NOISIAZY AFHOVIIY FTHL
N INd ‘SEDVYL AHL NO4dN ALT¥YM LON Cd ISVATIL
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Page No
‘e © TABLE 7

(a) Tensile and Impact Propertiés of Carbon Steel'500-1b Ingots (2) *
Tensile Bar {Casting] U.T.S., Yield Point, % Elong | % RA -

Code No. |Medium| 'psi | = 'psi .o4D
1172-1 - 4 Air 79, 800 50,500 33.5 61.8
1172-2 - 4 Air 79, 300 51,200 35.5 63.0
1172-3'= 4 | "Air | 79,900 | 50,900 ~ | 34.0 ' [ 62.1
1126-1 - 4 Vac | 78,000 48,900 36.0 61.8
1126-2 - 4 Vac 78,200 49, 800 36.0 61.8
1126-3° -4 | Vvac | 77,900 | 48,700 | 36.0 | 61.8"
1170-1 - 4 Vac 74,900 49,400 36.0 65.2
1170-2 - 4 ‘Vac 73,800 49, 600 36.0 65.8
1170-3 -4 | Vac | 74,400 | 50,400 36,0 | 66.1

¥ Forged, rolléd, normalized 16500F; drawn 2 hr/ 1250°F.

| (b)_Room Temperature CRaipy V Notch Iinpact Strength (ftdlb)

‘Bar No. | 1172 (Air) | 1126 (Vac) | 1170 (Vac) |
1 47 53 84
2 49 ‘" 50 78
3 47 ‘' 54 92
4 47 L 54 100
N T ..4.5..»44.,4\/ 46 64 -

~
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- SUMMARY OF PRELIMINARY RESULTS

The preliminary results of vacuum stream degassing tests

at the Mines Branch show hydrogen reductions to 1.5-1.9 ppm average,
. . [

from 3.6-3.4 ppm initial content,,d': (60% to 45"/%1 reduction).
Oxygen and nitrogen reductions frorh 90 ppm and 80 ppm

Q

E)

and a slight reduction in nitrogen contentwere’obtained. Additional

Sl i

H4

v
£

tests will be required to confirm the oxygen and nitrogen results on

CrMo-V steels. Possibly, reduction of oxygen and nitrogen content

\T

QL

can be increased by operating at lower pressures, by deoxidizing ;

to 40 ppm and 70 ppm,for reductions of 55% and 12% respectively, e
i
were obtained on the carbon steel slab tests. ES g\
3
Oxygen and nitrogen reductions from 60 ppm and 75 ppm | g o &
: v
> O
to 40 ppm and 60 ppm,for reductions of 33% and 20% respectively, g = ’;:'
. ‘ O,
>0
were obtained for the carbon steel ingots . % _ g
| s e
In the Cr-Mo-V composition, '"MM",there was a slight i g 30
, < . | b 'Y
reduction in oxygen content but no reduction in nitrogen. However, 2 % =
. Ao ..
in the CrMo-V composition "MU" a significant decrease in oxygen. § 2 (—3
g Sl
(€2
L
!
t
H
!‘Z‘:’
n
-
&
w
o

[ Hd

7

dca Ing ‘sanvd A
DOLO

only with ferrosilicon before vacuum casting,and by holding the ingot;
under vacuum for 30-45 sec before restoring atmospheric pressure
for solidification. !

.

~ Tensile tests obtained on normalized-and drawn test bars

cut from the centre section of the carbon steel slab castings, air

N

B N A

|
!
cast versus vacuum cast, showed a definite improvement in tensile {
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GENERAL DISCUSSIQN AND" SU»MM ARY
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Published.results indicate that vacuum spray casting has

e

:found widespread acceptance in the U.S, A,, Germv%}ny and Russia as
ra routine step in the pr oduction of"‘l';/é:rge forging ingots. The effectiveness
e : !

1 {of this method of vacuum degassing has been proven by the U.S. Steel

¢ g :
_ B St
o i . T et ey . !
SR R ECompany, the Bethlehem Steel Company, Bochiumier ' Verein, and :
$> "o . . ¢
5 g jothers, where flaking hasbeen eliminated as a production problem !
- %;‘ = .:I;' ! ’ . .
PN gin forgings of carbon and alloy steel of up to 350 tons size, 130:in.
L - ‘ |
0 o & g«' 'diameter ingots. These large forgings formerly required extended )
o ¢ g,; o ! . ;
U . L L : : . . :
o 000 ‘and expensive dehydrogenizing .and slow cooling cycles, but reduction ;
pacs t(-g %‘h“; § . i
5.;'2 = 2 ‘of the hydrogen content to the order of 1 ppm, and elimination of |
0 g : :
EoNE : -
o O W g ;hydrogen segregation at the centre of heavy—-’\sl_;ectmn castings and forg1-hgs,
a1 R B - .
2o @ ' '
[P] &
ol d
A
il BRI
® 6 PG oo :
BTV N ) ’
IR S :
S om d i
%“ H %-_- g ;some instances it has been poss1b1e to eliminate the slow cooling and 1
HEoe!
~ 2 o ;dehydrogen1z1ng cycles which were formerly used :
RS |
OO v . . . i
LT { Among the other benefits obtained by vacuum casting are the }
Con : o | :
- < - -
%»%: 3 Efollow1ng reduction by about 30% of the oxygen content of steels ‘;
B3 g | . |
g-r kwhich are not fully aluminum killed,and redugction by 10 to 15% of the ¢
o ' ‘ h
5o ~ D

nitrogen. content, Reduction of total gas conf:enf, and use of 'vacuurn t

xcastlng refractory technlques,can result in 1mproved steel cleanhness.}

;,

The absence of hydrogen segregatmn in the central areas of large
5 :

jf
forgmgs, and the low average hydrogen level, both allow rapid cooling} !‘

g,without haz‘ar‘d of flaking, Improved tensile ductility, especially in '

13

{
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tensile ductility of vacuum ¢ast steel is unchanged by aging and is{,

£ 2t ek

: the transverse direction, compared with aged or unaged air-cast .

steel, is consistently obtained in sections which are too large for

P o

economical dehydrogenizing heat treatment. . in»'large forgings the i
i

higher than that of air?}cast steel in the aged (déhydr ogeﬁiz.ed) conditiof;l.
Other benefits are reported, such as irﬁproved forgeability ‘
and machinability.v | | :
As a reéult of Europeaﬁ work,vacuum ladle degassing has :
been prioven.economical and practical fof upgrading basi;: be‘s‘sk_e“r‘lf;er
and open hearth steels and for imprc;ving steel cleafhi\li;ness‘s;zg‘;rfd

deoxidation, Control over ingot solidification by this method has

been of assistance in continuous.casting. The results of Russian work
3

indicate some reduction_in wattlossés ahd-some improvement of thei/

electrical pfopert’ies of electrical sheet steel which depend on low ;

impurity levels. Improved plasticity after vacuum degas singgf:f-‘

3

‘facilitates the rolling of silicon transformer sheet. :C
German work at Bochun}“f‘}\has prove“_d‘.. the ut?}lity of vacuum i
stream degassing for large forging ingots and for the production of '*{

= el

critically stressed heavy section castings. Other Germanwork,at

i e

Dortmund, has demonstrated, in plain carbon Sfeels; the practic:ibility
of the use of vacuum degassing as a method of controlling rejects - i|
. ‘ . ' . §

. vl N .
due to hair line.cracks, as a control over ¢leanliness, andas a

method of improving tensile ductility, forgeability and machinability.

While little information is yet available about the most recent
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iGerman degassing method (Ruhrstahl A, G,), it would appear to be an *

¢ i

1

efficient iadle(‘{’de gassing method, and the opér ating pressure of 100 |

fmicrons should .pr oduce the usual impr ovements due to vacuum
! . \ ' :

‘treatment, In general, ladle treatment would appear to be accomplished
s ~ .
iat lower capital cost than other methods, and this fact may encourage

r

ads

ithe use of vacuum degassing. 'V ' 2¥ €. CCNERe

The economics of the various processes are not reported

in detail but a considerable amount of operating data is a,vaila'blc/e/%ﬁd

potiddns s 199Ys SIU]

sase1d 385330 [B18W 40 zaded jo

s

cAydex

|
i
|
Py ; . . . . R . /_L: P *J‘
i 1the choice of any particular method would require detailed cost analy;sj}’s. b O i
| ' - _ . o
; Vacuum stream degassing, even with its relatively large { ; g By
.5 'capital expenditure, seems to have been most widely accepted by large Ei ; a
g _ : ; iR
’gﬁ (companies in the U, S, A,, while, with the exception of Bochumer : ROl At
o : _ ; .
i} ;:'3 :Verein, ladle degassing recently seems to have been used more
8 o ‘ . Lo
2 % sextensively-in Europe andRussia. - _ ; © oy
g{' ?3' : : v : : et 03 % g
o The only installation known in the United Kingdom isa -< ™%. ",
ST ' ' ' Sy ol eI B
o (»30' ¢ . WS i >
T i e 2 L i s S e . i AR
a8 f&,("\l‘S—ton experimental degassing-unit used for(test work by.a forging i 3
tty : . . f'
?: 2 imanufacturer, Wm, Beardmores Limitfegi. Also, there is reported A/{,Vﬁ (4‘3
2 P (I . ) N D (; .
g :Eto be a special vacuum technique under development by Efco Edwards, ; L
3 : - =
9 T
2 tin which inductionymelted metal is held,for part of its melting period,
2 |
S iunder vacuum; followed by air casting.

] Practical benefits of vacuum degassing can be summarized |

’ ,
.as follows: i

i (a) Effective reduction of hydrogen content, the final content

" . being dependent on operating vacuum and steel composition.
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(b) Reduction or elimination of ‘hydrogen. segregation at

the centre of large f(&rgings and castings,

N

(c) Choice of heat treatment canbe based on homogenizing™*»

and grain refining,rather than on dehydrogenizing
requirements,

(d) Improved .cleanliness‘can be obtained.

(e) The tensi1§ ductility of vacuumcast steel (stream
degassed at 0,2 - 1.2 mm) is the same in the aged. . or.
.unaged condit‘ion,v and is higher than that of air-cast
steel even in the aged condition,

(f) Under some conditions, imprbveci electrical
propertieAs‘ca.n be obtained by reduction of the carbon,

s.ulphu[rr'”ga.nd oxygen levels of steel,

s

{

(g) Impr o;}ed ma‘éhinability, forgeability and hot workability
have been reported for dégassed steel,

(h) Savings ha_vé been reported in the product.ion of lows
alloy ;on_st’ructionai steél, by reduction or elimination
of.rejects due to haif lime:: cracking.

(i) Unde; some condii':ionsv, centre looseness is claimed
to be more easily ellmlnqteé _ip;.\-rn_ac"x;-um;d‘eﬁgge_x__s;_se-_‘c_:l’.ﬂth,a;l
in a.ir«fjca;st steel,

(j). Vacuum treatmeént can assist in control of the .ingo.t
solidification p%}:tern to assist continuous casting operation.

(k), ' imp;_é{é%i?p\lasticity facilitates cold reduction of silicon
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