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INTRODUCT ION

Fractional vacuum fusion analyses of six ocast and four rolled armor
plate samples have been completed.

In performing a vacuum fusion analysis (for "total" oxygen, as con-
trasted to the "fractional" method used here), the sample is melted at
about 1600°C. in & graphite crucible contained in a furnace evacuated to a
base pressure of less than 0.0001 mm of meroury. The absorbed and dis-
solved gases (oxygen, hydrogen, and nitrogen) are liberated, and the var-
ious oxides, silicates, and aluminates present are rapidly and completely
roduced. Because the melt is saturated with carbon from the graphite cru-
ocible, all the oxygen is converted to CO. Nitrides break down to yield
free nitrogen, and the hydrogen contained in the steel is evolved as fres

hydrogen.
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By means of a high-speed mercury diffusion pump, the gases from the
sample are rapidly pumped from the furnace into an svacuated collection
+»7stem made of glass tubing. Connected to this system are vacuum gages
for measuring changes in pressure as gas is collected.

The gases are then removed (by an automatic Toepler nump) from the
collection system and collectsd over mercury in test tubes. A modified
Bureau-of-i'ines-type Orsat apparatus is used to analyze the gas.

The fractional vecuum-fucion method used for this work is & modifi-
cation of the "total" method described above. This modification involves
heating the empty crucible fo shout 2300°C. for out-gassing and pumping
off the gases until the amount evolved is very low (about 1 cc per hour at
1600°C.). The temperature is then lowsred to 1320°C., and tin equal to
twice the weight of the steel sample is dropped into the crucible, and any
gas in it is pumped out. The collection system is then isclated from the
pumps used in this preliminary evacuation.

The temperature is lowered to 1060°C., and the sample is dropped into
the tin which fluxes the stesl causing it to melt at this tempzrature. Fe0,
the least refractory of tha oxides present, is rapidly raduced at 1060°C.,
and when present tha rate of evolution of gas is indicated by a rise in
pressure in the system, which rsaches a maximum in two or thr:e minutes.
When most of the FeO is reduced, the prassure gradually falls until it
reaches the base prassure, a point where it remains more or lass constent.
This pressure is slightly higher than the starting pressure bocause traces
of Mn0 are now being reduced. This is considerasd the end of the 1060°C.
fraoction, so the tube of gases collected is removed for analysis, and a

new collaotion tube is installed. The tempsrature is then rais»d to 1170°C,,
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where Mn0 is rapidly reduced, but no more than slight traces of Si0,, al,Ca,
or othsr more refractory oxides are broken down. Tho rate of evolution

rises and falls as before. Following the 1170°C. fraction, the temperature
is raised to 1320°C. for ths reduction of Si0p end then to 1600°C. for 11203.

These oxides are thc ones that may be found in plein carbon stcols.
Howsvar, alloy steels may contain savsral othzr oxides, and the fraction in
which their oxygen is obtained may be judged roughly by exarmination of thnor-
modynamic data. Zxperimental data indicate that Crp0z is roducad principally
at 1170°C., while TiO, appsars to be reduced partly in the 1320°C. fraction
and partly at 1600°C.

The nitrogen in low alloy, aluminum-killed stzels is obtained in th=
1600°C. fraction. High-chromium steels which usually contain considerable
nitrogen yield most of it at 1170°C.

In regard to more complex compounds, Reevell) found that in tha case
of MnSi03 he obtained the MnO and 5i0, at their respective usual tempera-
tures of reduction.

The accuracy claimed for the method is £ ,0017% Oz and ¢ .001% Ny for

10-gram samples. Hydrogen values are gonorally erratic and are not vary
significant unless the complete history of the sample is known. For in-
stance, an ingot cooled slowly may ba low in hydrogen, while one cooled
rapidly may have a quite high hydrogen content. If analyzed at this stage,
one could predict that the stsel high in hydrogen would ba more susceptidle
to flaking than the othar, However, after hot rolling or heat treatment,
both steels may show the same low hydrogen analysis even though flakes are

present in one of them.

(.10, 113, 1934, pp. 82-100.
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RESULTS

Table 1 gives the chemical analysis, mechanical properties, and
ballistic properties of the ten plates that were analyzed for gas content.
The data contained in Table 1 were supplisd either by the producer or by
Watertown Arsenel, with the exception of the residual aluminum content,
which was determined at Battelle Nemorial Instituta.

Table 2 gives the fractionel and total gas analysis, acid soluble
residual eluminum, the inclusion type (according to Sims and Dahle(2) for
the cast plate and the Chevrolet method(s) for the rolled plate), and im-
pact values for single- and double-width standard Charpy specimons with
8 key-hole notch.

The tables are divided into two sections; the first gives data relu-
tive to cast plate, and the second gives data concarning the rolled rlate.
In both sections the plates are arranged in order of increasing oxvgen con-

tent.
DISCUSSION

Table 2 shows a reletionship between total oxygen content and resid-

ual aluminume The plates low in total oxygen are high in residual aluminum,

and those high in oxygen are low in aluminum in both tho rolled and cast
materials. There is also a relationship between the inclusion typs of the
cast plate and the residuasl aluminum content. Type III inclusions are

associated with high residual aluminum contents, and Type I most frequently

(agima. C. E. and Dahle, F. B, "Effect of Aluminum on the Properties of
Medium Carbon Cast Steel Trans. A.F.i., Vol. 46, 1938, pp. 65-103.

®)"Rsting of Inclusions, the Chevrolet Mathod", Wetal Progrsss, Vol. 25,
Feb., 1939, p. 169,
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TABLE 1, CHEMISTRY AND INECHANICAL AND BALLISTIC :
PROPERTIES OF ROLLED AND CAST PLATE
’
_ Chemios)l Analysis :.:
Plate C Mn Si 8 P N Cr Mo Cu V 72r Al  Deoxidizer.;
CaST )
G645 .27 1.48 .40 .017 .022 51 0.04 ¥
w2332 .27 .78 .35 .033 .036 1.00 .51 .40 0.03 2§ Al l
.'.‘1
2
P10 .21 1.09 .82 ,0l11 .0l9 1.61 0.02 "
§99 .31 1.06 .25 .038 .019 .47 .59 .49 0.02
FA5 .28 .79 .18 .0l6 .020 .52 .72 <0.01
»
AHVZ 029 1052 '41 .035 -034 09 <0-01 # HC'FO‘l\t::_
3 Casi
ROLLED ;.-_.\1
JT3427 .26 1.05 .22 .0l4 .018 .54 0.06 iy
»
L
JT8427 .26 1.05 .22 .0l4 .018 .5¢ 0.08 ]
CI81l .25 1.58 .24 .021 .015 .98 .52 .44 0.08 2§ Al per -,
ton L 1
6L119 .30 .70 .81 .030 .021 64 .15 J1 0.04 -
6L1l9 .30 .70 .81 .030 .02L 64 .15 A1 0,04 .
)
JT2420 .26 2.05 .19 .015 ,022 .51 0.03 T
JT2420 .28 2.06 .19 .015 .022 .61 0.03 i
“@
3
<4
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Mechanical Properties

, Rolled Plate Tensile Yield % % Reduction

lDeoxidi zer _ Direction Strength  Strenmgth Elongation Area Izod Brinell

\:_

\ -

% 125,000 107,000 17.0 38.2 5643 252

:'.:f ’

.‘ 2 Al 131,600 114,000 12.0 22,7 19.0 277

EIZ' 134,860 127,450 16.0 36.9 290

-3

f:~' s _ Charpyt

| % 118,350 97,250 21.5 57.8 33.5 248-255

=

-

- 123,500 108,500 19.5 52.5 4645 241

3

' 24 HC-FoTi; 104,750 85,500 21,5 52.8 44-45 226

* 3 Casi

2

- Longitudinal 144,800 143,800 18.0 67.0 82.0 248-269
Transvarse 144,800 122,850 1645 6l.1 45,0

. Longitudinal 144,800 143,800 18.0 67.0 82,0 248-269

:'.j Transverse 144,800 122,850 1646 61.1 45.0

< 2 Al per 126,900 112,100  21.5 63.1 62.0 277

“. ton

g. Longitudinal 277-285

¥ Transverse

3

x; Longitudinal 277-285

W) Transverse

]

x Longitudinal 151,600 138,400 1545 54.4 56.0 241-286

- Transverse 153,300 137,300 14.0 48.3 38.0

A

E: Longitudinal 151,600 138,400 16.5 54.4 5640 241-286

3 Trensverse 163,500 137,300 14.0 48,3 38.0
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. Ballistios
itinell Ballistic Limit Shook Plate
: '
v, 252 37 mm M51AP-1936 (+61) f/d. 75 mm T12AP-PP, SB. Passed. B. L. on G645
- PTP, 2-3/8" x 2-7/16", (Plate 646). plate 646. Setisfactory plate.
o . ,
”277 37 mm M51AP-1448 (+148) f/s. 75 mm T12iP-PP. Passed. Satisfactory w2332
% PTP, 2-3/8" x 2-3/8", plate.
7. 290 37 mm M51AP-1938 (+138) f/s. 75 mm T12AP-PP, SB. Passod. P10
- PTP, 2-5/8" x 2-5/8". Satisfactory plate.
hs-zss 37 mm M51AP-1944 (+112) f/a. 75 mm T12AP-PP, SB. Passed. $99
g PTP, 1-1/2" x 2", Satisfactory plate.
X
1 241 37 mm M51AP-2047 (+214) f/s. 75 mm MKl proof slug. PP, SB. 1/2" Bow. FA5 .
¥ PTP, 2" x 2-3/4". Passed. Satisfaotory plate.
Fzze 37 mm MS514P-1490 (+142) !‘/s. 75 mm T12AP. PP on companion plate HV-1 ARV2
5 PTP, 2-1/2" x 2-1/2". Passed. Satisfactory plate.
o)
w
Eke-zss 37 mm MS51AP-1603 (+111) f/s. 75 mm T12AP-CP, Cl. Passed. JT3427
N PTP, CP, 2" x 2-1/2" on companion Satisfactory plate.
I“ 42782 piate.
-#8-269 37 mm MS1AP-1603 (+111) f/a. 75 mm T12AP-CP,Cl. Passed. JT3427
) PIP, CP, 2" x 2-1/2" on compenion Satisfactory plate.
'{\: 42782 plate.
w277 37 mm MS1AP-1583 (+89) f/s. 75 mm T12AP. PP, crack on LB. 75 mm MKl  CISl1
iL PTP, 1-7/8" x 2-3/4". slug, PP, LB. Satisfactory plata.
-717-285 37 mm M51AP-1611 (+111) f/s. 75 mm T12AP-PP, MB. 75 mm proof slug. GL119
:; PTP, CP, 2-3,8" x 2-1/2", Cll’, 20" x 11" cracks on LB. Satisfactery -
\" P ate. .
ﬁy7.zas 37 mm M51AP-1611 (+111) f/s. 75 mm T12AP-PP, MB. 75 mm proof slug. GL119
. PTP, CP, 2-3/8" x 2-1/2". CP, 20" x 11" oracks on LB. Satisfactory

plate.
$1-286 37 mm M51AP-1570 (+90) f/s. 75 mm.T12AP-CP, 2" erack on MB. CL. JT2420
- PTP, CP, 2-1/2" x 2-5/8". Satisfactory plate.
‘$1-286 37 mm M61AP-1570 (+90) £/s. 76 mm T12AP-CP, 2" orack on MB. J72420

q

4

§

PTP, CP, 2-1/2" x 2-5/8".

S
yiZara

CL. Satisfactory plate.

3
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TABLE 2.

6.

GAS ANALYSIS, RESIDUAL ALUMINUN CONTENT, INCLUSION RATING,
AND IMPACT STQRENGTH AT =40°F. OF ROLLLD AND CAST PLATE

Welght, Per Cent, Obtained in Various Fractions

| 1170°C. 1320°C, 1600°C.
Plate 02 H2 Nz 02 Hz Nz 02 Hz Nz 02 Hz
CAST .
TE45 .0002 nil nil nil nil nil .0023 .00004 .0018 .0025 .00004
w2332 .0002 nil nil .OOO5 .00002 nil .OOZ6 .OOOO6 .0036 .OO;l .OOOOe
P10 .OOO3 .00002 nil .0002 nil nil .0038 .00014 .005e .0043 ‘00016
599 .0005 .00003 nil .0025 .00008 nil .0021 .00007 .0020 .0051 .00018
FAS .OOO5 .OOOO4 nil .0051 .00015 nil .0028 .OOOO8 .004e .0084 .00027
ARV2 .0022 .OOOO7 nil .0043 .OOOO3 nil .0042 .OOOO9 .0022 .0107 .0001,
ROLLED
JTedeT .0002 .00002 nil '0006 .0001O nil 002 .00036 .0012 .0028 .00048
JT3427 .0006 .00002 nil .0009 nil nil .0013 nil .0011 .002e .OOOO2
cIsll .OOO2 .00003 nil .0004 nil nil .0022 .OOOO1 .0016 .0028 .00004
GL119 . »0000 i . +0000 .002 L0000 _ .003 .003_ ,0001

0004 0 3 nil OOO5 00 7 nil 4 00 5 4 0 3

GL119 .0002 nil nil .003 nil nil .003 .00018 .0038 .0055 .0001e
JT2420 nil .00010 nil .0010 .00008 nil .002 nil .0023 .003 .00018
JT2420 .0003 .00003 nil .OOO6 .OOOO2 nil .0032 .00010 .OOO9 .0041 .00015
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~40°F, Charpy Impact Values,

2 tal Residual Inolusions Foot Pounds
! H, N, Aluminum Type Amount SIngle Width Double Width Plate
'gnoo4 001,  0.04 111 Clean 16-3/4 40-3/4 G645
poo .003,  0.03 11 Dirty 17-1/2 20 w2332
'0016 003, 0,02 Il & III  Siightly dirty 5« 16-1/2 33 P10
'49018 .002,  0.02 I Dirty 29 57 599
.ooz +004,,<0.01 I Dirty 14 44-1/2 FAS
4
!301 .002, <0,01 I Dirty 16-1/4 23 AHV2
i)o48 .01, 0,06 0.5 S Excellent Longitudinal i&l Longitudinal 43~ 511 JT3427
Transverse 113 Transverse 26-56%

000, .01, ©.08 0.3 S g Excellent Longitudinal 36% = Longitudinal 43-51}% JT3427
.2 1 Transverse 11i- Transverse 26- 56—1-
D00 .00l 0.08 022 Sz Fair Longitudinal 413 Longitudina194§-84%-CIBll
-4 Transverse 35 Transverse 68
pol_ .00 0.0¢ 03 Sp Poor  Longitudinal 233  Longitudinal 41 GL119

5 Transverse 204 Trensverse 363
D01, .003, 0404 Oz Sp3 Poor  Longitudinal 23% Longitudinal 23;, GL119
.8 8 Transverse 203 Transverse 20
001 .002_ ' 0.08 Og Sz Poor Longitudinal 303 Longitudinal 61~ JT242)
8 3 Transverse 26% Transverse 50
P°1 000 0403 0 32% Poor  Longitudinal 3ol Longitudinal 61}  JT2420

6 9 Transverse 263 Transverse 50

t
}
1
t
'
'
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occur in those steels having a2 low residual alumirnum content. Tyvpe II ir-
clusions occupy an intermadiate position, In the rollz:d plate the oxido
inoclusions tend to increase as the recsidual aluminum decreas:s.

It is apparent thet most of th: oxygen is obtaincd in thz 1600°C.
fraction for those stszls high in residual aluminum, while those that have
low aluminum contents have most of ths oxygen removed in the 1170 and 1320%C.
fraootionse. This trend is in agreement with our knowladge of th» relative

stability of the various oxide inclusions in stecl,

The data from which this report was written are rscorded in B.l'.I.

Notebook 988, pages 1 to 6 and Notebook 968, pages 13 to 24.

7 W (el
M. W, MB.IEEt
-, e
Lhz”: >1LLLL
A ﬁo Elsea o

Research Enginsers

Approved:

Con
Co ﬁo Lot‘ig
Suparvising Metallurgist

CHL:ad/mfr
July 16, 1942



	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012

