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THE PROPERTI®S OF SEJI-ST=EL.
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The object of this thesis was an investigation of the
prorerties of Semi-Steel, Alil that was nown of semi-steel
at tre bveginning of the work was that it was a mixture of cast
iron ani steel and that in some instances a certain alloy had
been mixed to zive the resulting product certain desired
"qalities. It was desireé to procure test bars of semi-steel
and test tﬁem and compare the results with the results ob-
tained from ordinary cast iron, 1I{ was also desired to have
a chemicel dnelysis of the alloy whish is used to make the
semi-steel, ard to manufacture in the College fouﬁdry, accord-
ing to the analysis, some semi-steel and compare it with the
test bars of semi-steel procured outside.

In the first rlace some s:ecimerns of the alloy were pro-
cured and were aualyzed by the Chemical Department. The sice-

imens prosured were small nieczes that had evidently been melt-

ed., The results of the anelysis are as follows:

Mfive.veeeene.. 16,62
S e 00,17
°i, e C1.78
Connt. e .04.,C6
2 T LLTE .40
—TTTTTTT 100,00

The results of tre erelveis shoved that the alloy was
nothing more or less than spiegeleisen, Chemistry
says: "Spiezeleisen is a variety of white cast iron contain-

ing 3.5 to 3 ; of cervon and from 5 to 20 [ of manganese."
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The sprecimcel analyzed is scen to contein 16.6 f oI’ man-
cganese, 4 f of carbon and the remainder iron with traces of
gilicon and phosphorus, Following this clue, thc ilechanical
De:.artment sent for & quentity of sriegeleisen with & view to
casting some test bars of semi-steel.

Mesenw¥nile I leerned,thet the ilzDowell Steel Co. of Chi-
cago were the originetors of the semi-steel process and that
all the material used in the process by the various foundries
of the country ceme from them, I also found that they claimo:
for their produst a tensile strength of 34000 to 38000 # per
sq. in.

I wrote to the Chicago compauy andi asked them for some
test vars, promising to pay all expenses, In reply they
8erid that "they heZ no test vars at present tut perhaps Robvt,
Hhint 2 co, migut spare me some, " Not knowing the relation
between the iicDowell Steel Co. and Robt, Hunt and Co., I
wrote to the latter firm and asked for some test bars, Here,
to my Aiszyrpintment, I was met by a polite refusal anud I-
founi that the Robt. Hunt Co. were consulting engineers to
the liicDowell Steel Co.

However, from other sour-es, & number of test tars of
semi-sleel were ohtained and these were tested on the Olsen
testing machine belonging to the Mechanical Depar‘ment,

Test bar # 1 of semi-steel was put in the machine and

extensometer readings taken up to 11000 7 or 17000 # per sq.in. /






(z)
At 13200 ;= 200300 ;- per Bq. in, the piece broke in the upoer
jaw of the machine., An examination of the piece showed that
it hazd been erushed in the jawrs instead of pulling apart.
The grain was that of fine grained, gray cast iron, These
pieces heve a slizh! bulb east on eact end to hold in the
jexs of the machine, I* wes in this bulv that the pilece
ecrushed. The next piecze erushed just as did the first at
140C0C ;Z 83760 ; per 8q. in, Liodulus of elacticity Z E for %
this piece - 127500CC 7. -

Rar ' 3 Lroxe in exactly the same way at 14000 # = 21009
per s8q, in. E for this piece Z 18488CC0C #.

These three bLars having ell crushed in the jaw of the
machilie we bega:i to study to find some war to pull them apart.
An attempt was made to find the crushing strength of the ma-
terial. A compression piece was turned down from the end
of one of the test bars. It had a length of ,38u" and a diam-
eter of ,411" and stood 40000 7 without crushing, The crush-
ing in the jaws rust have been due to the wedge action there,
The material was ~ut very easilv v the lathe tool and the
drill, behaving like cast 1romn.

A ~iece was prepared with the bulbs turned off to give
tre jaws & vetter grip. This piece pulled epart at 120C0 3

- 22700 7 per s8q, in., Another piece broke at 13800 # = 2110¢;

per sq. in.

Tinailv a piece was put in ‘he machine which was turned '
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the whole length. This broke at 1470: # - ££050 3 per sq. in.
Elastic 1imit 16000 # per sq. in. T¥or the sake of comparison
with the abore results I tested some tars of ordinarv cast
iron which I bought at the foundries at Lansing. Bar i’ 1
f¥om t»e Lansing Iron Vorks broke st 1840¢C or 730CC # per sq.
in. E = 18420000 #. Bar # 2 broke at 20030 # = 25400 ¥ per

sq. in, = 12976000 ;. From the Olds Engine Works I re-
celved & var whixh broke at 12030 # = 2600C ; per sq., in, E =
9315023,  Elastic limit reached at 9030 5 = 19666 3 per sq.
in, and had E = 1473200C #. One from the Bement foundry
broke at 888% y# = 28930 4 per sq, ir. From these results I
think it is clearly shown that the spesimens of semi-steel
which I tested nossessed a tensile strength equal to but not
avove gooz cast iron,

I will here quote from one from whom I learned the reci-
pe for making sémi-steel: The cupola is charged with 30 ¢’
pig iron, 30 f cast iron scray and 40 f scrar steel. ter
this is all melted it is drawn off in ladles and for every
100 # of molten metal in the ladle 1 ; of alloy is added.

The f of alloy is only guess work as they pick up a handful
ani throw it into the ladle as it is being ~arried away.
There is nothinz peculiar in the casting of semi-steel, the

only differen-~e from the heats taken at the College is the

addition of the scrap stecel in the cupola and the addition of

the alloy in the ladle.
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¥romm *he chemical analysis given bvefore, it is seer. that
783 f of the alloy is iron and only 290 7 of it is manganese
and carovon, From this it seemed to me that the aidition of
1 7 of alloy would not have a perceptible influen-e because
.£0 of 1 f seemed too smali & proportion to exert much influ-
ence, It seemed to me that 1f any extra streaugth were found
in the compound the greater part would come from the 40 f
scrap stecl,

This matter we proceeded to test in the College foundry
using the proportions given, We used 80 f ol Leke Superior
pig, 30 ;° cast serap and 8C ; boiler scrap, a low grade of
steel. As has been showr above, the alloy showed by analysis
that it was merely sriegeleisen., We, therefore, used spiegel
instead of the salloy.

After waiting until the iron was quite hot, some test
bars were pourdd, first without any spiegel in them, and then
some with 1 ” of spiegel in them. We desircd to have some
bars wiih larger per cents of spiegel, but we found that over
1 7 of spiegel cooled the iron so rapidly that it could not
be poured., The splegzel was crushed into small pieces about
tre size of bullets and in this form it wes thrown into the
ladles whigh had been previously warmed. We did not guess at

the per cent of spiegel but I filled one of the ladles with

water, putting as much water as the ladle usually contained
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iron, ani multiplied the weight of the water put in by the
specific gravity of iron, I thus found that the lesdle held
43 4 of iron, ani I weished .43 7' = 1 :/ of spiegel.

A bar with no spiegel in it broke at 120C0 7 Z 28787 7
per sq. in, This yiece had a flaw in it, Another piece
broke at 107000 3 = 1900C # per sq. in. A bar with 1 ¢ spie-
gel in it broke at 100CC ; Z 180C0C # per sq. in. This riece
had E = 10820000 .  Another riece broke at 10507 3 = 18650 j
per sq. in.

It mar, vperhaps, be argued that in the limited opportu-
nities of this term's work I have not given semi-stcel a trial
suTficiently extensive to do it justice; %but I think the
results notedi above toint, at least, to these coneclusions:

1. The alloy which companies are buying by the pound and
raving 332..07 a year for the rizht to use is nothing more or
less then spiegeleisen,

2. Semi-steel has the same tensile strength as good
cest iron arni is similar to it in its various properties,

3., The addition of the stiegeleiscn to the mixture of
pig, cast scrap ani scrayp steel does not seem to arffect the
result,

In conclusion I wish to thaik the professor in charge and
also the foreman of the foundry for the interest they have

taken in my thesis and the assistarice they have given me,






B ++o |[oes o2 |2
cooccoczZ+7I 449" |cos ez ]
| P 4 ze' |logesz ||
= = - cocozgel | ootL) 2+ | 9956\ |Z
- B el 0002126 |looocoz|s86¢ |[ccooT |
- . ococo Ste z! +e8s |ootse |2
ey &\Aﬂxsa\v.\\, O T cooo0zt2| . o9 |occoaz| |
(- s i e /4 el o A d O™
— ey S gz | D2a 7wz | ool o] L
N o 91 1T o v o
: 7 m <+ +- &' osssl |+~
e T ~ > . Lo coceozsoOl + 4+ 2 cocool |2
—— - L . P + -2 coco61 |2
g o oy Prpy wr pelenty oy - L2z ) ! |
== 5 h 7% 212 S arg H | aosy
BN 7z L e
k=) =2 [ L 1Ls o Sdvd
e R ey > ) > > 29 s’ osozZ |9
| R 0" ool 12 |
J\.\n:\! i) e e s A =5 sosz? |+
= " “ “ c>ooz36t-2 | L2 cocol17T | &
- “ “ so0052s 21 < ogzazlz
s S el . e it Eidesl ozooz | 1
| - 22 2ee 2 oo ngos - s, s eride e |,
rar 7 3 27
c Z A gy S S o oy | L

| IS

N3 S

‘NOISN3IL Ol A3 DAL NS

SN3IWID3HdSs HO

19 Vv _L



MICHIGAN STATE UNIVERSITY LIBRARIES
3 1293 03175 3324




