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Introduction

The difference in sper!is produced by epplying steels
of varying carboxn contents sgeinst a revolving ebresive

wheel wes first desnribed in 1804 by Jecques de Lanson.

de Manson, Jecques, Treité du Fer et de 1l'icier, Paris,
290 Dpn., 1804.

Since then little tebulated information hes been published.
with one exception such records depend on written description
S
or hena dréwin:s to r cord this phenomenon. It is the pur-
pose of this paper vhich sumiarizes results of an intensive
study of ti.s phenomenon, to emnphesize points often over-
looed in its use, %o prese:nt sorie new espects Litierto
unaveiloble in the literet-ire cnd to »nres - 'nt photogrephs

of representaztive spnerik streas:s,

Contrary to generel oninion, the steel chermist need
fear no competition from the sperk test, but insteed,the
spar!s test will prove to be one of his best tools if

proverly epnlied.
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The sperk test hes often fellen fron :rece due to
tre fezct that its limitetions were not considered. ™ith
onlv & ¢enerel idea of the s»nerk test eveileble, it has
been misamnlied causin~ a renerel distrues for its vealue
to arise.

The icentificetion of a stwel to te of a definite
chemical compositicn is only for a chemicel laborestory to
deternine. Yith the use of standerds it is vossible to
agetermine the eapprorimete carbon content of a plain carbon
steel., Zut for ezcurste work, this is not recorr.ended,
such infor:ecticn beinyg aveilable only throush the mediunm
of a che:xicel ¢nelysis,

The vnresernce of s»ecial &llovin~s elerents under certein
conditions mev be hazerded ¢t.

Quteinin: sich infor:ation es thus outlined by means
of the sper’: test 11ey e useful for the smell shon, vhere
no chexist is eveileble end only vhen such informetion ney
oe of help out no ¢reet importence in the r'inished vnroduct.

The reel ephlicstion of the snert test comes in the
sortins of lar:'e lots of mixed steels enc &s &n insw»ecticn
method for detecting foreisn steel in a lot of stcel

products of uniform chemicel coriposition.



This apnlication of the snerk test tekes it out of
the t'ield of competiticn with the chemical leboretory end
pleces it in a field of epplicetion whefe it is an out-
standins test end has no near comdetitor.

Likely the most outstanding applicetions of this test
ere in cases vhere the chemical composition varies widely

such as hich and low-carbon steels vhich cen slso be
sorted by hardness. In such ceses the mixtwes more likely
to occur are of heat-treated material where the herdness
method requires ennealing and removel of scele. The sperk
test is not limited by either scale, heat treatment or
shape of surfeace to be tested. Cere rust be taken ir
testing heet-treated meteriel in thet decerburized surfaces
will give a felse carbon sierk and rniust be ground through
to et the true carbon sn»ark,

It cannot be over erivhasized that the future of the
spark test lies in the field of sorting mix-uns and as an
inspection method. Let the pest exnerience in the field of
identification of unknown specimens be a wvarnin:» that all
unknown steel must be idéntified by the ordinary chemical

analysis.



Iquipment

The equipment is reletively simple. 4 small (1/8 horse-
povwer) motor, veirhins about € pounds, operating at @ sheft
speed oﬂ 15,000 r.pem. is used (I J G Duore). 4n ecbresive
wheel of alunduq, 1-1/4 incres in diameter end 3/6 inch
thick, is mounted on the shaft. The wheel has & peripheral
speed of about 5,000 feet per minute.

Colored ¢lesses should be wvorn es constant observetion
of spark sireams with te unnrotected eye is harmful. The
color of the rless is not so imvortent. It must Le of
sufficient color to relieve the eye strain to the operator
and es li~ht as possible so as not to hlot out the charescter-
istics of the strcam.

Two types of lass have been used with success; An
ordinary 1i; nt cobalt blue :sless which transmits between
35 to 40 per cent sunlisht or an Arerican Optical Company
safety goggsle, Saniglass B, Superenorplete Celobar (the

1i~ht or dark shade may be used).

Photography

It has been conceded by the advocates of the spark
test that any written description of this phenomenon is
sadly lackings due to insufficient mechanicel illustrations

of the phenomenon. Liost huran eyes see the streams slightly



different, meking it difficult for two investigatcrs to
agree on the smaller details of the streamn.

The efforts to record vhotogrenhicelly the svark strean
have been doomed with feilure due to lack of detail.

E., Pitois is the only investigetor who has published

%o Pitols end J. D. Cat, Snerkinc of Steel. Chenicel Publish-
ing Compenyv, 1929,

eny photogrephic records of spark streams. I'is photorreohs
are quite satisfactors but do not cover a very large field.

F'or this investigation both a movie camera and a still
camera vere tried. ZIither mav be used with equal success
for such reprocuctions as are shown in this paner.

It was found necessary to use a fest lens and a fest
panchrometic film. Due to the fect that the obtainin¢ of
a good photograph is more a matter of chence (which incresases
with the speed of the lens and the film) than of skill, e
movie camera was used because more individual records could
be made with greater ease and speed civing a lerger veariety
of photograephic records to choose from,

Rapid exposures are out of the question as it is
necessary to record the entire visible trajectory of each
particle. Short-time exposures were made eceinst a deark

background to allow the stream to exvnose itself,
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Nomenclature of Spark "rajectory

In describing spark streams various investigators use
different terms. To make 1t easier to Tollow this
degcription, a brief outline of the terms used herein is
presented.

The trajectory is the entire path trcveled by a single
particle of steel and 9onsists ol tvo parts, the visible
and invisible trajectory. The particle §:XHK te small
plece of steel removed from the steel by the abresive wheel.
The pellet is the perticle after it hes treversed the visible
trajectory. That part of the trajectory preceding the actual
bﬁrst is known as the carrier line, this often has snell
swellings on it known as knobs. Usually the ectual burst
is preceded by smell hair-like projecticns knowvn as sprigs,
and small bursts called preliminary bursts. The finel burst
is the main burst seinc the most complicsted. 'The tongue is
the main ray of tiiis burst usuelly following the path of
the trajectory. 4 ray 1is really e swollen sprig, brilliant
in color as compared with the rest of the stream. 1Its
shepe 1is long, swollen in the center end coning to a shern
tip at the end, referred to as the tip of the ray. 1n the

case of some elloys the carrier line apoerently swells

before actually bursting. This effect is called a jacket,
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always aponearing at the bcse of the main burst. The mein
burst is of two types, the "series burst", where the burst
is distributed along the trajectory end the "flower burst"
which is compasct and takes place at a noint on the trajectory.
The anelysis of a burst is the key to the carbon content,

the first step is the sprig and rey bursts,as the cartoen
content increeses the following develon in order nemed,

buds which are little ball-lilke tips sovnearing on the sorigs.
Thenbud—tipped"sorigs ere cealled seconcary carriers. These
buds burst to give secondary bursts or stars. The svpries

of the secondary bursts are often“bud-tipped"and'so becone
tertiary carriers; the buds of' secondary bursts may burst

to give tertiary bursts or secondiary stars. Certain elloys
cause the tin of the rays to enlarge formins a sheape:-
enlarged and blunt at the base and pointed at the tip called
spear points., This entire display is known es8 the spark
stream or shower.,

The plain carbon steels ere studied in sets of similer
showers, These sets are known es brackets. There &are
three brackets: the lower carbon; ingot iron to S.A.E. 1035,
medium carbon; S.A.E. 1035 to S.A.E. 1070 and the high

carbon S.A.Z. 1070, up.



Theory of Svark Stream

The sperk s tream, &s prbduced by the contact of steel
with a high speed grinding vheel, apnarently is ceused by
oxidation of the cerbon. Vhen the steel is placed against
a high-speed grinding wheel small particles are torn off.
The work done by the vheel in removing these particles
causes their temperature to rise. '1l'he surfece of these
particles is cleen and unoxidized but as the:;” ere thrown
into the atmosnshere they ravidly oxidize at the surfece.
The heet o1 this oxidation added to the heat resulting from
the work done on the particles in tearing them Trom the
specimnen i's sufficient to ceuse part of these particles %o
become plastic. This bit of metel by virtue of its motion
and surface tension tenés to form & sphere. The surfece
oxides mey cdiffuse into the molten particle and form CO
and COs. The spheres when molten within A® still erncased
in a scale of non-volatile (at this temperature) oxides,
The scale formed on & plain carbon steel is not of a ten-
acious character and is easily flaked off.

The gas developed within the molten particle rnakes
its escaepe thirough this easily fractured skin. This rives
rise to the 'series!' burst and gives a comparatively smooth

pellet which is slightly patterrned on the surface. bDifferent
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elloying elements riey chernce the clherecteristics of tlhis
surface oxide film in such & manncr as to give the verious
sperl: charucteristics.

The spark strean itself consists of & nmultitude of
trejectories end the carrier lines preceding the bursts
are illumineted by the preheating effect. .i.s the carbon
content increases tlie number end intensity of these carbon

bursts irncrecse,

Method of Study

To satisfactorily cerry out a study of a‘sperk stresam
ti.e trajectory must be divided into four sectors. Tihe
first sector is loceted directly off tie abresive vheel.
The second sector covers the derse eres of the strean
between the first seztor and the actual carbon burst. The
third sector teles in the carbon burst to the enc of the
visiole trejecvory. The fourth sector corsists of the in-
visible nortion of the treiectory.

In the first sector two chiaracteristics eppesr. Some
steels give e precticelly colorless streem in this portion
of the trajectory, while others very from a very dull red
to & vhite. The second cherscteristic is the niclel snerk.
This epnears e€s an oblong flare in the stream and is very
blunt at the ends. Due to the fect that it is quite

gquestioncble &s to what position the nicliel spark occupies
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on the trajectory, it is well to bear in mind that a sector
'refers to the whole stream in general althouch it is
necessary to define the sectors as to the renersl position
on the trajectory.

In the second sector but one cheracteristic is found.
It is here that the color of the stree:n is observed.

the third sector is rich in alloy characteristics. 1t
is in this sector that the characteristics ol chromium,
molybdenun, mangsinese, carbon, sulphur, nickel, vanadiun,
tungsten and silicon are best observed.

The fourth sector gives the pellets,which althou:;:h a
part of the snarkx stresm,may be used as a separate test.
Here, chromium, vanadium, molybdenum and hishh alloy contents
may be detected.

Before reviewing the alloy characteristics it is best
to state that this paner introduces two distinct types of
carbon bursts on which the findings of this investiration
are based., These are the series burst and the flower burst,

winich have been described.

Plain carbon steels (Table 1)

It is in the third sector of the stream the carbon
burst is best observed. "he most si:iple stream is that

produced by ingot iron (cormercially pure iron;. This



Table 1 - Chenicel Analvses of ’lain Carhon Steels Ztudied.

Sehells
Number C 'n P 3 i Cr 51

Ingot .
Iron .01 ,003 .02 .020 ,02 .01 <0l

1010 .09 .30  .0ll .026 .12 .02 .02
1015 .16 .51  .O17 .026 .20 .06 .15
1020 .20 .43 .006 .04l .008 .008  ~--
1025 .23 .51  .0U8 .025 == L0l .0l
1030 .32 .53 .0l 036 == ===  .064
1035 .34 .38  .037 .019 .14 .10 .18
1040 .42 .67 044 .0%6 .18 .05 .22
1045 .44 .63 .016 025 .27 .06 .23
1050 .46 .57  .036 .042 == === .20
1060 .59 .40  .017 .027 == .05 .05

1070 070 023 0025 .Oll - 005 023

100 <76 .00 .028 ,026 .23 « 28 « 83
1090 .96 029 0023 008 - _-— 018
10100 1.06 .24 .014 .01l6 -- -——- .18

13110 1012 025 .Olg 0013 - 006 023
10120 1l.22 .22 .015 016 -- -— 29
10130 1.29 .29 .017 .O17 -- .05 29
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stream is comparatively full, but due to lac't of carbon
bursts it is not very showy. ‘‘'he cerrier in the first
sector is a very dull red but brishters as it enters the
second sector and continues to brighten end widen
throu-hout this sector. Due to the very low carbon content
the ourst consists almost entirely of a swellin, of <*he
cerrier line to form whet micht be called a toniue. Very
few actual carbon bursts can be seen in tiils streem. These
few bursts consist of only two or three fine short sprics
at t.e base (wvheel enu) of the ton~ue. Such bursts sre
difficult to see snd still more difficult to photosranb,
Unly one such burst is shown in the ohotosrraph (Firs. 1A).
The larger end more cGistincet carriers sre dull red-tioned,
and mavy be eesily confused vith tl.e s»nearpoint tvpe. LA
sugzestion of this mav be observed on the lorer (long)
carrier in the photogrenh. This tip shoulu not be confused
with the spearpoint type &s a close examination will wrove
it distinectly different.

The stream brightens vwith a slisit increase in th
carbon content so thet in the S.A.T. 1010 steecl (Fig. 1)
the tips confor:a more to the color of the rey® The efiect
of the increased carbon content is apperent in the burst,

wiich consists of two or three s»ri;'s often of the mag-

nitude of rays which due to the low cerbon conient are

crouped.



-12-

The true plein cerbon burst first appeers betreen
J.10 per cent cerbon end J.15 per cent carbon. S.A.Z. 1015
steel (Fi~. 1) shows the true series burst. This strecn is
similar in color to S.A.D. 1010 steel. Scettering prelir-
inary bursts apnecsr along the carrier. The sprigs in
cenerel are undecorated. 4in occasionel bud epneers and et
times a star is observed, but these phenomena are not cormon.
This steel hes & comnpletely illuminated streem in ell three
sectors. 4 phenomenon often observed in this steel ié that
of the split tongue vhich is more comonly found in nickel
steels.

In S.4.5. 1020 steel (Fig. 1) thece cheracteristics are
slightly emphasized, the series burst being longer and the
buds and stars a)peering more frequently. The eppecrance of
the s»>lit torgue 1is more or less a cort:on factor in the
plein carbon steels, the frequency of its apneerance being
only slichtly increessed vwith en increese of carbon content
in the first two braclets and decreesi:ng in the lest or
high carbon ureclet.

The increase of carbon content tends to complicate &nd
lengthen the bursts. In S.a.2. 1030 steel (Fig. 2..) the
stresr commences to lighten noticeably. Conmoering the

photographs of S. A. I. 1015 and 1020 steel
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(Fiz. 1) to 3.A.H. 1030 steel (Fig. 2).the increase in
length of the series burst will be seen. ‘i‘his stresm is
full and shovy in all three sectors. 'he general ao»near-
ance is tinat of a row of sprigs ealon+ the carrier line,
among wiaich with increasing intensity are sorinkled two
or three small ra# bursts. The displey is climaxed with a
larce t'lover tyne burst. “he final burst consists of e
rmultituie of bud-tipped sprigs and a few rays. = nunber
ol stars are not uncommon in this shower. The strels in
this portion of the plein carbon series are characterized
by the long tonzues.

The bursts commence to bunch as the carbon content
increases and the preliminary bursts become nore pronounced.
It is essential that a close examination be made of the
carrier to identify the burst as a series type. The key
to the carbon content remains in the main carbon burst.
That is, as the carbon increaeses the secondary and tertiary
bursts increase and the bﬁrst becomes more complicated
in generel.

The display reaches its peak et approximately J.45 per
cent carbon. In S.iaelis 1045 steel (Fig. 2) the shower is
lisht folden in color and very showy. The preliminary

bursts at this cerbon content are very violent, annarently
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exoenéing =11 the erergy causing tiie scetter=d svrirs
which so eesily identify & series burst to disappear.
3uds top elmost everr sprig and secondary hursts ere vary
corion with & scattering of tertiary bursts.

"ith a sli:sht increase in carbon content the stream
shows signs of darkening. 3.a4.5. 1050 steel (Tig. 2) is
very similer to S.4,5E. 1045 steel. The series burst is
only cdiscerned by close exemination. The strean conrences
to darken and the tongue to shorten, es is cheracteristic
of the higher carbon tracket.

The change in cheracteristics for the next 0.20 per
cent cerbon is very sradusl. In S.i.2. 1070 steel (Fig. 2)
a pronounced change of ty»e is seen., This steel marks the
chenge from the medium carbon bracket to the high carbon
type. As is seen by coumparing the ohotogre ohs, the entire
structure of the spsrk streer hes changed. The character-
istics of the high carbon brecliet preveil. The color is
noticeebly derker. Goodl bursts follow clear sround the vheel.
The streem shortens end the tongues commence o cdisepneer,
The cerriers are finer and show a ¢reeter tendency to
scetter. The bursts develop ell of the charecteristics
possivle in & plein cerboir burst.

Figﬁre S stows tlie steels of the higher cerbon con-
fents. These strearis difler only slightly in sverk

cherecteristics, they show the highest possible cevelopment
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Table 2 = Chenicel .nelyesis of

3 o-EL 01‘« . *‘ic}:e l

Steels 3tudied.

. :"
So.’LoA-:o

ITuriver C in P 171 cr 51
2515 <16 .68 .014 .03 3445 .09 .26
2320 23 63 .016 «025 3.63 .09 .26
2330 « 28 «65 .016 «025 3.60 -- 27
2355 .36 64 .018 031 S.41 -- .24
2540 <40 67 034 «039 54395 -- 23
2345 44 .66 031 026 2.58 -- «26
2550 47 65 D21 .05 54D .06 .25
2512 .13 «45 019 023 5.05 .16 22

Table 2A - Cheniinal

£nelysis of Soeclel Iiickel Steels.

llanufacturers! ES
llumber o Im S 2 Cr L1 Si l'o.
13 39 59 032 016 .62 l.25 17 L 1

12 .29 74 017 .025 .14 3.52 W17 11 2

10 <03 e 31 016 .020 .15 5.12 10 T 3
ATP=E11=-369 14 1,70 -— -— -- 47,4 «16 Rl
Inver .05 21 -—- --- == 04427 W31 -—-
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in carbon bursts. That can ve scid of one (S.4.Z. 1070)
will ap»nly to tae rest. The increese of carbon tends to
conplicate the strean end it is only on a verr careful
coriparative study of such stresms thet any differerce cen
be seen.

Nickel steels (Table 2)

Mickel imparts tvo cheracteristics to the sperk streen
wiich m:y be used in sorting. The first, the "niclkel sn»ner!:”
miich nier be studied in either the first or third sector,
ana tne other the "s»lit tongue" effect whiich, of course,
is best observed in tire third sector.

liany edvocates of t e s»n=rlt test describe the niclzel
snerl: as en enlergenent on the carrier line found in the
first sector. It is true thet this sperk c erscteri stic
eopecrs in tle first sector but after a ceareful study of
this phenonenon, the eutho: wishes to advence ti.e theory
tl.at the nickel spark is & jecket. The nickel tends to
shorten the spar): stream so thet a number of shoxrt carriers
purst within the first sector end ceuse the apneesrance to
be that of the long cearrisrs having en enlargerent at their
bese when in reelity this phenomenon is merelv the jaclket
of these suppressed or shortened cerriers,

The formeation of the niclel snerk can likely be

attribute: to the surfrce oride lerer of a particle of
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nickel steel being moe tenacious then thet on a plain
carbon steel. It may follow that the formution of this
laver on a nickel steel is of such a repidity anc the
film is of such tenecity es to allow its being distended

by tlec nressure developed witlin the molten pellet. Thus,
tle nolten sohere a7 enlerce before bursting end at the
high rate of spe:d of trevel vill leesve a strecm of lirht
in its path. This would be emphesized by the gloving
effect produced by the rapidly burrning ness, end vould
produce the oval flere.

In tlie low-carbon, lov-niclel steels the coclor of tis
strean is slightly der’zer, but othcerwise similer to the
corresponding nlain carbon steel.

Seinese 2315 steel (¥ig. 4) apnears slightly derker
than 0.15 per cent cerbon steel. This difference in color
is best observed in the first sector. The burst is niore
cornpact then the plein carbon burst, being betveen a series
end a flower burst. This cannot be used in cherecterizing
tl.e streem. The tongucs of these bursts are shorter. The
split tongue efTfect is quite prevalent. The nickel s»nark
ean be seen in both ti.e first end third sectors of this

stream. In this particular steel, it cen be used &s an

absolute proof of the presence of nickel.
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AS tle carbon content is incressed, the strean
docrkens. S.AJN. 2095 steel (Fig. 4:) gives a noticeably
daerker stresairs The stirean is short and the forked tongues
ere guaite nunerous. 7Tvio or three prelimirnery bursts eoperr
on the carriers. C(n close examinstion the rnickel sner':
mev be seen in tiie first sector, but in this caese it is
more easily observed in the third sector.

& further incresse in carbon cdntent Xills the nickel
chiaracteristics. In S.a.T. 2350 steel (Fig. 4) the strecn
is gquite similar to thet of the same plain carbon steel.
The streem is but slightly darker end the nickel slightly
shortens the streem. The nickel jaclket annears but due to
the high cerbon content is »nractically hidden from view.

-0 increase of nickel content es seen in 3.4.T. 2512
steel (Fig. 4) darliens the stres:: and slichtly demnens the
bursts. Cn the vhole, the streem is very similsr to the
like plain cerbon. <The streari is charecterized by its
nickel snark.

Tour soecial nickel steels ([lable 2.) were studied. M
(Fig. 5) conte. ned enouih chromium to kill the nickel spnark,
N2 and 113 (Fig. 5) geve streens similer to the S.A.Z. stecls
of that tv»e. 1’4, &n slloy high in nickel, geve a strean
which wes too darz to photograph. This sireen consisted of

dark red streekxs with occasional hesvy tongucs end no bursts.



Taeble 3 - Chemical lnelysis of

Deirene Chromium JSteels Studied

Seirells

Number C Iin S P Ni cr o1
5120 0.21 0,70 0.016 0.029 0.19 0,73  0.18
5130 032 .63 .021 .019 -—— 1.06 033
5140 $ 45 61 023 018 === 0.,91 .24
5150 .51 .72 .031 024 === .86 23
52100 1.02 37 .027 014 --- 1.490 42
Table 5i = Chemical ,nelysis of Special Chromium Steels

. Ters., B S
ITunber C I'n S P Cr 1 81 oV Cu Co No,
SIF13 1,05 - - = 085 == == = = == -= (1
SiI’F9 1.10 =-- - - 90 == = -= = == -——- (2
w2 0.39 .64 ,040 026 480 == 42 -= - == == 0 3
18 1.03 .40 .012 025 1.39 .17 .31 == - == -=- C 4
A117 l.12 .33 L.017 o007 1,41 == .23 == = == -= (C O
SK¥F3 1.00 .25 - = 150 == ,30 == = -=- == (C 6
AEB 0.92 .33 .027 «015 1.68 == 31 == = == == (C 7
Cr MAG 92 32 - - 2,08 == ,24 -- - -- -- (£ 8
V62 91 .39 - - 2,08 == .24 == = == == C 9
A63 72 .49 .025 008 2,18 == == == = == -=- (£ 10
223 «9) 435 - - 3¢40 == 22 == - == -=- 0 11
4110 J71 W34 - - 4,88 == ,37 == = == == (¢ 12



Table 34 - continued

fagrs. B S
Mumber C "n S P ¢or i sSi o ¥V Cu fo lo,.
Stla 0.10 .41 .004 .019 11.50 == 33 -- = -- == C 13
S .12 37 007 ,008 11.70 .47 20 == - -- -- (¢ 14
Txd3402 .08 .09 .015 .010 12.090 .23 .09 =-- - == =-- C 15
35 .11 47 - - 1l2.66 .29 -- -- - == =-- C 16
VH63 2.25 .60 - - 13.00 === == -- - == == ({17
4273 0.34 34 017 .024 13.00 .30 .29 =-- - =-- -- C 1&
DITIRUST .10 40 .03 .03 13.00 === 50 =-- - =-- =-=- C 19
RT .09 «57 L0115 .019 13.45 .86 434 -- - -- -- C 20
9 .10 .49 .289 .010 14.04 .11 .55 =-- - =-- -- C 21
6 .34 .42 ,016 .013 13.53 .33 40 -- - =-- =-- C 22
141 ¢35 .25 .029 .016 14.36 .28 .22 =-- - =-- -- (0 23
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Invar (Fig. 5) gives a dark red strean clmost devoid
of bursts. ..s is seen by the photograph the carriers end
abruptly and heve e decided tendency to curve cownward.
The increecse in niclzel content tends to derlien the stream.
£ specimen of comriercial nickel received gave & sperk

stream, while a like specimen of monel gave no s»erk,.

Chromium Steels (Table 3)

Three characteristics are outstanding in the spark
stream of the chromium steels. Iirst:- below 0.45 carbon
in these steels e typicel flowver burst anpears. This
characteristics, as in the case of tlie nickel steels, may
be assuried to be cdue to a strongz oxide film on the surface
of the molten particle. This film is apnarently very ten-
2¢ious end hes verv little elasticity. These pronerties
ceuse 1t to shatter reedily in the presence of & high in-
terncl pressure ¢iving a flover-tyne burst. Jecondly, the
strecnis of steels highly slloyed with chromium ere darker
than plain carbon streais of like carbon contents. The
third characteristic nmost useful in the high carbon steels
is the tendency of chronium to produce & fine carrier,

which gives a full but not dense stream as is the cese

when the chromium is not present.
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Up to 0.45 cerbon (Figure 6) the sperk stream produced
by the S.A.s. series of chromium steels resembles the plain
carbon steels with one outstanding exceotion, that is, in
the case of chromiun steels the flover burst prevails (fig.
6.4) while in the plain carbon steels the series bursts
prevail, &t 0,50 carbon (Fig. 6) the stream is very
Sinmilar to the plain carbon streem and it requires a close
examination with the use of the combination of all three
chromium characteristics to sort it from a 0.50 per cent
carbon steel. U'ith the increazse of the carbon content as
in S.4.,E, 52100 steel (Fig. 6) the fine stream and tle
tendency to form the compact bursts are the distinguishing
characteristics. It is difficult to distinguish it from
that o & plein carbon steel of the same carbon content
and the supnlenentary pellet test whiclh will be discussed
later is the deciding factor in this cease.

In a study of the high &lloy chromiun steel an in-
vestigation of the effect of chromium on the spark shower
in the lower cpromiun renies is greetly hampered by the
prevelence of hich carbon. The first twelve chromium
steels (Teble 3.i) include ell the steels with the chromiun
content of 5 per cent or under wvhile all the carbon contents

re over 0.70 carbon. This hes a tendency to kill all

alloy cheracteristics. The characteristics stream over
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this ren:e eare shown by nhotosrephs of I'irures 7 end €
The streams.are typical of the carbon contents, with a
tendency to show the influence of theilr crhromiunm content.
As the éhromium content ap»nroaches 5 per cent, there is ¢
tende:ncy Tor the thinning out of the stream as is shown by
the photogreph (Fig. 8 = Cl2).

Steel C1l3 (fiz. 8) contzins 11.50 per cent chroniun
and the strean is ver  similer to that found nroduced by stain-
less steel vith the exception of the brightly vanded vheel.

Steel C1l7 (Yig. &) is very similer to the steel C13
in comnposition, the chromium being but slightly hicher, but
thie carbon content is 2.25 per cent as compared with 0.10
per cent for steel C1l3. The streasmn is very short and
sunpressed. Only a few carriers ere profu-ed in contset
with the wheel but hish carbon type bursts are formed.

3teel C18 (i'i-. &) has a lover carbon content then 17
and much the secme condition exis.s in the strea1 with the
carbon burst typical of the carbon content.

Steel C23 (Fig. 8) shows a sliht increase of chromiun
content over steel C1l8 and the stream is sudiressed to
only a very few carriers. These cerriers still contein
tvypical carbon bursts but evneer of guite a lower carbvon

content then they ectus'lly are.
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Table 4 = Jhenicel nrlvsils ©7 Lesnese olckel=Chromiun
wteels 3tudied
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5115
S12

S125
01ed

5156

.029

051

VR

.
<
[
)

0206
029

1.2

1.10
1.12
1.49
1.56

1.49
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Steel C25 (Fig. 8) is typicel of the increased
chromium content, the snark streem gredually disanpears.
AS the carbon content is low, very little burst is seen.
The tongures ere tippned vith spearpoints.

' Steel C26 (Fig. €) is a supvressed type stresm, derk
in color, giving a smell hich carbon burst. The strean
is very thin and scettering, with the tynical fine
chromiun cerrier.

Steel €30 (Fig. &, is at ebout the uover linmit of
chromiun range clloweble for formation of a snar!:t stream.
The stream is of the ingot iron type, although 0.25 per
cent carbon is present.

Referring to Table 9, it is seen that no stream wes
obtained for‘a steel containing 28 per cent chromiun so
the limit of alloveble chromium present to produce & spark

strean must be in the neighhorhood of 25 to 30 per cent.

ieckel-Chronium Steels (Table 4)

The combinastion of these two alloys tends to supn:ess
t'e nickel sperk end to emphesize the chromium eflfect. The
color of the sperk stream nroduced b’ these steels is
generally slipshtly darlzer then thet of & like »nlein carbon

steel, but hes all the cerbor characteristics.
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Teble 4 - Chenical .nelsis of Special ilickel-Shrorinm Stesls
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In t..e low alloywy end of tlilis series &S 1IN Sefiene S115
steel (fiz. 9, the nickel snerk is nresent but not clor,
ihe barst is of thie Tlover tirne &end contaeins €1l the
charccteristics of its carbon content. The tonsues ere
short end the tions very very little in color from thet of
the revs. The ays &re cCerier thsn tie bursts. T e strean
es & vrole is Tiner, less denge crnd ~ererally reduced. <
sligt increrse iu carvon zontent (Sesmeme 3120 (210 Q) )
tenas to ernnresive the Tlorer burst. The nic'el soncr’: can
still bve seen., “wrther increcse irn cerbon ¢ ntent, Seiea.
8150 steel (I'is. Q..) ceuses the nickel sparic to precticelly
diseppear. Tie shover in cenerel 1s defliritely cerlzer then
that of S.a.l0. 1080 steel. Turther increase of the carbon
content causes the nickel sperl to disenneer end the streen
rencins couwnaretively darlt., The flover burst predoninetes
the stream. In S.h.i. 8140 steel (Fig. 9) the strean is
sorter, finer ¢nd darlter than a lilie plein ceorbon strean.
The tonrucs are stubby and darkerned st the tins. Tie bursts
contein rore revs tlen are vresent in plain cerbon steels
end this cl.aracteristic in the me:ium carbon rance is
immortaent in compering the two strears.

/n inciesse in elley convent as in S.i.a. 3240 steel

('ire 10) shows little chan:e {rom the strea:n nroduces by

Seicele 2140 steel other ther it misht be called slishtly

darler 1i: color.
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urther incresasse in €lloyv content only causes further
derkenin;: of the stream. 4 fairly representative series of

this tne steel ves obtained. It is ol interest to note

tiet tiils series consists ¢f both his chromium and 1o

nickel end low chromiwnt end hi:h nickel stveels, elso at

intervals cre eels o equel niclkel-chroniii content (Yeble 44).

133

Steels 110 1-2-3 are verr reerly the sae cheriicellyr,
varvin - onl in carbon content. In the first tro steels
the dif'erence in the soark Ftreans varied only as mi/nt
be expected for tl.e var;in.: czrbon contents., ™i.e niclel
sperlit 1s onresent but deriker then ususl. The streann is
full and in greneral thet which would be exnected for the
cargpon coantent., The strean differs fromn the plein carbon
steel in that tie cerriers ere heavily Jaclketed and the
strea:i es a vicle 1is (enerally derker, torether vwith the
chronium bursts. "ig. 11 shovs the stream of LCl. Cteel
I'Cé varies slightly in conmosition fron 1'C2, contains
about 0.20 per cent more cerbon. & cherascteristic sperl:
strearr guite the seite s the plain carbon steel of the
sarie carbo: content is prouuced, bearing out the fect thet
carbon tends to kill the elloy cherecteristics.

Steel 1'C4 (Fig. 11) has a hirher chromiwn ceontert % en
1C2. L thin streen is produced vith scetterings flover

bursts. Tne strceri is darlker then usuel. I spite of the
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fact thet the carbon effect is dampened by the alloving
elements present the carriers are long.

Steel NC5 (¥ig. 11) in comparison with 1iC4 demonstrates
how difficult it is to nredict whet should be expnected in
the spark streem, This steel conteins 2.5 ver cernt of both
chromiwr end nickel or gbout tvice the quantity of alloying
elements es 1"C4, y=t with & much lover carbon content &a snark
stream displev is given elmost equal that to be exvected in
a plain carbon steel. The flower burst typical of chromiun
is well defined in this stream. ileny forked tongues are
present which mey be attributed to the nickel. The stream
es a whole is darker in color.

£s the alloying elements ere increased, the general
tendency seems to be toward & suppression of the spark
stream and a darkening of the carriers. In Iic7 ({ic. 11)

a peculiar reversesl of this order is found due to the hich
nenganese centent which has & tendency to rejuvenate the
stream. This causes the stream to eppeer similar to the
tvpe stream of the serie plain carbon content, having Jackets
oi’ nickel and nengenese, flover vursts of cirromiunr end
forked ton/ues very likely ceused by nickel,

In !ICY9, with high chromiwa, low nicliel and hi~h cerbon
content, tle streem hes precticaelly lost ell its carbon
ciiaracteristics. The strean in this case consists riostly

»

oi dull red lines, bein;; very short end smell with an

occasionel high cerbon cerrier enc burst.
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ith steel 1CE (¥ige. 12) this series enters into
nickel-chromiun rance known es the stainless steels. A
phenomenon &pnecrs aquite characteristic of this tyvpe steel
winich is thet of the hrisht band sround the grinding vheel.
Thig is not found in &ll cases. It cani ot be said thet
the streem does not Tollow around the erindins vheel in the
cese of othaer ste<ls but the brisht band on the grinding
wheel 1in the case of tre stainless steels once asctuelly
observed will not be confused with the dark band usuelly
found in the case of other steels. The photogranh (IIC 16,
Fig. 12) shows well this sperk streem cheracteristic. This
stream is thin &nd short in comparison with the plain carbon
steels. The carbon bursts are suppressed end scatterine.
A1l ere of the Tlower tyne so typical of chromium.
~tteched speerpoints are observed st frequent intervals in
the stream.

In renerel this type of steel produces a stream con-
sistings ¢of only a fev low cerbon tyve cerriers, amongs
which ere usnally scetiered sone dark red disjointed lines,
the quentity of which veries slightly with the difrerent
steels of this type. he carbon burst itselfl is very
similer to thet foimed for irngot iron, elthousi occasionel
bursts of a highsr order may be seen at intervals. Very

few carriers are discharred other than at the point of contact
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Table 5 -

Chenicel inslvsis of S.4h.0. Chromim=-Venadiuw Steels stndied

ra) T
Dedreliy

Number o 1'n P S "1 Cr YV 51

6120 O.2 070 0,019 0.034 0.18 0,73 0.13 0.45

6125 «25 61 .016 .026 .19 .89 17 .19

6130 50 30 «040 .040 -— «90 17 -—

6135 57 «70 017 ,020 25 .98 13 «15

6140 « 45 .66 .020 .01l - B0 ¢ 16 23

6145 «90 «66 .017 .021 13 1.03 20 26

6150 90 « 00 040 ,040 -- D490 «17 —-——-

5195 1.06 04 017 022 12 1,44 17 27

Table 54 = Chenmical snelysis of Snecial Chromi-rm-vanedium Steels

ITirs. 0o
Lumver C I'n 5 » vr o1 v c1 Co To.
Tulcanl .45-.5) 45=-.55 ,020 ,025 De00 === ¢70=e80 420=630 === V 1
13 De04 Jedd JOUY L0017 l.44 .09 D20 Oe26 === V 2
V10 2.20 -- -- -- 12.00 =--- 75 -- 70 V3
T 3 0440 -- -- -- 183.00 === 1.00 -- --- VvV 4




end only & few here e&s thils streem is one of very few
carriers.

Steel 1C15 varies slightly from this type; in that it
conteins 2 per cent silicon. This elloying elernient tends
to kill the carbon burst entirely leeving only the dis-
jointed red lines in the stream.

Steel 1iC20 (Fiz. 12) with 11 per cent nickel end 21 per
cent chromium has a very smell stream end outside of en
occasional flare contains nothing but a series of disjointed
red lines., 4As the cuentity of these two elloving elements
ere increased over this limit the red lines increase end

e carriers decrease till the stream disenpears., +he snrrk
streem is entirely eliminated vhren the sum of the alloy
content of chromiuwn end nickel is in the neighborhood
slizhtly above 30 per cent. The chromiun has a grester
tendency to eliminate the spork streem than does the nicliel.
I'ickel by ivself does not completely suppnress the shover,
whereas chromium will. Consequently, with @ high nickel
content and low chromium the sperk shover will anpesar at
e higher chromiun-nickel swimation then it will with high
chromium and lowv nickel,

Chromium-vVanadiumn Steels (Table 5)

Cheracteristics peculiar to both elloying elcments

may be observed in the sparlt stream of this steel. The
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flower burst typical of chromiunm is the outstanding
charecteristic of the streem. The allov vanadium causes
spearpoints to apoear in the streem, but this phenomenon
"is not relieble end can be used only as en eid to the
identiricetion.

In S.4.2. 6120 steel (Tig. 13) the flover bursts are
cherecterisvic and the stream reserbles the streawz of the
chroniiuna steel of the same carbon content. Snearvoints
eopeer throuchout the stream and are attached to the ray
tips. In generel the same statements hold for this entire
series. 4s %t'e cearbon increeses &s in S.A.L. 6130 steel
(Fig. 13.) throush S.A.l. 6195 steel (Fig. 13) the streems
resemble the like chromium streems with & scattering of
attached speerpoints in the lov and mediumn carbon rances.

O0f the svecialeteels only four of the chromium-venediun
type were examined (Teble 54). Two of hish carbon content
gave the hirh cerbon tyne burst, V3 being highly elloyed
gave a very scant stream, V1 gave a cheracteristic carbon
burst with an occasionel speerpoint, while V4 though heavily
alloyed with chromium gives a speernoint of dark red with
a suppressed carbon burst. All four spark streesns of these

are shown in Figure 1l2.
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Tabie 6 =~ Chemiscal inclvsis OF Seiedls

0lvbdenws Steels Studied

. Al
SQ;LQ-JO

lumber U I'n D S i cr jife) 51

4130 29 0,62 0.019 0,031 -- 0.69 0.22 0.21
4130% 31 67 081 023 -- 96 .18 « 26
4140 37 %) 017 013 -- 1.04 «4D .14
4150 47 77 022 .02 -- 0.97 Ry 23

4615

«15

o652

017 024

25 .20

Table 6i = Cheiticel rnalvsis of Snecial ..olybdenur1 Steels

Trrs., BS
.unher C ''n ] » Si i Cr 1’0 on v 0.
£303 0,20 0,50 0.024 0,011 0.10 3.64 0.11 0,07 - -- 11
£87 W76 1.74  .010 .016 .47 0.06 - .08 -—- 0.22 2
3532}50 214 0.94 == == .66 19.75 25,48 .16 == == 1.3
SIIS77 <15 .49 ,020 015 .23 3.41 0,04 ) - -—- 11 4
r7104 27 J40 -- -- 12 5409 76 02 - - S
Jr2133 .15 1.42 ,018 0.12 .07 04 -- -- 1.6

=111

038

.018

015 .17
4

0356 .44
017 W29
-— « 20

-- 1.00 oK -- -
-- 0.68 o 3 - -
Veld 19 <40 - -
557 82 «45 - -

78 .37 --
1.00
3.07
5.75  -- -

12.00
9.4

-
Lo



Molybdenum Steel (Table 6)

The rmost interesting and easily studied snark
cheracteristic is that produced by molybdenum. LIt is &
very sensitive characteristic epperring in steels having
as low as .07 vper cent molybdenwai.

liolybderum steels all nrave a peculiar flere-un at the
end or each ray conpletely detached t'ro:: the ray tip known
as a spearpoint. This cheracteristic was observed in ell
the molybdenun steel snerXk streams studied in this investir-
ation of the S.4A.Z. steecls. This detached spesrpoint apnears
as a return of color to the perticle arter it has cooled off.

annarently the particle cools at the surface too
quickly for &8ll of the gas et the center to escepe. LS
the snhere cools the solubility of this entrepned gas de-
creases, causing pressure to build up in the cooling
perticle. The gas in escaping carries the red hot or still
molten center with it vhrich quickly cools to give the spear-
noint effect.

£8 the carbon content is increased the burst becomes
more violent causing e more complete shetterins of the
svhere end allovings all the es to escape. This explains
the ebserce of the swearpoint in the hish-carbon molybdenum

stecels.
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In the chronium-molybdenwn steels btoth the flover
bursts of chromiun end the molybdenum speerpoints are
present. In structure, the carbon burst is similar to that
of the plain carbon tyve. In S.A.L, 413D steel (Fig. 1l4a)
the streesin is slishtly darkened ana the sw»earnoints are
the outsteniin~ characteristic. ‘'he 1increese of carbvon
content tends to suppress both these charecveristics. In
S.AE. 4150 steel (Fig. 14) the surst is a typicel chromiun
burst. The soeernoints ere still present but close obser-
vation is required for thier detection on account of the
hi¢h carvon displey blenketing themn.

One of tne prettiest diswlays of the molybdenum spesr-
point is seen in S.ik.l. 4615 steel (i, 14) in vhich both
nickel end molybdenum are found in the presence of low
carbon. The comvination of these two alloys causes the
caroon burst to be elmost entirely suppressed and both the
disvlays of the rickel end molybdenum spark stream
characteristics ere near nerfect. +he long glowing tongue
due to nickel is tipped by a deteiled spearvoint in every
case. A4S shown in Teble 6. sixteen molybdenum stcels were
submitted for this test; of these ell but five showed the
molybdenum spearpoint. Cf the five thet did not show
the spearpoint, two are heavily enou~h alloyed with chromium-
nickel to prectically kill the strean and the other three

contained too nuch carbon. These specimens shored molybdenun
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snearpoints up to .75 cerbon and es lor as .07 molybdenun.
Steel M1 (¥iz. 15) vith hish nickel end low molybdenun
shoved heavy s»earpoints. Steel 1.2 vith .7¢ carbon &nd

.08 molybdenua did not show & spearmoint but 1116 (Lig. 15)
with .71 carbon and 5.70 nolvbdenurn 4id show s»veerpoints.
“izh chromiun-riczel concentrations seem to kill the
spearpoint. gJoncentraetions of nickel to about 4 ner cend
did not affect tlle molybdenum spearpoint. The chroniun-
molybdenum specimens showing spearpoints vere all below

1l oer cent chromium as no intervenin,; specimens between

the low chromium and the hirsh chroniwm snecinens vere
studied, it is not nossible to apwvroximate the maxinunm
chroriun limit required to kill the smearpoint. 1 per cent
silica did not effect the molybdenum sparX =8 seen in steel
1111 (Fig. 15) but the stream was very dark and the carbon
bursts of low order due to the silicon.

It epnears that cerbon kills the spearpoint. Just how
dominant this efiect is, is difficult to apnroximate due to
lack of special slloys. 'ith the molybdenun kept constant
as the carvon sontent increeses the nolybdenw: spar% is
saothered but it is eviient fro:: the fects at hand an
increese in molvidenum content will increasethe carbon

mnaximum. rurther then this, it is difficu’lt to »nlece linits.



Table 7 - Shewnicel inelvsis of Uneciel Munssten Stecls
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«lco
711 .60 .50 l.oo - 070 020 2.50 w 15

BTG-151069 29 1.5 12,90 2,00 4,13 =-- 2.957 T 18

Double " . = _— _— oc -
Sneciel 1.2 0495 «40 5420 D17

56 l.sl 00‘33 olo -= oL/l - 3.55 i 18

Seturn 1.24 G o 14 - e 3D == de¢75 19
didvale

LTV 0.40 1.49 14.07 25,90 1.32 -- 4,20 20

28556

R T .41 0.45 19.98 7466 1,53 -- 9 w91

o iy



Table 7 - continued
wfgrs. N
Tane C 1n Cr 17l <l \i i Co 170,
Llercury 1.54 0,39 1.00 - 0e00 === 4,08 == ™22
ggg?Ste“ 0,68 W38 0434 == 425 === 5,35 == T 23
R 55 W70 7.23 - «99 0,17 6.66 == " 24
54 e47 428 2.9u - 21 ~-=- 8,43 -- 725
V3 3) === 3,50 -- -—= .50 10,00 == ™ 26
1206022 68 .24 4,17 W28 === 2,20 14.57 -- 7 27
NoR N W45 W29 £2.76 -- 27 0445 14.96 -- 26
KV3155 73 W8 4,15 02 423 1.22 17.50 =-- ™ 29
Dreadnsucht e 27 .48 -- .30 1,03 17,06 == ¥ 3)
35 7L 23 3,77 - 13 1,16 17.76 -- v 31
Griiil 12 .75 === 3,50 <50 -- 1.00 18,00 == ™ 32
TUTL 22 .75 === 4,80 - .80 0,50 18,00 == "™ 53
Vulcan 3 .70 === 4,00 -- «20 1,00 12,00 == ' 34
V1l 70 === 4,00 - == 1.00 18,00 == ™ 35
V2 7D === 4,00 -- -- 1.00 18,00 4.5 36
B6 68 .30 3.95 - .10 0.99 18,27 == T 37
IT12 .86 1.17  0.51 == .21 == 0.41 --
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In general, the sperk strean is very sensitive to the
alloy molybcderunl end it is likely the rnost outstending
spark. Due to tue presence of this Spéarpoint err individuel
discussion of «=cch steel ves ot mede es the photog-anhs
sneek for thenselves.

Tungsten Steel (Teble 7)

In the study of the some thirty-seven steels countsining
tungsten subuiitted, tlhe outstanding featu-e is that: the
bursts of the high tungsten steels are quite difrerent from
thet generelly expected. The carrier or snrig on which the
buis end tie secondary bursis epnoear is verr darX ss con-
pared with the secondary bursts e¢nd stars, which cause ell
nienomena of this tvoe to epnear very white and to stend
out very prominently.. This effect seems to be so very
prominent in connection vith these steels, thet it cen bve
called a cherecteristic of the alloy tungsten. I'urthermore
a phenomenon of this tvpe did not envear on any of the
other elloys studied. Other charascteristics of tungéten
ere the sho:rt stubby tongues whiich are nared the "”-tip".‘
The nost geuerally accented charecteristic of tungsten is
the dark r=d color it imparts to the streemn.

Steel JT124 has & low tunssten content but the ine=

fiuence of tungsten is r~cedily scen on the stresm. llot
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only is the strea as a whole daricaned in color but the
carbon bursts are suonressed, the burst ariears s snots
connected to the twzjectory by dariened secondary carriers.
The effect ol even this simall enount of elloy shovs on the
tongues whiclt eare shortened and heavier asswiinge a stubbrr
appearence.

Steels "1 througch 10 cover this type steel to 1.6 per
cent tungsten. Steel Y1, Steel 5 end Steel W10 (fiec. 16)
show characteristics of spark streams for .45 per cent,
1.00 ver cent znd 1.60 ver cent tungsten, respectively. All
these steesls have ordinary tungsten bursts very nuch the
sane &s desaribed for Steel JJ124. 4s the percentae of
tungsten is increased the carbon burst decreases and the
strean becomes redder and cdariker, the tunmsten charactsr-
istics in the burst being emnhesized vith the increesse of
alloy conbtent. As the tun~sten content epnroeches 2 per cent
the carvon burst hecomes very erratic in its berhavior, in
that a2 hich cerbvon burst vill very from a high order burst
to a series of spriss. The 1.5 per cent chromiun in "1
does not =zZpnear to exert a very g¢reat influence on the spark
stream, but in W6 the 10.5 per cent chromiua tends to ill
the streer: anu gives the eftect ol sbout half ordinery
carriers in the stream and about half disjointed red lines.
The nhotogranh of steel 73 (¥Fig. 18) shows the peculier

tenden~y of the alloy tungsten to cause wild bursts. This
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is emphasized as tie percentage of the alloy is increased.
The bursts are very violent causing the direction of the
trajectory to be chenged. The tips sre hesvr and curve
downward. it the increase of tungsten to 2 per cent, the
actuel carriers bvecorie scarce endé the stream scant, pop-
ulated nore by the neevr red disjointed lincs clherccteristic
of heevy alloring. =« typicel strean of this tvpe is shown
by stoel 12 (Fig. 16). This steel contains one-hsglf per
cent of cerbon but it will be noticed by the photograph the
streem is thin end not well filled out and the bursts ecppesr

rn

a verwy low cerbon type. The carrier lines heve vecor

)

o]
so dar’t that they aprear on the photogre»h only ¢t the base
of the tongue.

A8 the tungsiten increeses to 5 per cent the showver
repidly loses its identificetion es & spark shower, only
showing carriers et times denending larsely on the other
alloying elenents present. OSteel V22 (¥ig. 17) illustretes
this type shover. The carriers present in this caese mav
be eosily counted. Only & few of those p.,esent heve bursts.
The derit red secoundary carriers are verwv evident in this
steel =s the buds apneer cs licht spots on ti:e mhotogrenh
=ith no comiecting line.

In this series of stecls frcmm S5 to 14 or 15 per cent
tungsten the steels seldon show more than dull red lines,

the degree of vhich anderently denends on the chromiun



Table ¥ - Chemical snslvysis of Specieal Ilan;cnese Zleals

IITcrs. 53

umber G In S p or 1 ci 0.

WLl 0.2 1.00 0,054 0,059 0.19 0.06 0.22 1In1l
LS. 09 0490 .090 ,056 20 «10 21 Im 2
L1 00 1,07 030 J018 «O7 14 o2 nm 3
1 .30 1,90 «040 L0256 - -—— 4D Im 4
17 U2 1,60 .012 .024 11 .12 .21 'm 5
6£299 40 1.89 -—— -— -— -——- -— Im 6
Tatfield 1,00 14,00 -— -— -—- -—- -—— Im7
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nresent. In this high renre, two steels gave interesting
streans. Steel W27 (Fig. 17) geve brisht tonguss on the
carrisrs with an occasionsal surrestion of a carbon burst.
~nother s%eel in tlis series 29 (Fig. 17,/ rave a serics
of disjointed red lincs end ¢n occaesiorn-’ burst. The
peculiar burst as often found in tunrsce steel wes very
evident in this steel. The photograph shows tvo cheracter-
istic tursts of this type, in wlich the bursts ere shiovn
Ly only olie scconery ceavior Yin.ed with & good burst
lecving the win ca rier. The disjointed lines so corion
in th» tunssten steels ere vell-knovn in the photogrenh.
"he chronmiun-tungsten summetion for elinmincting tre
spar’s strean see::s to be nmuch lover than the chromiun-
nickel suwiretion., The summation tungsten-chromnium of 17
ner cent still peave red lines while the sumietion of 20
per cent seldom gzve &any spark.' ith tungssen steel the
swiiation which entirely kills tlie strean seems to be in
the vinicity of 20 - 25 per cent.

Zilicon=lenganese Steel

Only one steel of thiis series wes obtecined (Se.ieTe 9250) .
Tepre both silica and mengenese leed spark charascteristics to
the streen (fic. 1&). The silice ccuses thevstrean to
essume e derk dirty red end suppresées the carbon burst so
that in this steel only a very few secondary carri:rs

develop with sprigs alimost entirely sbsent. This secondary
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Table 9 - Chenical ~nalysis of Csast Iron Snecimens

Snecimen Total Free Cornbined

l'unber Carbon Carbon Carbon I'n P S Si cr
1 - 55 3013 2,94 0.19 - -——— -—— 2,08 ==

3 - 56 539 3.11 «28 - - -— 2,51 --

4 - 56 3.45 3.08 .37 - -—— -— 2.45 0.04
4 - 55 326 $.10 20 0,72 0.815 0,039 24,39 .04
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carriers are very dark and fine. 1lie tonpgue is suppressed

by the silica riving it & clunbed annesrsnce. ..encancse

forms a bri-nt jacltet, &s in the case of niclel only ti:iis

m

jacket Iorms rore of a V-shane. fhe brirsht nenganese

jecltets are very »lainly secen in the photoi.enh.

b

ansanese Steel (lsble 8)

Steel Inl (TMic. 20) shows the tvpe stream for .20 per
cent carbon steel with the heavy menganese jacket. OSteel
ind (Fig. 20) shows the same effect in a high carbon steel.
While steel Im7 (Fig. 20) with 14 per cent man, tnese eprears
lilte one of 1.6 i'n content. In general, the tyvical s»n:rk
characteristics or this alloy is the 1li:ht color of the
strea1 and the lirht jacket it imparts to the carrier.

Specimens are considered from 0.95 per cent to 14.00
per cent mangenese containinz from 0.,21 to 1,00 per cent
carbon and the jacket is quite prevelent on the carriers
of €1l the combinations and there is little or no effect
on the carbon burst.

Cest Zron (Teble 9)

Tour cast irons are considered, tiie combined carbhon

content of wvhich is the main consideration. 1.0 great

b

e 'ence can be observed in tire sperii stree:1 of these.

g

. o
111

o

¢ streann consisted of very dar): red carrier

In general Ir

+

with a comnaretive lishit burst, es shown in v'ig. 20
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Mitrided Steels

A brief siudy of the‘relation of the nitriding of
steel to the s»noerk streem shoved thet the snerk strecm wes
changed by nitriaing, end thet this cliange is e function
of the emount of nitriding. TFig. 21 shows the snecrk
streems of & piece of ste=l before nitriding, efter nitrid-
ing for 24 hours, efter 4& hours' nitriding, end efter 72
hours' nitriding time.

The steel itself gives & very nice molybdenuri sperk.
~fter 24 hours' nitriding the stresm is shortened and
derkened. The burst gives the effect of a high carbon
but is of a long series type teking place close to the
carrier. The spearpoints heve elrnost lost their character-
istic shape. ALfter 48 hours of nitriding, the stfeam loses
all semblance of a burst and is noticeably shorter than
thet of the 24-hour specimen. An additional 24 hours!
nitriding only niclies the streem still shorter and less
dense.

A number of the alloys received feve no s ner’t streemm,

These are collected in a groun end giv:n in Table 10.



Teble 13 - Chemicel /nalysis of f1lloys Showing llo S»erk

Tfers,

Iamber C 'n Cr i Si i) v 7 Co
clie - - -- - - - -- - -
Dreadneucsht 0.68 0,27 3.48 - 0,30 - 1.03 17,08 --
G A . ¢85 == 15.00 35.0 -- - -- -— --
¥ 55 =-- 15.00 25,0 - -- -- -—- -
B28 66 -- 26,00 8.0 -- -- -- - -
B 1.20 == 20,00 &e0 -— - -- -—- -
c D.05 == 20,00 6.0 -- - - - -
3 LC D5 == 20,00 6.0 -- -- -- -—— --
N .55 == 17,00 6E.,0 -- - -- -—— --
cP 12 -——— == -—— -—- -- - -- -— --
V3 30 == 5.00 -—— -- - 0.50 10.00 -
Cru =Y 12 W75 == 3.50 0,50 =-- - 1.00 18.00 --
A 75 == 4,80 - - 80 0.50 13,00 0.42
Cyeclops EB6 068 W30 4.00 —-——- -- -— -- 18,00 -
L6 67 D0 1.49 .62 126 =-- 17 --- --
2825 24 .35 28,00 -— 39 -- -- -—— --
55 25 70 28,96 .334 - -- - -—- --
44 43 1,37 23,50 11.10 -- -- -- -—— --
Cl - 139 - - - -— - -- - -— --
Yite -- -- -- -——— -- - -- -—- --
. alloy - -- - -——- - - -- -— -

“yson 18



Table 10 - continued.

. 1CTSe

. umber o I'n Cr 71 Ci Bie) Y il Cc
V2 0.70 == 4.00 -- -- -- 1.00 18.00 4,5
71 W70 -= 4£.00 -- - - 1,00 18.00 4,5
Clarite -—- -- - -- -- - -—- -- -——
Tulcen «70 0.40 44,00 -- Jedd == 1.00 18.00 -——-
ercury 1.54 .3y 1.00 - -- - - 5.00 -—-
“ezistal 4 0.20 .07 1l7.24 20,20 2.79 -— - - -—-
Cicheame .20 2,00 16.00 6J.00 - -—- - - -——
Lichedme T 15 == 19,50 77.50 0.25 --- -- -- -
nE3 .19 0.58 24,50 20,00 l.%4 ---- -- -- -—-



Pellet Test

This test vas first reported by lcCollam e&nd Hildorf.

Hildorf, . G. &nd icCollam, C. H., "Metal I’ellets Iro-
duced by Spark Tests Used to Identify Allovy Steels", Iron
Le=, Vol. 126, p. 13 1950.

The test is not corplete in 1tself but fincs its epplicetion
es & sunnlcrmentary test when used with the sperk test. 41l
the particles torn frow a specimen by & grindings vheel do
not burn. :8 previously expleired only e pert of the snec-
imens burn to give the sperk streann. It hes been found on
exemining the "esh" from the sperk stresm that the burned
particles exist as globules or pellets and that the pellets
from some steels differ quite decidedly fron those of others.

Preperation of Pellets for Ixamination

To obtain & pellet specinen, a baffle is pleced st
the end of the visible trajectory with a clean sheet of
paper at its base. The spaerk stream is throwvn sgeinst the
beffle and the particles are collected on the peper. after
the sheet of nener is well covered vith a dust, it is
collected at one end of the peper by folding the prper,
thus sliding the perti~sles to:ether. The Gust is then
jarred to distribute it the entire width of the folded peper.
The peper is then flettened end by gentlry shelling the pener it
is found thet & portion of this dust vill roll fester than

the rest. The paper is then inclined anc these faster
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rolling perticles aere rolled off by gently shalking the
peper. <This portion is the pellet sample. This is then
put throuzh a 100 mesh screen and the portion reteined by
tlie screen 1s examined under the microscone et x 30. Any
unfused partizles should be removed by a sharo pointed
instrument.

It is possible to »hotcgreph these pellets, but due
to the fact thaet the colors of the particles very only in
shades it is very difficult to show these differences
photogranhiceally end photosreviis of these pellets when
reproduced ere verv mislesding. Cnly a few characteristic
nellets are shovn to give a gererel idea of their &nnearance.
(Fig. 22). The steels from "hich these pellet specirens
were obtained are indicated in the figure by the S.A.E.
number of the steel,

Plain carbon end nickel steels give pellets feintly
patterned on the surface end shiny black in color. In
the plain cerbon series the lover the cerbon content the
harder it is to collect & pellcet specimen.

All the steels conteining chroniun gove a very
cheracteristic pellet. The surfece of the pellet is rough

end the entire vellet is a light grey in color.
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‘he pellets of the molybdenum steels :re verv smooth
and a suiny jet black. Sore of the nellets are blown cut.
"his phenorencn is best observed by gently tapHins the
pellet svecinen wiile examnining, ceausin;: the nellet to roll,
these nellets having & tendency to cone to rest on the
bloriole. The pellets of hich carbon rolybdenwi-rengrnese
steel were badly shettered end half shells anveered r£s vell
es nore shevtered pieces. Sorie of the nellets reteined
their round shape but had holes enti ely throucs!: their
diasneter.

Chromium=-vanadiun nellets have the chrorniiun chearscter-
istic but méy be sorted from the nickel-chrorniiun and strei-iit
chrouiws steel pellets by the choracteristic of having blovn
out thelir cnter evidertly ceused by the ellov, vaznadiun.
These nellets elonrete vwhen they blow out carsing & pear
sheped »ellet, the blow hole beinc et the sr2ll end., Lhis
tencdercy to blow out is grecter in Jes.u. 6195 then it is
in Sei.3. 6120 and the number of vlovn nellets increeses
I'TOm Sehene 6120 1O Lohel. 6190,

The silicon-mengecnese steel hed bedly blovn »nocllets
viiien reteined their round shape ovut ed holes tlovn ocut

estirely throush the vncllet.
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Sorting chert for S.:.... Steels

v

The data on the cheracterisvics of the S.ix.2l. steels
studied have all been conbined in e sorting chart presented
in Figure 23. in conniling %t :is chart only tie outstending
sortin, cherecteristics have been used and the carbon burst
has beern used as nmuch as possible. ueses where scrting is
vossible but liable to be confusing hrave been labeled
"doubtful"., In all cases lebeled "yes", there should be
no difficulty in sorting the two steels if reasonable care
is used. The general alloy cheracteristics listed at the
end of the cliart mey not always apnly. Thev are, however,
the characteristics other than the carbon burst most likely
to envesr., In the cease of silicon end tunssten the presence
of & hizh or low amount of the elloy will chance the anyear-
ance of the strea so as they ricy be sorted from each other.
Talf of this chart is devoted to the possibilities of the
pellet test. It will be observed thet in a number of cases
the combination of the two tests will ¢give conclusive
evidence of the nature of an e¢lloy, whereas the snark test
in itself 1is doubtful. This is especielly true wvith hich
carbon steels. In feneral, it is seen thet out of »nossibly
2520 combinations (mixtires) of any two steels shown on
tiris chart, 2100 of these sseels may readily be sorted

from each other while it mav be vossible (listed under
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doubtful) for 326 adcditional steels to be sort<d and onlwy
72 steel combinztions may not be sorted by the spnark test.
The information conteined by this chart refers onlyv to
s»nar!'t streams produced by the small fost revolving grinding
vihieel as described at the beginuing of this discussion.

.. wvord &s to reming the chert a sorting chaert may be
in line. The vord of arning was sournced in th< intro-
duction thet this test is recorimended only rs a neens of
sorting foreirsn stecls from & lot of known reteriel end

should not be uscd ¢s a mee s of identifrins a steel of

unknown 2hemnicel cornosition, thus the nramne,scrtins chert,

irstezd of identificstion clert.
Sunnmary

Various elenents introcduced into iron as allovs ceaucze
the hot sparks produced by contect with a frinding vheel
t0 rive verious shades of yellow cnd re., to produce
characteristics peculiar to the elenment conteined.

Carbon cau=es tie stream to heve bursts along the
carrier line vhich develops vwith increasing intensity as
the carbon content increases. In the low=-carbon rances
these cherres are so pronounced thet steesls differine only
five moints or less in carbon mev be differenticted from
each other. s the cerbor incre:sses eghove 0,45 per cent
this difference decrecses urtil ebove 0,75 ner cent it is

very difficult to tell the spnark streems one from the other,
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The introduction of nizlel into a stecl causes the
sparik streen to shorten and darken. :is tie nickel is
increased the carbon burst is suporessed. . swall sn»ark
strea: can even be obtained from nickel.,

IM the lover glloyed steels of the S.&.Z. tvve here-
tol'ore discussed there is & swelliny; or glowing effect
at the base of the burst celled the nickel snmark. This
sows nicely in nickel steels of less than 0,30 ver cent
cardon end cen be seen in stecls s hi~h es 0.45 ner cen
caerbon. This does not anlear in hish nickel-iron allors.

Chroniwn in & steel causes the bursts to bunch to
#ive Tlower tve bursts. 7This charescteristic can be
readily observed as hirh es 0.45 ner cent carbon. sbove
tiiat tihiis tendency is still present but herder to detect.
Chromium also causes the strean to be finer end less dense,
it an increase of chrorniiur content the stream deriens
and aisannears until in the neighborhood of &) per cent
ctromiwi the streamn disanpears.,

"hen nickel is added with chroniu to a steel the
streem is quite chcracteristic ol the caromium content
equivelent to the swmation of the nickel and chromiun
presente.

The strean veries little from a typical chroniunm

stream vwhen vainadiun is added vith the chroniun. 3Jone
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spearvoints anppeer in the strear: due to the vanadium.

I’olybdenum in the quantities regularly added causes
the reys to be tivped with spearnoints. This effect can
be killed with raising of the carbon content, but by in-
creasing the molybdernum content the phenoinenon can be rade
to aoneer in steels of as hi~h as 1 per cent carton. C(Ff

he stecls evanmined in the »resence of 0.15 ner cent
carbon, .07 ner cent molybdenum will cause speernoints.

J'angsnese has en effect on the streen similar to
nizkel in that oi jacketing the burst. OUtherwise, its
action is very opnosite. It vhitens the stream &nd in-
creeses the displayv in ¢eneral.

Silica csuses a club-shaped tongue to sovear and
sunpresses and derkens the streca: in ¢enerel. It requires
but a comparatively small anount of silica to kill the stream.

Tunsrsten causes the strean to darken and as the per-
certare increeses the stroer ¢gradually disepnears until
in general ebove 18 per cent tunssten no snark strean
annears. Tungsten elso gives a cheracteristic burst and
tongue.

The pellet test mav be annlied to steels in soecial
ceses to differentiste one analvsis from another. In the
Seisels steels ecch series hes the seore troe »ellet with

but few exceptions. 4#£n increase of cerbon content terds
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to emphasize the alloy characteristics. ILiickel pellets
resemnble plain cerbon nellets while chroniwr, molybdenunm,
£ilica and venediua impsrt sliedes =nd shenes to tle
pellets whereby thev nmav bhe told one Tro. the other,
Tmli'ze the s»er’s test tre rvellet test cannot e used to
show the cerbon content. Usine ovainery equipnent for
the exveminstion of nellets, Cevli - hit is the best source
ol illuninstion.
Conclusion

The snerls test mer be used for classifvin: steels gs
to like enrlysis, but ceannot be successful.y used &s =

meens ol identifvins an unitmovwn stzel.

The sperk test is likelv the most repid sorting nethod
for mixed lots of steel containins two or three different
anelrssis.

Tach alloy iavestireted showed a differert snor::
streair charecteristic.

Pellets of chromium, molybdenurr, silica and in sone
cases venadium, nay be identilied &s such.
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