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Tihe author wishes to eéxpress his deep gratitude to
Profeasor C. ¥. Parmelee, Head of the Department of Ceramic
Engineering, University of Illinols, for hie kindly advice
and belpful eriticism throughout this investigation. iembers
of the Steff and student body of the University of Illinois,
laboratory and faciory workers in the glase industry, and
otaer versons interested in phapes of this study have been
wost helpful *iih thelr suggeetions. Hr. Francie €, ¥Flint, of
the sJazel-Atlas Glase Company, was inetrumental in supplying
saverel of tne experimental glassee and in k&ving the amalyses
of otherse made. The Illinois Btate Geological Survey kindly
per&it%e& the use of certaln opticsl eguipment.

There 1% an obligrtlon to0 those firme and individusle
who supslied the gliss semples used in the'tastn. The suthor
wiphe® that he oould present the name of eaeh. Where the

cholce lies betwesn neuing these Lenefactiors and listing the
componitions of their glasses, the Worthwhile course is oOb-

vious.



The physical property of *herdness® 1s ususlly considersd
t¢ be the resistance of & subsience to deformstion, cutting,
or seratening. The property hag never heen 80 clearly define
ed thet ite value 1s indepandent of the method of measurement.
Thus it is tbat we have "indentation’, "impact*, ®sorateh®,
Yubreeive® , and other types of hardness, depending upon the
particular method used in evaluation,

The subjeet of hardnese has been gilven some consideration
in the study of metals, and the property le appraiecd as a
control meshod in thelr thermsl treatment. An indentation test
is genverally used for this pursose. The numerical value
from such & test depende on the partisculsr procedure &g well
as the conditlon of the metal. The indsnistion bardness values
obtained from different procedures may souetimes be related
empirically.

¥hile there may be & concordence af‘ruaults within the
bounds of any one method of wmeasurement, e. g. indentation
hardnese, the resulis from different methods frequently are
nelither proportional nor sven of the same order of degres.

Thie is particulerly true when the series tested containe both
duetile and brittle materisals.

In considering the hardness Of gless, the resistance to
scratening seenie to be of grester practical importence than ine
dentation and impact properties. Polished glass artware, gon-
tainers, teblewere, and flat glaes Are presumably of greater
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asatastic value if they rewain umseratcned, or 1if the soratones
mey be confilned to such size &8 to be invigible to the aye.
geratehing of the surface markedly Weskens glugs, and the
seratening of aptaéaz glase frequently sokes 1t unusable.

An impact test would be appropriste for the comparative-
1y small amount of glasws Waich is subject to similar treat-
ment in use. If 1t were possible to get parmansnt deformstion
of glese in ihe abeence of rupture, an indentation test gould
be made. This would bave 1istle practicel significance.

Tha purpose of this investigaiion »as 3 determine the
relative surface serateh nardosss of various typse of glasses.
The width of serateh produced When & glasa aaaple.waa drawn
beneath » loaded diamond point served ae the means of msasure-
mant. ‘

4 pumber of typiosl commercisl glasses of known compd-
sition or surface preperation, and & seriee of glasses of
varying alumipas content were teated. SComa data are presented
to persit e comparison beiween soraich hardness and modulus
of rupture.

The scratoh hardaess of the glasses tegted is expressed

in terms of %he Mohs soale.
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The firet recorded attenpt to study the hardness of glass
geene %o have been made by Auerbaohl who used an indentation
teet to glve & value whleh he consldered to be the charsater-
igtic hardness. Tne test, originelly treatsd theoretiowlly by
Jertz®, is made ity observing the effect of & spiere pressed
againat & plate of the uame mbaterial. After Auercech had test
ed & number of glaeses by %he indentation method, he prepared
gharp-pointed svecimens with which he seratched other samples.
The widtas of the soratener produced were obieslned Ly the naé
of & wicroscope and tihe values wused in erreanging ine glesses
in order acgording te thelr seratoh hardnesses. Thers was ine-
copplete agreement between the Pesuits of the wwo tests.

fuerbach calguleaied coefficients for the havdnees of glass
ae determined by ite composition. In the table of coefficlents,
81l of the czides coumonly ueed in glasses are given positive
valuer except F&zD and CaG which are represented az negstive.

values for the hardness of the minerals of the schs® ecale
are given in one of Auerbsoh's worke. The common glasses lle
between 4-1/2 and 7 in bardnees, and clear silica glass has
& hardnesgs of about 5.

In 1911, Sehneider® published e description of a Lardness
test in wiieh a sséal ball was sllowed to fall on & glaess plate
from inoreasing helghte until the surface layer was fractured.
The hardness wee taken sg & function of the rebound.

Le Chatelierd reported tus results of sbrasive herdness

tosts oarried out by Leorsnier on & nuamber of glasses. There



N,
was no genersl sgreexent beiween the values found for the
abresive herdness and those obtuined by use of the 5u&:b&ch
metaod. TFrom tas date given, 1t would seem tuat sasll amounts
of eilica replaced by lime on & welght besle produced 2 gluse
more reeistant 4o abragion.

rerndt® messured the scrateh herdnges of a Lorossilicete
glaes using @ ¥ertens! sclerometer with & §0° conloel diamond
point, and found the lcad necesgary to produce a_ger@tah 10
microne in width. The scratch herdneess was found to ve the
seme for ennesled and unanneeled semples of glues.

uk11e® proposed s nerdnese scale depending upon the loss
of welyht undergone by the glase sawole waien pressed egeingt
8 rotuting sbrasive diec.

Sectt? devised mn apperatus for the meesuresent of abm-

give inrdness of glezee. The hardnese value wzg determined

fall on the test plece.

LecreniertQ determined the abrasive nerdners of glass
by pressing a sample egainst & grinding wheel and aorsadiag
about egual émemn#a wnder g@nataa% pressure. He worked out &
relation betwasn sbragive hardnees and composition, and found
sode glsesss harder Ehan votash, lima giving herder. glasses
than soda, borie seoid inereasing hardnees, and soda and lime
inersasing the herdness of lsad glésses.

Gehlhoff and Thmmﬂsll, ueing & Hsrtens apparatus, found
the scratch hardness of s mumber of agld-trested glasses, and

expressed thelr results in 1/mm. of serateh width for twenty
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grame loading on the scratéhbing point. The suthors state
that all glageses had agproximat@iy the eame hardness until
after the &cid etoning. The seratoh width varied ovetwsen
2.9 and 9.1 aicsrong. Yaclors are given for the caloulation of
gerateh Lardagse from composition using the method of permuté-
tion. Conirsry t0 Auervsch's findinge, sdditions of Cub Sp-
creaged the hardness of glasses, and KpO actsd in the opposite
wEnnNer. From & preciical standpoins, the advipability of the
usez of the prelisinsry wcid treatreat mipght be guasvicned.

Gragi? investignted the relative resieténce of glass and
otuer Luildisg waterisls to sand-blegting.

Lal and 811Vﬂtm&n13 deterained tne sardness of & series
of berviliue zlsssee by finding the losd on & diamond paint
necesssyy Lo produce & microscopicklly vieible meoraten. By
use of minerals tuey correlated thelr results to the Liouhs scals
and found thet glasses OF the Mepl-Bel~5i0p group bad hardnesses
verying between 6.2 snd 6.7.

sevineld used & met of standerde in hend soratening tests
&nd found botitle glass %o lie below 5 on the Mobe scale and
ehemicel glugs to be between 5 snd 6.

Tepsann and Xleinld® carried out some seratcihing teste on
& group of organic glaseee and & lekd silicate glues to study
the effect of temperature, speed of seratohing, loed, and angle
of inclinstion of the mcratching roint on the character of the
scraten produced., The evaluation of bArdness was n&t'atﬁEMﬁtﬁé.

Beokerl® used 2 method somewhmt 1ike thet of Geblhoff and
Thomas to find the effect of sdditions of beryllium oxide en
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the sceratch havdness of & glass. (eing & losding of 15 grame
on the seratohing point, Yne results are exprossed in 1/mm.
~of soratoh width. Beryilium oxide, in terme of mol pereent
addltion, Las Bbout tne seme effeot &5 magnesius oxide in ine
ereasing hardness. The messurements Were garried out on

polighed surfaces of optical guality.



A, ZCRATON JARDERAS

The spparetus used in seking the sorateh hardnese tests
1s shown in Figure 1. It is & modification of the usrtensl
gclerometer” and an instrument dﬁviseé by Teimagel{. It was
conssructed in She Physical Plant sacipine 8Suop, of the Univer-
gity of Illinois, from an original design.

The soesiuen to s tested for h&rdn&ga waa mounted in
fusible alloy (Wood's metzl) and clamped ia the urxes holder
of 1.1 em. dlameter by vreszure from toe sorew g. 1L ¥as pos-
sible %o move tue holder end spseimen leserally on tue carriage
by use of the edjusiiog screw &. The carriage g was made of
brass, 7.6 cm. im wiath, 5.5 em. in lengis sad i.% om. in
thickness. 1% wag supported sund moved igugitudinally on four
steel omlim of J.6 cm. aismeter resting in 90-dagree V-shaped
grooves eud parailel in toe lowsr side of tas @&rri&ge,ﬁkaﬂd
the upuer surface of the plutform B Tohe platform p was 1.6
cm. in %idth, 1.2 em. in thickness, and 8.1 cm. in length.

It rested upon a orass column 2.5 om. in diameler, which was
tasvened rigidly 1o the brass vase plate.

younted on the snd of tas plutioram p was & screw 4 which
tureadsd intc tne searriage block g. The roiation of tais screw,
srougnt about by the operation of tae puiley g driving through

& wors and gear g, ceused the carrlage Io move longitudinally.

“s nistory of the development of the sclercmeter iz given ia
Tie Harte der festern FOrper, by Viktor Posenl, Dreaden, 1909,






9,
The pulley g was Lelt-driven frow B governor-regulated induction-
type eleotric motor m, deslgned for the gperation of 2 phondw
grapi.

The scratching point wes sounted in & metal fitsing 1.7
cm. in dlamseter, by U.9 ¢m. in deuntn. Tals wes firmly clampe
el o tne end of the supsoriing besa B in & contracting Tring
L. Imwediately above the scratoning voint wae & stage g, of
2.5 ow. diameuer, upon Which welghis were placed for loading
tue point #s8 shows in the 1llustration. The supporting besm
b wee wade 0.6 om. sguare and wee 10.2 om. 1in length from the
center of the stege g Lo VYue supportling bearings &L, the total
lengthn being 1%.5 em. The supporting beam b, stage g, and
ring r were made from Surelumin alloy to decresss thelr weight.
The weignt of the supcorbtling pess and seratcoing polat was
eounssroalanced Wy & wrass welght W, adjusted by a screw thresd-
ing into the end of b.

The veam b was supported on a urées colwsa Which wae
neld closely in a plesve £. The column could be raieed and
lowsred oy turaning the nut p, and could be locked in position
py tilghsening the collar i, using sorew j. lLoosenling the
Betserew X parmitiad the supporting beam o be swung aside
whan it was desired O change assples Or make measursuenis
¥ith the mieroscope. The screw ], Dearing on the gupporsing
beam p allowed the loaded scratcuing point %0 be lo¥ered gent-
1y ¢0 the bLest surfaes.

The sorstohing appsratus was firmly festened to an oak
vorzd winlsh could be leveled by ndjustment of the three screws
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@, which rested on rubber bobttle stopuers. This arrangenment
was necessary to prevent undus vibration of the apperstus.

Tue microscope, fitted with 8 filler micromstsr eveplecs,
and & vartical illuminator, wae ueed in measuring the widihe
of the seratches produved in the testing., The baze of the
mleroscope wae held in the clmap u. 4 magnificstion of ap-
proxisstely 1l000X was used in saking the messurements. This
#as obtained by the use of & 12.5X8 micrometer svenlsce, a
0. 7 (Leltz) dry objeciive, and the full aztension of the
microscope tube.

?he goratches ware lighted Ly use of & Leltz vartteal ile
lumingteor. The axis of the ~rism wae placed a8t 2n angle of
shout H0% $o the direction of the soratch. £ svecial asttache
mant rermitted the use of 2 six-volt coiled filawent lamp for
lighﬁing.

In the mejority of the tests vevorted, a dlzmond, lapped
to form & point mads by three vlapes at an angle of 130 %o
each other, was used in making the soraiches. 3 mioro-photo-
grasi of the point, taken with the negsiive verpandioulsr to
the intersection of twe of tihe planes is glven in Figure R,

Fach division on the scale saown repreeenis 10 aiorons.

B, #0008 OF RUPTURE

The apparatvs used in meking the modulus of rupture tests
1s shown schematically in Figure 3. It was & modificetion of
the waciine used for determining the modulus of rupture of un-

burned clay bars, and consisted of an arrangexent of lsvers

"hlch apolied & load o the Speciman When water was adaitted
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to the recelving vessel. ‘hsn the specimen broke, the water
vas carried off turough the overflow trough. The rete of
flow waas suitebly contrelled by adjuetmsat of the valve. 4
seven-inch {17.8 cm.} span was ueed in bresking the specimene
walel wers supported on steel rode, 1/2«inoh (1.2 em,) in
diameter. The supporits wers covered with a laver of rubber

1.5 mw. in thickness.
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1¥. BAFEALATHTAL
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A, SORATOH HARDNESS
1. Taehnia‘mf Testing

txeant for speoific instancees which will De noted as
their orges Aarise, the procedurs followed in testing the
geratoh nardnsas of the materials reported woes as outliined in
.tha following:

7o mount the diamond properly in ite holder at T (see
Figurs 1), the sssemdly r, b, eic. w68 resoves snd placed on
the mtage of a low-noWered microscope in such = manrner that
the position of the fscets with relation 10 the beam b could
reedily be meen. The polnt was then tarsed go (het Lhe intere
section of two of the planes formlng it extended io the diret-
tion of the supporting beam k. Tae metal mounting of the die-
pond wae marked 80 btoust one particular orientation could slwaye
be obtained. ‘

With the dlamond point mounted, the apparatus Wis Ie-a8w-
gexbled, snd the correct positvion of the beam Was secured by
locating it parallel to the driving sorew 4. Tne beanm wae
loeked in nlace by tightening sorew k, and was balanced by
adjusting ¥ until a weight of 0.07 grass laced on g caxused
a slow deflection and & weight of 0.15 grams on ¥ resulted in
a deflection of about the same speed. (4 welgbt of C.153
grane would have been precisely co¥resi in the latter cese.)

The glase samples were veriously prepered. Those Wwulch
b2d to be melted, eithsr because of the condition of the mate-

Tisl available, 1. e. powder, or becsuse of the need of a
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fize-puliened® enrfacs, wore hested dn & pletisus cruedibls in
an elegtrie resieizoos furnacs $9 & femneratvre snffisiently
high o peramit pouring on & vetel ahwet. Thase chatings worse
suisemiently spneeled by ooolivg frow 58 U, o HBOO® oL Bt a

e

Vb sllowing Lhssm o re “aﬂ I dhe

Yete of 197 T mar hour s
furpmes whiie 1% rodurned %o room hsupersiure. Spocivens e
nenlad ware exssinsed fn ooflarized 1ignd o oheck veuvevel of
shrain.

‘e puaples whieh were pollehed in the lavowuiory were
firet pround with fing-crsined silicon esrbide stwasive o
wive » flat awrfaos and Shen nolished with wet rowse m felt,
Bome pass ssmples ware Yoo lirgze for the sclerouster 30 80w
gomodate. Thess were ani to propar size %1th & wat silleon
caruide eutiing vheal. & foxw of the snmples ®are piven epaclsl
trectment which Will be mentioficd in the seotion devotsd to
tas deseription of sumples,

Tne glape suaples of sultable sise wers mounted iIn fusi-

ble slloy (Yeodts weial) Tor testing by vlseing them face downe

werd in 2 Tound plasber oF w§ri$ #old sad powring the aolten
metal over $hew 0 the wropsr depth, The sexple wae held in
position untll dhe setel hed eooled and solidified. Then duis
mathod of wounting wae not ennvenlent, the wmetal wae first poure
ad inte the nold apd the glass sawple Lnserted into Yhe sure

fage of the g@raimﬁsv gooled matal and held umbil solid fi@%ti@ﬁ

*ﬁa'ﬁga& in $hls dimseriction the ferm Yfirsepolisied? refers
6 the condibion of & giess surfoos prepared by cooling from
2 malt. Contaot with flose or wish products of comimstion ism

not renuisite to thle torsinolopy.
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had teken place.

After the mounting materisl had cospletely cooled, the
glasz sample wae placed in the specimen bolder and firasly se-
cured by tightening the serew . The clemond point ®ae cauRed
to rest lightly on the surfece of the stmple by lowding the
besm with & smell weight. 7The nut p vwee then adjusted to
bring the beam B into & horizontal pesition. After this wae
done the screw j wae iightened to hold thes columm § rigidiy,
end the beam wae 1ifted by use of the screw 1.

Before making & test the glase surface was wiped with
reefone $o clean 1%, &nd the carrisge was placed in & position
to locate the bsginning of ths sorateh at the desired point.
The beam wae then losded with = welpht on g, the motor wae
ptarted to couss the gerriszge to wove forward, and the point
wase lowered $0 the surface. The meratches Were asde with the
carriage moving only in ths direction towerd the lending edge
of the intersecting planes on the dlemond polnt; the retura of
the carriage was made mlth the screioblag point 1ifted from the
surface.

A mingle test usually consisted of making six parallel
seratches &t short distances apart, welgate of ten, tweniy,
thirty, fifty, eighty, and one hundred grames, respecilvely be-
ing used for loading the point. The soratches were &bout
0.5 om. 4v length, and wers made using & carrlsge speed of
0.27 om. per minute. Tals resulted with & motor speed of
100 . p. ®m. The motor epeed did mot vary more then one r. p. m.

with the standard setting of the goveraor.
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Three tests ¥were usually run orn the same sauple of glass,
the seratchee for all toree teste belng made Bt ons tims.

After waking the scratches, the point was ewung aside,
and fthe aleroecope wae set to foous on the seratchas. The
filler eyeplecs of the instrument wae calibrated using an
average froa 2 1/100 am. stape sicromeier made by the Bauseh
and Lowb OUptioml Co., and & similar stendaerd ruled in the
Physics Lavoratory of the University of Illinois. The cali-
bration was found to be 12.7%2 miorone per large eyepisce divie
gion.

Seven measursmente wers made along sach seratch except
where chippling eonditions were #0 bad thad the path of the
seratching polnt wae not vielble., From three tesi® on any one
sample therse were, then, twentv-one valuas for eaeh loading.

In sore inetances =muny wore than twenty-one obgervabions were
sade in teating the reproducibility of valuee and couparing
valugs from different regione in a larger sasple of glass plate.
In other ocases, due t0 excessive ehipping, fewsr than twenty-
one messurements were made for & given loading on &ny one sample.

The greet difficulty in proparly viewing the scrateh width
cznnot be too strongly emphasized. Un firet thougnt 1t would
bs said that thres lines éhould be visible -- the two edges,
and the line at the bottom formed by the intersection of the
side plenss of the sorateh. There were vigible, rumning parallel
to these, other markings due, presumadly, to reflections,
l1ight interference phenomens, and minute imperfections in the
face of the dismond seratohing polnt. One muet maks meny ob-
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gereetions before he can fesl thnt s 1s making comparables
mesgurenent of soratch widtne with any degres of certeiaty.

A& pumber of different progedures were tried in attempiing
to meke the soraten more resdily definable. The glass ¥as
given a thin costing of pstrolatum With $he thought tnet the
seratehing point would break turough the layer and leave &
¢learly Aefined interfice betwsen the grease and glass. It
whe observed that tone effect of breaking the fiim was, apparent-
1y 4o form 1t in droplets on the glase surface. The test
plece w28 given & thin costing of smoke by nolding 1t over &
gie flame. Undeyr the high megrificatlion the corting Wap Té-
polved into partieles which wers too lamsge and which were dis-
tributed at too greet intervels %o be of aid in defining the
seratonh. The glass gurface to be tesied was given & light sir-.
ror coating with silwver. In forming the soratcb the gllver
tore irregularly along the slde of the depression. Thae Lest
ceating to define the edge of the soratoh was obitsined by rube
bing the finger in dirt and smearing it on the teet piece. The
danger of the presence of abrasive particles whlch migat tond
to vitlate the results of tne tests led to the abanionuent of
the practice. It was poasivle to gala some lmprovemsnt of visli-
bility oonditions by rubbing she glass eurfage nith & dixrdy fine
ger after the soratches had been made. Fxospt “in sxtreme cases
this practics wae not followed.

Very lata in the experimensal work it was found thet some
improvement in the defipition of the ecratoh ¢ould be obtained

1f it was formed with the carriage moving oppoeite io the
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ugual dirsstion. Ome of the flat faces of the dlzmond poing,
instead of tne intersesction of two plenes, met tae oncoming
gleee, and & scrateh resulted wuica showed much lese caloping
along the edge and somewiat beitter definition.

in &ﬁﬁitiaﬁ to atieupting to lmprove the vieivility of
the scratech edge by treating the surfaces of tue tast gpecinens,
there waz sn opportunity to obeerve the eeratches in darke
field 1llumination, with polarized lignt, and with an 0il-im-
merzion objective. It ®as found that the system with brighte
fi21d illumination, with the dry objective, and with DNOR-POLET =
ized Light, wasz best suited to the work.

2. Calivration

Ths raduetion of $eet resulis %0 numerical form is not
nacesasry, but 1% is extrsazely convenlient. Perbil explanations
of degree are unestisfactory bscause the worde used ocannot
have ezagctly the same meaning t0 the reader as to the writer.
There are ssveral ways in wnlch hardnese ssy be sxpressed
numericslly. %Fach hee its faulte and limitations.

The Mons® ecsle of herdness hes long tesn used for roughe
1y svalusting the scratcaing properties of minsrals. This
scale has been chosen &8 & baels to persdt & simple exptession
of tne relative nardness of the glasees studies in $ile invese
tigation., At least in one reepect -- thaeir Vritviencss —
the minereis of MNobs' scekle ara adapted for evaluating the
Seraton nerdnesses of glassas.

It is well knowp tbat the propersiecs of winerals (except

for thoss of the isometric system) vary directionallyl®.
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I% ie aleo possible that & nminerasl contein lwmpurities ¥hioh
affect its pursical properties. Time toe scraich hardness may
vary ¥itn the directlon and wlth the siawmple.

An ¢xteneive study of the hardness of the celibraiting
minerals might be desiravle. This would include spscliuens from
different geographical localitiez and soratculnz in sgveral
directione on the principal cryetal fsces. Providad tast epesi-
meng of sultable gize and perfection oould be obimined, thie
gtudy in itself wonld furrnisu a sizesble ressarch project.

To simplify the tasting procedure, only one eample of
sneh mineral has bean used. This sample bae baen scoratoned in
one direation on one oryedal face. The gesneral seratouing pro~
cadure Was the eBme ss that used for the standard teeis on
glusgzes.

fhe minerale, tneir sources, tae %test faoes, and directions
of sorateting are glven:

Minsral ohs Ceographic Crysial ftirection of Yerasehing

fexle  Source Faoe
2o, Serutched
Fluorite 4  Sonthern 111 psrpendicular to trace
Tilinole of cleavage
Apatite &  Ausiria 1100 rarallel to s-mxis
Orthoclase & Madagascar oM rarallel to a-axise
usrty 7 arkenses 1100 parallel to a-azxis

Thees minerals vere mhnaen'far celibration purposss be-
gauee previous invesiigators nad found thet the nardness of
glags feils witnin the included range.

in obmerving the soratcnes made on these minersls, 1t was
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found that =ll, sxcernt flucrite*, tend to chlp more than
glesser., To get sny scratoch widih values for loadlage in the
renge of thirty to one nundred grams, 1% wes neceesary 10 make
metenresents on reglone wniech would not have baen ursed if $he
watarial hed Leoen one of the test glasses. To make theze
mongurements, the procsdure euppested by Hodpe and ﬁcﬁaylg wig
folilowad; newmsly, tne measuresents were male at points ¥heve
the widths of the chipped arss sesmed %o be the leset.

After tne uwsasurezenis nad besn made, the usual matheant-
jcal trestment {gse the nsext seotion) was spplisd to the re-
gultg., “hen the sguares of the sorasenh wldths nad baen 5lote
ted auoeinet the load on the soratcihlng polnt, sacothad ourves
ware Arewn as enown in Fisure &, Pointe were taksn frosz
these curves and their sguare roots were replotted azalnst the
dohe moals numbar of %he mlneral as shown ia Figure 4b. ?Qa
Curves of Figure Bb were uzed to tramslate seraitcn width values
into hardness nuanbsre.

In examining Figure 4b, it wey be noted that thers are ine
flections in the curves for the Sturee heavier loadiags. It
will be seen 2lso that if the soraiches on fluorite were of
grester width the inflections would not ve found. There is no
repson to believe that thers should be n definlie relation ba-
tween the widtae of seratchee made on the winerals of tue iohe
seale becauge of its arbiirary nature. HoWwevar if there scenms

to ce some orderly relation with the lower loadings (10, 20,

. ' '
Bo chipping wes evident for fluorite with loads up t0 50 grame.
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and 30 grawme} on tae eoratGhing polut thie would be expected
%é contisue in the bigher ranges of lowding. sention has been
wade of the murked tendency of apatvite, orthoclase, and guarks
tC onlp wore than fluorite. It was obeserved that tae tendency
to chlp looreased with the load. A4n attewpt wilil be wade later
to show tawt, in tne oses of glase, tae action of chipping 1s
0 ipncrsese tne soraten width. dad the fluorite ohipped me did
the other minersls, the ordarly reistilon shown for tne lower
loadinee (ﬁigﬁrg 4b) might be found for the icaiings of 50, &0,
and 100 grame on the sorstoning poins. Tanmann© D characterizes
fluorspar (fluorlte) ae plastic. This would sccount for its
besavior velng different from the otusr, brittie minersls with

respect o chipping.

. sdethod of Caloulation

A etnted above, tae widith of smch seraich wWas messured
et & mmbsr of polnts using the mioromster microscope. Tor
any oms sample the values obiuloed with eguel losdinge on the
scraiesing polunt were avoraged. The gitandard devistion and
probable error of sny one chaervation were found by standard
methode. The variatlone of the obeervations from the mesn were
exanined by uee of Chwuvenet's”l oriterion of rejeetion, and
veiues Oof to0 grewt divergence wWere disesrded. Finally the
probeble error of the aeen wag valoulated. ﬁtnﬁent*agg facsora
were used ln ciecs whers lasss then thirty observetions ware
evailable.

¥here the rejection of any vslue mag indlodtved, the Whole

sarics was ezamined for uniformity, and, if several valuse
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were found ¢ 1le near $Le 1imlt permitted froau the calcoulation,
no Tejacvion wag wede. However if the valus wiose rejection
wag indlicated was clearly slose in ite sccentricity, there wWam
o hesitetion in eliminsting 1t frosm the grovp. In the cases
Wasre rejection wae carrisd out it was sesunsd that &n error
hed been msde in observing the sorsten ponrdary &t the tiume of
meazurensut.

The mesns of the mlercsetsr mesturewenis and tne probable
errore of the mesns vere itransfcormed to micron uniis Ly sultie
piving with the faetor 18.72. After the soratcn widih (din
mlcrons) hed been found 1t wac ehengsd o kehe scsle hardness
by referring to the surves of Figure Ub.

Tue herdness value for tne smwnle ®ze found Ly sveraging
the valuse for esch of the different lomdinge. Toe system of
®elgnting suggested by yellor?” was used in obiaining tae aver-
age. The mardoess velue for ench loading was weigited by %he
amount 9f the reclproecel of the squars of the percent probable
error of the mesn of the soraten width., 4As used in thig ine
vegtigation, this method of weighting dspended on dispereion,
puaber of observatione, &nd ratio of the size of taoe dispereion
2 tng size of the meaesurement.

The velue Whieh resulted from theee caloulstions vas gone

sldered to e an expresgion of the herdnese of the sample.

k. neneral Poneiderations
&. Effect of Zpeed of Seratening: %hils no extensive
8tudy of the effect of speed waas made, thers Were some obser v

stions of uezute&&# mede with 8 motor epeed of 65 r. Pe M.
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There was no gvident difference bet®esn the widins of thesge
soratones and those mede at the standard speed of 100 v. p. m.
B8ince timws ie an lmporient elessnt ia the testing of
gi&ﬁamaraak, inoreasin: the speed of gersicialng mipghd be exe

pactad &0 result in 8 reduced scraioh widsh.

b. #ffect of chape of Zoratoning Polnt: Soraton hardness
teste are not sitandardized. In terms of sor&ich width, the
regults of eesch test fepend upon the geosstric shape and the
size of the azngles of tze point.

In addition 0 the siandeard seratehing polnt used tarocugh-
sub the Investigation, snaothar polnt, sade by thres planes at
and angle of 107, was obiained. Tihe widtoe of the soratcnss

mikde vy these twWo points are tabulsted:

Load on Polat Boratecn Width - microns
ETERE 130% point 1G7° point
10 b. 63 6.36
20 9.28 &.54
30 11.45 §‘gﬁ
50 15,73 1%.45

4 meries of tests was wade with the 130° dlamond, rumning the
earrisge in reverse of its usuwal direction, o that a flat face
resner than an intersection of plones wet the oncoming glass.
The sereteh widthe obteined in these tests were simost identi-
o2l witn those from the regular procedure wonem loadinge of 10,
20, and 20 grame were used. The seame saaple of gless was used
for a1l thres series of mesgurensnte.

The depths of the soratches for the 130° and the 107
pointe were ealewlated to be 0.18% and 0.274 of the width,
respeotively.
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Cne of the earlisst coservetions made in tile investipa-
tion wae tnnt the synare of the scrateoh width wes nearly pro-
portionsl to the lond on the point (gee Fipure 5). Thie ree-
letion bes been uset in obtaining the eslibraticn curvee
{(Figure be).

Some atienpte Were mede to andlyze the &ciion of the points
in forming tne sorétehes. The comparisone of the resulte
from different procedures did not lz8¢ to any definite cope
ela&ieﬁa.

It mas found that tue sereich mede witn the 130° diamond
¥ag phkriedly less colpped woen tne flatl face wet the oncowing
glass. ?atsﬁgﬁ% reported thst & diamond ool forming & shale
low geraton gave tns Leet ruiing for optieal gratings. TPhls
woul #Re mede with an angle of svout 195% ay ine bottom of
the aoreteh, snd the lekding face wses flat and inciined &t

avout 40¥ to the vertical.

¢. Toe uffect of Chipning: Figure % shows grephically the

relation betWeen the sguerss of the soyraten sidtae obtained

for tone 1%0° diswond point rwith different procedures. The upe-
par curve was drasn by plotting the squares of the sorsigh
widine resulting from tha stendard procedure. The lower cueve
ghowe & similar plotting of velues obtained when the direetion
of tne wotion of tue ssuwple with respeci 1o the soratehing
point is reversed. Lesser loadings produce ldsnticel curves
becauss there ie mo chipping. Ae the lording iz incrsased,

'#ha ehipping becomes more evideat with the wizndard procadure,

and the two curves meparats.
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The Bmount of waar which pecurred made no material dif-

fsrence in the resulis of the tesis.

e. Tne Nelation tetween Seratoh Width £nd lozd on the
Scratehing Peint: Figure 5 shows jue relation bet¥esn ihs
gousrs of the eoratch wiith snd the Load on the sgratehing
point. Mgure & saows the relation of widih to 1nsd4. Ths form
of thas curve of Figure % suggests that the velatlion shown in
vigure & is perabolle in nature although tneve ls depsriure
fror 5 true parabola.

Tae very gnort Sotied braneh of Figurs 2 shove tpe form of
curve #hich resulted from sone measuressnts mecde with emall
loede im the esrly pert of tne invesiigation. Tole form of
curve could result from & very itnin, soft surfscs leyer on the
glesm. The relstively nlgh error of measurement 2f such &
narrow gcratci 1@&&5 one to guestion the elgnificmnoe of the

obgervation.
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5. Degoription of Bamples
A& iieting of the sampler tested in this investigation will
be found lomedietsly below. The compositicns of those samples
which are mapken witn &n asterisk {*) =may be found following
tne general lilsting.

Szmnrle Negeription
Fumber

1% Rollsd, uapolisbed nlate glass. Teeted sn the rough
surfece.

2%  Tue sume a8 No. 1. Tested on & swooth edge produced
by breakiag.

T*  The same &8 No. 1. Houze-polished in the lanoratory.
Tested vm the rouge-poligbed surface.

b»  polished plete glase. Tested on the rouge-policned

gurface.

ks Polisben plste glasgse. Tegted on the rouge-voliphed
surfece afier it na& been coated with grease.

&%  Jolished plate plasge. Tested on 2 emootia edge produced

by breakine.

7*  Fire-pollisised glass. Taestad on the fire-nclishsd sur-
face.

A% inpolisnad plate glees, originsl surfece abiaded ZWBYy.
Tested on the surface oproduced by treating for b5
gaconde with & scivtion of sulfuric aeid (1 p&:tj and
nycreflueric scld {¢ parssj.

9%  pPolisned gless surface produced by rolling auickly with
& p@liah&d getel roll, Teeted on the polisuned surfacs.

10% The sawe &8 Ho. 9. Teeted on a smocth sdge produced
by breaixing.

11+« Tire-noliened window glaes ussed for modulus of rupture
toste. Tested on tne fire-poulished surface.

1B8*  The sswe &8 ¥o. 11. %Sirained by gquiek eocling from
low red heat. Tseted on the fire-polisned surfamu.

\13* Cast and poliehed glues. Tested on the rouge-polieked
eur face.



3L,

Sample Teseription
Boaber
Lh= Flint bottle glase. Tested on the mold surfoce.
15w Flint bottle glass. Testsd on tus fire-polished
surfaca.
16* 4wber bobttle glass. Tesited on 4he mold surface.
17* Amber bottle zlase, Tested on the firs-polished
eurface.
la# Gresn bottle glaws. Teeted on the mold 2urfece.
19+ Greer bottle glase. Tseted on the Yirs-polished
surfsce.
20 Clear glase teken from & water sitcher. The sur-

face tested was formed aghinst an iron wmold.

21 The same gless &8 that of Sample 20. The surface
- tested was formed against a paste mold.

22 Polished plate glees recelved for amsdulus of rupture
teets. Tested on the rouge-polished surface.

27 Polished plate glaes received for modulue of rupture
teste. Tested on toue rouge-polisied surface.

2he Optical glass rscelved {ruu toe Xationsl Surcau of
franderds. Tewted on 5 rouge-polisned suvrface.

25+ Optiesl glase vecelved frowm $he Natioral Furssu of
fStandarde. Teeted on # rouge-polished surface.

26w Ovtierl glaee received frow the Hational durssu of
ftandards. Tested on & rouge-polished surface.

27 Gptieel glaee revelved from Bmiley and 3Iharp Co.,
damburg, ¥. ¥, Teeted ob & rouge~polisted surface.

28+ Opticsl glage received from Beiley and Susrp Co.
Tested on & rouge~-polisied surfacas.

29+ Optical glase rscelved frox Sailey and shavrp Co.
Tested on a rougs-polished surface.

30* Optionl glase received from Bmiley and Sharp Co.
Testad on & roupe-polished surfnes.



Sample
Tumbar

1w
32+
33
3he
354
36~
37
g
‘5 &
s
41w

bz
LR

Wi
45

4é
47

hg

Dascription

Txperimental glasses mede in the laboratories of
the Department of Cerawmic Zngpineering. In this
geries amownts of slumina werse addsd %o 8 bise glase
of the type used for making bottlem. ALl were test-
2d on & fire-~polished surfzoce.

Txperimental gilasses recsived from Balley and Sharp
Co., =mburg, B. Y. The group #a: melected t0 snow
the effgot of varlation of composition unon the hard-
ness. 411 were tested on & fire~poilshed surface.

Hod of chemical glassware. Tested on toe fire-zolishe
ed eide gurface.

Hod of chemieal glassware. Tested on the end on the
smooth surfage produced wy dbreaking.

Tempered sheet gluss. Tested on ths polished surface.

Clear rod of fused silica. Teeted on the fire-polieh-
ed surface.

Green, translucent condeusdtion product. Tested on
the sxolsth surfacs.

Clear, transpayent condensstion product. Tested on
the smonth surfecs.

Red sedling wax. Tested on the smooth surfece pro-
duced Ly cooling from the melb.

Compositions of the glsesea:l

The approximete analyelis of the glasse of samples Ho, 1

$o No. 10 inclusive, #%ae furmlisied Dy the mamufactarer:

&
e n-78
Cald 13.&;
ﬁﬁgﬁag g:g?
M20s 02
Fepls 0.4

100.00



O™

E

The analysis of $he gless of samples No. 11 and 12 was

furnisnsd by the mamufacturer:

310z 72,43
g&gs 13 62
ﬁai@a@
it R )
A1z
Feglls
Ths aporosinste analysls of ihe glase of szapls Ho. 13

war Purnished by the menufacturer:

!

2102 (40 "8
peh 1%‘&&
a0 . %,
m&ﬂa& 0.3

#all 0. sﬁg
“b‘f ‘s)ﬁ 1. Q§
%'&2\ '3”% £, ﬁ‘*

The anelyses of the glaeses of samples 14 to 19 inclusive,
were furnisied by the mamafactursr:

?@rcaauage w@m;@eitian

Samnle No. 1415 16~17 18«19
Wi“ica 7.90 7i.7% 1.7*
0,56 1.55 1. 16
pris .88 g.12
spgresivm 06 0.08 3.13

Bad D47 - e 0.4€



aave pasn oalcoulatsed from taelir bateh conpositions.

k\ _67'

The analysee of the glasses of eamples 24, 25, and 26

furnisned by tas ¥zbional Bursau of Standsrds.

have veen calculeted Irox vualr Halch counositions.

«

give, were ameds by Meiley and “harp Co.,

fample Wo.

5109

E&g
PEO
Ray
G
Cad)
ag207

ém;c;g

The anslyser of the glassas of sewples 27 to 30, inclusive,

Percentage Compoelilion
2l 25 26
19.0 66,6 58.5
3.0 9.8 1l.0
g’»@ 509 ié'{.}
&9.@ - - .
bl 1.9 lo§
5,0 - - - -
bl 092 Osu'
- ?ng 3!’@
1.9 - - - -

were furnished by Saillsy and Sahare (0.,

gar@eﬂtag& Composition

ol .- 1D
sav’ - -
ine &.3 2.@
R0y - - ko
e 12.% 30,0

The analyses of tie glasezs of samples No. 31 to 35 inclu-

Percentage Composition
32 23

They
Humburg, H. Yo

29 kit
4.0 27.0
1.0 0.0
g s ?}0“3
.9 - -
Ladilie E-ﬁ
hz.o - -

Hambure, K. ¥.

Sample NO. 31 34 35
8102 73.50  70.92 69.90 6 69.00

fad 76.?37 7%.53 72 295 5,&1
4O k28 §.314 ;. 3.60 1?0
Wep 15.68 15.70 19 éaa 15.15 1378

Tney were
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The annlyees of tobe glusses of saaplss #2. 36 to 41, in-
clusivs, heve oveszn furnisied by Lus pailey ana Sharp Co.

Pgroentage Composition

Seaple No. %6 37 38 39 43 s

510, 72.7  72.5 72.7 72.6 T71.8 2.5
Ap03 1.2 0.7 S.7 1.8 2.3 2%
Hal 10. 11.2  12.9 w.g 10.6  11.5

B, AOLULUS OF RUPTURE

Tae spparatus shown sclhematically ia Mlaure T and degoribe
ad on pnge 10, Wse used for the detsrmination of the wodulue
of runture of the a@véral glassee. Before using tas epvaratus,
tas ratle of tie load on the 2ad of ths bexsm $0 the load om
tas goecimen ®ae deterasined. Tohle wae found to be 1.000 %o
13.00. The machine w#as szet £0 thet thare ®ould be no load on
tug test plece when the loadling vsszel was eupiy.

Tie glassas osed ln taz wodulua of rusture teste wWere
received frog two menufagurers and are deseribed &am Ssaples
fo. 4, 11, 22, and 2% in tne 3isting ceginning on pupe 3%. ?hey
#are in she form of etripe ops ineh (2.5 om.) in widsh, sight
tncnes (20.% om.}) in lengtn, and of 4ifferent thicknesacs.
These samples spperently hed been cut from larger shects of
gives by sar&tegiﬂg‘and brecging. #aen recelved eacu plece
#wee separatad from 1te nelgnbor by & sueet of pepsr, and oare
®¥&s tRqun nod to bouch tne skmples near tog osnter befors tiey
had been broken.

To make & test, the glass speciman wee placed in the bhold-

ing device,snd water was admitted to the loading vessel at a
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Aagn toe sasple L& oruken, ths pleaces
¥ere Tencvad and foue oresdin aad tae fhicsaese of tuz zlaae at
tae point ~F brasnklag wares mesanred £ith = aicroseltse.  fhe
5% of waier In bthe ragsiving vessael wmaz foaadl 0 (38 ReRATw
e85 1/2 onnss (1% grase).
From $ne date ootuingd the modulaam of raplare wu3 cale

gulatad by tas forsuls:

in waleh P was the load {in pounds), L tﬂﬁrlﬁﬁgtﬁ of span {7
inches), b the bresdth of the sanple (in Inghse), 4 the thigk-
nege of the sawple {iv iashes). 7Tie modulus of rupture h&e
been converted 10 soulvelent uwnlis of ihe weiric systew in
reporting the reeulte.

Since theé apecirend sors not of the sswe tolckhsms am
stresnt wiz aede 30 anply the giress rather tian the ivad at a
unifors reate. Too avarege vale of appllcation of strass wWes
A0U0 lb. per &d. in. pET %1&&@%. Aeder sotually uzxed fOor efokh

gerisw of suaples %111 be gilvenm in Isporting tne rzeuita of the

siatistionl values were caloulsted for ths modulus of
rugfurs date. Ssjections sere amede on tas vasisz of Casuvenet's

eriterion.
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L. RESLTS
&. SCRATCH HMARDWESS
The results of the determinetions of hardnees for the
sa#er&l glasses tested in this investigation are taoulated
below. The mean seratch widta, the probable error of tae
me&n, the number of scratches made, the total number of meage
urements wmade, the lohs scale herdness, &nd the aversge ¥Nobs
scale hardness mre given. The welghting procedure desoribed
in the previous chapter was used in arriving at an sverage
value for hardnsss.

Bample Loed Nesmn  Prodable Fumber Ruamber Mohs Average

KHumber omn  Soratoh Zrror of of of Seale Hardness
Point Widsh sean  Boratches Yessure- Havdness Hohsa
Greme Mierons Hiorona uade mente Vaglue Seale

1 10 6.26 2.083 11 302 5. 60 5.6%
20  9.06 aagl 12 104 % sh 3
30 11.01 D.075 11 8h 5.65
50 14.73% 0.056 § b1} §.62
80 18.82  0.0869 2 17 5.6
100 21.62 0.067 2 15 5.61
2 10 .02 0.067 a 21 5.60 5.68
0 10.77 5.080 3 21 5.71
50 18.1h 0.11% i ki 5. Th
) 18.€1 G.118 i 3h 5.ga
100 21.61 0.251 b 20 5.8)
3 10 6.65 0.050 3 21 5.44 5.52
20 g.g? 0.0%% 3 21 5.39
53 15.26 0.07" 3 s ) 5.58
B3 19.84 D.122 3 g 5.56
1p0 22,67 0.197 3 T 5,48
4 10 6.69  0.0%0 20 153 5. 43 5,52
20 g.28 0.02¢ 21 132 s.ﬁz
20 11.8% 0.02 29 137 5.55
gﬁ 15.%3 0.0%2 1] 119 5.?7
10 22.%32 0.145 14 7 5.



Sample Load
Rumber on

5

10

11

10
20
30
50
80
100

10
20
30
50
80
100

10
20
30
50
20

100

10
20
30
20
&0

100

10
20
30

20
80
100
10
20
30

Mean

.
11,24
18.6&
20.99

6.46
9.52
10.99
1k.57
18.90
21.42

6.75
2.99
12.15%
16.11
1%.80
21.61

€.10
9,0k
10.80
16.1%
20.61
23.86

6.05

&.69
10.9%
1308
20.22

7.08
3.8%
11.%9
15.%9
1E.86
21.4)

6.28
8.98
11.14%
14.88
22.%9

Provabls
Scraten Drror of
Point Fidth
Grams Yicronag diorons

hean

0.058
0.052
0.12%
0.081
0.101

0.052
0.050
Q. (8%
0.075
0.156

Humbeyr dumber iohs
of of Scale
Seratenes dgasure- Herdnees
vade ments Yalus
2 20 5.40
3 29 5.38
3 20 5.60
3 2 5.6
2 17 5.69
3 11 5.70
3 20 §.E
3 20 5.Z§
k] 29 5.66
: 15 268
3 ' He
3 i 5.6%
B 21 5.40
4 26 5.55
4 19 5.40
4 22 5.45
i 20 5.67
L 20 5.75
i & 3.65
3 a 358
1 & 5. 70
3 21 5,45
k] 21 5ol
3 11 5.37
& Q2 5.68
10 gl 5,64
g 22 5.67
6 7 5.66
3 19 5.5
3 17 5.80
3 21 5.36
L, 20 5.32
3 18 5.57
3 17 5.57
3 1 2.2
3 7 5.6%
1 101 5.25
15 99 5.62
i3 g1 5.6%
9 45 5.61
9 40 5.52

4a.

Average
Hardnees
dohe

Secale
5. 64

5.62

5.47

5.64

5.61
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Sample Load esan  Frobable Humber Number Yoas Average
¥umber on  Seratoh Brror of of of Soele Hardness
Boint Fidsh gean  Soratenes yeasure~ ‘ardnese Hohe
Grame Hicrons dicrons jade aents  Valve Sgale
18 10 £.29 0.0€E4 3 21 5,58 5,46
20 9.489 0,042 3 20 5.42
20 11.23 9.979 3 20 5.45
5y 15.45 0,119 % 6 5.55
g@ A - e s e oy "‘, Q - -
100 e e s e % O - —
1% 10 .19  0.9%37% 9 71 5. 54 5.61
20 3.00 0.0b 9 £9 5.25
Q0 10.91  O.ohb 9 b2 5.6%
5o 14,58  0.056 & 39 5.68
B0 1@.32 0. 058 2 28 5.2&
100 2145 0.099 & 32 5.6%
14 10 6.89  0.061 & iy 5.51 5.60
20  &.65 0.07¢ é 42 5.85
%0 10.87 Q.Ggﬁ & 42 5.69
50 15.00  0.055 € i3 5. 62
106 21.78  9.090 & 19 5.859
15 10 6.80 0,030 3 by 5.38 5.55
20 4,23 0.030 9 5 546 '
3 11.17  0.0%9 9 62 5.62
8O 15,03 0.061 & 3 5.61
100 22.70 0.089 6 22 5.0
16 10 £.12  0.0%% 5 LG 5.65 5.6%
20 £.75 ©.09 Z by .62
10 10.8% 0.063 6 29 5.69
53 1M.4O 6.%26 4 21 5.79
20 1#.89  C.188 3 20 5.56
100 21.49 0.09h % 12 5.62
17 10 6.22  0.05°% 5 b1 5,61 5.77
- 20  #£.8%  0.071 5 b1 5.60
30 11l.52 0.078 E 36 5. 54
80 17.10  G.1%) 3 21 5.95%
18 10 6.b8 0,082 5 K1 5.21 5,52
20 9.56 a.sz; 5 41 2.49
30 11,56  0.041 5 4o 5.53
50  15.50 0.076 % 36 5.54
20 13.7% 0Q.436 3 5 5. 54
}_m A - - - } G - w-—
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Sample Load sean Frovable Kusber Humber Yohs hverage
Bumber on  Serateh Yrror of of of Bcale Vardness
Point ¥Width Zsa&n Seratones Jeasure~ ‘ardness Hohe
Grams Micronsg Hicrone dade ments VYalue Scale
19 10 6.4% .06 & 63 5. 52 5.47
20 9.6  0.06& & £2 5.%7
3 11.78¢ 0.07% g 61 5.48
50 15.99  0.971 & €8 5.47
80 20.25 0.1%0 & 35 542
195 22.90 0.115 & 37 5,46
Fds! 10 5.60 0.0h5 3 21 5,86 5.73
20 £.5T 9,075 k. 22 5.69
20 2.9& 0.095 3 24 5.92
% l w}& ;3«11 3 22 5: }-
0 18.79  0.153 3 4 5.67
10 £1.18  0.11% 3 12 5.67
21 10 5.82  $.065 3 21 5.77 5.61
20 9.0% Q.07 3 21 5. 54
22 11.55 0.110 3 20 5.5%
50  1k.47 9,182 3 15 5.;@
80 1&4.89  0.658 3 g 5.66
102 20.9% (.59 3 2 5. 70
22 10 6.98 O.060 2 21 5.31 5046
20 9.91  2.055 3 21 5.30
%0 11.64  0.085 3 16 5.51
50 15.26 0.$95 3 13 5.58
80 19040 .18 3 2 3.22
100  21.29 0.245 3 i 5.6l
23 10 6.78  0.059 3 21 5.39 5.5%
20 9. 76 @.GZ$ 3 21 5.34
30 10.98 0.1 3 21 5.67
50 1%.11  ©0.09 3 16 5.60
20  19.3%0  0.12% 3 15 5.60
100 21.52 0.192 3 5 5.62
2h 10 7-55  0.043 2 14 5.08 5.32
20 10.%7%F  o.oMm1 3 21 5.17
30 12.70  0.112 2 14 5.27
50 16.21  0.076 3 20 5,41
2 22,09 0.154 2 12 5.3¢&
100 26,08 0.161 2 10 5.18
25 10 534 0,08 1 21 5.96 5.82
20  2.38  0.076 3 21 5.78
50  18.26  0.067 3 20 5.73
80 16.75 0.486 3 3 5. 84
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Smuple Losd  isan  Probasble Number Humber lohs Average
fuzber on  Zoratch Trror of of of Zcale Yardness
Foint %idth sean  Seratehes Heasure~ ardness ohs
Grams iicrone dicrona Hade Hente  Value Seale
26 1¢ £.36  Q.087 6 4 5.56 5.62
20  9.28  0,ohH 6 52 5,08
0 10.64  0.ous & ¥ 5. T
50  15.00 9.055 6 43 5.62
& 19,00 0.459 6 26 5. 64
100 o ax o e & 0 - -
27 10 .41 0.0k 3 20 5. 54 5.65
20 2.62 0. 06 3 19 5.5
0 10,87 Q.0%% 2 20 5. 68
5 1k.48 0.058 3 15 5.69
}_m Wowsen L 1, G -
2% 10 6.64 3.0%0 z 19 .45 5.60
20 9.11 0.0% 3 21 §.2@
30 10.82 0.0%% 3 21 ﬁ.,z
50  14.5 0.099 3 21 5.6
1@6 i o - 3 E L e
29 10 £.85 0.022 3 20 5.37 5.5
20 9.58  0.050 3 20 5,40
30 11.40 0.058 3 19 5.56
80 19.%8  0$.042 3 e 5.59
100 #2.2%  0.100 3 21 5.5%
20 10 2,08  D.022 k 21 &.ﬁg b.95
20  11.k o.0u8 3 21 b.g
50 19.02  0.07% % 21 5.11
B0 25.19 0.127 3 19 5.@2
100 28.1% 0.1%0 k. 15 5.0
21 10 £.65 0.057 3 20 542 5,42
20  9.28 0.153 3 2l 5l
50 16.%6 0.126 3 21 5.42
80 20.27 Q.57° 3 20 §-E$
150 28,87 0.5 3 3 5.28
32 10 £.8% 0,092 3 20 5-37 5.51
20 9.1% 0.17} 3 20 551
0 12,42 Dp.18s 3 2o 513
50 16.1%  0.28 3 17 5,44
280 19.08 0.1 % 7 5.6%
100 22,27 0.08% 3 6 5.5%
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Saaple Load dean  Probable kumber Fumber Hohs Average
Humber on  Seratch Zrror of of of feale dardness
Tolat Hildth Magrn Sceretches detpure~ Hzrdness donhs
Grams Microne ilorone »ade mente Yalue Scale
b3 10 €.58  0.070 i 2g 5.87 5.65
&0 £, 7%  0.0%1 i &7 5.6%
20 11.59  0.102 i 2% 552
50 1k.®3  0.23% L 19 5,64
8 17.%6  0.1%0 3 12 5.60
1h 10 &.23 a.sz? 3 21 5.60 5.56
20 €.91  0.00% 3 20 5.28
%70 11.820  0.112 3 18 5.48
50 18.25  D.116 3 20 %.Zﬁ
100 22,00 0.120 3 6 5.56
35 10 .02 0.052 3 21 5.69 5.7%
20 .18 0,058 2 21 5.79
70 11.01  0.089 3 22 5.66
50  1K.8%  0.1%0 3 10 5.6&
8¢ 18.29 0.0%1 2 2 5.;5
120 21.561  0.167 3 5.61
16 10 6.56  0.081 3 21 5.48 5.48
20 .47 (.0BD 1 e 5,47
5 18,30 0.282 % & 5.72
100 == —e - aem 3 o - -
LY 10 .15 0,065 € bz 5.80 5.51
7 20 2.32 ﬁ.@?g & 12 5.46
70 12.05 9‘973 6 k1 5.42
50 15.59  0.09 3 21 5.8%
B e em e - 3 4} - -
150 —— - - 3 0 - -
20 B.31  0.082 ? 15 5.18
B 1%.84% 0,180 3 13 2.?3
100 20.%7  0.285% 3 5.78
39 10  6.68 0.058 1 19 5.43 5.40
20 3.92 0.07h 3 21 5.30
3 11.9% s.agé 3 21 5. 4k
W 15.77  0.163 2 9 5.50
wﬂ —— - - ——— % 0 bl
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Basple Losd  Yean  Frobable Number Humber Hons Average
¥uambar on  Soratceh %rror of of of Seele wrdness
Point ¥ldin sasn  Roretchss dsseure~ Jardness Hohs
nrame ¥icrons Yiorons ¥ade mants  value fosle
40 10 €.97 ©0.026 3 21 5,12 5.38
20 2.3 0.070 3 2% 5. %8
0 11.6%  0.068 3 21 5.21
50 1€.1%  0.15% 3 20 5.4
& 1£.68 0.624¢ 3 b 5 .68
13@ - - 3‘ Q -
L5 ] 10 £.18% 0.116 3 21 5. 64 5.58
20 £.99  0.105 % 20 5.56
0 11.0% .11 z 20 5.6l
50 15.89 0.1%1 2 19 5, 5l
106 - - o % {3 -
L ¥ 50 1B.%53 0.147 1 22 5.67 5.67
43 50 18,55  0.088 - 20 5.68 5., 68
4 10 6.79 0,046 3 20 5.39 5. 6l
20 8.89 0.052 3 23 5.58
3 10.85 0.087 3 21 5.69
50 1h.%8 0.108 % 22 5.71
20 1.8 0.064 2 22 5.67
100 21.12 0.096 % 19 5.67
45 19 4.61 0.065 6 53 6.28 €.31
20 £.77 0.085 iy a2 .22
20 #.%6 0.7 i E 6.80
l‘é 19 17.3‘{} N 1 5 - - -
30 71.6 - — 1 6 - —
a? 5 18,2 - i 1 ? - . L
10 27.3% - m—— 1 g -
30 51.7 - 1 7 -
10 12,5 - ——m 1 2 - —
1% 9.5 - — 1 6 .



Sample
Tested

fuartz

Ortho-
clage

hph-
tite

¥luor-
ite

E.

l.oad
on

Foint

Grams

10
20
19
50
&0

100

10
20
i
50
20
100

10
20
30
50
&0
10
2o
30

#0

Hosnn
Seoraton
Hidth
Bicrons

7,02
b.51
.0
12,44
15.10

2.98
7.11
3,42
12.18
16.27
13.7%0

6.24
10,40
22.41

.29
14749
13,68
24,60

32,42

Probable
wrrar of
HeEn
Hiorone

HODULUS OF RUFPTURE

Humber
of

uade

Huwbar
of

gante

2g
21
20
19
18

3
21
21
21
21

21
21

21
o
26
15
21
20
21
23

iy

dohs

!

47.

Average

Scals Yardness
Boratehes Meszure- Jardinese Johe

Yalue

6.99
7.29
6.96
£.73%
7.02
7.90

R )

Seals

7.02

€.04

k.98

.01

Sam- dodulue of Rupture Prob.Error - sdean Fumber Average Rete of

ple ib/eq in kg

We.

b
11
22
23

10,450
10,578
7,221

1,728

735
™3
508
543

557
9%
22%
hah

J8q om lb/eg in kg/faq om

29,2
27.6
15.7
L.

of  Application of
Speoi- Firess
weng 1b/sq in kg/eq om
12 2875 202
26 2908 20k
12 7000 ES )
24 3160 e22
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Phe following ®ill be devoted largely to the comparison
af the hardpeses values for the samples tested. The diffarences
in perdnssg sh0®n by the resulte will generslly be (reated as
real snd glagnilicant, sines this is necessary for brevisy.

An satended zoalvsis of the significance of tnz differencas
in the soraten berdness of the ssaples has not baen made. It
might ve posslile to czloulate tns probable ervor of thy aver-
age hardness value and study ae aig&itieam&s »f the results
®ith ite belp. 1% would be powsible 40 esxamine LLe elgnifi.
sance of the alfferencas »f widths of scratcnes made %ith
each losding on the seratcning point. 4 difficuliy woleh would
arise in this latter ozse ecan bes 1llumirated Ly =n esamplel

Fie everage regult for saaple H Buowe & substantlal in-
eresse in nardaces nver semple ¥, yet woasn the resulis for
the loadinge of ten and iwenty grans ars coserved iy would sp-
peer thet No. % is herdsr tusn ¥o. H. The hardness velues ob-
teined from the higaer Inadings ere tue ones ®alen producs the
affaot shown by the aversge.

Even tnough the differences in hardnese may not have the
desired degres of significance, the results are generally con-
slistent.

Phere are thvee evident causes of dispersion in the measure~
wents of this investigstion! (1) sue difficulty in properly
defining the sorsteh widih for measuresent, {2) the digpersions
arising from memsuring technle, and (%) tae varlavlions snioch

seam 1o be characteristic of glass subjected to &ny test de-
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pending on 1te physical etvangin,

Tioe difficulty of properly viewing the seraten boundaries
hae alresdy besn discupsed.

Jlepergisnsg in ths mespurenents ere due ciniefly %0 meche
anical ispsriections in the apparstus and the inability of the
eys to menge ths preclse é&ttimg of the ¢roge~nair of the
slerometer. To there must be added the effesct of foocus, be-
czuse 1t ®as necessary to re-adjvst tne microsovope for practi-
eaily evsry messuresent. 2 nusber of measursasnis Tere sade
a8t identical pointe on $uree scratchse to form an estlusnte
of tie zmount of error introducst inp the weasuring of the
serateh widthe. The usual cesre wag téxen in making ths meas.
urensnte, 2nd tihs microscope wee re-fooused before esach readw

ing wee made. The resnlts are Wabulsted!

Mean Standard Humbar
Seraten Width Deviation of
#lorous diorons AeGgurenents
I 6.01 @.252 33
11 .60 8,21 3
11t 11.7%9 Q. 228 30

The scratehss IT and 111 were hetter defined than scrateh I.
To allew & resdy cowparison, some standard deviation dats have

been mpeenbled:

Hean Standard Fumbar
Geratch %idth Deviation of
#icrons $icrong Yanmureovente
6.69 . 15%
9.28 0.22 12&

11.45 0.42 13;
13.33 G.65 11;
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#ean Stendard Gusbher
Seraten Widsha Deviation af
#lecrons Aigrons Seapurements
6,41 0.25 20
9.92 0.25 19
10,87 0,28 20
1. 48 0.27 15
GeBE .42 21
.07 a,h5 21
il.55 0. 08 21
14,47 .98 15
£k 0.%1 20
4,52 2.3%1 20
19.5% 0.26 20

Theze valua2g have been selectsed at randoe 40 show® itnat wuoch of
tne dispersion in the test results can be attribuied to the
erroy of wmessuresent. This is particularly true of tue n&ar-
ro¥er soratches. The error of zeasurement wigut bs reduoed

by ebtainisg 2 better aicromster, and by having avsclute rigid-
ity of the ontiocal purte relative to the seratah.

The remltes of tests of physical sirengih of glsss are
prone to ehow largs variztions froms one sample %o snother. It
wonld not be surprising if = vsst of sgeraici hardoses showed
#imilar cneracteristics.

The tendency of individual glasses to c¢hip mey be found
by comparing the nusber of meesurements ®ith tie number of
soratohes for & particular loading. When it is coneidered
that the practice was to make seven messurements for esch
- seraten, the recording of less than that number per scratch ine
dicates & tendsnoy to chip. When the chipping weg extensive

the reglons sulteble for messurement Were reduced in nuwber.
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ke PHYBIOAKL weengTs

“hen the resulte of the hardnees weteurcrents are Yeviewed
the following mey be noted:

“ouge-pollshing a glase eurface sof%sae 1%. Tuis is
Sh0WNn Ly A cowpsarison of values obieined for sauplag 1, 3, and
i, Aouge~polishing alseo sesus to ineressc the tendancy to
chln,.

Heilby?6 ﬂﬁuﬁiaﬁ the poiisaing of metals, minerals, and
glags., de concladed Lome ths Blgh polieh obtsinad by use of
rouge resuited frowm the flow of the murfsce. The flow lowars
the projections pnd fille tbe deproesisns. %ork mugs ve done
on the zlass gurfece to nrodnce flow. 1If work is dons, there
&re vound to ue frictional effects wiloh will cnsvert some of
Ve work into heat. A strained metorisl will result if the
llquid laver mets and enols to the temperature of the so1lid
uody. Hypothetiozlly, at least, & rouge-nolirned glass sugre
face ie under teneion.

Balladay and ?wymam§7, who studled en opticel glaae, found
that tuere wae & norisontal teneion condition inasdistely bew
iow & diewmond out in glass., Tuae tyne of surface wug not grack.
fied, but 1t may be sssumed tiaat 1t was aliner Touge~- or fire~
polished. An attempt will be msde later to show that there is
e#ome slmilarity betwesn theee two types of polisned surfaces,
Preston®8 was of the opiniosn thet the noriszontal siress wag
dug to tiny particles of glass whieh get into the crack forsed
by the diamond and act as wedges in saintaining a stirained
condition. It seems squelly likely that the tension condition
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whiech is Tound just below the <iemond scroteh is due to loeal
relesse of strain in the éuter‘layer and concentration in the
plane where 1t has been observed.

Bel11by?® stated that the depth of mechenlcel disturbance
in the polishing of caleclte was from 500 to 1000 millimlerons.
For the seratches of the present investigation, = simple cale
culation shows that the decth 1s 0.16 of the width. The surface
layer would bé'pen@traﬁed with & ldading of only ten grems on
the saraﬁchingg point, Thus, 1t develops that the results of
the messu-ements mede on the rouge-~pollished glass express a sum-
mation of the hardnesseés of the surfece layer znd of the glass
beneath. It 1z doubtful if the zpparstus used for the measure-
mentse 1s sensitive enough to permit a elose study of the hard-
ngss from the surface inward.

Th@iahove.ﬁiaﬁussion ettempts to explain the observations
of serateh herdness of rouge-polishe’ glass by assuming a sur-
face layer under tension. 4n alternative explanation of the
resson for this softening mey be deduced as follows:

It is a common observation that glasses which are gulte
dursble und@?karﬁinaﬁy conditions urderge s ra~id disinﬁégratioﬁ
when treated in the sutoclave. In the rouge-polishing pfaeess,
glasses are subjected to pressure and a somewhet elevated tem-
paraturé in the presence of molsture. It seems possible that
the conditions of the sutoclave are found in rouge-polishing.

If the surfsce has undergone any disintegration in the pollsh-
ing pr@eeasvit eanhat,b@ detected by the ordinary means of ex-

aminaﬁian;f;Thia does not preclude a hypothesis of sub-m’ero-
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seople “disintegration whose effect is note” in the seratch
hardness tests.

‘The results indicste that a fire-pollshed surface is
softer than one which hss been formed in contaect with metsal.
This mey be demonstrated in the comparison of values for
gample 1 with 7, ¢ with 7, 14 with 15, and 18 with 1%. in
exception is found when ssmple 16 is compared with 17,

It has been found that when en incresse in slkall content

2 and the thermal

of a glass is msde, the surface tension fells
expansion rises3U. From cbservations Qn'tha behavior of sure
face tension, 1t 1s known that a @iszolved substence which
cmuses n lowering of surfsce tension tends teo concentrate at
the surface of the sclution. The surface lsyer of a glass,
which hss been colle: from = melt, must be under tension becsuse
1ts therwal contrsction is greate§ in cooling then the con-
traction of the main body of the glass. ‘this tension is in ad-
ditlon to the force exerted by the surface tension. If this
hyrothesis of surface strain in fire-polished glasses 1s ad-
missible then the softening eff@@t of strgin can be noted as
1t was in the dlscussion of rouge~pollished glass surfaces.

in the following section whieh is devoted to the effects
of compozition on the sersteh hardness of glasses, 1t is brought
out thst additions of =oda soften a glass.  As has been indle
cated ebove, the free surface of e glass would be expected to
have 2 higher sode content than the body of the glass, This
fact, per se, msy furnish sdequete exslenastion of the soften-

ing effect of fire-polish,



54.

Hardness tests made on the fractured edge of ecertaln
glass samples have been sssumed to sheow the hardness of the
glass #8 it 1s feound in the interior of the body. The glass
of the first ten samples listed is suprosed to e of the same
cempesition. Herdness tests have been made on the edges of
three dif"erent samples of this glass. These results are listed
fcr samples No., 2, 6, and 10, While there ls not exeellent
agreement among thsese values, the general sversge is 5.64.

This agproaches the value: of 5,63 which was found for sample 1.
It would ceem that the rolling process used in msking plate
glass lesves & produet whose hardnesa througheut 1s nesrly uni-
forms Scple No. 8, snother rolled giass, is of superior hard-
negs, From the brief deserl: ticon of the menufscturing process,
there 1s no indlecation of & reason for thie difference.

Gaﬁparison of the herdness of semple & with sample 1
shows that ascld trestument softens this kind of gless.

The sur‘asces of contalner glpssware are sometlimes lubrie
cated to reduce the scrateching 1h5thg_lahr. The results from
the study of the hardness of samples 4 and 5 show that lubri-
catlon has an spnrecisble effect in ineresslug the apparent
hardness of glass.

The difference in hardness beitween a fire~:ollched sur~
face and ons whiech has been forme~ in econtset with metsl {ususl-
1y iron) has already been mentioned, In addition to the soften-
ing eflfect of fire~pollshing, there 1s & rossibllity of a
hardening effeet due to the contact with the metal. By use of

z»ray technie, Trillat31 has found evidence of orientation in

the surface structure of cast glass eylinders. This arrange-
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ment would result in a more compasct structure which would be ex~
pectes to show zn incresses hardness.

Samples 20 eand 21 show thet en asrticle formed in an iron
mold is more difficult to scrateh than one made in a peste mold,
even when the glass composition 1s i1dentical, From the method
of formation it might be suspecter that the glass made in the
paste mold has a fire~pelished surface. This surface, formed in
steam, mey hsve diflerent pro@erties from one formed in air. How~
ever there is nlso a possibility that the orienting effect of the
mold is minimized by the layers bf paste materisl and steam be-
twegen 1t and the glass,

%hen the results of hardness messurements on samples 1l and
12 sre compared, it mey be seen that the strained sample is soft-
ér and has a grester tendency to chlp. In this case the surface
layers of the straine’ Qamale sre under comvression, becaunse of
the method of preparation. This effeet of strain in reduclng the
hardness of glass 1s in sceord with‘ohserVatisns.mad@ by Little~
ton®e who found thst s repidly moving cotton string produced more
wear on a atrained sample of glass then 1t dld on un unstrsained
plece, The compoaition of the samples was ldentleal, and the
test conditions were comparable.

The tests on sample 4P and 43 were made wlth the thought
that 1f 1t were possible for the molecules in glass to have an
orientation, the effeet wmould be shown by differences in hards

fhess between the side snd the end of a rod®, The data show

¥ 2inee the units in metals and other substantes take up pre-
ferred positions when formed into elongated bodles, it was
thought that some similer phenomenon might oocur in the draw-
ing of glasas rods.
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that the rod is elightly zofter on the side, put thie im %o
ve expected from the findinge relative to she difference in
nardnsss petween filre-pollizned and fractured surfuces. If an
orientation existe, && Trillat f@ﬂndBl, gither 1t cannot be
detected by the spparatue used, or it is not produced by the
drewing of glass rods.

Sample 44 suows the result of & sorateh hardness test on
tempered window glasg of forsign msnufaciure. Since the com-
position is unknown, the value is presented merely &8 & matter
of interest.

The modulus of rupture of ¢ materisl is & weasure of the
gtress produced in the ocutermost fibers of % pleee broken by
bending. Feoause both the zoratek hardnees and the moduius of
rupture messurscoents are dependent in & lapge degree upon the
gurfage ooudition, It was thsught thet there wmight be souwe |
correlation brotwesu the iwo.

Sample Modulus of Rupture Hardaess

4 35 ©.52
11 !42 5.61
22 508 E.hE
2% 543 2.5%

48 can Le sean, the correlation lg poor.

B. QOuwORITIONAL EFVROTR
When alumina® is added to & glaes, the nardnzss is ine

cremsed. Samples 31 0 35, inolusive, demimstrate tuis fagt.

*For the glasssz of eamples 71 to 41, inolusive, "Ha03" re-
gortsﬁ in the analyses wos oonsidsred symomymous With 515030,
*he samples 31 to 35 were mide with unusuel care from ¢. p.
guality materials. Tue color of samples 36-81 plainly showe
that they are low in ircn, the other common *RoUz" elgment,
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The date for composition and nsrdness have veen plotted in
Figure 9. I% ®will be seen thss there 18 & stesdy rise in the
R0, content and & detresae in the amounts of the otuaer oxidss
prasent. Thers ie & brsak in the harsness ocurve at the posi-
tion gorreeponding o sample No. 24, i3 will be shown later,
tals oan be asoribed to tine irregularity in the Cad (and Egd)
composition ocurve.

The effecte of several chznges of cowposition can be noted
in the berdness velues for tae series of samples mumbered
1& to 41, inclusive. Hetner than devote aspaes Yo The compar-
ison of the nardness values for different grouplsys of these
glasges, the wnole series can e suwwsrized by the pressaistion
of aardnses factors for the 4ifferent constitusnt ozldes.

The ralailve affsot on hardnesse of the use of one psreent
of sacn of the conetltuent oxildes hes veen found for the group

of sample: 35 to Bi. The fuotore are:

810z Q‘ﬁ§3
H20y 0.187
{20 .16
ﬁaﬁa -} {}E ¢

These sre average volues obitsined by gxlution of simmltaneous
squiations. As an oxsmple OF the methnd used, the squations
for samples %6 and 37, respectively, had the form:

{(36) 72.7 8102 + 1.2 ®z0y + 10.7 0ad + 15.4 ¥epd = 5.48

(37) 72.5 8102 + 0.7 fiz03y + 11.2 a0 + 15.0 %220 = 5.51
Other silmiler equatio.® were sst up 2nd ths whole group wae
solved simulteanecusly to obtain the factors for £10z, R01,
ete.

The use¢ of the factors should be limited to glasses of
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the tycz fros which they vere osleuisted. Hecsuse of the
sxall glhngs in the swounie of $10z, Cal, and Bupl present 1o
thess glagsss, 1t ir rrobebly permissible o ezpress thsir
gffects in terme of conetante. ®ince the relative change 1n
Rphz is grest, ite effect enould not be expressed 88 & constant.
The prover expramgion would show 2 decrsare In sffect per unit
gdded as hhe amount becomes grester.

Ceneldering that tne frotor for 41,04 (ﬁéQBB ig probably
to0 higk for the algher reanges of aluming content, snd that
lime iz guite effective in incrsusing the hardness of glase, the
bresk in the hardnegs ourvs ehown in ¥igure 9 is comprenenslidle.

The Tenmarks atoul the relstion betWeen coomposition and
nardness are in sgreexsnt with the observations on sauples
15, 17, #nd 13. Ssepls 15 is sowewnat herder than No. 31, but
there are gome differences in compoesition. The nardnsss of
S9. 19 sesme To be too hign.  The Ra0s group ¢f the green end
the amber glaesses ea:not be considered to include only Alz0s3.

The optliezl glaeses included in this study soo¥ & wide
range of composition. Theme oomwposliions are reporied from
the make~up of the batches, and do not reopreseal tue anslyses
af tpe founded glassss. ¥For these reasons it is Jdifflcult %o
generalize upon the relation betwesn their compoultions and
hirdnessss. Howaver the tendency of lead o dsoranse the
nardnese of glasses i® unmistakable. Tha resulss BpOW thag
dpticnl glasses are noty necessarily suisv.

Silios glass has a hardness of 6.31 «# ahown LY sasple
Ho. 45 woieh wakes 1t desirable as an intersediate usmver De~

twgen feldspar end gusrtz in toe hardnees scals.
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Ae = mater of interest 2 fe¥ measurenzals %Were wids on
grisirneas othst then glwss.  The condensstion producis and
the sealing 3% werg found 30 be ssfier Lhtn the TAnNgS ine
eludad in the galibration ssssaresents,and no hardness veluss
were obtained for tnem. Seallng waz is somewhat softer than
pewmlze B4 and M7 woish were the condsunsation producis. The
elsnr soadensatlon material was gquite badly soratcied by tae
relativsly lizut loads on the liswond point. The soratonses
on the ironsiucent maierial wers of %he same ordsr of aire,

but were not ensily visible because of the meii texture.

G, THY HARDHEST OF THR OALIBRATION HINTRALS

I+ hes been a mitter of coservailon for a zrent many
yerTe thet apetite L& uerder tumn fluerits, grinnolass 18 nard-
er %nan apatite, and quarts is harder toaan orthocliaze. In=-
Goad, these obsarvailons Wers mede by Moo in sstiing up his
sesle of mardnesa. Tha rosulis of the present investigation
are in agresment *ith then.

Later years asve scan the formasion of wanerealizatisng
ralating erystal siructurs snd ssrinesn., Onarie and orilow-
clage ars aarder tﬁmh fluorite becauss Lney have a allionie
tvos of latiice and the fluorite latbice ie loniec in fyne.
Guartz is barder tosn orthoclase becange ths largsr X %* ion
of the feldsper Gistorte the structure snd weskenr 1%, ppe-
tite ame & lattice of the iorlc tyre but it ig more copplex
tuen fiuorite. Tohe curves of Flguras ba show & wider spaclay
between the soraich wiitur of the elllcite and fonic minerals

then between tae minarals of the samsd type.
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sbeervatione of seraten hardnese of weleriale under oon-
A4%isns which sre not carefully coatrollad ave iiksly 6o lead
to srronesus conclusions.  Bhen two aaterials neve nzarly the
pame nerdasss, elther may be screbohald by tne otaer. Thls lse
particulariy true ®whsn hand scraicehing tests are wade, The
foliosing factors ara partinent 3o the problem:

£y

Shape anud perfeciion of tne ser:iculing polnt
Zpzad of seratebing
rrogssure on Lie polol
ingle of ineliuation of tas poiny Yo the surface.
Ia sddition &0 Luese itcus tusTe sre obaere Walen musd

pe coneidered, 2 morvatel ®ill be aors rendlly viainls on

gngd. It ims Laen ra@orua&g% Figb 3he asz of alusing in glass
resuits in & softer produse. Tas brue pituction sszaus 0 be
tont toe sddislon of sinaina o the compasition of & glass
incrsases 1be sarfece Lenalon uad, aencs, makes & wOrs per-
feot surfece. TLus ECTELChes LeCore wore ITeadily vigible to
the eve. uvven Lucugs the size might Le Toe gxae, & soratoh
would be wore prominent on the surfuce of & glase oX nigher

index of refrszction. Onlpping, 100, entsrs into the gueetion.

faturaily, & gless which chiye bedly will seer to be eafter

thwn one of egual herdnses ln whickh chirping does not occur,



Vil. SUANLISTORE

The resulis of this investigation sesw 1O justify the
following conclusiona:

1. The spparatue snd the method are generuily satis-
factory Tor the determinaztion of the goratch hardnese of glasses.
An improvement in the micromeler would ve of wensfit.

2, The nerdnarges of the mﬁjerity of the commerdielly
valusbls siliezte glasszas lle d&kﬂﬁﬁﬁ 3.0 and 6.0 of tne
¥ohs soale.

4. Rouge-polleuing, Fire-pollsalng, and sivraining of
glasser are poysical §raaasma& woion rfesult in sofdeniag.

B, %nan azlumins le odded to bottle glass compositions,
share is &n incrensa in hsroness. In fag general cese, slumina
18 not as effectlive az lime in increasliay tue paraness of
FlE BT,

$. The following feetors gxpress the relasive efrect on
tue scraseh nardness of & botila glage of tae addition of one

percent of the oxide!

B840, E

mg@; (Alg03) Q.l
0,167

xaga ~G.02

&, Optisal glasses of high 1ead oxide content &re BRYke
edly softer toan tae average bobtle or window glags. Howsver

optionl glusses amy ve comparatively hard.
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