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INTRODUCTION.



1.

1of the heat formation of ferro-caleie

The investigation
silicates in general was begun in 1208, On account of many diffiecul-
ties encountered both in the preparation of ferrous oxide and in the
adjustment of the electrical apparatus and calorimeter, the experi-
rents conld not be brought to a finish with satisfactory resulis,

As this work is considered important, not only from a secien=-
tifie, but also from a practiesl. point of view, the investigstion was
resumed in the latter part of 1908 and continued until the middle of
1909, The experiments were conducted according to the ssme method as
that of last year, the apperatus, however, was modified and improved,
and the former method of preparingé ferrous oxide replasced by one that
was better,

Many methods have been proposed and recommended for the prep-
aration of ferrous oxide., The leading ones are those of Wackerwoder,
Sivert, Moissan, Debray, Berthier, Plattner, Mills, Vogel, Birnie,
Tissandier and Steffe., A brief history of their investigstions appears
to be interesting,

As early as 1843, Waekerwaderz began to prepare ferrous oxide by
the reduction of ferriec oxide at 300 des. C by hydrogden. This experi-
ment was later repeated by Sivert3 and Moissan4, thoush at a higher

temperature, The latter heated ferric oxide in a stream of hydrogen at

800 dege C and proved that this method was_not very satisfactory.
1. Wen, Thesis No. 852
2. Wackerwocder and Stromyer “Arehiv f. Pharmacie"™ 1843 36 p. 27
3. Jahresberichte Uber die Fortschritte der Chemie 1864 17 p. 266
4, Annales de Chemie et de Physigque 1880 21 p. 199
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because of the faet that hydrogen, at that high temperature, reduced
some ferrous oxide to metallie iron, MWoissan, therefors, employed
another method for the preparation, which consistsd in redacing ferrie
oxide by a eurrent of carbon monoxide, He found that the results were
satisfactory and that the amount of total iron in the produet approxi-
mated the theoretieal one.

0f the work on ferrous oxide, that of Bebray1

should be men=-
tioned, These experiments were condusted by passing a stream of egual
volames of carbon monoxide and carbon dioxide over ferriec oxide ataiad
heat, The results obtained proved unsatisfactory,.

Another method used was that by Vogelz, Moissan3 and Birnieé.
It consisted in decomposing ferrous oxalate at an elevated témperature;
‘the decomposition takes place according to the following equation;

FeC,0 4=F30+C@+09 o*
Vogel found that the product obtained was not free from metalliec iron.
Moissan pointed out that the decomposition did not take place exactly
as the chemical esquation given above, but that there was a secoadary re-
action, in which the carbon dioxide liberated converted the ferrous ox-
ide first formed into magnetic oxide,

3F=0+C0 =F8304+00;

2
The results of Birnie agree in part with those of Vogel., He.

1. Comptes Rendus 1857 45 p, 1018

2, Liebig Annalen der Chemie und Pharmacie 1855 25 p. 116

3. Annales de Che¢mis et de Physique 1830 21 p. 199

4, Am, Inst, Min, Eng"rs, Trans, 1899 28 p. 634 foot note,



found, however, thet the product econtained not only a little reduced
iron, but alsoc a small guantity of carbon and that the amount of carbon
set free depended upon the mode of heating the ferrous oxalste and that
the metallie iron was produced by the liberated earbon,

Berthier1 and Plattner2 prepared ferrous oxide by heating a
mixture of metallie iron and magnetie oxide, or rather, hammer scale.

?issendier employed another method of making this oxide which
consisted in passing carbon dioxide over heated iron wire at 600 deg. C
The experiment was later repested by Moissan4 and Steffes. They found
that the method gave unsatisfactory results., It was slso employed for
the preparation of ferrous oxide in our experiment last years, the re-
sulte obtained proving to be very unsstisfaetory,

The best and most successful method is that whieh was first
employed by M11137 and then by Steffe, being based upon the method of
Berthier and Plattner. It consists in heating, in molecunlar proporticns,
a mixture of metallie iron and ferrie oxide when Fe0 is formed according
to the chemiecal formule:

Fl293+Fe=3FeB

1. Traité des Hssais Paris 1834 I p, 430

2, Merbach Die Anwendund der Erwirmten Gebl#sseluft ia der Metallursie
1840 p. 228

3¢ Comptes Rendus 1872 74 »p.

4, Annales de Chimie ot de Physiqus 21 p, 199

5. Doctor Thesis Bsrlia 1908 p, 7

6, Wen Thesis 1903 WNo. 352 p. 8

7. Deutsches Patentblatt 1895 17 p. 352 German Pateat March 31,

1895 12 Klasss No,. 88539,
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Steffe in 1908 made an investigation on this method and heated

the mixtars in a eurrent of nitrogen, He found the product %o be most
gatisfactory, Therefors, in our experiments of 1908-09, this method
was adopted for the preparatioan of ferrous oxide, The preparatioan of
Fe0O formed the first part of the thesis and the determination of the
heat formation of ferro-calecic silicates of the second and main part,
The work of this iﬁvestigation,~as planned,. was to consist
in debtermining the heat formation of a serises of singulo-silicates, and
seoond,~of a series of bisilieates of Fe0 and Cad,” On aceount of the
fact that much time was consumed in the adjustment of the sleectriecal
apparabas, and that many experimental difficulties were encountered, to
overcome which it would have necessitated a new apparatus of larger
capacity and a device for keeping the voltage constant, three concordant

results of the sinsulo-silicate series wers obbtaineds.
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For this axperimenﬁ giliea, ealeium carbonate, iron powder,
redaced by hydrogsn, and ferric oxide were ased.
The preparation and analysis of siliea and caleium carbonabe
were given in my thesis1 of last year,
1. Metallie Tron
Iron powder used in the preparation of ferrous oxide
was that of Kahlbaum (C.A.L. Kahlbaam Chemical Supply Company, Berlin,.
S.0.) The iron was first dried in a steam chest at 110 deg, C for three
hoaurs, ceooled and ground ia an agate mortar until the whole passed through
a bolting eloth, It was thea analysed by the followiang method: A weighed
sample, about 0,2 gm, is disselved in 100 c.c. of dilute salpharic acid,.

(5 parts H 804, Sp. 87, 1.84:100 parts HQO) and heated antil the solution is

2
ecomplete, The solution is passed throush Jones” Reductorg while hot, at
a rate of not more than 50 e.c. per miqute.‘ The beaker ian which the solu-
tion was eontained and the reductor are carefully washed with 300 e.e, of
the above sulpharic acid and then with 100 e.,c. of hot water. The solu-
tion is titrabted with potassium permansanate., Two analysss wers made and

the perceatade of iron was foand to be 99.10 and 99,08.

Analysis of hydrogen in the eolestrelgbéie iron, As

Lt}.ﬁ)fw;,{..f g,,,-;(&-s-w;i’

& - iron usually contains occluded hydrogen, it was thers=-
fore imporfiant to consider the analysis of this elemeat., Its determi=-
nation was made by the combustion method,  The apparatus ased is shown in

Figars I,

1. Wea Thesis 1908 HNo. 352 pp. 4, 5.
2, H.P,. Talbot "Quantitative Analysis™ N.Y,7 Wiley 1902 p. 98
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A weighed sample of sbout 2 gm, of iron powder in
a porcelain boet is introduced into the combustion tube of the furnace,
The Liebig potash-bulb L, containing potassiam hydroxide and the U-tube
T containing caleium chloride, are attached to one end of the ecombusti-
on tube and the weighed Marchand U-tube ¥ whiech also contains caleiam
ehloride to the other, The heating gas is then turned on and lighted,
The oxygen before coming in contact with the iron is freed from ecarbon
dioxide by the bulb L and from moisture by the tube T, The water vapor
formed by the combustion of the hydroden in the sample is absorbed and
eollected in the tube M, The time of combustion is twenty minubes.
The.amount of hydrogen from the increased weight is caleulated as
follows:

18: 2=increase of wit,:wt, of hydrogden.

wt. of hydrogen = increase of wt.
8

Percentase of hydroden = wt. of hydrogen
Wieof samplé
Three determinations were made and the perceantages

x 100,

of hydroden in the sample were 0,018, 0,013, and 0,015
The determination of hydrogen was preceded by a
blank test to find out whether the admission of oxysen and the amoant
of calcium chloride were rightly proportioned to have the oxyden free
0.
from Hg

Ze

Phe ferric oxide used was that of Kahlbaam, It

was first dried in the steam chgst at 110 des. C for three hours and
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then analysed according to the following preeedure! From 0.2 to 0,3 gm,.
of ferric oxide is weighed out, placed in a porecelain casserole and
dissolved in 30 e.,e., of hydrochlorie acid (sp. gr, 1.12), It is heated
to a temperature below boiling amntil the solaution is complete, The
solution is allowed to eool, Five ec.c. of concentrated sulphuric acid
(Sp. 8re. 1.84) is then added carefully and the solution evaporated on
the hot plate or on the steam bath, until it becomes nearly colorless.
The ecasserole is covered and heated over the flame of the lamp until a
heavy white fume of sulphuric anhydride is freely evolved,” The casse-

role now is eoofg

100 e.e, of distilled water is added. The solution
is warmed until all the ferriec sulphate is brought into solation. It is
then passed through the Jones reductor, as deseribed above, and titrated
with 2 potassiam permanganate, The analyses gave the following per-
ecentages of Fe: 69,688, 69,72 and 69,71, Taking the average of these
analyses we have 69,70 per cent of Fe = 29.57 per cent F°g°3f

3. [Ferrous Qzide.
The method of preparing ferrous oxide employed

last year was that of Tissandier1

. which consisted in heating metallic

iron in a stream of earbon dioxide, This method. was found to give un-
satisfactory results, because of the faect that the fsrrous oxide first

formed was peroxidized by the earbon dioxide and converted into mage

netiec oxide, according to the following chemiecal equation:

_ +00 _= +C0.
3 Fed 002 F3304 co

1. Comptes Rendas 1872 74 p. 541,
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As the method of Tissandier failed to give good
results, that of Steffe, discussed above, was adopted. The product
formed was satisfactory, the results obtained agreed to those of Steffe.

Preparation of Nitrogen., As the heating of the
mizxture of iron powder and ferric oxide cannot take place in atmos=-
pheric air, it is necessary to heat the mixtare in an inert gas.
Nitrogen was used in this case and passed over the substance while
heating and ecooling, It was prepared by passind a mixtaure of air and
ammonia gas over heated cupriec oxide contained in the combustion tube,
The heated cupric oxide and the free oxyden from the air decompose the
ammonia gas; the chemical reactions takind place are represented by the
following formulae,

2NH_+3Cu0=3H_0+2Ca+H

3 2 2
4NH _+30 _=6H O0+2N_ ,
3 2 2

2

Any remaining oxyden is absorbed by pyrogalate of potassium
The apparatus for the preparation of nitrogen is shown in Plate 2

The air ander pressure eaters the 500 e.e. bottle
A which contains concenbtrated ammonium hydrozide (sp. gr. ,90) After
passing throush the bottle, the air carries a certain amouant of
ammoniam gas and enters the combustion tube K, 38 ft, long and 1/2 in,
in diam,, eontaining cupric oxide, B is the gas-heated combustion faur-
nace in which the tube is placed., Bottles of 250 e.c. capacity contain
pyregalate of potassiam which is to absorb the oxygen. Bottles D con=-

tain potassiam hydroxide which is to take away the carbon dioxide from

the gas, Bottle E contains ammoniacal cuprous chloride which is to ab-



sorb the carbon monoxide that may be preseat in the air., F are

bottles containing concentrated sulphuric acid (sp.gr. 1.84) which
serves to remove any moisture, In order to obtain as pure nitrogen as
possible, ecare was taken both in filling the combustion tube and in
heating it, The tube was filled with cupric oxide auniformly, that

the ammonia gas misht not eseape without being decomposed; it was heat-
ed barely to redness, for if heated to too high a temperature it would
become soft and thus permit the ammonia gas to pass off andecomposed
and contaminated.

The nitrogden thus prepared was amot absolately pure,
but contained a trace of oxyden which could not be detected by the
Orsat apparatus with which the gas was analysed., Phis trace of oxygen
affected the results of ferrous oxide greatly. In order to prevent this,
a boat (a) of metallic iron powder was introduced and placed in the tube
T, near the end where the nitrogen gas emtered (see eross seetion J, .
Plate 2). After an operation, part of the iron powder was found to
have become oxidized, the color of the part near the entrance of the
nitrogen was black, and the other part near the boat (b) remained un-
changed.

As has already beea said, the process of prepariag
ferrous oxide consisted in heating a mixture of metallic iron powder
and ferric oxide in a carreat of nitrogen., The apparatus and its
arrandgement are shown in Plate 2 drawan approzimately to seals. H is the
electric farnace 127fig" diameter and T the porcelain combustion tube

28’ :%X5/3”" diameter in which the substance is introduced in a boat and
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and heated, The nitrogen, after passing through bottles C, D, E and F,
enters the tube at one end, as is indieatsd by an arrow, and leaves at
the other end to whiech is attached bottle I containing concentrated
sulphuric acid, This is to prevent any air from entering the tube, R is
the rheostat which enables us to vary the eurreat as desired. V is
the millivoltmeter and P the thermo-junetion whieh serves to measare the
tempsrature of the eleetric furnace, Six lamps, two of 100 e,p. and
- four of 32 e.p.,are connected in parallsl ian order that a larger
current may be had.

The ecalculation of iron amd ferrie ozide necessary
for the mixture was carried on as follows:

By analysis, the metallic iron was foand to contain 99.10 per cent

of Fe and the ferric oxide 99,57 per ecent Fegos. Let X=the wt, of
F3203 regaired for 1 ém,of the sample of Fe,

wt, of iron :X=mol, wt., Fe:Fe 0

2'8
0.9910: ¥=56: 160

X= 160%,9910_ = 2.8314 gm.'F9203

Bat the F3203 was only 99,70 per eegg pure; the weight of Fegﬂs corres=~

ponding to one gram Fe was corrected as follows:

wt. of Fe 0. = 2.8314x100 = 2.8438 ¢u.

One gram of Fe requires 2.8438 gm, F3203?9°57

Mode of operating was as follows. The electralytie
iron powder was ground in the agate mortar until it passed throusgh a

bolting eloth. A portion of this fine metallic iron and a correspond-

ing portion of ferrie oxide were weighed out in two one-inech watch
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glasses, The iron and the ferric oxide were mixed and ground in the
agate mortar for at least 15 minutes, so that the two substances might

be in intimate contect with esch other, The mizxture was transferred to

a piece of glazed paper and then to the iron boat in which the substance
was going to be heated, This boat wes of black sheet iron, 8in. long,
2/8 in, wide, 1/4 in, deep. It wes made by folding a piece of the sheet
over & semi-cylindrical piece of wood. The boat containing the mixzture
was first introduced into the porcelain tube, Another iron boat con-
taining wetallic iron followed it. The ends of the porcelain tube were
now closed, the ges for the combustion furnace was turned on and

lighted, A streem of nitrogen, at a rate of not more ther six bubbles
per minute, was passed through the porcelain tube., The electric current
was now ready to be turned on to heat the electric furnace, It took

2 1/2=-83 br, to bring the electric furnsce with a current of not more

than 10 Amp, a2t 110 volt, to about 800 deg, C. The mixture wes heated in
the furnace at a temperature from 820 to 840 deg, C for two hours, After
this period, the electriec current wes turned off, but the stresm of nitro-
gen was a2llowed to pass until the temperature hed been reduced to the
room temperature., The mixture was takem out, the air for the preparation
of nitrogen shut off, and the flame extingunished. In order to make the
experiment a successful one, the stream of nitroger was sdjusted and so
regulated thet not more than six, and not less thar three, bubbles

passed through the sulphuric acid bottle per minute, At the begdinning

of the operation, when the temperature of the electric furnsce was be-

low 200 deg. C, the current of nitrogen was allowed to pass more rapid-
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lye This was to drive out as soon as possible the air in the poreelain
tabe,

The temperature of the eleectric furnace was measured
by means of the Le Chatelier thermo-clectric pyrometer, The hot
junetion ;as placed in the middle of the tube and under the porcelain
tube, as is shown in the cross section (Plate 2, Fig, J)., The thermo-
janction was calibratedlby means of the boiling points of distilled
water, napthaline and sulphur and the freezing point of alnninan/and a
temperature-millivolt curve plotted, In determining the total irem in
the ferrous oxide, the method given on pase 8 was first used, Fhis,
however, consumed much time and was replaced by the following method
which consists in dissolving from 0.15 to 0.20 gm, of the sample in a
250 e.c¢ Erlenmeyer flask with 75 ec.c. of sulpharie aecid, 1 H2804 in 4
parts Hao, hea%ing the solution until all the ferrous oxide is
dissolved, dilating with 100 e.e., of EBO’ warmind, pouring throudh the
Jones reductor and titrating with a potassium permanganate, The result
obtained is tested by.comparing with the theoretical valaue of ferrous
oxide, whieh is 77.70 per cent of Fe. ‘

The analysis of total iron is not, however, sufficient
to show that the produect is pure ferrous oxide, It is therefore impor=-

tant to find out whether the product contained any metalliec iron or

ferric oxide, or both, . In testing for metallie iron, a small sample is

C. b. Norton’s‘Laboratory.’ﬁotes'on Heat Measurement™ 1902 p. ©
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boiled in a test-tube with distilled water to drive off any air that
may be present, then a few drops of dilute hydrochloric aecid are added.
If metallie iron is present, small bubbles of hydrogen are set free and
rise to the surface of the solation.

Fe+2HGl=FeGlg+HB.

In testing for ferric oxide, the substance is heated
in dilate hydrochloric acid with exelusion of air, whieh is accom=-
plished bj passing a current of carbon dioxide into the tube while the -
product is being dissclved., If there is any ferric oxide, the solution
becomes yellow; if not, it remains colorless. By the above gualitstive
methods, it is easy to ascertain the composition of the precduct,

The results cbteined are shown in the following table:
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In sample 1 the product conteined much metalliec
jren snd ferric oxide and the percentage of total iron was therefore
low. In sample 2 & saalIKZharge waes used,put the product was no
better than that obteined in Sample 1. In =ample 3 the produet,
thqugh heated to a high temperature, also contained mueh metallie
jron snd ferric oxide., The presence of these was chiefly due to the
low tempersture to whieh the mixture wes heated, OQuantitetive analy-
ses of samples 2 and 2 were not made. In sample 4, the mixture was
heated to a higher temperature;, it appeared to be much improved, but
still it contained some metallic irom and much ferrie oxi&e, for it
eolored the hydrochloric seid solution guite yellow, The presence of
metallic iron end ferric oxide in the product and its low percentage of
total iron led us to think that this wust be due to the small emount of
oxygen carried over by the nitrogen. To aveid this, am iron boat filled
with metallic iron powder was introduced into the porcelain tube and
placed st the end where the current of nitrogen entered, irn order to
remove all oxyden before the pitrogen ceme in contaet with the mixture,
Sample 6 was made under this condition, The product contained oaly a
little metallic iron and some ferric oxide and the percentage of teteal
iron became much higher snd better, To further improve the results of
the product, e small amount of ferric oxide wes taken away from the
charge, The results obtained were satisfactory and the value of total
iron approximsted the theoretical velue whieh is 77.70 per cent,

Semples 7,8,9,10 and 11 show these satisfactory resulis.
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In the preparatior of ferrous oxide by this
methed, it sppears that the temperature to which the mixture is heated
plays an impertent part, If the temperature is too low, some metalliec
iron and some ferriec oxide remain unchenged, In order tc completely
convert the mixture into ferrous oxide, it must be giver the correct
temperature and time, It is observed in the above table that, other
conditions being the same, a small incresse in the weight of the echarge
does not affect the character of the product,

It will be noted thet the amount of ferrie exide
required for the charge in this case is less than the theoretical, This
is perhaps due to the fact that, as the percentage of irom is low (99.10
per cent), the iron is present to a smell extent as oxide and consequent-
ly the smount of ferric oxide required for the formation of ferrous

oxide is less then what it is expected to be,
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PART II
DETERMINATION OF HEATS OF FORMATION.
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The method chosen for determining the guantity of hest set free
or sbsorbed in the formation of a silicate consists in fusing the sub-
stances in & pletinum boat by means of electricity im a cslorimeter
specially designed for this purpose. The difference between the qusnti-
ty of heat developed b& the eleetrical energy and the guantity of heat
obtained by the rise of temperature of the water inm the calorimeter when
fusing o charge gives the heat of formation of the silisete or silicate
mixture,
1., The Apparatus
The electrical apparatus used in the experiment and its

general arrangement are shown in Plate ITI. It eonmsists of:

Aot rh v 8 v iRl

Two comcentric jaekets; J;‘énfar-jaeket 11 in.h.x8 8/4 in,

dismeter and an imner jacket 8 1/2 im, b, x 7 3/4 in, diameter, wade of

R Ol pth = gl

non-conducting éaterial, the surfaces of whieh are burnished, so as to
prevent the loss of heat by radiation, or gain of heat by absorption
fror the surrounding space.

A combustion chamber, C, of rolled brass,

A vessel, D, 6 in.h.x5 in, diam.,, of nickel-plated
brass, which serves as a calorimeter. The calorimeter contains a
weighed quantity of water into which the bulb of the thermometer, T, the
stirrer, S, and the combustion chamber,C, are immersed, The thermometer
permits reading to a precision of 0,01 deg, C, the stirrer is run by an
electric motor mounted on top of it and is used to keep the water in the
calorimeter at = uniform tempersture,

The combustion chamber, Plate IV, comsists of a cylin-

drical cover,e, and a circalar bottom=-plate,d, whieh rests on three
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small legs, all made of rolled brass which has been treated with a
gsolution of ammonia and eupricearbonete, This gives the surface a
dark appearance and proteets 1t fron corrosion, Upon and through the
bottom plate are fixed twe brass poles, f, 1/4 in, dismeter, insulsted
from the bottom plate by rubber washers, ¢, and set 2 1/4 in. apart,
from centre to centre, These two poles are comnected by & platinum boat
h, 1 8/4 in, long, 5/16 in, high and 1/8 in. wide, made of foil 0,02 mm,
thick, in whiech the ehurgé is held and fused, The shape of the platinum
boat is elearly seer in the figur ~ ?essei, ¢, and bottom plete, d, are
connected to meke a weter-tight joint. For this purpose, vessel, e, has
a rib, i, which rests on a rubber gacket, j, earried by rib, k, of the
bottom plate, d. The latter carries two rods, 1, each of which has s
head, m», at the top, a lock-nut, n, near the bottom and a thread at.the
lower end to receive a nut, o, The two rods are connected by a cross
piece, p, and tightened by the set screw, gq.

The eleetric ecurrent used to fuse the charge was fur-
nished by a storsge battery of fight eells,B, plate III, four cells be=
ing connected in series and the two series sre in parsllel. Each ecell
had eleven electrodes, 8 in.x8 in. 2nd furnished a eurrent of 10 emperes
at 2 volts, The caurrent was measured by the igg;géiiineter,A,eennaetcd
in parallel to the shunt, F, which is in series with the eirenit, the
instrument permitting to read to an sccuraey of 0,1 ampere:, The
difference in potentisl was measured by the voltmeter, V, which could be
read to 0,001 of = wolt,

Phe disposition of the wire comnection is shown in
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‘plate III,r The double-throw switeh, E, serves to charde and dis-
echarge the storage battery., When the switeh is in the position, P, the
battery is being charged; the current from the supply-main passes

along ﬁhe dotted arrows through six 32 e.p. incandescent lamps, the
gswitech, P, to the battery, B, and thence returns through the resistance
wires,r, in the water-tenk, K, back to,P, and the return-main,

Fhen the switeh is in the position, P, the battery
is being discharged, The current leaving the battery follows the full-
drawn arrows, passes through the right of the switeh,P”, the shunt,F,
the connector,h, and enters the combustion chamber at the bottom
throush the + pole, pesses throudh the platinum boat, leaves the com=-
bustion chamber at the bottom through the -pole, passes through the
left side of the switch, P°, the two resistance nifes, r, immersed in
a large tank of water,K, returns to the battery. For measuring the
difference in potential between the two terminals at the bottom of the
combustion chamber where the current enters snd leaves, there are
attached two insulated copper wire;{;ﬂgeh are connected with the volt-
meter, V, to the two poles,

As a large current is reguired for the fusion of the
eharge, it is qf aueh.importanee to consider the size of the‘oopper
wire used in the eireunit. The wire should be large enousgh to carry 860
or more amperes without heating, With a smaller wire, the cirecuit
would become heated and an increment of resistance ecould not be avoided;
and thus the current is not kept constent. The copper wire was 4,06 mnm,

diasmeter, eguals No, 8 gaugde.
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It is a matter of great importance in this experi=-
ment to get a constant current. This was effected by the consideration
of two points, first, the_nnmbef of amperes drawn from the storage
battery and, second, the externel resistance of the eirenit, If too
large & current is drwan from the battery, this becomes over-discherged
end a constant current can never be obtairned even if the external '
resistance is kept absolutely ceonstant., In the present case, a constant
current was obtained only when not more thaﬁ 39 amperes were drawn from ?_
each cell, e

To get the proper and constant current for the fusion of

the charge, a suiteble external resistance of the circuit had to be pro-
vided, Tﬁree iron wires, No. 5 gauge, 2 ft., 8 in, long were first used
and eonnéeted in parallel, It was found that these wires could not ful=-
- fil the required conditions because they effered too mueh resistance and
then did not give either a proper current or a constant one.‘;The iren
wires were replaced by No. 14 IaIawire of the Baqu Co., Brooglya, H’Ys,
which offered a resistance of only 73 ohms per 1000 feet. Two wi;Q;; 8 1/2
ft., long, connected in parallel were used, their ends were serewed into
2 brass blocks, b, 1/2 in. sq., 4 in, long., These were screwed onto the
board, n, which was supported 5y two bricks, m, The wires were immersed
in a large tank of water, k, to prevent their being heated and thus to
obtain a constant earrent.

When the electric current is turned on, the platinum

boat becomes heated; its resistance will inerease and the electric

current correspondingly decrease. In order to compensate for this, e



slider 0, was used and slid on one of the resistance wires,'r, and
the current kept thus constant by inereasihg or decreaéing the external
resistance of the cireunit,

- As the experiment was a delicate one, the oper#tions
were carried on with the greatest‘possible eare, Every charge was
preceded by a duplicate blank test in order to get the constant of the
apparstus, 1In every blenk- snd charge-determination, the eleectrie cur-
rent, the quantity of water, 1200 grams, an& the time were kept con=-
gbant. The last was recorded by mesns of a stop-wateh,

2. MHode of Qperating.

The substances were separately wpighed out in one-
ineh wateh glasses, mixed én a piece of ¢glazed paper and transferred
into the platinum boat beneath which a swall piece of glazed paper had
been previously placed, in order to cateh any mixture that might fall
from the boat. It was essantialithat the position of the boat in the
poles should remain absolutely unchanged after the blank tests had been
made, hence this method of filling the boat was adopted. The glezed
paper was removed, the cover of the combustion chamber placed on the
bottom plate and tightened by turning the screw, &, An experiment con=-
gisted of the following operaticns;

The room=-temperature was read, that the teﬁperature
of the ealorimeter-water might be adjusfed sc that at the end of a test
the water-tempersture should be the seme as the room-temperature, or per-

hape one degree higher, as in this way the ecooling Correction of the
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ealorimeter was redaced to a minimum,  Usmally the calorimeter water,
at the start, was 1 dedree C lower than the room-temperature,

The combustion chamber was then placed ia the weishsd
water, the stirrer inserted and set in motion by tarning on the
earrent, a branch from the sappéy main,. The bulb of the thermometsr
was immersed, the voltmeter connected to the two poles, The cireait
was closed by connecting the combustion chamber with the leads by
means of two connections, h,” The gtirrer was allowed to ran for at
least five minutes and usually ten minates, befors the prelimianary
readinds of the temperabure of the water in the calorimeter were taken,
The temperature was read every minate for five minates, then the
gurrsat was Gturned on and allowed to pass for one minute, being timed
by a stop=wateh, The temperature of the water would rise and continue
(1} do‘so for three or four minutes more before it reached its highest
point,  After the carrent was turned off, readings of the temperatars of
the water were taken every 30 seconds and this continaed antil five min-
ates after the temperature had reached its maximam,

During the passade of the carreant, readings were taken
of the ;géimeter and the millivolétmeter, the total curreat was kept con-
stant by varying the exteranal resistance, v, by means of a slids, 0.

It will be observed , in this experimeant, that the
whole current did not pass throush the flatinam boat, that a small part
of it went thfough the volimebter, v, Owing to the high

resistancs of the voltmeter, the low voltage of the storagde batbterw:
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only an inappreciable part of the total currsat passed throudh the
voltmeter and could be,therefors, neglected.
3. Cooling Correcticus.

In ealorimetric work, one of the most troable-
some sources of error is the dain or loss of heat caused by the surromd-
ings. This is dae chiefly to conduction and radiation, The conduction
can be eliminated by supoorting the calorimeter oan threse corks, but the
error due to radiation is great and serious, To reduce this soarce of
error to a minimam, the calorimeter should be enclosed within two con-
centric vessels of non=-conducting material; farther, the tempsrature of
the ecalorimeter should not differ greatly from that of its surrouadings,
and the daration of the experimeant should be as short as permissible.

The error due to radiation may be reduced to its
minimam by so adjusting the initial temperature of the calorimeter-
water, that the room-temperature lies abouat half way between its
initial and final temperatures, The duration of the passase of the
carrsat was fixed at one minute,

The advantages of haviagd such a short period are
great aand ménifold. In the first place, the rise of Lsmperaturs in
the calorimeter is small; then, the initial tempsrature can be more
easily adjusted; further, the heat lost by radiation, or gained by ab-
sorption, is small and hence the amount of cooling corrsction is also
small and of smaller influence, If, on the other hand, the duration
of the passage of the curreat is loang, the rise of temperature will be

high and the initial temperature will have to be adjasted far below the
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room-temperature and the final temperature will rise far above it. The
resalt is that the guantity of heat absorbed and radiated is large, and
being irregular, makes the cooling correction uncertain.

In the experiments, the carrent was allowed to pass,
at firgt, five minutes and the initial temperature was about the same as
the room-temperaturs,r The idea of doing this was to make the cooling
correction a positive amount, The result was that the rise of temper-
ature was far too great and the cooling correction correspondingly too
large and therefore irregalar, Table Il will show the variatioas of the
ecooling correction varying from 0.20 o 0,27, average 0,235, with a rise
of temperature of 13,30 to 13,99, average 13,645,

Next, the time was reduced to three minutes and the
initial temperature lowered, so that the final temperaturs was about the
same as the room-tempsrature, Sinee, in this case, heat was absorbed
from the sarroundingds, the cooling correction was nedative, The amount
of eooling correction, thoudh greatly decreassd, was still too largde and
irregaular, Table III, No., 1 to 4, shows resulis, The corresction gives
an average 0,145 for a rise of tempsraturs of 6.97,

In the two-minute runs shown in table 11T, No. 5 and
8, the amount of cooling correction was gSreatly decreased, amounting to
0,09 for a rise of temperature of 4,95, This is still too larse and too
anesrbain,

In the one-minute runs, the amount of cooling

correction was reduced still further, as seen in table IV, Here the

correction values are 0,05 for a rise of temperature of 2,71, Bat the
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results of the blank tests still varied greatly, The initial tem-
perature was adjusted in suﬁh a manner that the surrounding temper-
ature was about half-way between the initial and final temperatures,
Under this eondition, the results proved to be much better and more

gatisfactory as geen in tables V,VI,VII and VIII,

4, Computation of Cooling Correction,

During the operation of a calorimeter, ag
has alresdy been seaid, heat is either gained or lost by abscrption or
radiation, it is, therefore, of main importance to find out this
amnﬁnt of heat, As the conditions under which the experiments were
performed were differemt in each series of runs, the values found will
vary; they may be positive or negative, There are three possible cases,

1. The initial temperature of water in the cal-
crimeter is about the same as that of the room.

2., The initisl temperature of water in the ecal-
crimeter is suffieiently low, that at the end of the experiment
the maximum tempereture reached is equal to the room-temperature or
little lower,

3. The room-temperatuore lies at half-way between
the initial and final temperatures of the water in the calorimeter,

In Cese 1, the temperature of water in the cecalori-
meter begins to rise in the surrounding room-temperature and heat is
lost by radiation, The corrected rise of temperature is expressed by
P = tg-t1+ ﬁi;fg(sg-el) No. A

2



25,

where t1 denotes the tempersture st the instant when the current is
turned on, tz the temperature st the instant when the tempersture, after
having turned off the current, reaches its highest point; r, the rate of

radiation per minute in deg., C before the current is turned on; r

2’
the rate of radistion per minute after the carrent is shut off; Gl,the
time 2t which the current is turned on; ©_the time at whiech the tem=

2
perature reaches its maximum. The following exemple will make clear

the calculation of rise of the temperature and of ecooling cecrrecti m.

Daraticn of Calorimeter Av, Room Electrical
Time Temperature Temperature Energy
of water
Min, Seec. Deg. C Dege € 1. Amp, E, Volt
0 24,68 24 53 4,800
30 4,600
1 0 24,68 | 4,627
30 4,688
2 0 24,68 4,610
20 4,637
8 o - 24,68 4,830
- 30 4,833
4 0 24,68 4,627
30 4,620
" Sg" S0 V.4, 624
8 0
20
7 0
30
8 0
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Duration of Calorimeter Av, Room Blectrical
Bine Temperature Temperature Energy
of water
Mine Sec, Deges C Deg. C I. Amp. E., Volt
9 0
30
10 O#
0 37.90
11 0 38,04
30 38,13
12 0 38,18
20 38.19 max.
13 0 38,18
30 38.14
14 0 38,10
20 38,06
15 0 38,02
20 38.00
16 0 38.97
30 38.91
17 0 38,87
30 ' 37.83
18 0 3

Since heat was radisted while the temperature of
the water in the cslorimeter was rising the correction will have to
be added to the observed rise of temperature.
r, = 24,68=24,68 = 8 deg, C
: deg-' (o}
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91= H 92= 12 1/2; 7 T = 38,19-24,68 + €40,072 x 7 1/2 = 18,78 deg. C
2

In Case 2, the initial temperature cf the
ealorimeter was far below and the final temperature sbout the same as
that of the room-tempersture, Heat wes geined, and the smount of
eooling eorrection consequently negative, The general formula
assumes this form in whieh the eooling eorrection is negative,

Bl _1(92-91) (Ne. B)

2
The computation is shown by the following example:

Purstion of Calorimeter iv, Room _ Electrical
Time emperat ure bemperature ﬁner gy
of water
Min, Sec, Deg. C Des. C I. Amp., E, Volt
0 16,30 . 23 50 4,180
30 4,187
1 0 16,33 4,187
30 4,190
2 0 16,38 4,200
30 4,200
3 0 16,42 '
30
4 0 16.48
a0
5 0 16,50
30
6 0
30
7 0
30
8 0
20 28.12
9 0 23.35
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Example continued.
Duration of Calorimeter Av, Room Electriceal
Time Temperature Temperature Energy
of water
Min. Sec.’ Deg. C Deg, C I. Amp, E. Volt
30 23,50 23 50
10 0 28,60
30 23,82
11 0 23,87
20 28,69
12 0 23,69
30 23.70
13 0 23.70
30 23,70
14 0 23,70
20 28,70
15 0 23.70
0 23.70
16 0 23.70
20 23,70
17 &) 23,70
30 23,70
18 0 23,70

r = 16,50-16,80 = 0,20 = 0,04 dege C; r _= 28,70=28,70 = 0;
1 2
5 5 ]
= .’7 2 = . 0' = ; = ;
t2 23.70; t1 18, 50; 82 12 1/2 91 5

T = 28,70-16,50- 0,0440 x 7 1/2 = 7,05 deg. C
2

In Case 3, if the initial temperature of the
water in the calorimeter could be brought to just as many dedrees
below the room-temperature as the final temperature of the water will
rise above the room temperature, then the heat gained or lost would
be balanced and & eooling correction become unnecessary. Bubt it is
practically impossible to so adjust the initial temperature, as the
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conditions of the surroundings are changing all the time, The best
that ean be done in this case is to so adjust the initisl tempera-
ture of the calorimeter water that the surrounding temperature lies
about helf-wey between the initial and final temperatures of the
water., The corrected rise of temperature is ealculated by

T =t-t,2 i, (9-9) (Ho. €)

2

if r1 is grester then r_, the correction assumes @& nedative value and

2
the negative sign of the formula is used, If r2 is greater than rI,
the positive sign, by arranging the conditions of the experiments %o
snit Cese 8 and with it formules ( No. C), is used, It was found that
the amount of coolingd-cerrections was greatly reduced and the results
thereby improveg, The following example ﬁill illustrate this method

of computing the amount of cooling-corrections developed by electri=-

cal energy.

Duration of Calorimeter Av. Room Electricsl
Fime Temperature Temperature Energy
of water.,
Min,  Secs’  Deg. C Deg. C I. émp. B, Volt
0 22,77 24.5 b4 3.975
30 4,025
1 0 28,77 4,015
30 4,000
2 0 22.77 3,985
20 4,000
38 0 22. 77 4,020
30 : 4,025
4 0 22,77 ) 4,025
a0 4,000
5+ 0 22.78 4,010
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Example continued
Duretion of Calorimeter Av, Room Electrical
Pime Temperature Temperature Energy
of water
Min. Sec.’ Deg. C Deg. C I. Amp. E. Volt
30 3.990
B# 0 4,020
30 24,95 4,010
; 5 o] 25,05 4,025
30 25,11 4,015
8 0 25,17 4,010
20 25,19 4,005
9 0 25,20 4,000
30 25,20 : 3,990
10 0 25,20
20 95, 20 Av. 4,009
i1 0 25,20
30 25,20
12 0 25,19
30 25,19
13 0 25,19
30 25.18
14 0 25,18
30
156 0

+ Current turned on., # Current turned off,

r,=22.78=22,77 = 0a01 = 0.002 degs. C (absorbed); r,= 25.20-25,18 =

5 5
= 3 i H - . H |= e ) H =25 e =9,

¢ T= t -t + p+r (6-0) 25,20=22,78+0,002+0,004 x 4 = 2,42+,01=2,43°C .
g 1 1 2 % 3
2
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The amount of eooling corrections in this case
must be added, as the guantity of heat which is radiated is larger

then that which wes sbsorbed,

Attempts were first made to determine the heat
formation of silieates by comparing the rise of temperasture in the
blank-test with that in the charge-test and to multiply the difference
with the guantity of water., This was done by keeping the electrie
eurrent constant, the amount of water and the time comstent, both in
the blank-testcand in the charge-tests, The method did not give true
values of the heats of reaction, The curremt passing through the
platinum boat in & blank-test giyes a certain velue. Passing through
s charge-test, the resistance is decressed by the conduetion of the
eharge; if the current is to be kept constant, the voltage must be
reduced, but the heat generated H =k,7,E,t, hence the rise of temper=-
sture of the water in the calorimeter will be smaller then the rise of
temperature with the blemk-test and the two are not comparable,

The results are given in the following table I

By studying the table, it is found that in every
deternination the differences between ihe aversde ricse of temperature
of the blank-tests and of the charde-tests vary grestly from one
another, and that the heat of formation of the silicates is negative,
that is, that heat is absorbed.

6o [Einal Method of Making Fusions.
In this method, the theoreticel guantity of heat
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developed by electrical energy is compared with the sctual quantity
of heat obtained in the calorimeter. In a blank-test, the thecretiecal
guantity of heat should be egqusl to the setusl guantity, but in the
experiments this was not found to be the ecase; as in almost every
determination the actual quantity of heat was greater, This deviation
wag due to the constant error of the instruments and to error from
other sources, sueh as cooling eorrection, persomal factor in the
reading of instruments, ete, In order to obtain reliable results,
it is of great importance to determine the blank—constant, This was
done by running two blank-tests before every charge-test,.

The thecretical guantity of heat developed by
electrical energy is

H =0,2387 1.,E.t, gm=cal,
in whieh I denotes the electric current in amperes, E, the difference
of potential between two poles of the combustion cheamber, in volts, and

t, the time in seconds,
In the example given on page ... the electrie

. eurrent was kept gonstant =2t 54 amveres, the average difference of
potential was 4,009 volts, eand the time during which the electrie
current was turned on was 60 seconds, Therefore the theoretical
guantity of heat

H = 0,2387x4,009%x80 = 2101 gm=-cal.
The setual ouentity of heat is H1= 8.Ts in which @ denotes the quan-
tity of water in grams inecluding the water-equivalent of the calori-

reter, the stirrer and the combustion chamber, and T the corrected
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rise of tempersture,

The water-eguivalent is obtained by multiplying the
sum of the weights of the ecalorimeter, the stirrer and the combustion
chamber by the specific heat of the ﬁetal.

Weight of calorimeter sesseeesss 211,0 gm,

" ¥ gltirrer sessssssessnns 100,0
" " ecombustion chamber ,... 836.0

Taking the specific heat of the metal to be 0,09,
the water-e§uiValent of metal parts is egual to (836+100+211)x0,09 =

108 gm, water,

Then with 1200 gram water, Q= 1200+108=1308 gm, of

water,

The actual quantity of heat

B =0 T=1303x2.48=3166 gm-cal.

In order to ascertain the accuracy of this methed,
a serigs of blank-tests yge first made, The duration of the opera-
tion proper of each test was five minutes; the initial temperature of
the water was adjosted about the same as the sarrounding temperature.
The difference of potential between the two terminals was read eﬁery
half minute, In this series of tests, heat was lost ard the correct-
ed temperature should be calculsted a2s shown on pase ,..by the for-
muls: A, viz:

T = ta-tl-r 531 rel-q)

The differenge between the theoretical and the

actvual gquantities, as shown in table |1, are great and varied, Thése
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c| /80 50 |4/96| /303 | 16.50 | 2370 | 23 | —.;F5 | J05 | 9/86 |qoo# | ,82
2 (a| /80 50 | 4374| s303 | 1630 |2387| 24 | -7 | 740 | 9642|9396 | 246
{# /80 Jo | 4386 | s303 | 16:24 |23.78| 24 | -.,8 | 736 | 9590 94/6 22/
5 a| /80 FJo |3853| 1303 | 1703|2379 | 23 | =17 6.59 8567 | 8377 | 210
{/@ /80 30 | 383 | 1303 | 875 | B2 4Y| 25 20 | 654 | 8522 | 8/30 392
4 cal /80 32 | 4102 /303 | /50 | 22239 23 | -7 | 721 | 9395 | 9,65 | 230
{5 /80 S2 | 4100 | ;303 | 1502 |2239| 245| -8 719 9367 9/60 209
5 (a| 20| 50 | 4202| 303 | (].69 |2247| 23 | -.r0 | 468 | 6098 | Go8| 8o
4 20 S0 | 4489 /303 | 17.63 |22:50| 23-5| —-1/ | 476 | 6202 | 6000 | 202
C 120 So | 4.195| 1303 | 7.73 2253 2¥ —tl | 469 | 6111 | 6008| 103
d| 120| S0 |4192| 1303 |17.96|22:79| 235 | —10 | A73 | 6/63 | boos| /59
6 (a| r2o| IS4 |4-2/7| /303 | /7-00 |22:24| 22 -y | H-1F X 6528 2av
{{’« 20| 54 | 4240 ,303|/6.50|2/80| 23 -0y | 523 égggﬁ 6534| 290
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discrepancies are due to many sources of error, but the dreatest of all
is perhaps the amount of the cooling ecorrections and the variations in
the difference of potentisl, On account of these, another series of
blank-tests was made in whiech the duration of the operation proper was
reduced to three minutes and two minutes. In order to prevent a rapid
loss of heat by radiation, the initisl temperature was brought down to
such a point that the final temperature was about the same as the room-
temperature, In these tests, heat was gained, hence the amount of
eooling correction should be subiracted from the observed rise of tem-
perature. The one marked "B" on p.2% 15 used for the correction,

T = tg-tl-_%l(eg-ei)

The amount of cooling correction is seen to be greastly reduced and
hence better, but the resuvlts are still unsatisfectory as shown in
table III

By comparing tables II and III, it will be seen
that the cooling eorrection in the three-minufte runs is smaller than
that in the five-minute runs, and thet in the two-minute runs smaller
then thet in the three-minute runs. But even in the two-minute runs
the difference between the theoretical and the actual quantities of
heat are too great and varied to be of value, hence a fourth series of
blank-tests was made in which the duration of the operation proper was
reduced to one minute, The initial temperature was brought sufficient=-
ly below the surrounding temperature so that the finel tempersture was

little below it, The difference of potentizl between the two termi-
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nals was read three times a minute, that is, at 15, 30 and 45 seconds,
Two exemples will show the details of the observations made in all

the subsequent tests,

Eirst Exzample,
Durstion of Calorimeter Av, Room Electrieal
Time Temperature Temperature Energy
of water
Min. See, Deg, C Deg. € I. Amp, E, Volt
0 18.90 21 55 4,833
230 4,340
1 0 18.90 4,320
= Av. 4,354
2 0 18.91
30
8 0 18.981
20
4 0 18,91
30
5+ 0 18,92
30
8# 0
30 21,25
v 0 21,40
30 21,50
8 0 21.52
30 21,56
9 0 21,58
30 21.59 mazx,
10 0 21,59
30 21.59
11 0 21.5%9
30 21. 59
12 0 21.59

0 21,58
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Duration of Calorimeter Av, Room Eleetrical
Time Temperature Temperature .Energy
of weter.
Min. Sec. Deg. C Deg., C I. Amp. E, Volt
18 0 21,57
30 21,56
185 0

+ Current turned on., # Current turned off.

The tempersture correction is computed as shown
on page... 2s follows:
r1= 0.004 deg., C: r2= 0.01 deg, C

1
T = 21.59-18,92+ 0,004+010 x 4 1/2 = 2,70 deg. C
2

The cooling correction should, in this case, be added to the observed
rise of temperature as the amount of heat radiated was Srester them

that whieh was & bsorbed,



Darstion of

Time

Min.

5+

6#

10

11

12

13

14

15

Sec,

0808080808088 0808080808o

&9 (W] (W]
O o © O O

o

Second Example,

Calorimeter

Tempersture

of water

Deg. C
19,39

19.42

19.44

19. 48

19,48

21,90
21.99
22,08
22.12
22,20
22433
22, 25
22,27
22,29
22,29
22,29
22,29
22429
22.30
22,30
22,30
22,30

22431

B8Xe

Av, Room
Temperature

Deg. C
25

37.

Electriecel

Enersy

i Mp.

55

Av,

E. Volt,

4,390
4,406

4,384



T eble

WO of |Time o v;i;::f Temparature of water i degree Contigrade ;‘j:?jé Zﬁ;ﬁ;’ g haond

e U Rl W ol el Pl e o S e
/ 60 | 4353 | 55 | 1303 |/869 |2/ 46| 23 | -0y | 2.70 | 35/8 | 3429 8¢
2 60 | 4352 | S5 | /303| /925 |2/98| 23 | —03 | 2.70 | 35/8 | 3428 go
3 60 | 4374 55 | /303| 19-09| 2/8/ | 23:5| —-05 | 2-67 | 3473|3445 | 34
4 60 | 437/ 55 | /303 | /19017 | 2/78| 23 — 05 | 2.73 | 33T] | 344 | /73
5| 60 | 4351 55 | r303| /1893| 2/64| 23 | .03 | 2.68 | 3492 | 342] 65
6 60 | 4354 55 /303 | /18-92| 2139 215 | +.053 | 2.70 35/8| 3430 88
7 60 | 4.367| 55 | /303| /9.09 | 2/89| 23 —05 | 275 3583 | 3440| /43
8 60 | 4384 53 | /303| 1948|2229| 25 | --06 | 2.75 | 3583 | 3453 /30




Tob/e 5

o [ | e i e s G e e
i aon o g 8 el el R R L

/ (a| 60| 49 | 4#354|/303 |23.68 |2603 | 25 | +02 |2.37 |3088| 3056 32
{4 60| 49 |4363| /303 |24 5¢ 26.90| 26 ~.o4i| 2-383| 3/0§ 3062 2

2 (¥ 60| S4 |3880| /303 | 212/ |23.60| 23 —.02 | 2:37 | 3088| 300/ | 87
{»ﬁ 60 | J4 |3.938| /303 | 23.60|26-00| 25 ‘00| 240 | 3/27| 3046 8/

3 (@l 60| 53 |42/9| /303 |2420|2674| 256 |+-02 | 2-56 | 3336|3203 /33
L{; 60 | 53 |4222| /303|23:80|2633| 2485 | 402 | 2.55 | 3323|3206 /19

4 (a| 60| 54 |3.98/| /1303|22:08|2450| 24 00 | 2.42 | 3153|3079 -«
{4 60 | 54 |3-.996| /303 |22./0 | p4.52| 235 |+40/5 |2.435| 3,73 | 3090| 83




The tempersture correction is: 28,

P =(Q,018 deg, C; r = 0,004 deg, C; t =22,29; t = 19,48; & =5;
b R . 2 1 1
= 11 1/8+
92 1 3
7= 22,20-19,48 - (5 1/2) = 2,75 deg. C
2
The cooling correction, in this case, should be

subtracted from the observed rise of temperature, as heat was gained
from the sarroundings,

The results obtained in this series of blank-
tests are given in table IV,

4 perusal of the above results will show that
there are gstill great discrepencies among them, These yere due, in
greater part, to two chief sources of error, first, that the initisl
temperature was brought too far below that of the surroundings, whieh
rendered the amount of cooling ecorrection uncertain and varied, and
that, on acecount of the variation of the difference of potential
between the two terminsls, three readings were not sufficient to gife
g fair average, In the next series, these two sources of error were
mostly eliminated by adjusting the initial temperature just a little
below the room-temperature, so that the final temperature was a little
above it, and by reading the difference of potentisl between the two

terminals as often and as sccurastely as possible

The results given in table V show the value of
the chande in the mode of opersting as the duplicates check within the
precisicn of measuriné apparatus,

In this series, different platinum boats were em=-

ployed in each pair of blank-tests, 4An inspection of the results
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will show that the blank-constarnts, that is, the differences between

the setusl amount of hest snd the theoreticsl smount of heat cbtained

in the blank-tests, agree in each case exeellently, and thet in every

determination the actusl amount of heat is grester than the theoreti=-

cal, Four examples may serve to show the deteils of observation.

Duration of

Time

Min,

5+

B#

10

Sec.

Bo8ocB8oB8o8o8eo 8o

BoB8o0o8 o8o

Eipst Ezamole.

Calorimeter
Temperature
of water

Deg.' €
23.70

23,68
23.68

23,68

28.68

25,70
25,85

25,95
26,00
26,01
26,02
26,08
26,03

maXe

Av, Room
Temperature

Degs. C
25

Electrical
Energy.

49

I, Amp.

Av,

Ee Volt

4,350
4,350
4,375
4,375
4,350
4,350
4,335
4,350
4,350
4,350
4,375
4,335




Durstion of Calorimeter Av, Room Electrical
Time Temperature Temperature Energy
of water
Min, Seec, Deg. € Des. C I. Awp. E, Volt
11 0 26,08
20 26,03
12 0 26,03
30 26,02
138 0 26,02
30 26,01
14 0 26,01
20 26,00
15 0 26,00

+ Current turned on # Current turned off
The corrected rise of temperature is calculated

as follows:
r1= 0,004 deg, C 3 r2=0.006 deg. C
t2= 26,083; t1= 23.68; 61=5; 92= 9 1/2

T = 26,08-22,68 + 0,004+0,008 x 4 1/2 = 2,37 deg. C
2

-
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Second Example
Daration of Calorimeter Av, Room ‘ Electricsal
Time Tempersture Temperature Energy
Min, Sec. Deg., C Dege C I. Amp, E, Volt.
0 24,49 28 49 4,875
- 30 4,350
 ; 0 24,50 4,355
30 4,350
2 0 24,50 4,360
30 | 4,360
8 0 24,50 ) 4,865
30 4,380
4 0 24,50 4,875
30 4,370
5+ 0 24,51 4,360
30 4,375
B# 0
30 26451 Av. 4,363
; 0 26470
20 26,79
8 0 26,84
30 26.87
9 0 26,88
30 26,90 max,
10 0 26,90
30 26,90
11 0 26,90
20 26,90
12 0 26,90
30 26,90
13 0 28,89
30 26.8%
14 0 26,89
0 26,89
15 0 26,89
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+ Current turned on, ¥ Current turned off.

r1= 24,51=24,42 = 0,02 = 0,004 degs. C ; r2= 26.90=-28,89 = 0,01 = 0,002°C
o X st hn kB - 5 5

t2 26, 90; t1 24,51; 91 B; 92 2 1/2

r4r x 4 1/2 = 0,014 deg. C

mmrsast

2

This smcunt should be subtracted from the ob-
served rise of temperature, because the heat gained wes dreater than

thet whieh was lost.



Duration of

Time

Min,

5+

6#

10

11

12

13

14

15

+ Current turned on,

0808080808088 080d8o0o

See.
0

0c8c08c38

il
o

vy} V3]
O o O

0

Deg. C

21,19

21.20

21.20

21,20

21.21

28, 3%
28,45
28,50
23.54
28,57
28,58
23,59
28,60
23.60
28460
28,60
23.60
23,60
23,60
23,60
23,60
23,60

28. 60

Third Example.

Calorimeter
Temperature
of water.

naze

Av, Room
Temperature

Deg, C

23

# Current turned off.

54

I, Amp,

Av,

Eleetriesl
Energy

E., Volt

3. 750
3.980
3.950
34945
3.930
3,925
3.935
3. 945
3.945
2.940
3.925
3.945
2,940
3,930
3.925
3.980
3,925
3.925
3.920
3,930
3.925
8.925

3.880

43,
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r1= 0.008; r2=0.000;
= 28,60; =21.21; 8 =5; € = 10
tg 23.60; tl A"
2
The smount of cooling correction should be added,

for heat was gained at the beginning of the experiment.
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Fourth Fxample.
Duration of Calorimeter Av, Room Electrieal
Time Temperature Temperature Energy
of water
Mine See.’ Deg. C Deg.  C I, Amp, E. Volt
0 23,60 25 degs. C 54 8,875
30 3,928
1 0 23,80 3,950
30 3,940
2 0 23,60 3,930
20 8,930
3 0 23,80 8.940
30 3.930
4 0 28.60 3.945
20 3.230
5+ 0 238.80 3.925
30 8,985
8 # 0 8,976
30 25,75 3.940
T 0 25,85 3,955
30 25,92 8,955
8 0 25,98 3.950
30 25.99 3.940
9 0 26,00 max, 3.950
30 26,00 3.9240
10 0 26,00 3,940
0 26,00 2.985
2 32 zg:gg Av, 3,938
12 0 26,00
30 26,00
13 0 26,00
80 26,00
14 0 26,00
30 26,00
15 0 25,99

+ Current turned on. # Current turned off.



r =O' r = 0.002
W)

=26,00; t = 28,80; 6 = 5; © =9
tz - | i Pl

T = 26.00"23.60"' w X 4 = 2.40 deg. C
2

48,
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7. Fusion Tests.

It is seen thﬁt the conditions of the blank-tests
have been greatly improved by the reduction of the amount of the cool=-
ing correction and by the more frequent readings of the voltmeter and
that the results thus obtained were satisfactory.As in everyblank-test
there is a difference between the actual and the thecretical amount of
heat, it is important to make a blank-test before a charse-test under
the same conditions accurately. A duplieate blank-test was made in
every case,

The heat formations of three singulo silicates
of ferrous oxide and lime were determined and it was found that in
every determination the formation evolved heat,

The results obtained in studying the heat for-
metion of the singulo=-silicate of the composition, 70,80 per cent Fel
and 29,20 per cent Sioz, are given in table VI,

In every test, the charge was well fused, except
in No. 1, where there was a small quantity at the two ends of the plati=-
num boat whieh remained unfused, The result of Test No. 2 appears to
be too high and should be discarded, Tests No, 3, 4, and 5 are in ex=-
cellent agreement with one another, If the averafe of the last three
results be taken, the amount of heat evolved by the formation of the

silicate is 107 gram-calories per gram of charde,



7ab/e €

\5/}77 u/lo- SilicaTe

Conclr of | Blonk-tests Chasee o
Y0 | blonk ¥ charge .
< Bt L Charge reo 70°80%  Sio, 24209

ul. £ 8% (3 7ore of water D[ ¥y y vy Temperalure Of wWaresr IS 8 ¥ 3 % 0

S AN eeasse g i I A A R e s N H R ST
S [SES8S %@QQ SN |initallr: Go/ing | R Kowxfsdw 5 N " : : e |48 2 glsew T gw:E RemarK

N S0 itial\Enal g [fT15€ § ; 0Ty T cha/|Coolingd Flisa QL, 9 h o
R |SS[RASERR | [/ |Fre/ [oatl ey [SBRET | B | SV FU|RN [riariimas| 0ot e |SSSIREY | T [S88 % S

2
a 60| 1303 |26 | 235 | 2p. 374027 2.3 _

/ { 5b / 2207 2437 +.0 2-32 3022 2?48 ?4 / Zorg| 24 2342 2593 +.025|2:335| 3043 287-4‘ /6? 7‘5- 9& 94 L Only o
b|50| 60| 1303 |#.125| 24 |22:68|24.98|+.025 |2-325| 3029 |2954| 75 ;}mﬂ‘,’.ﬂfﬂw
als0|6%| 303 |3.870|26-5|25.28|27.48|- .02 |2 4t /| A ) e ke

21‘-6 G / 7 o 7 o 2"8 28‘.@.’ 27T 7 / 3-708| 24 |23.1/|2530|+ 0l |2.20 2867 2650 2_’;5. 57 "56 /56 iot/:d.t_-.

50 60 /303 | 3862|255 |p4-32|26.51 ~03 |26 28;4. 2766| 48 w-:f&rzaé\.
Q|52|60| 1303 (4042|285 |2350(258a|< 02 |2 ;
35[ 2 I0|250| - 021237 |3088| 30| 78| . |z.9i|ass |esur|zses -0z |2:38 (310/|29:2|/89 | 78 | 11/ | L1l
b|52| 60| /303 40071 25 |23.58|25:95|- 02 |2.35 | 3062 | 2984 78 \
Q|52|60|1303 |40 40 : !
ALI, 82| 23 |22:40|2476|+-02 |2:38 | 3101|3040 | 6/ 1 |wos8|e5 |23.04|2560| -0z | p.aa|3179 |3007| 172.| 70| 102 | s02
5260|1303 (409025 |23-59|2596| 0o [2.37 | 3088 3009| 79
Q|53|60|/303|3.951|24 |22:60|2489|+.02 |23/ |3010|2

5{ i e °|2123) 8T\ ) |s6ai|23s o252\ 2a6e <01 |22 |2958|2764| 197 | 85 |19 | s0g

bls3|60|1303|3822| 255 |22.81|2568| ,.00 229|2984|290| 83
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Details of the observations leadins to the results

assembled in table VI are given in the followins:

Blank-Test No. .1.a.
Duratioa of Celorimeter Av, Room Electrical
Time Temperature Temperature Energy
of water
Mine Seec, Deg, C ~ Deg, C I. Amp., E., Volt
0 : 22.05 23.5 ] 50 4,100
30 : 4,125
3 0 22,05 4,125
30 4,115
2 0 22,086 4,150
30 4,100
3 0 22.06 4,135
30 4,125
4 0 22,07 4,125
30 4,125
5+ 0 22,07 4,125
30 4,115
B# 0 4,110
20 24,14 4,110
b 4 0 24,25 4,110
30 24,30 4,100
8 0 24,32 4,115
30 24,35 4,115
2 (6] 24,37 max, 4,110
30 24,37 4,100
10 0 24,37
20 24,37 Ave 4,118 7
1 0 24,37
30 24,37
12 0 24,36

30 24,36
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Blank-Test No. 1.a__cont’d,
Puration of Calorimeter Room Eleetrical
Pine Temperature Temperature Enersy
of water,
ﬁino See- Bego' G
13 0 24,35
14 0 24.34

¢ Current turned on, ¥ Carrent turned off,
- 7
rq= 22.07=22,08 = Q.02 = 0,004 deg, C
5 5 +
r = 24.37-24434 = 0.03 = 0,008 degd. C
’ 5 5

Corrected temperature = 24.37-22;07{'Q.Qgg¢g~ggﬁ x4=3.32 deg., C



Daration of

Min,

5+

8#

10

11

12

13

14

Time

Sec.

o %3:3 %g G)Eg C)Eg CIE% c:%g'c

(Vv
o o

o808 08083

V] V] (o) vV
0O 000 0 0 O

Blank-Tegt No. 1 b.

Calorimeter

Temperature

of water
Deg.' C

22,87

22,87

22.68

22,68

22,88

22,68

24,78
24,85
24,90
24,93
24.98
24,97
24,98
24,98
24,98
24,98
24,98
24,97
24,97
24,97
24,96
24,95
24.94

max,.

Av,Room
Temperature

Deg. C
24

Electrical
Energy

I, Amp. E, Volt

50 4,150
4,135
4,150
4,125
4,125
4,130
4,130
4,110
4,115
4,125
4,135
4,110
4,125
4,085
4,125
4,120
4,115
4,115

Averase 4,125 "7

50,
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Blank-Test No, 1 b cont“d,

Duration of Calorimeter Ay, Roonm Electrical
Time Temperature Pemperaturs Enersy
of water
Min. Sec. Deg, C Deg, C I. Amp, E. Volt
15 0 24,94

+ Curreat turned on, # Curreat turned off,

—

- 22.88-22.87 = Q.01 = 0,002 ded. C

5 5
r,= 24:9924,94 = .04 - 0.008 des. C
5 5,
e e g { .
Correctad temperature = 24,98-22,63+ 0,002+0.008 x 4,5 = 2,823 des,C

2

- S e ik 2.3\ &



Daration of

Time

5+

8¢

10

11

12

13

14

30

O%O

30

30

30

30

30

30

30

30

Charge=-Test No, 1

Calorimeter

Temperaturs
of water
Deg. C

23,11

238,12

28,12

23.12

23,12

25. 10
25,23
25.33
25,38
25,40
25,41
25,42
25,43
25,43
25,43
25.42
25.42
25,41
25,41
25,41
25,40
25, 40

Av, Room
Temperatare

Deg. C

24

Eleectrical
Energy

I, Amp. E. Volt

50

3. 600
3,850
3.885
3,935
4,000
4,075
4,025
4,100
4,100
4,130
4,125
4,125
4,115

Av. 4,014 ¥

2
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Charse-Test No., 1 Cont“d,

Duration of Calorimeter Av. Roonm Electriecal
Time Temperature Temperatare Energy
of water
Min,: Sec. Deg. C Deg. C I, Amp. E, Volt
15 0 26.39

+ Carrsant turned on., ¥ Curreant turaned off,

r,= 28.12-23.11 = Q.01 = 0.002 deg. C
5 5

L Il
-—

r = 25,43-25.39 = 0,04 = 0,008 des. ©
2 "
5 5y

Corrected temperature = 25,43-23,12+ 01 x5 = 2,335 deg, C
2 -, ﬁ‘l!'“
25,43-23,12+¢ 0,002+0,008 x5 = 2,335 deg. C
2

-‘J

2.3 ' 1;33()
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Blank=-Tast No. 2 a.

Duration of Calorimeter Av, Room Eleetriecal
: Temperatare Temperatare Energy
Time
of water
Min, See. Deg. C Deg. € I. Amp. E. Volt
0 25,24 26,5 50 3,200
30 3.875
1 0 25,25 8.875
30 3,850
2 0 25, 26 8.876
30 3,900
3 0 25.28 8.875
30 3.875
4 0 25,27 3.875
30 3.8656
5+ 0 25,28 8,875
30 3,880
B# 0 3,880
30 27.20 8.8556
L 4 0 27,33 8,850
30 27,39  8.850
5 . igien Av, 3,870 °
30 27,45
9 0 27.48 mazx,
30 27.48
10 0 27,48
0 27. 48
; 5 | 0 27,48
30 27.48
12 0 27,43
30 27,48
13 0 27.48

30 274483



Blank-Test No« 2 8 cont”de
Daration of Calorimeter Av, Room
Pime Temperatare Temperature
of water
Min. Seec. Des, C Deg., C
- 14 0 27.47
30 27,47

15 0

+ Carrent turned on, # Current tarned off,.

F,= 28.28-20.2¢." Qu04 = 0.008 deg.’ ©

5 5
-4
2 5 5

Corrscted temperaturs = 27,43-25,23- 0,008+0,002

- '}_'1"0 = \D"-L

58s

Eleetriecal
Enersy

I, Awp. BE. Volt

!

x 4= 2,18 degd. ©



Daration eof

Time

Min,

b+

GE

10

11

12

13

14

Sec.

Blank=Test No. 2. b

Calorimeter
Temperature
of water

Des. C
24,23

24,29
24,30
24,30
24,31

24,32

26,28
26.38
26,45
26,47
26,49
26450
26,51 max,
26.51
26,51
26.51 (—
26450
26450
26,49
26,49
28.48

26,48
26448

Av, Room
Temperature

Des. C
26.5

68,

Electrical
Enersy

I, Amp, E. Volt

50

2,850
3,875
3.860
3,850
3.850
3,850
3,880
3,850
3.860
3,860
3.875
8.875
3.875
3.875
3.870

Av. 3,862 "



LY

Blank=Tes
Duration of Calorimeter Av, Room Electriecal
Time Temperature Temperature Enersy
of wabtsr
Mine Sec. Deg. C Deg. C I, Amp, E. Volt
15 0 26,48

+ Carreat turned on, # Curreant turaed off,
p = 24,32-24,28 = 0,04 = 0,008 ded. €
; |
5 5 4
+ o0
1‘2= w = Q.Oa = 00006 dego C
5] B \{f

Corrected temperature = 28,51-24,32- 0,008+0,008 x 4.5= 2.16 des, €
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Charge-Tast No. 2

Duration of Calorimeter Av,' Room Electrical
Time Temperature Temperaturs Energy
of water
Min. Sec,’ Deg. C Deg.  C I. Amp.. E. Volt
0 23,11 59“. ,?24 3,450
30 /\ i s 3,500
1 0 23.11 ~— 3,625
30 3.650.
2 0 23,11 8.875
20 3.700
3 0 23,11 3.750
30 3.800
4 0 23,11 8.850
30 3,850
b+ 0 23.11 8,875
- Ave  3.7027
6# 0
30 24,85
7 0 25.05
30 25.15
8 0 25,21
30 25.27
) 0 25, 28
30 25,30
10 0 25+ 30 -
30 25.30
11 0 25,30
30 25,30
12 0 26,380 -
30 25,30
13 0 256.29
30 25.29
14 0 25.29
5 8 557 53



Charge-Test No. 2 cont’d.

+ Current taurned off # Carrent turned on.

r=0
1
& ¥
r = 25,30=25,28 = 0,02 = 0,004 deg. C
x 5 5

23 1)

2

58,

/
Corrected tempsrature = 25,30-28;11 + 0,004+0 x 4,5 = 2,20 ded, C
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Blank-Test No. 2 a
Duration of Calorimeter Av, Room Electrieal
Time Temperature Temperature Energy
of water
Min. Secs’ Deg. C Deg. C I. Amp., E. Volt
0 23,47 25 52 4,050
30 ' 4,050
1 0 23,48 4,035
20 4,050
2 0 23,48 4,050
30 f 4,055
3 0 23,49 4,055
20 4,050
4 0 23,49 4,025
30 ' 4,080
5+ 0 23,50 4,050
30 4,025
B# 0 4,035
30 25,60 4,050
: 4 0 25,71 4,050
30 25,78 4,035
8 0 25,84 4,035
20 26,87 4,025
9 0 25,88 4,025
- 25,89 Av. 4,042
10 0 25.89 -
20 25,89
i 0 25,89
80 26.89
12 0 25,89
30 25,88
13 0 25488
30 25,88
14 0 25,88
30 25,188

15 0 25, 88
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+ Carrent turned on # Current turned off

Vv

i

r1= 23:55!'33-’&7 B 0.93 = 0,006 deg.' Cc

5 5 _
r = 25,89-25.88 = 0,01 = 0.002 deg. C
: B B

- 4
Corrscted temperature = 25,89=23,50+0,002#0,0 x 4,5 = 2,87 deg, C
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Blank=Test No, 3b
Duration of Calorimeter Av. Room Electrical
Pime Temperatare Temperature Energy
of water
Min, Sec. Deg. C Deg. C I, Amp, E. Vol
0 23.54 25 52 3.950
30 4,000
1 0 23.54 4,000
30 4,025
2 0 23.55 4,000
30 8,975
3 o 25,56 4,000
30 4,025
4 0 23.57 4,020
30 4,010 ,
5+ 0 23.58 3,985
30 4,025
6# 0 4,000
30 25.70 4,015
0 25,79 4,010
25,88 4,015
8 0 25,90 4,020
30 25,97 4,035
9 0 25,94 4,035
30 25.95 3
10 0 25,95 Av, 4,007 ~
30 25,95
11 0 25.95
30 25.95
12 0 25,95
30 25,95
13 0 25.95
30 25.95
14 0 25,95
30 25.94

15 0 25.94
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Blank-Test No, 3 b _Cont’d.

+ Current turned on # Carrent turned off,

r = 23,58-23,54 = 0,04 = 0,008 deg. C
1
5 5
r2= 25,95-25,94 = 0,01 = 0,002 des. C
5 5
Corrected tempsrature = 25,95-23,58 - 0,008+0,002 x 4.5 = 2,385 ded. C
2
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Chargde=Test No. Se
Daration of Calorimster Av, Room Electrical
: Temperatare Temperature Energy
Time
of water
Mine See. Deg, C Deg. C I. Amp, E, Volt
0 23.48 25 52 3. 450
30 3.750
1 0 23,42 ' 3.800
30 3.875
2 0 23.50 3.900
30 3.925
3 0 23,50 3.935
30 ' 3,950
4 0 23.51 3.950
30 3,965
5+ 0 23.51 3.990
30 4,000
B# 0 4,015
30 25,45 4,015
7 0 25,65 4,025
30 25,75 4,035
8 0 25,82 4,040
30 265.98 e
9 0 95,89 dv, 3,911
30 25,90
10 0 25.91
30 25,91
11 0 25,91
30 25,91
12 0 2b.91
30 25.91
13 0 25,91
30 25,91
14 0 25,20
30 25,90
15 0 25,90
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+ Current turned on., # Curreat turned off,

r = 23.51-23048 = Qa08.= 0,006 . o

5 5
~
. 5 5 ~J

/
/

Gorrected temperatare = 25.91-23,5140,00240,006 x 5= 2.38 ded. ©
2



Daration of

Time

Min,:

5+

B#

10

11

12

13

14

15

Sec,

BoBoB8oB8o8o8o

080808088

c 8080808

Blank-Test No, 4.2

Calorimeter
Temperature
of water
Deg. C

22.41
22,41
22,40
22,40
22, 40

22,40

24,50
24.61
24,68
24,73
24,74
24,75
24,76
24,76
24,76
24,76 -
24,75
24,75
24,75
24,74
24,73
24,72
24,72
24,72

Av, Room
Temperature

Deg., C
23

Electrical
Enersy

I. Amp,. E. Volt

52

4,100
4,075
4,075
4,085
4,100
4,085
4,085
4,085
4,085
4,080
4,075
4,075
4,090
4,090
4,080
4,075

Av,.4,082 "

66,



+ Carreat turned on. # Current tarnsd off,
r = 22.40-32.41 =0,01 = 0,002 des. €
1 _
5 5 v 910
5 5

+ .0 \©
Corrected temperaturs = 24,76-22,40+0,002+0,008 x 4,5 = 2,38 ded, C

67,
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Elank-Test No. 4.B_
Duration of Calorimeter Av. Room Electrical
Time ' Temperature Temperature Energy
of water
Mine See, Deg. C Deg. C I. Amp, E, Volt
0 23.58 25 52 3. 950
30 4,050
1 0 23,58 4,050
30 4,085
2 0 23,58 4,020
30 4,025
3 0 23,58 4,025
. 20 4,050
4 0 23.58 4,025
30 4,025
5+ 0 28,59 4,050
30 4,040
&% 0 4,045
30 25,70 4,040
7 0 25.80 4,055
30 25.88 4,055
: 3;’ 22. Z; Av, 4,040
9 0 28,95
30 23.96
10 0 28.98
0 23,98 )
11 0 23,96 5
30 23.98
12 0 23.98
30 23.98
13 -0 23.98
30 23,96
14 0 23.96
30 23,98
15 0 23.96



Blank=Test §o. 4 b ContZd.

+ Curreat turned on # Curreat turned off

r = 23,89=23,88 = 0,01 = 0.002 deg. C

£ 5 5
r=0

2
Corrscted temperature = 25,96-23,59- 0,00240 x 4.5 = 2,37 ded. C

2

- 4 - K"|
2 . 2.3 = ol S 2,364
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Chargde-Test No. 4_.

11

Dauration of Calorimeter Av, Room Eleetrical
Time : Temperatare Temperabure Enersy
of water
Min. See,. Deg. C Deg. C I, Amp, E. Volt
0 28.00 25 52 8,650
30 3.800
1 0 28,01 3,850
30 2,900
2 0 23,01 : 3,950
0 3,985
3 0 23,02 4,010
30 4,028
4 0 238,03 4,115
20 4,125
B B x 23,04 4,200
30 4,250
8 0 # 4,300
30 25,00 4,325
7 0 25.28 —_—
30 25,35 Av., 4,038
8 0 25,40
30 25,44
9 0 25,48
30 25,50
10 0 25.50
30 25.50
0 25.50
30 25,50
12 0 25,50
30 25.50
13 0 25,50
30 25,50
14 0 25.50
30 25.50
15 0 25.50
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Charge=-Test No. 4 a Cont’d.

x Curreant turned on # Current turned off

P = 23,04-22.00 = 004 = 0,008 deg. ©
5 5 5

Corrscted temperatare = 25,50-23,04-(0,008)ex 4,5 = 2,44*des. C
2



i
Blank-Test No, 5 a.

Duration of calorimeter Av, Room Electrical
Time Temparature Temperature Energy
of water
Min, Sec, Deg., C Deg. C I. Amp., BE. Volt
0 22,60 24 - B3 4,050
30 3.875
1 & 0 22.860 3.850
Z0 5,850
2 0 22,60 3,825
30 3.835
z 0 22.80 2.850
30 5,835
4 (] 22,60 5,825
30 3.850
5+ 0} 22.60 2.825
30 3,800
B 0 3,810
30 24 .65 3,885
7 0 24,76 3.815
30 24 .80 3,885
8 0 24,84 3.82b6
S0 24 .87 ¢
] 0 24,88 Av, 5.85]1
30 24,89
10 0 24,89
30 24 .89
13 0 24 .89
30 24,88
12 0 24,88
30 24,88
1S 0 24,87
30 24,87
14 0 24,86
30 24 .85
15 0 24,85

+ Current turned on., # Current turned off,

r =0
1 . J
r = 24,89-24,85 = .04 = 0,008 deg, C

2 5 5 V/

Corrected temperature = 24,89-22,60+.008+0 x 4,5 = 3,3] deg C
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Blank-Test No, 5 b.

Duration of calorimeter Av, Room Electrical
i ' Temperature Temperature Energy
ime of water ‘
Min, Sec, Deg. C Deg. C I. Amp. E, Volt
0 22.80 B5.% 53 3,850
30 3,850
1 0 22,80 i 3.825
30 3.825
2 0 22.80 3,825
30 3.82b
3 0 22.80 - 3,885
Z0 3,815
4 0 22,80 3.8C0
30 3.815
5 (0] 22.81 5.815
20 z.825
6 0 3.840
30 24,86 3,825
7 0 24,95 _ 3.815
30 25,00 Z.825
8 0 25,08 3.815
30 25,05 3.835
] 0 25,07 3,815
30 25,08 max, 3.825
10 0 25,08 5.810
30 25,08 3,800
11 0 25,08 v
20 25,08 Av, 3.8B22
12 0 25,07
30 25,07
13 0 25,086
Z0 235,05
14 0 25,05
20 25,04
15 0 25,04
. J
r = 22,81-22,80 = 0,01 = ,002 deg, C
SR | 5 5
+.01@
r = 25,08-25.04 = ,04 = ,008 dag, C
2 5 5y :
v

correctad tempersture = 25,08-22,81+,01 X 4,5 = 2,29 deg. C
5



Charge-Test No, 5

Duration of calorimstar Av, Rocm
Pime Tamparature Temperature
of water
Min, Sec, Deg, C Deg. C
0 22,50 2%.5
30
1 0 22.50
z0
2 0] 22.51
30
3 0 22.51
20
4 0 22,52
30
54 0 22.5%
30
6F 0
30 24 ,45
7 0 24 58
30 24,68
8 0 24,72
30 24,76
2] 0 24,78
30 24,80 max,
10 0 24,80
30 24,80
% 0 24,80
30 24,80
12 0 24,80
a0 24,79
13 0 24,79
30 24,79
14 0 24,79
30 24,79
15 0 24,79

+ Current turned on, # Current turned off,
: /

r = 22,52-22,50 = 0,02 = 0,004 deg, C
1 k3 5

v
r = 24,80-234,79 0,01 =f6.002 deg. C
2 3 5

Electrical
Ensrgy

Amp,

53

Av,

. Vol

%.050
3.450
Z.500
3.550
3,565
7.600
5,625
3.700
3,700
3,725
3,725
3+ TH0
3,765
5.765
3,800
3.800
2,835

2.641

g

corrected temperature = 24,80-22,53-0,004+0,002 X 4,5 = 2.27F

2

deg €

74,

t

7

v
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The heat of formation of two other singulo-
silicates were next determined, their compositions were 12 per cent
Ca0+ 57,58 per cent Fe0 + 30,42 per cent Sioz, and 28 per‘eent Cal+
40,80 per cent Fe0 + 31,70 per cent 3102;

For the determination of the heat formation of
these two silicates, caleium carbonate (GaGOS) was used, instead of
calcium oxide (Ca0), for the latter absorbs moisture and carbonic-
aeid very readily. The amount of calecium carbonaste required for the
ecorresponding portion of calcium oxide was computed as follows:

Mol, whe of CaO: Mol, wt, of Ca003= wt, of Cal: wt. of 03003;
The amount of CaCO8 corresponding 0,12 gm, Cal is

100.1 x 0,12 = 0,2141 gm,
56..1

The amount of Ga003 eorresponding 0,28 ¢m, Cal is

100,1 x 0,28 = 0.4996 gm.’
5641

The results of the heat formetion of the atove two silicates are
given in the following tables VII and VIII,

Pables VII gad VITI show S@dﬁ the quantity of heat evolved by the
formation of these silicates, The amount of calecium ecarbonate used
for the formation of the first silicate was 0.2141 ¢gm, and the quen-
tity of heat reguired to decompose it into Cal and 002 is Qsﬂgram-cal-

cries, The amount of ealeium carbonate for the formation of the sec -

# J. W. Richards, Metallurgieal Calculations Part I, p. 29 Ed.2
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ond was 0,4996 gm, and the gquantity of heat necesgary 0 decompose it
is 224 dresw=calories, These gquantities of heat should be added to the
difference between the actuesl amount of heat and the theoretieal
amount obtained in the charge-tests, and the differences between the
sums and the averaged blank constents give the heats of formation of
the two silieates,

The amount of heat evolved by the formation of one-
grem mixture, 12 per cent CaO+57.58 per cent Fe0+30,42 per cent Siog is
given in the last column of table VII, As the result of test No. 1 is
too low and does not come within the precision of the method, it should
be disregarded, Taking the averade of tests No, 2 = 8, the heat of
formation is 145 gram-calories for 1 gr. of mixture.

The guantity of heat evolved by the formstion of
one-gram mixture, 28 per cent Ca0+40,30 per cent Fe0+31,70 SiOB, is
shown in table VIII,7r The result of test No. 2 is low; this was due
largely to a portion of the charge remaining unfused. The results of
tests No. 1, 2 and 4, appear to be satisfactory, and the average of
these results dives the heat of formation 182 gram-cslories,

In performing the experiment, it often happened
that when the fusion took place, the platinum boat fused at the in-
stant when the chardge became fused, This proved that the heat
evolved raised the temperature locally to above the melting point of
platinum,

An inspection of tables VI, VII, and VIII will

make it evident that:



b
1. The actual amounts of heat in the blank-

tests do not exaetly asree with the theorstical, but ars larger ia

every case.
2. The differences of these two guantities

vary with the platinam boats used in making the blank-tests,

These diserepancies and variations are due to
sources of error from various instraments. These sources, though
eliminated as much as possible, may be caused by

1. 7phe readiag of the voltmeter

2. The reading of the ammeter

3. The rea&ing of the stop-watch

4, The reading of the thermometer

Be 'The weigdhing of the water

8, The specific heat of the calorimeter, the
combustion chamber and the stirrer,

7. The radiation of heat,.

As the experimental srrors may come in from numere
ous sources, exacht agreement of results cannot be secured.

8. Cogelusion.

The amount of heat evolved by the formation of the
three ferro-caleic sinsulo silicates given in tables VI, VII.and VIII,
appears to inerease with an inerement of the percentase of Cal, and
shows that a smooth curve would result if adequate data were obtained,
On aceount of the faet that many difficulties were encountersd and that
the capacity of the apparatus was too small, dsta for the singulo si=-

licates betweea 0 and 12 per ceat Ca0, and between 12 and 28 per ceant
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Ce0 were not determined, In order to carry on such experiments with
greater speed and accaracy, it would be necessary to have apparatus
of larger capacity and instruments of greater delicacy, The charsge
might weigh 5 gm,as the amount of heat evolved would be sufficiently
large to dive characteristic values, This would rsquire a larger
platinam boat and a larger combustion chamber, hence also a larger
number of eells in the storage battery in order to farnish a larger
earrent, The amount of water used is an important factor, In order
to eliminate the loss of heat by radiation, the gquantity of water ought
to be such as %o obtain a rise of temperatbure of only a few tenths of
a dedree O, This small rise of temperature will require a thermom-
eter sensitive to 0,001 deg, C. Another important Factor is that the
eurresat should be kept constant by an automatic devies, instsad of
shifting the slider by hand, If the above conditions are fulfilled,
this method used will sive accarate resalts with ferro-caleiec singalo
gsilicates without inecluding many failures, as was the case in the
present investisation,

Attempts were made %o deteriine the heat of for-
mation of the bi-giliecats, 5&90+Siﬂa. They were not successful, be-
cause the mixtare required sach a hish temperaturs for fusing, that the
platinam boat melted in every case before the charge was completely
fused,r With another metal whose melting-point is a few hundred degrees
hisher than that of the platinum and whose conduetivity is about the
same, the determination of-the‘heat formation of the bi-siliecate series

ousht to be carried %o a successfal end,
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The details of the observations leading to thae results
assambled in Table 7 ars given in the following:

Blank-Test No, 1 a.

Duration of talorimeter Av, Room Elactrical
Time Temparature Temperature Energy
of water
Min Sec, Deg, C Dag., C I, Ap, E, Volt
0 20,29 22 53 2.800
zZ0 3,925
i 0 20,39 3,975
30 4,000
2 0 20,40 4,015
30 2,975
3 0 20,40 3.950
20 5,975
4 0 20.41 z.975
Z0 Z2.975
5+ 0 20,41 4,000
30 3.975
6F 0 4,000
30 22,52 4,010
7 0 22,83 4,025
30 22,70 2875
8 0 22,74 3.985
30 22. 77 S.988
9 0 22,78 2.990
30 22,79 4,000
10 (0} 22 .80 max, 5980
30 22,80 %.985 ]
11 0 22.80
20 22,80 : ' Av, 3,975
12 0 22,80
Z0 22.80
135 0 22,80
30 24,80
14 0 22,80
30 22,80
15 0 22,80

+ Current turned on, # Current turned off,
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Blank-Test No, 1 a Con'd.

f

J !

» = 20,41-20.39 = .02 = 0,004 deg. C.
1 5 .

r=20
2 . J
: v
Corrected temperature = 22,80-20,41- 0,004 +0 x 5 = 2,38 deg, C
2
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Blank-Test No, 1 b,

Turation of calorimstar Av, Room Rlectrical
= j Temnerature Temperature Energy
Time of water
Min. Sec, Deg, C Deg, C I. Amp E. Volt

0 21.10 23 B3 4,040
Z0 4,050
1 0 21.10 4,060
30 4,050
2 0 £1.11 4,050
30 4,055
3 0 21,11 4,060
30 4,080
4 0 331.18 4,060
30 4,060
5+ 0 ), 33 4,040
20 4,060
67 0 4,060
30 23,37 4,040
17 0 25 .37 4,060
30 22,44 4,050
8 0 23,49 4,080
30 25,50 4,075
9 0 33,51 4,085
30 23,51 4,075
10 0 2%.52 max, 4,050
30 22.52 4,060
1k 0 2% .52 4,075
. 320 23.52 4,075
12 0 2%,523 4,075
Z0 2%.51 4,075

13 0 23.51

30 258.50 Av, 4,060 v

14 0 23 .50

30 2%.50

15 0 23,50

+ Current turned on, # Current turned off,

—

{
r = 21,12-21.,10 = .02 = 0,004 deg. C

3 5 5 |
P = 2%.52-23.50 = .02 ='0.004 deg. C :
2 5 5 \ /
correctaed temperaturs = 23,52-21,1240,004+0,004 x 5 = 2.4£<deg. c
2
&
= 2.0 C

—

—



82.
Charge-Test No, 1

Turation of calorimetear Av, Room Blectrical
Temperature Temperature Energy
Time of water
Min. Sec, Deg, ©C Deg. C I. Amp., E. Volt
0 21.88 23,5 55 3,200
zZ0 5.500
= 0 21,88 3.650
J 30 5. 750
2 0 21.89 z,.750
z0 3.750
3 0 21.89 2735
30 5.775
4 0 21,90 3,850
a0 3,925
5+ 0 21,90 3939
zZ0 2,925
B 0 3,935
30 23,90 3,835
7 0 24,00 3,935
20 24,07 5,935
8 0 24,14 3935
30 24,17 3:950
9 0 24,19 Z.950
30 24,20 2.950
10 0 24,21 max, 3.940
A0 24,21 3.985
1l 0 24,21 Z,980
20 24,21 /
12 0 24,21 Av, 3.830 Y
30 24.21
13 0 24,21
30 24,21
14 0 24,21
20 24,21
15 0 24,21

+ Current turned on, # Current turned off,
3 v
r = 21,90-21,88 = 0,02 = 0,004 deg. C
1 3 5

r=20

Correctad temperature = 24,21-21,90-0,004 + 0 x 56 = 2,30 deg. C
2



-
Blank-Test No, 2 a,

Duration of Calorimaster Av, Room Electrical
Time' Temperature Temperature . Energy
of water
Min. Sec, Deg. C Deg, C I, Amp, E. Volit
0 22,41 24 58 3.850
30 3700
1 0 22.41 2875
20 2875
2 0 22.41 - R.BYE
30 3.675
3 0 22,41 ' 3,685
30 3.675
4 0 22,42 3,875
%0 %.875
5+ 0 22,42 3.875
30 3,875
6# o © 3,680
30 24,55 35.685
7 0 X 3,685
30 24,72 5.685
8 0] 24,78 3.685
Z0 24,80 S5 875
9 0 24,81 3,695
30 24,82 Z2.,695
10 0 24,82 max, 2,700
320 24 .83 /
11 0 24,83 Av, 3.881
30 24,83
12 0 24 ,8%
30 24,83
15 0 24,82
z0 24,82
14 0 24,82
30 24,82
0 24,82

15

+ Current turned on, # Current turned off,

r = 22,42-22,41 = ,01 = 0.002 deg. C

1 5 5
P = 24.8%3-24 .82 = .01 = 0,002 deg. C,

2 5 5 ,
correctad temparature = 24,8%-22,4240,002+0,002 X 5 = 2,42

2 deg, C



Blank-Test No, 2 b,

Turation of galorimeter Av, Room Electrical
i Temperature Temparature Energy
of water
Min, Sec, Deg, C Deg. I. Amp, F. Volt
0 22,99 25 58 2.700
30 3.700
: i 0 23,909 3,685
30 3,700
2 0 23,00 3,700
30 3.690
5, 0 22,00 S:730
30 5.700
4 0 23,00 3.720
20 5,718
5+ 0 23,01 Z,700
30 3.685
BF 0 3.70C
30 25,16 3,710
7 0 25,28 5,710
20 25.3 3,710
8 0 25.39 3.700
30 25,40 _ 3.685
9 0 25,41 3.685
30 25,43 3. 700
10 0 25,44 max, 3.700
30 25,44 5,710
& 0 25,44 3.735
50 25,44
12 0 25,44 Av, 3,702 Y
Z0 25,44
13 0 25,43
30 25,43
14 0 25,42
30 25,42
15 0 25,42

+ Currsnt turned on, # Current turned off,

———

r = 23,01-32,95 = ,02 = 0,004 deg,.C
1 5 <3

.}_
ry = 33,44-33,42 = 0,02 = 0,004 deg, C
2 D o

]

torract ad temperature = 25,44-2%,01 4 0,004+0,004 X 5 = 2,45
2 deg. C

84.'



Charge-Test No, 2 85,

Turation of galorimeter Av, Room Electrical
Time Temperatura Temperature Energy
of water
Min, Sec, Deg., C Deg, C I, Amp, E, Volt
0 22,98 25 58 2.600
zZ0 3.050
1 0 22,98 3.300
Z0 3,400
2 0 22.98 5. 435
30 3.415
2 0 22,99 3,400
30 3.410
4 0 22,99 . 3,425
20 3,400
5+ 0 23,00 5,400
ZD 3,400
B8# 0 5,475
30 24,20 3.500
7 0 25,10 z.525
30 25,18 32555
8 0 25,24 5,575
30 25,28 3.575
Q 0 25,29 5,975
30 25,30 3875
10 0 25,51 max, 3.800
30 25,51 3.600
13 0 25,31 ; 3,600
30 25,31 Vv
12 0 25,31 Av, 3,424
30 289,354
13 0 D0l
30 25,31
14 0 25,561
30 25,54
15 0 35,31

+ Current turned on, # Cuvrent turned off,

—-—

v
r=233,00-22,98 = ,02 = ,004 deg. C
5

v
Corrscted tempsrature = 25,21-23,00 - 0,0044+0 x 5 = 2,30 deag. ©
_ 2



86,
Blank-Test No, 3 a

Duration of calorimster Av, Room Electrical
‘ Pime Temperatiire Temparature Energy
of water
Min, Saa, Deg, © Deg. C I. Amp, E, Volt
0 20,88 23 57 3,835
20 3,650
: 0 - 20,89 3.660
30 3.660
2 0 20,89 3.665
%0 3.660
= 0 20,89 5,865
30 3,660
4 0 20,90 5.650
30 35650
5+ 0 20,90 5,620
Z0 %700
BF 0 5.700
20 22,00 Z.685
7 0 23,10 2,700
30 23,18 3.700
g8 0 23,21 2.710
30 23,24 5.710
9 0 2% .26 3.710
30 23.27 max, 347310
10 0 25,87 3.710
Z0 25.27 5:710
11 0 28,87 . 3710
%0 23,27 3,710
12 0 23,37 .
Z0 2,37 Av, 3,681V
13 0 2a.2%
30 25,57
14 0 23,26
20 23 .26
15 0 RZ .26

+ Current turned on., # Current turned off,

r = 20,90-20,89 = 0,01 = 0.002 deg, C
248

b 5 4
. 2
r = 23,37-33,26 = 0,01 = 0,002 deg, C
2 5 5
\\
Correctad temperature = 23,27-20.90 # 0,002+0.002 Xx 4,5 = 2,38
2 deg. C



Blank-Test No, 3 b,

Duration of calorimeter
. Temperature
Time of water
Min. Sec, Deg, C
0 20,80
30
1 0 20.80
30
2 0 20.81
30
3 0 20,81
30
4 0 20,82
30
5+ 0 20,82
20
6F 0
30 22,93
7 0 23.03
30 23,12
8 0 3,18
30 23,19
9 0 23 .20
20 23,21
10 0 23.21
30 23,31
11 0 23,21
30 23,21
12 0 33,31
30 23.21
18 0 23,21
30 23,21
14 0 23.21
30 22,21
15 0 23,21

+ Current turned on.

# Current turned off,

Av, Room
Temperature

Deg.
23

r = 20,82-20.80 = .02 = .004 deg, C
a3

1 5

c

87

Flectrical
Energy

I. mp.

57

-~

Av,

)

corrected temperature = 23,31-20,.82-,004+0 X 4= 2,38 deg., C

P
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88,
Charge-Tast No, 2

Duration of calorinster Av, Room Hlectrical
Time Temperature Tamperaturs Energy
of water
Min. Sec, Deg, © Leg. C I, Amp, E, Volt
0 20,88 23 57 2.100
0 3,450
1 0 20,88 Z.475
30 3.465
2 0 20,89 3.410
30 3,425
3 0 20,82 3.465
30 3.475
4 v 20.20 3,510
30 S D85
5+ 0 20,90 3. 255
30 ' 3.575
B¢ 0 ; 3.610
30 22,83 3.825
i 0 23,00 3.875
30 . B5,09 3,685
8 0 23,14 2.875
30 23,18 5.8675
e} 0 22,20 2.875
30 23.21 2.675
10 0 23,22 max, 3,675
30 233,23 3,675
11 0 23.23 3,675
3 23,23
12 0 23,35 Av, 3,554 V
30 25.23
13 0] 23,23
20 2%.25
14 0 23,23
20 25,23
15 Q 23,23

+ Current turned on., # Current turned off,

r = 20,90-20,88 = .02 = .004 dsg. O
1 5 .

r =20
2

Correctel temperature = 23,23-20,80 - ,00440 x 5 = 2,32 deg, C
2



89,
Blank-Test No, 4 a,

Duration of calorimeter Av, Room RBlectrical
Time Temperature Temperature Energy
of watar
Min. Sec, Deg., C Deg., C I, Amp. E. Volt
0 21.58 24 59 3.085
20 3,625
; | 0 21,58 2.615
20 32.625
2 0 21.589 E.635
20 3,615
3 0 _ 21.58 Z.825
30 2,625
4 0 21,60 3,620
Z0 34815
5+ 0 21,60 3,610
20 %.610
65 0 3.6%5
30 22,72 3.8635
7 0 23,83 5.6810
? 30 23,920 5,610
8 0 2%.94 3.600
30 22,97 2.600
9 0 23,98 5:08%
30 2%.99 5:590
10 0 24,00 max, 3.600
20 24,00 kI g
11 0 24,00 2 + 550
30 24,00 2,545
12 0 24,00 ' /
z0 . 24,00 Av, 3%,607 V
i 0 24,00
a0 24,00
14 4} 24,00
30 24,00
15 0 24,00
+ Current turned on, # Current turnad off,

-—

r = 21,60-21,58 = 0,02 = 0,004 deg. C
1 5 5

r =20
2 v
gorract ed temperature = 24,00-21,60 - 0,004+0 X 5 = 2,39 deg. C
2




Blank-Test No, 4 b,

90,

Duration of calorimeter Av, Roonm Electrical
Pime Temparature Temperature Energy
of water
Min. Sec, Deg, C Deg. C I, Amp, E. Volt
0 21.78 24 59 3.550
20 3.625
3 e 21.78 3.600
Z0 Z.828
2 0 21,79 Z2,610
zZ0 3.600
5 0 21.80 58610
%0 3.585
4 0 21,80 5.575
20 5.575
5+ 0 21.81 5,585
Z0 2,590
B# 0 3,590
20 2% .90 3.585
f 4 0 24,01 ! &.585
30 24,10 3.585
g 0 24,14 85980
30 24,18 3,590
9 0 24,19 5. 590
30 24,20 max, 5. 585
10 0 24,20 3.610
30 24,20 3.600
13 0 24,20 De 28D
20 24,20 2.610
12 0 24,20 3.6810
30 24,20 3.815
13 0 24,20
3 24,20 Av, 3,594 V
14 0 24,20
30 24,20
i5 0 24,20

+ Current turned on. # Current turned off,

r = 21,81-21,78 = 0,03
o

.

Gorrected temperature = 24,20-21.81 - 0,006+0 X 4.5 = 2.38
__,__.g.._ “’



91.
Charge-Test No, 4,

Duration of calorimeter Av, Room Electrical
) Temperature Temparaturs Energy
Time of water
Min . Sec, Deg, C Deg. C I. Amp. E. Volt
(& 21.78 24 .5 o9 3.000
zZ0 3,200
i 0] 21.78 3.300
30 Z.,400
2 0 21,79 3,375
30 3 550
3 o} 21,80 5,400
B . 3.475
4 0 21,80 : 3.450
30 3.435
5+ 0 21,81 3,450
30 Z.,460
6F 0 3,465
30 235,78 3,475
i 0 23,91 3.485
30 24,01 . 3,485
& 0 24,05 3,490
30 24,09 5,490
2 0 24,10 5,910
30 24,12 3.510
10 0 24,14 3:015
30 24,14 3,815
11 0 24,14 2,515
30 24,14
12 0 24,14 Av, 3,424V
30 24 14
15 0 24,14
30 24,14
14 0 24 ,14
30 24,14
15 0 24,14
+ Current turned on, # Current turned off,
v
r = 21,81-21.78 = ,03 = 006 deg., C
1 o B
r =0 J f
2 /

N|
Ccorracted tamperatiire = 24,14-21,81 - .006+0 x 5 = 2,315 deg. C
2



Duration of

Pime
Min. Sac,

0]

Z0

1 0

30

2 0

30

3 0

20

4 0

30

5+ 0

Z0

63 0

30

= 0

Z0

2] 0
| 30

9 0

Z0

10 0

Z0

11 0
30 .

12 0

30

13 0

30

14 0

30

15 0

Blank-Test No, 5 4,

92.

calorinaster Av, Room Electrical
Termperature Temparature Fnargy
of water
Deg. C Deg, C I. Amp, E. Volt
20,98 23 58 3,625
3,835
20,988 %.625
5.625
20,99 S.625
S.625
20,99 Z.620
Z2.610
20,99 3,830
3.610
21,00 2,830
3:815
S5.810
25,10 3.6810
21,20 R 3 )
23,27 3.610
233.51 . B
23,33 2,610
2%.35 2,610
233,37 %.610
23,38 max, 5.60C
23,38 3.590
23,38 3.580
23,38 3,580
25 .58 S D85
35,38 2.585
25,87 . ‘
23,37 v, 3.811 ./
23,37
23,37
23,37

+ Current turned on, # Current turned off,

r = 21,00-20.88

1 5

r = 23,38-233,37

-—
-

il

.02 =,004 deg. 0

2 5

5
.01 = 1,002 deg. €.
5

’
el &

@ - 4
I}i?) o

Corracted temperature = 23,38-31,00 - 0,004+0,002 x 5 = 2,%65

2

deg. C



23.
Blank-Test No, 5 b,

Duration of calorineter Av, Room Electrical
Pime Temperature Temperature Energy
of water
Min. Sec, Deg. C Deg, © I. Amp., E. Volt
0 21,38 23 58 3875
30 3,665
1 0 21,38 3.850
30 2.825
2 0 21.39 5,615
30 3,610
z 0 21.3¢9 3,810
30 3,600
4 0 21,40 5,595
30 _ 5.585
5+ 0 21,40 ‘ 3,600
20 5,610
(%3 0 3.610
Z0 23,80 5,610
7 0 23.68 2,590
20 23,71 2.810
8 0 23,76 %2,610
20 2%,78 3,610
9 0 2% .78 2.610
30 23,79 max, 3,610
10 0 23,79 3.610
30 23,79 ‘ 35.610
11 0 23,79 3,600
30 35,79 2.600
12 0 23,79 5,610
a0 23.79 3.610
12 0 23,79 3.610
Z0 23,79 /
14 0 23,78 Av, 3,813
30 23,78
15 0 232,78

+ Current turned on, # Current turned off,

T = 21,40-21,38 = ,02 = ,004 dag, C
1 5 5
7
r = 23,79-23,78 = ,01 = ,002 deg. C Lo
2 5 - / %2 ¢3
‘ ~ 1\5 5
\ \Y; )
corrected temperature = 23,79-21.40 - 0,004+0,002 x 4,5 = 2,375
3 deg. €




Chargs-Test No, 5 94,

Duration of calorimeter Av, Room Electrical
Pime Temperature Tempsrature Energy
of water
Min. Sec, Deg. C Deg, C I. Amp. E, Volt
0 21,00 23 58 2.950
30 3.200
i & 0 21,00 3300
30 3,400
2 0 21.CC &, o015
30 3.578
- 0 21,00 2.400
20 3.425
4 0 21,01 ' 3,435
30 3,450
5+ 0 21,01 : 3.480
30 3,475
6# 0 3.500
30 22,88 2.475
i 0 23.05 3.485
30 23.15 3.535
8 0 23.21 3 .bR5
Z0 23,24 3. BAS
2 0 23,27 S. 525
30 23,28 5,525
10 0 23,29 max, ' SeDRD
30 23,29 b ]
i1 0 23,29 o
30 23,29 Av, Z.42%
12 0 23.29
30 23,29
15 0 23,39
30 25,89
14 0 23,28
Z0 23,28
15 0 23,28

+ Current turned on, # Current turned off.

r = 21,01-21,00 = ,01 = .002 deg, C
1 5 5

r = 23,29-23,28 = ,01 =;ﬁ002 deg., €
2 5 o

Ccorrected temperature = 23,29-21,01 :6.002+0.002 X 5= 2.§§~deg. c
2

a2 C



95,
Blank-Test o, 6 4.

Duration of calorimeter Av, Room Rlectrical
Temperature Temperature Enargy
Time of water
Min. Sec, Deg, C Deg. C I. Amp, E, Volt
0 21,20 23 57 3.700
30 &, 700
1 0 21,20 3,700
30 %.685
2 0 21,21 2:.875
30 3.700
& 0 21.21 2,700
30 3,700
4 0 21.22 %.6885
30 3.685
5+ -0 21,22 2.685
20 3.685
6# 0 3,700
0 23,29 S,700
b 0 272,40 3,700
30 23,49 3,850
8 0 23,52 3.670
30 235,57 34710
e 0 23,68 S T8
30 2%,.60 max, _ 3.710
10 0 23,860 3.710
30 23,60 3.710
11 0 23.60
30 23,60 Av, 3,694 /
12 0 23.60
30 23,60
% 0 23.60
30 23,60
14 0 23,60
30 23,60
15 0 33,80

+ Current turnsd on, # Current turnsd off,

r = 281,22-21.20 = .02 = ,004 deg, C
i 5 3

r=20
2 J
Corrected temparature = 23,60-21.22 ~ ,004+0 x 4.5 = 2,37 deg. C
2



96.'

Elapk=Tesi_ _5Da.
Duration of Calorimeter Av, Room Flectrical
T Time " Temperature  Temperature  Energy
of water
Min. Sec. Deg., C Dege C I. Amp. E. Volt
;| 0 21,10 23 57 3.700
20 8.7825
1 s 21,10 3.710
30 3,710
4 3 21,11 3,710
30 3,710
3 0 21.11 8,710
30 3.700
4 0 21,12 2.715
20 8. 710
S5+ 0 21, 12 3.710
30 3,720
¥ 0] 3,700
20 23,22 3,635
T J 28.82 3. 119
30 23.41 8.710
3 J 23,47 3.710
30 23,43 8, 700
? 0 23, 50 2,710
; 20 P | 3,710
10 9 23,52 max. 3,710
80 - 23,02 3.725
11 0 23,52 3,726
30 28,52 3,735
iz 2 23,52 3.725
30 28.52 3. %29
13 0 23.52 38,725 q
20 23,52 e |
14 5 93,52 Ay, 2,711
30 23.52
15 2 23,52



97,

Biank-Test 6b Cont'd.

+ Carrent turned on. #‘gurrent turned off.

- -

r{ = 21212 -21,10 = ,08 _ .004 deg, C
5 i -~

¢

' rg .= ¢] J _ | j



28,

Charge=Test No. 8
Daration of Calorimeter Av,' Room Electrical
Time Temperatare Temperature Enersdy
of water
Min See,’ Deg. C Peg, C I. Amp. E. Volt
0 21,20 23 87 3,250
20 3. 375
1 0 21. 20 3,500
30 8,575
2 0 21,20 3.450
30 3,560
3 0 21.21 3,580
© 20 3.540
4 0 21. 21 3.540
30 3.560
5+ 0 21. 22 8.560
30 2.560
B# -0 2.575
20 28. 15 3.585
Y 0 28,30 3.585
30 23, 39 3,600
8 0 23.44 3,800
30 23,49 8,600
9 0 28,51 3. 800
20 23,52 | 8,800
10 0 23,54 J 3,800
30 23.55 max. Av,” 8,542
11 0 23.55
30 28.55
12 0 23.55
30 23,55
13 0 23.55
30 23,55
14 0 28,55
30 23.55
15 0 28.55



99,

+ Carreat turned om, # Current turned off,

r - 2.22:21.20 = 0,02 = 0,004 des. C
5 5
r2=0 .

~

Corrected temperature = 28,55-21,22- 0,004+0 x 5.5 = 2.32 ded, C
2



100.

Details of the observations leading to the results assembled
in table VIII,

Blank-Test 1 a.
Duration of Calorimeter Av, Room Eleetrical
Time Temperature Temperaturse Enersy
of water )
Min. Sec. Deg. C Deg. C I amp. E. Volt
0 22.77 24,5 54 3.9275
30 4,025
1 0 22.77 4,015
30 4,000
2 0 22,77 3.985
30 4,025
3 0 22,77 4,020
20 4,025
4 0 22,77 4,000
20 4,010
5+ 0 22,78 3.9920
' 30 4,020
B# 0 4,010
30 24,95 4,025
7 0 25,05 4,015
30 26,11 4,010
8 0 25,17 4,005
30 25,19 4,000
9 0 25.20 max, 3.990
30 25,20 | an  Baes /
10 0 25,20
30 25,20
11 0 25,20 °
30 25,20
12 0 25.19
30 25.19
13 0 25,19
30 25,18
14 0 25,18



Duration of

Time
Min, See,.
30
15 0

+ Curreant turned on., # Curreat turned off,

Blank=-Tegt 1 a__Cont’d.
Calorimster Av, Room
Temperature Temperatare
of water
Deg, C ~ Deg, C
25,18
25.18

r. = 22782277 = 0.01 = 0,002 deg. C
5

2

5

3

P = 25,20=25,18 = 0,02 ='0,004 deg. C

5

101,

Elsctrical
Enersy

I. Amp, B, Volt

o
T e

Corrected teperature = 25;20-32.781‘g.ggg¢0.004 X 4= ?klé/deg; c

2



102,

Blank-Test No. 1 b
Duration of Calorimeter Av. Room Electrical
g Temperature Temperature Energy
Time
of water
Hin.' Sec.' 592.' C Bagc' C Tei Ampo Ee Volt
30 4,025
1 0 22.88 4,010
30 3,995
2 0 22.88 .o
30 4,025
3 0 22.88 4,085
30 4,020
4 0 22.88 4,025
30 4,015
5+ 0 22.89 4,010
20 4,005
&# 0 _ 4,040
, 20 25,10 4,040
7 0 25. 20 4,015
30 25,28 4.015
8 0 25,381 4,005
’ . A5 84 Av.4.020
30 25434
10 0 25434
30 25,34
11 e 25,34
12 0 25434
30 25,34
13 0 25,34
30 25,34
14 0 25,34
30 25.34
15 0 25. 34



103,
" " £°d,

+ Carreat taurned on, # Current tarn?d off.,

r. = 22,89-22,88 = 0,01 = 0,002 deg. C
i 5 b5

r=20 J
2
Corrected temperature = 25.84-22,89- 0,002+40 x 4 = 2,45 ded. C

2



104,

Charge=Test No, 1
Duration of Calorimeter Av, Roonm Eleectrical
Pime Temperature Temperature  Energy
of water
Mine Sec. Deg. C Des., C I, Amp, E. Volt
0 28.17 25 b4 3,500
0 8.800
1 0 23.18 3,750
30 8,800
2 0 23,18 3,875
20 2,990
3 0 23.18 ‘ 3,885
0 2,800
4 0 28,19 3,700
20 2.850
5+ 0 23,19 3,900
| 20 2,925
6# 0 2,975
30 25,00 3,975
7 0 25,21 o
80 25,33 y
8 0 95, 29 Av, 3,838
30 25,43
9 0 25,48
20 25,49
10 0 25.50 max,
a0 25,50
11 0 25,50
a0 25,50
12 0 25,50
30 25.50
13 0 25.50
30 25,50
- SRR 25, 50
sa 25,49

15 “0 25, 49



10

Chatde=Text Ne.. 1 Cent d

+ Current turned on., # Current turned off.

1
5 5
+

5 5 S

Corrected temperature = 25.50-2%.19-73‘19531.9!3 x 5 = 2;3&5 deg. C
2 s

{n



106,

Blank-Tesh Ho. 2. 8.
Daration of Calorimeter Av, Room Electrical
' ; TPemperaturs Temperature Enersy
Time of water
Min. Sse. Deg., C Deg, C - I, Amp., E. Volt
0 24,08 28 54 3,950
0 4,075
1 0 24,08 4,075
30 : 4,050
2 0 24,09 4,050
30 4,045
3 0 24,09 4,075
30 4,075
4 0 24,10 4,085
30 4,085
5+ 0 24,11 080
ia 4,080
st . 4,075
30 28,289 s
7 0 26, 49 4,013
20 28,55 .865
3 0 26, 59 4.065
30 28,80 Ruter
9 0 26,62 4,085
30 26,62 i
10 0 26,63 maz. 1569
30 26,63 4.060
11 0 28,63 i
30 26,62 ¢.875
12 0 26.62 4475
30 26.62 Av, 4,081 I
13 0 26,62
30 26462
14 0 28,61
30 26.61
15 0 26,61

+ current on. ¢ current off.



107,

r = 24,11-24,08 = 0,08 = 0.008 deg, C
1 5 5

—h-
X : 5

\
{ b

Corrected temperature = 26.63-24.'11'1' Q._Qp:%ﬂ.%o_ﬁ x5 = 2.495?'\1deg. c
3 ;

!

L]

i 2.8% = wpl s &



Blank-Tegt Noo 2 b 108,

Daration of Calorimeter Av, Room Electrical
g Temperatare Temperatare Enersy
Tine
of water,
Mine Sec.’ Deg, C Deg., C I. Amp., E. Volt
0 23.57 27 54 4,000
30 4,050
1 0 23.57 4,050
e 4,050
2 0 23.58 ’ 4,050
30 4,075
3 0 23,58 4,050
o 4,040
4 0 23.59 4,080
30 ' 4,080
5+ 0 28,59 4,050
- 4,080
o4 . 4,060
30 25.81 4,055
: § 0 25.91 4,045
30 25,99 : 4,050
8 o - 26,01 4,050
30 26,04 4,055
9 0 26,05 4,060
30 26.06 max, 4,080
10 0 26,06 4,080
30 26,08 4,080
11 0 26,08 4,060
30 26,05 J
12 0 26,05 Av, 4,053
30 26,04
13 0 28,04
30 26,08
14 0 26,03
20 28.02
15 0 268,02

+ Current on # Carrent off
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r,* 33.50=23.57 = 0.02 = 0.004 deg. ©

5 B
r,= 25.06-28,02 = 0.04 = 0,008 deg. €
5. 5

Corrected temperature = 26:3-22,59 /F 0,004+0,008 x 4,5 = 2,50 deg. C
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_Charge-Test No.2 Cont'd.

+ Curreat tarned on.. # Curreant turned off.

r 24,88 - 24,28 .02 -

§ % Gl tion = 122 27,004 deg C
r. 26,63 - 26,80 _ .08
2 o Z21louTiiit = 1 = 1008 deg C
g : =~0,004 + 0,008
Coprected temperature = 25,63 -24.23 # —1222_ 1212 x 5 = 2,4)% deg C




112.

Plank-Test No.Z2a.

——— e ——— i ————— -

Duratisn of Calorimter tv. Rooa Flectrical
Time Temperature " Temperature Fnergy
of water
Min. Sec. Deg. C Deg. € I. Amp. E. Volt
1 ¢ 22.87 24 52 4,080
30 4,080
i} 0 22,87 : 4,075
20 i 4,055
2 0 58,03 4,085
30 4,075
2 ¢ 22,83 4,028
30 _ 4,080
4 0 22,83 4,035
20 4,040
5+ 2 22,863 4,038
20 : 4,040
6¥ J 4,035
30 , 24,30 4,035
T B 24,39 4,045
80 24,85 4 4,040
8 0 24,99 4,049
' 30 22.00 4,035
) 2 25.01 4,080
20 25,02 ma. 4,065
13 8 25,02 4,085 f
30 25,02 AV, 4.04%
11 d 25,02 ~
: 20 20,02
12 0 26,02
20 26,01
13 3 29,01
20 25,00
14 0 25,00
15 3% 23:35



Elank-Test No.3a Cont'd.

+ Current turned on. ¥ Caurrent turned off.

=

—— o ——

128,
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ﬁlank-Test No. 3b.

Duration of Calorimter Av, Room Flectrical
; Temperature Temperature Enerdy
T of water
Min.  Sec. Deg. C Deg. C I. Amp E. Volt
1 9 22,78 24 52 4,102
20 4.075
1 0 28,78 4,075
20 , 4,085
2 2 22.73 4,085
30 4,080
8 2 8279 4,069
20 4,065
4 0 32,72 4,080
20 4,085
o J 22,30 4,080
30 4,075
B J 4,070
20 24,395 4,085
i 0 25,05 4,278
30 25.10 4,030
3 2 25, 14 4,075
2D 25,13 4,078
3 o 25,13 max, 4,078
30 25,189 4,385
19 9 25.9 L e /
30 25, 13 Av, 4,070
11 0 25, 13
20 22,19
12 0 25,18
0 25,18
12 2 20. 18
30 25,48
14 2 25, 13
20 25,13
15 9] 25,13
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Blank-Test No. 3b Cont'd.

—— -

+ Cdrrent turned on., # Current turned off.
22,80 -22.73 Q.02

B Sl et e P e - W05 G
¢y z z J deg C
pr-. - r-n—.l 3. 1
p o SO B R DY B deg C
2 5 5 :

Corrected temperature = 25419 - 22,30 - 9:293_:-9:?2§ il 2:385deg c
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Charge-Tegt No, 3.’

Daration of Calorimeter Av, Room Electrical
{ Temperaturs Temperaturs Enersy
s of water
Mine Seec, Deg. © Deg., C I, Amp, E. Volt
0 23.28 24.5 52 8,750
30 3.800
1 0 238.28 . 3,900
30 3.915
2 0 28.29 3.9235
' 30 3.900
3 0 23.29 3,885
30 3.885
4 0 23.29 3,855
30 3.890
5+ 0 28,30 3,885
30 3,885
B 0 3.890
30 25.16 3.915
T 0 25,32 J
30 95, 40 Av, 3.880
8 0 25,46
30 25,49
9 0 25,50
30 25.51 maZXe
10 0 25,21
20 25.51
11 0 25.51
0 25,51
12 0 25.51
30 25.51
13 0 25.51
30 25,51
14 0 2551
30 25,51
15 0 25,51

+ Current bturned on, ¢ Current turaned off
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Charse-Tesgh No. 3 Cont’d,
r1= aalao-gglag = Q_._‘Qg_=_0.004 deg.' c
5 5
= 0

\V"/
Corrected temperature = 25,51 = 23,30 - 0,004+0 x 4.5 = 2,20 deg, C
2



Blank-Test No. 4.8 | 118,

Duration of Calorimeber Av, Room Electrical
Time Temperatars Temperature Energy
of water
Mine Sec. Des., C Deg. C I. Amp. E, Vol®
0 23.88 2545 65 4,125
30 4,100
1 0 23.38 4,090
30 4,090
2 0 23.89 4,085
30 4,075
3 0 238.39 4,085
30 4,100
4 0 23.920 4,085
30 4,085
5+ 0 23.91 4,085
30 4,085
B# 0 4,085
30 26,20 4,085
7 0 28,30 4,085
- 80 26,39 4,085
8 0 28,43 Av. "—"—4.090 v
30 26445
9 0 268.47
30 28,47
10 0 26,48 max,.
30 26,48
11 0 26448
30 26448
12 0 26,48
30 26,47
13 0 26,47
30 26,48
14 - 0 26,46
30 26,45
15 0 26.45

+ Curreat turned on, # Current tarned off,



119,

r,= 23.91-23,98 = = 0,006 deg. C
b 5

\
i

r2= 28,48=28,45 = 0,003 =-O;006 dege. C
5 ]

Corrscted temperature = 26,48-23,91 # 0,006+0,006 5 = z.sd“ueg.-c
2

v
“

%
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Blank-Test No. 4B
Daration of Calorimeter Av, Room Electrical
Time Temperatare Temperature Energy
of water
Min. Seec.’ Deg, C Deg, C I. Amp, E, Volt
0 24,18 2545 56 4,100
30 4,100
1 0 24,18 4,085
30 4,100
30 4,090
3 0 24,19 4,085
30 4,085
4 0 24,20 4,100
30 ; 4,085
5+ 0 24,21 4,085
30 4,075
64 0 4,110
30 26450 4,110
7 0 26,60 4,090
30 26,68 4.090
8 0 26,71 4,090
30 26,74 4,085
9 0 26476 :
30 26,77 max. v, 4,001 ¥
10 0 28,77
30 26,77
11 0 26477 -
20 28.77
12 0 26,78
30 26,76
13 0 26,75
30 28,75
14 0 26,74
30 26,74
15 0 26473

+ Current on # Curreat off



Blank-Test No, 4 b Cont’d.

r,= 24a21-24.18 = Q.08 = 0.006 deg. C -

5 5
__‘}..
r = 26.77226.73 = 0a04 = 0.008 deg. €
5 5

/

Corrected temperatars = 28.77-24.21 # 0,006+0,008 * 4,5 = 2,43 ded. ©
2

)
-



Charse=Test No. 4 i

Daration of Calorimeter Av, Room Electriecal
Tige Temperaturs Temperature Enersy
of water
Mine Sec. Deg. C Deg. C I. Amp. E., Volt
0 24,70 25,5 556 3,400
- 3.560
1 0 24,70 3,900
= - 3,900
2 0 24,71 g
30 3,950
3 0 24,71 3,875
30 ' 3.865
4 0 24,71 ‘ 3,775
g ' 3,775
5+ 0 24,71 3. 850
» 3,900
- : 3,925
30 28,80 3,995
7 0 26.92 4.000
30 27.00 3,975
3 0 27.04 3,975
30 27,08 3,950
9 0 - 27,09
20 27.10 _ Av, 3,854 V
10 0 27.11 max,
30 27.11
p i ¢ 0 27.11
30 27.10
12 0 - 27,10
30 27.10
13 0 27.09
30 27.09
14 6] 27.08
30 27,08
15 0 27.07

+ Current on. ¥ Current off.
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Chards-Test No, 4 Cont’d.
r= 24a71=2470 = 001 = 0,002 deg. C
5 5

+
r,~ 87411=237.07 = Q.04 = 0.008 deg. ©

5 5
— N 7
Corrscted temperature = 27.11-24,71 f 0.002+0.,008 x & = 2;g3<§ag. C
: 5 . .
o - 7
o # l‘l.!- [ e



