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PART I.



INTRODUCTION,



The investigation lof the heat formation of ferro-csleie

silicetes in general was begun in 1808, On account of many difficul-

ties encountered both in the preparation of ferrous oxide and in the

adjustment of the electrical apparatus and calorimeter, the experi-

rents could not -be brought to a finish with satisfactory results.

As this work is considered important, not only from a seien-

tific, but also from eo practical. point of view, the iavestigetion was

resumed in the latter part of 1908 and continued until the middle of

1SC9, The experiments were conducted according to the seme method as

that of last year, the spperatus, however, was modified snd improved,

and the former method of pren~rind fc-rous oxide replscedbyonethat

was better.

any 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, Rirnie,

Tissandier and Steffe, A brief history of their investigations appears

to be interesting,

is early as 1843, Vackerveder® began to prepare ferrous oxide I

the reduction of ferrie oxide at 300 ded,Cby hydrogen, This experi-

rent wes later repeated by Sivert® and Moissan&gt;, thoush at a higher

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

500 deg, C and proved that this method was_not very satisfactowe.
1.- Wen, Thesis No. 882

Fackerwoder and Stromyer "Archiv f. Pharmacie™ 1843 28 vp. 27
Jahresberichte fiber die Fortschritte der Chemie 1864 17 bp. 268
Annales de Chesie et de Physique 1880 21 np. 199



because of the fact that hydrogen,atthathightemn-~~~ture,reduced

some ferrous oxide to metallic iron, Moissan, therefore, employed

another method for the preparation, which consistedinreducingferric

oxide by a current of carbon monoxide,Hefoundthat the results wers

satisfactory and that the amount of total irom in the product approxi-

nated the theoretical one,’

0f the work on ferrous oxide, that of Debrayl should be men=-

tioned, These exrr” ments were conducted by passing a stream of equal

rolames of carbon monoxide and carbon dioxide over ferric oxide at red

neat. The results obtained proved anentisf ~*ory,.

Another method used was that by Vogel, Moissan® and Birnie .

[t consisted in decomposiag ferrous oxalate at an elevated temperature;

she decomposition takes place ‘according to the ‘following equations

FeC,0,=Fe0+C0+CO,
Josel found that the product obtainedwasnotfreefrommetalliciron,

foissan pointed out that the decomposition did not takes place exzctly

as the chemical equation given above, but that there was a secondary re-

action, in which the carbon dioxide liberated converted ths ferrous ox-

ide first formed into magnetic oxide,

: +C0 = 0 +CO.3Fe0 5 Fe, 4 C

Phe results of Birnie agree in part with those of Vogel. He.

-.
-

hy

Comptes Rendus 1857 45 »p. 1018
Liebig Annalen der Chemie und Pharmacie 1855 25 p. 116
Annales de Ché¢mis et de Physique 1880 21 bp. 199
Am. Inst. Min. End“rs. Trans. 1899 29 bp. 884 foot note,



found, however, that the product contained not only a little reduced

iron, but elsn r small quantity of carbon and that the amount of carbon

set free depended upon the mode of heating the ferrous oxslate and that

the metallie iren was produced by the liberated earbon,.:

Bertiier’ and Plattner prepared ferrous oxide by heating =

sixture of metallic iron and magnetie oxide, or rather, hammer scale.

rissandier-employed another method of making this oxide which

zonsisted in passing carbon dioxide over heated iron wire at 600 deg. C

he exnerirent was later repeated by Moissen? and Steffe®, They found

that the method gave unsatisfsctory results, It was slso employed for

the preperation of ferrous oxide in our experiment last years, the re=-

sults obtained proving to be very unsatisfactory.

The best and most successful method is that whieh was first

employed by Mills and then by Steffe, being based upon the method of

3erthier and Plattner. It consists in heating,inmoleculerproportions,

3 mixture of metallie iron and ferric oxide when FeO is formed according

to the chemical formule:

Fe 0 +Fe=3Fel
29

Traité dss Essals Paris 1834 I po. 430
Merbach Die Anwenduns der Erwirmten GeblZsssluft in der Metallarsie
1840 pe 223

Comptes Rendus 1372 74 bp.
4," Annales de Chimie et de Physique 21 0. 199

5» Doctor Thesis Rerlia 19208 1p,7
3 Wen Thesis 1803 Ho, 352 p.6

Deubtsche~ Patentblatt 1895 17 bp. 332
1895 -. Klasse No. 83589.
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Steffe in 1908 made an investigation on this method and heated

she mixtars ia a curreat of nitrodsa, He found ths product to be most

satisfactory, Therefore,inourexnerimeats of 1908-09, this method

vas adopted for the preocaratioa of ferrous oxides, The preparation of

7e0. formed the first part of the thesis and the determination of the

reat formation of ferro-caleic silicates of the second and main part.

The work of this investigation, as plannsd,wastoconsist

in determining the heat formation of a seriss of sinsulo-gilicates,.and

second, of a series of bisilicates of Fed and Cale. Om accouat of the

Pact thal mach time was consumsd in the adjustment of ths electrical

apparabus, and that many experimental difficulties were encountered,to

ywerenae which it would have necrssitated a new aooarabtus of larder

3a0acity and « device for keeping the voltase constant, three concordant

results of the sinsalo=-silicate series were obbainad,



For this evr~piment silica,: calcium carbonate, iron powder,

reduced by hydrossan,:andferricoxidewereuseds

The preparation and analysis of silica and caleiam carboaabe

rere given in mv thesis! of last year.

Metall'c Tron

Iron powder used in the pren  x Sion of ferrous oxide

as that of Xohlbaum (C.A.L.. Kahlbaam Chemical Supply Company, Berlina,

3.0s) The iron was first dried in a steam chest at 110 deg, C for threes

 ours, enoled aad ground ia an agate mortar until the whole passed $hroush

y bolting cloth, It was thsa analysed by the followias method: A weighsd

sample, about 0,2 dm, is dissolved in 100 c.c. of dilute sulphuric acid,

(5 parts H 80, Sp.gre: 1.84:100 parts 1,0) and heated until the solution i
somolets,. The solatioa is passed through Jones” Reductor while hot, at

a rate of not morse than 50 e.c. per minute, The beaker in which the solu-

oy

sion was contained aad the reduchtor ars carefully washed with 300 c.c. of

she above sulphuric acid and then with 100 e,c. of hot water,. The sola-

sion is titrated with potassium osrmaansanate. Two analysss were made and

sha perceanbass of iron was found to be 992.10 and 99.08."

Analysis of hydrogen in the » 1ron.. AS

ee a i i gen, it was there-slaatro=-depostiad iron usually contains occluded hydrogen,

aps important to consider the analysisofthiselement. Its deternmi-

ration was mads by the combustion method, The aovoarabas ussd is shown in

Msars I.

Aiiiyinti.

1s Wen Thesis 1903 Noe: 352 D0e 4,: Be’
2." H.P.. Talbot "Quantitative Analysis" N.Y. filey 1902 n. 98
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A weighed sample of about 2 gm, of iron powder in

a porcelain boat is introducedintothecombustiontabeofthefurnace,

fhe Liebig potash-bulb L, containing potassiam hydroxide and the U=-tubs

Pf containing caleiam chloride,areattachedtooneendofthecombusti-

on tube and the weighed Marchand U-tube M which also contains caleiam

shloridetotheother, The heating gas is then turned on and lighted.

Phe oxygen before coming in eontact with the iron is freed from carbon

iioxide by the bulb L and from moisture by the tube T, The water vapor

formed by the combustion of the hydrogen in the sample is absorbed and

30llected in the tube M, The time of combustionistwentyminutes.

Phe amount of hydrogen from the i ~r-~ased weightisealcalatsedas

Follows:

18: 2=increase of whteiwt. or |\ydrosgen,

nt. of hydrogen = increase of wt.
2

Percentase of bydrogsn~~wt. of hydrogen
an cu x 100.

wieof sampla
Three determinations were made and the percentedes

sf ‘hydroden ‘in the samole were 0.018. 0.013. and 0.015

Phe determination of hydrogen was nr-~ceded by a

plank test to find out whethertheadmissionofoxysenandtheamount

of ealciam chloride were rightly proportionedtohavetheoxygenfree

from H_O.

2. ferric Oxide.
fhe ferric oxide used was that of Kahlbaum, It

yas first dried in the steam chest at 110 des. C for three hours and





shen analysed according to the following procedure: From 0,2 to 0.8 gum.

&gt;f ferric oxide is weighed out, placed in a porcelain casserole and

jissolvedin30e.¢.of hydrochloric acid (sp. gr." 1.12). It is heated

to a tem~~r “=prg below boiling until the solution is complete, The

solution is allowed to cool, Five c.c. of concert~-ted sulphuric acid

(Spe gre 1.84) is then added carefully and the solution evaporated on

the hot plate or on the steam bath, until it becomes nearly colorless.

Phe casseroleiscoveredand heated over the flame of the lamp until a

heavy white fume of sulphuric anhydride is freely evolved, The casse-

role now is cool? 100 CeCe Of distilled water is added. The solution

is warmed until all the ferric sulphate is brought into solation., It is

then passed through the Jones reductor, as describedabove,andtitrated

sith a potassiam permansanate, The analyses gave the following per-

sentages of Fe: 69.68. 69,72 and 63,71. Taking the average of theses

analyses we have 69,70 per cent of Fe = 29.57 per eent Fe Oe

«
oe Ar { “de,

The method of preparing ferrous oxide employed

last year was that of Pissandier?, which consistedinheatingmetallie

iron in a stream of earbon dioxide, This method. was found to give une

satisfactory results, becauseof‘thefactthattheferrousoxidefirst

formed was peroxidized by the earbon dioxide and converted into mage

astiec oxide, according to the following chemical equation:

3 Fe0+CO_=Fe 0 +CO.
-

Kb Comotes Rendus 1872 74 bp. 541.





As the method of Tissandier failed to give good

results, that of Steffe, discussed above, was adopted. The product

foreed was sati~factory,theresultsobtainedagreed to those of Steffe.

Preparation of Nitrogen. As the heating of the

pixture of iron powder and ferric oxide cannot take place in atmos=-

sherie air, it is me2zosary to heat the mixture.inaninertgas.

Nitrogen was used in this case and passed over the substance while

heatingandeooling,Itwasprecaredbypassingamixtureofairand

ammonia gas over heated cupric oxide eont~inedinthee~-~r~%iontube,

Fhe heated cupric oxide and the free oxyvden from the air decompose the

ammonia gas; the chemical reactions taking place ars renresented by the

following formulas.

2NH +3Cu0=3H_0+2Cu+hNH, i) ut,
+30 =8 +8A 3 2 84,0 28.

Any remaining oxygen is absorbed by pyrogalate of potersium

The apoaratas for the preparation of nitrogen is shown in Plate 2

The air ander pressare enters the 500 c.ce bottle

A which contains concentrated ammonium ‘hydroxide (sp. gr. ,90) After

passing through the bottle, the air carriesacertainamountof

ammoniam gas and enters the combustion tube K, 3 ft, long and 1/2 in.

in diam., containing cupric oxide, B is the sas-heated combustion fur-

nace in which the tube is placed. Bottles of 250 e.c. capacity contain

ayrcgalate of potassium which is to absorb the oxyden., Bottles D con=-

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

the 8as, Bottle E contains ammoniacal euaorouas chloride which is ta abe



sorb the carbon monoxide that may be present in the air. 7 are

bottles containing concentrated sulphuric acid (sp.g$r. 1.84) which

serves to remove any moisture.Inordertoobtainaspurenitrogenas

possible, care was taken both in filling the combustion tube and in

heating it, The tube was filled with eupric oxide uniformly, that

the ammonia gas might not escape without being decomposed;itwashcate

ed barelytoredness,forifheatedtotoohighatemneratureitwould

become soft and thus permit the ammonia gas to pass off andecomposed

and econtaminated,.

The nitrogen thus preparsd was not absolately pure,

but containedatrace of oxygen which could not be detected by the

Orsat apparatus with which the gas was analysed. This trace of oxygen

affected the results of ferrous oxide greatly. In order to prevent this,

a boat (a) of metallie iron powder was introducedandplacedinthetube

F, near the end where the nitrogen gas entered (see eross seetion J.

Plate 2)s After an operation, part of the iron powder was found to

rave become oxidized,thecolorofthepartneartheentranceofthse

altrosen was black, and the other part near the boat(b)remainedune

changed,

As has already been said, the process of preparing

ferrous oxide consistedinheatingamixtureofmetallicironpowder

and ferric oxide in a current of nitrogen. The apparatasandits

arrangement are shown in Plate 2 drawn enoroximately to seals. H is the

slestric furnace i. 4-

2592: ¥5/3”° diameter in which the cvbe ~nee is introdaced in a boat and
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and heated. The nitrogen, after passing through bottlesC,D, E and F,

snters the tube at one end, as is indicated by an arrow, and leaves at

the other end to which is attached bottle I e~=*-iping eonrr--*--*-4

sulphuric acid, This is to prevent any air from entering the tube, BR is

the rheostat which enables us to very the eurrseantasdesired,Vis

the millivoltmeter and P the thermo-junction which servestor~urethe

temperature of the electric furnace, Six lamps, two of 100 e.p. and

four of 32 c.pe.,are connected in parallel in order that a lerger

surrent mav be had.

The ealculation of iron and ferric oxide nr vy

for the mixture was carried on as follows:

By analysis, the metallic iron was found to contain 99.10 per eent

of Fe and the ferric oxide 99,57 per cent Pe 00 Let X=the wt, of

Fe 0, regaired for 1 ém,of the sample of Fe.

wt. of iron *X=mol." wh, Fe:Fe 0,
2.9910: ¥=58: 180

310. = 2.8314 gm.’ Fe 0,
56

But the Fe 0, was only 99.70 per cent pure; the weight of Fe 0,

sonding to one gram Fe was corrected as follows:

COYYA8=

wt.’ of Fe 0, = 2:8314x100=2,8436 gm.
9.57

Jne gram of Fe requires 2.8438 gm. Fa 0! &gt;

Mode of operating was as follows. Ths &amp;® -"xralrhria

iron powder was ground in the agate mortar until it passed through a

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

ing portion of ferrie oxide were weished out ‘in two one-inchwatch
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slasses, The iron and the ferric oxide were mixed and ground in the

agate mortar for at leest 15 minutes, so that the two substances might

be in intimate contact with each other, The mixture was transferred to

a piece of glazed paper and then to the iron boat in which the sub~tance

was going to be heated, This boat was of black sheet iron, 8in. long,

3/8 ine. wide, 1/4 in, deep, It was made by folding a piece of the sheet

over a semi-cylindrical piece of wood. The boat containing the mixture

ves first introduced into the porcelain tube, Another iron boat eon-

taining metallic iron followed it, The ends of the porcelain tube were

now closed, the gas for the ecombusticn furnace wes turned on and

lighted, A streem of nitrogen, at a rate of not more than six bubbles

per minute, was passed through the porcelain tube, The electric current

#as now ready to be turned on to heat the electric furnace, It took

2 1/2=3 hr. to bring the electric furnace with a current of not more

than 10 Amp, at 110 volt, to about 800 deg. C. The mixture wes heated in

the furnace at a temperature from 820 to 840 deg.Cfor two hours, After

this period, the electric current wes turned off, but the stream of nitro-

sen was allowed to pass until the ter ature had been reduced to the

room temperature, The mixture was taken out, the air for the prencratior

of nitrogen shut off, and the flame extinguished. In order to make the

experiment a successful one, the stream of nitrogen was adjusted and so

regulated that net more than six, sand not less than three, bubbles

passed through the sulphuric acid bottle per minute. At the beginning

of the overation, when the temnerature of the electric furnsce was be=

low 200 dsg. (C. the current of nitrosen was sllowed to pass more repid-
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lye: This was to drive out as soon as possible the air in the porcelain

tube,

The temr-Tature of the electric furnace was measured

oy mean: of the Le Chatelier thermo-eclectric pyrometer.,. The hot

junction was placed in the middle of the tube and under the porcelain

tube, as is shown in the eross section (Plate 2, Fig, J). The thermo-

janction was calibrated by mons of the boiling points of distilled

saber. napthaline and sulphur and the freezing point of aluminum and 2

,emperature-millivolt curve plotted,Indeterminingthetotalironin

the ferrous oxide, the method given on pags 8 was first used, This,

however, consumed much time and was replaced by the following method

rhich consistsindissolvingfrom0.15 to 0.20 gm. of the sample in a

250 ce. Erlenmeyer flask with 75 e.c, of sulphuric acid, 1 H%0,

sarts 0 hea%ing the solution until all the ferrous oxide is

lissolved, dilating with 100 eee.’ of 5.0, warming, pouring through the

Jones redactor and titrating with a potassium permanganate, The result

obtainedistestedby.comparing with the theoretical value of ferrous

sxide., which is 77.70 per cent of Fe.

The analysis of total iron is not, however, sufficient

to show that the product is pare ferrous oxide. It is therefore impor-

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

Perric oxide, or both..In testing for metallie iron. 1 small samonle is

WrSltoe iF

Od Lie Norton's Laboratory. “Notes on Heat Measurement® 1902 pe. ©
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boiled in a test-tube with distilled water to drive off any air that

pay be present, then a few drops of dilute hydrochloric acid are added,

If metallic iron is present, small bubbles of hydrogen are set free and

rise to the surface of the solution.

Fe+2HCl=FeCl +H.
In testing for ferric oxide, the substance is heated

in dilutes hydrochloric acid with exclusionofair,which is accom=

slished iy passingacurrent of carbon dioxide into the tube while the

sroduct is being dissclved. If there is any ferric cxide, the sclution

hecores yellow; if not, it remains colorless. By the above qualitative

rethods, it is easy to ascertain the composition of the product.

he results cbteined are shown in the following table:





In sample 1 the product ccntained much metallic

iron snd ferric oxide and the percentage ¢f total iron was therefore

lowe In sample 2 a smallXcharse was used ,but the product was no

pet ter then that obtained in Sample 1, In sample 3 the product,

though heated to a high temperature, s180 contained much metallic

iron and ferric oxide, The presence of these was chiefly due to the

low temner~ture to which the mixture was heated, OQuantitetive analy=-

ses of samples 2 and &amp; 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 iron and much ferric oxide, for it

s0lored the hydrochloric seid solution quite yellow, The presence of

retallic iron and ferric oxide in the product and its low percentage of

totel iron led us to think that this must be due to the emall emount of

sxysen carried over by the nitrogen, To avcid this, an iron boat filled

sith metallic iron powder was introduced into the porcelain tube end

slaced at the end where the current of nitrogen entered, in order to

remove e11 oxygen before the nitrogen came in contact with the mixture.

Sample 6 was made under this condition. The product contained only a

little metallic iron and sore ferric oxide and the percentage ef tetal

iron became much higher end better, To further improve the results cf

the product, a small amount of ferric oxide was taken away from the

charge. The results obtained were satisfactory and the value of totel

iron approximated the theoretical value which is 77.70 per cent,

Yepples 7.8.9.10 and 11 show these satisfactory resulbs.
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In the preparationofferrousoxidebythis

pethod, it =ppears that the temperature to which the mixture is heated

plays an importent part. If the temperatureistoolow, some metallic

iron and some ferric oxide remain unchanged,” In order to completely

sonvert the mixture into ferrous oxide, it must be given the correct

temperature and time, It is observed in the abcve table that, other

sonditions being the same, a small increase in the weight of the charge

ices net affect the ch-roacter of the product,

It will be noted that the amount of ferric coxide

required for the charge in this case is less than the theoretical, This

is perhaps due to the fact that, as the percentage of iron is low (89.10

ner cent), the iron is present to a small extent as oxide and consequent-

ly the amount of ferric oxide required for the formation of ferrous

axide is less than what it is expected to be,
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The metho - chosen for deberniningthequantitycfhes- net free

ar cheorbed in the formation of » silicate consists in fusing the sub-

stences in e pletinum boat by means of electricity im a cslorimeter

specially designed for this parpose. The "ffrrence between the quanti-

ty of heat developed bv the eleet=ig~" --~=t7 ~=1 *he rnantity of heat

ybtained by the rise oF temr—— “=~

fusing eo charge gives the hest of formation of the silicate or silicate

rixture,

fo Mit

»atus used in the

jeneral ar "f-ment are shown in Plate III, Tt consists of:

to concentric jackets. 1mbar jacket 11 fn,
ianer jacket 8 1/2 in. I © ~ 7/4 in. diameter, made of

raterisl, the surfaces of which are burnished, so as to

2/4 in.

Jismeber

non=conduetin

orevent the loss of heet by radiation, or sain of heat bv absorption

from the surrounding soace.

-coxbustion cehrub~=

weasel, b 8 in.’

rt

orass, whic! se~7es as 2 calorimeter, ™

" »0lled brass,

- a Af nickel=clated

*irebter contains a

¥eicghed quantity of water into which the bulb of the thermometer, T. the

stirrer,8,and the combustion chember,C, are immersed. The thermoreter

oermits reading to 2 precisicn of 0.01 des, C. the stirrer is run bv an

zlectric motor mounted on top of it and is used to keep the water in the

calorimeter at 2 uniform tembersture.

The combustion chamber, Plate IV, consists of a cvlin=-

irical cover.c. and a circuler bottom=-plate.d.which rests on three



small leds, all made of rolled brass which has been treated with a

solution of emmonia and cupri¢earbonate, This gives the surface a

dark appearance and protects it from corrosion, Upon and through the
bottom plate are fixed Ewe press poles, f, 1/4 in, dism~ter, insulated

from the bottom plate by rubber wachers, g, and set 2 1/4 in. apart,

from centre to centre, These two poles are connected by &amp; platinum boat

a, 1 8/4 in. long, 5/18 in,’ high and 1/8 ty wide, rade of foil 0,02 mm,

thick, in whieh the charge is held and fused, The shape of the platinun

ooat is clearly seen in the tisurel vessel, e, and bottom plete, d, are

zonnected to make a water-tight joint. For this purpose, vessel, e, has

3 rib, i, which rests on a rubber gacket, j, carried by rib, k, of the

bottom plate, de The latter carries two rods, 1, each of which has a

head, m®, at the too, a lock-nut, n, near the bottom and a thread at the

lower end to receive a nut, 0. The two rods are ccnnected by a eross

biece, p, and tightened by the set screw, go °°

The electric current nsed to fuse the charge was fur-

nished bv a storage battery of fisht cells,B, plate III, four cells bee

ing connected in series and the two series are in parallel, Esch cell

had eleven electrodes, 8 in.x8 in. end furnished a current of 10 emn~res

at 2 volts. The current was me=sured by the

in parallel to the shunt, F. which is in g-ries with the eireanit, the

instrument permivting to read to an accuracy of 0.1 ampere:. The

jifference in potentisl was mc

EF A

TRE T mea A connected

sured by the voltmeter. V. which could be

read to 0.001 of 8 vo

Fhe disposition of the wire connecticn is shown in
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plate III,7 The double-throw switch, F serves to charse ~nd dise

charge the storage battery, When the switch is in the position, P, the

battery is being charged; the current from the supply-main passes

nlong the dotted arrows through six 32 e.p. incandescent lamps, the

switch, P, to the battery, B, and thence returns through the r=~s~*-

sires,r, in the water-tenk, Kk, beck to,P, and the return-main,

»
-

When the switch is in the position, Py the battery

is being discharged. The eurrent leaving the battery follows the full-

irawn arrows, passes through the right of the switch,P”, the shunt,F,

the connector,h, and enters the combustion chamber at the bottom

through the + pole, passes through the platinum boat, leaves the com=-

bustion chember at the bottom through the -pole, passes throudh the

left side of the switch, P“, the two resistance wires, r, immersed in

a larse tank of water,K, returns to the battery. For measuring the

jifference in potential between the two terminals at the bottom of the

combustion chamber where the current enhens and leaves, there sre
attached two insulated copper vires which are corrected with the volt-

meter, V. to the two poles.

As a large current is required for the fusion of the

charge, it is of much importance to consider the size of the copper

sire used in the circuit.’ The wire should be large enoush to carry 80

or more amperes without heating. With a smaller wire, the circuit

vould become hested and an increment of resistance could not be avoided:

and thus the cos" nt is not kept constant. The copper wire was 4.06 mm.

ii ameter. eaunsals No. 8 sade.
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rent tn

I+ 7 “~r of gre~t impor%ance in *his ezperie-

rrarmand, This mas Te~~ted by the coraicdaration

&gt;f two points, first, the number of amperes drawn from the storage

satterv and, second, the externsl resistance of the circuit, If too

large&amp;currentisdrwanfromthebattery,thisbecomes over~di~~harged

snd a constant current can never be obtained even if the external

resistance is kept ebsolutely constent. In the present case, a constant

surrent was obtained only when not more than 10 amperes were drawn from

sach cell,

To get the proper and ecnstont current for the fusion of

the cherfe, a suitable external resistence of the circuit had to be pro-

7idede Three iron wires, No. 5 gauge, 2 ft., 8 in, long were first used

nd connected in parallel, It was found that these wires could not ful-

il the recuired conditions because thev offered too much resistence and

then did not give either a proper current or a constant one. The iron

sires were replaced by Noe 141 1 wire of the Baker Co., Brosklyn, N.Ye,
shich offered a resistance of only 73 ohms per 1000 feet. Two wires. 3 1/¢

ft. long, connected in parallel were used, their ends were screwed into

&gt; brass blocks, b, 1/2 in. =qe., 4 in, long. These were screwed onto the

card. n. which was supported bv two bricks, me The wires were immersed

in a large tank of water, k, to prevent their being heated and thus to

ybtain &amp; constant current.

Khen the electric current is turned on, the platinum

0st becomes hested: its resistance will increase and the electric

surrent corresoondindly decrezse, In order to conmr-naote for this. 2
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slider O, was used and slid on one of the resistance wires, r. and

the ecurre re ~ thrg constant hw iprressing or decressing the evterngl

resistance oY the cirer**

As the er -2irent was a delicate one, the operations

vere carried on with the greatest possible care, Every charge was

yreceded by a duplicate blank test in order to get the content of the

ypparetus, In every blenk- snd charge-determination, the electric ecur-

rent, the ar- tity of water, 1200 grams. and the time were kept con-

sbante The last wag »-rm7-

: +

The ghd neCes Were Se ~ately weighed out in one-

inch wateh slasses, mixed on a piece of slazed paper and transferred

into the platinum boat beneath which a small piece of glazed pacer had

been previcusly placed, in order to catch any mixture that misht fall

‘rom the boat. It was essential that the position of the boat .in the

soles should remain absolutely unchanged after the blank tests had been

rade, hence this method of filling the boat was adopted. The glazed

yaper was removed, the cover cf the combustion chamber placed on the

vottom plate and tightened by turning the screw. 8. An er “iment con=-

sisted of the following operations:

The room=temperature was read, that the teroverature

sf the calorime r=gaber nisht be adjusted so that at the end of a test

the water-tempersture should be the seme as the room-temperature, or per=

~ape one degree higher. as in this wav the cooling Correctionofthe
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sglorinctsr was reducsd $9 a minimum, Usually the calorimetsr water,

at the start, was 1 degree C lower than ths room-temnerature,:

The combustion chamber was then placed ia the weighed

sater, the stiewrsp inserted and set in motion bv tarning on the
“7p

suprent,.abranch from the suppcty main, The bulb of the thermomctap

sas immersed, the voltmeter connected to the two poles, The ecireait

yas closed by connecting ths combustion chamber with the leads by

peans of two connections,h,:Thestirrer was allowed to run for at

least five minutes and usually ten minutes,  befors the preliminary

peadinds of the temperature of the water ia the calorimeter were taken,

The temnsresturswarreadevervminute for five minatses, then the

surrsat was turned on and allowed to pass for one minate, being timed

oy a stoo=-watah, Ths temperature of tho water would rise and continas

50 do so for threes or four minutes more before it reached its highest

90int.: After the currentwasturnedoff,readings of the temneratars of

the water were taken every 30 seconds and this continued until five min-

absg after the temrerature had reached its maximam.

During the passass of the curreat,: readinss wers taken

&gt;f the volbmneter and the millivoltmeter,: the total current was kept con-

stant bv varying the external resistance, r.. by means of a slide, Os

It will be observed ,. in this experiment, that the

#hole current did not pass through the fatinan boat, that a small part

af it went throush the voltmeter,vo.Owingto the high

resistances of the voltmater, the low voltase of the chkor~4g battery:
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only an inaporeciable part of the total current passed through the

voltmeter and could be, therefore, nedlected.

2. Gonling Correchions.

Tn ealorimstric work. one of the most trouble-

some sources of error is the gain or loss of heat caused by the sarromd-

insdse This is dae chiefly to conduction and radiation. The conduction

san be eliminated by supoorting the calorimeter on three corks, but the

srror dus to radiation is great and serious. To reduce this source of

error to a minimum, the calorimeter should be enclosed within two con-

:entric vessels of non-conducting material; farther, the temperature of

the calorimeter should not differ greatly from that of its surroaadings.

and the daration of the excerimeant should be as short as permissible.

The error due to radiation may bs reduced to its

pinimum by so adjusting the initial temperature of ths calorimetare

water, that the room=tzmperabture lies about half way between its

initial and final temosrabures. The duration of ths passage of the

aurrsat was fixed at one minute.

The advantasdss of havias such a short period are

seaat and manifold, Ia tha first oslace, tha rises of tamoaraturs in

the calorimeter is small; then, the initial temosrature can be more

2a8ily adjasted; further, the heat lost by radiation, or sainzd by ab-

sorption, is small and hence the amount of cooling correction is also

small and of smaller influence, If, on ths other hand, the duration

of the passass of the carreat is long, the rise of temperature will be

nish and the initial temr~»~tars will have to be adiasted far below the
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~*npre and the final temperature will rise far above it, The

result is that the quantity of heat absorbed and radiated is large, and

being irregular, makes the cooling cer-~cktion uncertain.

In the experiments, the carrent was allowed to pass,

t first. five minutes and the initial temperature was about the same as

the room=-temnrrature, The idea of doing this was to make the cooling

sorrection a positive amount. The result was that the riss of temper=-

ture was far too great and the cooling correction correspondingly too

large and therefore irredgalar., Table II will show the variations of the

spooling corraction varying from 0.20 to 0,27, average 0,235, with a rise

&gt;f temperaturs of 13,30 to 13.99, average 13,845.

Next, the tims was reduced to three minutes and the

initial temperature lowered, so that the final temperature was about the

same as the room-temperature, Since, in this case, heat was absorbed

Pron the sarroundings, the cooling correction was nesative, The amount

&gt;f cooling correction, though Sreatly decreassd, was still too large and

irresular, Table III, No. 1 to 4, shows rssults., The correction gives

wn averass 0.145 for a rise of tempsrataurs of 6.97.

In the two-minute runs shown in table III, No. 5 and

3, the amount of cooling correction was greatly decrsased, amounting to

1.09 for a rise of tem~- -3are of 4.95. This is still too larse and $00

incerbain.

In the one-minute runs, the amount of cooling

rorrection was reduced still further, as seen in table IV. Here tha

aarrection values are 0.05 for a rise of tamn=rature of 2.71. Bat the
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results of the blank tests still varied greatly. The initial tem-

ssrature was adjasted in such a manner that the surrounding temper-

ture was about half-way between the initial and final temperatures,

Jnder this eondition, the results proved to be much better and more

~*ory as geen in tables V,VI,VII and VIII.

ys Computation of Cooling NMamwantion,

During the operation of a c~lorimeter, as

has already been said, heat is either gained or lost by absorption or

radietion, it is, therefore, of main importance to find out this

amount of heat, As the conditions under which the ev~-rir-nts were

performed were different in each series of runs, the values found will

vary: they mc be positive or negative. There are three possible cases.

le The initial tem~ —asture of water in the cal=-

srimeter is about the seme as that of the room,

9. The initial temoeratvre of water in the cal-

crimeter is sufficiently low, that at the end of the experiment

the maximum temn~=nture resched is equal to the roocm=" :abure or

little lower,

9 The room-temperature lies at half-rav between

the initiel and final temnerotures of the water in the calorimeter,

In Case 1. the temneratvre of water in the calori-

meter bedins to rise in the surrounding room=terncrsture end heat is

lost bv raiiotion. The corrected rise of ter

Ts -t
L

3 r (8 -8,) No.

vhre is . ‘ressed by
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sbhere t denotes the temr~~-*nre est the instant when the current is

turned on, t_ the temper-*ure et the instant when the temnerature, after

having turned off the current, reaches its highest point; r, the rate cf

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

the rate cf radisticn per minute after the current is shut off; ©,» the

time at which the current is turned on; 8, the time at which the tem-

perature reaches its maximum. The following exemple will make clear

the calculaticn of rise of the temperature and of cooling correcti .

Pursticn of

Tige

Ving Sec

J

30

dD
0

"

J

8
20

0

20
0) %

Calorireter

Temperature
of water

Des. C

24. 6R

24,68

24.68

244BR

24.68

24,68

Av, Room

Temperature

3 .
4 ~

Z

Electrical

Energy

Timp, E, Volt

~ 2 4,600
4,600
4,627
4,683
4,610
4,637
4,830
4,633
4,627
4.820

1.44 R24
0

a

20

3

‘0
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Dursticn of

IsiN

4
FaJo DY. Sc.

J J

3C
~0

37

0

20

0

I)

J

30

0

30
9

J

J

30

N

14A

12

1 2

{4

 | 5

8

7

=

30
9

Calorimeter

Temperature
of water

Dege C

37.20
38.04
38.13
38.18
38 19 max.

38.18
38.14
38.10
38. 06

38.02
338,00
3897
38.91

38487
37.88

Av, Room

Temperature

™ C

Electricsl

Energy

I. Amp, FE. Volt

Since heat was radiated while the temperature of
the water in the calorimeter was rising the correction will have to

be added to the observed rise of temperature,

24,68=24,88 = 8 des. O

Pr =
- 3861923783 = 0,38 = 0.072 desa C; t= 861° dege C; t= 24.68

ded,
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3,=5; @_= 12 1/2; MT = 33,19-24,68 + 840,072 x 7 1/2 = 13,78 des. C
’ 2

In Case 2, the initial ten ~=atare of the

nalorineter was far below and the final temperature sbout the same as

thet of the room-temr-rature, Heat was gained, and the emount of

200ling correction consequently negative. The general formulas

assures this form in which the cooling correction is negative,

F = on ~% &lt;9ro =F = (8The 5 R (Neo R)
2

fhe comrntetion is shown by the following example:

mp tian of
Time

 3 ppd npCaloninn nre
Qo. Wa. *=T

PegsC

Av, Room Electricalberperature Fnersy

fin. See Deg, ©
- ‘mp, RE, Volt

J 168,80 23
-of,

30

9

4,160

26187
£4187

44190
4,200
4.200

18.83
~N

A 16.38
30

n 16.42
20

” 16,48
-

" 18,50
23

0

20)

3

20

)

¥y 23.12
DQ QE
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fxample contirved.
Calorimeter Av, Room

Temperature Temprrature
of water

Duraticn of Electrical

EnersyTine

fine Ser Des. C Pr T0e

30

3

23, 50

23,80

28,62
53.87
23.69
23,69
23,70
23,70
23,70
23,70
28,70
23.70
23,70
23,70
23.70
23,70

23,70
09 70)

0

1
"J
3

=~

19 8

0

13 7

0
VA "

a

J

A 5

|B oF

7 oo?

30
0|

- .

18,50=16,20_ = 0,20 = 0,04 des. C; r =
5 5

38.70; t= 16.50; © _= 12 1/2; 0 = 5;

28.70=168.50= 0.0440x7 1/2 = 7.05 deg. C

224 70=23,70 = 03
we

x

§

5
"2

Es Volt

In Case 8, 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 a cooling correction become unnecessary. But it is

orectically impossible to so adjust the initial temperature. as the



oC

conditions of the surroundings are changing all the time, The best

that can be done in this case is to so adjust the initiel temperas=-

ture of the calorimeter water that the swrrounding temperature lies

about helf-wey between the initiel and final temperatures of the

pater.” The ecr»racted rise of temperature is calculated by

T a ‘
— +mea (g=8) (Noe C)

eo Ng

I - g 4 3 g "
» )

|

8 y h n .S tu 3
y n 1 1

the negative sign of the formulas is used. If r, is greater than T,

the positive sign, by arranging the conditions of the evneriments to

suit Case 8 and with it formulas ( No. C), is used. It was found thet

the amount of coolindecerrections was greatly reduced and the results

thereby improvej, The following exemple will illustrate this method

&gt;f computing the amount of coolins-cr~ractions developed by electri-

zal energy.

Duration of

ime

iin.  See.

J

)

J

“J

)

Calorimeter

Temperature

of water,

Dege C

22.97

02.77

09D 17

22.77

29 v7

DD TIO

Av, Room Electricsl

Temn-~ature Energy

Desa © I. Amp, Ee Volt

24,5 m4 3.975
4,025
4,015
4,000
2.985
4,000
4,020
4,025
4,025
4,000
4.010
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fxample continved

duration of

Mire

fine Sage.

- =

~

J

3

 }

J

ww

0
~~
}

of

11 i

J

12 1

1 2

20
Io)

J

14 0

30

115

Calorimeter Av, Room
Temperature Temperature

of water

Deg’ C ~~ 3
u

24,95
25405

25.11
25417
256 19

254.20
254 20

25¢ 20

254 20

25420

2520
2519

25419
25419
25418
25a 18

Electricsl

Energy

T Ane Eo Volt

3.990
4,020
4,010

4,025
4,015
4,010
4,005

4,000
3.990

Av, 4,009

Current turned on. ¥ Current turned off.

 1, "802,77 = 0,01 = 0.002 des. C (absorbed); r=
5 ]

= 0.004 deg. 3 (radiated);t,= 25.20; t= 29.78; © =5;° 0_=9.2.0:
5

25, 20=2E,18 =

T= J ; , (8-9) 05. 20=22,7840,002+0.004 x 4 = 2 A24_01=92_43¢e
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The smount of cooling corrections in this cease

pust be added, as the quantity of heat which is radiated is larger

then that which was sbsorbeds

~~ ¥ethed of Making Preliminary Fusions.

attempts were first made to determine the heat

formation of silieates bv comparing the rise of temperature in the

bhlank-test with that in the charse-test and to multiply the difference

rith the quantity of water, This was done by keeping the electric

sarrent constant, the amount of water and the time ecomstent, both in

the blank-testcand in the charse-tests. The methcd did not give true

values ¢f the heats of reaction. The current passing through the

platinum boat in &amp; blank-test sives a certain value. Passing through

p charse-test, the resistance is decressed by the conduction of the

charge; if the current is to be kept constant, the voltage must be

reduced, but the heat generated H =k,T,%E,t, hence the rise of temper-

»ture of the water in the calorimeter will be smaller than the rise of

temperature with the blank-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

jeterrination the differences between the average rise of temperature

of the blank-tests and of the charde~-tests vary greetly from one

ancther, and that the heat of formation of the silicates is negative,

that is. that heat is absorbed.

”

Na Jinos Method of Magaios Fusions.

In this method. the theoretical cuasntitv of heat
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leveloped by electrical energy is compered with the actual quantity

»f heat obtained in the calorimeter. In &amp; blank-test, the theoretical

quantity of heat should be equsl to the sctusl quantity, but in the

experiments this was not found to be the case; as in almost every

Jetermination the actusl quantity of heat was greater, This deviation

was due to the constant error of the instruments and to error from

other sources, such as cooling correction, personal 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

ione by running two blank-tests before every charse-test.

The thre=»~tical quantity of heat developed by

slectrical energy is

HE = 0.2387 JI.E.t- Sm=csl-

in which I denotes the electric current in amperes, E, the difference

of potential between two poles of the combustion chamber, in volts, and

t, the time in seconds,
In the exsmole Siven on page ... the electric

current was kept gsavstent ot B4 amveres, the average difference of

sotentisl was 4,009 volts, and the tire during which the electric

current was turned on was B80 seconds. Therefore the theoretical

ynantitv of heat

A = 0.2387x4,.009%80 = 8101 Smecszl.

The actual quantity of heat is B= B.Te in which © denotes the guan=-

ity of water in grams including the water-cquivalent of the calori-

reter. the stirrer and the combustion chamber. and T the corrected
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rise of t~a~-—~ture,

The watrw=eguivalent is obtained by multiplying the

sum of the weights of the calorimeter, the stirrer and the combustion

chamber by the sprecific heat of the metal.

leicht of calorimetnr 211, 0 She

3 ?* stirrer 100.0
" combustion chamber one, 826.7

=

Taking the specific heat of the metal to be 0,09,

the watceo-cvivalent of metal parts is equal to (838+1C0+4211)x0,09 =

108 gm. water,

Phen with 1200 Sram water, 0= 1200+1083=1303 sm. of

Water.

The actual quantity of heat

i,=a T=1308%2,423=23168 gm~-csal,
In order to ascertain the accuracy of this method,

3 series of blank-tests wz first made, The duration of the cpera-

tion proper of each test was five minutes; the initiel temperature of

the water was sdjusted about the same as the surrounding temperature.

The difference of potential between the two terminals was read every

half minute, In this series of tests, heat was lost ard the errect-

ed tempo “mre should be calculsted 25 shown on pase ...bv the for-

malas A. vig

B= -(0=0)
 A

2
The difference between the theoretical and the

actual auantities, as shown in table I. sre sreat snd veried. These





iiscrep~ncies sre due tO many ¢~»~28 of error, but the greatest of all

e 4

is perhaps the amount of the cooling corrections end the veriations in

the difference cf potentiel. On account of these, another series of

blank-tests was made in which the duration of the operation proper was

reduced to three minutes end two minutes. In order to prevent a rapid

loss of heat by radistiocn, the initial temperature was brought down to

such a point that the final temperature was zbout the =~me as the room-

temperature. In these tests, heat was gained, hence the amount of

cooling correction shenld be subtrogtsd from the observed rise of tem-

serature. The cone marked "BY on p.27% 1S used for the correction.

T =1% tm r1(8,-€)
0

The amount of cooling correction is seen to be greatly reduced and

nence better, but the resvwlts are still ansatisfactory as shown in

table III

By comparing tebles II and III, it will be seen

that the cooling correction in the three-minute runs is smaller than

that in the five-minute runs, and that in the two-minute runs smaller

then that in the three-minute runs. Rut even in the two-minute runs

the difference between the theoretical and the actuel auantities 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 iritisl temperature was brought sufficient

ly below the surrcunding temperature sc that the final temperature was

little below it. The difference of potentizl between the two termi-
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acls was resd three times a minute, that is, at 15, 30 and 45 seccnds,

Prec r-~mnles will show the details of the ch=~~=~*jions made in all

the ~heeonpnent tents,

Durstion of

Time

f ila Seta’

)
- -

J

a
iJ

2

3

Calorimeter

Temperaturc
of water

Deg, C

18. 00

18. 80

18.91

Av. Room

awa» made nee

De".

ya
"1

Electrical

Enersy

I- ‘mp.

-

-

[:

E, Volt

“, 333

: 3 240

4,280

v. 4,354

-

§ 18. 81
w)

18.91
» Ty

~ 18.92
0

»

i

10)

' 4

1

“2

3
py

-

I

3

0

J
8

21,25
21,40

21,50
21,52
21,56
21.58
21.59 ro

21,59
21.59

21.59

21.59

21. 59
D4 BR
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Duration of
FEee

fm. a1

—-—
r oy ana ram

Calorimeter
Temperature

of wster.

Dede C

Av, Room Electrical

Temperature Energy

De.- wv I, Amp, HK, Volt

21,57
21.56
21.55
21.54

oD s

Jurrent turned on, # Current turned off.

The temperature correction is computed as shown

on page... 288 follows:

r = 0,004 deg, C; r = 0,01 deg.’ C

21.59; t = 8,92; 6. =5; 8 = 8 2321.59; $= 8 5 8 5 1/2;
“21, 50«18,92+ 0,0044010 x 4 1/2 = 2,70 deg. C

™

The cooling correction should. in this case, be added to the observed

rise of temperature as the amount of heat radiated was greater then

that which was &amp; sorbed,
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Jurstion of

Tine

4 in. Son

J

0

29

$)

Calorimeter

Temperature
cf water

Deg C

10, 20

18.40

19.42

Av, Room Electrical
Temperature Energy

De ae

3

BE. Volt,

4,357

4,408

QR4

a
»

5

ki

10)

3

1 ©

C3

0

“0
0!

30
0

0

§

-—-

J

)

J

)

20

0

30

3

ny

J

2N

3

20

y

19.44

18. 458

19.48

21,90
21.99

22,08
22.12

22,20
224 33

22, 25
22,27

22, 29

22429

22°29
22, 29

22.29

22. 30
22. 30

22, 30
99 a0

ror

DD a







The tempersture correction is:

To 0.N18 deg. GC; r= 0.004 des, C; t _=22.29; t= 19,48; &amp;,=5;
5 = 11 1/2.

P99, 90=10,48 - D-N18+0.004 (5 1/2) — ~,"5 des. C

[RQ

J
2)

The cooling correction, in this case, should be

subtracted from the observed rise of tem —-ture, as heat was gained

Prom the —  &gt;. ngs,

Tre results obtained in this series of blank-

rests are given in table IV.

A perusal of thc above results will show that

there are still great discrepsncies among them. These were due, in

sreater part, to two chief sources cof error, first, that the initisel

temperature was brought too far below that of the surroundings, whieh

rendered the amount of cooling correction uncertain and varied, and

that. on account of the varistion of the difference of potential

between the two terminals, three readings were not sufficient to give

n fair average, In the next series, these two scurces of error were

nostly 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 accurately as possible

The results given in table V show the value of

the chande in the mode of oneretingd es the duplicates eheck within the

srecision of meucuring epparatus.

In this series, different platinum boats were em-

rloved in each vair of blank-tests. An insoechtion of the results
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nill show that the blanke-conrtents, that is, the differences between

the actusl amount of heat snd the theoretical amount of heat obtained

in the blank-tests, agree in each case excellently, and that in every

ietermination the actuel amount of heat is greater than the theoreti-

zal,” Four exemples may serve =  r~ the detsils of or~~rvation.

»

Dureticn of

Mrs

fing: Sec.
0

 li
D

1

)
~~

)

0

§

Sep

0
9

0
2 "

MM)

0

0

0

J
is

30

10 )

20

Calorimeter

Temperature
of water

Dede C
23.70

22.69

23e 63

23.68

23.68

25,70
OF_QF

25.95

26.00
26.01
26.02
26.023 maz,

28.09

Ly. Room

Temn~~—-~ "re

C-s G

25

Electrical

Enerdve.

=n, Eo Volt
4,380

4,380
4,375
4,375

4,350
4,350

4,335
4,350

4.350
4,350
4e 375

de 335



10,

Duration of
wy =

» pve
Cw

9
3

1.2

A 3

] =

3 §)

3 ™

Calorimeter

Temperature
7 water

Deg. C

26.03
26.03
28.03
28,02
26.02
26,01
26401

26,00
268.00

~~mpnle Cont’d,

Av, Room

Pemner~ture

Des, C

Electrical

Enerdy

Arps Ee Volt

~urrent turned on # Current turned off
The corrected rise of temp~rature is calculated

as follows:

0,004 deg, C5 =» =0,008 dego C

0%: t= 23.68; ©,=5; 0,= 9 1/2
..08-22,68 + 0,004+0.008 x 4 1/2 = 2.87 deg. C



1.

second Example

Duration of

Tire

Ving: Na

~~
J

n

NY

9
To

)

30

3

0

Nd 0

0
3
~
i % D

30
9)

kd)

2 Y
a}

‘gy

A )

ka)

0) N

A

11 2

0

| 2 3

20

' 3 Y

0

3

20

] = &amp;

Calorimeter

Temperature

Deg, C

24,49

24,50

24.50

24.50

24.50

24.51

26.51

26,70
26479
26.84

26.87
26.883
264 90

26. 90
264 90

26,90
26, 90

264 90

28.90

284 89
28489
26489

26. 89
5a QQ

aX.

Av, Room

Temper~ture

-

Electricel

En~mngy
r my

9 Eo Volt,

4,375
4,350
4.355
4,350
4,360
44380
44385
44380
44375
4,370
44380
4,375

“os 44888



2

hammond tyurped on, ; Current tarned off,

T=0,02= 0,004 ded, C

24,517 8 = 5; °, = 0 1/2

1/0 = 0,014 des. C

= = 26,90=28,89 = 0,01 = 0,002°C

5 5

This emcunt should be subtracted from the ob=-

served rise of temperature, because the heat gained was éreater than

that whieh was lost.
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Third Exemrple,

Duration of
Time

ina: Se -

0

p

1

)

ES)

p

0

J

30

93

30
5

kt

3

&gt;)

N

*)

)

)

10 )

11

KS

$

19

0

n

{3

1 4

|5

2)

$)

"“nrrent rnvned

Calorimeter

Temperature
of water.

Dede’ C
21.18

21. 19

21. 20

21. 20

21. 20

21. 21

2330

23¢45
23. 50

23.54

23657
23.58
236 59

23.60
23460
23.60
23.60
2360
23.80
23460
234 60

28.60
93, 80

Ha Xe

22. AN

AN “nrrent

Av, Room Electrical
Temperature Energy

De”

29

-

 uv
—

— -

.

Yo

tnrned nF oo

Es Volt
3.7850

3.950
3.950
3.945
3930
3.925
3.935
3e 945
Se 945
3.940
3.925
3.945
3.940
3.930
3.925
3.280
2.925
3.925
3«220
2.930
Se 925

Se 925

2,880



Third Exerple Cont ’d,

r 4

1

T =

N,C08; r_=0.000;

23.860; bt =21.21; 8,=5; &amp; 10

23.60=21,21 = 0,008 x 5 —~ 2,7 des,C

2

The swount of cooling correction should be added,

For heat was gained at the beginning of the ev~~riment.



=
-

Foy rth Exerple,

Duration of
Tire

 A i7ia DN -

-

7

30
S|

0

9)

20

A

20
9

20
nNN

25

D

20

*  +H

)

30

3

0)

)

10

20

ie

11

3
-
I

30

O1 2

1.3

J

3

¥

14 0

20
 Nn15

urrent turned

Calorimeter

Temperature
of water

Av, Room

Temnersture

Deg,C Na x
W/

28.80 25 dec OC

29980

23.60

22_80

22_A80

92 20

25.75

25, 85
95,02

25, 98
25,99
26,00

26,00
26,00
96,00
26,00

28,00
26,00
28,00
28,00

28,00
26,00
26,00
55.99

Gn Current turned nff.

Electrical

Enersy

T. Amn, Be Volt
=

34ail 8.875

8,925
8.950
8.940
8,930
8.930
8,940
2.930
8,945
8,930
8.925
3,985
2.975
8.940
2,955
2,955
3,950
8.940
8,950
8.940
8.940
2,955

 Av, 3,988



418

Fourth Fxemple Cont'd,

Po

5 776,00; 5° 23.60; 9 = Er @ =0

T 2B, 00~23, 80+ oF 002 &gt; 4 = 2a 0)

~ 0.002

28s C



~y

7 Fusion Tests-

It is seen thant the conditions of the bLlenk-tests

have been greatly improved by the reduction of the amount of the cool=-

ing correction end by the more frequent readings of the voltmeter and

hat the results thus obtained were satisfactorye.Asineveryblank-test

there is a difference between the actual and the thecretical amount of

neat. it is important to make a blank-test before a charge-test under

the same conritions accurately. A duplicate blenk~*est was made in

BVErvV C28SECe

The heat formations of three singulo silicates

&gt;f ferrous oxide and lime were determined and it was found that in

svery determiration the formation evolved heat.

The results obtained in studying the heat fore

retion of the sinsulo=-silicate of the composition, 70.80 per cent Fel

and 28.20 per cent Si0,, are given in table VI,

In every test, the charge was well fused, exceot

in No, 1. where there was a small quantity at the two ends of the plati-

num boat which 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 averages of the lest three

results be taken, the amount of heat evolved by the formation of the

silicate is 107 sram=cslories per Sram of charge,





Details of the o*+-- “~ns leading to the reculbs

assembled in table VI ars given in the followings:

27

Daration of
Time

fin.  -

)

3

3

10

3

0

9

30

J

3U

0

30

3

~ -d

3

73

0

A

0
»

/

i)

id

1 J
0

~

Calorimetsr

Temperature
of water

Deg, C

22.05

092.05

22.08

29 03

22.07

29.07

24.14
24425
2 Ea

~y -

2

2

2

24
2

-d

ba

DA_ 22

iv, Room

Temperature

Des,C

23e5

Electrical
Enersy

“a

ry

AV.

Ee’ Volt

4,100
4,125
4,125

4,115
4,150

4,100

4,125
4,125
4,125

4,125

4,125

4,115
4.110
4,110
4.110
4.100
4,115

4,115
4,110
4.100

4.118 ¥



49

Blank=Tagt

duration of

Time

Jalorimeter

Temperabare
of rrhen

Room Electrical

Temperaturs Enersy

iin, yg= Deg +,

1 94. Or

24,34
DA 24

Current turned on. ¥

£ym 22:07=22,05 = 0,03 = 0.004 deg, C
- 5

 OF
24 = 0,03 = 0,008 ded. C

carrent turned off,

=

Jorrected temperature = 24.37=22,07, 0,004+0,008 x4=2,82 des. C

C



BO.

Rlank=Taal

Daration of

More

dine N- -

~

he;

 nN

LS

$)

0)

p

¥

3

20

33

pig)
4 N

0

9

30

0

3

nN

0

1

0

0

0| 1

30

0

20

0

19

2

30

Calorimeter

Temperature
of water

Dege C

22.87

22e B87

22.88

22.68

22.88

2 2¢ 58

24,76
24.85

24.90
24,93
24.95

24,97
24,983
24,98
24,98
24.9

24,98
24,97
24.97
24,97
24,96
24,95
oA C4

Av, Room
Tamanratyre

Na

Electrical

Enersy

T- Amp, Ee Volt

0 4,150

4,135
4,150
4,125
4,125
4,130
4,130
4,110
4,115
4,125
4,135
4,110
4,128
4,085
4,125
4,120
4,115
4,115

Averase 4.125"



51.

Rlank-Test No. 1 b contd,

Durationof
Time

dine Qe-

{5 Nn

Calorimeter

Temperatare
of water

DegesC

24.94

A- Room

Pemoeraturs

Dede” C

Electrical

Energy

Te » mn, Ee Volt

sorreat turned on. # Currcat turneu cide

L20.99.87 = 0,01 =0,002 ded. C

i} "

,94 = 0.04 = 0,008 des. C

5

Jorrected temperature = 24,93-22,68+ 0.002+0.008 Xx 4,5 = 2,223 des,C

RT
&amp;

Nopgwt



Eo

Charsge=Test No. 1

Duration of

Tine

fing: Am;

5

 #4

2)

3
—

3

30

)

20)

D
po)

34
.

3

AN

3

20
9

0

10 J

30

14

 9

30

nN

1]

30

0

30
4 )

Jalorimeter

Temperature
of water

Deg.C

23.11

23.11

22.12

22.192

23.12

23e 12

25. 10

25e 23

2De 33

25.38
25.40
25041
25e472
25443
25043
25443
25.42

25.42

25s 41
25.41

25e41
25440
oR 40

Av, Room Electrical

Tenperature Enersy

™ I mle Ee Volt

It, 3.600

3.850
3.885
3.9235
4,000
4,075
4,025
4,100
4,100
4,130
40125
4,125
4,115

ive 4.014



Ko

Chargs-Test No. 1 Count”d,

Duration of
Time

411. Soe

15 9

Calorimeter

Temperature
of water

PegsC

25.29

*v. Room Electrical
Tem~~ratnre Tnardy

Das, ~
\V T mp, Be Volt

Carrent turned on, ; Current tor--4d off.

~23,11 = 0,01 = 0,002 ded. C
T 5

a ’.

JE

Ui

~28..32 = 0,04 = 0,008 des. C

B 3*

Corrected temnsrature — 25,43-23,12+ 01 x5 = 2,335 deg, C

_2 “ee HU
N 03,12+ 0.0N2+0.008x5=2,335

yt a

Zu

des, ©



B54.

Rlank=Test Noe22.

Duration of

Tine

din, Spe.

9)

30
7

30

D

0

0

0)

)
0

0~ de

3
&gt;

0
nNH

30

0

0

0

30
 NDA

16)

30

0

20

11 "

1 2

30

0

30
J:

i i

3)

Calorimeter

Temperature
of water

Dege: C

25e 24

25625

25¢ 28

25e 28

25e 27

De 23

27.20
27,33
27,39
27442

27.45
27,48

27. 48
27.43

27. 43
27.48
27.48
27.43

27,48
27.48
748

mnax,

Av. Room

Maw game nf re

Deg. &amp;

2R-5

ilectrical

Energy

qr

MD, E." Volt

-" 3.900
3,875
3.875

3,850
3,875
3.900
3.875
3.875
3.875
3.885
3.875

3.850
3,350
3.855
3.350
3,850

Av. 8,870 °



ER_

" No.

Duration of

T Tn

Fo J
-

Calorimeter

Temperature
of water

Des. C

Av, Room

Tempsraturs

Dese U

Electrical

 Enersy

I. AD. Ee Volt

27¢47
27«47

a

Sarrent turned on, ¥ Current turned off.

“u.C 04 = 0,008 des, C
3

 0.01 = 0,002 des, C

5

Corrected teo~ - - "ure = 27,4325, 28- 0.008+0.002x4= 2,18 des, C

 oz

W855 C



nA.

Rlank-Test Noa. 2_b.

arahion of

Time

Ain_ Qerm

®

oF

30

3

30

IW)

n

20)

3

30
0S34

30

A
~
I,

 -~
J

30

3

30

33

10

30

3

2)

14 d

20

0

30
3

12

1 2

2

30

0
-

Calorimeter

Temperatare
of water

Dege C

244 23

04.99

24.30

24.20

24.31

4.32

26428
26433

26445

26447

26s 49
264 50
26651 max,

28.51

26,51
28,51¢
28.50

26450
28442
28449

26048

264483
98.4%

Av, Room Electrical

Temperature Enersy

Deg. C - Amp, Ee Volt

2545 ~0 2.850
3.875
3.860

3.850
3.850
3,850
3.380

3.850
Se 860
3.380
3.875
3.875

3.875
34875

3.370

Av, 8,882"



=n

Blank=-TestNo.2bcon

Duration of

dina.
= -

2

t™

Calorimeter

Temperature
of water

Dege C

oF

Av. Room Electrical

Temperature Energy

Deg, J I, Amp, BE. Volt

- orrpeeat turned on, # Current turned off.

P 26

2.28 = 0,04 = 0,008 des. C

5ny
J

Vol 7 4
£43 = 0.03 = 0,008 ded, ©

= 5.

“srrected temperature = 25,51-24,32- 0,008+0,008 x 4.5= 2.18 des. €

e.

3
App grt



ER,

Charge-Te st Roe 2

Paration of

Time

Hing V~~

 FF

30
0

30
3

20)

N

2

§

20

 N ao N

3H

30
9

20

§

20)

"

nn

$i D

20

10 D

11

30

0

30

| © $

30

J13

30)

' Vo E

2)

Calorimeter

Temperature
of water

Dede’ C

23,11

23.11

23.11

23¢11

 ke 11

2ce 11

24.85
25.05
25615
25.21

2527
254 28

25430
254 30

25430
25430
25430
256 80

25430
25.29
254 29

25.29
25423
DR 99

Av,’ Room

Temperature

Dr=
—

Electrical

Energy

‘mp,” Eo Volt

3.450
3.500
3.625

3.650,
8.675
3.700
3.750

3.800
8.850
3.850
3.875

AV. Se 702



5G

Charse=-Test No. 2.cont’d.

Jrerent turned off *® Carrent turned on,

rT n

25. 30=25,28 = 0,02 = 0,004 deg.’ C

5

250 .

orrected temoe~-"ure = 25,30-28711 + 0.00440 x 4.5 = 2,20 deg. C
-
4



a0.

Duration of
Time EE

Vine Rec.

0

30

0)

0

)

0

b)

0
3

30
y- )

20)

)

30

)

20

D

J

8)

J

10) )

114

30
)

0

"12

)

13 3

30

| 4 Y

30

a La
qi

27 ~~Tegt No-. 3 8

Calorimeter
Temperature

of water

Deg. C

Av, Room

Temnerature

Deg, v

28.47 OR

23e 43

23.483

22.49

22,49

22.80

25 60

25471
25,78
25.84
254 87

25.88
25.89
25489
25+ 89

25482
25.89
25489

25.88
254 83
25488
25,88
25.88
DH_ RA

Electrical
Energy

T- Amp, Ee Volt

32 4,050

4,050
4,035
4,050
4,050
4,055

4,055
4,050
4,025
4,050
4,050
4,025

4,035
4,050
4,050
4,035
4,085
4,025
4,025

Ave 4.042



81.

RY -~

+ Carrent turned on #

"Pas tt No Te13.

Omwpar npned off

y= 23,50=23.47 = 0,03 = 0.006 ded.’ C
5

25.R9-25,83=0,01=0.002deg.C
~ 5

Corrected tenm- a mapg = 25. 89=23,50+0.002+0,006 x 4,5 = 2,37 des. C

&lt;

ag



Daration of

Tine

dine Dom ge ’

-”

Nt

30
hl

)

J
)

hb)

30
0

30

0

30

0

y -

=

30
J

es

J

J

4

7

x

-

1)

od

.

+

0

\1

|

1.3 J

30

0

0

a "y

Rlank-Test No. 3b

Calorimeter

Temperature
of water

Deg.C

23eH4

ole D4

P2.5H

254 58

2.87

23.58

25470
25479
25.883

25490
25.97
25494

25.95
25.95
25.95
25.95
25.95

25.95
25.95

25495
25495
25495
DE

DE
Tn

Av, Roon Electrical

Temperature Energy

De IT. Mnp, Eo Volt

3.950

4,000
4,000
4,025

4,000

3.975
4,000
4,025
4,020
4,010
3.985
4,025

4,000
4,015
4,010
4,015
4,020
4,035
4,035

Av, 4,007

x

RO.



Aa.

Rlank=Tesgy

Yarreat turned on ;' Carrent turned off,

2.5292. Kf ~ N04 = 0,008 deg, C

 9

P= 25,95=25,94 = 00% Jeol desde C
3 =

sorrected temr- pg = 25,95=23,58 = 0.,008+40,002 x 4.5 = 2.35 ded. C

»

LDA
i rz

Oo Margencn
ra,

 aE
eb”



~4,

charss=Test No

Paration of

Time

dine: Sec,

J

)

)

“)

%)

nN

J
1

3d 0

J

3

h 3

30

™

AL]

wt

)

J

10 J

)

 |

i 9

I] 7

0

3

 0D

Calorimster

Temperature
of water

Deg. C

23643

23.49

22_8)

283¢ 50

23.51

23+ 51

25645

25.65
25.75
25482
25.88
25.89
25.90
25.91
25,91
25.91
25.91
25.91
25.91
25.91
25.91
254 20

25¢ 90
DE _Q0

Av, Room Electrical

Temperature Energy

De “-
 A .T me  BE," Volt

3.450

3.750
3. 800

2.875
2,200
3.925

3.935
3,950

3.950
3.985
3,990

4,000
4,015
4,015
4,025
4,035
4,040

Ave 8.911

25



a5,

Charsc-Tegt Nr

Jurrent turned on. .- C727 turned off,

WEE

y -

98,48 = 0,03 =0,008 fos. C
~ 5 »e

c=. 00 ~ 0.01 = 0.002 des. C

=

Sorrected temnerature = 25.91-23.51-0,002+0,008 x 5= 2.83 ded. C
©)

3

RE



a8,

31 2k=TestNoe4.2

Duration of

Tis

in. Sne-

0
Ba!

7
~

p

Np!

1

+)

"

30

JSe

20
n
y 29

30

nN

0

0

20

4 J

30

a10

11

20)

A

30
n12

3

30

 nN

20

3

2)

Ny

Calorimeter

Temperature
of water

Desde C

22s41

22641

224 40

29.40

22a 40

22 40

24450
24,61
24,68

24,73
24,74

24,75
24,76
24,78

24,78
24,76

24,75
24,75
24,75

24,74
24,73

24.72

24,72
54 79

Av. Room Electrical
Temperatures Energdy

Da” T. Amp Be Volt

3m -
J:

—— 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

7,4,082



[a]

 v7

Bl anlr~"

Current trrned on. # Curreat turnsd off,

“0.41 =0,01 =%0.002 des, C
h + ero

"Oo C.04 = 0.008 des.’ Cc
KY

~

+ Li
Jorrected temperchure = 24,76-22,40+0,002+0,008 x 4,5 = 2,38 ded, C

-

Pa



AR.
ank=TegElank-Test No- 4b

Daration of

re

line Irn

c

30
2

2D
3

0

1

J

0

J

na=

30

0

30

2

9

J

J

J

&gt;

~ I

1D

J

3

11

)

3

Sf

12

1 2

J

J

0

oy

a0

ID F

Calorimeter

Temperature
of water

Dege C
23.553

23.58

22.58

23.58

93.53

22 _HK9

2570
25480
25.88

25.91
25693

23.95
23,98
23.98
28.95
23,93
23.96
23.95
23,96
23.93
23,98
23,98
23,93
22 94

Av, Room Electrical

Temperatare Enersy

Das.
neSd

N— To mp, Ee Volt

53 3.950

4,050
4,050
4,035
4,020
4,025
4,025
4,050

4,025
4,025

4,050
4,040
4,045
4,040
4,055
4,055

Ave 4.040



/80_

Blank=Test No.Noa N=

Jurrent turned on Current turned off

= 98, F2-93,58 + 0,01 =0.002 deg.’ C

5

tJ
4

“orrected temperature = 25,98«23,59= 0,002+40 x 4,5 = 2,37 ded, C

ah
No r

vob owl i»



NN.

Charde=Test Noo 4...

Duration of

Tg

in, Sap.

3

“
J

J

2

A

"0

0

30
J

3G

J

20

&gt;

30
F

J

9

[0 9)

11

0
)

&gt;)

3

30

3

12

13

{ a

 MN
j=

Calorimeter

Femperature
of water

Deg, C
23,00

23.01

223.01

22.02

23.08%

23.04

25.00
25e 23

25435
25¢40
2544

25e 453
25650

25450
25450
2550
25450
25450
254 50
25¢ 50

254 50

25450
25450
OR _K’N

Aw. Room

Temngratuare

Dede’ C
28

Electrical

Enersy

Ar0e
=

od

E. Volt

8.850

2.300

2.8E0
3.900

3.950
3.985
4,010
4,025
4,115

4.125
4,200
4,250
4 300

4.325

lv. 4.038
+



"4 4,
%

Nh, rse=Test No. 4 ._Con t “de

Curreat turned on i: Curr~~ . torned off

T——

&gt;!

Torrescted temperature = 25,50=23.04={0,008)ex 4,5 = 2,44%desd. C



79
Rlenk-Test No, 5 4.

uration of

T= i}

"alorimeter

Temneratur -

Av. Room

Temmeratiure

Rlectrical

Energy

of water

vin. S-

\
J

0

s

)
J

"GS
0

30
C

50
0

50
0

50
0
0
3

9)
AC

C
20

Q
50

0
Z0
0
0

 2

L 3

1:
W

current turned on.

Deg, C

23.60

22.60

22,60

22,60

22.60

22.60

24,65
24,76
54,80
24 ,84
24,87
24,88
24,80
24 ,8%
24 ,89
24,89
24.88
24,88
24.88
24 7
D.

2.
-

7,&amp;

hid

=

Dog

current turned off,

Amp. RB. Volt

4,050
3.975
3.850
3.850
3.825
2.825
2.850
3.835
2.825
3.850
3.825
3,800
3.810
2.825
3,815
3.825
Z.825

Av, 3,851

0

3 —r
-— 24,809-24,85 = ,04
Nr

0.008 deg, ©
’

 3 -

L

Torracted temnarature = 24 ,82-22.604+,C08+0 X 4.5 = 2.21 deg
YM

8



7 ©)

Blank-Tast No, 5 Db,

Miration of

Time

vin, Be

)
\
»

J

~n
4

7
\s

—

5
30

GC
20
0

=0
C

%0
J

34)
J

“C
9

"0
J

) 0

11

|

v

2D

J

Calorimeter
Temneratur -

of vater

Deg.

22.80

23.80

22.80

22.80

22.80

22.21

24,86
24,95
25,00
25,08
25,05
25,07
25.08
25,M8
25.08
25,08
3H,08
25,07
25,07
25 8
25 3
25
 Oo

rv

Av, Room
Taemnerature

Leg.

2h

T

Blectrical
Energy

mMp . nm, Volt

Z.850
3.850
3.835
3.825
3.825
3.825
3.825
3.815
3.800
3.815
7.815
%,825
3,840
%.835
7.815
3.825
5,815
%.825
3.815
5.825
3.810
3,800

Av, Z.822

1.3

gy w=
-

r

2

22.81-22,80 = 0,01 =,002 deg. C
Nn 5

25,08-95,04 = ,04

1h Pore

rorrectad temneratire = 25,08-232,81+.01 x 4.5 = 2,29 deg. C
5



charge-Test No, 5

Duration of

Time

Min. Snr

/

~

1

J
J
J

0
&lt;

"GC
0

0)
0

"0

0
0

0
5

0

.

4
\

0
 Zz

Z

3
J

calorimetar
Tamparatur-

of wet en

eg, ou

22.50

22.50

22.51

22.51

22 «D2

22 52

24 ,45
24,58
24,68
24,72
24,76
24,78
24,80
24,80
24,80
24,80
24,80
24,80
34 7
DA

max,

Av, Rocm
Termersture

Dag

eT 5

Electrical
Inargy

I. Amp. rE, Volt

SZ Z.,050
3.450
7 +500
2.550
2.065
Z,50C
J.B635H
2.700
3.,70C
3.735
2.735
3.750
3.765
3,765
Ze, BUL
Zz.,8C0
Z«B25

Av, 3,641

+ Jurrent turned on, # Current turnad off,

*Y 23.52-22.50 = 0.028 = 0.004 dag. ©
3

ro

2

24.80-24.79 = 0.01 = 0,002 deg.
24.80-24,79= 0,01

Tervracted taemneratiure D4 RN=-22.53-0,004+0,002 x 4.5 = 2,27}
TT deg nN



“ER,

The heat of formation of two other singulo=-

silicates werrs re-{ determined, their comnositions were 12 per cent

Ca0+ 57,58 per cent Fel + 30,42 per cent S10, and 28 per cent Cal+

10.30 per cent Fel + 31,70 per cent $i0_o

For the determination of the heat formation of

these two silicates, calcium carbonate (CaC0,) was used, instead of
calcium oxide (Cal), for the latter absorbs moisture and earbonic-

2¢id very readily, The amount of calcium carbonate required for the

sor~esponding portion of calcium oxide was computedasfollows:

Viol, whe of Cal: Mol, wt, of CaCO = ¥t, of Cal: wt. of CaC0

The emount of CaCl, corresponding 0,12 gm, Cal is

100.1% 0412 = 0,2141 gm,
56..1

fhe smount oi Caco, corresponding 0.28 gm, C20 is

100.7 x0.28 = 0,4928 dm.

=A.1

The results of the heat formetion of the ato ve two silicates are

siven in the following tables VII sna VIIT.

Tables VII. gpd VIII show Baw the quantity of heat evolved by the

Formaticn of these silicates. The amount of calcium carbonate used

for the formation of the first silicate was 0.2141 gm, and the quan-

Lity of heat rsaquired to decompose it into Cal and Co, is 06" sram-csle

ories, The amount of calcium carbonate for the formation of the sec -

# J. W. Richards, Metallursieal Calculetions Part I. p. 29 Ed.2
 at
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ond was 0.4998 gm, en the qucontity of heat n- me

’ decompose it

is 224 drem=calories, These quantities of heat should be added to the

jifference between the actual amount of heat and the theoretical

amount obtained in the cher ~-tests, and the differences between the

sums and the averaged blank con~tents give the heats of formation of

the two silicates,

The emount of heat evolved by the formation of one-

sram mixture, 12 per cent CaO+57,58 per cent Fe0+30,42 per cent Sio, is

siven 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 disresarded, Taking the average of tests No, 2 = 8, the heat of

Formation is 145 sram-cslories for 1 gr. of mixture.

The quantity of heat evolved by the formation of

one=-¢ram mixture, 28 per cent Ca0+40,30 per cent Fe0+31.70 810, is

shown in table VIII, The result of test No. 3 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 gives the heat of formation 192 gramecslories.

In performing the experiment,itoftenhappened

that when the fusion took place, the platinum boat fused at the in-

stant when the charge became fused, This proved that the heat

evolved raised the tempersture locally to above the melting point of

platinum.

An inspection of tables VI, VII, and VIII will

nalre it evident that:



Tr

le The actual amounts of heat ia the blanke

tests do not exactly agree with the theoretical,butarslargerin

3VESry Caste

2. The differences of these two guantities

7ary with the platinum boats used in making the blank-tssts,:

These discrepancies and vari-~*“ions are due to

sources of error from various iastruments. These sources, thoagh

sliminated as mach as possible, may be caused by

le phe reading of the voltmeter

2 The reading of the ammeter

The reading of the stop-wateh

"he reading of the thermometer

The weighing of the water

3. The specific heat of the calorimeter, the

sombustioa chamber and the stirrer,

7. The radiation of heat.

As the experimental errors may come in from namer-

&gt;us sources, exact agreement of results cannot be secured.

=o Conclusion.

The amount of heat evolved by the formation of the

three ferro=calcic sindulo silicates diven ia tables VI, VII and VIII,

apoears to increase with an increment of the percentage of Cal, and

shows that a smooth curve would result if adequate data were obtained.

On account of the fact that many difficulties were encountersd and that

the capacity of the adnaratus was too small, data for the sinsulo Sie

l1icates hetween O and 12 ner cent Cal. 2nd between 12 and 28 ner cent
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Ca0 were not determined,” In order to carry on such exosrimeants with

sreater speed and accuracy, it would be nec~ccapy to have apparatus

of larger capacity and instruments of greater delicacy, The charge

night weigh 5 gm,as the amount of heat evolved would be sufficiently

large to givs characteristic values,” This would rsquire a larger

platinum boat and a larder combustion chamber, hence also a larger

namber of cells in the storage battery in order to farnish a larger

sar»ant. The amount of water used is an imoortaat factor. In order

to eliminate the loss of heat by radiation, the quantity of water ought

to be such as to obtain a rise of tempsrature of only a few tenths of

2, desrse Co. This small rise of temperature will require a thermonm-

ster sensitive to 0,001 ded, C. Another important factor is that the

current should be kept constant by an automatic device, instead of

shifting the slider by hand,” If the above conditions are fulfilled,

this method used will sive accurate results with f~-—~acalecic singalo

silicates without including many failures, as was the case ia the

sresent investigation.

Attemots were made to determine the heat of fore

mation of the bi-silioate, ZPe0+Si0 They were not successful, bee

cause the mixture required such a high temoeraturs for fusing, that the

platinam boat melted in every cass before the charss was comonletely

fused, With another metal whose melting-point is a few hundred dssreas

hisher than that of the platinam and whose eondactivity is about the

same, the determination of the heat formation of ths bi-silicate series

yadht to be carriad to a snceessfil end.



The details of the observations leading to the resulis
assembled in Table 7 ars given in the following:

7S

31 ank-Test No, 1 a,

Miration 7

Time

Min 8°

CIV!
0
0

0

nd

2
0

70

J
J

50
J

To
J
D

-

“

10
J

11

 Zz J
J
J
0
J
0
0

0

12

&gt;

7

LA

14

1 5

 wv«UJ

calorimster
TemnAaratur

of wo’ ~~

Deg. ©

20,29

20.39

20,40

20,40

20.41

20,41

23.5%
a «B63
22,70
23.74
22,77
22,78
22,79
22,80
22.80
22,80
52, 80
22,80
2.80
22,80
23,80
R280
8.80
292

me

Av, Room
Tomy ature

N=

Rlectrical
Energy

Swen FB, Vall

3.800
3,925
2.975
4,000
4,015
2,975
2.950
2.975
5.975
2.878
4 ,0G0
2.975
4,0CC
4,010
4,055
2.875
5.985
5.9856
Z.980
4.,06C
3.960
TeoBD

Av, 2.975

ff,L current turned ofed on # CUurYth turne o- gurrent



RO

Blank-Test No, 1 a fon'd,

20,41-20.%9 = .02 = 0.004 deg. OC.
-—7%5

 ob =
-—

a

forrected temner-ture = 22,80-20,41- 0,004 +0 X 5 = 2,28 deg,
oO
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Blank-Test No, 1 Db,

Miration of ~11orirmatrr na,m nr
wap od -

Av, Room
Mamn~— attire

Flsctrical
nmergy

Tine

iin.  ygpA 2 Deg, C D~q
—

A mp BR. Volt

-

i 21.10
"0
2
i

~

4,040
4,050
4,06C
4,050
4,050
4,055
4,06C
4,060
4.060
4,060
4,040
4,060
4,060
4,040
4,060
4,050
4,060
4,075
4,065
4,075
4,050
4,060
4,075
4,075
4,075
4.075

21.10

6)
;

50
0

50
J

21.11

21.11

21.12

21.12
J

)
&gt; v

1 25.37
R337
JZ 44
23.49
23450
32.561
RZ ,51
RZ H2
RZ .5H2
2% ¢+H2
23.52
2% 5%
2%.,51
25.01
2% 50
23.50
5% «50
223.50

7

J
0
J

50
0

20
0

"} max

|

 1 2
30
0

1%
70
0

34 060
| 4 3

15

w
+

Mrreant turned on, 4. Current turned off.

21,12-21,10 = ,02
—— oh ive rr

— \
= 0.004 deg, ©

2= 0%J ==5AZ,SeRe

nd

—*0. 004 dey. C
pd

Yorrectadtemneratiira= 23.52-21,12#0,004+0,0C4 X B =
nN

Pa
Bp - nn dex,
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Chargse-Test No, 1

Mirat ion of calorimeter
Temperature

of water

Av, Room
Temnearatirs

Tine

din. Sno Deg Mary

a

0)
-

21.88
"

2] ,88

v

)
J

21.89

21.89
&amp;

Ny 21.90
\
J

\V_ 21.90
iy

&gt;
 3)
“

22,80
24,00
24,07
”4,14
24 ,17
24,19
24,20
24,21
24,21
24,21
R4.2]
24,21
24,21
24,21
234,21
24,27
24
5A

la)
J

5
J

u

0 0
ZO)

 Mm

L1
ry

J
0
012

1%
J
J

|

5)

Jurreny, turned on, 2 Currant turned off,
- v

21,90-21,88 = 0,02 = 0.004 deg. ©
EE

y

Rlectrical
nergy

Mo. Er, Voit

%.,200
2, 500
 Zz .B50
Z, T50
Z.750
Z, 750
2 725
z, 775
Z, £50
7.925
z.925
Z.925
2.925
7.925

%. 935
2.955
%. O50
7 950
7.950
7. 940
 Zz 955
Z2,930

AV.  Nnz a 870

EY
2

“Arrant ad tomnerzstiire = 24.21-21.90-0,004 + 0 x 6 = 2.20 deg,
¥.3

rN
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Bl1ank~-Tast No, 2 a,

May» ad i M \YN. ta f 0 | wl

™

M4.  —~

-

3

\

~~

Ty

Aa

4

7)
J
5

-
“J

20
J
U
0

Wr

J
3)

)
20
0

ZO
J

1

|

4
-

“

 -~

 Zz[ e.

Z
J
J

J
20

19

Calorim=ter
Temperatur-

3 wat er

neg

B24

2.41

22.41

22,42

22.42

&gt; =5

24, .2
24,78
24,80
24,81
24,82
24 ,87%
24 ,BZ
24,83
34,83
34,82
234,83
24,82
24,82
24 £9
2. 73

max,

Av, Room
Temmerature

=

Electrical
Energy

wm, HM, Voit

3.650
3,70C
Z.675
2.675
5.675
2.375
2,685
3.675
2.6875
5.675
5.67H
2.875
Z.680
5.685
5,685
5.685
%.685
£.675
54685
7.685
2,700

Av, 3.681

urrent turned con. # current turned off,

32,42~-22,41 = ,01 = 0.002 ces. al
;

I 24.R%-24.82 = 01
ge .

= 0,002 dep, C
2

Yorrected temme Tura = 24 83-22,42+0,002+0,002 xXx 5 == 2.42

deo, 0
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Rlank-Tast No, 2 Db,

uration of

f£Min, Ser

-

"3
0
0

o

J

tt

A
3

0
&lt;

0
J
0

;
\J

WY

v
0

~

\

wo
10

11

\

"0
C

uv
U12

13

14

0
D

dalorimeter
Temperature

of water

Leg, ©

22,99

23 4599

2% 00

2%.00

oz 00

22,01

25.16
25,48
0D ED
25.39
25.40
25 1
QF
0

2:
2:
or
25
2
Dr

max,

Av, Room
Tamm -~pagtiure

h-o

 -~ .

I

5 2

Rlectrical
Energy

Arip. FE. Volt

3.700
2,700
3,685
7,700
%,700
3,690
5,710
5,700
2.720
7.715
2,760
7.685
7,700
2.710
Z,710
2.710
3,700
.685
3.685
3,700
2,700
3.710
2.725

Av, 3,702

v

15
‘

Jurrant turned on. #F Current turned off,

r= 23,01-22,95 = ,02 = 0,004 dag, 0
 ———t TB

pc
2

23,.4-23,42 = 0,02 = 0.004 dag. ©
S

Nar ract ad teammeratiure = 25.44-27.01 # 0.00440.004 Xx 5 = 2,45
deo. 0



Jharge-Test No, 2
35,

uration of salerimet er
Temnerature

of water

Av, Room
Temperature

Electrical
EnergyTre

Ain. go- Deg, C Deg, I mp. FE, Volt

J

3
J

30
0

0)
c

22.98 Nr 2.600
3,050
3,300
3.400
5.415
2.4156
3.,40C
2.410
3.425
5,400
3.400
5.400
3.475
Z «B00
2,525
AEA
Z2,675
Z.,575
Z.,B575
2.575
3.500
3.600
2.60C

32.98
22.98

22.99
vd

25.99
2

0
J
O 33,00

 wv

.
20

C
24,20
25.10
25,18
RS. 24
25,28
25,29
2h, 30
25.31
25,31
25,21
35,31
25,1
25,31
8H,31
85,21
25,31
25,31
25.71

5
3

)
J
0

Ty

 vy

1 0) max,

11 LV
“

2 0
"0

9
0

‘NrLt 1 24

[&amp;

Lex

16
Zz{,

JUr r ve aant tur:*1e2d 0n na Jurreant turned offse

”» 23,00-22,08 = ,02 = .004 deg. O

a8 J

Yorrected temnerature = 25 .21-2Z2 _00 - 0,00440 x &amp; rm

Vv
2a Z0 dag.



Durstion of

Tine

4 in °
~

») 3

-

\

C

~
J

 MN
~

Ff

5% 3

Zi
» 7
Nod

7

~

Zl

»

 J)

-

) \

e)
r
 J

Blank-Test No, 3 a

calorinater
Temnaratiir:

of water

Deg, ©

20,88

20,89

20.86

20.89

2 GC .C0

20.90

35.027 ;

27. 10
SeAoe
235m27
23 or3. ;23.2725.27
2 Lavz. ;
oh25.29720

max,

Av, Room
Temperature

Deg.

JZ

.

Electrical
Energy

Arp, FE. Volt

3.635
3.650
3.650
3.660
3.68G5H
3.66C
5.665
4.660
5.650
3.650
Z.820
Z,700
2,7C0
2.685
2.700
2.70%
5.710
5.710
2.710
2.710
%.710
Z.71C
Z.710
£.710

Av,  zZ 6881

QR

Nrrent turned on, # Current turned off,

18 20,90-20,8¢ == 0,01 = 0.002 deg. C
I

te

 »)oo R3,87-82,46 = 0,01 = 0,008 deg. C
2 5 5

vorractadtemmeratura= 23.27-20.90 + 0,002+C.002 X 4.5 = 2.78
Aagy. nN

ey



 =~ wy

BRlank-Test No, 3 h,

uration of

Tire
Calorimster
Temperature

of water

Av, Room
Temperature

Vin. SrQ Neo, ©ae v Leg. 3

J
50
0

20,80 27

20.80

C
30

0
20

0
2G

0
20

0
30
0

0

20.81

20.81

20.83

 =~ 20.82

T

RB2.83
25,03
23.12
22.18
237,19
22,20
23,21
33,21
23.21
3.21
25421
23 421
al
23.21
R74 QL
R3,21
RZ R11
QF 37

N
A

3 J
J
C

z

7

 ©)
{

3
)
J

4,

] 3

Jurrent turned on.

2C.82-20,80 = ,02
BU,82-50.70= ,03

current turned off,

_ = 004 deg. 0

" = {

Flectricrl
Energy

I. Amp. KE. Volt

2,650
%.675
Z.675
2.875
2.675
3.685
%.685
3.685
3,685
2.685
3,725
Z,725
3,725
2,715
3,715
2,715
3,710
5,710
2.710
5,715
7,715
4.710
z,710
2,710
Z,710

Av z2.700

2)

Torrected temperature = 23.21-20.82-~,004+0 X % \ == 2.28 dag, ©



RQ

charzse-Tast No, Z

Duration of

Tire

Jalorinatay
Termeraturec

nf wnt ~~

Av, Roon
Tamn 2b urs

iin. Sar Deg, C Dro

-

20,88
» ——

&gt;

J

20 88

20.89

0
30

0
0

0
30

0
30
0

20
0

30
0

30
0

30
0
0
0

19

20,89

20.20

20,90

22,83
2%,00
23,09
23,14
23,18
2% ,20
23.31
2,233
BD B35
RZ .,23
22,27
PFaBD
RA, 23
BE ,23
23.253
2% 2
3&amp;
27

) max,

11

123

17 J
ne

| 4

| 5

current turned on, = Current turned off,

20.60-20,88 = ,02 =,004 deg. ©1

2] = 0

T

FF

Blectriceal
Energy

Arp, FE. Volt

3,100
3.450
2,475
5.465
5.410
3.425
3.465
3,475
2.510
5.545
4a DBO
5.575
3.610
3.625
3,675
2,685
2,675
3eB7H
2.575
2.675
2.875
2.675
2.875

Av, 2.554

 ~~

orrectaltemerature= 233%3,323-20.80 - ,00440 xX Hb = 2,32 asf. C
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Bl1ank-~Teat No, 4 a,

NMirstion of

BS O-

Calorimeter
Ternerature

Af watar

Av, Room
Temperature

Rlectrical
Energy

Min. S20 Deg, C ™ =~ - ‘rm, E. Volt

J
50

0
50

0
50

0
50

0
50

0
0

0
50

0
50

0
30

0
20

C
50
0

30
0

50
0

20
0

ZO

21,58
-

ht
go} 5.625

3.625
3.615
3.635
3.625
2.615
3.640
2.625
3.620
2.615
3.610
5.610
5.625
3.625
5.610
Z2.610
5.600
2.600
2.585
3.580
2.600
3.575
23.550
Z.045

21.58

21.59

21.52

21.60

21.60

23.72
23,83
23.90
23,84
22,97
23,98
233,99
24,00
24,00
24,00
24,00
24,00
24,00
24,00
24.00
24 20
TL

J max,

1

12
Av.  Zz 60%

13

) -1,

ye
17 é

A Jurrent turned on, # current turnsd off,

I» 21,60-31,58 = 0,03 = 0,0C4 deg, CQ

rr == 0)

ro  fF

“arract ad temperature = 24, 00-231.60 - 0.00440xX 5 = 2.39 deg. ©



30.
Rlank-Tast No, 4 bh,

Puration of
Tire

Min. HS

"0
0

L

)

0
y

(
dv
0

%0
C

“0
0

30
0

z0
¢

%0
0

=0
0

0
0

70

2
-~
ye

LO

Ll

| &lt;

1 =
r-S/

¥

fralorinzster
Tarmpasratur-

3f wat er

Deg

21.77

21.78

21.79

21,80

21.80

21.81

25%. 90
24,01
24,10
24,14
24,18
24,19
24,20
34,20
24,20
24,20
34,20
24,20
24,20
24,20
34 20

mar

Av, Room
Tem ~~2fure

 -y
—

Flectrical
Energy

imp, BE. Volt

3.550
3.625
2.600
7.635
2.610
5.6C0
Z.610
2.585
ZeD75
2.575
2.585
2,590
%.520
2.585
5.085
3.685
3.585
3.590
4.520
5.585
3.610
5.6CC
S.585
7.610
3.610
2.615

Av, Zz 5904

-
-3

rr =

Arrent turn=2d4 on.

31,81-21,78 = 0.03

0

Jurrent turned off,
-— J

= 0.006 deg, ©

lf

Nammact ald fLamnes ture = 24.20-21.81 ~ 0,006+0 X 4,5 = 2.78

deg,’ ©



91,

Charge-Test No, 4,

Purcstion

Time

Min. o

3

~~

y

J
0
3

C
3

J
"J

C
"0

0
50

0
70

OLO

Ll

12

“0
\

50
0

50
0

0

~

13

calorimeter
Tempasrature

of water

Deg C

21.78

21.78

21.79

21,80

21.80

21.81

22.3
25.Se ol
24 05H
24.09
24,10
24,12
24 2

24
2/4
Py ’

Av, Room
Temperatura

Deg, C

24,5

—

Electrical
Energy

Arde. F. Volt

3.000
3,200
Z.E00
Z.400
2,275
Z 580
Z2,400
z2.,475
2.450
3.435

2.460
3.465
Seah
3,485
2,485
3.420
3.490
5.510
3.510
3.515
3.H1h
2.5156

Av Z 424

| e~

15

fs

wrrent turned on,

81-21,78 = ,03

iJ

“oo gurrent turned off,

= 7.008 deg. CO

=pN

norract ed tammeratiire = 24 ,14-21,.81 —- .008+0 x 5 = 2.316 deg.



a9

Blank-Test Nc, 5 4,

Lurstion rf

iin.

20
0

50
0

30
J

xn
J

50
0

Z0
0

20
J

Z0
0

RN
J

x0)

010

11 J
50

J12
9

| % J
"0

\1
~~

J

J

salorinet ar
Temperature

Af vat ar

Deg, ©

20,98

20.68

20.99

20,99

20.99

21.00

25,10
21.20
23.27
23,51
23,33
22.35
R337
23.38
23,38
R%458
25,38
33,38
83.58
23,37
23,37
33,57
23,37
27% 2Z7

max,

Av, Room
Temperature

Do
 a

od

Electrical
nergy

Amp. FE. Volt

3.625
3.635
5.685
5.68
3.645
Z.62H
Z.62C
Z.610
5,610
2.610
2.620
2.615
3.610
5.610
3.610
3.610
5.625
5.610
2.610
4.610
%.60C
3.520
3.590
5,520
3.585
Z.585

Av 2.611

Jurrent turned on, # Current turned off,

21.00-20.98 = ,02 =".004 deg, 0
2020 = 02

r
ot

+
23,38-23,27 = ,01 = ',002 deg. C.
SE ———

pT

- s

I Bi

sorrasctead trrsolue RMNATH =narature = 23.38-21.00 - 0,004+0.0- C.0C4+0,00R2 xX B= 2,&amp; )«er = «2865

Aap.



23.

Blank-Test No, 5 h,

Durst ion of

Time

iin. Se

\

4

20
J

"J
:

 uv
,

~

3
0ia

-

 es
~

tf

0
0
2)
0

‘0
0
J
J

70
0

20
LO

11 0
20

0
50

0

12

LZ

1
’

cc

i

Calorineter
Temperature

nf water

Deg

21.78

21.28

21.29

2,39

21.40

21.40

23.60
23,68
23,71
23,76
2% ,78
23,78
23,79
23,79
23.79
23,79
2%,79
23,79
23,79
23,79
23,79
23.7
227.
nz =

Af

Av, Room
Temn sr shire

n-~

Electrical
Energy

‘mp, FR. Volt

3.875
3.665
2.850
2.655
3.615
3,610
3,610
3,600
z2.585
3.885
5.600
5.610
5,610
“5.610
2.85380
2.610
2,610
2.610
2,610
3,610
3.610
Z.,610
3.600
3.600
5.610
2.610
5.610

hy
AN a

£7

2.615

Jurrent turned on. # Current turned off,

21,40-21.38 = ,02
- 5

=" 004 dec. 's

© 30, 79-23,78 = 01 = ,002 deg. C
ittst hie iZs

W ay
ferrarnted toarmnerzature = 232 79-217AQ-—-C.004+0,002 x 4.5

vy ov

1&amp;3
2 --— Ww. r



Curaration oo”

Ss.MN il

N
J

J

7?

J
50

N
iY

’C
3

0)
g

4 J

J
30

9
TN

y

v3

77)
J

50

2.3
O)

1. A

A)
\

&gt;

&gt;
x

-

J

J
J

yo
ie?

z
rv)

Sharga-Tast No, B

calorimeter
Tarneratur

of water
Deg, C

21.00

21,00

21 .CC

21.0C

21.01

21.01

22,88
23,05
23,15
23.21.
33.434
R3,R37
25,48
23,29
RE (RG
R354 29
23,29
23.28
32,29
33,29
33 ,R9
22.28
23,28
22 91

me

Av, Room
Tyr = = Tiere

Flectrical
rnerav

MD. mn, Volt

B 2.950
2.200
3.300
3.400
Z,275

7.400
7.425
Z.435
3,450
3.450
2,475
3.500
7.475
3,485

3.525

2,525
5.535

3.525

Av.  Zz 4927

G A

urrent turned on, # current turned off,

ry 21,01-21.00 = ! -L
&gt;

= 00% deg, 0

ro. 23,39-23,28 = ,01 =',002 deg, C
Tr Tr2

Corrected temnerature = 23,29-21.01 +0,002+0,002 xX Hh = 2.59 deg.



I
Blank-Test No, 6 A,

Duration of falorimeter
Temperature

of water

Av, Room
Temperature

Time

iin.  ~~ Leg, C De

J
0
3

21.20 an

21.20

21.21
~

ia

21.21

21.22
 vy —-

21,22

-

J
~

23%, R29
2% ,40
275,49
2 .DH2
23,57
25,58
2% ,60
25,60
22,60
3,60
23,60
23.60
23.60
23.60
23,60
23,60
23,60
22 80

4

 D)
max,

L'1
'

+

3

 i J

Jurrenc turn=4 on. , Jurrent turnsd off,

 3 31,22-21,20 = ,02 = 004 Asp, O

—

Mlectrical
Energy

‘mp, Fk. Volt

y z.,70C
3.700
2.700
2.685
Z.375
3.700
2.700
3.700
3.685
2.685
2.685
2.885
3.700
3.700
3,700
5.650
3,675
3.710
3.710
5,710
5.720
3.710

Av 3.594

A

NAarracted temnaerature = 22.80-21.22 — L00440 xX 4.5 = 2.37 dag.



08,

“yy rem Tet 1S-Tegl__2oba

uration ¢

Time

[10
 gn

SCC

~~
Sv

iy
vl

J)
Dl9)$

)

J

Pp

3
~

i

=~

J

Ne
&lt;

wi:

0)
-

SJ

/

wr of

~~

4)

7

30

ort oimeter

Tegprornt
Fdof wa™

Leds CO
21,10

21.10

1.11

21.11

21.1%

1.12i /

 deo ~

Sn oo= -

Ce DE

SE, 22
Vie WA

~~re 41 —~® T-

zo, 47tee

5g goTle BT

na 5ry Did
oo =OZ 51
o~ es

23.0 1re {iTaXe
~~ —Ronybog JL

aw EEEle OC

= re~

(EL oL

543 ——= mC

~ise LL
Es &amp;

~, =&lt;OC OL

DAREN!
Cle D8

58. BZTe OK

Ey RS“ioe oh
TSS wwaed =otg O66

~~ on

 en By

Av, Eoom flectrical
~ EnergyTomy ;

lermnoro Tors
CClaTLLil

Ar De

J
Ls

Fa Volt

2.700
Ba 725

e710

2.710
2.713
2.710
2.710
3.730
3.712
2.710
2.710
Ze 730

Be 730

2,835
2.715
Te 712

3.710
3,700
2.710
2.710

2.719
3,728
2.742
3.725
3.745
Se 720
2.720

by. =.711



ar

2dank-Tzst 8b Cont'd.

- Current turned on.

- Lg
z

- Fa -

oF dl.
- mF

~-mpent turned off.

.M4 dep, C

T
bh

Corrected tennBEE A mtv = To.
tor o itr Se =21, 10 = L004 + 3

 a wn w
 oo a

Te ZI AZU



88,

Charse=TestNo,6

Duration of

Ty we

PeL  Nn  =~NT

3

30
0

30
n

20

0

30
nN

30

0J

30
nN

J

)

hs

od

30
7

10

0

3

4 J

&gt;

 2 rl

3

33

30
3| id

~

Calorimeter

Temperatarse
of water

Deg.” C

21.20

21. 20

21420

21 21

21. 21

21. 22

23. 15

23430
23. 39

23.44

23.49
28451

23452
23054

23455
23485

23455

23455
23455
23 55

23.55
23¢ 95

23¢ 55
02 RR

naxx.

Av,’ Room Electrical

Temperatare Energy

Da 7 T Amide

28 57

 FE. Volt

8.250
3.375

3,500
3.575
3,450
3, 560
3.550
3.540
8,540
3,560
3,560
2,560
3,575
3,535
3,585
2,800
3,600
3,600
3.800
3,800
3,800
2.549



20

Charse=TegtNo-6Co"

Curreat turned on. # Curren’ (~rard c.f.

» -

na 0.02 =0.004 des.
=

C

torrectei temperature = 23,55-21.,22- 0.00440 x 5,5 = 2.32 deg, C



100

Details of the ~ ~~ ““~ns leading to the results ~=sembled

in table VIII.

por

Duration of

iin.’ See.

I

ND

Rd)

0
- Pa

%
. a

)

Lit

4 ~~

0)

3I
3

3

“7
-

;
me

J
"

”

-

10
~~

n

i1 3

| 2 3

J

3Le

 AN
/

Celorimester

Temoerature
of water

Dede C

2277

29.77

29_v7

2277

22e77

09 72

24.95
25605
25.11
2517
25.19
2520

25420
25420
254 20

25420
25420
25019
2519

2519
254183
25.18

aXe

Av, Roon

Famn~rature

Dede C

24.5

Electrical

Enersy

T =~mn, Ey Volt

JA 3.975
4.025

4,015
4,000

3.985

4,025
4,020
4,025

4,000
4,010

3.990
4.020
4,010
4,025
4,015
4,010

4.005
4,000

3.990

iv. 4.009



101.

Duration of

Tige

fin. gy, --

3 J

Rlank~Tan~"

Calorimeter

Temperature
of water

Deg,” C

25413
25618

 ~~ - “74.

Aw_- Room

Temnerabture

Dec ©

Electrical

Enersy

. A :Ie ‘mn, Be Volt

- Current turned on. # Current turned off.

292,77 = 0.01 = 0.002 deg. C

5

Mw
A

3  ene 0.02 =0.004 des. C
 BR oy

toraaked term ture = 25.20=22,78+ 0.002+0,004 x 4= 2.7
2

"1



Duration of

ine

ding: dan,

-

~~

nN

 9)

a

I

 »~

™
\

- 3

~

Ed

J

 45

J

J

3)

'0
30
0

30

0

=

J

11

12

1.4

J

J

30

"1

I ”.

Calorimeter Av, Room
Temperaturs Temperature
of water

Deg. Cb Des. C

P9.138 24.8

29.88

292.828

22.88

2238

22.39

25.10
25+ 20

25. 23
25031

256 33
25 34

2De 34
254 34
254 34

254 34

25434
25434
25. 34

25434

25434
25.34
2534
OR 24

Electrical

Energy

—
— ' Ee. Volt

4,025
4,025
4,010
3.995
4,050
4,025
4,035

4,020
4,025
4,015
4,010
4,005
4,040
4,040
4,015
4,015
4,005
4,000
sm.|

Av.4,020

10 £m



103.

2

Oarrent turned on, Carrent turned off.

29,99-22,88 = 0,01 = 0.002 des. C
K

“

J

Corrected term -prture = 25,34-22,89- 0,002+0 x 4 = 2,45 deg. C



104,

"=P NO

Duration of

Time

fine: oN
NTA

S

30

nN

20)

1

“ny

%

xy

)

A

~ d J
30

0

30

~

2

3 J

30

0

30

3

0

30

nN

20

3'1

19

30

9

19

30

0

0

2

ed 0
-

Calorimeter Av, Room Electrical

Temperature Temperature Energy
of water

Deg. C

28.17

L~ —

—

23.18

23.18

22s 13

23s 19

23.19

25, 00
25, 21

25433
25, 29

25,43

05.48
25,49
25450
25450
25.50

25. 50
254 50

25,50
25.50
25, 50
25, 50

25,49
SE. 40

LaXe

Fe Volt

34 500

3.600

3.750
2.800
3.875
2.890
2.885
26800
36700
Se 850

3, 900

2e 925

2.975
3975

2. 875

ce 8828



10K,

- Carrent tr~~~" cn-

Tw

Charse=TegtNc =m

. Corrent turned off.

098 =0,004 des. C

I)

0.01 = 0,002 des. C

 BE

Corrected temp ~-ture = 25,50=23,1%=- 0. nC 1-002  295 dege C



108,

Duration of

fing
_—

- Wy

-

&gt;

¢

&gt;)

J)

3

)

Jd "

30)

0

30
9

0)

3

Io
jo
J

10)

J
 |

AN
J

1 ad’

2

2

L 4

7

|5 nN

pprent 22IY

Blonk=Tes!

Calorinac™~
Temnrmota™

Of retrn

Deg.©

24.08

24,08

24,09

24.09

24.10

24,11

28439
26449
20e55

28459
2680
26462

28.82
28463
26463
25483
26652
26.62
28.672
28.82
28452
28.51

28.581
28.51
rarrent off.4

\ a.

Av.  Roon

Ternavatars

™ - - : ™

Electrical

Enersy

‘=n. Be Volt

3.950
4,075
4,075
4,050

4,050
4,045

4,075
4,075
4,065
4,035
4,080
4,080
4,075
4,075

4,075

4,085
4,085

4,060
4,085
4,080
4,080
4,080
4,075

4,075
4.075

Ave 4,081



107

R1 -h=Test No  eat d.

"3 = 0,083 = 0,008 deg. C

~

YR 4 "5=23e31 = 0.02 = 0.004 des. C

2 B

Jorrected te-- TS oz no oF 0.200.008 x 5 = 2.495 deg. C



Duration of

Fine

fine: ~~

~~

-

3
0

30

8

0
0

30

9

30
3 NS &amp;

30

3:1 4

NS)

3

J

A
3

"

0

iha
~

s

’

|

LL

|

J

J

“J

15
+ Current on

Elanz=TeghNo.2.0

Calorimeter
Temn~r pas

2 em yl an

A~_- Roon

Temoeratbure

drs.

23e 57

Nak
»

n.wa 3
 of

23e D7

3.88

22.58

22.59

292 _HK9

25.81
25.91

25499
28.01
26,04
28,05
28.08
26.08
26405
28408
26405
26405

26.04

98.04
25,03

2841
28.1

Fr

Tarrant off

108,

Electrical

Enersy

Tr

~ 4 4,000

4,050
4,050
4,050

4,050
4,075

4,050
4,040
4,080
4,080
4,050
4,080

4,080
4,055
4,045

4,050
4,050
4,055

4,060
4,080
4,080
4,080

4.060

Ave 4,053 V



100

£1 n=l

23,59=2357 = 0-02 =0.004 deg. C
= 5

1
”
4

23,Sr  1 -22 QO - 0
po

Jorrected to

 = 0,008 deg. C

RI 0,004+0.008 x 4,5 = 2,50 deg, C



110.

~ ‘ m 3 2 [a
nares oy A Zares 125 MNOeg &amp;
— T_T —— TO NO, To"

~ A 4 £
LUrstlion OL

Ming

Ain.
a .

&gt; .

~
ot

~

J

3)-

~

}

2D
.
J

30

3

So
a

3 + /

um?

7

s

JA
boon

J

 kL

So

LL

J

i

~

J

Tew
a

~
o

Fo peLo

—_ No
a =~

o% )

 A Eda 7 ga
Dd. wd dt

~ 4 SS
“4 20

Ah PR

ad #8

» a ©“Ny =Tide 2 J

ST, 4
2) 4 =
“Hise

ra I
Lr ~ -~ |
Lg

A
Le wd

“AAD
D0 ¢ UJ

 A 3

27 NyLg

~~. 4 &lt;
CQ OK

oa Ey
me
Tg wid ls

re ey

Sl) Oa
£8.53Sg DS

ye PX

Oe DO
[al “a

&lt;Q, GC od
A 0s

Oe OK
£ S|

“el
oT my % 1AN
RR

Fa] ry
lm ~~

Lae Jd

t™ re 3.2"

LL
ry aN
Sy i

Ti

“00m

Tegpneratare

Ml.ectrical

insrcy

mT NEEie Jolt
rr Sry2.200
oN2.300
$ Sry =3.372
oy oT

Ce DCO

oonTe 200
aanCe 200
aN
Se TU

Ep yf =9 372
ST Ans2.375
2 nF
Caml

DyIR
= 0
i; ~Te 233

Ve To
© NTT

Cel
Ty : 7 ToTe 272
I} ~~ 7 =

Se d72

SOR
“oe i

2 02x
op Vw

 mr —

3 230ComNebr



111,

~~, SEI mT A 3T 3 Vy om FyCharde-Test Vo.o Coat'd.

Fr pron 1Foourfresar gem

.
oo ho

LidgE70  Te.

”
Zz,

= ~ AD)-~ ~~ =
 Se ed he

&gt; 0 ay
Cow

~ —~ p bm osSoprectad teapor

fo hon ea) i, HISmeat turnsd Oi.

~~

004 + 0,003
xX = 123

Ed
Noe

Gow
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~tank-Test NO.

Curation of Calc’

Time Temp =»

Tow

ra fa]

illle oR Leg, C

&lt;Ce D7~

Jf

~~
=

3 ze. a7

 0)

3 e533

23

3
 gs yo

Te)

o®)

) ~ 23yn

la 3

~
y

=
-

) - —~y
smra 5%

3

3~

20 24 AA)cd, oJ

= vy
 LL

~~ A 24.25~ evo

z4 a0~ eo /r/

55.00“ig ~/

25,01ie

SET Nm
7 i —~—

Seg oF [EH

25.07ingot

SEAS
Tg &amp;

oZoNG
~ a LU

SEN
~ J) *.sgowAS

Ne PY
Raat 2

Ged g dl

25.01Tig

Zo. 0d

“0.00Lit god

wp
-=

3
J

NY
J

\
J

Zw

J
)

Sad

9

yi Y J

=J
.

JLo

2
1m
i.
1.7 J

~y 4
od

for

-

Heyl

nrratyre

Flectrical

fnerdy

Te Volt

4,020
4,333
4,072
4,055
4,055
4,373
4,025
4,023
4,033
4,040
4,335
4,042
44 050

4,335
4,042
4,240
4,045
£4,038

4,030
4,332
IBZ

TD

i
=
ha
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Lt5.4 2 &amp; ne Oe-leck-Test ¥o.2z Cont'a,rt er . A ——

Current turer -

ST Dg
Le 2D =

 ee on om mm

men ms

Sled
 a on an

”,
~— A ry ™~~ ’ ’Lg wa

 WMD Sime “ER AEE anger

srrectsd teunnr

Yemmant tprrnzd off.

-.

~~ oS a ~
"3 nes |

~ — A)

3 2

deg C

ay
 ed 9.0320.902 9,903 X 4. Lat

WE Aas a=
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» ox

Blank=-Test No. =D.

Suration of

Pig

iin,
x
SCC

5
:

of

2

)

2)

J

20
~

J

aN
SJ

)
yt

&lt;
aw

“

4

/

Cf

”

vf

3

J

0

&lt;7

~ Be wn ai

Tem:

ry}

Cag, (
22.75

22.73

22.753

22 7

aE

Ze)

24430

£Oe JO

22,10
20. 14

25. 13
25.12 max

25,13
20,13
20. 12

28, 12

zo, 13

25. 13

ZC. 13

20. 13

2.13
&lt;o. 13

$2, 13
5 132

iv. Room
Temperature

 i

Ta

Amp
Su

Flectrical
fnerdy

Be Volt

4,100
4,075

4,075
4,085

4,035
4.030
4,053

4,080
4,035
4,08)
4,075
4,070
4,085
4,375
4,030
4,075
4,075
4.07%
1.735

TT
a. 070
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2 A m ” AT a¥ ~ 4lang-Tsagt N¥o, 30 Cont'a,

- Current turned ~-

yn.
~™
ar
a"

5.1
-

“orrected tem

mwas fnpned ¢ ff,

. I nn : ~

deg— J

TN ~
; desgryI. 4

ag

22 30 3.304 + 0.00%
4 CSD EAv = #

Co So NsED



118.

rge=Test No, 3.Chargs=Tesh|

Duration of Calorincstar

Temperature
of wa*-~-m

Av, Room Electrical

Temoeraturs Enersy

iifle’ J Dede U Deg. T Ny

”~
os 23¢ 23 25 Lp

 —

-

oo 23423
y

2)

- 22.929

"7
” 02.29

22 99

~ 0 59.230

)

B

)

25. 18

2532

25.40
25e46
25.49
25450
25.51 maw.

25.21
25491
25.51
25.51

25.51
25 51

25.51
25.51
2551

25.51

.

1%)@

)

D
AY

10 0

&gt;)

14
ne

tt .1) 3

a0)

1 $

iN

| ¥

 |

15 Ls

Yirrent LPR RA ® Naprent turned off

Ee. Volt

2,750

3,800
3,900
3,915
3,935

3,900
3.885

2,885

3,855
3,890
2.885
3.885
3,890
3,915

2.880
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Jharss=-Taegh  Cont d,

rT 13030222023 © Ca02 = 0,004 deg, C
A

P. ]

Correct nd tor ~ture = 25,51 = 23,30 = 0,004+0 x 4.5 = 2,20 deg. C



Plank=Tsst No-

Nursbioa of

Ti 4 &amp;

Calorimeter
Temoerature

- wet ap

Av. Room Electrical

Temperatures Energy

ina Se.  "™
Ni Deg. ‘wpe Ee Volt

&gt;

J 93. £0 25.5
-

-
"4 4,125

4.100

4.090
4.090
4.035
4,075
4,085
4.100
4.085

4,085

4,085
4,085
4.085
4,085
4.0385

4.085

4.090 °

~~

7

0

0

)] 083.89

)
3 22.839

0

$ 22.90

10

0 23.91

30
n

0
-
y

26420
2830
28¢ 39

28643

28e45
28447
28447
26.48 max,

284 483
26e483

28e¢"'5
2¢.

26

2C.

26.

2€..
284-15

28.45

3)
Va

30
A

20

ny1D)

1

J

0

2 hd

-

A 3

0)

|

30

15 0

Marrent turned on. Murrent barnsed off.

118,
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Elanz-93stNo.4.8.Cont’d.

-

L

33 = 0,03 = 0.008 des. C

5

45 = 0.0083 = 0;008

aad

ded, C

5

Corrected temoserature = 28,48-23,91 £ 04006+0,008 5 = 2.60 “deg, Cc
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Bl Y aMaa faak=Test No. 4Db

Daration of Calorimeter

Temperature
of water

DedeC

Ta in

Ming Sec.’

0

30

0D

24.183

24,18
2

2) 24,18
1

8) 24,19
oN

N 24.20

&gt;)
4~ 24.21

le | A

30
0

28450
26,460
28468
26.71
28,74
28476
26677

28477
28477
26477
28e77

28475
28,78
28e¢75
28475

28e 74

26.74

26e73
varrant on ¥ Current off

BaXe

10

| -.

I

le,

14

15

Av, Roon
Temarrature

Des.

2DeBH

Electrical

Enersy

I Amp, Ee Volt

AB 4,100

4,100
4,085

4,100
4,085
4,090
4,085
4,085
4,100

4,085

4,085
4,075
4,110

4,110
4,090
4,090
4,090
4,085

AVe 4,091



121,

Blanz-%2s% No,«_oContd,

re

Lu .13.= 0,03 = 0,008 deg, C
5or

7TO28 77« Non
 Wo 4 = 0,008 deg, C

5

Jorrected temo128 “rn 0,00640.0038 X 4.5=2.43 des. C

J Fd
4 £

we AT Nas



199
Chorde=Tagt No

Duration of

I:

‘Na Sae-

x

9

0

2

10

0
20

0

20

) =k 0

30

0

30

0

20

0

30
ib)

0

0

0

20)

(1 3

|

20
u

30
5

ced v4

y

a)
30

5

Yrrant "

Calorimeter Av. Roon Electrical

Temperature Temperature Enersdy
of water

Dese c Des, U Ny Ee Volt

24.70 2549 3,400

3. £50

3,900

3.900

3.8835
36950
3.875
3.885

3,775
3.775
3.850
3900

3.925

3.925
4,000
36975

36975

3.350

Ave 3.854

24.70

24,71

Dh4.71

P4.71

4,71

268480
26.92
27.00

27.04
27,08
27609
2710
27.11 mc .-
27011
27.11
27.10
27,10
27.10
27.09

27.09
27.08
2708
27.07

Mappant ~ PF



123,

70

or.Jed. 2

i [3 £33=T33G N.
ER al awp

0,05 - 0.002 des. C
oe

-
vy

re 7.07

Correctad temo

P07: 0-008 deg, C

~aeure = 27.
— a

EF J2.00240,008 X 5 = 2:3

4 { 3 LN
be

des, C


