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.HE SPECIFIC HEAT CAPACITY OF HRAVY PETROLEUM FRODUGCTS

The Specific Heat Capacity of a substence is defined, in
_Qetfio units, as the quanﬁity of heat energy necessary to raise the
temperature of one gram of the substance one degres centigrade with-
oﬁt changing its state., This quantity of heat energy is the same as
that transferred to the surroundings when one gram of the substance
:t.sA coéled thru one degree centigrade. In the knglish units, this
would be the cuantity of Heat energy necegsary to raise one pound of
the substance thru one degres Fahrenheit.l

When a substance is heated the energy added is partially
utilized in increasing the tramslatory moti on of the molecules and
in overcoming the attractive forces between theme. When the hesting
is carried on at constent volume, no external work is done but if
constant pressure is maintained, externsl work will be done due to
the change in volume against this yressure , thereby using additional
heat. Because of this fact, it is necessary to designate whether
the value for the specific heat capacity of the substance is obtained
at constant voltine or at constaht yressurg. fihe two valuss are dis-
tinguished by c_ and ¢ respectively end it has been found that the

v )4
latter can be caloulated from the former by the formuls

= 2
Op = Cp + LX 2
BD

whera (2% = 1 {dv) is the coefficient of oub-
_ v {dT) v

ical expansion and



B= 1 .%___}__ dv is the coefficient of compress-
( v dp )} T o

N -'Qility and D is the denslity of the substance in grams per cubic
sentimeter, all at the ahsolut'e temperature T. (1)

A For ordinary calorimetry the value cp is usually taken as
.j.lt is more easily determinsd in the calorimeter,

| In heating monatomic gases the heat energy would all be ut-

ilized as mentioned above, but in the omse of substances which will
dissociate under the prevailing conditions into simpler molecular or
afom:lc spprogates, there is an added absorption of energy when the dis-
.sociation takes place. 1t haes been found that for non-associating lig-
uids, within a comparatively smaell temperature range in which the sys-

 tem 1s stable, the curve of the values of c_ plotted against the abso-

P
lute temperature is a straight line. With as:sociating liguids, however,
the dissociation reguires some heat energy and it has been found that
the value of 013 for these liquids is not a lineé.r function of the tem-
‘perature T

Crude petrolewm, 25 it comes from the ground, is composed of a
great many hydrocarbons of the saturated, unsaturated, and aromatic
series which may be separated by various. methods of fractionation into
groups that are valuable for different purposes. In all the methods
of refining crude o0il, propsr heating and cooling of the materials
used and of those produced are of the highest importance. In order
that the separation may be carried out most economically a knowledge

of the quantity of heat nscessary to cause a given temperature rise in

the materiasl wnder consideration is essential. For instence, vhen

(1} Wasbburn, Principles of Physical Chemistry, Chap. 20.



"‘ga.solin.e is fractionated from the other materials in crude oll stesm
o -ia sometimes used as the source of.heati and in building a plant it
muld be desirable to know how much steam would be necessary to raise
| t.iie temperatwre of the oil being fractionated to the temperature at
wmch the gasoline would be distilled off. Or, in the separation of
pa‘.réffin from the fractions containing this substance, it would be
valuable to know Low much heat would be given up by the o0il in cooling
to the point at which the paraffin may be removed.

A third example in which this knawiedge would be of interest
'is the preheating of crude 0il before it eneters thse still, with the
.hot residuum leaving the still. The present investigation was under-
taken in order to obtain specific heat data for use in cormmection with
this lest problem. The heat exchange is affected by passing the crude
oll thru tubes surrounded by a pipe in which the hot residuum from the
stlill is flowing in the opposite direction. In order thst as much as
‘possible of the heat which the residuum contains magy be utilized, and
in order that the crude o0il may be heated to the desired tempsrature,
it is necessary, in designing the interchanger, to consider the quanti-
ty of heat that can be withdrawn from the residuum as it cools from its

original temperature to its outlet temperature.

PREVIOUS WORK
Most of the experimental work which has been done on the de-
termination of the srecific heat of mineral oils hag been done for the

Parposs of obtaining data which would be of value in the recovery of



paraffin from the heavy fractions of these oils. As s result, the
~ majority of the determinstions have béen made at low temperatures.
.Ehe following results, obtains& by Bartoli and Stracciati,(l) were
" gmong the fiist dats published in regard to the specific heat of the

- paraffin hydrocarbons obtained from an Americen crude oil.

BPECIFIC HEAT OF HYDROCARBONS FROM AW AMERICAN CHUDE OIL

BeP, Spe.Gr. Sp.Ht. at t°C,

CsHyg 30°C. - 0.6402 - -

CgHy4 68 0.6950 0.5042 1637
CrH1g 92~ 94 0,7328  0.4842 17-50
CyHyg 92- 94 0.7303 0.4869  18-51
CgHy g 116-118 0,7463 0.5111 12-19
CoHop 126-138 0.7624 0.5015 13-18
CioHze  158-162 0.7711 0.5068 14-18
C11Hpqe  180-182 0.7617 0.8082  14-19
C12H0g 198-200 0.79158 0,5065 14-20
Cyatlog 218-220 - 0.8017 0.4987 15-21
CyqHgy  236-240 0.8120  0,4995 14-21
CisHze 258-262 0.822¢ 0.,4991 15-22
016H34 218282 0.8287 0.,4964 15-22

(1) Das ErdSl - Engler & HOfer Vol.l, p. 90



Similer, but probably more extensive investigations were

... ohrried out by Maybery and Goldsteln (1} 1n 1902 with the result that

the following data were obtained :

(1)

SPECIFIC HEAT Of HYDROCARBONS OF 1HE PARAFFIN SHRIES

BETWEEN THE TIMPERATURES OF 0° AND 50°
_BeFs Sp.Ht, B.F. Sp.Ht.
S 68°C.  0.5272 CyyHga 195 0.5013
Cylly g 91 0.5005 C1gHgg 214 044997
Crllyg 98 0.5074 I 226 0.4986
Cglig 125 045052 Crafimy 242 044973
Colpg 151 045034 CigHzz 260 044966
CioHzg 162 0.4951 CigHzs 275 044957

C10H22 172 0.5021 Coumeroi&l |
tasoline 0.5135
SPECIFIC HEAT OF CARBONS OF THE SERIES
BETWEEN THE TIMPERATURES OF O° AND 50°

B,Pe __ Sp.Ht. B.Ps Sp.Ht,
CeHyo 68°C  0.5062 C1iHpz 190 044819
Collyy 98 044879 CyoHogq 212 044670
CgHyg 119 044863 CizHag 232 0.4573
CoHi1g 135 0.4851 CrgHog 244 0,4531
Oyfay 160 044692 Crgigy 263 0.4708

CoFoM&Ybery and A.H.Goldstein, Am.Chem.J. Vol. 28
(1902) 67 - 74



' SPECIFIC HEAT OF HYDROCARBONS OF THE SERIES CpHpy

_ BoPs _Sp.Ht.
C16Hz2 173°C  0.4723
C1gHzg 202 0.4723
CagHag 223 0.4706
Canfye 260 044612
CoqHag 272 044586

The above tables show, to same extent, the relation between

the speclfic heat and the physical properties of the substance.
will be noted that in the same series the specific heat seems to de-

orease with an increase in the molecular weight.

It

Also, that the more

unsaturated hydrocarbons show lower specific heat values than the par-

affin series.

The specific heat of the following crude oils from differ-

ont fields were zlso obtained by these investigators.

SPECIFIC HEAT OF CRUDE CILS

Sp.Gr. SpeHts
Pennsylvania 0.8095 00,5000
Berea Grit 0.7939 0.4690
Jaypanese 0.8622 0.4532
Texas (Lusas ‘/ell) 0.9200 0.4315
Russian 0.,9079  0.4355
éyoming 0.8816 0.4323
California 0.9600 043980
Texas 0.9466  0.,4009
0 hio . - 0.4951
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In attempting to determine the value of the specific heat
@f.ﬂélifornia Petioleums, H, B. Vales (1) compared the electrical
f;#hthod with the modified liegnamlt's method. In the former method,

the sanple was placed in a calorimeter and the specific heat value
 ’335 determined by noting the’temperature rise per czlorie of slec-
ﬁiiaal energy put into the system. In the latter method, a metal
weiéht was heated in a condenser by’ﬁeans of steam and the temperature
‘change produced by dropping this weight into a sample of o0il was noted.

It was found that the electrical method, the results of
which checked within about 2 to § per cent,.was the less sensitive.
| The results of the anzlysis and the specifie heats of
twelve samples may be seen in the following table :

Sample Hg0 0-150°C, 150-300°C. 300°C. Asphalt Sp.Ht.

e

Fumber Por Cent Distillate at 20°C,
1 0.0 - - - - 0.3999
2 0.33 - - - - 0.4143
3 0.52 - - | - - 10,4389
4 7.0 5.7 23.14 32.1 31l.17 0,5016
b 1.3 0.0 374 0.0 = 30.91 0.4788
6 0.0 3B.6 54.1 4.2 6.2 0.,4804
7 0.0 8.1 87.3 39.7 2345 0.4474
8 0.0 26.8 43.3 22.1 7.0 0.4832
9 0.0 0.0 12.3 48,7 3643 0.4419

10 0.0 0.0 R2.5 42.3 347 0,4553
11 6.2 0.0 30.9 22.6 3949 0.4559

(1} Jeof Ind. & Eng.Chem. VoOl. 6, No.9, Sept. 1914, p. 727
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| Samplesll, & and 3 were oils containing only fractions above
%00°C, lr. Wales states that the results seem to indicate that with an
| increase .in asthalt content, the specific heat of the sample decreases
and that an increase in the water content causes an incresse in the
_qpaoific heat. From these twelve samples the average specific heat of
oglifornia crude oils 1s 0,4500.

The investigations previously referred to have been made at
temperatures below 50°C. and are not very valuable for use in commect-
ion with interchanger design where the temperature of the o0il reaches
850°C. or higher. In 1920, Bailey & Edwards (1) d1d some experimental
work on the specific heat of a sample of mineral oil at temperatures
varylng from 20° to 250¢C, Lihese observere attempted to obtain thie
deta both by using the electrical method, mentioned above, snd the
mothod of mixtures. The latter method comsists of heating a sample
of knovmn specific heat to a predetermined tempsrature, adding this to
the sample of 0il ard noting the initial and final temperatures of the
0il. 7The electrical method was found to be more satisfactory. The

results obtained by Bailey and Edwards are as follows:

SPECIFIC HEAT OF A MINSRAL OIL AT DIFFERENY TEMPHRATURES

Temperature ¢C. Specific Heat
b0 0.476
120-140 04543
140-~160 0.565
160-180 0.577
180~200 0,591
215-235 04620

- (1) Bailey & Edwards - J.of Ind.Eng.Chem. Vol.1l2, No.9 (Sept.1920)
page 891
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The above data, when plotted, give practically a straight
line. |

A sample of the residuum resulting from = distillation up to
271¢C., was obteined from the crude oil stills at the Los ingeles Refin-
ery of the Union 0il Co. of California, on October 10th, 1921. About
300_grams of this sample was placed in an insulated apparatus in which
'1t could be stirred by a constant speed stirrer, and z kmown amount of
heat energy wos added by measns of an electrical resistance coil, The
_resulting temperature change at varioﬁs temperatures was noted and the
_specific heat of the sample was calculated from these data. DBy making

.a series of these determinations at various temperatures it was hoped
that a relation between the temperature and the specific heat of the
gample might be obtained.

The apparatus shown in the accompanying figure (Fig.l, page 10}
wag used in the determinations of the syecific heat of the sample under
consideration. It consisted of a Dewar flask (a), with a wooden cover
thru which the stirring rod (b}, the thermometer (¢) and the lead wires
(d) to the heating coil (e} pass. The stirrer (b) was a plece of glass
rod so bent that when it was rotated it stirrred the liguid both above
and below the heating coil. The stirrer was run at a constant rate from
& belt attached to a motor. The sample waes heated by means of the re-
sistance coll (e} wound on an anmilaer glass coreé and thru which a direct
current from a storage battery passed. <(he wiring diagram is shown in
Pig. 2, vage 10. The resistance coil was connected to the voltmeter

(v) by means of heavy copper wires, in order that the voltage drop between
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the .c_oil and the volimeter might be negligivle. The current passing
thru the circuit could be veried by adjusting the resictances R and R'
a,nd_ could be read by means of the ammeter {(a). The temperature was
read thru a magnifying reading glass on the thermometer (o), the bulb
o_f which dipped beneath the surface of the licuid. The stem of the
thermometer was surrounded by a piece of glass tubing (f) in which a
second themometer () was hung in order to determine the average tem-
perature of thé exposed mercury thread. The readings of the latter
theimoxneter were for use in calculating the stem correction for the
férm_er thermometer at high temperatures.
In order to obtain the specific heat of the residuum, it

wae first necessary to determine the water equivalent of the apparetus,
or the guantity of heat necessary to raise the temperature of the appar-
‘atus thru one degres centigrade. This value was obtained by placing a
weighed quantity of distilled water in the apparatus, heating this water
end the apparatus thru a known temperature change and noting the quantity
- of slectrical energy necessary to produce this change. Since the appar-
atus was at a higher temperature than its surroundings, during the exper-
iments, 1t was also necessary to determine the quantity of heat energy
transferred from the apparatus to the surroundings. Iwo methods were
used to determine this correction for heat dissipation during the runs.
The first was the electrical method, in which the temperature of the
apparatus and its contents were held congtant at the average temperature
of the run by passing a steady current thru the coil; the electrical

energy required for this purpose being noted. In using this method, the
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Follows 11
‘gpparatus and oil were heated thru from three to five degrees centi-
L grade, the dissipation correction was determined, and the apraratus
" wag again heated thru an equael increment of temperature.

The second method was to shut off the current snd to note

. the rate at which the temperature of the appsratus fell. In deter-

mining the dissipation loss by this method the spparatus and its
contents were sllowed to cool after each of the heating periods un-
til they reached the initisl temperature of that period and the av-
erage 0of the rates of change of the temperature during the two cool~
ing periods was taken,or else they were allowed to cool from the
final tempersture of the run to the initizl temperature of the run
and the rate of change over this period was noted. In all cases the
stirring was camtinued at fhe same rate thruout the canplete rumns.
By using these methods of determination of the dissipétion loss, the
heat.of vaporizetion of the sample was partially accounted for since
the sample was vaporizing at practically the same rate vwhile the
correction was being determined as it was during the heating period.

Since the specific heat of distilled water has been accur-
ately determined at different temperatures, it is possible to calcu~
late the energy necessary to raise the water thru a given temperature
range. By subtracting this guantity and the dissipation loss fram
the total amount of enei‘gy added to the system, the energy necessary
" t0 raise the temperature of the zpparatus thru that temperature

range or thru one degree could be calculated,
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In the first _attemint to determine the water equivalent of
the apparatus, a plece of No. 26 npdvance™ resistance wire was used
as the heating element. It was found, however, that there was aypre-
. .glable electrolysis between the alloy and the water, and a light col-
. qred. precipitate was formed after the current had been turned on a

sﬁort time. It was found necessary, therefore, to replace the
".A.dv‘ance" resistance wire by a three foot length of No. 36 platinmmm
wire. The ends of the latter were sesled into the emis of two pieces
of glass tubing which were used as conduits for the copper leads. tThe

elsotrical contact between the copper and the platinum was made by

- means of a small smount of meroury in the bottom of sach tube.

After determining the water equivalent of the apparatus, the
distilled water was replaced by weighed quantities of residuum and the
- specific heat capacities of the latter were determined by similar pro-

sadures at temperatures between 20° and 160°C.
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The tables shown on Pages 15 and 16 give the results obtained

‘for the water ecuivalent of the apparatus (L) and the specific heat of

tng.gample_of residuum at the temperatures
tained thruout the test and an explanstion
are shown in the appendix.
| The curve shown on Page 17 shows
_ to.exist between the specific heat and the
residuum.
| The residwm was analyzed in the
'Gﬁmpany and the following results obtained
Sp, Gre. = «9490
Hs0 = 0,10 %
Flash (Clsveland Open-Cup
Fire-Tester)
Fre " "
Furol Viscosity
Temperature
100¢F.
122°F,.
150°7,

210°F,

shown. The total data ob-

of the method of calculation

the relation which was found

temperature of the sample of

leboratory of the Union 0il

) = 225°F,

’ = ZZ6ew,

Viscoslity
182 seconds
84 seconds
36 seconds

15 seconds
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Because of the fact that there was not sufficient time for
farther research on this subject, it was impossible to check the results
'.sh‘own above. Their applicability to engineering problems can only be
d.eterinined by comparing the actusl heat exchange in an operating unit
with the heat exchange calculated for that unit from the specific heat

as herein determined.

I%OSSIBILITIQ@ OF FUTURE EXFFRIMINTALION

o The work covered in this report is ﬁarely a start in a field

of investigation which offers a big opportunity for work of an original
and valuable nature. 7The first consideration would, of course, be the
means of obtaining greater accuracy than has been possible in the time
~avallable for this investigation. This would mean the develomment md
calibration of a calorimeter which would overcome some of the difficul-
ties encountered in the present work. For instance, the dissipation
losses could be cut down considerably by surrounding the calorimeter with
linsulating material or with a second Dewar _ﬂask; the lag in the appara~
tus might be reduced by improving the stirring device amd changing the
heating element; the accurao;r of the temperature readings might be in-
oreased by using a different type of thermometer, possibly of the electri-
cal resistance or thermocouple types. A further ¢mmsideration of, and
"possibly en improvement in, the mesns of gccounting for the ensrgy used
in vaporizing a portion of the liquid at the temperature of the exper-
iment would also be valuable. Tthis would be particulsrly so if the

temperatui'es wore extended to higher valuses.



- 20 -

Upon consideration of the complexity of the material used
in these experiments and the v.ariation in the composition of samples
‘rrom different sources it will be seen that extreme accuracy is not
of paramownt importance. It is desirable, however, to obtain, with
felr 'accura.cy, the specific heat of samples of petroleum products of
different nature and produced under different conditions and to com-
pere these data thruout the range of temperatures used in the refining
-.of petroleum. If, for example, the specific heat of two samples, which
were produced under very similar operating conditions, could be com-
pared at various temperatures, it would ve possible to ascertain the
acourscy with which the curve showm on Page 17 could-be aprlied to
different samples of the materisl. It would be interesting also to
.ascortain the applicability of these data fto samples fram different
fields and to samples of verying composition from the same field. By
such comparisons, it might be possible to determine sn spproximate
relation between the specific heat and the other physical properties

of petroleum products.

SUMMARY

An electrically heated calorimeter was developed for the
purpose of measuring the specific heat of petroleum producte at dif-
ferent temperatures,

The specific heat of a sample from & heavy fraction of a
California petroleum was found to increase from 0.3 to 0.6 with a
temperatlire change from 25°C. to 150°C. The rate of this increase

was more rapid at low temperatures then at higher temperatures.
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APPENDIX

The following pages cmtain the data obtained in the deter-
mination of the water eguivalent of the apparatus and the specifiec
heat of the sample of petrolesum residuwm. The different means used in
 oalculating the results from the data obtained are discussed for the

purpose 0f showing the dependability of the results chosen.
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RUN-1 Nov. 30, 1921

WATER EZUIVALENT OF APPARAIUS

First Heating Period _ Second Heating Period
S Temp. Temy .
Time °C. Volts Amperes Time °Cs Volts Ampeores
3320 22.62 9.10 1.415 4325, 29.25 9.55 1.459 )
32045 9,10 1.405 t25.5 9.53 1.459
‘le 9,056 1,403 2260 9.5% 1,458
1215 9.05 1.403 $26.,5 9.562 1.457
332. 9.0b 1.403 227, 9.52 l1.456
$22.5 9.04 1,402 227.5 9.51 1.455
_. :23‘ 9.02 10401 3280 9051 1.453
$23.5 9.02 1,401 22845 9.51 1l.462
124, 9.02 1.401 229, 9.51 1.451
324.5 9.02 1.401 :29.5 9.51 1.449
225, 9.02 1.401 230, 9.51 1.448
- 38645 9.028 1.400 2305 9.51 14447
. 226, 9,028 1.400 31, 9.51 1.445
22645 9,02 1.399 t31l.5 9451 l.444
327. 9,02 1.399 232, 9.51 1.443
£27.5 9,08 1.398 21325 9.51 1.442
228, 9.02 1.398 233 9.51 l.442
) 32805 9.02 1.398 21335 9450 1.442
129, 9.02 1.398 834, 9461 l.442
329-5 9.02 1.39% 23445 9.51 1,441
230, 9,02 1.397 235, 9.51 1.441
230,56 9.02 1.396 23545 9.51 1.440
331, 9.02 1,394 136, 9051 1,440
331l.5 9.02 1,393 33645 9.51 1.440
232, 337.0 .
2132.5 29,38 ¢37.5 36,39
233 39339 138, 36.38
134, 29.38 23845 36437
139, 36 436

(1) The current readings were taken 15 seconds after the

voltage readings.

Weight of water = 301.85 grams

Speed of stirrer = 183 H.P.M.

Average Room femp. = 24.2°C,

Digsipetion loss = The temperature wase held constant at
29.2b6°C. for 14 minutes with a voltage of 1.35
volts and a currsnt of 0.202 amperes.
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RUN-2 ' Dec. 1, 1921

WATER EQUIVALENT OF AYPARATUS

Pirvst Heating Period Second Heating Period
Tempo TQMP.

’ Time °Ca Volts Amperes Time °C. Volts ores
2¢30,  19.61 8.49 1.425 (1] 4115, 25.85 8.45 4’41.3“‘1_('1'40 ]
'i50.5 8.47 10421 31505 8.48 1.402
'331t 8,48 1.422 :16. 8447 1.402
'331+B 8.48 1l.421 116.5 8.47 1.401
: 3530‘ B.47 1.420 s17. 8.48 1.401
- $38¢6 8447 14419 :17.5. 8,48 1.401
333 8447 1.419 :18. 8445 1.401
$33.5 8.45 1.418 :18.5 8.45 1.401
134, 8e43 1,415 :19, B.45 1,401
2345 B8.45 1.419 :19.5 8.45 1.401
235, 8.45 1,416 220, 8.45 1.401
"23beb 8043 1.419 220.5 8,45 1,401
236. 8445 1.419 t2l. 8.45 1.399
21365 Be45 1,419 12145 8.456 1,399
237, 8.45 1.418 t28, 8447 1,399
2375 8445 1,417 322.0 8,45 1,399

‘;3580 8.43 10410 :23. 8.45 1.399

l 338.5 8440 10410 12505 8.45 16399
2590 8.40 1;410 124, 8445 10599
239.5 8.42 1.410 :24.5 844D 1.399
240, 8445 1.415 225, B8.45 1.398
240-5 8445 1.410 82505 8.45 1.39%

841; 8.45 1.408 226, 8445 1.397

" 24145 845 1,407 126.5 B.45 = 1,397
242, 227,
t42.5 25.82 21275 BR.00
243, 2508§ $28. 3&.09
t143.5 25.82 229, 31.98
s44. 25.82

:4b.  25.81

(1) Current readings were taken 15 seconds after the

voltage readings.

Weight of water = 304.61 grams

Speed of Stirrer = 180 R.P.M.

Average Room Temperature = 22.5°C.

Dissipation Loss ~ The temperature was held constant
at 25.88°C. far 13 minutes using a voltage of
1.10 volts and a cuwrrent of 0.183 amperes.
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UN .
RUN-39 Dec. 2, 1921

WATER EQUIVALENT OF APPARATUS

. Pirst Heatine Period Second Heating Period
Temp. ‘ Temp.
ime °Ce Volts Amperes _Time °C. Volts eres
9510,  18.20 8445  1.419 (1) 10:40. 24,30  8.40 1.400 (1)
- 31046 835 1.410 1405 8.38  1.3%99
tll. 8.38 1.415 841. 8.57 1.399
t1l.5 8,38 1,408 24l.5 8435 14397
z1R. 8438 1,408 142, 8.35 1.397
'1205 8035 10405 :42.5 8.55 10595
'}130 8,85 1.405 343, 8435 1,396
1135 8.30 1.402 24345 8435 14395
114, 8.30 1.402 44, 8435 1390
21405 8030 10402 :4405 8.35 1.585
315, 8430 1.402 245, B.35 1.395
‘15.5 8035 10402 :45;5 8055 1.395
8160 8.35 1.402 346. 8.55 1.390
81605 8,3b 1.402 :4605 8035 1.385
12170 8035 10401 2470 8055 1.585
$117.5 8,30 1.401 $47.5 8435 1.385B
,Sleo B30 1,401 :48. 8435 1.382
‘81805 8430 1.400 348.5 8035 1.382
t19. 8.35 1.400 349, 8.35 1.381
$19.5 8.35 1.399 +49.5 8.32 1l.381
220, 8430 1.399 350, Be33 1.381
32005 8,30 10398 =50.5 8.20 1.380
$21,0 8,30 1.398 251, 8;50 1.380
t2l.5 8.28 1.385 ¢bl.b 8435 1,379
$28 sb2.
222'5 24430  2B2.5 30.28
323, Eé;éa - 3bB3. 30.27
1235 24,30 253.5 30.25
. 3&4. 24429 : : 54, 30423
(1) 'he current readings were taken 15 seconds after

the voltage readings.

Velght of water = 305.48 grams

Speed of Stirrer - 180 R.P.M.

Averasge Room Tempevature = 21.5°C.

Dissipation Loss - The temperature was held comstant at
24.30°C. for 10 minutes using a voltage of 1.02 volts
and a current of 0.175 amperes.



. PFirst Heating Period
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Dec. 2, 1921

Second Heating FPeriod

o Temp. - Temp.

Mme °C, Vgﬂg_m( Time °C. Volts Amperes

,‘%.1’5 32,05 8440 1.378 (1) 2:45. B7.53 B.45 14350 (1)
" 31b.6 8439 1.377 245,56 8445 1.350
'16; 8039 1.575 846. 8043 10345
'316.5 837 1.370 24645 8440 1.345
_317- 8437 1.365 :47. 8440 1.345
“gl%.5 8435 1,363 347.5 8040 1.342
318- 8.55 1Q362 3480 8.40 1.341
818.5 8.3b 1.362 t48.5 8440 1.342
tlgo 8030 10562 249- 8,40 10342
11905 8.30 1.370 249 .5 8.3D l.341
3200 8.35 10362 :50. 8.58 1.341
32005 8035 10362 :5005 8.40 1.340
3210 8.35 1370 25l 8,37 1.340
32105 8435 1,370 35105 8439 1.340
.‘220 8440 1.3856 t52. 8,38 1.339
$22.5 8.38 1,365 t52.5 8.37 1.339
. !250 8.38 1.368 :550 8.58 1.339
32505 8-35 10362 :5305 8035 10339
324' 8055 10%1 2540 8.38 10539
32405 8.35 10%1 854-05 8.58 1.238
t250 8035 1'%0 3550 8037 103&
:185.5 8435 1,361 :556.5 8435 14337
) 126, 8.3 1,361 :156. 8,35 1.335
18645 8.35 1,360 25645 8635 14330
127 257

- 3875  &T7.61 s67.6 42.86
328- 37.61 3580 42084
£28.5 37.60 158 .5 42.82
29, 37.59 ¢59. 42.80

it s a  ———

{1} “he current readings were teken 15 seconds after the
voltage readings.
Veight of water = 305.48 grams |(Ssme sample as in Fun 3)

Speed of Stirrer » 180 R.P.l.

Average Room Yenmperature = 23.5°C.
Dissipation Loss ~ The temperature was held constant
at 37.54°C, for 10 minutes using a voltage of
2.15 volts and a current of 0,355 amyperes.



RUN_ 4

WATER ECUIVALENT OF APTARATUS

Pirst Heating Period

Temp.
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Dec. 5, 1921

Seocond Heating Period

© _ Tempe
Time °C. Volts Auperes Time °C. Volts Amperes
1310 24.25 8.80  1.401 (1) 2:15 30.61 8.82 1,380 (1]
3105 8475 14400 115.5 8.80 1.378
Sll‘ 8.72 1,399 =16. 8,80 1.379
‘lliﬁ 8.80 1,399 216.5 8.80 1.379
"3120 8,78 1399 3170 8.80 1.381
tl2.5 8.75 1,400 :117.5 8.82 1,380
_315. 8.75 1'599 3180 8078 10380
81505 8480 1.398 $18.5 8.80 1.375
114, 8475 1.400 19, 8,80 1.374
':14.5 8080 1.400 31905 8.82 10565
8150 8.76 1q399 8200 8.80 1.350
" 21645 8475 14399 12045 8.50 1.342
316, 8,75  1.400 :21. 8.70 1,380
316.5 8480 1.399 2215 8.70  1.350
3170 8.80 1399 222, 8.50 1.342
t17.5 8.75 1.399 22245 B«50 14340
818; 8.80 10595. 223 8.60 1.345
"~ 21845 8480 1,395 223.D0 8.68 1,360
219, 8.82 1,396 124, 8,70 1.380
t19.5 8.82 1,397 t24.5 8470 1,360
£20. 8.82 1.395 225, 8470 1,360
82005 8085 1.395 32505 8.73 10555
'}21. 8,80 1.390 :26. 8,70 1.350
:21.5 8.80 1,390 28645 8465 1.360
223, 127
2225 §Q.61 227.5 36460
23, 30,60 2B, 36.60
22845 36459
(1) The current readincs were taken 15 seconds after the

voltage readings.

Welight of water = 302.39 grams
Speed of Stirrer = 180 R.P.M.

Average of Room Temperature = 2l.5°C.

Dissipation loss - The temperature was held constant at

30.61°C, for 11 minutes using a voltage 0of 1.75 volts
and a2 current of 0.261 amperes.



RUN-44A

WATER ECUIVALENT OF APPARATIUS

_First Heating Poriods

- 28 -
Follows 27

Dsc. 5, 1921

Second Heatino FPeriod

the voltage readings.

. Temp. ' Tanp.
{me °Ce Volts Amperes Time _°Ce Volts Amperes
8355, 36.22 8.58 1.350 (1) 4300, 41.63 8.99 1.376 (1]
~3BBeB 8.60  1.347 20045 8.90 1.278
1560 8,60 1.345 :01. B.85 1.37"7
f5605 8.58 1.547 30105 8.85 1.375
‘257, 8.58 1.345 102, B.86" 1.375
3B7.5 8455 1,345 :02.5 8.85  1.375
-3580 8057 1.344 8050 8.80 10372
358.5 8.565 1.3256 20345 B8.80 1.375
3590 8.50 1.352 304- 8080 1-375
- 3695 B8.50 1.335 104,85 8,80 1.375
8;00- 8.52 1,338 :05, 8.80 1.375
*30005 8.52 1.338 205.5 8.80 1.372
s01. B.52 1.337 s06, 8.80 1.375
101.5 B.53 1.338 106,56 8.80 1.375
. 1024 B8.52 1.338 107, 8.80 1.%72
102.5 8.55 1.537 :107.5 8.80 1.369
303. 8.55 1,338 208. 8,80 1.370
303-5 8.55 10338 308.5 8.80 1.370
:04. 8.55 1,387 109, 8,80 1.367
104.5 B.54 1,337 :109.5 B8.80 1.367
105, 8.55 1.388 :10, 8.80 1.3658
105.5 8.55 1.389 :10.5 8,80 1.38%
8060 8.55 1.353 t1l. 8.80 1.365
206,5 8.65 1,355 t11.5 8,80 1.365
107. s12.
¢07.5 41,80 :112.6 47.39
3080 %1-80 :13. 47 .38
308,65 41.78 213.5 474 33
{1) fThe current readings were taken 15 seconds after

Weight of water = 302.39 grams (Same sample as in Run 4)

Speed of Stirrer = 180 R.P.M.

Average Room Temperature = 23.0°C.
Dissipation Loss - The temperaturs was held cmstant
at 41.63°C, for 15 minutes, using a voltaze of
2.48 volts and a current of 0.380 amperes.



Mrst Heating Period.

"RUN-. B

VATER EGUIVALENT OF APPARATUS
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Dec. 6, 1921

Decond Heating Period

readings.

Weight of water = 302.03 grams
Speed of Stirrer = 180 R.P.M.

Average Room Jemperature = 22.8°C.

Dissipation Loss -

’ . TSMP. Temp.
‘Bime °C. Volts Amperes Pime g, Volts Amperes
7320,  24.33  9.40  1.440 (1] 2:15. 31,75  9.28 1,458 (1}
'320.5 9.35 1.439 316.5 9.25 1.458
22l. 9.33 14439 116, 9.24  1.457
“2105 G.33 1.436 16,5 9.21 1,457
288 9.28 1,435 217, 9.20 14457
’ i2205 9§28 1.430 21765 9020 1.455
323 9.285 14430 t18, 9,15 1.453
12345 9.25 1.4256 :18.5 9.16 1.455
324, 9.25 l.428 :19, 2.20 1.455
{32405 9.25 1.42% :119.5 9420 1.455
‘25. 9,30 1.428 120, 920 1.450
$125.5 9.28 1.425 2120.5 9.20 1.450
'3260 . 9025 1.424 321. 9.20 10450
326.5 9.25 1.422 32105 9.20 1.448
'3270 9-25 1.422 8220 9.20 1.447
32705 9-25 1.422 32205 9020 1-448
‘228, 985 1,421 223, 9.20 1.448
28,5 9.26 1.421 $2345 9420 1.445
829. 9025 l.421 224. 9.20 1.445
329-5 9.25 1;421 324-5 9020 1-445
130, 9.25 1.480 :25, 9.20 1l.445
30,5 9.25 1,420 t25.5 .20 1.445
131, 9.25 1.420 126, .20 l.445
331.5 9.25 1,420 226.5 9420 1.443
] 232, 9.25 1.440 227, 9.20 1,443
t32.5 .10 1,440 1275 9.20 1.442
'53;0 328'
£33.5 3179 128.5 39,01
¢34 3179 129, 39.02
134.5 31.78 329.5 39,00
(1} The current readings were taken 1lE seconds after the voltage

The temperature was held constant at

31.75°C. for 13 minutes using a voltage of 1.60 volts
and a current of 0.261 amperes.
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"RUN-54 Dec. 6, 1921
VATER ECQUIVALENT OF APFARATUS
Pirst Heating Period Second Heating Period
Temp. : Temp.
 Mime. °Ce Yolts Amperes 2ime °C. Volts Amperes
§s40.' 39.15 9.35 1,453 (1] 4:16. 45.45 9,35 1.458 (1)
314045 935 1.452 216,56 9.30 1.458
3410 9.35 1.448 217, 9.27 1.457
$41.5 9436 1,448 217.5 9.25 1,456
-~ s4B. 9.30 1,445 t18. 9.25 1405
343, 9430 l.442 119, 9.23 1.450
143,5 9427 1442 219.5 9.23 1.450
344. 9025 1.441 320. 9.20 1.44-7
- 344.5 9.25 1.441 120.5 9.20 1,448
. ‘45. 9.25 1.441 321. 9022 l.445
84595 9.2b 1440 t2le5 - 925 l.445
8460 9025 l.441 2220 9025 1l.445
346.5 9425 1a440 12845 9«25 1.445
84.'70 9.25 1.440 223, 9e2H l1.445
-~ 347.5 9.25 1.440 21235 25 1.445
. 248, 9426 1,440 124, 9.20 1.445
248,50 9425 1.440 22445 9.25 1.4458
34:90 9.25 14440 225, 9.25 1.442
249,56 9.27 1440 255 9425 l.442
t50. 9.27 1.440 126, 9.25 l.441
. :50.5 9.27 1.440 226.5 9025 1044‘1
151, 9.30 1,440 327, 9.26 1.441
351.5 9.28 1.439 22745 9.26  1.441
£52,. 128
52,5 45,59 22804 51,75
:53, 45,58 129, 51.70

(1) ‘“he current readings were teken 15 seconds after the voltage
readings.
Weight of water = 302.03 grams (Same sample as in Tun 5)
Speed of Stirrer = 180 R.F.l.
Average IHoom Lemperature = 23.4°C.
Dissipation Loss -~ The temperature was held constant at
45.46°C, for 15 minutes by using a voltage of 2.60

volts and a current of 0.419 amperss.



RUN-6

First Heating Poriod

SYECIFIC HEAT QF RESIDUUN
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Dec. 9, 1921

BSecond Heatine Period

voltage readings.
VWelght of Residuum = 301.67 graoms

Spead of Stirrer = 180 R.P.M.

Average Room lemperature = 22.5°C.

. Dissgipation Loss - The temperature was held constant at
24.356°C, for 28 minutes by using & voltage of 0.65
volts and a current of 0.100 amperes. ’

. Temp. Temp.
: =) °C. Yolts Amperes Pime °Ce Volts Amperes
®e0B.  20.39 3.99  0.802 (1) 10:35. 2438  3.97 0,600 (1)
8085 599 0.600 $35.5 387 0.600
”}06- 3.99 0,600 :36. 5097 0.599
‘06;5 3'99 0.800 336-5- 3097 0.599
307} 3.99 0.600 237, 36 97 0.599
.30?05 3.99 0.600 35705 5.97 00598
’ 2080 3.98 0.800 $138, 597 0.598
$108.5 3.98 0.600 33845 397 0.598
- 209, 3,99  0.600 139, 3.97 0.598
109.5 3.99 0.599 139.5 397 0.598
110, 3.98 0.599 $140. 3497 0.598
$10.5 3.99 0.599 140.5 3.97 0.598
3110 3098 0.599 3410 5.97 00598
:1l.5 3,98 0.599 14l.5 3497 0.598
12, 3.98 0.599 142, 3497 0,597
!12.5 3.98 00599 342.5 3.98 0.597%
:150 3.99 00599 3430 3.98 0.596
"~ 318.5 3.97 0.598 143.5 3.98 0.596
t14. 398 0.598 144, 3.98 0.595
314.5 3.98 0.599 144.5 3,97 0.595
t115. 2.99 0.5699 245, 3.9%7 0.59%7
11545 3.99, 0.599 :4B.b5 3.97 0.595
216, 2498 0.599 .3460 3697 0.598
$116.5 3.99 0.598 3146.5 3,97 0.5856
817. 347.
tl7.5 23.81 147.5 27 48
318- 24000 348.0 27.53
218.5 £4.00 :48.5 2757
219, 24.00 3490 2757
219.5 23.98 149.56 R27.45
20, 23.90 350, 27.41
220.5 23.85
(1) The current readings were tsken 15 seconds after the



SPECIFIC HEAT OF RESIDUUM

_R UN -7

First Heating Pericd

- 38 -

Dec. 10, 1921.

Second Heating Period

, Temp. Temp.
Time °C, Volte Amperes Time °Ce Volts Amveres
- 8230, 20,69 3.95 0.603 (1] 10:40. 23.87 3.93 0.602 (1
'.!5005 395 0.602 240.5 3.94 0,600
t3le 395 0,602 t4l. 3.94 0.600
SSlcb 394 00601 341.5 3493 00600
332, 20.99 ) 242, 24.05
.35205 B3.94 0.600 $142.5 3493 0.599
333, 3.94 04600 243, 3.92 04599
333.5 3494 0,600 243.5 3,92 0.599
3540 3493 00600 344- 393 00598
£34.5 Ze94 04600 $44.5 3.93 0.599
235, 3.98 0.599 145, 3493 04599
83505 3.93 04600 845-5 3493 0,599
236, 3.93 0.599 t46. 3.94 0.599
35605 3.92 04600 246.5 3494 0.598
237, 3.92 0,600 147, 3494 0,598
‘357.5 3.92 0,599 247 .5 3.94 0,598
338, 3.92 0,599 248, 3.94 0,598
23845 3492 0599 248.5 3494 04598
339, 3493 04599 :490 3.94 0.597
339.5 3.93 00599 34905 5.95 00597
240, 2341 250, 26430
24045 3.93 0.598 15045 3493 0.597
241, 394 0,599 :51. 393 0597
14l.b 3.94  0.H599 $51.D 3493 0587
‘420 3520
342.5 244,05 tb2.H 26.92
143, 24.19 £53. £7.01
143.5 24422 ¢53.5 27.04
344, 24.23 t54. 27.08
3445 24.22 £54,5 27.03
245. 24.21 356, 27.01
245.5 24.18 :55.5 26.99
246, 24.15 :56. 26,97
246.5 24.12 :156.5 26.92
147, 24,08 s57., 26.84
t57.5 26.80
$158.,0 26.79
:158.,5 26,77
159, 26475
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RUN -7 - | Dec. 10, 1921

~ (Continued)

(1} The current readings were taken 15 seconds after the
: - voltage readings.

Weight of Residuum = 301.67 grams (Same Sample as in Run 6)

Spead of Gtirrer = 177 R.P.l.

Average Room Temperature = 22.8°C.

Dissipation Loss -~ The temperature was held constant at
23.87°C, for 7 minutes by using a voltage of 0.35

volts and a current of 0.055 amperes.
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RUX -8 Dec. 17, 1921.

SPECIFIC HEAT OF RESIDUTL

First Heating Period Second Heating Feriod
- Temp. Temp.
Dime °Ce. Volts Ampere _Qime °C, Volts Amperes
Ps31. 69.25 6435 04905 ill 11:15. 72.18 64,30 0.901 (1)
fi,al.s 6,30 0.901 t15.5 6.30 0899
 3520 6.30 0.901 116, : 6.30 0,899
232.5 6.30 0.900 :16.5 6.30 04899
353; 69.38 _ 3170 72022
§35.5 6.30 0,900 :17.5 6430 04899
_334. 6,30 0,900 :18. 630 0.898
18445 6.30 04900 :18.5 6.30 0.898
’350 6.30 0900 119, 6.30 0.898
355.5 6.30 0,900 219.5 6.30 0.898
$36. 6.30 0.899 220, 6.30 0,897
33645 6.30 0.899 $20.5 6.30 04897
3357, 6.30 0.89¢9 121, 6430 0.897
. 237.5 5630 0.899 22le5 . 6,30 0.897
238. 6.30 0.899 322, 6.30 0.897
338.5 6.30 0.899 122.5 6.30 0,897
239, 6.30 0.899 223, 6430 0,897
 339.5 6.30 0.899 :23.5 6.30 0.896
240, 630 04899 s24. 6.30 0.896
240.5 6.30 0.899 28445 6430 0.896
t4l, 71.50 1256, 74.35
341.5 6.30 06899 125.H 6.30 0.896
8420 B e 30 00899 3260 630 0.896
242.5 6.30 0,899 £126.5 6.30 0.896
343, 72.15 £27. 74485
343.5 72,23 22745 75400
344, T2.35 228, 75.00
244.5 7238 228.5 75.02
145, 720&8 129, 75403
345.5 72.35 129.5 75,01
146, 72.22 :30.  74.98
$146.56 72.20 230eD  74.88
147, 72.15 131, 7479
13l.5 74.70
8520 74460
1325 74,50
233, 74.40

(1) The current readings were taken 15 seconds after the

voltage readings.

Veight of Residuum = 301.67 grams (Same Sample as in Iam 6)

Speed of Stirrer = 180 Rl.F.l.

Average Room Yemperature = 26.0°C.

Dissipation Loss = [he temperature was held constant at
%2e21¢Cs for 15 minutes, using a voltage of 4.00 volts
and a current of 0.578 amperes.
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- RUN-9 Dec. 19, 1921

DYEcIFIC HRAT OF RESIDUUM

First Heating Period ' Second Heating Period
, Temp. Temp.
" Pime °Ce _Volts imperes Time °Co _YVolte Amperes
1228604 69.22 6.528 0.915 (I} 4110, 71.79 6451 0,901 (1)
- 345065 6.52 0,910 :110.5 6.51 0,200
;511 6,52 0,905 3111, 6,51 04,900
- 3bleb 6.52 0,905 111.5 651 0,900
52  69.37 a1z, 71.93
36245 6.62 0.905 t12.5 6,61 04900
' f53- 6,52 0.905 t13. 6.51 0,899
25345 . 6.52 0,904 $13.5 6.51 04899
154, 69,83 114, 72.42
254.5 6¢52 0903 1445 64,51 0.899
. ¢5be 6.52 04903 215, 6451 04899
85545 6.52 0,903 :1B.5 6451 0,899
- 356, 70.51 116, 73.02
35645 6452 09083 21645 6,51 0,899
:570 6-52 00902 3170 6451 0.899
16745 6,62 0.902 t17.5 6.51 0.899
- 358, 71.18 318, 73.62
15845 6.52 0,902 t18,5 6,51 0,899
.':590 6.52 00902 3190 6051 0.899
359.5 6.52 0,902 £19.5 6451 0,899
1:00 71.80 20, T4.25
300.5 6.52 0.902 22005 ' 6.51 0.898
301, 6,62 0.902 :21. 6.52 0.898
t01.5 6.52 0,902 221,56 .51 0,898
302, 72.45 2282 74.85
) $02.,5 72.58 222.5 75,01
303, 72462 ) 223, 75.04
203.5 72.6b :23.5 7H.06
304 72065 3240 75008
204.5 72,68 3124.5 75.03
106,  72.60 25, 74,99
:060 72.47 3260 74.83
307, 72435 27, 74.68
3080 72.15 3280 74.50
!090 71.98 :290 74..30
110. 71,79 £ 30, 74.10
211, 71.59 331, 73.90

312. 71040

(1) “me ourrent readings were taken 15 seconds after the
voltege readings. '
Veight of Hesiduum = 293.E9 grams
Speed of Stirrer = 180 R.P.l.
Average Room iemperature = 20.6°C,
Dissipation Loss- The temperature was held constant at 71,79°C.

. , for 12 min. using a voltage of 5.99 volts and a current of
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RUN. 10 Dece. 21, 1921.

SPECIFIC HEAT OF RESIDUUM

First Heating Period Second Heating Period
: Tempe Tempe
o_ °C. _Volte Amperes Time °Ce Volts res
§0s15. 20,19 4,00 0.615 (1}  11:25., 23,81 4.01 0.615 1}
 $1515 4,00 0.614 225-5 4.01 00612
5160 4.01. 0.615 :260 4.01 0.5610
31645 4,01 0.615 22645 4,01 0.609
:170 20.51 :27. 24004
$17.5 4,01 0.615 2275 4,01 0.608
318, 4,01 0,615 £128. 4,00 0.607
'318.5 4,01 0.615 228.5 4,00 0,607
t19,. 21.25 :29. 24,78
3195 4,01 0,612 $29.5 4,00 0.607
320, 4,00 0.612 :30% 4,01 0,607
220.5 4.00 04,610 230.5 4,01 0,606
221, 22.01 231, £25.41
© 3215 4.00 0,611 131.5 4,00 0,606
122 4,00 04610 332 4.00 0,606
$22.5 4,00 0.611 33245 4,00 0,606
$20 22461 233 25.98
123.5 4.01 0.509 2335 4.00 0,605
324. 4,01 0.609 3340 4.00 00605
224.5 4,01 04,608 23445 4,00 0.605
22b. 23420 135, 26446
325.5 4,00 0,608 335.5 4.00 0,605
226, 4.01 04,608 £36. 4,00 04604
. 326.5 4,01 0.608 $3645 4,00 0.605
12%,. 23473 237 £7.00
227,56 23482 A Y] 27.03
228, 238490 238, 27.17
32805 239D :38.5 27.18
229, 23.93 239, 27.14
330, 23.80 £40. 27.00
33Le 2374 s4l. 26.88
‘320 25-62 8420 26076
333, 23457 343, 26,64
3340 23647 :440 26.60
335. £3.41 t45. 264.55
136, 23438 :460 26,45
‘ 337. 25035 3470 26.41
138, 2331 248. 26439
139, 2324 ) 149, 26437
+40, 23.22 4 150, 26435
t4l. 23420 t51, 26,25
- 342, 23,19 ) $b2. 26422

343, 2%.18 353, 26420




RUN-10

(Continued)

" (1) fhe current readings were taken 16 seconds after the
voltage readings. .

. Weight of Residuum = 203,75 grems
Speed of Stirrer = 180 R.P.M.
Average Room Temperature = 21.5°C.
Dissipation Loss - The temperature was held constant
at 23.15°C. for 15 minutes by using z voltage of

070 volts and a current of 0,110 amperes.

- 37 -
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RUN - 104

SPECIFIC HEAT OF RESTIDUUM
Firet Heating Period

Dec. 21, 1921«

Second Heatine Period

. Temp. Temp.
N ~_°C. Volte Amperes Time °C. Volts Amperss
’{ulﬁ. 90.2¢ 7.52 0,977 (1) 4327, 93,00  7.52 0.967 (1)
" 415.6 7,52 0,975 £27.5 7,62 0.965
tl6. 7«62 04974 s28. 7.52 0,964
31645 7.51 0,973 32845 7.52 0.962
117. 90,30 $2Y. 93.05
117.5 7eB1 0,973 £29.5 7.52 04962
“lea 7051 0,972 230, 7.52 0.963
-‘1805 7.51 0.972 :3005 7.52 0.963
'190 90.78 g3l, 03.57
‘31845 7.50 0.970 231.5 7.62 0,963
3200 7.51 0,969 232 7+852 0,962
$20.5 7«51 0,970 $32.5 7.62 0.962
$21. 91.38 333 94,15
 82105 751 0.970 23345 752 0.962
3‘220 7.51 0,969 234, 7,52 0.961
328.5 7.51 0.969 134.5 7.52 0.961
'i25. 91-99 235. 94.77
8235 7451 0,969 135,5 7.52 0,961
224. 7450 0.968 356. TeD2 0.961
32405 . 7«50 0.967 13640 7.52 0,961
‘250 92.59 237-0 95.55
$25.5 7451 04967 13745 7e52 0.961
. ‘260 7.51 00967 338. 7052 00960
32645 7.51 04967 33845 7.51  0.961
3127, 93.21 139, 96,00
. 88745 95.35 339.5 96.05
3280 95.37 2401 96015
t128.5 93.37 $40.5 96.03
- 389, 93.28 24l. 96,00
‘300 95-10 :420 95.81
331, 92.85 £143. 95,59
332- 92.60 244, 65,30
133, 92.38 245, 95.04
134, 92.06 346, 94.79
235, 91.79 147, 94,53
-3360 91055 2480 94.21
!570 91025 é49. 94000
'38. 91.00 350, 93.65
£39. 20.75 s5l. 93.40
£40. 20.49 152, 93.15
s4l. 90.21 353, 92.85
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R U‘N = 10-4

(Continued})

-(1) The current readings were taken 15 seconds after the
B ~voltage readings.

| Weight of Residuum = 303,75 grams (Same Sample as in Run 10}
Speed of Stirrer = 180 R.P.M.
Average Room Temperature = 24.2°C.
Dissipation Loss -~ The témperature was held constant at
93.19°C, for 8 minutes using a voltage of 5.15 volts

and a current of 0.676 amperes.
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RUN-. 11 Dec. 22, 1921.

SPECIFIC HEAT OF RESIDUUM

Tamp- Temp.
Bime °Cs _YVolts Amperes Time °Ce
- 12330, 121.5 9.8 1.200 12345 128.2
' 3230.5 9.55 1.199 245.5 128.0
8310 9055 10199 48, 127.9
343145 9.56 1.198 247, iz7.2
- 2324 122.6 148, 126.9
23245 9.56 1.198 249, 126.3
233, 9.54 1.197 250, 126.0
‘33.5 9.54 1.198 351. 1256.6
334, 123.68 :52. 1256.1
l3405 9.53 1.197 3530 124.8
235, 9.52 1.197 254, 124.2
235.5 9.562 1.197 :5B, 124.0
3360 124.5 356. 12306
36,5 9.562 1.297 e57. 123.1
237, 9.52 1.196 - 258, 122.8
2378 9.52 1.196 +59. 122.3
138, 125.2 1:00. 122.0
238.8 9.52 1.195 :01. 121.8
339. 9.52 1.195 102, 121.2
339.5 9.52 1.195
240, 126,.1
s44, 127.9 9.62 1l.185
144.5 9,62 1.184

(1) The current readings were taken 15 seconds after
the voltage readings.
Weight of Residuum = 305.28 grams
Speed of Stirrer = 178 R.P.l.
Average Room Temperature = 24,2°C.

The dissipation loss was obtained only by the
cooling method.
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RUN-11_-4 _ Dec. 22, 1921,

L

S?EOIFIQ HEAT OF RESIDUUM

First Heating Period Second Heatine Period
L Temp. ‘femp.
‘Mime °C, Volts Amperes Time °Ce __Volts res
H‘ s0B. 120.0  9.55 1,199 (1] 2285, 125.8 9.90 1.819 (1)
'f0505 9454 1,197 22545 9.90 1.219
$06. 9.53 1,196 126, 9,90 1,218
 306.5 9.53 1.195 22645 9.90 1l.217
$07. 121.1 s27. 126.8
 ’67,5 9.52 10193 227.5 9.90 1.215
208, 9.52 1.191 328, .90 1.213
40845 9.52 1.189 22845 9.90 1,215
' ‘090 122.2 AN 127.8
"'10: 9.52 1.185 230 9.90 1.213
t10.5 9.51 1.184 $30.5 9.90 1213
slle 12341 +31. 12847
8115 9.51 1.185 231.5 , 9,90 1.213
‘ilzp 9.51 1.185 338 9.90 1e213
‘1205 9.51 1l.186 23245 9.90 1.210
r-:15. 124.0 $33. 129.6
31345 9.51 1.186 333.5 9.90 1.205
1ls. 9.51 1l.185 234 9.90 I.205
$14.5 9.51 1l.184 134.5 9.90 1.208
3150 125.0 230, 130.4
,'315-5 9.52 1.183 33505 9090 1.204
.1160 S.52 1.181 3360 9.0 1.204
116.5 9.62 1.181 236.5 9,90 1,204
‘217, 12508 337 131.2
¢17.5 125.6 237.5 131.1
:18, 12b.2 138, 130.9
: 259, 130.3
240, 130,0
:410 129.5
42, 129.0
343. 12807
:44. 128.2
24D, 127.9
246, 127.4
147, 127.0
48, 12647
249, 126.1
150, 125.9
251, 125.3
252, 124.9
:53. 124.6
+ 54, 124.1
s 55, 123.8

:560 125.4
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RUHN ~ 11-4

{Continued )
Second Heating Period

Temp.

ﬁme °(,
R:5%. 123.0
:580 122.7
59, 122.1
3300. 121.9
501, 121.4
$08., 121,.0
203, 120.8
304, 120.3
208, 119.9
206, 119.7

{1} The current readings were taken 15 seconds after the voltage
reading.

Weight of Residuum = 305.28 grams (Same sample as in Run 11)
Speed of Stirrer = 178 R.P.M.

Average Hoom Temperature = 25.2°(.

Dissipation Loss - The temperature was held constant at 126.1°C.

for 1l mimites, using a voltage 0f 6.60 volts a2nd a
current of 0.845 amperes.
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RUYN -~ 12 Dec. 28, 1921

' SPECIFIC HEAR OF RUSIDUUM

Temp.
Iime ' °Ce Volts Amperes
10:51. 148.1 10.15 1,149 (1]
t51l.5 10.15 1.145
352, 10.156 1.142
352.5 10.15 1,142
2153, 14846
15345 10.15 1,141
154, : 10.15 l.141
35445 10.15 1.141
$55. 149.4
:55.5 10.15 1,140
356. 10.13 1,140
:56,5 10.15 1.140
157, 150.0
sb7.5 10.15 1,140
t58. 10.15 1.140
258.5 10.15 1.140
59, 150.9
2b%9.5 10.15 1l.142
11800. 10.15 1.143
00,5 10.15 1.143
+01, 151.8
101.5 10.1D 1,143
s02. 10.15 1.143
t02.5 10,15 lel42
203, 152.5
:0305 152-3
104, 152.0
£104.5 151.8
3050 151.5
206. 151.0
207, 150.3
:08. 149.9
209, 149.4
210. 148.9
t1l. 148.3
12, 14%.8
213, 147 .4

(1} The current readings were taken 15 seconds after the
voltage readings.
Weight of Heslduum = 265.30 grams
Speed of Stirrer = 180 R.P.k.

The dissipation loss was only determined by the method
of cooling the spperatus end its contents.



RUN - 12-4

SPECIFIC HEAT OF RESIDUUH

_ Temp.
Dime °C. __ Volts _ Ammeres

. 113250 158.7 10.25 10147
32345 10.25 l.141
124, 10420 1.140
124.,5 10.20 1l.141
225, 159.0
32D0.5 10.20 l.142
126, 10,23 1.145
12645 10.23 1.150
227 159.8
2275 10.23 l.142
228, 10.20 1.140
t28.5 10.23 1.140
229, 16043
829-5 10.23 1.140
230, 10.23 1.140
130.5 10,23 1.140
2310 161.0
231.5 10.23 1,140
232 10.23 1,140
:3205 10.23 10140 .
233, 161.7
:33-5 «* 10023 1.140
234 10.25 1.139
33445 10.26 1.139
235, 162.2
¢35.5 10,26 1,139
336, 10.26 1.139
236D 10426 1.13%
237, 162.9
237.5 162.8
238, 16244
23845 162.1
239. 161.8
240, 161.2
241, 160.6
242, 16000
245. 159c4
144, 158.8
45, 158.1
t46. 157.7
247, 157.0
248, 156.4

{1)

- 44 .

Dec. 28, 1921.

(1) 7he current readings were tzken 15 seconds after the
voltage readings.



CRUN - 12-4

(Continued)

Weight of Residuum = 265.30 Grams
(Same Sample as in hun 12}

Speed of Stirrer = 180 R.F.M.
The dissipation loss was only determined oy
the method of cooling the apparatus and its

contentse.
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' The condensed table shown above gives the results obtained

‘“’uj,le determining the water equivalent of the apparatus. 4dhe values
W" and "a" are the average values of the voltage and ourrent, respec-
‘},,;v‘giy', during the heat:lng periocds. ‘The valueshv' and "g'" are the
_-}pltage and current reguired to hold the temperature of the apparatus
" eéhstant at the average temperature of the run. The total time during
wh_j,ch the heating current wee turned on is given in the colum marked
9, while &' gives the number of minutes from the start of the
hggting period to the time at which the temperature reaches its maximum
vialue for that period. The latter time interval was sanewhat greater
;;.t lower temperatures than the former becazuse 0f the lag in the temper-
é.ture reading; at higher temperstures these two values were about the
.same because the dissipation of heat from the sample was then so great
~ that the temperature dropped slmost immediately when the current was
“turned off. The column markéd AT shows the sum of the temperaturs

- differences, initial to maximm values in each case, during the %wo
.hsating periods. "EW is thg mean o0f the initial temperature of the
" run and the maximum temperature of the second heating period. ™y is
the weight of the distilled water used in the run. "E" is the water
equivalent of the apparatus or the mmber of calories of energy
necessary to raise the temperature of the a,pl?:aratus thru one degree

gentigrade. This last value was calculated from the data by means of

| the following formuls 3



Calories added = calories dissipated * calories
used to heat water + calories used to heat agpparatus.
‘” gince 1l watt = —I?‘(l)'&’" = 14,34 calories per minute

(P)(8)(01(14:3¢) = (V1 )(41)(0)(24.34) + (1)W)OT) + (E) (A7)

or
g=  {viallf) - (v')(a')(¢') 14.34 vy (1)
ar

Whore the specific heat of water is taken as 1 calorie per gram per
dsgreo centigrads.

fa;k:ing Run 3 as an example ~

&_ E = (8.34' X 1.396 X 24 nd 1002 X 00175 X 25.5} 14,24 - 50505
‘ 12.10

BE= 20,3
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'.From the pesults shﬁwn in Table l=f, it will be seen thet the
velues obtained for wEn vary coneiderably and thet they increase with an
increase‘in the temperazture st whieh the run was mede, Since the specific
heet of the materiels from which the aprperesius was constructed does not
chenge appreciably with ﬁhe temperature, this value should be practically
e constant, and, in order to determine the specific heat of the oil, it
wes necessary to choose a value from the above results which would ape
proximete as closely as possible the correct constant for the apparatus,
Since the latent heat of veporizetion of water is very much grester than
its specific heat it is possible that this verietion in the value of
vE" was due to the vaporizetion of o part of the water et the higher
tempersturee atiained in some of the rums, This would cause an increose
in the amount of heat energy used and an epparent increese in the heat
equivalent of the appreratus, Upon this consideration it wsms decided to
teke the average of the four velues obteained at tempersturss between
24°C, and 309¢, for the correct velue of this comstant, It was found to
equal 2C.4 calories,

Tebles 2, 3 and 4, pages 49, 50 end 51, show the resulis
obteined by calculating the specific heat of the sample of residuum,
from the dats obtained in Rums 6 to 1%, by three different methods, In
the first method (Teble 2) the velues {x) for the tempersture incresse
per minute during the hesting period and (y) for the temperaturs
decrease per minute during the cooling peried, were taken from curves
in which the tempereture was ploited as the abscissa and the time as the

ordinate,



§
b

£ cmmi;’?.a of these curves from tesis 10 and 10-4 is sho o page 52,

wk

; portions of the curves in which the rates of change wWere ©One
The

stent during the cooline or heating veriocds were used to obiain thess

L5

4

vﬂ'!ues. The colwms marked (v} and {(a) contain the average values of

e

the voltage amd cuww 1t, resns

i'od. e energy input was cal

Galories per minute = {vj{a}{l4.34)
The temperature of the run (7) was the mean of the initial LenMera-
ture znd the maximum temperature zttsined during the run. The svec-

ific heat wap calculated from the followine Formula 3

w

(14.34)(vi(a) = (S}Hx+y) + (Spoats Jxsy)(T)

or
(v{alll4.84) B
Spe Hbe = “Hzey) (v] - W

»

wm% 2un 10 as on example -
&‘Ul :»‘; 60608 X 14:-03% & - . - PP
5pe Hbe = (0.276+0.0%6) 50848  508.8 - 00969 - 0,067 = 0,502

-

By plotting the values thusg obtained as the abscissae and
the temperatures of the runs as the ordinates a curve was drawn
{Curve 1, pages 17 and B3} showing the relation betwsen the snecific
heat and the temperature of the sample of residuwa.

The results shown in table 3 were obtained by method 2,

-

‘which is the method used to caloulate the hesnt equivalent of the

oy

apperatus. The following equation was used

e

o up. = AxMalld) - (viiat}( 6)14.54
wPe U ° . (enx (A.T_) -

=3 fims

perit



o D

58 on exsmple 3
{401 = D08 x 24 w 0,70 5 0,100 v 271 14,34 —~ 30,
Sp.HE. 7.lE ® B05.8 505.0
(59,5 = 2,11 14.54 . o
= 5’51"‘;5 T am f}ac}bf == vo*,v?v.:} - QGQYE‘; = i}n‘ﬁ{)i}
These results when wlotted upcn the same coordinates as
the ‘T@G@Llﬂ? curve, vage BB, gave Curve £ vhich gyproximated Curve

1 very closely, the points however wers more irregy
st the higher t,mgeratures.

Table 4 shows the values obiained by = combination of thsse
two methods of caloulation. The hesting weriod was considered as
only that time during vhich the rates of inerease of the uinw~tévvev
-ature curves were constant. The bemperature was at the begine
ning snd ending of these periods s0 the dissipstion correction was
effective over the same period of time as the heating. The last
formula shown above was used to calculate the specific heat shown in

the sxamle from Hun 10.

S Th. = (4,00 % 0,608 x 12 - 0,70 = 0,110 x 12] 14,34 204
Wlipdlbe ™
. - F.81 = 3B03.8 3038
{298 = 0,9} 14.34
= e - - LY = A5 - 0 = 5
%51 % 058 G067 = 0,408 0067 = 0,338
It was found that the results thus obtained, vhen plotied on
the same coordinates, gave Jurve J which was very similar to Curve 1.

By comparing the mesults obtalined w

i
i

4=y
5 3

183 Ll

2, 1t will be seen that the two methods

of ‘calenlating

thods 1 and

:—~ u

the gpecifis



%

: gegﬁ gave resulis which checked véry closely at higher tempersiures,
In.béth'methads the’ra{e of temperaturs change during the heating
',wés taken from the curves, but in Method 3, the dissipation loss was
figured from the electrical energy required to hold the temperature

" of the apparatus and its contents constani, while in Method 1 this
-éalue weg celevlmted from thet portion of the time-temperature curve
in wiich‘the temperature was decreasing., Since the same means were
uséd in bothk me%hods to determine the rate of change of the tempers
ature updn the addition of electiriecel energy at & constant rate, it
is probable that the difference in the results was due to ihe differe
ence in the two ways in which the dissipation loss wes determined, Be=
cause of the difficulties encountered in holding the tempersture of
the apperatus and its contents at a constent velue, it is very likely
‘that the electrical method of determination of the dissipetior loss
was the least accurate,

In comparing Methods 1 and 2 it will be seen thet not only
‘was the dissipation loss calculated differently in the two méthods
but also the heat energy utilized in ehanging the tempsrature of the
sample of residuum was figured differently,

In the first method the rate of temperalure chenge, caused
by the addition of electrical energy et & definite rate, was tsken
from the time~-temperature curve, By observing the curve on page 52
it will be seen that the rate of change of the temperature with the
time Was:hot constant at first. This was due to the faet that the

conductién of‘he&t thru the liquid was not instsrtaneous and that the



| efféqt of a change in the h.,s ting current was not shown imrediately
by the tizermametef. ‘zé constent ensrgy imput did, however, result in
a constant rate of change in the temperature, as is shown by the
st-«‘i ;hi@owtwn of the curve, and it was this rate of change that
waé used t0 determine thsat part of the energy input vinich was util-
fzed in raising ths tenperature of the sample.

In the second method, it was neecessary to determine the
total tempesrature change caused by the addition of a definite quan~
tity of electrical émergy. In Order %o 4o This, dbservations wers
made of the length of time during which the temperature was turned on,
6f the total temwerature change from the initial temperature 0 the
mexirum temperature and of the length of time during which the dissi.
vation lese was effective. The last value was the difference between
the time at vwhich the current was turned on and the time at whiech
the teomperature resched its moximum velue. The initizl time and
temperature, snd the time 2% which the current was shut off, could
' é.ll be determmined very accurately but in order to get the maximum
temmerature and the corrvegponding time it was necessary to take an
instantaneous reading of these two values. The insccuracy in taking
thege two simultansous readings is vrobably the partial ceuse of the
deviatiouns in the results cbtzined by Method Z. ‘“*li insceuracy
might have been reduced by using & chronograph to aceursiely record
the ¢ime inferval but smuch on instrurent was not availsble for use

in the eﬂmermenta It would still remsin, however, that the accur-
acy of t";n.is method would be devendent upon the accurscy of two tem-

neratore readings, while in Method 1 the average rate of jemperaturs
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change x::as used ond ths. total error was the algebraic sum O any
‘pos;mtive and necative errors msde in the individual temperature and
time readings.

In all three methods, the enevgy input was calcvlated from
the averages 0f the volitage snd current values during the two hent-
ing periods.

As a result of the a2bove cons i ration of the three methods
61‘ determinstion, it was decided that the most accurate calculation
was that used in Method 1, in which the rates of temperature change
during the hesting and cooling periocds were taken from the time-tem-
perature curves.

It is very likely that grester scowracy would have been COb.
ained in the czleulation oFf the water equivalent of the apparatus
if the temperature readings had been tsken more orten and the rate of
chenge 0Ff the temperature during the test had been taken from & time-
temmerature curve, &s was done in liethod 1 for detemmining the spec-

ific heat of the residuum. Ag is showm D the

(;'!

Jurve 2, on page OB

o

e

it

devia iéns n the second method dy which thz specific heat was calcu.
lated, which was the same method as that used 10 calculate the water
gguivelent of the spparatus were greator at higher temperature. For
this reason the water ecuivalent of the armeratus, vhich was usged in
he subsecuent calculstions of the specific heat, was token as the
average of only the values determined at the lower temperatures.
The cwerage of 21l the values obtaimed for the water scuivalent of

I

the avveratus was. 20.1 cezlories ver degree. By using this value In-



o : ' ’ - BQ -
stead of 20.4 calories per degree, a decrease 0f sbout one per cent
- would have been caused in the syseific hest valuss determined.

The accuracy of the experiments was

warrant the correction ©f the thermometsr readl

so this correction was omitted. The stivring

thruont sach run and nearly so thruout the series of runs,
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