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~0BJEQT-

This thesis was indertaken to make a3 study of the resig~
tance of coXe, Zas-carhon,and Xryoiol whan used as resistors
in the electric resistance furnace, which dailly is heconing
of 1nereasing industrial importance,

It would aovear at first sizht that the ealenlation and
design of an electric resistance furnace would he an extremely
-simnle probvlem, sinece the whole effect 1g the change of slectri-
cal ensrgy into heat according to Joule Law; but this is by
no means the case, as the resistance of the resistor may change
enormously during the run of the furnace, The Zreat difficulty
met with is the lack:'of data on which {0 hase the caleulations.

To find the causes and amount of change in the resistance
of the material, and to add to the present availahle data on

this 1ine was tne object sought for in this thesls.
—PREVIOUS WORK BONE-

loéﬁmVoelker has apparently dilscoversd a remarkable law
connecting volts with the size of carbon granules so that a
thorough utilization of the electrical energy may be obtained.
In short the law may be expressed in Boc, Voelker's figures,
as follows: In using granular carbon as a resistor for volt—

ages of (100N-100) to 100 N volts, the proper dlameter of the



earhon Irains ig n millinmeters,

In the Jamiary issue for 1905 of ths Rlectro themical
and Metallurgical Industry 7. A, J. Fitz Gerald disaeugses
this law and comes to tns conelusion that the law 1g too
simnle owing to thse numbér of factors which determine tne
result and resistance, The effect of temnaraturs on the
reosisting material is Zreat and the voltage <an not ne kept
within the 1linits of the anhove law and still allow for the
vroner regulation of the current passing through the resistor.

In the Becemher 1904 1ssue of the Rlectro Chamical and
Metallurgical Industry Tritz Gerald 2ives a lengthy descrin-
tion of an exyveriment with gramilar carhon r3sgistors and draws
the following conclusions from the experiment:

1. When the current is started there ig first a rapid
decrease in the resistance, followed by a. slow increase, This
increase 1s followed by a decresass, 1f the conditions are such
that radiation of heat from the registor ig vrevented and the
temnerature continues to »isge,

2. Other things being equal nreventing the radiation
of heat from a carbon resistor causes a decrease in its
resistance. That is the electrical resistance of carhon de-
creases with inereasing temverature.

3. If pressure 1s applied to the rsigstor the resistance

decreases, and after removing the pressure the rasigtance is



lower than it was hefore anolving the ovregsure,

4, 0f two granular carhon resistors, each comnosed of
grains of unifrom size, the coarser grained resistor has the
lower resistivity. |

5 If the same »ressure is annlisd to coarse Zrained
and fine grained resistors, the decrease in rsgigtivity »ro-
duced is greater in the former than in the latter,

Pitz Gerald alsc says that amornhous carvon when heated
to high temperatures undergoes physical and chemlecal changes.
The most 1mportant ones are inereased density, increased heat
conductivity and decreased electrical resistivity.

In the Tebruary 1905 1séue of the Blectro Chemical and
Matallurgical Industry, Pitz Gerald describes an expseriment
using two granular carbon resistors from which the following
data was obtained. The'resistors were of graphitized coke,
one through 5 and on 6 mesh (61), and the other through 3
and on 4 mesh (G2),

Two readings were taken during the experiment and the
resistivities calculated.

Resistance vner cubic centimeter unit.

Gk G2.
reading 1 .19 ohms .13 ohns
reading 2 .27 ohms .19 ohnms

In the same article comparing the resistance in a run of

a carborundum furnace the following data are given:



relstance of 1 c¢,c. grdinary o0ke on reaching load = .44 ohns.
" " " graphitized:® " " " o= ,16 v
" " " at end of furnace rmn = ,07 "
—APPARATUS~

The apvaratus used in these experiments consisted of a
furnace, water rhaocstat, pyvrometer, voltmstser, and ammeter.

The furnace was madse from a 12 inen vitrified nips 3 £aet
in 1length. The pipe was first lined with 2 inches of lime
mortar, then foliowed a 28 inch 1ininzg ox kaolin. 4 1 ineh
fused silica tube was nlaced in the centire of the ramaining
ovenling ana surroundsd by vure silica sand. The ends of the
pips were closed with clrcles of 1/4 inch asbestas board,
allowing the silica tube to vroject through the abestas a few
inches at both ends., A 3 inch hole wag drilled through the
side of the nipe and 1linings and into the sand £illing. This
hole was made to allow for the entrance of the pyrometer
Junetion.

The water rehscostat consisted of a wooden hox 12 inches
by 12 inches by 3 1/2 feet with conper strins vlaced along
the tons of its sides, These conver strips were sonnectsdi to
a 320 volt circuit., The box was f£illed ahout 3/4 full of a
10# salt solution and two copoer nlates were suspendedi in this

solution, These plates, each having a contact on one of the
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cosper strips, completed the clreult through the solution,
By shifting these plates the resistance of the rheostat could
be varisd.

The pyrometer consisted of a thermo-electric junction,
connected to an ordinary galvanometer v coover leads, The
junetion was of platinum and platinum rhodinn, and the wires
were 60 incnes long., The two wires were insulated from one
another by a small fused silieca tube and the entirs thermo

Junction encased in a larger silica tubs,

~METHO®-

The silica tube in the interior of the furnace was fililed
with the sized material used in the ruh. Grapvhite nlugs 1
ineh in diameter and 12 inches long were insertsd, one in
each end of the tube, to act as terminals, These terminals
were held firmly against the vresistor by means of two unrignt
posts fastened to the floor, between ths tops of wnich a
weizht was suspendsd. By this arrangemsnt the nressure pro-
duced by the weight was transmitted diresctly against ths =nds
of the graphite plugs pushing them firnly against the resisting
material and giving a good contact hetwsen the two.

The two terminals of the furnace, the water kheostat, and



an anmneter wasre all connactisd in geries with the gwitsch hy
nuiher 38 conner wire,

& voltmater was coniectad across the two terainals of
~the furnacs, The thermo junction was nlaced in the onening
in the siide of the furnace and oonneéted to the Zalvanomstaer
ny the co:nger lead wirss,

The ourrent was then switched on and reailngg of the
ammeter, voltmeter a-d zalvanomtar taxen at intervals of two
minutes, Readingg were taken in this manner intll ths pyronstar
snowsad a temverature of about 1200 efentigrade, this weing the
maximum temperatire we cared to risk in the furnace.

The olates in the rheostat wers shifted whanever the volt-
age across the terainals hecams too hizh or to low,

At the end of svery run the leangth of eolumn a1d the area
of cross saction were measured,

The following wveadings were taken and the resigtivities
ealculéted;

-EXAMPLES OF CALOULATION-

R=El - - - = — = Ohms Law,
Now whers ® = the dron 1in volis aceross terminals
and I = the current flowing in cirecuit
the product EI = R = resistance of entire colum.

Now 1if the lenzth of the column in aenti-meters ne called A

R
the —-- = >resistance of a 3sesction of ths solum 1 gcanti-mater
IV



Long.
R

And  —— A = wegigtance of 1
I

naterial,

i1hic centi—aster of the registing

Q

~RUN NO, TI-

Mgterial use — Krvontol 1-3 1,1,

lanzht of rmolumn of matsreial — 73.38 2m,., area c¢ross gaction
5.48 g9q. 3.

Room teaneraltinre 29 of

Tntervals hetwean raziings — 2 aintss.

Annerss, Volts d4Aron,. Galranombar,
14.25 155 0.5
17.25 142 1.0
19.50 138 1.6
21.59 125 2.2
22.75 120 2.7
25,35 113 3.8
27.25% 118 3.7
28.75 113 4,2
30,00 112 4.7
21,75 110 5.1
22,50 104 5.8
32.75 1245 8,0
34,25 106 B.5
35.80 112 8.6
24.75 120 7.0
35.%25 128 7.2
33,75 130 7.5
33,00 136 7.8
31.50 138 B.2
29.75 141 3,4
23,25 144 3.7
27.50 148 3.9
27.25 150 9.1
35.890 152 9,2
25,00 154 9,5
25.00 156 9.8
24.50 150 9.6
24,00 160 10.0



=RUN NO.I- (noNfinusi)

Taempearatiure of, Total Resistanecs, Resligtance ner,c.c.
1232 11.89 0,804
209 83.33 0.558
TN2 6.73 J.482
4702 5,31 0,394
492 5.2% 0.3%48
552 4,87 0.315%
6929 4,95 0,333
B892 3,98 0,270
749 Z.93 0,253
792 %.47 D.23%43
352 Z.20 0.245
902 2,18 0.24%
a932 Ta07 0.2308
972 2,11 0,310
1022 ZT.45 0,234
1042 2 .53 0.23%9
1072 %58 7,240
1102 4,12 0.279
1142 4,37 0,296
1182 4,74 0,321
1202 5.09 0.345
1212 5.38 0,355
1232 5.52 0.3%74
1242 5.7% 0.388
1282 5,92 0,40%
1292 8.08 0.412
1300 6.29 0.498

1322 B.BA 0.451



—-RUN NO 22—

Material use — Krvyntol 1-2 m.m,

1en3zth of column of material - 71.75 e¢u. ~ avea 2rosq gaction
5.05 9q. ¢m.

Room tempnerature 25 °©0,

Intervals bhetwessen resdiinigg 2 minites,

Agnares, Volts dron, Galvanonetsy.
11.50 200 0.2
19.50 137 2.6
37.50 170 1.2
17.50 137 2.0
14.00 147 2.8
18,50 171 3.3
27.00 . 140 3.9
31,00 132 4,3
34,00 125 4.9
36.00 124 5.4
27,00 138 5.2
38,50 132 7.0
34,50 139 7.5
32.95 1473 3.3
22.70 148 8.9
31.00 150 9.3
29.50 153 10.1
28.25 152 10.4
26.00 158 10.6
25.00 1862 10.8
24,25 181 10.9

22.00 157 11.0



—RUN NO 2+ (fJontinmedi)

Temseratiire o7, Total Resistance, Aegigtance ner» ¢, C.
535 17.39 1.155
125 9,59 0.54%2
235 4,53 0.%03
375 7.892 0.524
505 11.93 0,799
585 3.724 D.A19
645 5.13 0,347
h95 4.35 0.239
785 % .58 0.246
835 Z.43 2.25%
925 2.468 C.279
1025 .51 0,240
1075 4,23 0.3275
1155 4.43 0,295
i212 4,58 0.305
1285 - 4,84 0,324
1345 5.17 0,344
1%85 5.73 0,384
1395 6.11 0.410
1455 .41 0.4%4
1425 6.63 D.438

1435 7.13 0,487



—RUN W0, %—

dateriql g8 -~ Gag-carbon (2-4 m,iq)
lenzta of coluwm of materisl 54,81 area ceross seation—-5.48 sq.em,
Room Teuneratiire 25 of,

Intervals hetwveen readiings— 2 miniates,

Amperes, Volts 4rovn, Galwvanoneter,
14.50 150 0,05
14.25 152 0,80
15.20 180 0,40
9.50 195 0,70
7.75 128 0,90
10.50 204 1.00
10,00 204 1.20
- 10.75 205 1,40
10.25 206 1.50
.75 204 1.70
8.75 208 1.90
7.50 206 2,00
7 .70 206/ 2.20
10.920 203 2.4
10.00 206 2.5
10.00 204 Se7
10,50 204 2.9
10.25% 203 3.1
10,00 205 3.4
8,75 204 ZeH
11,00 202 3.8
7.50 2086 4,0
9,00 203 4.3
8.00 2086 4,56
7 .50 204 4.8
7,00 208 5.0



-RUN NO 3-~ (Gontinuei)

Temneratiire o7, Total Rnsistance, Resistance

40 10,34 1,089
85 10.66 1.051
105 12.00 1.183
165 20,52 2,023
195 25,54 2.539
205 19.43 < 1,918
235 20,40 2,007
265 19,07 1.881
285 20,09 1.981
325 23.31 2,298
355 24.24 2,390
375 27 .46 2.709
405 29.4% 2,902
445 ' 20,30 2,001
465 © 20,50 2.031
485 20,40 2,007
515 19.43 1.916
545 19.80 1.953
585 20.50 : 2,022
805 23.31 2.298
625 18.27 1,800
655 27.46 2,709
£95 : 22.55 2.223
735 25.75 2.538
758 27.20 2.682

785 29.9% 2.901



—RUN NO 4~

Material used- Gae Carbon (1-2 m.m. )
length of coliiin -~ 53.41 ¢m. area cross section 5.438
Room temmerature 22 of,

Intervals batween readings - 2 minates.

Amperes, Volts drop. Falvanometer,
27 .50 180 2.7
264,50 140 3.5
15.75 ’ 172 4,2
12.50 194 5.3
19.00 198 6.0
16,00 192 6.9
14.50 200 7.1
15.75 206 7e3
15.85 204 77
15.25 ' 202 8.1
13.50 2086 8.3
14.50 204 8.5
16,00 308 8.9
12.75 206 9.0
12.50 203 2.1
16.25 206 9.3
13,00 204 9.8
13,00 2086 9.7
13.75 211 9.7
11.25 208 9.8
11.80 212 10.1



~RUN NO 4- (COntigued)

Temverature °G, Total Resistanca, Resistancs per c.cC.
3823 4,73 0.477
462 i 5.28 0.531
647 10.99 1,104
802 3,98 1.005
902 10.42 1.050
1012 - 12.00 1.309
1032 . 13,79 1.389
1072 12,32 1.239
1047 13,38 1.34%7
1132 13,323 1,341
1152 15,28 1.53%6
1182 14,07 1.426
1202 13,00 1.310
1222 15.68 1.580
2232 16.24 1.835
1252 ) 12.38 1.247
1296 15.85 1,596
1302 ‘ 15.34 1.545
1308 18.42 1.856

1332 18.43 1.866



—-RUN NO 65—

Material used - Coxe (1-2 m.m)
1enzgth of colwan 55.24 en. area c¢ross section 5.05 aq. em.
Room temperature 33 o,

Intervals betwsen reaiings - 2 mimtes,

Ampereas, Voll 4ron. Falvanometsr.
14.00 787 3.4
17.00 157 3,8
21.00 142 4.4
2%.50 135 4,9
25.75H 128 5.4
28.25 127 5.9
24.75 135 6.5
22.00 145 6,8
13.50 174 7.1
8.75 - 190 7.2

-RUN N0 5- (continued)

Temperature o0, Total Resistancs, Ragistanae nex» c.cC.
573 11.96 1,041
623 : 9,273 0,803
703 5,78 0.590
773 5.74 0,499
823 ' 4,98 0.43%4
89% 4,37 0,424
963 5.45 0,414
993 6,59 0.576
1033 12.96 1,103

1043 21.71 1.889
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~BISCUSSION OF RESULTS-

The first two runs were mads on kryntol (1-2 n.m) and
tne data obtainsd and the curves vlottal are very much alike.,
The curves are quite regular and show in hoth cases a Zradual
dscrease 1n resistancs as the temwerature was ralsed, Wnsen
a temperature of 1000 ofentigrade was reached tnls decrease
stonped and from 1000 o up to the end of the min the
raslatance 1increased.

The third and fourtn puns were on gas carbon, number 3
on material sized from 2 to 4 m.m., and number 4 on 1 to 2 1.n
material, Although the same characteristics were obsarved In
hoth <asaes, in the mun on the larzer sized material the
reaistance was Zreater at.all teawseraturaes than the resgis-
tance of tne smaller narticles at the same temperatiures, An
explanation of this must 1lie 1in the Airfferencs in the size
of the narticles used in the two runs, hecaise all other
conditions were ths same,

The resistance tempserature curves for thsess two mms
show directly from the start a very irregular increase in
the resistance with the rise in temperature. Thess irregular—
1ties are due without a doudt to the areing of the current

from one varticle to another, This arcing continued through



out the entire ming on both trials with gas carbon, and was
the caise of the uneven increass in resistancs,

The fifth run was on crushed coke sized hetwsen 1 and
2 nm.m. The beshavior of this material was similar to that of
Kryptol, ths registance decrsasing with the riss in tepera-~
ture until 1000 °¢ was wveached, and then {increasing. The
résistance of the coke, howaver, increased very rapidiy and
at about 1050 ©9, the resistance was g0 great that ths aaomt
of current flowing was practically nothing. When the odke
was allowed to ool and another run made on ths game coke
particlses the resigtance was found to he the game as it was
at the end of the nreceding r»in. The coke svidently went
through sonme chemical or phvsical change whiceh ilnoreased its
regsistance very much,

Other ™ins were tried on largem sized particles of the
sams materials, but no resultis of any valus were ohtalned,
As the size of the particles was inecrsigsad the tendsney to
sparking or foralnz of wminmite arcs in the ~wssistor hHacame
vary great. Thne prevention of sparking is one of the hardest
things to contend with, and 1is important, as when this arcing
occuras the Lrue resistance 1s not shown, but réther the

registance of the alr gaps hetween the particles,



N
.

3.

—SUMMARY-

Thne reslistance of RKryntol dscreases with increasing

tewweratare 1p to ahout 1000 o0, from which noint

o

Mere 1g gn incerease in resigtancs,

The regigtancs of Jas ceiarhon ineresagas steadlily with

riging temneratires,

The resistance of coke :decreases with inersasing
temoerature up to 1000 °¢, from whicn ooint tharse

igs g ranid inerease in regigtanas,
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