g

.._:‘:ﬁ:.‘ .

AN THVESTIGATICY oF THE RGLATTONSIIP BELWRNM

SHADE O COAL ASH AWD THE TISTOW POQINT

A THESIS

Submitted in partial fulfillment
of tine requirements for the Degree
of Haster of 3cience

By

Rex H. %hite, Jr.

! Georgla School of Technology
4 Atlanta, Georgia '
1940




T

AN INVESTICATION OF THl RELATIONSHIP BRIWEREN THE

SHADE ¢F COAL ASH A¥D THE FUSIOY POTHT

‘i
Approved By: '




F R e e F IR

...... L e e

-
e

ACKMOWLHDGEMELTS =

The author wishes tc express his appréciation
to Dr. R. 8. King who made avalilable the equipment of
the Mechanical Engineering Department for this in-
vestization.

A debt of gretlitude 1s acknowledged to Professor
A. Do Holland who suggesﬁed this thesis, made available
the results of many of his own coal analysesz, and
offored many helpfull suggestions during the twoe years
the data for this thesis was beling cbllected.

A debt of gratitude is also acknowledged to
Mre %. L. Jones, Jr., Zlectrical Ingineering Senlor,
who made available his wide experience with photo~
electric equipment, helped hulld the electrical
anparatus used 1In this thesisz, and helped in the
perfcrmance of the tests.

A debt 1s also acknowledzed to Mr. B. J. Dasher,
oraduate Assistant, for his advice En various
phases of the caﬁstruction and use of the equipment
naed in this thesis ;nd for his experiﬁental work

on photo-electric amplifiers.




TABLE ©F G

Discussion of the ‘problem
Present method of deteramining fusion point

Relationship of ash composition to fusion
noint

Determinatlion of fusicn point by color methed
Discugsion of data and results

Coal ash samnles

Discussion

Recommendations

Lopendix T - Description of avsaratus

Appendix Il - Xethod of perforwming ltests

Bibliogravhy

Page




TABLE OF ILIUSTHATIONS

i

Page
Figure 1 - Analyses of coals and ashes 7

Plot of percent silica against fusion temperature 9

Plot of percent alumina against fusion :
femperature - 10

Plot of percent ferric oxide against fusion
temperatiire 12

Plot of percent titanium dioxide against
fusion temperatire 13

Plot of percent lime apgainst fusion temperature 14

. Plot of percent magnesia against fusion
temperature 17

Plot of percent sulphur against fusion
temperature 18

Plot of percent alkalies asainst fusion
teperature 19

Mlagure 2 - Plot of fusion temmeratures
' against microcamperes 26

Figure 3 -~ Plot of fusion temperatures

against microamperes 28
Coal ash samples 32
Figure A - Circult dlagram ’ &7
Figure B - Sketceh of ;xposure Lox ' 42
Plgure C -« Photographs of instrumeﬁt 44

Figure D =« Plot of fuslon temperatures
against microamperes _ 49




N b AT S ILEDE TR Fs 1Y TPt
DISCUBSION OF THiL PuiBLEM

The determination of the fusion point of coal
ash has long been an importanrt part of conal analysis.
In some cases the tmowledge of Phe fasion point of the
ash far overshadows the ultimate analysis of the ccal
in view of the fact that scme equipment, although it
will handle coal high in ash or low in heating value,
absolutely cannot overate on a coal that has an ash
with a low fusion temperature.

The use of a coal with a low fusion point in

ovr modern steam generating usits has many dissadvan-

tagesus and even dangerous results, and with the introw- i
duction of larger and higher temperature units the : !
itnmportance of thls phase of coal testing ls increasing.

It has become esgential that the nowledge of the fusion

point of the azn of any coal that the operating engineer g
is econtemnlating putting through his furnace is known %
if the evil effects of slagging and its consequent ﬁ
delays and costs are to be avoided, E
with the increszajing use of small stokers in %

i

private nomes and small buildings anothsr large group
of hitherto uninterested people are becoming intereasted

in the fusion point of the coal they buy due to the |
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fact that if the coai burned in these ﬁ%&ts doeslnot
have the proper clinkering charatteristics it is a
daifficult job to remove the refuse from the Tire

box of the furnace.

The present methods of determining the fusion

point of coal ash are slow and expensive, and in this

work it has been attempted to develop g means of
determining the fusion polnt that will be both speedy
and inexpensive as compared to the present method,

nrovided that 1t is possible to estabiish a relationship

between the fusion polnt and the color or shade of the

ast sample.




THE PRESENT METIOD OF DETHRMINING
FUSTON POTNGS

A sample of cosal, propefly prepared for coal
analysis#, 1s burned down to ash In an electric .
furnace at a temperature ranging from 1400 to 1700
degrees Fahrenheit, the period of burning being
approximately eight hours. The sample of ash so
obtained is then finely pulverized with & mortar
and pestle until 1t willl pass through & 800 mesh
siave.

This finely pulverized sample is placed.on a
glass plate and moistened and wixed with a 1Oﬁ1.
golution 6f sucrose until a thick paste 1s produced.
The paste 1s then forced into heated brass molds and
allowed to dry and harden. The dry product, when
removed from tune mold, resembles the ordinary segar
cone.

3 Coal is sampled from the car as provided by the
A.3.M.E. Code and 1sg ..rought to the laboratory whers

it 18 alr dried and then crushed to a point where 1t
will all pass through a sixty mesh sieve. This sixty
mesh sample 1ls used fo¥» determnining the proximate analy-

sis of the coal and the fuslon samnle 1is taken from
tnls same crushed coal.




Two ash conés are then mounted witﬁfa geries of
3lx segar cones on a refractorf;ﬁése with a special
refractory cement, and the whode mount is dried in
an oven for several hours, the temperature of the
oven belns between 100 and 200 degrees Fahrenheit.

If an optical pyrometer 1s used il iz not necessary .
ho use the segap cones, although it is considered good
practice to mount a segar cone with a known fusion

in order to furnish a check on the pyrometer.

The base with the ash cones and the segar cones
is then placed iIn a muffle furnace and heated very
slowly to prevent damage to the cones and the furnace.
During the heating the cones are observed through an
inspection port in the furnace and as soon &z a
noticeable softening of the cones occurs ( usually
taken as the time the cone 1is half down), heating
is discontinued and the furnace is allowed to cool.

Slow cooling of the furnace 1s absclutely
eszentlal to prevent breaking of the furnace and
its contents, and five or six hours are usually
allowed hefore the testbed samples can he removed.

After cooling, the base 1ls removed and by inspection
of the segar coﬁes it is possible to determine a |
tempersture interval within which the fusion point of-

the ash is located, Of course, with the optical




pyrometer the temperature is cbserved at the time

*

the cone reaches the fusion point agd'the fusion
. . R ¥ ) ’
temperature iz known withih the accuracy of the

instrument.,

It can readily be seen that this is a slow,
laborious process and would be guite expensive,

It 1s to be noted that with this.present method g
time interval of approximately fifteen hours elapses
between the time the sample is started and the time
the results are availabls.

In obtalning the fusion point, the ash cone in
melting passes through three stages, the initial
point is where the ceone of ash begins t§ soften and
..the tip rouvnds off; thé softening point which is

COmmbnly taken as the fusion point is réached whern
the ash of the cone has softened to such an extéht
~that 1£ assvmes almost the shape of a sphere; the
final point is known as the fluid point and occurs -
when the ash has become fluld and flows aceoss the

base of the nount.
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In the paat many attempts have been made to
get up a relationship between various component
- elements of the coal ash and the fusion point.

Although some of the elements gave indication -

“of influencing the fusi@n point in proportion to

the amount of the.element-present'in the ash, the
" relationship waé only vague-at*the‘best, and re- R W
peated tests have shown thiz method to be entirely |
unreliable. |
~ In order to 111ustrate the futility of attemptlng
to determine the fusion point by referring to the
chemical analysis of the ash, r;gure.l has been drawn
up listing fourteen different cosals, tﬁeir proximate
anglysis, the chemical analyﬁis of.the.ash,.and the
fusion point of the ash.
From the data of Figure 1 a series of plots
have been made with the purpose of showing the
relatlionship, if any, between the various componenté

and the fusion point.
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Frbm'thé:fusioﬁwtemperature-Sif;ca plot on page 9
it is ﬁoted thaﬁ'fbr the mgﬁfﬁm-fuaion pbint of_2300'-.
to 2500 degrees'Fahpenhﬁiﬁ“%he{%érééntage ofisilica.éah-
range from 2904 to 54%. However, it is shown that with
these particular samples, the ashes with the hlgher
fusion points showed z silica content of over 44%. It
can readily be seen that it would be impossible to

forecast the fuslon point from a curve of this.type. _;

On the plot of alumina agalnst fusion temperature, =

page 10, a marked tendency is exhiblted for the fusion _
temperature to rise with the increase in percentage of
alumina. Mowever, if a line were drawn through the |
mean of these plotted points.it.woﬁld still be impos=
sible to Qredict the fuslon tempefatufe*with the;aq;__ 
curacy of 100 degrees Fanrenheit. | o
Nevertheless, it is to be noted that this curﬁe
comes cloger to giving a ratlonal relationshlp than

any of the others plotted.










The plot of,percentage ferric oxi&é against
fusion temperatufe, paga_lz,'gﬁgws'the higher fusion
pointas to oeéur with the 10w€¥¢pe§%aﬂtéges.of'the
Iferric oxlde, and the.average of.ﬁhe poihts would o
show the fusion points to decrease as the peréentage '
of ferric oxide increases. Here again, however, |
there 13 very little basls for predicting fuslon

temperature from the percentage of ferric oxide.

The titanium'dioxide'plot on page 13 shows very .
1ittle that would indlcate that 1%t effects the fusion
point materially. It should be noted that the percente

ages of titanium dioxide gre rather small.

Likewlse, the percentage of lime, as shown on pagé )

14, have very 1ittle effect on the fusion temperature.

The percentages of magnesia, although small, show
gunite a spresd for the fusion temperatures, but there
is apparently no relationship existing directly between

the magnesia percentage and the fusion temperaturé.'

]
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From the piot.nf percent magnesiaJégainst
Ifusion point, page 17, a gené}ﬁi"tendency ig shown
for the ashes with small pef@%ntaéés of magnesia
to have higher fusion points than those with the
higher percentages of the maghesia present. How=-
ever the tendency is not definite enougi to war-
rent any belief In the theory that magnesias has
the effect of a catalyst on the ash, causing it to.

fuse at lower temperatures.

The sulphur plot on page 18 shows definitely
that in these:particular coals, the ashes with
the higher fusion polants are definitely low in
sulphur, but at the same time there ate enough
coals with low sulphur content and also low fusion
»olnts to prevent one from draﬁing the conelusion

that sulphur alone affects the fusion polint.

darlier investigations of the fusion point
led soire observers to beliseve that ﬁhe éulphnr
alone was the controlling factor in determinating
ash fusion temperatu?e, but subsequent invesiigations
by the U. 3. Bureau of HMines have shown this to be

OrronacilsS .«




The plot of tie percent alkalies présent in
tﬁé ash as appears on page 19 sHowa little of

interest, except that the alkaddes ¥n themselves

have little or no governing effect on thé fusion“_-'

temperature.
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The praceding plots of tne fusion pﬁfﬁt
against percentages of the_?ariéééxélements
in the ash gsamples show tihat th¥fe is little
or no relatidn diréctly connecting the fusion
point with certain elements. It Is to be
vnderstood that such a conclusion should not
he drawn from Jjust a feﬁ samples. As it can
readily be ssen from the ashes plotted here,
sometimes four or more samples will fall
in a straight line which woﬁld lead the casual
observer to belleve a relationship existed between
the element in qusestion and the fusion poilnt.

The coal samples used from Flgure 1 have been
selected from a'great many samples as giving
reprezentative results, and the plots with these
ashes bring out the same resuvlts as ares shown
by larger plots covering hundreds of samples.

Recent work has shown that it is possible
to establish relationships between the combined
elements of silica, alumina, iron, and lime and
the fuslon point of the ash. These relationships
are based on complex ratios of the various elements

and the products of their combination chemically.




For example:- !
A curve plotted with fusicn temper-

ature against o i

Hag0y | Staty + Bty S
81 0Og FeO + 0.6(Ca0 + Mg0 + Kp0 + Nas0)
gives fairly good results when used to forecast
‘fusion temperatures. The percentages of elements are
by weight as occurrihg in the coal ashe
It can readily be seen that such relations as
the above are too complicated to be of any use in
speeding up the process of determining the fusion
points-because of the fact that they would entall
a great deal of ratner ccmplicated chemical procedurs,
From the foregoing data and discussion it is
rather obvious that it is impractical, at least, to

attempt to determine the fusion point of coal by

chemical anaelysis. Therefore the problem must be

attaci-ed from a different angle.

£ "Pusibility of Coal Ash and Its Relation to the
Chemical Composition of the 4Ask" by D. J. Demorest,

Chio State University - 1934.




DETERMINATION OF THUE FUSIGH PGINT

- B

BY TH# COLOR METHOD..

Since the fuslon point mustﬁﬁépena upon the
composition of the ash, and the relation has been
proven to be a complex combination of all tha
slements rather than a gimple direct variation
of fusion point nnder contral of ons single element
of the ash, a phyaical praoperty of the ash thét embodies
all the elements combined as g whole would bs most
likely to furnish an index and a simple redation for
determining the fusion point.

0f all the physical characteristics of the coal
azh, color i1s the most prominent. In the course of
performing several hundred fusion tests on ccal ash
by the conventional method it has been noted by some
obhgervers that coals with very nearly the same color
ash have very nearly the same fusion tém@erature.

It 13 the purposge of this thesis to determine

- whether the color of the coal ash can be used as a
reliable general determinant of the fusion temperature.

of the ash, and if it is, to produce & device bssed on

“
this fact that will indicate the fusion polnt of the

asgh directly.

As preliminary work for this thesis a series of

coal ashes wlth known fusion points was prepared,
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Bﬁ comparison of unknown samples with the éeries,
making a forecast of the fusionhﬁé{ﬁt, and then fus-
ing the sample by the approved ﬁ?%hodi it has been
" poasible in many cases to predict the fusion tempera-
ture. - This was accomplished by comparing the colors
of the ashes with the unalided eye, with an . accursacy
of within 100 to 200 degrees Fahrenheit with this
particular serles of coal ashes.

In approaching the problem the firét step was
to determine whether the metﬁod of burning the
coal to asn had any sffect on the color. Tﬁis problem
was solved by burnling samples of the same cosal In
laboratory furnaces with the door open,'giving an
exceas of oxygen; with the door closed and vents
open, giving a normal supply of oxygen; and with
the door and vents closed, giving an insufficient
supply of oxygen.

The above tests resulted in samples with slightly
different colors on the surface, but when the samples

were pulverized to such an extent that they would pass

through a 200 mesh sieve, the colors of all the samples

were uniform and as far‘as_the eye could detect, the
ash of one coal had the same color regardless of the
manner in which burned.

The conclusion drawn from this part of the expsr-

iment is that the way the samplea are burned has a




negligible effect on the color of the ash as long as
the coal is completely burned and the temperature is

not nigh encugh teo partlially fzse the sample.

In order to détermine a féiationship between the
fusion point and the color or shade of the coal ash it
was Lirst necessafy to develope gsome type of instrumént
capabie of comparing colors with a great degree of accur-
acy. The vacuum type photo-electric cell used in con-
junction with a supersensitive amplifier, exposure box
for ash sample and a mlcroammeter seemed to lend itselfl
most readily to this type of work. Extenéive oxperi=
menting finally.resulted In the wnique lnstrument de-
scribed in appendix I. |

Before making any ohservationa on the ash samples
it is first“necessary to calibrate the fusion meter for
thie range of light over which it is operating by the
procedure described in appendix IT.

Wit the meter calibrated, 2 zsample of the finely
ground agh is placed in the exposure tube and packed
down with a two pound ram.to insure s uniform surface
being expesed to the light source and photo-electrié cell .
The meter button is p{gssed and the meter indicates in
microamperes the increase or decrease of current corres-

ponding to the difference in the amount of light re-

flected from the callibration card. To insure the ace

- 24




:curacy of a1l readings the -fusion meter.%as checked
for calibration between egch.saﬁﬁie run.

The meter readings along*With'%he fusion temper-
ature of the sample and the name or number of the sample

-are recorded on the Data Sheet of Observations.




. o DATA SHEET OF OBSERVATIONS
MADE O FUSION KETER

mmﬂﬁwm "Fusion Hmﬁwa ) mm&@wm Fusion gwdmw

Numbex Tenp. Read~- S Number  Temp.  Read-
F. ing - e | F. . ing
1 2100 180 2480 95
2 2170 310 3490 - 2300
3 23210 83 2475 300
4 2230 170 2500 118
3 2370 150 2500 210
6 2380 115 2510 qu
7 2290 = 155 3510
8 2280 175 2550
9 3340 155 3550
10 2240 78 . 35850
11 2280 2085 & 3570
12 23200 120 8575
13 2335 175 2575
14 2860 80 3600
15 2330 . 143 2600
16 2330 805 2650
17 2380 820 26860
18 3375 305 2660
19 2370 203 23680
30 2375 145 2875
21 3350 " 155 3750
22 2390 206 3760
33 2400 180 37860
24 2400 180 2720
25 2400 225 23800
26 2400 208 2810
287 2430 345 3860
28 2470 120 2870
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SELECTED DATA ...
.?iggre 3 - ?

Fusion Meter

Temp » Re ad—
- P E ing
3280 . 115
2300 , 120
3330 143
3378 145
8350 150
2290 155
3350 155
3400 : 160
3550 170
2510 ' 175
3470 180
3570 180
2600 180
26875 180
2600 205 .
3660 204
3750 . 803
2800 : 228

2810 - 881

The above data were selected from the geneial data
for the purpose of illustrating the manner in which a
numbexr of samples will fall in some semblance of & |
amooth curve, It was in this manner that it was heped: _
that all points would fall in order to definitely preve
that there is a relationship between the color of ‘the

coal ash and the fusion point of the ash‘
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DISCUSSION OF DATA ARD RESULTS

From the Data Sheet of Obsepgations the plot desige

nated as Figure 2 was made to 1llustrate the results of

the tests on all the samples. From figure 2 certain

points were selected as listed on the sheet Selected Datag
from this data Figure 3 was constructed. |
From Flgure 2 it is at once apparent that thére is
no sound babils for the assumption that the color of fhe
coal ash is an indication of the fusion point. However,
a general trend for rising meter readings to corresgpond
with rising fusion temperatures is apparent on the right
hand side of the plot.
¥hen certain points are selected as the data for
Figure 3, for example, it is gpparent that there are a
numbey of samples that will exhlibit a striiting tendency
to follow what seems to be practieally a straight 1lne
varistion between temperature.of fusion and meter read-
ing, or in other words, light reflected from the sample
to the photo-electric cell.
From Figures 2 and 3 the following results have
been established: -
33.9 % of samples will fall within 100 degrees
of a mean line drawn across the figure.

25.0 4 of the samples will fall between 100 and
200 degrees of the mean line.

41.0 4 of the samples fall farther than 200 degrees
from & mean line.

29




COAL ASH SAMPLES .

EEI

On page 32 are groups of acthal ash samples to il=
lustrate the various colors enco'ntered in cocal ash.
The two top rows are samples selected in order of rise
ing fusion points, It is to be noted that the samples
vary in color from dark to light as the fusion temper-
atures rise. The purpose nf .this l1llustration is to
show how the idea arcse that coior.might be an indica-
tion of the fusion point.' |

The third row of samples;'it-will he noted, have
very nearly the same fuslon temperature yet trueir colors
very greatly. This is to show how impossible it would
be to set up an instrument to measure color with an ides
of indicating fusion temperatures from the color read-
ings. |

The dark sample at the bottom of the page was in-
serted becaﬁse it is a rather unusuél. gsample and the
only one of its kind encountered in the course of these
ezperimentae. It will be noted that there 13 a much
greater jump between the color of the bottom samples
wnich fused at a temperalure of 2150 degreés Fahrenheit
and the upper left hand sample which fused at 2170 degrees
Pahrenhelt, a difference of 20 degrees, than there is

between any other two samples un the page.




‘ The figures under . each sample represent” the fusion

point, as found by actual test, in-‘:tié'g'rees Fahrenhelt.
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3470
180
28

2400
208

oy
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COAL ASH SAUPLES

6 15
115 143
2280 2330

. 4 .

2600 2720
180 193
2 523

2380 23375
220 205
17 18

2150 Fusion Temp.

o7
245
2420

2800
228
53

2350
155
2l

32

Sample No.
Meter Reading
Fusion Temp.

Fusion Temp.
Meter Reading
Sample No.

Fusion Temp.
Meter Reading
Sample No.
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DISCUSSTON

From the results of tests runmin connection with
this problem it is apparent that with 41 0% of the
samples being so far from any curve or line that could
be drawn on the plots of fusion against light intensity
that there 1s obviously nc connection between the co-
ordinates. The conclusion is ;:ml}f obvious that it would
give‘z‘eliable reaultls-. |

From the fact that on these tests 33.9% of the
samples fell within a range of 100 degrees 1t i3 pose
slble to see where the belief arose that color is &n
indication of the fusion point.

. The plots showing fusion points of coal ash against
he various elements in the ash likewise give no indica~
tion of a relation beﬁween the fusion temperature and
the composition.

It i1s therefore an obvious concluaion that the only
reliable and accurate method of determining the fusion
point of coal ash is by actually fusing a sample of the
ash in a furnace and observing the temperature at the

fusion point.
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RECOMMENDATTOHS e

This thesis has demonstrated‘ﬁﬁé'futility of at=

- tempting to set up a relationshipﬂﬁetwegn the fusion

point of coal ash and the color or shade or amount of
light reflected from the various samples of ash.
However, theres are several other spproaches td
the problem that might be attempted although there is:
no rational reason for believing that they might prove

more successful than thig attempt. HNevertheless, de-

termination of fusion points df coal ashes 1s so im=-

portant that any attempt to create a new, simpler,
and quicker method of determining the fusion point
should not be overlooked.

It 1is the author's belisf that an attempt to
analyze the color of the ash after the light reflected
from the ash has been pvassed through a prism and

broken up into its spectrum might give interesting

‘results.

Another suggestion, abandoning the color 1dea
altogether, might be to make sﬁectpographic analyses
of the ash. '

To the author's knowledge, these two methods
have not been tried as yet and are about the only

remaining possibilities toe be explolted.

a%
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APPENDIX I - o
DESCRIPTION OF APPARATUS

74

The Amplifier and
Photo=-Electrie Cell
Unlts

Due to the fact that it was 1mpogéiblé to seCuré';
any commercial equipment capable of making measurements
of light changes of the small magnitude necessary in
this work, it was necessdry to construct, after exten~
sive eéxperimentation, the unit deseribed 6n the follow-
ing pages. Thié sensitive photo-amplifier is capﬁble_
ol’ indicating 1ight differences or changes-ﬁhich may
amount to small parts of one percent.

The photo-electric cell chosen for this work was
an RCA 919 vacqum.type constructed With a top=-cap
cathode commection so as to have high resistance to |
leakage current between électrodes. This tube offers
stabllity of operation and peruansence of calibration.

For constant céfl.i.b:&ation of high precision instru-
ments such as this,_ the photo-electric t—ﬁbe shiould be
operated at an anode voltage of about 20 volts. Higher
anode voltages cause-idnization of aﬁy traceés of

% This inform;tion was furnished by

Mr. W. L. Jones, Jr. who constructed |
the amplifier used in this work.
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residual gns that mway be-present in the tube. The

gas current resulting from this lopization may produce
slow chan:es in the the's charag&grisgics which would
change calibration of thé instrunent, In this unit
the tube is operated at an anocde potential of twenty
volts.

A further conglderation for the maintenance of
constant ecalibration is that the light incident on the
nhototube should be spread over as large a portion of
the cathode surface as possible. Tizis will minimlze
'any variations in sensltivity that might be caused by
a ghift in the positién of the lighit spot on the cathode.

Another Tactor in favor of the 919 wes its spectral
respongse. Thls phototube ls sensitive over the entire
visitbtle spectfum wlthh & large response in the infrared
region which makes.the tube particularly useful where
tungeten filament lampa are employed as a lignt sources.\

For maxlmum sensitivity of prwtotube circults it

i3 desirable to use a hilgh resistance cornected in

series with the phototube :nd coupled to the grid clrcult

of an ampliflier tube. In this circult arrangement the
high inmpedance 954 pentqde acts as a load impedance for
the 919.

The potential of the common connection between the




9135 and“tﬁﬁ 354 i3 determined by the inter@actibn of

their characteristics. This outg%t“voltage ig applied

to the'grid of & type 38 power g@@lifier pentode, cone

nected as a triode, whose plate current is measured on
.'a microammster whose scale is 0-200 microamperes.

As the phototube with the 954 load has an exe
tremely high output lmpedance 1t 13 necessary to operate
the 38 tube so that its grid input impedencé is ex~
tremely high. To reduce the grid emission to a minimum,
the voltage to the heaters.df the 38 tube and thie 954
fube 1s reduced from the rated 6.3 volts‘to 4.0 volts.

The possibility of emigsion from the heaters to
the grid is eliminated by operating the heaters at &
potential Dositive wlth respect to the plate of the
954 and the grld of the 38.- Gas.current to the grid

of the 38 1g kept to a minumum by keeping the potential

‘wlthin the 38 low in order to minimize the ionization
of any gas that may be in the tube.

If it is deslrable %o reduce the sensitivity to
small percentage changes of i+pnt the plate character-
istics of the 904 can be varied Letween Luat of 2 pentode
and that of a triode. Lals may be accomplished by ad-
justing the potentiometers to control the relative
potentials on the control and screen grids hen the

number two grid of the 954 is positive with respect to

the cathode, the 954 has high impedance pentode




characteristics, and changing the number one grid bias

chahges the helght of the charactgfistic curve snd thus

the polnt of inftersectlion with tgghcunye of the 919 tube.
It 1s apparent, £herefore, thét the 954 lcad can

be adjusted to give practically any desired positive

impedance load at any desired current and desired volt-

age across tha tube by proper manipulétion of the con-

trols, and tims the output meter can be made tc show a

full scale deflection covering only a fraction of a

perdent of 1light variation.

%hen maximum sensitivity of phototube circuits is
desired, the leakage resistance of circuit parts and of
wiring insulation should be'high. Leakage currents from
anode to cathode over the external surface of the Tulbs
were reduced b% claaning the glasé witﬁ carbon tetra-
chloride to remove all traces of dust and greasse. By
proper layout of the tubes the high impedance external

connectlions were protected Irom leakage by proper spac-

ing. The entire amplifier was built up on a bakelite
panel, supported by a wooden base, using isolanite
sockeitg snd spacers. All connections were made with
tinned copper bus bar an% the leads were prbperly

E gpaced so that no insulation on the bus bar was necessary.




e 0 THE BXPOSURE BOX

" Tn order to expose the samples of coal ash in
) . " ) el
s uniform manner and in such a ¥ay that readings

~could be duplicated egain it was necessary to construct

s device known as the exposure box. To avoid any chance '~

of stray light lEaking into the photo-eléctfic cell
it was necessary that the box be absolutely light proff.
To accomplish this the box was constructed of tongue and
groove jointa with ﬁhe cover sliding in grooves at ﬁhe-.
top of the box., The whole-ﬁnit was paintad'oﬁ the out=
gide with heavﬁ,black-énamel. | | B
In the cover of ﬁhé box a.three-quarter inch hoIéff-J
was cut which determnined the area of the samplse that |
would be expesed to the tube. The thneehquarter inch

hole was covered by a thin glass slide held in place

by a groove. Over the gléss plate was a fixed cover_that  -

contained a one inch hole whose center was in line withf:l”f"

the three-quarter inch hole. The one inch holé_served'
t¢ locate and hold in nosition the saﬁple tuke which
stands on top of the expeosure box,

The Inslde of the exposure hox was painted dead
vlack to reduce internal reflection to 8 minimum and tﬁéf
light source and the photo-electric.ceil and its_mouﬁfs

were surrounded with a series of baffles to further

reduce stray reflection and direct the light on to the
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ash sample being'tested.

The light source was a siﬁdﬁblt bulb Qperated by
a storage battery and so placeﬁﬁtha% i1ts direct rays
fell on the aszh sample and were reflected back to the
photo-cell. The baffle'arrangemeﬁt in the bbx prevented
any stray light from this bulb reaching the photow
glectric cell without first being reflected from the
sample. The voltage on the bulb was carefully checked
and held constant during the tests.

To reduce tne chances-of Interference and leakage
in the circult of the amplifier, the exposure box was
mounted directly to the amplifier chasslis and became an

integral part of the unit, Figure B represents the lay-

a

out of the exposure box and cover, and Figure C shows

the unit as a whole in various positions.
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 APPENDIX I1I

METEOD OF PERFORUING FHSTS

e

The instrument“must first be set up and turned on
and allowed & halfl hour-warm up reriocd hefore any
adjustuents sre to be attempted. TFollowlng the warm-
up pericd all volitages are carefully checked and adjusted;
the instrument can then be calibrated as described helow.
By means of the calibration colors {(ping and yellow) the
sensitivity of the unit was so adjusted to give a change
of thirty microﬁmparas between these two colors. When
this sensitivity was attained the meter was sef by means
of the voltage bueking circuit so that it read half scale
deflection on the pink color. |

The cogi samples were arranged in order of ascendirng
fueion points and the tests were run in this order. A
portion of the sample to be tested was élaced in the
exposure tube and tamped dewn with a two i)omnd weight $o
that a uniferm surface was expossad to the lizht source
through the glass cover plate:. The metsr button is then
pressed énd the meter indicates the amount of light re-
flected to the cell from the sample as compared with the
amount reflected by the pink calibration color. In the
process of performihgfthe tests, if it was found that a
samplé wag s¢ light or dark as to run the meter off scale,

the clalbration slip was placed in the meter and a new




‘zero was established to accommddate-xheléample_in
qﬁéstion. Between each sampleaﬁﬁé'calibration colors
were exposed to the light soures aﬁﬁ photo-~electric cell
to make sure that the sensitivity of the unlt and the
zero getting had not changed.

Tt can be seen that essentially, what this process
did was to megsure the dlfference in light reflected
from pink color and the different coal samples. This
method was chosen becausé 1t seemed to éresent the
simplest way of determining whetner or not there was
a definite relaticnship hetween the color of the coal
asin and the fuslion point. TIf such a relationsaip had
existed 1t éhould have become apparent when the meter
readings were plotted against the known fuslon polnts
of the faridus samples.

The callibration éolbrs.of pink and yéllow were
cixogen after 1t had been determined that the photo-
electric cell (which exhibits color sensitive charactef-
istics) WAs found to have fairly'constaﬁt sensltivity
between these two colors. By exémination of the samples
it was determined that the dlfferent coal samples
seemed to exhlbit the ghades of pink and yellow or
colors clogse to them more prominently than others.

As another test of the color sensitivity of the
photo=-electric cell, after the original tests were

run, the samples that seemed to show the greatest




";tenééhty-df”fusion point varying with the coiOr
were ruﬁ”asing a blue light source and a red light
source. The results of the Tun wffh the biue light
sourcé.are plottedlin Pigure D. It is to be noted
that these samples are the same as those plotted in 
Figure 3. | |
The bule light seems to have llttle effect'upon

the results as the slope of the line remains about the

same as that from the curve of Figure 3. In running
with blue light it was impossible to attalin the same
sensitivity between the pink and yellow that was L
accomplished with the white 1ight.and as a result

the curve is more spreéd out than that of Pigure 3.
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