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ABSTRACT

A study was made of the problem of differential thermal analysis utilie
zing statistical experimental design. A factorial type of design was chosen
0 yield maximum effieiency of the data ob_ta.imd. "Lakeland™, Florida Kaolin
of commercial whiteware grade was selected because of its relative purity.

Due to the large number of samples to be analyzed, it was found necessary to
choose a commercial brand rather than a very pure kaolinite which was found
impossible to obtain in mm&it quantity.

A statistical 2 x 3 x 3 factorial design was used and the calculations
incident thereto made in detail., Date, which to the eye appeared erratic,
was found to be acceptable within the probability limits of error of the
experiment, The effects of two different furnaces, three railes of heating,
and three densities of the samples were anadlyzed to determine the area under
the endothermic reaction pesks as measured by Cr-Al differential thermocouples.
It was found that densities and rates both ylelded highly significant values
and that the interactions of the two showed significant results when examined
by a distribution of "?"1 + These effects were analyzed for the regressions
therein and were found to be significant in the linear trends only. ¥From this
indieation it would sum evident that the optimum density and rate of heat-
ing had not been reached in the limits of this experiment. Replications
and furnaces did n@t yield significant results when tested by "F" distribution,
From this it was deduced that the experiment could be conducted with suffi-
¢ient precision under the present procedure and conditions and reproductibilisy
obtained irrespective of the furnace used. foatmn of the data will
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indicate that the level of the two furnaces is different, but the trends
within are the same in both cases.

A certain amount of erratic data were obtained due to a lag in heat-
ing rates and this difficulty will be discussed.



(3)
I INTRODUCTION

Two of the newer concepts and ideas in the research field were combined
in this study. Differential thermal analysis, while not new in the striet-
ést sense, has only recently had any real significance attached to it. This
‘has been brought about by the efforts of several of the Government mm&ua
and others in attempts to introduce this method as a reliable method of
analysis of the clay minerals., These minerals within each group in the
following table each have an identical chemical analysis and empirical fore
mula, yet they differ to rather large extents in erystalline and physical

properties. 2

_ The Clay Minerals

Hydrous

Kaolinitie Ty Montmorillonitic Wicacecus Alumina
Alg0g+2810g-3Hg0 (Mg*0a)0*Alg05+5510p°nHg0  Kg0+3A1p0368105  Alg0geBHyO
Kaolinite . Montmorillonite-nontronite Nuscovite Gibbsite
Dickite Beidellite Sericite Diaspore
Nacrite Tale Potash Clay
Halloysite Pyrophyllite

Allophane

 The problem of identification of almost any of the minerals is compli=
cated by the faet that their particle sizes are so minute that they resist
identification by the petrographic microscope and X-ray diffraction. In the
microscopic techniques 1ittle success has been had in getting the optical
properties of the minerals. The same has been true with Xeray &m:cuon’
patterns; the partiecles are So minute that they tend to glve bands instead
of clearly defined lines. Analysis by the electron microscope has proven
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to be a fertile field but the comparatively high cost of this instrument
has prevented its widesproad use.

Taking these factors into consideration, the need of some supplemental
method of analysis was seen ﬁlmt, Differential thermal analysis has
offered considerable promise in filling this gap, By its very nature it
sunnot be used to supplant any of the recognized means of analysis, but
it does offer a powerful tool within ite limitations to determine the mine-
eral phases present as well as the relative amounts of each. Norton® hae
done some of the leading work in this fleld, It has been known for somee
time that the chemieally combined water in the clay minerals is driven off
on heating at some temperature just below dull red heat, Chemical analyses
have shown that these temperatures vary depending on the mineral being
analyzed. It is this peculiar phenomenon that makes differential thermal
analysis useful,

Differential thermal analysis may be explained basically in this mane
ner. Materials to which heat is applied at a uniform rate will inerease in
Mely Seupasatise &% seme wnifesn yete dopending.on the mpeeitie heat® i

' the absorption characteristiss of the substance, If at some bemperature an
inversion is undergone, this body temperature will increase over that of
the atmosphere 1f the resction is exothermic in natuve; or 1f endothermic,
the temperature will be below that of the medium. Such is the case upon
dehydration due to sbsorption of the heat of decompositisn of the mineral,
If the difference betwesn the temperature of the body end the temperature
of a‘ }'nfﬁmeo speeimen, which undergoes no resction et thet temperature,
is measured with a differential
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thermocouple, as deserided by Wood and Cork,’ and the resulting plot made
of AT vs. T, a curve of the type shown below will be cbtained.

= I

e

Temp .

By studying the locations of the endothermic peaks, created on heat-
ing due to the absorption 6f the heat of decomposition by the sample, it
is possible to identify each of the mineral phases present in a sample.
It has been found by most all workers in this field that the area under
the endothermic peaks when plotted as A Temperature vs, Temperature is a
funetion of the molecular activity of the mineral, this aetivity being
characteristic of only one mineral in the muy.s

The second concept whieh has come into prominence in the last five
to ten years concerns statistieal and experimental design as applied to
research problems in all fields of study. Originally statistical design
was used almost entirely on miimltml experiments. During the past
decade, however, due to a large amount of ploneering work by the Bell
Telephone Laboratories, Radio Corporation of Americe, and some of the oute
standing statiticians in the world, statistical design has been applied and
used successfully in most all phases of research ﬁqgk.” More and more comp=-

anies and research organizations are utilizing these designs as a means of
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obtaining highly efficient experiments. It has been found that results
obtained from statistically designed experiments are generally more relia-
ble than those &tnm from experiments not utilizing this method. One
of the greatest features of the statistical analysis of the data is that
the final interpretation rests in the comparison of a series of numbers
to certain probability functions., This relieves the experimenter or the
person reviewing the work of a large amount of opinionating in the inter-
pretation of the results. This is not meant to carry the connotation that
statistics is the universal solution and can replace fundamental reasoning
- entirely. It does mean, however, that statistics when properly used is
aMMlhmMermnm. owulyhmtrm
territories.




bR RN, 5 o e b v S ST i TR S < i Cioad [ SIS T A e e {el‘[‘%vy"!ﬁ: DL
- i WL i3

(7)
II REVIEW OF LITERATURE

The theory of differential thermal analysis is not  completely new
in the realm of ceramic research., As early as 1887, Le Chatlier (Fr.)0
suggested that an analysis of this type might prove beneficial in the study
of the minerals of the hydrous alumino or hydrous aluminc-silieca groups.

A few years later H, Wallach (Pr.)'d ghowel that the method worked with
some precision on these minerals, After this work the method was forgotten
to a large extent until the past ten years, In a period since 1939 the
study by this method has been revived and considerable work done. To a
large extent the work was unaomlattd between the diz’fcr‘nt experimenters
until 1945 when the nur.au of lﬂnﬂ pnhndmd a conmudam paper on the
works of Speil, Berkelhamer, Pask, and Davies'®, These papers cover the
investigations of a large number of the commercial clays found in the world.
In addition, the work of Speil proposes a furnace design and temperature
control arrangement for a very nominal cost. This paper by Speil was uncbe
tainable until after the furnaces used in this thesis had been constructed;
consequently, they are not as efficient as the ones proposed. MNortonl® pag
done most of the preliminary work in the exploration of the field with a
view of using the process as a method of gquantitative analysis., He has
found that with care an analysis can be determined to limite of 1 24,

All elays undergo endothermic reactions between 100°C, and 675%C,, the
location of the reaction and the heat of reaction varying from mineral %o
mineral ¥ Exothermie resctions at approximately 980°C. yield 10-40 cal/gn
for most minerals. A more complete study has further proven %o observers
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that clays are complex minerals and mineral aggregates, and exhibit very
complex and interesting thermal chapacteristics upon mnag”.

As to a specific explanation of the actual state of the molecules at
the temperatures of the reactions, there is much disagreement. Mellor and
Holderoft® claim that at approximately 500°C, keolinite decomposes to
alumina, siliéa, and water. The alumina and silica recombine at 1200°C. to
form sillimanite. The first reaction mentioned has been rather widely
argued, but little conerete proof of this to substantiate or rifute the
hypothesis has been offered. liost rescarchers agree, however, that the
alumina and silica recombine in molecular ratios at approximately 980°C,
as evidenced by the rapid exothermie reaction occurring at that temperature.
Petrographic analysis of the resulting minersl has been proven to be mullitel?,

Inasmuch as the author did not make any determinations or investigation
along these lines, he can do nothing but relay the theories propesed and
express no opinion of his own. Actually it was not necessary in the course
of this investigation to use any of these assumptions as to whether the
entire molecule was decomposed or just the chemically combined water driven
off. The inversion at 980°C., was assumed to be mullitization of the alumina
and siliea, but for an elementary study such as was made here, it was not
important whether the mullitization occurred by the combination of alumina
and silica separately or the inversion of alumino-bisilicate. ‘

The recommended construction of the nickel specimen holder varied from
one researcher to the next. Norton'® ysed a block with two holes of equal
size drilled therein. One of the holes was for the test specimen while the

other was for an inert alumina (Alg0g) reference sample. The differential
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thermocouple was inserted in both, and the temperature of the alumina
reference sample used as the temperature of the furnace for plotting
purposes. %19 found that by taking a very pure nickel and measuring
the temperature of tﬁc block at a point laterally opposite the sample
that equally satisfactory results were obtained. This was the method fol-
lowed in this study.

' The mass of the sample has no meeisbh effect on the height of the
peak value of the reactions as long as the mass of the inert sample is in-
creased a like smount®0, This was found to be applicable on a few prelime-
inary analyses using different size samples, For this reason the weight of
each sample was kept as nearly constant as possible. Examination of the
data relative to densities will show 1 0.02 gn, of variation in the weight
of the samples and this amount only in rather rm cases., By using a con-
stant sample weight the elimination of the reference specimen of the same
mass as the sample was accomplished.

. The means of forming the samples for this study was different from
that of Norton and Grim, In their work the samples were formed by hand-packe
ing the mineral being studied into the specimen cavity around the thermoecouple.
By weighing the specimen holder before and after the sample had been intro-
duced and knowing the volume of the test hole or cavity, the density could
be caleulated., It was felt by the author that this method was subject to
variation of density within the sample, so another scheme was used. In
this scheme the samples were fomd in a upmto‘ press and a hole slightly
smaller than the m:mo(;upu bead drilled therein, Samples, when romﬂ
in this manner, were much more dense than could be obtained by hand-packing
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~ and also more uniform, both in size and density throughout., (See Experi-
mental Procedure).

Berkelhamer®! and Norton22 used an automatic recording device of their
own design for all determinations. This equipment is rether bulky and
cumbersome and, inasmuch as it operated at intermittent periods of time,
left a rather large amount of interpolation to be done in completing and
plotting the curves. A much more satisfaetory arrangement would be to
use a eontinuous electroniec recorder as was done by Kerr® in his work
along these limes. Dr. Kerr uses a multiple setup of apparatus in such a
way as to analyze six samples simultaneously. This arrangement is to be
commended t» anyone embarking upon an investigation of this type on a large

Host vot vtho research in this field has pmni: that the rate of heating
and the density of the sample affect the height, width, and consequently
the area of the reaction peaks, Before any comparisons can be made in a
study of this nature the rate of hﬁatla;, mass of the sample, density of the
sample, and similarity of procedure must be established. It is felt that
here is the greatest need at present in studies of this nature., Once this
is effected, it is also felt that the method will prove satisfactory for
commercial usage in supplementing the knowledge already existing relative
to the nature of the minerals being sold or used by th» ceramic industry.
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III EXPERIMENTAL PROCEDURE

A,  Bquipment

Two furnaces, similar but not exactly identical in design, were con-
gtructed as shown in Figure 1, Page 16a. These furnaces were made slightly
different in order tc test the hypothesis; that there was no difference
between furnaces as used in this problem. The differential sample block
was machined from 99.9% pure hot-rolled nickel from a specimen obtained
from the International Nickel Company, New York, (See Fig. 1)« The 4iff-
erential thermocouples were made from 22 gage ChromeleAlumel wire and were
spot-welded at the tips by means of a soft carben electrode comnected in
sories with an 80 ohm variable rheostat to a 110 volt oc source. The size
of the bea& flormed was controlled so that the themmocouple would just slide
into the nickel block and into the sample., According to Berkelhamer~®, the
size and location of the thermocouple bead affects the base line charactere
istics of the sample. A nodel 2241 Wheeleo "Capacitrol” and relay, when
used in series, with model 60-A "Variac" (Ueneral Radio Corporation" were

used to control the temperature rate of heating in the furnaces,

glonem,l \/"C“" of
’ ,E"q-»;,am—emt
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The samples of "Lakeland"™ Florida Keolin were made by weighing out
1.80 grams of the uhzinl and preseing this into a small pellet or syline
der by means of the press shown in Fig. 2, and a laboratory size Riehle
Testing Unit, After the samples were fommed at loads of 700 lbs., 880 lbs.,
and 1000 1bs, pressure, they were reweighed and the volumes determined in

a meroury volumeter sccording to a method proposed by M, The samples
then had a 1/16" hole drilled tc the center from a point midway between

the bases, This hole was just underesize for the themmocouple bead, thus
insuring intimate contsct between the material and the thewrmocouple.

A model) 2401 “"Spotlight” Galvanometer, manufactured by Rubiecon Compe-
any, W&m. and having internal resistence of 24 ohms and a sensitivity
of 20 Mv per millimeter was used %o measure thﬁ developed emf of the diffe
erential thermocouple. A Leeds and Northrup Portable, Double-Range, No.

8657 Potentiometer was used to determine the temperature of the nickel block.

The sample was placed in the drilled cavity of the nickel test block and
the diffevential thermceouple inserted, one end in the test specimen, and the
other end to a corresponding point of the nickel block. The temperature ther-
mocouple was inserted in a small hole just below the differential themmocouple
in the nieckel block. A nickel cover of the same thickness ss the walls sure
rounding the test specimen was placed over the block and the entire assembly
inserted half-way through the furnsce. The thermocouple leads wore connected
to the potentiometer and the gxmmuu thomnpl. leads connected through
a 25 ohm moiﬁonmﬂ series resistor to the Spotlight Galvanometer. Zach
of these instruments had been previously zero~set and standardized.



B e G A g RN L i RSB L ks el e R ks R SR R o 5 e

(13)
C. Development of the Rate of Heating

The desired time-rate cam was aligued on the "Capacitrol®, the furnace

current adjusted to 24 amperes with the "Variae", and the current turned on.
By measuring the temperature of the nickel block with the potentiometer and
checking the temperature-time schedule, the rate of heating of the furnace

was determined. An effort was made to smooth out this rate by adjustment of
the voltage to the lowest value which would permit the rate of heating desired.
Once the heating was commenced, the rate of rise was controlled by the "Capa=
eitrol.” By pre-setting the L & N Potentiometer at 20°¢. intervals, commen-
eing at 100°C., the time at which the nickel test block reached the set vale
us and the galvanometer deflection at that time could be determined. Errors
inmdimnmtmwhuthxn +?ucoa¢atormyimﬂﬁu1. An
attempt was nm to nmﬁ the exact temperature or the peaks of the reactions,
but due to the rapid movement of the galvanometer, especially with the exo=- '
thermic reaction peaks upon mullitization of the Alg0s and 8105, this was

not as precise a determination as the other readings. For this reason the
area of the exothermic reactions were not studied., An electronic continu-
ous recorder would be necessary to accurately measure these reactions,
Samples made to densities of 3.39 gus/ee, 3.67 gms/ee, and 5.96 gms/ce
were analyzed in each furnace and at the rates of S‘ec/ntn.. 1200/n1n., and
15°¢/min, A complete replication of the problem was made in order to secure
a2 valid error for the tests of umﬁomo in tho statistical analysis of
variance. It should be noted here that the values of densities and rates of
heating increased in .qm). mmﬁu. These were established in this mane
ner to enable analysis to be made utilizing & table of orthogonal polyromials
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to determine the significance of any trends or regressions that may have
been present in the course of the investigation.

After the endothermic reactions had gone to comyletion, the leads of
the differential thermocouples were interchanged in order that the entire
scale of the "Spotlight" Galvanometer might be made available for the
reading of the exothermic reactions which developed at approximately 980°c,
In addition, a 50 ohm mau;.amw resistor was substituted for the 25 ohm
resistor used for endothermic reactions. In the cases when the endothermic
reactions exceeded 100 mm scale deflection, the 50 ohm resistor was inser-
ted in place of the 26 olm resistor to move the readings back within the
limits of the scale (100 mm), Conversion to the 25 ohm resistor basis was
then made by using the calibration curves shown in Section V, Results.

D. Plotting of the Curves
Curves were plotted with the data obtained using galvanometer scale

readings ve. temperature (°C.). From the calibration curves, it may be

seen that the galvanometer deflections vary in a linear manner with the temp-
erature differentials. The areas under the endothermic peaks from point

of curvature to point of tangency were measured by means of a planimeter.

A series of three readings were made with the planimeter and the average
areas used in m'ataunttcd computations,

E. General Consid io

Before any of the samples were analyzed the cireuits through the differ-
ential and temperature thermocouples were checked by a Weston Type 30 Ohmmeter.
It was found to be most difficult to locate a broken lead or thermocouple
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bead by visual observation; valuable time was saved by this expedient
and it was further noted that any thermocouple that passed this test
did not break during the progress of the analysia.

In maintaining the rates of heating it was found that adjustments
of the "Variac" to imcrease the current emperage, as temperature increased,
were necessary in all cases., No definite value or settings of the "Variac"
can be listed as this varied from rate to rate, This changing of the
setting was necessary due to the increased resistance o¢f the furnace wind-
ings upon heating, From manufacturer's speeifications®® it could be seen
that the resistance changed markedly at approximately 650-750°C. and it was
in this range that the greatest change in the "Variac" settings hed to be
made . :

No explanation of the uwumm, analysis or presentation of the
data will be made here, but these procedures will be analyzed and presented
in Section V, Results. i

F. The Statistical Design

The design utilized in this experiment is known as a 2 x 3 x 3 factorial.
It is reproduced schematically below. The symbols Fl and F2 refer to the two
furnaces used; D1, D2, and DS to the three densities (3,39, 3.67, and 3,96
gnsfoe immatinly}g and Rl, R2, and RS to the three rates of heating (9,
12, and m“c/nun respectively).

’&ma?tioni
s oW "
oo, M. o . %
Pl D2 D3 D1l D2 D3 DI D2 DB Dl D2 D3 D1 D2 D3 D1 D2 DB
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IV OBSERVATIONS AND DATA

this investigation and ere reproduced here with all comment being
reserved for "Discussion of Results.™



UATA FRUM ULFFSIGSNELAL THERMAL ANALYSLS OF "LAKELAND™ KAOLIN ]

Table #1 N
Replication 1 Rate 1 1
Furnace 1 Density 1 I{
Time Temp. mrr. Galv. Time Temp. aH Diff, Galv, £
Hin.-Sec. °c= m— ! ¥Min.-Sec. OC, O¢/iin. (mm.)
000 100 -7 4915 60 -8 4
1-20 20 -7 5045 80 -10 E
3«15 40 -6 52-15 600 9.5 ~l4 !
5«00 60 -6 54=00 20 -16
6=30 80 -5 55=30 40 -16 ]
8-00 200 12 -4 £7-30 60 -13 3
L) 20 -4 53=30 80 -8 = ,‘
11-30 40 -3 6400 700 9.3 -5 X
13~30 60 -2 72-00 20 -5 -
15-45 80 -1 76=00 40 -4
19-00 300 10.5 0 78-15 60 -4 3
22-30 20 -1 80-00 80 -4
2700 40 i) 81-30 800 8.6 -4 3
30-30 60 -1 83=00 20 -3
33-15. 80 -2 84-30 40 -3 i
35=45 400 8.5 -2 86=-00 60 -3 1
38=00 20 -2 8700 80 -3 4
39=45 40 -2 88-30 900 g -3 1
41-30 60 -3 20
4315 80 -3 40
45-00 500 8.9 -3 94-30 60 -2
4630 20 -4 95-30 65 62 !
48-00 40 -5 9730 1000 9.2 0
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Table #2

Replieation 1

Furnaece 1

daH

ogm.

el

9.3

8.7

8.7

Diff. Galv.
Tl

-9
=11
=11
=10
-9
- 8
-8
-8
-8
-7
-7
-8
-6
-6
-6
-7
-9
-10
=11
-12
-14
=15
-17

Rate 1

Density 2

Tine Temp. ! Diff, Galv.

Min.-Sec. oC, oC/Min. {mm,)
5200 60 =24
54=-00 80 =34
56-15 600 B.9 =51
58-30 20 «59
60=-45 40 -54
62=45 60 -38
64=30 80 =21
6600 700 2.3 -l4
67=30 20 «13
69-00 40 =11
70=00 60 =11
71~-30 80 -9
T3=15 800 9.6 -8
T5=45 20 -85
7915 40 -5
81-30 60 -6
83=30 80 -6
85«00 900 94 -6

20
40

89-15 60 (o}
9000 70 130
91,00 80 12
94=00 1000 9.5 0

(61)

P = o o & T T WUt




Table #3

G MRS § el e

Replication 1 Rate 1
Furnace 1 Density 3
Time : ?‘E@ Y dH Dift. Gﬁl"o Time TQEP e daH Difrf. Galvs.

Min.-See,. 2C.  So/uin, —dmme) 3 Min.-gec, 9C. _ S¢/win, (mm, )
000 100 -21 51-30 600 9.7 -80 i
Z=30 20 =24 54-30 20 -394 3
5-00 40 -25 % 57=15 40 «76 1
7-15 60 24 59«30 60 43 |
945 80 -24 _ 61=-30 80 =30

1145 200 8.5 «-23 - - 63-15 700 9.5 =28

14-00 20 -22  65-00 20 -24

16=10 40 -21 67=30 40 =20

18«30 60 -19 71-00 60 -18

21-00 80 -17 73-45 80 -20 i

24=00 300 8.4 -17 T5=45 800 9.2 «21 8

27=30 20 -2 77=30 20 =22 ~—

30-00 40 -24 79-15 40 =19

31=45 60 -27 80-30 60 -18

33-30 80 «-31 B2-45 80 -14

3500 400 B.6 -34 88-00 800 9.1 -11

36-30 20 -35 20

38-00 40 "‘35 F| ‘w “
39«15 60 -36 . 9500 60 -70 :
40-30 80 =37 95-45 70 160 .
42-00 500 9.8 -38 96=-30 80 62

43-30 20 -39 98-30 1000 g.1 €]

45«00 40 -4] :

47«00 60 -4

49«15 80 =60




~ Table #4
Replication 1 Rate 2 j

Furnace 1 Density 1
Min.-sec, S ® . Mnesee.  Sc.. OG/Mn.  _ {mm.) -
000 100 -y 41-30 600 i2 -18
2-00 20 -7 44-00 20 -33
345 40 -9 46-15 40 44
5-15 " -7 48-30 60 -26
6-45 80 -6 . 50=00 80 -15
8‘15 300 },8.2 - 5 i 51“5& 700 11.‘? "l4
10-00 20 g " BB-45 20 -13
11-30 40 -4 5400 40 -13
13-00 60 -3 55-15 60 -12
14-45 80 -2 5615 80 . -10 -
17-00 300 11.8 -l 5730 800 12.1 -8 E
1930 20 0 58wmdS 20 -3
2145 40 -1 60-00 40 .S
24-00 60 -3 62-00 60 -4
2545 80 -8 64~45 80 -4
2730 400 10.9 -8 67-15 900 12 -
29-00 20 -8 ‘ 20
20-30 40 -3 : : 40
31-45 60 -3 71-45 60 -3
3300 80 -3 7230 70 0
3415 500 11.7 -4 75 64
3530 20 -4 73-15 80 4
3645 40 -4 74-40 1000 12,0 )
3815 60 -8
3930 80 -6




B i

Table #5

)
Replication 1  Rate 2 ;
Furnace 1 Density 2 d
¢
Time Temp. Diff. Galv. ‘ Time Temp. _ dH Diff. Galv. i
lin.-gSec. 2. Sc/uin. . ¥in.-Sec, °c,  °¢/iin, () a
000 100 -9 43-15 600 11.6 -57
1-45 20 -12 45-15 20 -65 '
4-00 e -12 20 -66
5-30 60 -12 . 47-30 40 -61
7-15 80 -11 49-15 60 -45
9-00 200 T Y -11 . 51-00 80 -24
10-30 20 -10 52-30 700  1l.4 -17
12-00 40 -10 | 54~00 20 -i5 =
13-45 60 -10 55-15 40 ~14 ®
15-15 80 -10 56-30 60 -14 -
17-00 300 11.8 -10 57-45 80 PR T
18~30 20 -10 ~ 59-00 800 11.8 -13
20-45 40 -10 60-15 20 - -l
22-00 60 -10 61-15 40 -11
23-15 80 -11 62-30 60 -10
2445 400 12.1 -12 < 6345 80 -9
26-30 20 . -2 . 65-30 900  12.2 -5
28-00 40 -13 20
2930 60 -13 40
31-15 80 : -14 2 60 .
33-00 500 12.1 -15 73-30 70 0
34-45 20 -15 74-15 80 50
36-30 40 -18 75-30 1000 11.9 0
38-45 60 -24
41-00 80 -39




Table #6

Replication 1 Rate 3

Furnace 1 Density 3
Time Tempe aH Diff. Galv. . Time Temp. @H Diff. Galv,
lin.-gec. oC, Oc/uin. (mm) o lin.-See. °¢  oC/min. {mm., )
Q00 100 =21 32-00 600 15.6 . -65
1-00 20 ek 34=00 20 ~76
2-30 o et -29 S 50 =77
4=-GU 60 -26 - . 36-30 40 =70
5-15 ' ¢ 80 . -24 58-30 60 «57
Gmdd 200 14.8 -25 . 40-00 80 -40
8-15 20 20 41-15 700 14.6 -26
9-15 40 -23 42-45 20 -21 =
1030 60 =22 - 44«15 40 -19 ; g
11=45 80 -21 45-30 60 «1% ot
13-15 300 15.1 -20 46=45 80 -18
14-30 20 «18 48«00 800 14,6 x -17
16-00 40 «17 4915 20 - -16
17-45 60 =19 50-30 40 ~16
15-00 80 20 51-30 60 -16
20-30 400 14.6 22 W B2=30 80 -16
21-45 v 20 ~23 53w=45 800 14,9 -15
22=-45 40 ~25 ; 20
2B=45 60 -28 40
25-00 80 -28 57-30 60 -5
26-15 500 15.2 -29 5800 70 -3
27-15 20 2 ~31 58-45 80 94
28«15 40 -34 90 9]
28=50 60 -37 60-00 1000 18.0 (9]
30=30 80 -l




Table #7

Replication 1 Rate 3

Furnace 1 Density 1

Time Tempe aH Diff. Galv. a Tine Tﬁlﬂy . aHd biff. Calv,
Ein.-Sece °C - °G/HiB » s m! - Min.-Sec. ¢, °C]iﬁn - ( T e )

GCo 100

1=20 20 - 4 26=00 600 13.9 -54

2-30 c 40 -1 37=-15 20 -30

S=45 60 -2 38=30 40 -85

445 \ 80 -2 45 =100

O=45 200 18,3 -3 40=00 60 =835

645 20 -3 41-00 80 -3

7=45 40 -3 42-00 700 14.5 &7

B-45 60 -3 43=15 20 - =20 =
10-00 80 - 7 44-30 40 =20 ;
11-50 300 19.0 =10 45-30 60 «17
12-45 20 -12 46-40 80 =105
14-35 40 =13 4700 - 800 14,9 -14
16~15 60 -14 48-15 20 =13
18-45 80 <14 50-30 40 -13
21«15 " 400 14.4 ~14 . . 52«00 60 -12
2530 20 -15 53415 80 -12

 25-15 40 -17 " 5430 900  14.7 -11

3700 60 =17.5 20 :
28«20 80 =19 40
30-00 500 13.8 -21 58=00 60 0
31-00 20 -25 §2-00 80 150
328=-15 40 -27 2 60=00 1000 18.0 0
B33-30 60 -34
B4-40 80 -4




715

10-45
11«45
12-45
14-00
15-00
16-00
17-00

18«15 °

19-30
21-00
24~30
26-15
28-00
£9=30
31=00
32=30

Temp., aH
Sc. O¢c/¥in,
100
20
40
60
80
200 14.0
20
40
60
80
300 15.7
20
40
60
80
400 16.5
20
40
60
80
500 15.3
20
40
60
80

Table #8

Replication 1 Rate 3
. Purnace 1 Density 2
Diff. Calv. Time
M. Min.-Sec.
- 4 33-45
-3 25-00
=11 36-15
-11
=10 . 37-50
-9 38-30
-9 38=30
-8 40-30
-9 41-30
=10 4230
~10 42-30
~10 4430
-1l 45H=45
~12 47-15
~13 49-00
~13 51=00
-13 55-00
-12
~-12
-1 5700
-12
~14 58-00
=17
-21
=34

?g%p‘ 93%1:.
600 14.9
20
40
50
60
80
700 15.2
20
40
60
80‘
800 15.7
20
40
60
80
900 15.0
20
40
60
70
80
95
1000 15.1

Diff. Galv.
{(mm, )

<51
-52
=58

(e2)

s Lew BONRIE S Rtd -t
P TS T W=

:‘j
4
i
4
-
&
3

Fali= R A o

e aeiea



ssesfagenbasenbssenBags

i

12.0

11.9

10.6

10.6

Table #9
Replieation 1
Furnace 1

Diff. Galv,
M

phobbbhbbbicbibbbbbbbhl

Rate 2

Density 3

Time
m:—wg

40=-45

Ssasssufssssfssssdessssd kﬁ

11.3

11.8

11.7

12.0

{50 ohms)

il.8

(92)

e Lt o L B e T |

¢



sseuSssenbazenfassenlasent F?

4aH

8.9

8.0

B.7

9.0

Time Temp., dH
Min.-Sec, .  2c/n,

Table #10
Replication 1 Rate 1
Furnace 2 Density 1
Diff. Galv.
—llme)

-14 5515
=16 57=00
-17 58-45
-16 60=30
=16 62-45
-14 66=00
-11 69-30
-9 7230
-9 7430
-9 76-30
-10 78=-00
=11 79=-45
-12 81-30
=14 83-30
=16 85-00
-17 87=00
-16

-15 .
-18 96-30
-10 98-00
- B 98=30
-10 100=-00
-14

-20

=31

SesgsnBesssBassndasand

9.0

9.1

g.2

9.0

TSR

PR R | R g A




Table #11
Replication 1 Rate 1

Furnace 2 Density 2
Time Temp. an Diff. Galv. ‘ Time Temp . 5 Diff. Galv.
Min.=Sec. 20, Sclwn., ____(mm.) ¥in.=gec. Lc. iin. mn, )

000 100 =13 58-15 600 8.6 -59
2=00 20 -17 60=20 20 ~76 :
s 40 -20 62-15 40 -76 :
6=00 60 -19 : . 64=00 60 «55
7-15 .80 -18 65~15 80 -31 ]
900 200 23 -16 . 66-30 700 9.1 -22

11-00 20 -14 68~00 20 -18

13-15 40 -1l 69~30 40 -15 :

15-30 60 -9 7115 60 P § S

18-15 80 -8 7330 80 -5 8

21-15 300 9.4 -9 . 800 9.0 -2 '

24-15 20 -9 80-00 20 -3

2645 40 -10 82-10 40 -4

2915 60 -11 84~-30 60 -4

31-30 80 -14 86=45 80 -4

33-30 400 9.0 -15 . 88-45 900 2.00 -5

3515 20 «17 20

3700 40 -18 : 40

3845 60 -18 94-15 60 -3

40-15 80 -18 96-15 70 130

4230 500 9.4 -18 98-15 80 52

44-30 20 -18 100-15 1000 9.0 0

47-15 40 -17 ;

52-00 60 -21

5545 80




szesfsssufsssnbsessisaes 3]

Lt

10.0

10.1

9.0

9.1

Table #12

Replication 1
Furnace 2

DAff. Galv.
imme)

-17
-20
=21
=20
-19
-18
-17
<16
-13
=11
-8
- 7
-7
-8
-9
=10
=11
-11
=11
=11
-12
=12
-15
-21
-31

Rate 1

Density 3

97-30
99=30

:
/

§23332ss8szsnBasendsssund p

8.5

9.0

9.1

2.0

8.9

Di

iV

(ez)

b A R

X,



Table #13
Replication 1 Rate 2
Furnace 2 Density 1
Time an Diff. Galv. Time
Hin .-Sec. °C. OW (“-) Min,-Sec.
000 100 =11 41-45
=50 49 -14 45-30
4=45 60 -l3 49-15
6=30 - 80 =11 48-45
8=00 200 12,5 -10 50=15
930 20 -6 51-45
11-15 40 -4 53=00
15-18 80 -3 56=-15
17-15 300 11.6 -2 56=50
21-30 40 - B 50-15
23«15 60 -3 60-30
24~45 . 80 - 4 68-30
26=15 400 11l.4 -5 65-15
27«45 20 - 6 :
29=00 40 -6
35=-00 500 12,1 - 7 7500
54-30 20 -7 7600
36=15 40 -8
3800 60 =10
40=-00 80 16

N s, MR

g e e A

600 12.0
20
40
60
80
700 11.9
w 4
40
60
80
800 12.6
20
40
60
80 _
900 12.2
m .
40
60
70
80
1000 11.9

-25
-28
=27
-22
-15
-8
-4
-3
-3
-2
-2
-2
-1

0
-2
-2

-3
76
12

0

sl AU A

(og)

P ) e R e

e
i



Table £l4 .;;*
Replication 1 Rate 2
Furnace 2 Density 2
Time Tonp. dai Diff. Galv. : Time Tenpe ai Diff. Galv. “
Min.-Se %C. O¢/¥in, (mm. ) Min.-Sec. °¢. ®c./Min. (nm.) %
000 100 -21 41-15 600 12.1 -4 p
1-00 20 -5 43=30 20 ~B5
5-30 60 -26 47-15 80 -4
F=l8 80 -26 48«30 80 . =38
B=4S 200 11l.4 -2 50-00 700 18.0 -28
1030 20 -25 51-30 20 Wb
11-45 '40 24 52-45 a0 - £
13-00 60 -24 54-15 60 % =
14-20 80 ‘ -22 55-30 80 -9 >
15-45 300 12.6 -20 5715 800 12.2 | -8 2
1700 20 -18 58-45 20 -6
19-15 40 -15 60=45 4 -5
21-15 60 -13 62-30 60 -5 )
23-15 80 , -13 64-30 80 -5 3
2515 400 - 1.9 -13 66=15 200 12.0 -5 E
27-15 20 ; -14 20 ;
29=00 40 -14 40 ;
B0=ds 60 - =16 T0-45 &0 -8
32-30 B0 -17 71-30 70 -2
B4-00 500 1l.8 =19 72«15 80 130
3645 40 22 T30 1000 12,2 o
38-00 60 -25
39-30 80 -32




_ﬂs_m__(&_\

8888§8$8$§2%58§8852§38é8§

1l.8

12.0

1l.4

Table #15
Replication 1 Rate 2
Furnace 2 Density 3
piff. Galv. Time
Ein.-Zec,

=17 4115
=20 48=15
=21 45=30
-20 44aits
-19 46-00
-19 47-30
=19 5000
-19 53=50
=19 56-15
-19 56=30
=19 80=00
=19 61=20
-18 62-50
-16 6340
-15 64-45
=15 6545
-16

=18

-20 6930
-22 70=45
26 7230
-29 74-15
-33

42

=56

aH
“c" m -

Diff. Calv.

ma. )

82:2sn8eseslresndnesnd kg

12.1

12.6

11.7

12.1

121

-5

47

(ze)

rd e




Time
Hin.-Sec.

000
1~15
1-30
3-45
5-00
6=15
7=15
8-15
9-15
10-15
11-30
12-45
1400
15-30
1730
1915 |
21-30
23-30
25415
2700
26-45
30-15
31-30
3300
34~15

gesnfuceslosendaesnlzgent

3

_&._m._.im__

16.2

17.3

15.5 -

14.0

Table #16
Replication 1 Rate 3
Furnace 2 Density 1
piff. Galv. Time
lidn.~Sec.

-3 35-30
-6 36-30
-1l 37«45
=12 28=00
-11 40-00
=11 41-00
-11 41-45
-1l 42=45
-11 43«45
=11 4430
=11 45-30
«10 46-30
=10 47-30
-9 48-30
-9 - m
-8 50=30
-8

=10

-12 5445
-12

~14 56=15
15 58-45
17

=21

-28

BessesBaaenlesandasssnd F’j

4"

4.1

14.6

15.3

15.8

15.3

- Diff. Galv.

—tmme)

-42

(eg)

5
3

4

i
-




Table #17

Replication 1 Rate 3

Farnace 2 Density 2

(84)

B $93999959995993307°%°°

W

§¢ §e93838388g29883R98R83

bigr, Ga 1v

15.6

G AR

4
5.1

| s 0

Galv
(rm)

 AFIITRINRNIININNANTNNED

Diff.

15.3
5.6
14.3

is gressgnsssgasssgasssgasss

RIS b

Min.-Sec




12-15
14-15

1530
1745

26-15
27-45
29-30
31-00
32=-30

sssz%assaésssa%sssséssas%’

1

[
*

14.8

16,3

16.0

-10
«10
-10

-12
~16

47-00
48-30

"~ 5118
. 5245

57-45
5900
60=30

15.0

15.1

14.9

(g8)

REURE ol ety Mees

"<.“;‘-‘..;.i : I

e s L S i e R O e L




51 -15

Tabls #19
Replication 2 Rate 1
Furnace 1 Density 1
MPo mtf. m‘g ﬂﬂ
s ..E&z s sons kin,-Seec,
100 =15 55=30
. B9 -16 57=45
40 ~17 - RSN
L 60 =17 59«45
- 80 -16 61-45
200 9.4 -15 64=00
- 20 ~-14 66=185
40 -11 68=45
80 -9 7515
300 9.8 -7 75=30
20 -6 7730
ot -6 79=45
60 -5 82-00
80 - -4 < B4-15
400 9.3 -2 86-45
20 o -2 8900
40 -4
60 -5 v
80 - -7 96=15
500 9.2 -9 9715
20 ' -12 98-30
40 -i4 100-45
60 -21
80 -28

o
<1

.

an
O¢/tiin, {zm)

Diff. Galv.

S8oszendaosn8agandezsend

ot

9.0 -45

9.0 -7

906 -5

“cﬁ - ‘




Table #20
Replication 2 Rate 1 i
1
Furnace 1 Density 2
Time Pe ad Diff., Galv. Time Tempe. a piff, Galv.
Hin,.=Sec., %g,  9¢/uin. (mm) Min.~Sec. og, o¢ . {mm)
0=00 100 -13 55-45 600 9.0 =55
2=15 20 -12 57=45 20 -68
4-30 - 40 -12 . 30 =70
6-45 60 -1l 59=45 40 =58
9=00 - 80 -11 61-30 60 i
11=15 " 200 8.9 «10 63=30 80 -25
1330 . 20 =10 65-45 700 9.1 -18
15=45 40 -10 68=00 20 -17 =
18-00 60 -10 - 70-15 40 -16 ]
20«00 80 : -11 T2=30 60 =16
22-00 300 S.1 -11 74-45 80 -16
24=15 20 -11 77=00 800 9.1 B i
26=30 40 -11 79-15 20 -13 ; <
28-45 60 -11 81=30 40 =11 : -
31-00 - - 80 -11 84-00 60 - 7 =1
35-15 400 9.0 -11 . 86=30 80 -7 o
35=30 20 -12 - . 88-45 900 9.0 -7 4
37-45 40 -13 20 E o
40-15 80 -14 A0 3
42-45 80 =15 95~15 60 0 i
45-00 500 8.9 -16 96=15 70 125 2
47-15 20 -18 97«15 80 15 g8
4930 40 =20 99-15 1000 g.1 o
51-45 60 =27
s =



Table #21 3
Replication 2 Rate 1

Furnace 1 Density 3
Tempe. « Galv. Time . Tempe. aH Piff. Galv. :
] .Ei&.-. ..__L-.'.A.L..._ Min.-Sec. _°C.  Oc/Min. __(mm) -
100 =14 56=30 500 8.8 =54
20 -16 58-45 20 -76 i
40 -17 : 30 -76 |
. 60 -17 61-00 40 -58
. 80 -17  63-00 60 -25
200 - 8o 16 65-00 80 -12
- 20 =15 67=-00 700 9.0 =10 2
40 -14 69=15 20 -7 F
60 -13 - 71-30 40 -3 ~
80 -12 7345 60 -3
300 B,.7 -12 76=00 80 -3
20 -13 78«15 - 800 9.0 -3
40 -14 30=45 20 -4
60 -14 . 8315 40 -4 :
- 80 4 =15 : 85«30 60 3 i
400 8.9 -15 87-45 80 A -4
20 i -15 - 90=00 900 8.9 -5
40 «~15 20
60 =16 40
80 =18 96=45 60 0
500 8.9 -20 98=00 70 186
20 23 99=00 80 : 50
40 - 101-00 1000 8.9 o
60 -39
80 -
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Table #22

Replication 2 Rate 2

Farnace 1 Density 1
Time Temp. - daH pire. MV. - Time Temp. dH Diff. Galv.
Nin.=Sec. o - ‘ -m.’- s ‘l . m: m - Qg . aﬁfﬁi&c I “)

0=00 100 -1l = 41=30 600 12.0 -38

2-00 20 -14 43-00 20 -46

4-00 . 40 -15 30 -47

Sw=ds 60 15 4445 40 =45

7=30 ' 80 =14 46-30 60 -38

9=00 - 200 B3 -14 48«00 80 -24

10-15 20 -15 45=45 700 12,0 -6 e
12-00 40 -12 51-30 20 -2 s &
13-30 60 -11 5330 40 e 3 3
1500 80 <11 5545 60 0 ;
16=-15 300 12,3 =11 57=45 80 © 3
17-45 20 -8 50«45 800 11.8 0
19=158 40 -7 6130 20 0
21-15 60 -8 63=00 40 0
2300 B0 - B 6430 60 ¢
25-00 - 400 12.0 -5 65-45 80 0
27=15 20 -5 67«00 800 11.9 0 )
29-00 40 -6 20 ; ¢
32-30 80 -7 93-15 80 0 :
3415 500 11.8 -B 72=00 70 50 ohms 75 'ﬁ
35245 20 - =10 72«45 80 35 '-'5
3715 40 =12 C 74-30 1000 12.1 (4] %
3645 60 =16 ' 2
40-15 80 -26 - %




Table #24 2
Replication 2" Rate 2 i
Furnace 1 Density 3
Time Temp., . [ic Diff, Galv. Time Temp. %ﬁu Diff, Galv.
Hin.=Sec. ¢, c, {mara ) iiins=Sec. oc, in, (mm)
0=00 100 =15 43-30 600 11.5 =72
1-50 20 -19 45-00 20 -96
3=45 40 -22 : 4615 40 -106
5-30 . 60 -22 47-30 514] =100
7-00 ' 80 -21 4845 80 -78 |
8-45 200 11.4 =20 50-15 700 11.9 =38
10-15 . 20 ' -20 51-30 20 ~24 .
11-45 40 -20 5300 40 -18 -
13-00 60 -20 54-30 60 -15 e
14-30 80 ~19 56-00 80 -12 —
15-45 300 18.7 : -19 5745 800 18.) -9
17-15 20 -18 60-00 20 -7
18-45 40 =16 62=00 40 -6
20=15 60 =16 64-00 60 -6
21-45 - B8O : =16 3 66«15 80 -6
23=-30 ; 400 12.7 14 68-00 800 11.8 - 8
25«30 20 -12 ' 20
2730 40 -12 40 4
BO-30 60 -11 7800 60 50 ohms -3
3830 80 _ -12 7230 70 .
35«00 500 11.4 -15 73=15 80 112
37=00 20 =18 74-00 1000 10
358-45 40 =23
40«15 &0 -30
4200 80 -47

\ & 1_v=:%.



Table #25
Replication 2 Rate 3

Furnace 1 Density 1
Time Té“@o Diff. Galv. Time Temp. an Diff. Galv.
0=00 100 -11 - 33-00 600 15,1 52
2-00 20 -14 e 34-45 20 -68
4-00 40 -16 36=-30 40 -76
5=-30 T 80 -16 _ 45 -75
7-00 . 80 «17 38-30 60 ~70 :
8-30 . 200 11.8 -17 - 39-45 80 -51 1
10-15 20 -17 41-15 700 14.6 -27 :";
11-00 - 40 =17 4230 20 =20 |
12-15 60 ~17 4345 40 -18 =
13-30 80 -17 4500 60 =15 z
14-45 300 13.6 -17 46-00 80 =15 ~
16=-00 20 -17 47-00 800 14.9 -14
17=00 40 =16 48-00 20 =13
18-15 60 -18 49=15 40 -11
19«16 80 =19 50-30 60 =10
20-30 © 400 14.6 -20 51-45 80 -9
21=30 30 =20 5300 200 15.1 -7
22~45 40 -21 20
BB=45 60 -Z1 40
25-00 80 -21 87«15 &0 -4
26«00 500 15.4 -22 58«15 70 50 ohms 122
27«15 20 -282 58=30 80 52
28«15 40 -4 80 12
29=45 60 -28 60=-45 1000 14.8 0
3115 80 -36




Table #26 4
Replication 2 Rate 3
Furnace 1 Density 2
Tempe. 4" pirf. Galv. : Time Temp. an Diff. Galvw, i
.. () Min.-see, _°¢.  °C/min. (zm)
100 -19 37-00 600 13.5 -66
20 -23 38-30 20 - 81 |
- 40 -26 40-00 40 -85 l
60 -26 . 41-20 60 =76 {
' 80 «25 42-45 80 ~57 g
© 200 . IS -24 4400 700 13.6 -36
. 20 -22 45-15 20 <58 =
40 -22 46-30 40 -19 & 3
60 -22 47-45 60 -16 -~ i
80 -21 49-00 80 -15
300 15.3 -20 50-15 800 13.9 =13
20 =19 51-45 20 =12
40 «-18 53-00 40 -10
60 -18 54-30 60 -10
- -19 56-00 80 -10
400 15.6 «20 57-20 900 14.0 =10
20 ~20 20
40 -19 40
60 «~18 6100 60 50 oklms -5 &
80 -16 61-45 70 0 -
500 15,0 =15 62-15 80 )
20 «16 90 100
40 -19 63-00 1000 14.3 0
60 -28
80 -43 -
ik




Table #27
Repliecation 2 Rate 3

Furnace 1 Density 3
Temp. dai Difrf. Galv, Time Tenp. Diff. Galv,
. o N — © Mins-See.  °¢c.  2C/Minm, (zm)
100 -26 35«15 600 14.2 -80
20 -29 3630 20 =101
. 40 -34 3745 40 -111
60 -33 ‘ 50 -111
. 80 -32 3800 60 =108
- 200 15.4 -31 | 40-15 80 ' -88
20 -30 £1-30 700 14.5 -65
40 -29 42-30 20 -45 .
80 -29 | 4330 40 -36 S
80 -29 44-45 60 -31 -
300 16.3 -27 45-45 80 , -30
20 -27 4645 800 15.0 -27
40 -26 42-00 20 25
60 -26 4530 40 -21
80 -27 5l1~30 60 =19
4006 16.5 -27 53-15 80 -20
20 el -26 5445 900 14.6 -22
40 -85 20 :
60 -24 40
80 -28 5830 60 50 ohms -1l
500 15.0 -23 59-00 70 «10
20 : ~25 58-30 80 118
40 -B1 90 : 35
60 -43 60-30 1000 14.9 0
80 =58




Time
Min.~Sec.

2-15

9-00
11-00
13-00
15-00
17-00

2130
2700
3230
87220
3930
4130
43-15

47-00
49-00

sssufsssuissssissssfssent kg

i

Table #28
Replication 2
Furnace 2

Diff. Galv.
{mm)

9.1

9.3

8.5

8.9

-19
-18
=16
«15
»16

Rate 1
Density 1

:
.%

§exssssdzessfssendsssusd Ef

9.1

2.0

9.2

9.0

(g¥%)

R 52 T e T TN S R 3

E
=
A




Replication 2 Rate 1 :
Furnace 2 Density 2
:
Time & Diff. Galv, Time M. biff. Galv. %
MneSes, _Sgo.  Scfin, MincSes. 9.  Gfin.. - (wm)o
0=00 100 -15 55-45 600 8.9 -62
2-30 20 -18 5800 20 , -78 i
4-45 - 40 -21 60«15 40 ~79 :
7=00 80 -21 62-15 60 ~57 A
9-15 80 -20 6415 80 ~34 o
11-30 200 8.7 -17 66-15 700 9.1 -24 :
13=45 . 20 -16 68-15 20 -20
1545 40 -15 - 70-30 40 ~19 o~
1745 60 ~12 72-45 60 ~15 &
1945 80 =11 75-00 80 -14 -
2145 300 9.2 -12 7730 800 9.0 -9
24=00 20 -14 80-00 20 -®
26=15 40 ~18 82-; 20 -9
28=30 60 -17 84-30 60 -8
3100 - 80 o ~19 = 86=45 80 -7
33-30 400 9.0 . -19 89=00 900 9.0 -6
3600 20 -19 ; 20
38«15 40 =19 40
40-30 60 -19 9545 €0 0
4245 80 -19 70 130
4445 500 9.0 -20 98-00 80 55
4645 20 -21 100-15 1000 8.8 )
4900 40 -22 '
5115 60 -24
5330 80 -38




Table #30

e s Sy i i

Replication 2 Rate 1

FPurnace 2 Density 3
Time DiftT. Galv. Time Tenp. aH Diff. Galv.
¥in.-Sec. .__e'_ m —mm) Min.-Sec. _9%C. . (amm)

0=00 100 «-15 55«00 800 9.1 -2

2-18 20 =16 57-30 20 -84

4£-30 T 40 -18 30 85

6=45 . 60 -18 | 60=00 40 -41

8-45 80 -18 | 6230 60 -28

10=45 200 9.3 =18 64~45 80 -13
13-00 .20 -16 6700 700 9.0 -11 e
15-15 40 -15 69-15 20 ' «10 -
17=20 60 -l4 7130 40 -8 i
20-00 80 -15 73-45 60 -8
28-30 300 8.9 -10 76-00C 80 -8
2448 20 =10 78-15 800 8.9 -8
2900 40 -10 8030 20 -7
2815 60 -10 BR2~-45 40 -8
3130 - 80 -10 , 84-45 60 - §
33-30 400 8.0 -8 Bo~45 80 -5
B5=45 20 e -9 | BB~45 900 9.0 -5
38=00 40 -9 20 E=0
40-15 60 -9 - 40
42-15 80 -9 95-30 60 0
44<15 500 8.0 -10 96=30 70 1286
46-15 20 =11 97-45 80 18
48-15 40C -13 100-00 1000 8.0 0
B0=30 60 -19 :
D8=45 80 -28




Table #31

Replication 2 Rate 2
Furnace 2 Density 1
MFQ W'F‘ ¥ Tmﬁ
100 -22 4415
. -29 46-45
A 60 ’ﬁ l
80 -28 . 50-00
80 -26 53=00
60 -85 - B8=00
20 -2% B7-7%0
360 12.8 -22 5845
20 =21 60-30
40 «19 62-00
60 «17 63=30
20 -17
40 =17
80 A -18 7330
80 : -19 74w
20 -22
40 -25 76=-00
80 31
80 -Ad

§essssu8esenBessndassnd I

11.6

11.7

11.9

1.8

50 ohms

11.9

Ve

(ev)




Table #32
Replication 2

Furnace 2

TempDe an pfe. Calv.

B & —tmm)
100 27
20 -32
. 40 «36
60 ~35
‘. 80 -3
- 200 1l.2 B
20 33
- 40 -33
60 -3
80 -32
300 12,1 32
20 -31
40 -30
60 =30
80 =31
- 400 12,5 - =30
20 -30
40 =27
80 -2
80 =28
500 - 121 29
20 -3
40 -36
60 -4
80 =650

Rate 2
Density 2

74-15

SopsessBessnlazandazand

’

11.7

il.8

12.1

12.1

-104

(e¥)

=™

:"%
=
|




Table #33 |
Replication 2 Rate 2

Furnace 2 Density 3
Time Temp. i ai piff. Galv. : Time Tempe. ax Diff, Galv,
0=00 100 -27 - 41-15 600 iz, -82
1-20 _ 20 -31 44-00 20 -4
2-45 40 36 : 30 -7
4~00 . 60 -39 4640 40 -23
5~20 . 80 -58 . 48-15 60 -88
=45 200 -3 4£9-30 80 : ~G2
£~45 © B0 -53 &C-45 700 11.8 -32 -
1C=-45 40 -52 - 52-00 20 ~10 ]
12-30 60 =30 52-15 40 - 8 ~—
16«00 80 -31 54-00 €0 -6
18-00 300 58 5E-15 80 -5
19«45 20 -53 5630 800 12.3 -4
21-45 40 -353 50=00 20 - 4
2240 60 -55 - 81-30 40 -3
24=00. T 80 e 57 62-45 60 -3
20+15 400 "11.9 -39 ~ 65-00 80 ; -3
20-40 20 , 59 - 66-15 800 12,1 -3
£8-00 40 -39 20
30-00 &0 -39 40 :
5145 80 ~ ~38 70=00 60 50 ohms -3
53-45 500 1l.8 -39 71=45 70 0
35-30 20 ' -42 75 80
36=45 40 -45 e T3=30 80 : 17
38-00 50 -51 75-18 1000 12.C (5]
39«15 80 -53




Table #34

Replication 2 Rate 3
Furnace 2 Density 1
Temp. aH Diff. Galv. Time Temp « dH Diff. Galv.
100 -25 31-00 600 16.0 74 9
20 -43 32-15 20 -83
T 40 -52 33-45 40 -96
. 60 50 =97 'J
. BO 35«00 60 -94 ;
200 18.5 36=30 80 =75 -
. 20 38-15 700 15.7 ~30 2
40 ~50 40=-15 20 -28 -
60 -47 42-00 40 -25
80 -42 43-45 80 -25
300 18.4 -40 45-00 80 -25
20 -35 46-15 800 15.3 -26
40 -31 47-30 20 -26
60 -30 48-45 40 -26
80 -29 50=00 60 -27
400 16.0 =31 51-00 80 -27
20 -32 52-15 900 15.4 -26
40 - =34 20
60 -36 40
80 -38 56=45 60 50 ohms -10
500 16.0 -41 57=45 70 0
20 -43 58-45 80 123
40 -47 55«4 95 0 <
60 54 5945 1000 15.0 0 3
80 -68 ]




Table #35 o
Replication 2 Rate 3
Furnace 2 Densgity 2
_Time Temp. aH Diff. Galv. Time Temp. ax Diff. Galv. i
Min 2 =58C, Egl : m ‘a! m’ﬂl ee& °m' : (-) ;
0=00 100 30 B5=45 600 14.0 -68 ¢
1-30 . 20 -38 27-00 20 «90 3
3-30 40 -44 3830 40 =101 3 5
4-30 {60 -43 3915 50 -102 :
545 - 80 40 39w45 60 99 i
7=00 200 14,3 -37 40-45 80 -89 i :
815 © 20 ~35 42-00 700 14.3 -67 o |
9=30 40 -34 43-00 20 ; -36 2
10-45 60 -31 44-15 40 =26
12-00 80 -29 45-15 60 =22
13-15 300 18} -27 46-15 80 =20
14-30 20 -25 47-15 800 14.8 -19
16=00 40 =23 48-15 20 -18
17-30 60 -22 49-15 40 -17
19-50 - 80 _ =22 50=30 50 =15
21-00 400 14,3 =20 §51=-30 80 -14
22«30 20 -19 52-30 900 15.2 B
2400 40 -19 20 : '
26200 60 =19 40 50 ohms
27-30 80 -19 56-30 60 -5
2930 500 13.6 -21 52-15 70 0
30-45 20 -24 : 75 93
3200 40 -27 58-00 80 13
33-15 80 -34 6000 1000 0
3440 80 =46




Table #36

Replication 2 Rate 3
Purnace 2 Density 3
:
Time Temp. a8 Diff. Galv. Time Temp. a8 Diff. Galv.
iin,.=Sec. °c,  %c/min. {mm) lin,-Sec. oc, Oc/Min, {mm)
0=00 100 34 33-00 600 15.1 67 )
1-20 - 20 -41 34-30 20 91 4
2-45 40 48 35-50 40 -10% )
4-00 ' 60 -49 50 -104 ':I
5-20 80 -46 3715 60 =100
6-40 200 15.0 ~-43 38=45 80 -90 -
7-00 20 -40 40-00 700 15.0 ~56 — :
B30 40 -39 41-15 20 <34 g
9=45 60 -36 42-45 40 -28 -
11-00 80 -34 44-00 60 -21 ‘
12-20 300 15.4 -32 45-15 80 -19
1340 20 -2f 46-45 800 148 2 =18
15-00 40 -23 48-00 20 15
16-30 . 60 " =28 49-15 40 =17
17-45 80 -22 50-45 60 15
18-15 400 16.3 -22 52-00 80 -15
1945 20 =20 53-15 . 900 15,0 -14
21-15 40 20 20
28-45 60 -19 40
23-30 . 80 -19 56=-15 60 50 ohms - 3
25-00 500 16.0 =20 5715 70 o
26=30 20 -25 75 97
28-15 40 -26 58-15 80 12
2945 60 -35 59-45 1000 14.9 0
80 -47

31-30 -




Table #37

Data on Density of Samples

Gode Hgts Alr Factor Mgt. Hg.  Fector  Vol.(ces)  Demsity
F1, Di, RL 1.80 03042 68.0 0.50252  0.5% 3.40
71, D1, R2 1.78 .03008 67.5 0.49883 0.58 .36
 F1, D1, RS 1.80 03042 8.0 0.50252 0.53 3.40
- F2, D1, Rl 1.81 .03059 68.0 0.50252 0.53 s.42 |
2, D1, B2 1.80 .03042 67.0 0.49513 0.53 3.40 | #
¥2, D1, B3 1.78 .03008 67.0 0.49513 0.53 3.36
F1, D1, R1 1,80 .03042 67.5 0.49883 0.53 3.40
¥1, D1, R2 1.81 03059 68.0 0.50252 0.53 .42
¥1, D1, B3 1.61 03059 6840 0.50252 0.53 3.42
Rep. II | pa, m, m1 1.80 05042 67.0 0.49513 0.53 3.40
¥2, D1, B2 1.80 03042 66.0 48774 0.53 3.40
¥2, D1, B3 1.80 03042 67.0 49513 0.53 3,40

D1 Average Density

3.39 @‘/ﬁe




Table #37 (Continued)

Data on Density of Samples

Code Wgt. Alr Factor T Mgk, Bg. Factor Vol. (eces) Density
F1, D2, R 1.80 .03042 61.0 0.45079 048 8.75
Fl, D2, R2 1.80 03048 Y 6240 0.45618 0.49 3.68
m, D2, B3 1.79 -03025 62.0 0.45818 0.49 3.66
3 F2, 12, R 1.78 . 03008 6240 0.45818 0.49 3.64
¥2, D2, R2 1.80 03042 62.0 0.45818 0449 5.68 -
¥2, D2, RS 1.80 .03042 62.0 0.45818 0.49 3.68 g
f, D2, R 1.79 .03025 62.0 0.45818 0.49 3.66
F, D2, R2 1.81 .03059 . 8. 0.46557 0.50 3.62
¥l, D2, R3 1.79 03025 62,0 0.45818 0.49 3466
Bope I1 | s 2, m 1.80 .03042 62.5 0.46188 0.49 3.68
¥2, D2, R2 1.80 03042 62.0 0.45818 0.49 3.68
F2, D2, R3 1.79 .03025 62.0 0.45818 0.49 3,66

D2 Average Density 3.67 gms/ec

B
2



Table #37 (Continued)

Data on Density of Samples

Code ugts Alr gg?é | ¥ete Hgs g_u?@ Vol. (ces) Demsity|
F1, 03, B2 1.78 0.03008 5740 0.42125 0445 5.96
F1, D3, B2 1.79 0.03025 58.0 0.42862 0.46 3.89
. n,\:as, R3 1479 0.05025 58.0 0.42862 0.46 3.89
s ¥2, D3, R 1.79 0.03025 57.0 0.42123 0445 3.98
¥2, DS, B2 1.80 0.03042 57.0 0.42123 0.4 400 |
¥3, D5, B3 1.79 0:03025 58.0 0.42862 0.46 see | &
o
’ n, 15, ” 1.80 0403042 57.0 0.42123 0.45 4.00
1, D3, B2 1.79 0.03025 5740 0.42125 0.45 3.98
F, D3, B 1.79 0.03025 §7.0 0.42128 0.45 3.98
_— ¥2, 05, B 1.81 0403059 57.5 0.42493 0.45 4.02
¥2, D3, RS 1.79 0.03025 57.0 0.42125 0.45 3.98
¥2, D3, RS 1.80 003025 57,5 0.42493 0.45 4,00
D3 Average Density 3.96 gma./ce




(57)
Table #38
Galibration of the Chromel-Alumel Differential Thermocouple When
with Spotlight #2401 Galvanometer

Ref. WQ 0& Bath m.ﬂg !‘!Gcc! Galv. Defl.

0 4 4 9
0 13 13 45
0 19 19 69
0 g o 74
0 SR 2 87
0 30 20 100

2, With 50 ohms External Resigtance

Ref. Temp, °C.  Bath Temp.’c, __ %(°C.) Galv. Defl,

&
g

87

© ©o © © ©
E & 8 8 &

£ & 8 B
3

92



(58)
V  RESULTS

A Gemerel

The curves on the toneius pages were plotted from the data tables
in the preceding section. The curves are a result of the best fitting
line through the plotted points. These curves, lettered according to
the symbolism adopted for this study, were used for the determination
of the areas as reported in Table 39 of Results.
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(72)
Table #39

Areas Under the Endothermic Peaks of "Lakelamnd®
Florida Kaolin as Determined by Differential Thermal Analysie

Replication 1%
Farnace 1 Farnace 2
Rate 1 Rate 2 Rate 3 Totals Rete 1 Rate 2 Rate 3 Totds
Demsity 1 12,1 20,3 59.6 92,0 31,0 157 W48 915
Density 2 31,8 354 48,8 116,0 .2 385 365 162
Density 3 37,6 874 558 180,8 28,4 754 52,5 156.3

Totals 81.5 143,1 1642 388,8 100,6 129.6 133.8 364,0

lmu&uon Total = 752,8

*All Areas in Sq, Om,

Replicstion 2
Farnace 1 Furnace 2
Rate 1 Bate 2 Bate 3 fTotals  Rate 1 Rate 2 Rate 3 Totals
Demsity 1 3.1 3.6 333 960 5.5 Mb1 3,6 13,2
Demsity 2 32,8 30,4 46,0 109,2 9.6 5.8 6L9 153.1
Demsity 3 41,6 74,2  7h0 189,8 W32 59,7 7.0 1739

Potals 105.5 1362 153.3 95,0 128.1 155.6 176.5 460.2
Replication Total = 85,2
Grand Total e  1608,0
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vV RESULTS (Continued)

The following statistical computations are presented in detail for
simplicity in following through the analysis of the data obtained from
the measurement of the areas under the endothermic curves of ﬁhc speci-
mens analyzed, No discussion as %o the steps taken will be made, but

detatled caleulations vill made fn eash step, The theory behind all such
calculations may be found in the textbook by G, W, Snedecor, "Statistical
Methods", the Iowa State College Press, Ames, Iowa, 1946, All caloula~
tions in the statistical breakdown of the data were based on Tadble #39,

page 72,
Orend Corr, Term = (SX)? -;ﬁ%,gf = 71,8240
n
ht‘l 33 = 12.12 * 20.32 * 0001000?1002 i G = 82'25b05 - n!azhOO = loigaais

Purnaces 85 = (SF)% 4 (89502 - 0 = 783,82 4 821,22
r B
’ 18

= 71,869,3 - 71,824,0 = 45,3

Rates 58 = (BL.5 + 10,6 + 105,5 + 128,1)% + sR,2 + SRy% - G

\ e 4157 ¢ 564,52 4 627,82 - C = 73,800,0 - 71,824 = 1976,0
12

Replications 55 = 2287485627 ¢ = 72,1153 -0 = 2503
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Denmsities 55 = (96,0 + 133,2 4 92,0 + 9L.5)? & D,° & Dy?

12

_&»12.?2 + Mszr* 700, 8%
12

Two Yay Tables for Interactions:

Sub Teble 1 - Determmination of Interactions

FPurnsces x Rates

Farnaces
Rates . i
1 1870 228,7
4 TN e 279.3 285.2
3 A5 02
Totals 783.8 82k,2

Sub Table Analysis of Variance

Furnaces

Rates

Furnsces x Rates Interaction (by Diff, )
Total

Sub Total 88 =« 187,0

Totals

15,7
56k, 5

1608,0

8/t

1
2
w1
5

wll

=0 = 75,597,7 = 0 = 3,673.7

a8
15,3
1976, 0
106,8

e

2128,1

- €= 73,9521 - 0 = 2128,1
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Sub Table 2 - Determination of Interaction of
Farnaces x Densities

Furnaces
RN P 1 2 Totals
3 188,0 22h,7 12,7
2 225,2 269, 3 ok, 5
Totals 783.8 82h,2 1608,0
Subd Table Analysis of Variance a/t a8

Pornaces i TR
Densities 2 3673.7
Furnaces x Densities Interaction 2 365,0

(pife,)
Totals S bo8h, 0

Sub Total 85 = 188,07 ¢ 220,72 ¢ ,....330.22 _

6

= 75,908,0 - 71,824,0 = LOBL,0
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Sub Table 3 -~ Determination of the Interactions of

Rates x Densities

Rates
Demedti : ’
1 119.7 1LY
2 145,2 156,1
> e e
Totals 15,7 564, 5

Sub !;kln minu‘ot Variance

Rates

Densities

Rates x Densities Interaction (By Diff,)

Totals

Bub !'bttl B8 = 119.73 * 00.1-253n32

1813
193.2
253.3

627.8

T - =0 = 75218

Totals

k2,7
hob, 5
700,8

1608, 0

s
1976.0
3673.7
1872,1

7521.8
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Sub Tabdle L - Determination of the Interaction of Purnace x Rates x Densities

Furnaces

o n :: 3 T g

R 43.2 64,6 79,2 76,5 80.6 7.6 456

B2 51.9 65.8 161.6 59.8 90,3 1351 . 56h.6

B 92,9 948 129,8 88,4 98,4 1235  627.8

Totals 188,1 225.2 370.6  72h,7 269,3 3302 1608,
Sub Table Andlysis of Variance o aft o8
Furnaces 1 k5.3
Rates 2 1976, 0
Deneities 2 3673.7
Rates x Densities Interaction L 1872, 1
Furnaces x Rates Interaction 2 106, 8
Furnaces x Densities Interasction 2 365.0
Furnaces x Rates X Densities Interaction I 198,1
Totals “3;” 8237.0

Sub Total 85 = 43,22 4 64,67 ¢ .00 023,52 -0 80,061.0 - 71,824,0 = 8,237,0

2
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Table $40

Preliminary Analysis of Variance

Sources a/t
Replications

Furnaces

| Rates

Densities

Furnaces x Rates Interaction
Furnaces x Densities Interaction
Rates x Densities Interaction

Furnaces x Rates x Densities
" Interaction

R - N N N e

Experimental Error (Diff,) . 17

Totals o

Legend: ~ Not Significant
x Significant, ¥ = 0,05 level

ss S 4
291.3 291.3 2.60
45,3 k5.3 =
1976,0  988,0 8,84
3673,7  1836,9 16,4
106,8 3.4 -
365.0 1325 1.\7
1872,1 - b468,0 14,18
198,1 W5 -
1902,2 11,9 -

10430, 5

xx Highly Significant, ¥ = 0,01 level

Significance
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Sub Table 5 - Regression Analysis of Rates and Densities

Rates
Densities »
n 119, 7
D2 145, 2
D3 150,8
.
A, BRegression of the Rates
Rates 9°¢/Min,
Sum of Rates A1l D's 15,7
Linear Trends 4+
Quadratic Trends +

$S due %o linear regression = iﬁlg.'i - 0+ 627,8)2

2x12

85 due to quadratic regression = (M15.7 - 2(56L,5) + 627,8)%

R2 R3
111,7 181.3
186.1 193, 2
296,17 253.3
56k, 5 627.8

12%/Min,

SIQ!- 101,6

88y = 187h, 4
sig = 10L6

6 x 12

Totals

27
ko, 5
7008

1608, 0

15%¢/Min,
627,8

- ”2-2
+2 802 =6

Total = 1976,0 = 838 Bates a8 determined in
Bub Table 3
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B, Regression of the Densities

Densities ) 4 2 3
Sums of Demsities (All Rates) 041Z,7 uok, 5 769, 8
Linear Trends + 0 - 502 o 2
 Quadratic Trends + -2 + 502 = 6

85 for Linear Regression = (412,7 4 0 - 700,8)2 2
: = m.l 3;455 L
ks 2x12 " v

85 for Quadratic Regression = (412,7 - 2(49k.5) + 700,8)% _ (124,5)2

88 Linear = 3458, 4

SS Quadratie = _215,3
Total = 3673.7 = 8BS for Densities

from Sub Table 3



Sub Table 6
Determination of the Regression Equations for Heating Rates - Method of Least Squares

e IX =t RS 1S |

Resrrangement of the‘ Data for Simplicity of Calculation

Replication 1
Fornacs 1 Farnasece 2
) D2 23 n D2 D3
Bate Area Rate Area Bate Area Ratée Area Raste Area BRate Area
¢ 13 F WL 5 NiE 9 MWe P M Y . WH
T 2 BN 2 OB 2 O BT R A ORn 5.5
15 5.6 15 488 15 558 15 48 15‘ %5 13 52.5
Potals % 92,0 %% N60 36 180,0 W 9.5 36 1162 ¥ 1563 E

Beplication IX
Farnsce 1 Farnace 2
n D2 D3 m D2 B3
Rate Area Rate Aren Rate Arec Rate Area Hate Area RHate  Arves

9 31 9 328 9 .6 9 M35 9 P.h 9 43,2
12 Né 12 N 1 M2 12 M1 12 28 12 9

15 33 15 M0 15 70 15 W6 15 6.9 7.0
Totals 3% 9,0 36 109,2 36 189,8 3% 133.2 36 15,1 173,9

L
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Determination of the Constants in the Regression Zquation
Yey+ bx - %) vhere

Y = any caleculated value of area under the curve

¥ = the mean of all aress, st all rates, all densities,
and all furnsces (4b,7 sq, om,)
b = the regression coefficient

x = any value of heating rate
% = the mean heating rate (12°C/min)

: 2
Correction Termst Oy = i%L = 4322 . 51840

Oy = LERLLT) Lmj.gm = 19,296,0

Regression Totals: 85X2 & 5400 - 5184 = 216,0
SXY = (9)(12,1) + (12) (20.3) + ....(15)(71.0) - Oy
= 19'932'3 ‘19. 396.0 = $360
Regression Due to Treatments: SX2 = 3612 - 2622 + ...736_122 wilae
= 5184,0 « 5184,0 = 0,0
SXY = (36)(_%.0) + (36)(116,0) + ...(36)(173,9) - ¢

3
= 19,296 - 19,296 = 0,0

Since there is no regression of treatments, no correction is
necessary tharefor and

g

snd the regression equation for areas of the curves on rates ist

Y= b7+ 2,95 (x - 12),



Sub Table 7
Determination of the Regression Equation for Densities - Method of Least Squares

Rearrangement of the Data for Simplicity of Caleulation
Replication 1 3
. Furnsee 1 Furnace 2 ;]
R B2 B3 o B2 B3
i E
- Dens, Ares Dens, Ares Dens, Area Dena, Area Dens, Area Dens, Area :
(339 12,1 3P 20,3 3P H6 P N0 P 157 339 8 :
© 3,67 N8 3,67 354 3,67 M8 3,67 4,2 3,67 3B/.5 .67 4.5
396 376 3,96 874 3,96 558 3,96 28,4 3,96 754 3,96 52,5 2
Potale 11,02 81,5 11,02 1431 11,02 1642 11,02 100,6 11,02 129,6 11,02 193.8 =
Replication II
Furnsce 1 ‘ Yurnace 2
n ) 3 R R2 e
Dens, Area Dens, Area Dens, Area Dens, Area Dens, Arec Dens, Area ;
339 21 LY 6 339 33 AP S 39 Ml 339 836
3,67 92,8 3,67 30,8 3,67 86,0 367 Wb 367 5.8 3,67 619 ;
3.96 BL6 3,96 ™2 3,96 M0 3,96 43,2 3,96 59.7 3.9 7,0
Totals 11,02 105.5 11,02 136,2 11.02 153.3 11,02 128,1 11,02 155.6 11,02 17,8
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Determination of the Constants in the Regression Zgquation
YeF+bx - %) vhere

Y = any calculated value of area under the curve

7 = the mean of all areass, at all rates, all densities
and all furnsces (44,7 sq. om,)
b = the regression ccefficient

x = any value of density
% = mean density (4,49 gms/ce)

Correction Terms: Oy = (“)z - 132,20% , 485,8
B

n

= {82050 .ycn, 635;‘(1608.0) = 5906,7

Regression Totals: SX° = 3.392 + 3,67 & sesaah® o Gy =
= 487,7 - 485,8 = 1,9

SXY = (3.39) (12,1) +(3.67) (31.8)+ c0uuaes(3.96) (7,0) - 04y .

Coy

= 5989.1 - 5906,7 = 82,4

Regression Due to Treatments: 5x° = w%i_ug)_- Oy = 485,8 - 85,8 = 0,0

= 5906,7 = 5906,7 = 0,0

Bince there is no regression of treatments, no correction is necessary
therefor, and:

: hu§ -%g e 43,3

and the regression equation for areas of the curves on densities isy
Y= b7 4 83,3 (X~ 3.67)
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Table #41
Final Analysis of Variance

Replications
- Furnaces
Rates

(a) Linear Trend

(b) Guadratic Trend
Densities

(a) Linear Trend

(b) uedratic Trend
Furnace x Rates Interaction
Furnaces x Densities
Rates x Densities
Furnaces x Rates x Densities
Experimental Error

Total
Legend: - Not Significant

x Significant at 57 level
xx Significant at 1% level

a/t as 5]
1 291,83 2018
1 48,8 45.3
- (8)
1 187444 187444
i  10).6 101.6
(2)
1 5458.4  3488.4
1 s s
2 106.8 5344
8 365,0 132,85
4 1872, 468.0
4 198, 49.5
17 1902.2 111,89
36 10430.8

2.60 P
16,80 XX
- -
30490 xx
1.82 -
-
1,17 -
4.18 x



This section will be devoted largely to the interpretation of the
statistical analysis of variance., Once this amalysis has been caleuwlated
it is the duty of the experimenter to interpret the table and to make pre-
_ dletions or test hypotheses. In this study the latter will be considered
as the primary motive for the determinations made here. As expected, the
major effects were due to differences in densities and rates of heating.

This fact had been proven by all researchers in this field., However, the
breakdown of these effects shows ome trend that has not been previously
discussed in the 11§omtm as reviewed; the linearity or non-linearity
of the effects can easily be deternined by the orthogonal comparisons
made in the previcus section. From these it can easily be geen that the
optimum density and Tate of heating has not been reached in the seope of
this study. Another advantage of a compariescn of this type ig that it ale
lows us to decide with ecomparitively high preeision as to whether the
plotted points lie on a curve or on & straight line. It mast be borne

in mind by all researchers thet no results will be exaet, but are subject
to certain variations due to faulty technique and also due to the random
error which is inherent whenever a measurement or determination of any
type is made, This is probably one of the most difficult concepts te
convey to the engineer. ‘ Too am he feels that his measurements are

80 precise that they m not Ms«n to error. m- is a poor assumption
on his part and as a resuls, much valuable time and money may be wasted
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in experimentation in attempting to get results which exaetly duplicate

each other,

The question will immediately be asked, "How do I know how much
variation I will be allowed before this variation is a real difference
and not just caused by random error?®., The "F* test, which is a ratio
of the mean square of the effect being studied to the mean sguare esti-
mate of error at the levels of 1% or O% of probabllity, is a measure of
thiu characteristics If the calculated value of the mean square of any
treatment or effect exceeds the tabular probability value of "F", it may
be said that the mean square of the effects or treatment has been caused
by that treatment and is not a variation due alone to random error m‘
the mﬁlu

mm !.nnn&anan of the breskdown of w of the major effects
with a view to studying the trends shows whether a quadratic or higher
order curve will best fit the data., However, where there are only Shree
points plotted, it is impossible to go beyond the quadratic curve. AS
was shown in the final analysis of variance the effect due to the quade
ratic tvend was not significant, This means that 4in determining an em-
pirieal equation for the plotted points that a umtg;ht: line ig the best
fitting curve available, . The amount that the line would be improved by
the fitting of a guadratic would be negligidle, IHere again the analyst
does not have to make & decision as to what type of curve to draw as the
analysis of variance mhu m: mxm for him.

One other rmm oonmpt of numntu must be borne in mind
when apalyzing any sample where this sample is drawn from a large popu-
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lation, Statistical analysis by its very nature works on a probability
basiss It is possidble to draw a sample from a normal population of
xnown variance ( ¢~ % ) and known mean (¥) and upon testing find, that
according to statistical analysis, this was not the case, This is to
say that a bad sample may be drawn from a good population, Similarly,
a bad sample may yield good resulte, [However, this reversed situation
will eceur only in mwﬁﬁé’tmmnmmmum the level of
probability used when making the "F" test. The engineer who is not
familiar with statistics will immedistely say that he need not make sueh
an assumption in his experiments and that vesults of his sample are used
as predictions for results that would be obtained in similar determinations
upon & larger amount of the population, Here again he is failing to rec-
eynn a tﬂmﬂm whiech uatmu; existe tmam‘uu of whether or not
statistics is employed in the analysis of the problem.

With this fact in mind, 1t may readily be seen that more reliable
* results may be obtalned by using several samples; i.e. make replications
of the experiment with different samples to minimize any chance of making
a predietion from mwwtaﬂn sample.

Bs Discussion of the Interactions of the Effects

An interpretation of the interactions of an experiment depends largely
on the nature of the antlysis being performed. Espeeially in the field
of chemistry or any ﬁa;d mn ftlw additions of several substances are
nade independently and ﬁo.tntly we may often find that a significant
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interaction occurs, whereas the independent treatments were non-effectual.

This means that this combination of the materials gives the best (or
worst) results. In this experiment where rates and densities both gave
highly significant effects, the significance of the mmw inter-
action indicates that it was caused by the fact that the slope of the
regression line for rates and densities is different, viz., 2.95 for
rates and 43,3 for densities. Had the effects of rates and densities
M equal, they would have caused the interaction means square to be not
significant, A visual study of the two-way table of rates and densities
will show the analyst whether this interaction will develop in the caleou-
lations,

In thig partievlar problem once the interaction effect was found to
be significant, the desirability of making a regression a{mh‘ﬂs is .mm

mnore evident.

| Ce Jeneral Considerations
In this study one source of variation in the experimental procedure

was found and after discovery could not be corrected due to unavailability
of material, The tiickness (5/16") of the alundum muffle in the furnaces
was 80 great that & lag occurred in the transmission of heat from the fure
nace windings %o the nickel test specimen holder. This caused the rate

of heating to follow a surging course rather than one of a very uniform
rate, It is recommended that a furnace of the type deseribed by Speil™®

be used in the study or; Mftbnntin thermal Mdu. The only difference
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in the deserived furnace and the one used in this experiment 1s that the

former is interior wound, This change would lead %0 & much more rapid

dissipation of the heat by the elements and more rapid absorption by the

nickel test specimen holder. The top on this specimen holder will pre-

_ vent direct radiation onto the surface of the sample being analyzed. The

"Capacitrol™ is sufficiently sensitive to control the heating rate to a

very close degree., It is felt by the writer that this change in the

equipment would render muchk more consistent results, that is, reduce the

mean square of experimental error { o 2) and comsequently the standard

deviation (ﬁ) « This, in turn, would cause the curves of the endo-

thermie peaks to follow a much more uniform pattern and sequence.
mmﬁWMLAM¢ mﬁn,mummﬁrmmtmxm

of statisties, 1t 1s quite possible that most or all of the data would have

been discarded as useless. However, statistical analysis proved that the

variation was no more Meom&upuua due to the inherent random

error of an experiment of this type. A further conclusion from the stat- :

fstical analyeis would prove that a replication of the experiment is not entirely

necessary. Neither is the use of two furnaces required in analyzing a ssme

;;1. by differential thermal analysis, Thus, a aimilar study for comparison

of one sample against another could be considerably shortened based upon

the results obtained in this experiment.
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VII SUMMARY

Based on the results of this experiment the following statements may

be made in summation:

1.

Se

4

Se

6o

7e

In malxstns samples for ecomparison to the sample herein mlyua,
a replication of the experiment is not Mmry.

The sample could be analyzed in either or both furnaces independ-
ently. These two changes (1 and 2) could eonsiderably shorten

a subsequent study along these lines,

Due to equipment of different sensitivity being used by most
experimenters, no real correlation can be cbtained at present.
In attenpting correlation, the sample size, density, rate of
heating, aid sensitivity of the galvanometer and thermocouple
used must all be specified.

The effects due to density and rate of heating were linear, and
an optimum temperature or density was not reached in the scope
of this thesis,

The empirical equations for denslty and rate of heating could be
used in & future study for correlation of data with that obtained
here.

Statistical exporimental design was most useful in this study as
more information was obtained from the data than would have been
possible had this design not been used. The experiment was said
to be efficient in that respesct.

Statistical analysis showed that the eccentrieity of the results

was no more than that due to random error which is inherent in
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any experiment, measurement, or determination,

Due to the consistency of the results, the method is to be
commended as a means of gqualitative analysis, and by virtue of
mmwnm,unma@mmmmws
ummmswmm«mmwm
olay minerals, |
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