
similar arran* ementa previously described is that 
tl di rforf.'T: * i-il * ermocoujle junctions are intro­
duce i Cron; <.io.v and are rigidly located within the 
erueii'le. . (Lie :i : II. i and 4, and Figs II, 12).
Ev< ry effo t wa. in ado to in..ike this set-up as sym- 
:..c > ric-il t ' i-o.’sji.l: if ter orne preliminary results

ys1 .. li.e
ccr .mic tuK on which the baseplate is mounted was 

a diamond wheel as were the twin-duct 
and four-duct thermocouple insulating tubes that 
..... wires* Alundum refractory
cement w us u^ed to cement ill the components into 

The thermocouple beads are axially 
situated in the erucibles abc.it 5 an* from their bases. 
The system of loo ation of the holder in the furnace

that the crucibles art mounted in exactly the
time. Th tent «mpl* is always j 

packed into the crucible furthest from the mouth of 
the furnace and the inert material into the other

crucible.
, ped nickel block (See Fig!

. ) is 30 m . high and 50 am. in
51 g*., and is supported by *

nickel tube with an internal flange which in turn 
rests on a ceramic tube 12 inches long with an external

' ; U  ... 11 in°h M *
The thermocouple Junctions are also rigidly located

jeaoribed in sec.ion 3 (b)(ii),

the beads bein, very nearly centrally situated in the

c Ities. Ih< »ho i sst-uj ' loo..'id 
height in the vertical furnace by means of a plate
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on which the eramic tube rests when the holder is in 
position. The nickel block ia almost at the centre 
of the furnace tube, t.h*. top of which is covered with

Lat -..... . Completely sealing
off the toj of this tube was tried but it reduces the 
natural cooling rat< of the furnace to too low a rate.

In the interest.- of dura! ility it was decided to
in this work. Platinum 

versus platinum - 13# rhodium couples have most 
often been used, and these have an output of 
approximately 11.r microvolts per degree centigrade 
difference in temper tur t 600 0* Fallaplat, 
which is composed of platinum - 10# rhodium 
vers .3 0< pall ad - 4-0* Gold, has a sensitivity 
of about 51/**/ per degree in the range of temperatures

■ ’eat the
was considered that the factor of 5 by which the 
sensitivity would be increased by using this material 
fcr the differential thermocouple instead of the 
more usual material would be very important with such 

thermal reaction a* the*r>Auartz inversion. 
Platinum versus platinum - 13* rhodium was chosen for

the temperature measuring coupit .
.1 mm. Hamster wire was tried for

itial thermocouple. This had a low heat 
capacity, hut in the Interests of rigidity this was 

. changed for 0.3 ■». diameter wire. The 
. i 1 enable a limited in M  [ation of

the , ■.......  - ...... th# D-I,Al ” SP0n8# ^
be made, and this will be given in a later section.

/(c)
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(c) He it jag Pro;;ramie Controlleri

What io required in this work is that the heating 
a.:.d/or cooling r ate of the furnace 3hould be repro-

rs have been interested in a 
wii o variety of clay minerals, et cetera, and had to 
have a constant rate of ri3e or fall of temperatures 
from 100 tc 1000'C. In the differential thermal 
analysis of quarts we are only interested in the 
rate of temperature change between 500 and 650 
def ree^ centigrade. A:; long as this can be kept 
highly reproducible, the necessity for introducing a

gramme controller need not arise.
Measurements of the thermal response of the dust 

s vir." 1 e h a v e  bee a made on both the ex.— •> and
r ictions in all this work. For the latter 

both furn.ee3 art allowed to cocl at their natural 
rates after being heated to a more or less fixed

. " UI t0 20°c* in this
temperature and of 10°C. in the ambient room 
temperature seem to have a completely negligible 
effect on the thermograms provided this temperature 
is sufficiently high to allow stability of cooling 
to be reached by the time the thermal record is

"• : aTn 100 tnt power io 
witched off exactly fifty minutes after switching 
it on, and the natural cooling rate through the /?-> *

,t 8°C P«r minute. For the

vertical furnace the comparative figure, are 60
i j,, , t unrtpr 4cC per minute, minutes and just unaei h  ̂ j

a tn control the heating cycle by It was decided to eonxroj.
t into the respective furnaceskeeping the power input m

■  ̂ urid ' wattmeter were therefore constant. A variac and ..
/introduced • • •
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introduced into the circuit, the former being 
adjusted to gi\e a predetermined value on the latter 
fcr each cycle# Variations in the heating rate can 
be achieved by altering the power input, and the 
results have so far been satisfactory.

The furnace temperature iu measured by means of 
a platinuir versus platinum - 1.37* rhodium thermocouple, 
this giving a direct reading on an indicating meter 
(Fig* II, 2) to which the thermocouple is matched.
The cold junc«xO this is provided by the mercury-
filled U-tut es in the widenecked thermos flask (Fig:
II , ;, Which . filled * . water at room temperature.

a effects in the differential ther­
mocouple are eliminated in this way, and the method 

making electrical contacts is very convenient.
The mercury ioe." not attack platinum-rhodium alloys, 
and stainless steel is used lor the contacts in the

other arms of the U-tubes.
As previously mentioned, the exact temperature 

at w:iich thc-a?i P  quartz inversion takes place is of 
no concern ir. the present work, and the furnace 
temperature ir, used only to give an indication as to 
when thermograms should be begun or to determine 
rate of the temperature change when desired. Many 
such determinations have been made with both furnaces, 
and the reproducibility of the heating and cooling 
cycles has been found to be high when initial con­
ditions have been the same. A striking example of

this is provided by Fig. II, 1*. 1» whioh tw0 0y0leS 
conducted under identical conditions on the vertical

tiv feeding the tempera.ure-furnaco were superimposed by
. rf-irprtlv into a 10 mV.measuring thermocouple outp

/potentiometric
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potentiometric recorder. The thermocouple used 
has an e.ro. • of 10.47 mV at 1000°C, and the chart 
speed was three inches per hour for this test, 30 

th? rate of temperature change at any point can be
i, • ned from the record. Figs: II, 15 and 16 
show how the heating and cooling rates on both 
furnaces varied for two cycles carried out on the 
s day, that i with different initial conditions, 
the furnace la. gings still being warm when the second 
Cvcle waB started. It will be seen that, although 
the inversion point is reached at slightly different 
times in each case, the actual rate of heating or 
cooling through the inversion point was not

significantly altered.
The last teat described above is of considerable

importance since for many of the D.T.A. cycles to be 
described in the following chapter, two and even 
three determinations were made with one furnace o.. 
the same day. This was necessary in order to com­
plete the programme of work, but it was feared that 
it might have had a detrimental effect on the repro- 

ducibility of the results.

(d) Differential Terr.rnr
The requirements of the differential temperature

recorder have already been given in Section
chapter. Using Pallaplat for the differential
thermocouple, a temperature difference of 0.15 0

,, j .,„r< samples would g-i-vebetween the test and the
j. 7 k . In view of

rise to a potential of about !•./

its vastly superior convenience f o r ' routine use, it 
was decided to use an electronic pen recorder of the

to record the D.T.A. response ii a
potentiometnc type to re

/suitable ••••
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sui 1*- pi s(.'Jnpliiier could be found for* such an
instrument.

Many i re 1iminary D.T.A. tests were made using a 
ner.si tive vanometer and recording the results 
manually. These indicated that for a 300 mgm. 
sample Of -'25 rneah .̂.’ound quartz crystal, a

p<rature diff< rence of about 2.5°C was developed 
b< twe< n the crucil les in the horizontal furnace.
From this t w&;- clear that an amplifier giving a 
stable gain of : 00 would be sufficient to detect as 
little as lffi mart: in a sample.

0.* thi >•••" i ■- Leeds and Morthrup Stabilized 
D - C Microvolt Amjlifier (Type 9835-B) and a 10 mV. 
Sunvic I i ‘h Speed Recorder (Type RSP2) were purchased. 
These instrument.' hu 'e b,en described in Section 
3(a) a: d it only rem ans here to give the accuracy 
claimed for tin Lr manufacturers. The limit
of error of the amplifier response is given as ♦
0,4jC of the reading with a maximum zero offst of 1 
0.5 microvolt- within which the drift will not exceed
0.2/ V  during any one minute interval after warm-up. 
The response time is given as two seconds for a 
source resistance of 2,000 ohms, maximum. The 
source resistance in the present application is only 

. . e instrument IB intended either as

an indicator or as a preamp-.ititr yielding
c,oo ohms, corresponding tomillivolts maximum across ?JJ on-).,

any selected input range. This gives it a maximum 
amplification of 200, and it is designed for use
with a potentiometer null-baMnce recorder only.

. j «nth the above amplifier,The recorder is ratched
j o -Pull—scale deflectiona 10 millivolt input giving a

/of • • •



of 9 7/8 inches. The chart is marked with
0 - 100 equaJ divisions and has transverse 
ruling! every inch; beinr a single-pen 
instrunent it gives a continuous trace, and 
an added advantage is that the chart speed 
can be adjusted to 1, 2 or 3 inches per 
minute or per hour respectively. The overall 
accuracy in ntnted to be _r 0.5^ of the scale 
si'-r;, the s-nsit vvity b .nr limited only by the 
siinewire stops, i.e. 0.1'/ of the scale span. The 
speed of response i ? given as approximately 2

aoi i traverse* The siide- 
v;ire standardisation against a standard Weston 
cell is fully automatic but can also be ini­
tiated 1 • : in« ■ ■ ,:Te?t" switch for 5 seconds. 
Tne automatic .tandardisation has been disconnected 
in the present instrument as it might interfere with

the quartz peak.
Both the above instruments appear to have ful^y 

. ■ i the manufacturers' claims. The latter has

been in ,'requent use for ten months, and both have 
beer, used almost every day for six months without 
any treble »hnt,oov,r. The overall accuracy of the

should K- within i 1 / /  • As 
it is desired to be r.blc to set the recorder zero 
at any scale value for any input, a oentre-tap

potutloaaftr L of whlch 8 P°°itiW
c b. Pl«ed on the recorder was

designed. This is ho«n t» Figi II. 17- and 13
placed in the positive lead from the amplifier to
the recorder. The control Knob for the recorder

h ,ow the temperature indicator on
zero can be seen bcxow

. TT o) It is found to be 
the control panel (Fig* »

/quite ....
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quite satisfactory in operation, and it serves 
to increase the sensitivity of the equipment as 
a greater amplification can be employed by setting 
the recorder zero on either the left or the right 
of the chart according as the deflection of the 
peak is going to be the right or the left. The 
input leads from the amplifier to the recorder 
have been shielded against A - C pickup, as has 
the recorder zero control circuit.

GENERAL :
The performance of the equipment described above 

has been found to be most satisfactory, and many hundreds 
of beautiful D*T*A. curves have been obtained to date.
The sensitivity of the differential thermal recorder is 
such that 1 . /, corresponding to a temperature difference 
of only 0.02°C between the test and inert sample, gives a 
deflection of 2 small divisions on the recorder, that is, 
a deflect j on Of 1/5 Inch. The recorder reading can be 
read to 1/5 of a division, corresponding to a temperature

of 0.002°C.
It has been found that a test sample consisting of 

100$ SjOj gives a potential of 1 2 5 /-/in the horizontal 
furnace and 75,/in the vertical furnace under roughly 
the same conditions. In other words, on the most sensi­
tive amplifier range (50) deflections of 25 and 15 inches

would be obtained on the recorder for the/ M
t+ clear that under

transition from the two furnace
these circumstances it should be possible to detect a

.„ the test sample quite
little as 1 per cent of quar  ̂ vieid

„t this amount of quartz would yield 
easily. Whether or not tni- /reproducible .•••



reproducible tl.cults ther
Before closing: thi: chapter, a few details of

terest the prelimii t ry .T.A.
+ that wvr\ co:. luctc 1 .nti ‘ j. apparatus described 

t r  ' s e r  t . . . . .  . . . . . . .

only •
v't) Effect of_if!'' r ( t 1 Th- r.ocouple 'A'ire Diameter:

The tr libinary mounting for the platinum 
cruc bleu :n the horizontal .furnace was equipped 

w . t; . 1 • • i• Kr t r 4h-.rmoco jple wire. In the 
this was reilaced with 0 . 3  nnu 

diameter wire of the name material, so a limited
....  ons es can be

• It ffi t b< emphasised that the height

and area mear iranit nts given r.erc, although con­
sistent among themselves, are not obtained

ventually adopted*

TAI'LE II, I

f .C4 of T r m  ' 1. __~ __-— -1— -— — --------

_____ _______________ • • -

1 Ot."

L64. 0

.

/These



These were among the very first results obtained 
from the apparatus, and even at this early stage cei tain 
interestLng facts emerged* Firstly, it was apparent that 
the peak height measurements tended to be more 
reproducible than peak area measurements. Secondly, while 
hcth heights and areas decreased for the thicker wire for 
both the v, and the ^--inversion, there was no apparent 
uniformity in the magnitude of the decrease. This 
indicated that eiurute calibration curves for each 
measure of the D. T. A. response would probably be 
i eces::ary. It will be seen that, depending on the method 
used for measuring the D. T. A. response, increasing the 

Bter from 0.1 to 0.3 mm. decreases the 
magnitude of the peak by anything from 18 to 50 per cent.

■ ) £•; j e c ’ . eat__Li_ .1 .•—A..-— -— — - **
A few preliminary tests were conducted by

varying the power input into the horizontal 
furnace heating element* Simple theory 
suggests that the peak area under a thermal 
peak should be independent of the heating rate, 
wherea3 the height of the response increases 
with the rate of t.mperature ohange.

TAPLK II* A

Cycle No. P°"e5atta!t -r- TS 7 S T ~
~H018/1 
HO19/1 
HO20/1
H021/1

~H021a/l
H022/1
~H027/1~
H029/T 
HO30/1 
HO33 / 1

;; Average
8^.0

375

400
425

450

500



These result:' must he treated with some caution as 
exact rateb oi’ temperature change are not available, but 
they do show th'-.t not only the peak height but also the 

... ,rc-a oi‘ the response .incrouses as the heating rate 
, # Further test • on the heating rate will be

reported in the following chapter.
( Effect of Particle Size of Inert Material on 

D. TT A. Renpontj. ”
- - alumina (Al^O/) is by far the most 

commonly used reference m • arial for D. T. A. 
tests. The reason for this is that after 
preliminary calcination it has no heat effects 
ana its thermodynamic properties are similar 

to those of most ce: terials* —  i°
nevertheless possible that the particle size 
of the inert sample could have an influence on 

. a. response* Some -270 mesh
calcined alumina was ground down to pass

..... Oomp«ratlY* results

uelne theaa two train sized inert samples are

given in Table - - * ' •

Effect of 1

TAHLE I I .  I s.-— — ----  . t j. y, t» T A. Response..Si •* of Tnei-t Material in_^iiA^.£— ---

ir.pl e 
ber.

/From



From these figures it is apparent that the 
particle size ' the reference material has a somewhat 
irregule r effect u. n the j.1 .A. response# As -270 
me^h calcined alumina 1 n-■ 1 been used with satisfactory 

pi ■: • these tests were conducted# it 
v— , decided 1 revert to this for the inert material 
. ,, ny w rkers have recommended
that the }article size grading of +he inert material

• th< test sample. However,

•io th • •’ ia likely +"> vary from sample + o sample in the 
; re.sent v.crk, it *us c naiiered more satisfactory to

......... *1 r >r 'll] tests.
(i) Zor. Drift :f the Apparatus :

Any ero drift that is present in the 
“.7.a . rec rd luring a cycle of temperature 
charge c uld be due to any one of the following

factors
D tli r D the .anple holders,

especially crucibles; 
ii) Differences in the thermocouple junctions 

in the sample holders;

U l )  Lack f  .y m e tr y  < * th e  9Sopl*  hoW or
mounting with respect to the furnaces; 

1V) Differences in the thermal conductivity 
of the test and inert samples! 

v) Vari itiono in thecal properties of the

utaid. the furnace.
vl) Stray thermal

th. D.I.A. curves
» "  t0tb8 ..... ;erld..i d  editions, and

obtained when repeat®. »• ^  ^

to the constant t rat -  ̂ fe( , lnt.

nask.the ^ ^ ; ; ; r < b l c M , have no control, 
The fifth factor is +Pntlv packedoo a re  c o n s is te n t ly  y
and assuming that the samp

/(something ••

- 9 -
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(ajinething fhat v.ill be discus^uvl in detail in the 
follow intf ch'ij'tei') i there 1 3 lit+lc that can be done 
it it * ■ - * isibility. However> tests were
conducted n both iumaces by packing both sample 

wi1 27 s 1 alumina* The
ntei

The rec rler system was .jet to give maximum 3en-
thal * • f r range 0. The recorder

oh rt 3 \ e e d wan set to 3 inches per hour, and the entire 
heating cycle and the cooling cycle until well below 
the laartz inversion peak temperature was recorded for 
•, .• ; . f  >' the horizontal furnace (platinum
crucit ie le h lders) the following results v.ere

witchi 1 r. the 4race

- . ' thal

temperature iifference between the 
by only C.06°C as the furnace teini 

. a : irther I in* of tnterei

°C as the furnace temperature increased by

that a minute "blip"> rf

ir.t of Interest in this trace is
. lb yamplitude, was

’ /

in about twe minutes> but then 
again, in the twenty minute poii^d

eturned at idily to zero 
iod that, it took the 
about 620 to 470°C, the

furnace temperature to drop from about
/trace • • • •
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trace drifted only from -1,5 to - 2.8/6v/, ‘his 1.3/cv/ 
change corresponding to a temperature change of less 
than O.Q3°C* These drift figures are obviously com- 
,l3tely negligible, being within the limits of accuracy 

£ the recording equipm nt, so the horizontal furnace 
oam-le holders .aid mounting must be considered to be 
completely satisfactory.

The conclusions arrived at above also apply to 
+he vertical furnace assembly, 30 that it is not 

9Sary to give I tails of -thin trace. Only two 
p o m +3 need be made: firstly, the initial drift 
immediately aft r ewi+ching the power on and off was 
much smaller than for the horizontal furnace, probably 
iue to thf large thermal capacity of the nickel block 
sac.le holder, secondly, a distinct peak was obtained 
... . traoe a* 70°C, the curie point of nickel.
Finally, rand variations of about e.^Av'occurred 
froE the general drift line for the cooling cycle, 
probably duo to the effect of convection currents.

( e ) Some 1 ro I •" :

The following few results are given not
so much because they possess any intrinsic 
value , but because they revealed at an early
stage the nature and magnitude of the

+*,«+ existed in the application ofiroblems that
, .+,,h v g  determination of),T.A. to the quantitative aex

P]
D.

. • ai 1 s.
Table II, 4 gives D.T.A. and X-ray 

diffraction analysis results that were 
obtained on four quart, samples all pr--



pov.:j»3 f fjr various quartz samplesorison

Wts of IDescrip- 
Saraple tion of
in mtfm. Sample, 

(all -3 2;
Mo3h)

H007/3

Fine, 
treat ed 
with 
aqua 
regia.
1-6 yU,

Height/ in Ar a in/'-'^Heij'ht in
mint

Area

306.5 1 6 6.5( >9 3 . 0

Area in/*. •S- 
min:-- r
Area

H006/4

Ag 
above 
but 
t reated 
with HF
6- > 1 5m

M
but
coaruer
fract­
ion.
3->iy.

176.5 10 1.0 160,0

179.0

170.0 112.2

121.5

151.5

. .. 89B of ooapariBon, sample No. 4 is

urbitrorlly Chosen as 100* quartz. Apart from, one
Isolated area result (112.S ‘) "here the measurement
muet be regarded with euepioion, the ».*.*. response,

,+■ shows surprisingly con-
uncorrected for mass of s i 1

in the four different ways.
sistent r^sult-s as jaeasu

rip t'or the mas3 of the test samp tNo corrections were ma^e 1

here, and this will he diocusoed in the following c •

«  will be* noticed thftt the mass of sample

tw-thir*. of that for No. 1 . «*• — » " * * * "

12 X-ray determinations on each of these samp
for Nos. 1. 2» J aT1Ji i a  ̂and 16 per c^n given as 5 > 3- 4» • • 1

//[ respectively •••
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TABLE I I  4

■ir-j^n h. t T .  T. A. and X-r-iy r . pot... o for various quartz samples:

■am pi*3
I No.

I I

12

Cycle

No.

Wts of 1 Descrip- 

Sample 1 J-ion of
^  “ > /  /  — *  <><

! s i ° 2

t y

X-ray

1
in mgm. Sample.

[all -3 2 ' 

Mesh)

Height in irea in/^ ^ 1! 
■nin:

leight in 
/Jy \y

Vv-a
T.ir..

lit. % Arua P Ht. %

*
Area i

H003/1

H005/2

300 Ground

2 - 1  y 4*

176.5 ) .2 .5 166. y 9 3 .O' 170.0 112.2 102

196 Fine, 

treated 

wx th 
aqua 

regia.

1-6

97 .5 50.9 58.0 53.9 90.5 50.6 75.0 49.5 104 

----  1

I3 H007/3 266 Ad 
1 above 

but 

treated 

with HF,

6- > 15/t

176. 5 92.2 1 0 1 . 0 . 160.0 89.4 121.5 80,2 84

14 HO 06/A 314 N .
but
coarser
fract­

ion.
3->l

191.5 100 1 0 7 .5 100 179.0 100 151.5 100 106

F r purposes of comparison, sample No. 4 is
ihosen 100* quart*. Apart from one 

Isolated area result (112.25) -hero the measurement
: ■' th suei loi * the D.T.A.

unoorreeted for maos of sample, shows surprisingly oon-
in the four different ways.oistent results as measured in tne

, for the mass of "the test 3amp. e No corrections were muae
in the following chapter

here, and thio will be diocuso
,. . +he jnaa-T of sample No. 2 is on It will be noticed that the ir

mo 1 The moan deviation o two-thirda cf that tor N • •
of these samples is

12 X-ray determinations on u .
« ni M  and 16 per cent for Nos. 1 . 2 , 3 a 

given as 5, 14» ll“u
/4 respectively ••
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4 respectively.

This matter will be taken up again in the following 
chapter, as will the mass of a given sample that can be 

•5- • Le ho: lers. 11 should be noted that 
if these results were all corrected to a standard mass, 
then th par tags for sample Wo* 2 would be
much higher.

Tall II. 1 giv«.-.-. • jci.'i■ ■ further interesting results.

TABLE II. c,

Comp'iri Qi- of ?. .A. u : X-ra.y r» :ponse for Quartz Samples of 
Aiff•:roi.t P ■ i ■ 1  ̂ ?.'* ■

Here sample No. 3 arbitrarily Chosen as 89.7*

~r p resDonsea obtained in Table II, quarts, +he average of the reapcnaca
for +hn 0ther samples are then worked outRes]onses for tin

mn \ lf is apparent that for■ rsspsot to that f<>r N •
i v rav analysis the response decreasesboth D. T. A. ana

This matter will also beas particle size decrja.,e...
rfpfil in +he following chapter, and aexamined in more detail ._

for +he observed discrepancies
hypotheses will be advan i-1

, -x ,-.v analysis results for quartz, between D. T. A. and X-ray an jr

/(f) Conclusion

Ip
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