
On the heating cycle, quartz absorbs heat in changing 

from the ■< to the p  crystalline form, giving rise to an 

endothermic, not exothermic, reaction. Their deflection 

sensitivity of P. cm per L°C temperature differential seems 

to be very low indeed on an apparatus specifically designed 

for quartz determinations. In the light of this they seem 

to have gone to inordinate lengths in no far as electrical 

shielding is concerned. None of the precautions they 

mention has been found to be necessary in the apparatus that 

has been developed in the present work, even though this is 

more than twelve time?; as sensitive.

Nelson, in hi.3 review article, discusses in some detail 

the various anomalous results that have been reported in

D.T.A. tests on from widely

(2 )

differing sources. Berkelhamer ' was the first to report 

these in 1945 * but Grimshaw and Roberts ^^ ' * ’' ^  disagreed 

with his results. Subsequently these anomalies have been

(29)

discussed, or further ones reported, by Keith and Tuttle 

Fields w  J  ̂ and McDowall and Voce '■-,4 ̂ (1952), Nagasawn v ̂ ,
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(22 ) (3)

Grimshaw and Lewcock and Wylde (195 3)* Nelson

(1955), Nagelschraidt ( (1956), Mackenzie v ̂  (1957) and 

finally, Smothers and Chiang ^ 6 )  in 1958. Clelland,

Cummir.g, Dempster and Ritchie, in a series of papers written

A  ̂ , (8), (9), (10), (11) and (12)

separately and collectively »

discuss the presence of a high-solubility layer on the

surface of finely-ground silica, its removal by liydrofluoric

acid etching, and it.a regeneration by purely mechanical.

grinding. This point in also taken up by Nagelschmidt ^J

with respect to X-ray diffraction analyses of finely-ground

quartz particles before and after etching.

The work of Clelland and his collaborators will be

discussed before the above-mentioned anomalous D.T.A. results

for quartz since it may have some bearing on them. These

workers demonstrated v ' ,,ru*  ̂ the presence ol a high-

/solubility .....



solubility layer of amorphous silica on finely-ground 

quartz particles, and mentioned that caution appeared to 

be necessary when usin^r D.T.A. methods for percentage 

quartz determinations. They state that the accuracy of 

the method appears to fall off markedly am pnrticle-3ize 

diminishes, and that this in actually duo to the presence 

of a layer of not by D.T.A. They

state further that the measured quartz content by D.T.A. 

can • stored to 100$ by fcehini with hydt 1 <oric acid. 

They give the following interesting table:

TABLE I, 2

Quartz Content of Finely-Ground Quartz Duata, Measured 

by D.t.A. Before and A^ter Etching""
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Dust

Etching

Quartz 

by D.T

Content 

.A. $

Treatment
1

j Bofore 

; Etching

After

Etching

1 Loch Aline 3and du3t 

(about 5-10 microns)

40$ HF (5 min)

C
O

O
O

100

j Rock-crystal dust 

(about 2.4 microns)

20% HF (10 min) 

followed by 40$ HF 

(5 min)

67

11

100

I

; Loch Aline sand dust 

(^.1 micron)

10$ HF (2 hours) f 36 99

It is a pity that these results were not accompanied by a 

•

microscopic sizing of the samples before and after etching, 

and also that no analysis for quartz content by an 

alternative method war obtained.

( q )

In an abstract from a later paper , Clelland and 

Ritchie state;

"It is shown that the high-solubiiity layer previously 

demonstrated on 3iliciou3 duat-particle surfaces is 

not a surface layer of hydrated silica; and evidence

/is adduced .....



is adduced that it a vitreous layer of the Beilby 

type, formed during the production of the dust by 

crushing and grinding. An important part of the 

evidence the demonstration that prolonged grinding 

of leads to a reduction in density. This 

reduction attributed to partial conversion of 

particles to vitreous silica: no conversion 

to other crystalline modifications of silica could 

be detected. Further, when the high-solubility 

layer has been removed from silicious dust particles 

by solvents, it can be regenerated by a purely 

mechanical polishing process. The regenerated layer 

yields into aqueous media very largely in 

colloidal form".

Nagelschmidt ' also found that the X-ray diffraction 

response of very fine quarts particles increased after 

these were etched with HF. He states (1952) that the 

toxicity of the amorphous layer still had to be investigated, 

but it has since been established * that it is consider­

ably less i Clelland and 

Ritchie estimated that the mean thickness of this disturbed 

layer was between and mi i >ir comment 

tuat the of j ayer D.T.A. was 

unreliable for estimating the quartz content of finely- 

ground dust scarcely r^emn justified. Bather does it give 

confidence that thj method measures the actual crystalline 

quartz content of a sample.

The conclusion drawn from this work, namely that the 

decrease in D.T.A. response for quartz with decreasing 

particle size i3 due to an actual decrease in the 

crystalline quartz content, of the sample rather than to 

particle size, may or may not be correct. It is quite

/possible .....

* Accepted at Pneumoconiosis Conference, University of

the /i f.watersrand, February, 1 9 5 9 *



possible that the etching treatment eliminated much of 

the really fine particles from the samples given in the 

table, and that the D.T.A. analysis 

after treatment was actually than that before 

etching. The cc u i i \ lied to the work 

by Nagelschmidt, will be taken up later 

in this » discussed.

We now return to +h~ question of the various anomalous 

D.T.A. result.) for quartz that have been obtained by

(29)

workers in many parts of the world. Keith and Tuttle 

carried out an exhaustive series of D.T.A. tests on the 

inversion some quartz specimens. They 

found that over 95 per cent of all natural specimens 

examined inverted on heating within a ranga of 2.5°C.

They found some samples with inversion temperatures nearly 

4.0°C different from the usual inversion temperature of 

57 3°C. Synthetic quartz samples were found to undergo 

the inversion at temperatures scattered over 160°C, but 

Keith and Tuttle came to the conclusion that the observed 

variations were nearly all lue to the presence of ions 

other than Si4+ and 0 2~ in solid solution in the quartz.

These authors unfortunately do not give any figures 

for the actual magnitude of the thermal inversions;>ob1iainad 

for these 250 samples, but do state that it was unaffected 

by particle 3 ize within the range - 35 to + 200 - mesh 

grain size. They 3 tate that the inversion gemperatures are 

influenced slightly by variations in hydrostatic pressure, 

and also by the state of strain of different '^ones of the 

same single crystal. They make only a brijf reference to 

the fact that the height and shape of D.T.A. curves of 

natural quartz specimens are highly variable, but do not 

in any way relate this to the area under the peaks. Also, 

their samples were of widely varying grain sizes, and as 

this undoubtedly affects the thermal conductivity of the

/test sample, .....
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test sample, differences in the height and shape of the 

resultant D.T*A. curves are bound to occur. It is 

sugge tod that as 1 on - 's the quartz dust to be investigated1 

all como- from the same geological source (as appears to 

be the oa 3 with our mine dust sampler) , there need be 

little cone. sn over varir-: *3 onr in th.. heat of inversion 

of different quartz sampler tested.

Lewcock and Wylde  ̂ 1 also report anomalous results,

. • ’ their I a per give D.T.A.

results in terms of 1 •'?.!: heights for 10 samples that vary 

from 16 for arate t) l',0 for "rr-tive quartz". Tney do not 

r port X-r y or c:i .-rical analy? if? results for the same

issassing their value.

In th discussion on th: } apar, Shorter says on page 253** 

"Wo;-.; nar be in carried • 'it an tna thermal analysis 

of industrial and rp.ir.j lusts with a view to quartz 

e : • ' - it ion, r .it the r.arked .iaendence of the tharmal 

effect on jarticl size, the thermal effact 

diminishing with increase in surface, rendered the 

me t h.Ti uri r ro mi si n g ."

On 1 next ; r (254), Richardson says:

"We :ve used th- X-ray in the quantitative 

ieter lination ‘>f quartz. -Vj have ground quartz 

C'v ■:■■■. from 1- ' to 0.--0.5, ̂  in size and have 

: our. i that the X-ray method gave a lower quartz 

vali : for the smaller sis j , but the results were 

cor.s i sered to ) i a' t,*r than those determined by 

tne t ifi'arentia 1 tii rrw 1 analysis method. It is 

considered that th low value is caused by the 

formation of t h 3 lisordered or Baiiby layer formed 

on the surf;aa of the quartz crystals during 

grinding."

In further’ iiscus3ion on this paper, several workers 

suggest that on coolin • not a I 1 the/v -quartz nay revart

/to - -quartz .....
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to->- quartz as the tamper:, lure passes through the inversion 

joint. ResuLts to be ater in thi thesis see© to

pter Eli. Fable III, HlA).

Unfortunst ely. none oi the above worker::, give figures 

which can re coir;; ared i.: rectly with the experimental 

re suite of the present work, so no critical analysis of 

them can be made.

Two sets of worker:; from New Zealand, McDowall and

/ * j\ / -I p \

Voce " and Fields liscuss anomalous properties

of iuartz diacjvered while axamining various New Zealand 

clays. The former . aper :tates that quartz appeared in 

two f > v r the cr.1 wi t.a a normal-^ - inversion at 573°C 

and the second for which the inversion was more sluggish 

than uaun . ccurrir.s between 551 and 560°C. The abnormal 

foim wa ■ usually c >acent a vted in the izes below 75 microns, 

and i las played • ;r >xiir.a!sly half the normal thermal 

efi (c . hey lo not ■ ite how they measured the magnitude 

the eet« 'rut say that it gave a "normal" X-ray 

pattern. Fieldi d^scriied a form of quartz that gave

00.3# : "e ' £ 11 icr ,v 4 hr? r * >1 ar.d Wynne chemical method 

of a : s > a b o u t  lOUfc by X-ray diffraction analysis, 

and yet : i-jc than 10$ ;unrtz by D.T.A. methods, even

and red at 5 1 3 C . He

nl so !•. ; t" >3 which : or a me tor of the thermal peak

he use i to r ake his iete ••mi nation: . The dust was reported 

to hav< pf rtLcle between Lor

lh- ftnc .iwn  ̂ evaluated the differential thermal 

curver, of twenty-one junrtz specimens obtained from 

variou: mineral Ie . • >. i!. in Jr.pan. He standardized his 

samples Yj us in/-: particles, which passed through a 150 

but not through a -)00 mesh screen, and employed a heating 

rate of 5°C a minute (stated to be fluctuating).

N a g a s a w; i s t a t e a t h a t :

- 20 -
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" he • >rtional to the heat of reaction is

one enclose I by the curve plotted against the 

abaci ;:-a < ime, no' ' er.f.erature. When heating rates 

in runs are not identical, the comparison of the 

areas must lie made on the curves of temperature 

versus time." (Page ICO).

The me ho i by which he completes the area he measures 

seems t > be rather 'irlitrary, but the important point is 

that he obtains v.ilcly v; rying results for the different 

sampler tested. lis results she.-; differences of from 

15 to 4.* units on the heating cycle, and from 21 to 57 

on t ho c<: / i n  r eye' As I-n . nwa did not examine the 

above s"»m; les by caemicnl or /-ray methods, it is quite 

por 5ib : » ‘hat there -ve.. ‘ lorr* variations in pure quartz 

content from ram; i a to sample, so it is difficult to 

assess the value of his results.

f o r \

3r ir haw  ̂‘‘ ‘ ' : i rcusses t he results of all the above 

workers: in a aper published in l;r>3* and in particular 

the dI ■ ‘ences in results o\ tained by chemical, X-ray 

and D.T.A. methods. He finishes by asking the question: 

"Is ‘ .*3 liscre: rncy between thermal analysis and 

X-ray measurement, due to a quartz without an ̂  

transformation, or1 to a non-quartz mineral with 

to -quarts?"

He is the first worker to cast any doubt on the validity 

of X-ray ; aalysis re.-u.i ! s . and it is the present author's 

opinion ' a* this aspect of t,he problem merit.;; much closer 

inve. t i i or: M,"r. i ‘ r c-ived in t e ;-ust.

rTag^lschrnidt  ̂■* ^ conduc'.ed a series of inter­

laboratory trials on t.r* determination of quartz in dusts 

of respirable si/j, u :• i11,: several chemical methods, X-ray 

d i ffraction and differentia 1 thermal analysis. The best 

reproducibility was obtained amongst the chemical methods, 

but after making allowance for the variability of the

/standards .....
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standards used in the various laboratories, found that

X-ray analysis gave i. iarly an good results as the best

thod. . • • •• showed a wide scatter,

lie states tha4 individual laboratories .roduced better

res . " • met la, inc lii .T.A*

• i ri-nrrhaw and Hot ?ri. summarir.e the [ resent position

of D.T.A. r'.’ an analytic.’-L tool in quartz investigations

very wel3 in their chapter* on "The Silica Minerals" in

( ^2)

the book edited ly Mac! jnzio v ' . They give additional 

information to show that;

by X-ray and 

differential thermal me thod a has narrowed considerably 

suri.v the lrst oars, and i* seems likely that 

furt:.jr improvement.'' to loth techniques will bring

the near future.

I . car. -i" 1 »ast. be concluded that the value of 

lifferential thermal analysis for quartz 

i jt jrrnination ts now re a' and no longer merely 

pot mti-il." (I'aee 7 ) .

They anph*’ ••ize t le need \>r the strictest possible 

tandardlzation technique >r quantitative analysis.

One ’urther table riven by Grimshaw and Roberts on 

page 2 >' of this book, and taken from the work of 

Dempnt .a and Ritchie vi 1.1 be riven here in the light of 

its possill 1 future impoi tancs relative to the present 

work.

/TABL.C I, 3
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TAi'LE I, 3

i

; or ^unrt.,: cot;!‘,t . t' of /i ;• ;d sampler;

Sample

Particle 

size

Qu rt 7. Content 3 0 content 

1 cy HF 

vaporation *1°
1

e s d 

X-ray D. /0 ,

tl.
Untreated 10 J.00 100 99.6

Untreated 

Etched with HP

91

91 100

99.6

1

|3*

........

Untreated 

Jtched with TF 100

 

100

99.9

4. Untreated 

Etched with :IF

0.5-1.0

94 76

97.0 j

!5.
Untreated 1.0 3.0

It in unfortunate that the a 'iu' hors do not whether

or no*- the samples we ) sis ed a. ain aft er etching with HF.

Howev ?r ♦ • his rabl j wi i 1 r' 3C'j:'3o^ late • in conjunction 

n.no r and Chinn,: ’ ’ t ;fer to morst or’ the work that 

is mentions, in on D.T.A., 

liscussion in not j fching•«

they give on 'age i \;urc . 3 how that the area under 

the quartz inversion ( jak does not remain constant with 

change:? in e he- 4 . m  r-r< • *, ! u increase3 from 7 to 36 units

!1 C per minute.

Thi • i contradict t v e s u  • » s of certain other workers,

tut •: th'iu • the i 'ir ■ if much larger, it does agree with 

experimenta I rv:iuit • that 'il.1 l i -iven later in this 

h i . ' i .

4 • SCO' ;■ thic vfo ;.K t o __ _ n

Initially, the purpose of the present work was to 

develop a D.T.A. apparatus in order to have an alternative 

method to the X-ray diffraction equipment for assessing the

/'percentage .....



percentage of quarts present in samples of airborne 

mine dust. A study of the Literature relating to absolute 

quartz determination? ha; revealed a very real need for 

a critical investi gation of rn oh determinations. It has 

also shown that much of the work that has bean published 

has given only very inadequate descriptions of the

I for - jnts» Much of

the work i n c ^ n t n d  ictory, and seme factors that 

seem to the present au'.hor to be fundamentally important 

in quantitative : .T.A. appear to have been completely 

disregarded by most workers,

The scope of the present work has therefore I

broadened to the extent that the author wishes to 

investigate all outstanding problems relating to the 

ex* jritr. ;ntal Lt ermi ::*vt ion of the cr.rM al'.lina r;arti:

.T.A. method* Thi3 is 

otviou." y impossible in • limited time, but as much as 

has beer, possibl ■ hn: bean done, and indications will be 

giver * r who 1 .rther work should ba tackled and as 

to how it can be done.

- 24 -



DETERMINATION OF THE P5RCENTAGE OF QUARTZ (S±0 

IN SAMPLES OF MINE DUST BY THE METHOD OF DIFFERENTIAL

THERMAL ANALYSIS 

CHATTEH II

:s s i .;n A n ;.) c o n t -sis ti ' ■»' .t .a . a h  a r a t u s  

FO� THE EoTITATP jN OF -JJARTZ IN DUST SAMPLES

]. rsj'irs'EN r- '■ . m :r : -'I'V /

As th«i D. T. A. method la t apj Li 1 to 

the dot r m i m t i o n  cf ‘ h- iu.art.: content. of samples of air- 

borne rein*- iu. t , fho r- ;uirenonts of the apparatus are some­

what different from thosu of on>3 designed for more general 

n : . • urselves only

with the temperature range fre::. 500 to 650 degrees centigrade

• • Lnv peak p.t 573 Cj secondly, we have to

work with a heat reaction of the order of 3 calories per gram of 

active ma* rial, giving rise under the most favourable 

conditions *r a maxi:.u*\ temperature lifference between the 

test and in-- r* sas.pl^s of' about 3°C in contract to differences

cf up to 80'-'C for th ’h 'TTal r actions of substances like 

0

calcium hydroxide? thirdly, wh reas most workers have had 

u . "k ,

sampl'.f? for • h-> j r*' ent work nr>- coll •-*ct--> i by electrostatic

Lr, f mass 1 gr t

four times as Lon.- to collect as on of 50 iiigm,

of th< i. A. apparatus for 

this project are therefore as follows:-

(a) The rate of temperature change in the ran^e from 

500 to 650°C should be highly reproducible on both

' . i and the cooLtng cycl • . • Ls no

necessity for if to be perfectly linear, although 

thi • . i in c rl Lnstai - - ■ ■ ' ous.

(b) The equipment must be sensitive enough in order to 

be able to measure five per cent of quartz in a 

sample. In oth^r w o r m ,  it must be able to measure

/differences .....
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differences of temperature between the two sample

con Utic ns,

(c) The sample holders must be designed to admit 

f tl • m g m . , ay, his

conditior is natur Lth condition (b),

as a small sample will rive rise to a smaller thermal 

reaction than a larg .

In addition to the ubov< specific requirtments 

ther ar< more jone-ral ones that the equipment should

bu reasonably robust and asy *o operate, and that it

th< rmal response that is both highly re­

producible and easy to assess. Befora describing the 

apparatus that has b * en ieveloped in this Laboratory, 

a review will be <;iven of lesign criteria and of some 

. . . .  t t been in

the li t-raturv .

2.  ________________ [RS__________SR A_______US__'• " IBS___

TH3 : ITShA-XKS

Mackenzie 1 * * ' at iten that thf re must be over a thousand

;urrent use t

hav> b"*m Individually construct<’J, it is probable that no 

is obvious tin - » .  --i f 

particular apparatus is lar** - Ly inl'lu. need by the application 

for which it is i.nt >nl - !, irid also by the individual 

of h >nlj n typei of

equipment will be discussed h< re.

The apparatus usually consists of four parts, the 

furnace, t.he sample and thermocouple holder, a heating 

programme controller and the differential temperature 

recorder. As many different systems and methods have been

/employed .....
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....... , four it<»ms will be

examined in turr..

(a) Fu rn.MQ.-;

(52)
«ebbw  up j ■are • o be thu only worker who has 

ina-io a systematic .-urv y  and .H ady of furnacec suitable 

D.T,A* all ho igh Mackenzie and

Mitchell'"' and Smothers and Chiang^' '' in their 

ror^vctivo t< <. k . - do inclu :e tri if reviews of various 

oyster:;;; that hive be;-n used,

A furnace usually con. ir*.- of a ceramic tube of 

in*, m a i  iian * r about r0 and length anything up

naliy or internally 

woun 1 wiah ‘l-'C* rica.1 r .'.ir.i tnc- wire, the r»ort common

Lchr

ni x air.;- . ’ fa r\ac cor- is surrounded by a 

::u*‘ ti contain r wi*--. a di >r of from 10 to 12 inches 

fcc • the core being positioned by asbestos

•pieces* • the core and the

contain r i.: f i LI i with an insulating material such a3

• • . -uj may be either hcri-

:. k>th '.. ha\ 

b ‘.m x* ••n.;iv .. j oy- . Fro?:: the literature one

dcc-M h t, -i r-«r, r *r h >v-- i.ny ..r i.cular advantage over

(

oi h*-r, m 1 though Mack• n;-1 • claims that vertical

ncuntinr 1 v <m  m 1mivt. r ::or • of uniform temperature 

within the fumaC' .

Horizontally mounted furnaces have been used by 

Borkelham'-r ■ * 1 Grirr/* ‘ Gruver^ ^’ N a g a s a w a ^ ^  and

(io\

rask and ’Varn r , whil vertical, systems have been 

pi"' ferr I by Ro^rnma^^ , K^rr and Kulp''1"’ f Krncekv

■ i"rjenb( r*: and von oanten^ ' 1 and Webb^ ' ' ' ' , to

/mention .....



: ' Nichrome has generally been found

to bo a satisfactory h^-alinr < 1-ment up to 1000°C, 

Kanthal to 1300°C and platinum for still higher

. windi f the heating eleraent

has born preferred by son.- workers as this gives rice 

to n small' r temp- ratur* lar between tho furnace and 

the sain pi o holler. It has t.h disadvantage that it

ist and

workers have found it necessary to introduce  

metal shields th- furnace windings and 

sample holder in ord r to eliminate a.C. pickup by 

Longitudinal heaving 

(globars) also tc overcome 

p r o t l workers have provision  

controlling *h> atmosph'r of ‘heir furnaces during 

. ,A. runs, no ccnsequonee for the

present work.

(1'2)

Webb1 ' in tic »* s that the requirements  

D. r.A. furnace ar^ as follower -

(i) "The characteristics of the furnace should be 

nuch that a uniform and reproducible rate  

heating of up to 20^C per minute is attainable 

over the temperature rang* 25 - 1100°C.

(ii) ihe furnace should have a zone of uniform 

temperature sufficiently large to ensure 

that there are no excessive temperature 

gradients in the vicinity of the specimen 

holder and the furnace design should permit 

reasonably accurate- and reproducible positioning 

of the specimen holder at the centre of the 

uniformly hot zone.

(iii) Tho design should permit tho nature  

fumaci itraosphere to be 

(Pages 31 and 32). /„



He conducted a detailed series of te3ta to evaluate the 

performance of the furnaces de« Lgi 1. His experiments 

revealed that it is unnecessary to construct too elaborate 

a furnace as good results can to obtained with a fairly 

simple on-,

(b) Sample and Thermocouple Holder

(i) Sample Hold, rs

aspect is

quite th most important in determining the

amplitud , shap ■* and reproducibility of the

thermograms obtained a ) . 1 has been extensively

various  

(51), (52) and (56).

Webb has made a very detailed study 

of the relative performance of the various 

typ^s of holders, and this work should be studied

red. He appears tc 

be th i only worker who has attempted a comparative 

examination of curves yielded by different 

under more or identical 

ntal conditions. Others  ̂

nave m compared results obtained by 

work rr. using the diff rent types of holders 

in ir ;wn equipment. Only a few general 

r marks will be here, tog; ther with a brief 

review I literatur in this oonn<otion*

st ' t; :t . .a . sample hold rs 

can be iivi ted into four categories, namely metal 

1 Jock: , f:. ■’ t: cr icibles, Ci ramie blocks and special 

•f ■. tal bio :ks havi been widely favour d, 

nickel being the metal most often employed, though 

steel, platinum and other materials have been 

chosen for special applications. Examples of



He conducted a detailed series of tests to evaluate the 

of the i.  

revealed that it is unnecessary to construct too elaborate 

a furnace as good results can be obtained with a fairly 

simple one.

(b) Sample and Thei'mocouple Holder

(i) Sample Hold' rs

A. is 

quite th most important in determining the

: r the

thermograms obtained ar. 1 has been extensively

examined by various workers^' ; ; ’ »

(51), (52) and (56).

(52)

Webb "  has made a very detailed study 

of the relative performance of the various 

types of holders, and this work should be studied 

furl tails are required. He appears to

t . th only worker who has attempted a comparative 

examines of the curves yielded by different 

sample holders under more or less identical 

experimental conditions. O t h e r s ^   ̂  ̂

have m-rely compared th" results obtained by 

work rs using the diff -r-nt types of holders 

in th. ir own iquipmont. Only a few general 

r marks will bo mni here, together with a brief

■ vi w ' f th li* >rature in this connection.

(*52)

webl states that D.T.A. sample holders 

can be iiviied into four categories, namely meta" 

blocks, metal crucibles, ceramic blocks and special 

typos. Metal blocks have been widely favour d, 

nickel being the metal most often employed, though 

steal, platinum and other materials have been 

chosen for special applications. Examples of



this type of holder h-ve been described by

B o e r a m a ^ \  F a u s t ^ ^ ,  Grirr.^^', Grimshaw and

R o b e r t s ^ ^ ,  Gruver^ iK/ Kerr and K u lp^'^. Keith

,md Puttieyc Merjenberg m d  v ±n Santen^*^,

Nag ^ \  Pask rid .7 r n e r ^ 2 \  v-m der M a r e l ^ ^ )

and Webb'''0 '’ (')lj "nd (''y' }* Metal crucibles,

(21)

usually 03 ydatinun, have been u;ed by Gruver 

( ")

•ind Kracek and ceramic blocks by Grimshaw

and Roberts*^ ^ a n d  Pask .*nd W a r n e r ^  who 

tests.

Sintered alumina i.- most often used for this type

holders that 

bee . used need not concern us here, and only those

(2o)

of Hero Id aid PI .n.-je'' , whose sample holders

thermocouple,

(4)

and Boersmav , who had his thermocouple junctions 

in cavitie belo* the .ictu-l "ample holders, merit

thati-

"The peak area then is solely dependent 

on the produced heat of reaction and on 

the c ilibration factor of the instrument 

which no longer contains any sample

: rtiei (•-. volume r. i c .. ic * ivity)" 

However, it ippe irs as if this method, and that 

of Herold rnd Planje, is likely to lead to a 

considerable loss of sensitivity, which could be 

important when small reactions such as the quarts 

inversion are beiiv; studied.

An annoyin ', feature is that very few workers 

(.ive actuaJ dimensions of th^ sample wells, 

although they do state whether their thermocouples

■ re Li !•: duced from above, the side or below.



Kerr m d  Kulpv 7 u.::>d -.t  inch in diameter and

dooj . P.-sk :.d . rn, r ‘,T'  ̂ used wells of 3/16 

iuci. di u’iv: * *r, : a ' . dr ; IK tapering from i i:.ich 

at th«- side, to 9/11 ■ Inch at the centre. These 

author- investi,; ated variations in response with 

varyinr hole diameter is j i of ratios of bulk block 

: .. to the volume of samples. They found th * 

the latter has only minor effects on the response, 

but that for iven heating rate, the size of the 

reaction peaks increase with an increase in the 

well size. ite that for maximum

resolution, the size of the sample should be 

reduced. Webb ' ' inve.-tir ted the effect of 

v trying we 1.1 ii jr.eters a ad depths in considerable

Lu ns ire of interest. He 

found tr it rc]' >ducit ility uid sensitivity improve 

with inert. Jin.; well diameter, though resolving 

power decreases. oiact .11 properties of a peak 

are :‘oci • i i or 11 diameters, he recommends

a di imeter of a> le-.at 1 mr.. In a personal com- 

mur ic -tioa wit th< author, Dr. Webb indicated 

that; a ratio of to } for .veil diameter to depth

I beei • i work.

( 5 2 )
In his te; , Wt:bs evaluated the relative

f €- rt or:.riaace of rack* 1 f loo:.-, alumina ceramic 

block: , :;win i 1 itinum ci icibles and twin platinum 

crucibles in iluminn. He found the peak area

tio 11*4 : 14.7 : 19*6 : 

13.1 r.d :-ho pereoni devi tion from the mean 

value foi sever i determinations to be 1.2, 2.0,

5*7 and 7* r . . .  In view of the very

much greater reproducibility obtained from a nickel 

block sample holder, in addition to its ease of

/construction ...



construction as compared with other types, he 

decided to ure this type in all hie further work, 

despite the .greater sensitivity attainable with 

platinum crucible:. . An important point in 

relation to the abov<: work is that, whereas the 

differential thermocouple entered through the 

bases o?' ti. well.' in vie case of the nickel 

block, for the platinum crucibles the junctions 

were introduced from above. Slight differences 

in the positioning of these junctions could 

perhaps have accounted for the threefold increase 

in the scatter of results as compared with those 

for the nickel block.

The following general considerations seem to

. . ieaigning D«T.A# holders

(i) A material must be chosen which will 

not react with any of the constituents 

of the samples to be testedw  ;

(ii) The size of the wells should be a

cornj romj V stween the desire for a 

large heat effect from a large holder 

and i si. ill temperature gradient through 

the sample for a small h o l d e r ^ 1- 

( n i )  The samj le should have a low thermal 

capacity in order that as large a 

temperature lifTerence as possible should 

be develop*d between the test and the 

inert samples;

(iv) There should not be n large thermal 

gradient between the sample and the 

furnace otherwise temperature control 

becomes difficult;
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(v) The rtsuits obtained should be highly 

re]roduciblc otherwise the method i3 

u3ele.-5 for any but qualitative work;

(vi) The design should be such that the

thermocouj. 1 > junctions con be accurately 

positioned in the samples.

The above criteri t are seen to be in some measure 

con: lie tii;<*, those .■ -mple holders that yield the

greatest sensitivity not necessirily giving the

Jf;

best reproducibility or the easiest temperature 

co 1 1. This conclu ion is supported by Webb's 

results quoted ibove, xnd tht system chosen for 

„iny particul -.v apparatus will depend on the 

applic ition.

(ii ) Differenti ;1 Th ermocouples :

Mackenzie summarises the requirements of

use j ;. r.7.A. and also gives a 

review of tlv type; that hive been used. Smothers 

and Chi an it/' and Murphy^"'  ̂ .also discuss the same 

thing, .md it will be only briefly referred to 

here.

M.teri d s  used may ie divided into two classes, 

base metal and no: 1( met d  couples. The foraier, 

of which chrornelnlumel^^ ' and copper-constantan 

are tho most coiamo:*, , ave a much larger potential 

per unit temperature difference than the latter, 

are cheap, readily constructed and replaced, but 

are much m a n  readily corroded and have a consider­

ably shorter life. Noble metal couples yield a 

much smaller e.m.f., but have a much longer life 

and must be u^ed for temperatures above 1 , 0 00C .

/Platinum
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Platinum veiv;u:; platinum - 137» rhodium is the most 

commonly used materi :1, but others such as gold-

/ -jQ\

palladium nl.jtinum-rhodiunr*" y have been 

used for speci.il applications.

Apart from the materials U3ed and the 

positioning of the couples in the sample wells, 

the only other variables are the size of the 

thermocouple junction (be id) and the diameter of 

the wire. There seems to be some disagreement

'the former on the D.T.A.

rkt ii, the bead

size affects the slope of the base-line, while

(5 0 )

Webb' could detect no influence on either the 

base-line or on reproducibility for bead sizes

.4 1 1. • ter. Smothers

and Chiangv* ' th t it should be as small aa 

practicable in order to reduce the thermal capacity 

of the thermocouple. Webb also found no signifi­

cant difference thermograms obtained with 

difference in the bead >ize in the test and inert 

samples. Murphy^' found that large beads gave 

more "si,;n.ii ic thermograms.

Ir. so far o.t; tno thickness of thermocouple 

win. ire concern* 1, Smothers and Chi an g^ 

report th it one. worker (Arens, whose work was not 

avail ibltj to the present tuthor) found no great 

dif :’orenc in re^pons usin;; wires of diameters

0.1 and 0*5 mm. is in with 

the views of most oth< r workers who have studied the 

! roblem. Largi wir iv< i high 1 .1 

conductivity, and Boersma^'* has calculated thu.t 

In-!.t los.i through the terrno couple wires can reduce the

/peak .....
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of a D.T.A. response to less than 50^

cf its theoretic 1 v lufe. Sewell (personal

cation via Dr. Webb) arrived at more or less

similar conclusions, and recommends that if noble

metal couples are used they should not be thicker

(52)

than 0» . W< ' made a detailed study of

the e f f ec t o f wi re di me tor: of 0.1, 0.2, 0.3 and

0.5 mm. diameter, ind found that the thicker wire 

gave a pe ik area of approximately 30£ less than 

the 0.1 mm. wire. Accompanyin Ls reductic 

in response was a significant improvement in the 

reproducibility of results.

From the foregoing results it seems that in 

choosing the thickness of thermocouple wire a 

compromise must be sought between the desire for 

mechanical strength and reproducible results and 

Low heat loss alon . Mechanical

strength it.-, important since most workers have found 

that positioning of the differential thermocouple 

junction in the te>t sample is very important from 

the point of view of reproducibility. The junctions 

should to centrally or at least axinlly, located in 

both the test and the inert sampler.

(1J 1 ) Temperature Me a .__< rr.ocoin les :

,l|i ' not m  tspect of D.T.A. instrumentation 

t0 wiiich much attent ion has been paid in the present 

work, mainly because we are concerned solely v'ith 

the magnitude or the quartz inversion response, 

known to occur at or very ne ir to 573°C^2^ .  

states that:- 

"inaccuracy of temperature measurement is 

very seldom a source of error" (Page 39).

/He
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