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THE DETERMINATION OF THE PERCENTAGE OF QUARTZ ( S -O-,)

IN SAMPLES OIr Mini: PU3T --Y THE METHOD OF DIFFERENTIAL

THERMAL ANALYSIS

CHAPTER I 

INTRODUCTION

i. r e A s o n .; f o r  u n ; iv-^Ar r:.; tip, p r o j e c t

Crystalline quartz dust has been proved to bo considerably 

more toxic than the other constituents of du..t that occur in 

mine air. It is therefore of importance to know not only how 

much dust there is in the air that the miners breathe, but 

also how much of that lust is langerous; that is, consists of 

quart,2 particles.

Routine dus* sampling or. the Gold Mines in the Transvaal 

and Orange Free State is carried out by meano of an impinger-

a dust "spot"

on a glass slide which is ignited and acid treated before being 

assessed under a low-power microscope by methods that have been

■ • it id i hat the result,

expressed ir. number of par'.iclos per cubic centimetre of air 

sampled, gives a measure ol the dangerous component of the 

dugt. This nay be the case* as the particles that

remain after treats n 3 composed almost entirely of non­

toxic materials. Much lust, tripling is also carried out by 

neans of thermal preci] Ltai . it • hod of assessment

is in principle 4 he :ame as that for konimeter samples and the 

3ame criticism api Lies.

It is therefore important that other methods be used to 

determine how the quart content of the airborne dust varies 

from mine to mine, from pi- ce to place in ore mine, and even 

from one dust general in : mining operation to mother. Methods 

of assessing the quantity of crystalline silica in any given 

dust sample depend on the physical and chemical properties of 

the quartz. They are such that they can, in general, be carried 

°iit only by laboratories '.hat. are especially equipped for the

/purpose .....



purpose, and not by thy normal ventilation department on a 

mine.

The available methods may conveniently t j divided into 

two groups, those that c in be carried out only on fairly large 

samples (at least a tenth of a gram, and often more), end 

those that need only small samples.

(a) Bulk Sanities

These are usually collected by m.ans of electrostatic 

prec i: it.ation. Dei ndin*; on the dust concentration in 

the air, a sample of 100 mgm takes about twenty minutes 

to collect.

(i) Chemical Analysis

There are various methods of determining the 

quartz content of a sample chemically, but they all 

require a largo sample (at least a gram) and they 

are tedious and uncertain, jspecially for samples 

of particle xesf 

( ii) X-Ray Di f f r Techniques

This is a useful, me the 1 which requires only a 

small, samp'', e (say 100 mgr/), Tut it, requires expensive 

apparatus '>nd a specinl.ly trained operator. There is 

also the possibility of other components of the dust, 

such as mica, interfering seriously with quartz 

results if present.

(iii) Differential Thermal Asm lysis

Thi: m>; t ho i ■ -nds on the thermal effects of 

quartz when he t i. It requires special apparatus 

but. not nearly •• • expensive as X-ray diffraction 

equipment. The wo.’k to *s not require an especially 

skilled operator, and the method appears to be a 

useful and eonv.nier.t; one for sampler of between 200 

and 300 mgm.

(iv) Fusion Method

A bulk sample is redispersed for fusion at

/1500°C .....
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1500°C and the rasuiting dust is collected on

microscope slides by thermal precipitation.

Analysis ior quartz is then made by counting and

sizing th pa *1 iclas that do not fuse (quartz).

There are interfering substances, rut those can be

d and . 

particles with a diameter of morj than half a

micron, as the shape of smaller particles is

indistin,;' .habij. It is a fairly tedious method

to apply.

(b) Small Samples

Those samples aro collected by means of thermal

precipitation, so consist of strip's of dust about 10 mm

1.5 mm wide o’.i microscope slides. The volume

air is about cubic 

( i) Polari .-nt ion , Ir.tcrf jrjr.ee or Pjt ro»rraT:hic 

Microscope""

The princiLies involved in these microscopic

methods of identifying specific minerals in dust

samples are well known, but they are all limitec.

to particles with diameters greoter than 1 or 2

microns.

(ii) Ordinary Li^ht Ficroscoiw

This method has b en referred to above. The 

microscope slid.:-, nr,; first i nitod to a temperature 

of about ')00°C in order to eliminate contamination 

duo to m< isture and organic matter, and are then 

acid treated to dissolve away any salts that may 

be present. Aft-r thin treatment, sections of each 

duut 3trip are counted under a medium power micro­

scope and the number of pnrticJes ror cubic 

centimetre of the air sampled is calculated. When 

it is desired to express the result in terms of 

m:i3s or surface area, the particles are also sized.

/(iii) .....



(iii) Electron Micro.cope utudi.es

These require very expensive equipment, careful 

sampling techn'>|ue:; and a very experienced operator. 

Electron diffraction techniques can be used to 

identify quart::, but the results are qualitative 

rather than quantitative. Ar the examination of 

samples is very tedious, the electron microscope 

at be considered useful for research only.

(iv) Selective Stain i nr of Quarts with a Tagged Compound 

This is a new method which it i3 hoped to 

develop. The idea is to find a sub3 lance that will 

selectively stain quartz and to treat thermal 

precipitator samples with a radioactive isotope of 

that 8ub.-‘ance. If this turns out to be a compound, 

it would be possible to tag it. Measurement of the 

radioactivity i vel of the treated sample in a 

ran-flow count r would then give a measure of the

arface area of the quartz in the sample.

) ônr.arKr,

An examination of the above possible methods of 

measuring the toxicity of the dust being breathed in by 

th: miners reveals that there is at the moment no 

satisfactory meth -e > to small samples. Of the

bulk sample methods, X-Ray L'iffraction techniques and 

Differential Thermal Analysis appear to offer the most 

convenient and ra; i i methods for determining the quartz 

con! >nt of airborn mir: .* dust. The first of these methods 

has be jr. used in t,h He: larch Laboratories of the 

Transvaal and Oran>:o Free State Chamber of Mines lor 

some years, but it has not; teen possible to check the 

result, of the analyses carried out by any but the 

tedious and uncertain chemical methods. It wa3 therefore 

decided that an at t nipt should be made to apply the 

method of Differentia] Thermal Analysis (hereafter

/referred to .....



referred to as D.T.A.) to the determination of the

quartz content of duct sampler.

Thi3 thesis give;: a brief description of the work that 

has previously been done in this field, of the apparatus that 

has been developed in thi; Laboratory, of the calibration and 

other tests that have been conducted on thir. apparatus, and 

of the results that have b e ju obtained. the 

samples used in thene t ; wei■.* analyse 1 by X-ray diffraction, 

this method b<„ing us jd a; a standard for comparison of the 

results obtained on the I.T.A. apparatus.

2. PRIIICIiLFo OF THE P .:’. A. METHOD

Differential thermal analyses makes use of the fact that 

when a substance is heated it may undergo one or more of 

several physical and chemical changes. These are usually 

accompanied by the evolution or absorption of heat. Both 

the temperature at which r.uch a reaction occurs and the amount 

of heat involvei in th? reaction -ire characteristic of the 

substance being heatei. These heat effects may be caused 

by  ̂ (i) absorbed water, (ii) water of hydration,

(iii) crystal water, (iv) dissociation of carbonates,

(v) dissociation of ^ulphateb, (vi) crystallographic 

inversions, and (vii) oxidation:- > and they can be used for 

both qualitative and quant itive .identification of minerals 

in sample -.

The term "quart/" i.. reserved in this t.hesis for 

crystalline free silica (S..O.'). Thi m substance displays 

a small, but .iharp, revor.'U Le thermal change associated 

with the latent heat of inversion of X  and /- quartz at about 

573°C, and it is thin change wl i< used Ln the D.T.A. 

method for the estimation oi' quarts.

The technique employed is this. The dust sample to be 

analysed and an inert, powder (i.e. one that displays no 

thermal reactions in the range of temperatures in which wc 

are interested) are packed into two identical sample holders.

/A differential .....
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A differential t h e r m o c o u p l e  (See Fig. 1) is introduced into 

these holder”, which are mounted so as to be located at a 

fixed point inside an electrical furnace. It is desirable 

that the temperature d i r . r'ifcut ion inside this furnace should 

be as uniform as possible. A separate thermocouple is used to 

record the temperature ol the furnace, which is heated up at 

a suitable rate, usually between 5 and 20 degrees centigrade 

per minute. The unknown and the reference sample are at the 

same temperature until ;ome thermal reaction takes place in 

the former, when it.5 temperature either rises above or falls 

below that of the inert .-rnj Le. When the temperature of the 

unknown sample is above tnat of the reference sample the 

change is said to be exothermic, when below endothermic. On 

heating, the cry via1 inversion of quarts gives rise to an 

en:.othermic reaction.

This difference in temperature between the dust sample 

and reference material causes a minute potential to develop 

across the different!- I lermocouple, its magnitude depending 

on the temperature difference obtained. This potential has 

to be amplified to a sui'Vrie leveL for accurate recording or 

observation. Many method: have been tried, but the most 

satisfactory appears to bo by means of a stabilized D.C. 

microvolt amplifier foedir,- into an electronic recorder.

The magnitude of the thermal effect is measured by either the 

paak height of the ieflaction from the base line or mors 

commonly by the area uni.:- the peak. Calibration tests using 

samples oi known quart" intent enable these readings t be 

related to the percent \ * oi quarts in the' tost sample.

3. HISTORY 01 THa P.T.A. MATHOD

(a) General

Thermal as distinct from differential thermal

ana Lysis has been used in the investigation of various 

materials for many years. A thermocouple junction is 

embedded in the specimen, which is contained in Jin

/enclosure ....

- 6 -



THE DIFFERENTIAL THERMOCOUPLE

j  i.

/  * 
i I

L iJ j L L L

P la t i num - 10V. Rhod ium
Pal ladium - 40% Gold

a Test sample
b Inert samp le
Vf D i f f e ren t i a l  Potent ia l  due to

temperature d i f f e rence  t betweena and b



enclosure which can be heated or cooled at a constant 

!'r,: • ‘ spec 1 mperature plotted against 

either time (t) or i.ha inverse -ate of temperature change 

0 r / K ' »  t 1̂'3 latter being the more practical. Any

utions : jorptions of ha t by the specimen 

reveal themselves deviations from the smooth curve 

that would be obtained were thspecirr. in thermally 

inactive. Le Chate.Lier (1887) appears to have teen the 

first to have studied these peaks, the areas of which 

were . roportional to the quantity of heat evolved or 

absorbed.

The differential thermal techni ,ue seems first to 

have been used by R terts-Austen in 1899 in conjunction 

with metallurgical studies. Details of the historical 

development of the technique from that time will not be 

given here as they say be found in several text books

7.A .  ̂ 56)^ D.T.A.

has been widely usei in the study of industrial clay3, 

the firing of cla.. s an i ceramics, the analysis of soils 

and ‘he study of building materials, and has also been 

ap;ai d to meta. iur , reology and mineralogy. As we 

are concerned wi*h the D.T.A. of quartz, only attempts 

to apriy the methoi to the determination of this mineral 

will bo considered. Other literature has bean studied 

only in so far the design of the apparatus and the 

effect o' numerous vari»tions in experimental technique 

are concerned.

(b ) I).’,".A. of Quarts

It seems that Fenner (1913) was the first to apply 

D.T.A. to quartz, but many workers have made briel 

references to the small sharp thermal peak obtained Irom 

the h  quartz inversion in conjunction with work on 

other minerals. Tool and Insley were the next to study 

the silica minerals by thermal methods in 1938, but the

/first work .....



first work on quartz to be described in any detail was 

that of Berkelhamer ' ^' an^ ^ i n  1944. The first of 

these papers goncernsL: the design and construction of the 

apparatus that he \w i, and the second describes his work 

on the D.T.A. of qunstz. In his introduction he states 

that:

"Although usun ly termed 'quartz ietermination', 

chemical procedures actually detect the free 

silica. In studies concerning the silicosis 

hazards of industrial dusts, this is of little 

consequence, is ill forms of free silica have 

been found exceedingly toxic."

This conclusion is not justified, since crystalline 

quartz has been proved considerably more toxic than 

amorphous silica, ar.l chemical methods do not in geners.l 

distinguish between these forms ?f "f: ilica".

I can also not support his statement that the 

detection of quartz by X-rays is not adversely alfected 

by small particle .i:*e, but will leave discussion of 

this point until a • t^r chapter. Ber/elhamer proceeds 

to discuss the D.T.A. of quarts, point ' n o u t  that after 

calcination of the test sample at 950'0 fcr 15 minutes, 

only cryolite with \ reversible reaction at r65 C was 

likely to interfere with quartz results. He al ’.vs 

that a v.ixture f cryolite and quartz is uncommon in 

nature.

For evaluating 4 ho ma nitude oi tho I'. ..A. response, 

Berkelhamer developed a somewhat artificial construction 

whereby the area oi only about one-third of the 

quarts peak was measured. He used this technique to 

show that, within th>‘ limits oi experimental error, the 

decrease in D.T.A. response with particle size for minus 

100-mesh, 10 to 20, 5 to 1C and 1 to 5 micron (/0 

fractions of quartz could be considered negligible. He

/also reports .....



also reports that whereas the first calcination of a 

test sample affected the response to a small extent 

(10^ increase), subsequent calcination did not.

The moot important of Berkelhamer1 s conclusions is 

the one that concern.1 the variation in magnitude of the 

alpha-beta inversion peaks f r differont varieties of 

quartz. He given the following table:

TABLE 1, 1

I j 'o ; iron.: for i liferent varieties of T^rt:: and 

chalcedony (all minus 100-mjsh)

- 9 -

Sample

Sample Weight

gm

T e a k  Area ] Total

Silica 

sq. mm , P-r cent

Potter's flint 0.r7

Glass sand 0 ,:t6

Rock crystal • 0.55

Ferruginous sandstone 

quartz 0.57

Chalcedony 1 0.54

240 99.8 

210 99.26 

172 99.6

163 96.5 j

1

5 99.0

i

On examining the results given in this table, I must agree 

with Grimshaw and Roberts who state on page 273 that:

"Berkelhamer clnimoi that lifferant types ol quartzite 

rock showed widely different thermal effocts for the 

same weight of test sample* but he apparently overlooked 

the probability that the actual content of quartz 

crystal may have varied widely from one rock to another. 

In addition, for sample No. 4 the presence ol iron could 

have caused the fusion of a certain percentage of quartz to 

silicates durinr the pre-calcination ol tho sample, thus 

lowering the D.T.A. response for juartz cry3tal» Berkelhamer 

nevertheless obtains fairly good agreement between the 

peicentage of quartz by D.T.A. and the actual amount present 

in various prepared mixtures. He concludes that the D.T.A. 

method for the determination of the quartz content of a

/sample .....



sample i3 only useful if the apparatus can be calibrated 

with respect to the particular variety of quartz present, 

but that under these conditions, ss little as 1 per cent 

quartz could be detected.

Faust (1948) advocated the use of ths highly

reproducible-*, >/•■■ quartz inversion temperature as a fixed 

point for calibrating th t rature thermocouple in D.T.A. 

apparatus. He found that the temperature \t which the 

inv started .

of quartz from widely di."ributed sources. He states that 

the of quartz is 

always displaced above that of low quartz, and attributes 

this to the change in specific heat accompanying the 

inversion.

(It should be noted that the American terminology is 

different from that us-ed clrewhere ,«*> or "high" referring to 

the form stable above 573°C and/ or "low" to that below 

573°C. See p. • ^  and �, 2).

Faust also states that the area under the D.T.A. curve 

is proportional to * n■ he? * effect accompanying the inversion 

of quartz, but hie most interesting; comment in so far as the 

present work is concerned in connection with the grain 

size of the quartz sample.. He states:

"Thermal analyses w^ re nrno on ■ ample.- of i airly 

uniform grain size and on heterogeneous mixtures.

The maximum sir. i to: tod wan a sample of quartz crystals 

all of which m d :  • ! 11 ou4 * wo millimetres in diameter, 

and the minimum sizu was a natural novuculite powder 

whose grain size war < ‘3 microns and less. The 

heterogeneous mixture;; of grains were prepared by 

crystal to pa:;- a 1 5-mesh cloth sieve. 

These samples all produced curves whose shape and 

character are fundamentally identical. (I’age 34-1)'.

/Reference .....
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Fig. L 1  typical q u a r t z  D.T.a p e a k s
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Refarance to this statement will be made in a later 

chapter when tho results of the present work on sized 

fractions of quartz are discussed. Suffice it to say here 

that the smallest fraction investigated by Faust is 

considerably larger than the largest particles that will 

reach the human lung.

Another point of interest in this japer by Faust is 

the weight of various samples of quartz riven in Table 1, 

page 344. These show variations from 491*7 mgm to 752.8 mgm, 

and are presumably obtained 'ey packing the specimens into 

identical sample holdarj tandardii jd technique.

He unfortunately doer no4 give figures to .now how the 

magnitude of the D.T.A. nsa varies# but in the light

the present work, this c o u l : - . rant.

Grimshaw and Roberts published several useful papers

on the D.T.A. of quartz twe >n 1*6 and 1953

(18) (19) (20) ',£-.1) (< .t ■ asd (...I' an(j -̂wo authors were

also for "The Lea Minerals” 

in the book edited by Mackenzie in 1957 . This latter 

chapter is a review of the D.T.A. method ar applied to 

quartz and will be referred to again. The following points 

of interest arise from the other papers. Firstly, they 

emphasize the fact that the temperature changes accompanying 

the thermal reactions in clay minerals are greater thar that 

accompanying the** ■■/-. ivartz inversion by a factor of as much 

as This makes accui quartz samples 

much more difficult to achieve, and with their equipment 

they obtained a deflection sensitivity of 10 cm per degree 

centigrade temperature difference. This compares rather 

poorly with the 10 inches per degree centigrade deflection 

sensitivity attained with the apparatus developed in the 

present, wurk.

Grimshaw and Robert discussed the peeking of the test 

sample into the container, and found that the weight of

/different .....
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different materials which could he packed into the same 

sample holder varied from 1.5 gm for pure juartz down to 

0.8 gm for pure china-clay. They state that good 

reproducibility of packing for any one material could he 

attained with practice. Though they found such differences 

as did exist between [actings to be insignificant they do 

not say whether or not they made any correction for mass 

when comparing one sample with ano+her. This is 3trange, for 

the mass of materinl that is packed into q given sample holder 

assuredly has an effect upon the magnitude of the thermal 

iponae. Thi3 will be discussed in detail 

in a later chapter, together with experimental results 

obtained in this work.

These authors {roceed to discuss the continuous base­

line drift obtained with thermal curves and attribute 

it to the pronounced increase in specific heat of quartz as 

its temperature increases. This drift could only be 

eliminated by using as the inert sample a material with 

identical thermal properties to the test sample, an ideal 

that cannot be achieved in practice. They arbitrarily chose 

a base-line parallel to the zero line in much the same way 

as was initially done in the work to be described in this 

thesis. They neaaured the peak height of the response from 

this basa-Iine and found that this varied fairly regularly 

with the heating rate* They did not consider their work u 

to this stage to be very satisfactory, and developed a new 

technique whereby they determined the D.T.A. response on 

the cooling cycle. They found the cooling rate to highly 

reproducible, the reactions to bo much moiv sharply defined 

and the drift much less s well as being very nearly constant 

for all mixtures containing more than 25 per cent of quartz.

Grimshaw and Roberts produced the base-line before the 

reaction occurred, and measured the peak height as the 

distance from the apex of the peak to this base-line. They

/found .....
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found a linear relationship between this parameter of the 

D.T.A. response and the percentage juartz in the test sample 

without making any correction for the mass of the sample. 

However, where they have -riven the results of duplicate 

packings on the same sam; ie, there is a 5f° variation in the 

mass of the test sample and a 6# variation in the inter­

packing D.T.A. response, although the two variations do not 

seem to be related. They suggest that the . riation between 

the results on different samples is due to a change in the 

position of the thermocouple rather than to differences in 

the packing density. This argument could not be applied to 

the inter-packing variations that are shown to exist in the 

present work. They conclude their first paper ' (1946) 

by saying that "the proportion ©f quartz may be estimated 

with an absolute accuracy of no* less than - 3 per cent, for

mixtures containing 50 per cent of quartz or more ............

approximately - 10 per cent for mixtures containing 25 per 

cent of quartz and - 25 per cent where the proportion of

quartz is less than 10 rer cent" (Page 4 3)*

(20)
In their 1943 paper these same two authors came to

the conclusion that the magnitude of the thermal effect was 

uninfluenced by the environment of the quartz, but that the 

drift in the thermal analysis curve was dependent on the 

nature of thi) diluent. It seems that the first of these two 

conclusions would only be valid if the "environment" did not 

consist of a material with a much higher thermal conductivity 

than quartz, in which case one would expect to obtain a 

broadening of the peak with a consequent reduction in height. 

Grimshaw and Roberts obtained fairly good agreement between 

the percentage of crystalline quartz in samples of quartz 

rocks from different; sources as determined by D.T.A. and the 

Trostel and Wynne chemical method ^'‘‘. (See their Table I 

on page 27 3).

/Grim .....



Grim (1950-51) in a review article on D.T.A. states

that the upward shift in the bane-line after he * ft 

quartz inversion is due to a difference in the coefficient 

of thermal diffusivity. He states that

"The matter of thermal diffusivity in very significant 

in the differential thermal method and has not yet been 

given the critical .study that if deserves". (Page 104 3) • 

This is a statement which the rosul ts of the present work 

seem to confirm, for the thermal diffusivity of a sample 

must change not only with changes of actual thermal properties 

while heating, but also with iifferences in the density of 

packing, differences in particle size distribution of the 

test sample and differences in contaminants in the test 

sample.

Unlike the worker no far cited, Grim finds that the 

aagnit ; the at which 

it occurs both decrease an particle oi.a decreases. He states 

that it sometimes happens that the decree of crystallinity of 

a material decreases an particle nize decreases, and that 

this diminishes the intensity of reactions. Grim states that 

for reactions that begin and end abruptly, such as t h e < * / ^  

quartz transition* measurement of an area under the peak is 

simple, but he fails to lescribe by what method or how drift 

in and displacement of the base-line in accounted for.

Merjenberg and van 3anten ' '' and Nelson ’ also 

describe the application oJ D.T.A. to quartz determinations, 

the latter in iuite i u: jful review article. It should be 

noted that the first of these two papers in in error in 

stating:

"The fact is that quartz undergoes a structural change 

at approximately S73°C, developing heat in the process. 

Consequently the 1emperature of the quartz rises 

faster than that of the A 1̂ ,0 }, which is manifested 

by a peak in the curve."
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