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A method was worked out for determining the increased energy content
supplied to quartz by grinding, by measuring the exothermic effect in DTA.
Measurements performed after certain selected times of grinding show
that liberation of energy starts within the temperature interval of 110°C
+ 10 °C and exhibits several peaks. The first peak, arising in particular
with quartz after short times of grinding, appears at 325 °C + 15 °C
and tends to shift towards lower temperature within this range with increa-
sing time of grinding. The second peak lies at 420 °C + 20 °C, while the
third one at 540 °C + 10 °C, being overlapped by the second one when
the time of grinding increases. The paper also shows the effect of swiface
active substances on the growth of internal energy of quartz in the course
of grinding, and brings evidence on an increase in internal energy due to
the grinding of ‘amorphous’ substances such as quartz glass. The results
were employed in the formulation of certain conclusions with respect to the
mechanism of grinding.

INTRODUCTION

The effect of grinding on the structure of quartz has been dealt with by
numerous authors for a number of years [1]. There are two basic concepts of
the way in which grinding affects the structure of quartz. According to Adam-
tschik [2] free radicals arise on the surface of split planes so that on interruption
of the Si-—O bond the oxygen retains an electron, thus acquiring a negative
charge, and a positive one arises on silicon. These free radicals, bound to
quartz surface by further two or three bonds, however, may also arise in
cracks inside the quartz crystal. Brittle fracture of crystals is therefore assumed
to. take. place. _

According to Chodakov [3], [4], [8] plastic deformations on the surface of
crystals bring about amorphization of a certain layer, the thickness of which
(20 A to 0.16 pum) depends not only on.the conditions and. time: of grinding
(3], [4], [5], [6], [7] but also on the method employed in the determination
of particle size [4] where particle size calculations based on specific surface
area provide excessively large thicknesses of the amorphized layer. However,
these questions have already been explained earlier [9], [10], [11] by showmg
that adsorption methods do not determine the total particle surface area S,
but only the free one S, and a certain part of the surface S, the size of which
increases with decreasing particle size and polydispersity of the system, be-
comes inavailable for the adsorption particle molecules. This is why the
particle sizes determined in this way are always larger than the actual ones,
and a certain surface effect thus may appear as one taking place inside the
particles. For this reason a great deal of attention has been paid to the problems
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of correctness, applicability interval, interpretation and mutual relations
between the results obtained by certain methods frequently employed for
characterizing the particle size of ground substances [10], [11], [12] since
without this study it would be impossible to distinguish the effect of grinding
on the change in particke size, on the changes in the structure of solids, and to
evaluate the significance of particle agglomeration.

According to the first concept the formation of free radicals in split areas
would bring about an increase in the internal energy of quartz which would be
released in the course of heating up so that the entire process would appear
as an irreversible one in DTA. This was actually shown to be the fact [13],
[14], [15]. The exothermic effect was found to begin in the 105 °C to 120 °C
temperature range. The first exothermic peak arising with short times of
grinding appears at 325 °C 415 °C, and tends to shift towards lower temper-
atures with the time of grinding. The second peak lies at 420 °C +10 °C
and the third one at 540 °C 415 °C. With increasing time of grinding the
entire effect is shifted towards higher temperatures, being concluded at about
650 °C under the given grinding and DTA conditions [14], [15].

In view of the three peaks arising on the effect plane (14], [15]itis hardly pos-
sible to consider formation of a crystalline structure in the amo1ph]zed sub-
stance. The process involved is obviously structural rearrangement in various
crystallographical planes, where to each distance between crystallographic
planes there corresponds a certain vibration energy value and thus also
a certain amplitude pertaining to a certain temperature.

It is the opinion of many authors that grinding thus affects the rate of
chemical reactions, being even the necessary precondition for some of them.
The respective relations and processes are dealt with by tribochemistry [16].

THE METHOD FOR DETERMINING THE INCREMENT
IN THE INTERNAL ENERGY OFF QUARTZ

The increase in internal energy of quartz in terms of the time of grinding
was determined by means of the DTA apparatus manufactured by Labora-
torni pristroje, National Corporation, and adapted by the author in order to
increase accuracy and sensitivity [17].

The experimens employed glassmaking quartz sand 7-optika with small
amounts of additives; the material was ground for periods of 30, 60, 120
and 240 minutes in vibration mill M10 of Soviet manufacture. The amplitude
was 2.25 mm, frequency 2780 r. p. m., the degree of mill charging was 0.8,
the quartz sand charge was 3 kgs and that of dia. 9 and dia. 15 grinding steel
balls was 39 kgs. The nominal input of the mill was 4.5 kW, the actual one
1.8 kW.

The DTA record of ground quartz is affected by the following factors:

1. The course of modification transformation of quartz (reversible)

2. Grain size of the sample [17]

3. Liberation of heat supplied to the solid (quartz) during its grinding
by impairing the bonds between the individual (SiO4)~* tetrahedrons. The
process is irreversible.

Since the temperature range in question does not affect the grain size of the
sample (by sintering), the thermal conductivity of the samples will be identical
in repeated measurements. Liberation of the increment of quartz internal
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energy due to grinding will usually take place during the first heating. However,
in some cases the heating has to be repeated, in particular with samples ground
for longer periods of time and those whose heating has been concluded at
lower temperatures. This temperature is given by the time as well as by the
conditions of grinding. Quartz can be determined quantitatively only after
eliminating the defects in the structure of the quartz-containing substance.
This last determination which no longer shows any liberation of heat, can be
regarded as a standard line for evaluating the liberated energy (AQ) which is
proportional to the peak surface area (AP) between this standard line and the
curve given by the record of the first determination:

AQ = kAP ' (1)

where £ is a proportionality constant representing the amount of heat corres-
ponding to peak unit area (cal/rel.cm?) which depends on the type and ad-
justment of the apparatus and the experimental conditions. Its value is est ab-
shed by calibration using a know sample.

In the case when the standard line required the measurement to be repeated
n-times.

"

AQ=SQi=k >VP (2)

’
i

However, for the sake of simplicity it is better not to repeat the measurement
but to raise the final temperature during the first heating.

Such a simple calculation would require a constant rate of heating. Since
the peak size at a constant value of liberated heat depends on the rate of
heating at this temperature, the calculation is more complex. As, however,
every regulation aimed at a constant rate of temperature increase recuires
to increase heating current with temperature and the current causes induction
in the measuring system and complicates both the apparatus and the evalua-
tion, the measurement was carried out with the use of constant heating current.
This was ensured by a current stabilizer [17]. The measurement was thus
effected at a variable (decreasing) rate of temperature increase; in this way
there takes place a continuous but non-uniform change in the value of the
constant in relation (1) with heating temperature. For this reason the peak
area was divided into narrow temperature intervals, and the value of reduction
coefficient k- was determined for recalculating the area at the given rate of
heating (AP;) to the rate selected as standard (P,o). In the present case this
was a rate of heating of 19 °C/min at which the relationship was established
between the liberated (consumed) energy and the peak area. Use was made
of pure cristobalite for the following reasons: it has a relatively narrow
transformation temperature interval, a suitably large transformation heat,
and finally the transformation takes place at a satisfactorily low temperature
to permit to carry out measurements within a wide range of heating rates in
the given apparatus. At has already been mentioned, the reduction coefficient
value is given by the relation

APy 3
A AP1 ( )

The relationship between the peak area of pure cristobalite and the rate of

ey
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I'ig. 1. Peak area of pure cristobalite vs. rate of temperature increase in DTA.

temperature rise'in DTA is illustrated in Fig. 1. The diagram showsan'almost !
linear relation of the peak' area and the temperature rise rate within a wide'
range of ‘heating rates; which decreases rapidly to zero below & °C/min and
approaches a certain limiting peak area when the heating rate is increased.
To this also corresponds the course of the reduction coefficient value in terms
of DTA temperature increase rate shown in Fig: 2. Below 5 °C/min its value
increases' rapidly; above this rate it changes from”2 to '0.66 at heating rates
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Irig. 3. Rate of tempefature increase vs. temperature in DT'A of quartz.

hlghel than 45 °C/m1n (obviously in view of the negligible heat dissipation:
losses when compared with the heat supplied). 8
The rate of temperature increase is constant at a certain temperature
when the DTA conditions are maintained constant and for this reason the
relationship between temperature increase rate and temperature was deter-
mined within the interval up to the maximum temperature employed. for DTA

of quartz (Fig. 3) and the entire interval where liberation of free energy, of.
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Fig. 4. Qalzbmtwn dqagg aye. Peak grea (AP),[rel em?] and amount of correspondz@ liberated
. heat, (AQ) [eallg] in DT'A vs. cristobalite content. ey
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quartz takes place was then divided into equal temperature intervals in which
the mean temperature increase rate was established, and for this the respective
reduction coefficient value was found according to Fig. 2.

Between the peak area, the corresponding heat and cristobalite content
in DTA there is a linear relationship as shown by the calibration diagram in
Fig. 4. The relation of the amount of liberated heat and the peak area is there-
fore linear so that relation (1) with a single constant holds for the entire energy
content range measured.

HEALING UP OF QUARTZ STRUCTURE
IN TERMS OIf HEATING TEMPERATURE

As suggested by Adamtchik, formation of free radicals on fracture surfaces
arising in the grinding of quartz would result in an increase in its internal
energy, which would be liberated by heating and would increase its reactivity
towards other substances. [t was therefore established from what temperature
upwards this increased energy is released, what is the temperature dependence
of energy liberation, at what temperature the entire process of elimination of
free radicals (or release of increased energy) has been practically concluded
and how these relations change in terms of the time of grinding.

The questions concerning the conditions for utilizing this increcased energy
in solid phase reactions, although already discussed by various authors [18],
[19], are exceedingly complex owing to the difficult methods involved [11]
and will therefore not be dealt with in the present study.

Definition or determination of the effect of amorphization on the growth of
internal energy of quartz is difficult because the authors of the respective
theory do not specify the type of amorphousnessin question. The term amorph-

573°C 230°C

570°C

310°C

Iig. 6. DT A cuerve of quartz-cristobalite
maxture after treatment in grinding dish.

Fig. 5. DTA curve of quertz after treatment
wn grinding dish.
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ous substances has so far concerned substances having no crystalline struc-
ture. However, different behaviour will be exhibited during grinding by sub-
stances composed of individual non-arranged molecules (silica gel heated at
low temperature) or mutually non-arranged but almost totally linked (SiO4)—
tetrahedrons (quartz glass). According to Chodakov’s definition amorphization
takes place as a result of plastic deformations, so that one might conclude
that the amorphous layers has rather the character of silica gel. In that case,
however, this would involve formation of a new substance having new prop-
erties, the energy supplied would be consumed in creation of this new sub-
stance having another conntent of internal energy; however. this energy
would not be released by heating, being a characteristic quantity of the new
substance.
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Irig. 7. DT'A curve of quartz sand ground for 30 minutes. |
At a— first heating, b — second heating of the same sample, t — temperature rise
in terms of time.

In DTA of quartz, energy is actually liberated already following standard
treatment of the sample in a grinding dish, as shown in Fig. 5, similarly to
the case of quartz-cristobalite mixture as shown in Ifig. 6. An exothermic
peak having its maximum at 310 °C to 340 °C arises on the curves in both
cases. DT'A of pure cristobalite pretreated in the same way revealed no such
relcase of energy, probably because treatment of very fine-grained cristobalite
produced disintegration in intercrystalline planes where Si—O bonds were
not interrupted and free radicals were not formed.

The beginning of this exothermic reaction in the grinding of quartz sand
takes place independently of the time of grinding, generally at the same
temperature of 105 °C to 120 °C. However, the regeneration of structure
depends on the degree of structural damage and thus in the time of grinding.
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The DTA record of quartz sand ground for 30 minutes, shown in Fig. 7, indi-
“cates that structural regeneration begins at 105 °C, passes in principle thlough
two peaks at'340 °C and 415 °C respectively (taklng into account only peaks
‘arising on the original DT A’ curve) and is concluded in front of the peak corre-
sponding to the § to «-quartz transformation at approx. 570 °C. In the diagram,
curve « represents the first ‘heating and curve b the 1epeated one which siniul-
taneously serves as a base line in DTA after elimination’of all reversible
changes.

trecy | ;
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350

Mg, 8. DT'A curve of quertz sand ground for 60 minutes. At: e — first heating, b " second
. [ heating, c — third heating of the same sample, t — temperature rise in terms of time.

. After grinding for 60 minutes (Fig. 8) the exotherniic DTA effect grows
and a new peak appears at 530 °C, while no peak appears at 415 °C. The
final effect temperature was also raised above the quartz transformation point.
In view of the fact that the first measurement was concluded at a relatively
low temperature, further energy release took place during the repeated meas-
urement b. The measurement was repeated for the third time ¢; it had no
effect on the position of exothermic peaks, but affected the peak size and the
amount of energy released. The total area of the exothermic effect is then
equal to the sum of areas obtained in the two measurements. Thus AP, is
given by the area between the « and ¢ curves, and AP, by that between b andc
curves; the total area AP .is then

AP ="AP, 5L APy,
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of course after adjustment by the reduction coefficients as mentioned above.

The DTA record of quartz sand ground for 120 minutes, shown in Fig. 9
indicates that the peak at 405 °C has grown while those at 310 °C and 550 °C
remained unchanged. The DTA record of quartz sand ground for 240 minutes
(Fig. 10) shows a further growth of the peak at 430 °C while:the peak at 330 °C
remained unchanged and that at 530 °C was relatively reduced.

o ¢ %
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Fig. 9. DT A curve of quartz sand ground for 120 minutes. At: a —: first heutinﬁ, b'— second
heating of the same sample, t — temperature rise in. terms. of time.

A comparison of DTA records of quartz sand ground for the selected periods
indicates that the liberation of energy gebins at 110 °C 410 °C with, the
first peak at 325 ° 4 15°C; with the time of grinding this peak is shifted
slightly towards the lower temperature in the interval. The second peak lies
_at 420 °C + 10°C and, the third at 540 °C +10 °C. The] entire @xothernnc

1 effect accompanying the liberation of energy supphed to quartz by grinding,
progresses with the time of grinding towards higher temperatures and under
the given conditions of DTA. the structure is therefore practically regenerated

. up to 650:°C. The total increment of the internal, enelgy of quartz increases
simultaneously with the time of grinding.
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700
600
500
400
300
200

100

1Mg. 10. DT A curve of quartz sand ground for 2-L0 minutes. At: a — first heating, b — second
heating of the same sample, t — temperature ruise in terms of time.

THE INCREASE IN INTERNAL ENERGY WITH THE TIME
OF GRINDING

The increase in internal energy of quartz in terms of the time of grinding
isillustrated by Figs. 7 to 10 from the growth of exothermic effect area of DT'A.
Quantitative evaluation of the amount of energy released during heating is
by no means simple under the given conditions, but when complying with
the procedure described in Chapter 2 it is practicable. For the purpose of
increasing the accuracy of the values obtained the released energy should bLe
measured for each time of grinding on at least two samples and the mean
value taken. It is necessary because the energy concentration in the mill
volume is not homogeneous so that the grinding proceeds at different rates
in various parts of the mill. This is of primary significance fer the way of
sample taking, reproducibility of results and validity of the respective conclu-
sions. Theresults are therefore means of at least two effect areas measured and
of the corresponding released energy.

The measured values of exothermic effect area growth and the corresponding
values of released energy for quartz sand 7'-optika, ground in a vibration mill

304 silikaty & 4, 1973



Increase in Internal Energy and Mechanism . . .

under the conditions described above, are plotted in Fig. 11. The increment
of the free energy of quartz obviously increases with the time of grinding,
but the rate of growth of internal energy decreases with the time of grinding.
The -change on the internal energy of quartz during grinding has therefore
the same character as the change of specific surface area.

This decreasing rate of increase in internal energy of quartz during grinding
could be explained by the fact that agglomeration of particles increases with
increasing fineness of the solid (quartz) so that a certain part of free radicals
found at the point of contact ‘reacts’ on the renewed Si—O bond and is released
in the form of heat already in the mill. A portion of these free radicals which
at the given temoperature did not get to the distance of intermolecular forces,
remains of course at the surface and is then gradually released in the course
of heating. In principle, there are therefore four types of free radicals (ionts)
arising during the grinding of a solid (quartz):

1. Free radicals which already get into the distance of intermolecular
forces during the grinding process, and are eliminated by being involved in
a chemical bond between particles causing agglomeration.

2. Free radicals at the surface which get into the distance of intermolecular
forces in the course of heating up, re-establish bonds between the particles and
reinforce the strength of links between them. This is the cause of a considerable
increase in the strength of products with a compact arrangement of particles,
taking place at relatively low temperatures without sintering which has been
considered the main cause so far.

3. Free radicals arising in surface cracks or inside a particle, which have
either not yet reached the distance of intermolecular forces or even when at
this distance, have not yet reacted since even this process has a time depen-
dence or kinetics at the given temperature.

4. Free radicals at particle surface which are far from the reach of inter-
molecular forces.

As has already been shown earlier, the contact (inavailable) surface of
particles (both homogeneous and inhomogeneous) increases with the time of

ap AQ AQ
[rel.em? | [cal/g] -
100 + 20 gzp
50 +10 |
[+
L 1
100 200
t [min]

Fig. 11. Increment of internal energy of quartz vs. time of grinding. AP ... peak area reduced
for rate 19 °Clmin, AQ ... increment of internal energy of quartz.
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o An ‘addlt on, of su a —actlve substance 111 othel words, substances capable
of settling as soon as possible on fleshly ansmg flactme surfaces, therefore
prevents above all the particles from rejoining by re- -establishing their mutual

“bonds, thus br eventmg their agglomel ation and loss of internal energy supplied

_ to the solid in the course of grinding. This effect is well illustrated by Fig. 12
‘where the 1nclement of free energy of quartz ground. without additives—

ourve I —is compared with that obtained with an addition of 0.5 % ethyl

" alcohol (denatul ed with methyl alcohol) and 0.5 %, concentrated ammonia [22],

aQ
[cal gl—— 1 T SELEU T S
60 F i 2 ¥
( ;
; —.—.—rT—-,—rv:—-.—f-:.-—
40 1 7
J20t .
10 25/
5 -
FOHIT 1 1 1 1 L I
20 50 100 - 200 300
N t [min]
Fig. 12. Increment of internal energy of quartz  Fig. 13. BTA curve of quartz glass
vs. time and gmulz’tions_of grinding. ground for 10 menutes wn a vibration
1 ... without-additives; - mall. ¢t ... temperature, At —a ... tem-
2 ... with additive of metanol-denatured 5 Y, perature difference during the first
ethyl alcohol and 0.5 %, concentrated ammonia. heating, b ... temperature difference

during secon heating of the same sample.

That the increase in energy involved that part of quartz energy that had
been consumed in the linking (agglomeration) of particles as explained above,
has also been proved by the fact that the significance of the individual peak
is decreasing in the releasing of energy with the time of grinding, that the
total value of free internal energy of quartz increases, and that the entire
process is shifted towards higher temperatures.

Another evidence for the fact that the incr ease in internal energy of the solid
is due to the formation of free radicals is that this increment of internal free
energy with the time of grinding arises even when grinding an amorphous
(non-crystalline) substance-like quartz. glass [23]" Here, however, the increase
appears as a single sharp pea,k at.340 °C 415 °C as shown in Fig. 13 for a time

of grinding of 10 minutes. Amorphization of an amorphous substance is of
course ol of question in this case; The internal energy obviously grows due
to interruption of chemical (covalent) but strongly polarized Si—O bonds.
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. MR- estabhshment of bonds between ‘the particles is llkely to proceed in
“3'disorganized i manner 1ega1dless of whatever type of mystalhne form poss;b]e
“with’Si0,. It 'is therefore poss1b]e to admit that a certain anlorphlzatlon of
“dtiucture takes place when grinding crysta]hne substance’ (quartz). Howevel
this should be regarded as a secondary process tal\mg place pmtly in ‘the
“eoursé of: gnndlng and partly during subsequent heating and ‘concerns solely
“thé strface layer of crystalline particles. The loss in quartz found after grinding
id _moré-or-less a matte] of method depending on what property of the solid
Has been ‘selected as criterial. Tlowever, most of the ‘methods used in the deter-

; ‘mination of a certain’ phase depend on partlcle size 80 that the quantity to be
- ‘determined must depend on the quantitative effect 0f a certain material pro-
pelty (DTA on the number of bonds heing rearranged or tilted, to a new
POblthn lnha red spectlosoopy on the number of Vlblafﬁlng atoms capable
o absm bing the radigtion) X- ~Lay dlfﬁactlon on the izé of oi ystals). T Ehis way
t 6 effect of pa,ltlcle surfa.ce area increase must finally appear as a loss in the
glven phase since, the surface molecules of ’che bond will ob¥iously behave
dlﬁel ently. than those indielé the crystal: ‘A 1688'ifl quartz dué tq <J>und1no does
not therefm e allow to indicate amorphization as its cause without more detailed
,sthdy of the conectness and types of data. prowded by the lndlwdual methods

"WoltS EVALUATION, AND CONCLUSION
" It has been found that grinding affects not only the size but also the structure
of particles and thus the internal energy of a solid. However, the arising defects
are only temporary from the standpoint of heat treatment, and structural
regeneration is a function of temperature. The amount of defects, characterized
by the surface area of the effect and thus by the amount of heat released by
heating, is a function of the time and regime of grinding. Grinding therefore
increases the internal energy of a certain crystalline substance. In DTA of
crystobalite this effect did not take place obviously because the size of primary
cristobalite crystals arising during. the transformation was: obviously smaller
that that of particles employed in DTA, so that treatment of a sample brings
about disintegration mostly only at the intercrystalline planes of contact
between the individual cristobalite crystals. The finess required for this effect
is obviously unattainable when using the grinding dish only.:

-ivThe  measurements have further shown the temperature dependence of
structural defectiveness, in other words increased reactivity and the tempela—
ture interval within which this is eliminated in quartz. This finding is of
obvious significance: for solid phase reactions as well as for apphcatlon of
a crystalline subs’oance as catalyst carrier for both organic and inorganic
reactions.

The results obtained indicate that the exothermic effect due to release. of
energy dulmg DTA of quartz: may affect (reduce) the amount of quartz
determined in the sample since the exothermic effect arising by regeneration
'of structure (bonds) reduces the exothermic effect due to modification transfor-
mation during the first heating. At a high proportion of defective bonds
within the transformation interval the error due to this effect may not be
-negligible when the bond energy is much hlghel than that involved in the
modification transformation.

Since there are three peaks on the effect area, it is hardly possible t0 con-
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sider formation of a crystalline structure in an amorphized substance. It is
obviously a case of structural regeneration in various crystallographic planes
where to each distance between planes pertains a certain vibration energy
value and amplitude for a certain temperature, and thus also a certain peak
on the exothermic DTA curve.

However, when considering amorphization as a process involving a damage
to the substance structure not connected to the effect of plastic deformations,
but in principle comprising interruption of bonds between the atoms of the
given substance (in the case of quartz these are the chemico-covalent-polarized
Si—O bonds) one can reach the conclusion that the growth of energy required
for grinding with increasing particle fineness is based on a growth of internal
energy of the substance being ground (quartz); this energy remains partially
in the substance even after concluded grinding and partially is released during
grinding in the form of heat as a result of re-establishing of bonds. The bonds
are re-established to a degree smaller than with the original nonground sub-
stance since the fracture plans are not planer and only some of the free radicals
are within the distance of intermolecular forces required for re-establishment
of bonds at the given temperature. This is finally in agreement with the obser-
vations and concepts by Chodakov who suggested that the arising agglome-
rates are very strong, cannot be split neitlier by water nor by heating [4],
[20] and can be dispersed only when supplying further mechanical energy, as
stated in (1) and as observed in the grinding of ZrO, where the energy required
for preparing samples for electron microscopy was supplied by means of
ultrasound [2117.
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RUST VNITRNI ENERGIE
A MECHANISMUS MLETI KREMENE

Josef Ruzek
Katedra technologie silikati, VSCHT, Praha

Métrenim exotermniho efektu pri DTA je stanoven rast vnitini energie kiemene pii
mleti v zdvislosti na dobé mleti. Tato energie se uvoliuje pii zahtivani.

Z porovnéani jednotlivych méieni je zifejmo, Ze uvoliiovani energie za¢ind v intervalu
teplot 110 + 10°C a probihéd nékolika vrcholy. Prvni vrchol, projevujici se zejména
u vzorktt s kratkou dobou mleti pii teploté 325 + 15°C, se s dobou mleti posouva
v uvedeném intervalu k nizsi teploté. Druhy vrehol, jehoZ vyznam roste s dobou mleti,
lezi pii teploté 420 + 20 °C a tieti lezi pi'i teploté 540 +10 °C, je s dobou mleti prekryvan
vrcholem druhym.

Rust vnitini energie kifemene je zptisoben vznikem volnych radikalit ¢i iontit, které vzni-
kaji v rozstépnych plochdch a trhlindch krystalii kiemene. To je potvrzeno tim, Ze hodnota
zvysené vnitini energie ki‘emene roste v piitomnosti mlecich prisad (povrchové aktivnich
ldtek), které brani priblizeni édstic na vzddlenost mezimolekuldrnich sil, a tim i jejich
aglomeraci a zaniku volnych radikaltt na povrchu éastic. Rust vnitini energie ovsem
svédéi o tom, Ze hlavni édst energie na mleti se spotiebuje na trhani chemickych, polari-
zovanych vazeb Si-O. Ndzor o rastu vnitini energie ki‘emene vznikem volnych radik&la
1 mechanismu mleti je potvrzen i tim, Ze rist energie se projevuje i pii mleti amorfni
latky, jakou je kiemenné sklo, kde vSak jednotlivé tetraedry SiOs nejsou pravidelné
usporadany, avsak jsou vzajemné pospojovany. Zde se vsak objevuje pro vsechny doby
mleti v podstaté jen jediny vrchol pii teploté 340 + 15°C. Pocdtek i konec déje je po-
dobny jako u kiemene.

Dale je uvedena metodika pro stanoveni ristu vnitini energie tuhych latek pii mleti.

Obr. 1. Zawvislost plochy piku Eistého cristobalitu na rychlosti stoupani teploty pii DT A.
Obr. 2. Zdavislost hodnoty redukéntho koefictentu na rychlosti stoupani teploty pit DT'A.
Obr. 3. Zdawislost rychlosti stoupdani teploty na teploté pit DT A kiemene.

Obr. 4. Kalibraéni graf. Zdavislost plochy piku (AP) [rel cm?] a mnoZstvi odpovidagiciho

vybaveného tepla (AQ) [callg] pit DT A na obsahu cristobalitu.

Obr. 5. Kitwka DT A kiemene po vuipravé v tiecti misce.

Obr. 6. Kiwka DT A smést kifemene a cristobalitu po upravé v tiect misce.

Obr. 7. DTA kiemenného piskw mletého 30 minut. At: a — proy ohiev, b — druhy ohiev

téhoz vzorkw, t — rast teploty v zdavislosti na dase.

Obr. 8. DTA kiemenného pisku mletého 60 minut. At: a — proy ohiev, b — druhyj ohiev,
¢ — ti'eti ohiev téhoZ vzorku, t — rast teploty s Casem.

Obr. 9. DT A kiemenného pisku mletého 120 minut. At: a — prvy ohiev, b — druhy ohiev
téhoZ vzorku, t — rast teploty v zavislosti na Case.

Obr. 10. DT A kiemenného pisku mletého 240 minut. At: a — prvy ohiev, b — druhy ohiev
téhoZz vzorku, t — rast teploty v zdvislosti na ase.

Obr. 11. Zdwvislost pirirastku vnitint energie kiemene na dobé mleti. AP... plocha piku reduw-
kovand na rychlost 19 °Cmin, AQ... piirastek vnitini energie kifemene.

Obr. 12. Zavislost prirastku volné energie kiemene na dobé a podminkdach mleti. 1 ... bez
piisad, 2 ... s pFisadow 0,5 Y% etylalkoholu denaturovaného metylalkoholem a 0,5 %
konc. amontaku.

Obr. 13. DT A kiemenného skla mletého 10 minut ve vibraénim milyné. ¢t — teplota, At': a...
diference teploty pit pronim, b ... pit druhém ohievw téhoZ vzorku.
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b POCT BHYTPEHHEN 9UEPLUY , -
S U MEX AT UBM MBME JUb U EH H,BAPuA.., 4

350 )

KHagpedpa mexnoaoeuu cusuramos XTH, IIpaea

Poct BHYTpEHHEI 9HEp I KBaplla, HAXOANIIICS B 3aBUCHMOCTI OT BPEMCHII I13MeJIbH el it st
YCTAHOBHIII ILyTEM 13MepeHitst 9K3oTepMuyeckoro sfdenra npi/ [[TA. I pusenensas sHepris
BLIZCIISICTIISL TIPH 1IOCJIGAYIOEM | HALPEBAHIM KBAPUAS, - 7 / |1 11/ /.

s comocrapienis OTCINLIX HMEPCIHIl Cile/iyet, YTO BBYICJICHIIC DHCPIHH HAUHITACTCS
B uutepBaie Temmeparyp 110410 °C 11 gocTHraeT HecKOJBKHUX IHKOB. llepBolif HHK, mpost-
BIIAIOIIICSL IMEH1I0 Y ITPO0 ¢ nedoIIbILIM BPEMEHEeM I3MeInuel s npi reMineparype 3254 15°C
B 3aBIHCIHMOCTH OT BpeMellll M3MCJIbUCHIII CMEIaeTCs B INPHBEIEGHHOM IIHTepBaje Kk OoJee
HH3KOii Temieparype. BTopoil IuiK, 3HaueHile KOTOPOrO PACTET. ¢ -BPEMCHEM IBMCJIbYCHII,
noJryuaercs npH TeMierapype 4 /20j:20 °C, a Tperuif imuk npu remueparype 540410 °C B 3a-
BHCIHMOCTH OT BPEMEHII H3MCJILUCHIIST ICPERPLIBACTCS BTOPLIM IIKOM.

Poct BHyTpeHHE}i 9HEPIiH KBaplla BH3LIBACTCA 00PasoBaRHCM cnooonuux pajiKanos,’ iitin
HOHOB [OABJIAIONMXCH B PACHICIVICHHBIX [TIOBEPXHOCTAX I TPELUIHAX ' KPUCTAIIOB Imdpl @l
JTO0 ORABAIO TEM, UTO BE/NIWHLA NOBGLIMICHHON BHYTPEHHE[ DHCPIIIL KBapUA pacTeT B' fipy
CYTCTBIUL uHTenchmnﬁTopa 10Mo1a  (OBEPXHOCTHO ' AKTHBHLIX BEIIECTB), Memalonltabe

NPAOIINKCH IO YaCTHIL IO PACCTOAHMA zlencu‘mm MCHMOIICKYIAPHBIX CHJL I B PE3yLTaTe TOro
H HIX arJIOMEepalinl I HCUYe3aHI0 CBOOOMHLIX PAJKAJIOB HA MOBEPXHOCTH YacThIL, Opniraxg
POCT BHYTPEHHEH DHEPIII CBIJICTEJILCTBYCT O TOM, YTO OCHOBHAS 3HEPIHA JUIs usmem,qqmm o
H3PACXOJYCTCS HA PA3PYIICHIC XHMITMCCRILY, HOJADU3YCMEIX cs3eit Si—O. MHeHIe 0'ronm’
YTO BHYTPEHH;sIsl DHEPIIA KBapla pacTeT ¢ 00pa3oBaHHeM CBOOOMHBIX PAIIKATIOB Il B ‘Fagicit-
MOCTH 'OT MEXAHHU3MA I[OMOJIA, JIOKA3aHO TEM, UTO 'POCT SHEPIHH IIPOABIACTCH JIaKe" npn
H3MeJLYCHIHII aMop(I)Horo BeL(eCTBA, KAK HANpPHMep KBapIEBOro CTCKIIA,’ T/IC OMHAKO OTieint |
Hple TeTPasApsl Si03~ He HAXOAATCA B CTPOIHHOM YMODA/IOUCHIHM, a OHIl TOJIBKO B3AMMHY "
cBAgaubl. B TAKOM CJIydae HMEETCH JUll J000r0 BPEMEHI H3MCILUCHIIA B CYIUHOCTH TONLKO
oxuu Tk 1pit remneparype 340415 °C. Hauasio 1 KoHerr teiicTBHA T1000HLE KBapity. ERCRY -

Kpome Toro npuBOMHTCA MCTOAHKA, CIIYKamlast [ OMpe/eneH st BHYTpEHHCIT :meprim

TBEPABIX BEH[ECTB IIPH H3MEJILUCHIIL

Puc. 1. Basucusocmy NogepTHOCINU NUKEA HUCMO20 EPUCOG6AWAUING O CROPOCIU HAPACIE~ |1
Hus mesnepamypsr npu JTA. Yrrded
Puc. 2. Bagucusocmy geauntursl nosﬁﬁuuuemna 60CCINANOGACHUA 01 CROPOCIU HADRCIRGHILY,
memnepamyper npu AT A
Puc. 3. Bagucumocmy ckopocmu Hapacmanm memnepamypu QI nesERaY PR [yt AT4,
. kéapya. '\‘ A0
Puc. 4. T'pagpur Kasubpayuu. 3a0ucu4wcmb RoGEPEHOCIL kA (AP) [oTH, om2] M Icormx
UECINGQ COOMBEMCMEYI0U{E20 abzaeauezueeocn menaa (AQ) [raalz] npu HTA om co?epr
JCQHUL KPUCTROGamMAUINA. | 07
Puc. 5. Kpusas JTA reapya nocae o6pabomii ¢ cmynre. . R S R N
Puc. 6. Kpusas QT A cuecu reapya u EPUCIOGALIUINE NOCAE. oépaéomhu ¢ cnu/nhe W "m(,
Puyc, 7. IT'4 woapyecozo necka, us. ufmbuaemoeo 30 mumnym: At Q. nepenlie nagpee, b
" emopoli nazpes moit sce npoGsl, t'— Hapacmanue memngpam Yol 6:3AGUCUMOCTIUL OM.
" 8peAteHLL. P Rt
Puc.'8. JTA K6 PYes0z0 necna, u3meﬂwaem,oeo 6'0 sagym: At :'a — nepabau naepee, b —,
6mopoti nazpes, ¢ — mpemull, nazpee moi. a/ce npoéw L= Hapacmauue r)ze.Acnqpa'anqn
6 sagucumocIni om epeueuu B 1 ; ;
Pucy 9. AT A reepyesqzo, necia, u&‘«i?elbbll‘ae‘./ aQy 120 Mwun AL q.‘ﬁ‘\\uepabm(\nagReahm
b — emopoii nazpes moii e, ﬂp06bL, i —\.H,apacma‘uue viganepany pal ¢ 3anuou.nwcmu
0 epesenu. ' & . .
Puc‘jO J[TA lesoe .‘\ \‘a- “\U\Jcé‘jz\‘bgiz\gﬁwg ‘3 O‘Jﬂﬂ‘ﬂij\'n\\At‘ o nepewu .Ha\epe(;’:\XU
s 0 PO Deé Motk dice poébl, = uapacmauue me.4mepqmypm 8 aaelfaqmqqmu‘m
vy 9T ﬂqu'“g}' ‘\\\‘H\\ WS DG L u,mm\» whasted fplite 20 T pabpa i o3
Ptic. T1. ‘Basducusocims npupawens eHympenne Srepeti ;.eapl;a om kpeutgenu, ua,ue/&%ueuuﬂ.
08 . \AP\W J1QeeprHOCIL nUEQ, _wgpQ;mq.fg_\Jg“c(c'qumgz«.Z‘Q‘j’gmuu,.A__ T THERQEMERUE 1 (5
(?HJl)LpBH(w‘ m{epg Ewsiilydh 'E'i(\‘ oo d et SR oot n,m\d(\\

Ly
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Puc. 12.

Puc. 13

3asucustocmvd HapacMaHus c60600HOl JHEpeUU KEAPYA OM GPEMEHU U YCA0BUIE
usmeavuenus: 1 — 6es umneucu¢1u.(zmopa nostoaa, 2 — ¢ UHINEHCUGPHUEAINOPOSL
nosoaa 0,5 Y smuaogozo cnupma, denamypupocaniiozo MEMULOGHAL  CRUPMOM
u 0,5 Y% KONYEHIMPUPOCANHO2T, QM MUAK G T § -

ﬂ]‘A KEAPYEE020 CMEKAQ, UIMEALNALALOE0 10 .uun_/m 6 GuUOpayuoONIOLL sesvHuye:
L —memnepamypa, Al: a — paszaunue mestnepamypst Npu nepeos nazpese, b — pa-
AUNUE MeMREPAINYPL NP BINOPOIL Ha2pese Moti yce npobbl.
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