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A method was worked aut jar determining the increased energy content 
supplied to quai"tz by grinding, by measuring the exothe1·mic effect in DT A. 
1111 easurements pe1jormed aj ter certain selected times oj grinding show 
that liberation oj energy starts within the temperature interval oj 110°0 
± 1 O 00 and exhibits several peaks. The flrst peak, arising in particular 

with qitartz ajte1· shvrt times oj grinding, appears at 325 °0 ± 15 °0 
and tends to shij t towards lower temperature within this range with increa­
sing time oj grinding. The second peak lies at 420 °0 ± 20 °0, while the 
third one at 540 °0 ± 10 °0, being overlapped by the seconcl one when 
the time oj grinding increases. The paper also shows the effect oj sU1jace 
active siibstances on the growth oj internal energy oj quartz in the course 
oj grinding, and brings evidence on an increase in internal energy due _to 
the grincling oj 'amorphous' substances such as qiiartz glass. The results 
were employed in the jormulation oj certain conclusions with respect to the 
mechanism oj g1·inding. 

INTRODUCTION 

The effect of grinding on _the structure of quartz has bee�1 dealt with by 
numerous -authors for a number of years [l]. 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. tah:e .. place. . . . . . . . 

According to Choclakov [3], [ 4], [8] plastic deformations on the surface of 
crystals bring about amorphization of a certain layer, the thickness ofwhich 
(.20kto 0.16 µm) depends.not only,on,the-conditions and- time of,grincling 
[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 provicle excessively large thicknesses of the amorphized layer. However, 
these questions have already been explained earlier [9], [IO], [ll] by showing 
that adsorption methods do not determine the total particle' surface area Se 
but only the free one Sv and a certain·part ofthe surface Sn, the size ofwhich 
increases with decreasing particle size ancl polydispersity of the system, be­
comes inavailij,ble 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 ánd mutual' relations 
between the results obtained by certain methods frequently employed for 
characterizing the particle size of ground substances [l O], [ll ], [12] since 
without this study it would be impos13ible 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 aggloineration. 

According to the first concept the formation of free radicals in split areas 
·would bring about an increase in the interna} 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 °0 to 120 °0
temperature range. The first exothermic peak arising with short times of
grinding appears at 325 °0 ± 15 °0, and tends to shift towards lower temper­
atures with the time of gťinding. The second peak lies at 420 °0 ±10 °C
and the third one at 540 °C ± 15 °0. With increasing time of grinding the
entire effect is shifted towards higher temperatures, being concluded at about
650 °0 under the given grinding and DTA conditions [14], [15].·

In view of the three peaks arising on the effect plane [14], [15] it is hardly pos­
sible to consider formation of a crystalline structure ill' the amorphized 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 ancl processes are clealt with by tribochemistry [16]. 

THE METHOD FOR DETERMINING THE INCREMENT 

IN T-HE INTERNAL ENERGY OF QUARTZ 

The increase in interna! energy of quartz in tenns of the time of grincling 
was determined by means of the DTA apparatus manufactured by Labora­
torní pÍ'Ístroje, National Corporation, and adapted by the authoÍ' in orcler to 
ilicrease accuracy and sei.1sitivity [17]. 

The experimens employecl glassmaking quartz sancl T-optika with small 
- amounts of additives; the material was ground for periods of 30, 60, 120
and 240 minutes in vibration mill :M:10 of Soviet manufacture. The amplitude
was 2.25 mm, frequency 2780 r. p. m., the degree of mill charging was O.S,
the quartz sand charge was 3 kgs and that of dia. 9 and dia. 15 grinding steel
balls was 39 kgs. The norninal 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 beat supplied to the solid (quartz) during its grinding

by impairing the bonds between the individua! (SiO4)-4 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 interna} 
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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 k is a proportionality constant representing the amount of heat corres­
poncling to peak unit area (cal/rel.cm2) which depends on the type and acl­
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 = IQi = k i,vPi 
I I 

(2) 

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 requires 
to increase heating curreút 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 
effectecl at a variable (decreasing) rate of temperature increase; in this way 
there takes place a continuous but non-uniform cha1i.ge 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 determinecl for recalculating the area at the given rate of 
heating (APt) to the rate selected as standard (P19). In the prei=Jent oase this 
was a rate of heating of 19 °C/min at which tlie relationship was established 
between the liberated (consumed) energy and the peak area. Use was made 
of pure cristobalite for the following raasons: 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 recluction coefficient 
value is given by the relation 

(3) 

The relationship · between the peak area of pure cristobalite ancl the rate of 
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quartz takes place was then divicled into equal tempera ture intervals in which 
the mean temperature increase rate was established, and for this the respective 
recluction coefficient value was founcl according "to Fig. 2. 

Between the peak area, the corresponding heat ancl cristobalite content, 
in DTA there is a linear relationship as shown by the calibration diagram in 
Fig. 4. The relati5m of the amount of liberated heat ancl the peak area is there­
fore linear so that relation (l) with a single constant holds for the entire energy 
content range measurecl. 

HEALING UP OF QUARTZ STRUCTURE 

IN TERMS OF HEATING TEMPERATURE 

As suggested by Adamtchik, formation of free radicals on fracture surfaces 
arising in thé grinding of quartz woulcl result in an increase in its internal 
energy, which woulcl be liberatecl by heating ancl woulcl increase its reactivity 
to,v�rcls other substances. It was therefore establishecl from what temperature 
upwarcls this increasecl energy is releasecl, what is the temperature dependence 
of energy liberation, at what temperature the entire process of eliminatfon of 
free raclicals (or release of increasecl energy) has been practically coi1clucled 
ancl how these relations change in terms of the time of grinding. 

The questions concerning the conditions for utilizing this increased energy 
in solicl phase reactions, although already discussed by various authors (18], 
[19], are exceeclingly complex owing to the clifficult methocls involvecl [11] 
and will therefore not be dealt with in the present study. 

Definition or cletermination of the effect oť amorphization on the growth of 
interna! energy of quartz is difficult because the authors of the respective 
theory clo not specify the type oť an19rphousness in question. The term amorph-

340 °C 

300 

230°C-

s10°c 

310°c 

Jí'ig. 6. DTA cuerve oj qiia.rtz-cristobalite 
mixture ajter treatment in grinding clish. 

Jí'ig. 5. DTA ciwve oj qiwrtz ajter treatment 
in grincling clish. 
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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 cornposed of individu'al non-ari'anged rnolecules (silica gel heated at 
low temperature) or mutually non-arranged but almost totally 1inked (Si04)-4 

tetrahedrons (quartz glass). According to Chodakov's definition amorpb.ization 
takes place as a result of plastic deformations, so that one might conclude 
that the amorphons layers has rather the character oť silica gel. In that case, 
however, this wonld involve formation oť a new substance having new prop­
erties, the energy snpplied wonld be consumed in creation of this new sub­
stance having another conntent of interna! energy; -however. this energy 
would not be released by heating, being a characteristic quantity of the new 
substance. 

t [°C] 

600 

500 

400 

JOO 

200 

100 

o 

Ji'ig. 7. D'l'A curve oj quartz sanct arou.nd for 30 min·utes. 
fit: a - first heating, b - seconcl heating oj the same sample, t - tempera.ture rise 

in tenns oj time. 

In DTA of quartz, energy is actnally liberáted 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 Fig. 6. An exothermic 
peak having its maximum at 310 °0 to 340 °0 arises on the cnrves in both 
cases. DTA of pure cristobalite pretreated in the same way revealed no such 
release of energy, probably because trea,tment of very fine-grained cristobalite 
produced disintegration in intercrystalline planes ,vhere Si-O bonds were 
not interrupted and free radicals were not formed. 

The beginning of this exothermic reaction ·in the grinding of qua,rtz sand 
takes place independently of the time of grinding, generally at the same 
temperature oť 105 °0 to 120 °C. However, the regeneration of structure 
depends on the degree· oť structural damage and thus in the time oť grinding. 
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)wópe'aks áť340 �C a11d 415 °C ťe'spéc,t{v�ly'•(tf1,1ři 'nfint_o ac,9011�t ·on!ý'.'fiúi,ks
• arising on the óriginaI· DT Jt' curve) a�ťd is co1folúded 'i1l frdnt of'ťh'.e peak c<'.>Í'fo­

··:,spdi'l.dinit_o the � to :�-,qúa_rtz'ti1�Í��fo.�·1�atio� afappr6,'x_. ,s.79 de. !1\thfliag/�in,
,eurve a :represents th'.e first. �eatmg ·and curv,e 'b yh� repeated o,ne wh1clnn11ul­
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Fig. 8. DTA ciirve oj quartz sand grouncljor 60 minutes. Di.ti 'a� fir;t heating, b � seconcl 
:, lheating, c - thircl heating oj the same sample, t - temperature rise in terms oj time, 

': ., Aftei· grinding for 60 ,minutes (Fig .. 8) the exothermic DTA effect gwws 
and a new peak. appears at .530 °C,. while no peak .appears at 415 °C. • The 
final effect temperaturwwas also raised above the quartz transformation point . 

. In·view of the-fact that the first,measurement was concluclecl at a relatively 
low temperature1 .further energy release took place cluring the repeáted meas­

. urement. b. -The measurement \Vas repeatecl· for the third time c; it had no 
effect on,the position of exothermic peaks, but affected the peak size ·am:l the 
amount of energy released. The total area of the exothermic, effect is ,then 

. equal to thé sum. of·areas obtained„in the· two measurements. Thus 6.Pa is 
given by the ar'ea between the·a ancl c curve's, ancl !::!.Pb by that between b andc 
. curves;. the total ·ar.ea , -áP .is then ·, . r , • 

,i.li!' 
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Fig. 9. DTA ciirve 'oj, quartz sa11,cl grouncljór 120 minittes '. ·ts.tf'á'---';fiht ·heatin[j, li'- secóiicl
hea,ting oj the .sarne sa.1wple, t -. temperatiwe !1·ise ·i?u terms, pf time•.c ,. • , • • :: ' 

t1 '.! 
. . 

,: - '. , \,,._ ·1i·1 '. : i i • I .i 1' ·1,J .,, i•· • •1.1 _1f1·• ·, ,r_;,._f ---, , 

, A o�mp�ris011, ,o� DT� iecords, of, qv�rti iiain.d gr�1.m,9, ,for 1t��e ,s(}��ét�q 1p(lriq\ls 
l indiqates that t}?,!} liberation pf eiwrgy, gebjn� 1at,J,1Q 09, ±!10 1 °Qu"°Yit)�LN1e
, first peak ,a.t 325 ° ± lR�C; ;wi�h t:\l� tirne ,of g{�nqing,!Hi.,� P!1al�i i� �ň�fted
: .�lightly, 1tow�rds . the -lower �empe1;ature in, the iJ1.Ff:;}'V3tl. 'J.'O�- i,eqo11-<J, ,peak Fes 
,J?:t 42Q_°C.± io�C.an,él tl).e third at f?40 .. �q ( ±l:Q,i�R- ,.Jh11rep.tJl,i:i,i�xo�l1,eqµic
, ,effect a9c�mpanying the· l_iberatiop of ,�nerg_y, sJippl}eqi to 

1
51u�j1;tf-,�Y.;griil9-in.g, 

progresses with the time of grinding to�v_ar,d&. l).ighHl·F,0121Ily���Nr.E,lsi ,l}�1d,untj.�r 
'. th_e g�yen, ·<?9P<;i,i�iw1s <;>f, P.Ti\ th<::: s,trl1ctm� i,s therefqr� P1JJ,Cj;�9q.Vy .'.<tg�I).�l:ated 
i ·up to ,'65p ' 9.C .. Tl1� ,t9ti;1,l)n,!}n�w�nt pf, �he -int13�n.�Jj en�rgy 9f, GA�\'.t2i(1llC�'!é),�S,lclS 
simultaneously with the tiine of grinding. • 

'ÍIÍ,c 
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F'ig. 10. DTA eui·ve oj qiw.rtz sancl groU:ncl for 240 minutes. Ď.t: a - flrst heating, b - seconcl 
heating oj the same samJJle, t - temJJerature ruise in terms oj time. 

THE INCREASE IN INTERNAL ENERGY WITH THE TIME• 
OF GRINDING 

The increase in intemal energy of quartz in terms of the time of grinding 
is illustratecl by Figs. 7 to 10 from the growth of exotherrnic effect area ofDTA. 
Quantitative evaluation of the arnount of energy released during heating is 
by no means simple under the given conditions, but when complying with 
the procedure clescribed in Chapter 2 it is practicable. For the purpose of 
increasing the accuracy of the values obtained the released energy should be 
rneasured for each time of gťinding on at least two sarnples and the mea.n 
value taken. It is necessary- because the energy concentration in the rnill 
volume is not homogeneous s'O that the grincling proceecls at different ra.tes 
in various parts oť the mill. This is of primary significance for the way of 
sample t�king, reproducibility oť results and validity oť the respective conclu­
sions. The results are thereťore means of a,t least two effect areas rneasured ancl 
oť the corresponcling releasecl energy. 

The measurecl values oť exothermic effect area growth ancl the cori'esponcling 
values oť released energy for quartz sancl T-optika, grouncl in a vibration rnill 
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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 gi:owth of interna! energy decreases with the time of grinding. 
The -change on the interna! energy of quartz during grinding has therefore 
the same character as the change of specific surface area. 

This decreasing rate of increase in interna! 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 betweei1 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 °\-vhich has beeri. 
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 titne dep'en­
dence or kinetics at the given temperature. 

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

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

L1P ,1Q 

frel.cm21 [ca(/g] 
100 20 

50 10 

100 200 
t [ min] 

1Q 

Fig. 11. Increment oj internal energy oj qu.artz vs. time oj grinding. 11P . . .  JJeak area rechtcecl 
j or rate 19 °C/min, !1Q . . . increment oj. internal energy oj quartz.
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Fig. 12. Increment oj internal energy"óf qiia.rtz Fig. 13. IJTA cu,rve oj quartz glass 

vs. time and conclitions oj grinding, grnuncl for 10 minutes in a vibration
1 ... ivitho·ut-adcUttves,------ - -- , mill. -t .. , . temperature, 6.t - a ... tem-

2 ... with aclditive, oj ·metanol-clenatured 5 % pei:atiwe clifference during the jirst
ethyl alcohol ancl 0.5 % concentrated arnmonia. heqti,ng\; ·b .·.·-· temperatiire difference

cliáinrrsec�n heating oj the same sarnple. 

That the incr�ase in energ/invo.�ved that part of quartz energy th,at had 
been consumed i11 the linking (aggloineration) of particles as explained above, 
has also been p1ioved by the fact that't]:le significance of the individua! peak 
is decreasing in the_ rel�asing of energy ,vith �h� �i11te of grinding, that t�e
total value of free mternal energy of quartz mcreases, and that the entire 
process is shifteq. towards higher temperatures. 

Another evide*-ce for the fact that the increa��,in internal energy of the solid 
is dne to the forj:nation of freé raclicals is that this I increment of interna! free
energy with . theL�Í.1:1_0 o.!:__g;r�ndin�--�1���!:'.s _�ven wn..,�n grinding an am?rphous
(non-crystalhne) substanc�l_){tke quarť2<_,:g)as;�q23J:--Here, however, the mcrease 
appears as a single sharp pea;ltc:atí 340 °C ± 15 °0 as shown in Fig. 13 for a time 
of grinding of 10 minutes. Amorphization of an amorphous substance is of 

1 coÚ�1se
) 

Ó i1;Í'o�\CJMi�itot'.$'.;Pi\tc:ť��e; '.,��f)}\�Wr'.ť-i�,l \'.1}jér�y .'oJjJ;í,?\t;�l:y.;i�·o\ts 1 �Ú1e
to mterrupt10n df 1:c1iem1cal (covalent) but strongly polanzed S1-0 bonds.

�- �;·• , I -..; t,/{° i,.� 
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�ff�cts rioť 1on'ly tÍ1� si"z�

1
búť aliB_lij-i�f�t�i�Q��ťe

of particles and thus the internal energy of a solid. However, the-·tlrish1.g' def�cts 
are only temporary from the standpoint of heat treatment, anď structural 
regeneration is a function of temperature. The amount of defects, characterized 
by the surface area of the effect antl' thmÍ.by the amount of heat released by 
heating, is a function of the tirne and regime of grincljng. Grinding therefore 
increases the internal energy of a certain .crystalline:··substaiice. I1f)�Tfo. of 
crystobalite this effeQ� qid_ 1�ot t�ke;pl_aice. 9byiously beca"4se_th.� si�� 9f.pi.·,infary 
cristobalite cryst11,1s ari1?ing during,. the,transfor.mation ;1,yas- obviously smaller 
that that of particles eníployed• in DTA', so that treatment of á sampie· brings 
about disintegratibi� inostly, mi.ly at • tl-i-e ) iµt�1:m'ystalli�1e pI:1n�f c:?f: :cpnt11,ct
between the individuál chstoba.lite crysfals. 'The.fhie�s reqúir"éd f9,.r this,effect 
is obviously unattainable ,vh()11 .usfog' tlw gdnding, d.1sh only.: , -,, 

, ·,i 1,'Fhe· • nieasurenreiits. have • furtheí· shown the' temperature dependence·; of 
struc�ural defec�iv�ness, !n' �tl\rr. �vord_s i�,cl'ease�. l�ea·ct�vity ·a1�d tlif �11PJ?rra-
ture mterval w1thm wh1ch this 1s ehmmated 111. qu1,1,rtz. _Tl11s jindmg 1s. of 

, ,P hv;ious significance •for· ,&Qlid phase reactio1-is as -well as for a pplic·a tiori of
a crystallil);e substance ,,as c'atalyst carrier for- both organic and ·in011ganic 

('díáctións. '.,r •. · · •• • • •• • ' · -· • - . ... , i 

The results .obtained- indicat� that the exothen�ic. effect due to release ,of 
- �nergy' d11rÚ1g ri.TA' of .• qua1�tz"1 may affect' (r�duce)' thé /11110-\.lllt of :qua1'.tz 
determined in the sample sil1ee the exothermic effect arising 'by:regenei·ation

1 o:f sfr11cťure (bdJicls') redúces· the exotherÍnic effeéťdue to mddification 'ťi.'insfor­
mation during th� ,:fb;st heating., At a )1igh propor�iop _ of 'ij�feqti\rf) ponds
within the transform11,ti0n· i_nterval the .. error due,-to .this effect .may ·not, 1be 

.(fiěgligible whép. thé�'.bónd eúergy is much higher than that f involveddn the
,'ňJ.'ddíficatio1í třdnsfo11matio1i. · • • 1 '· �. • • • • • ·: . - • • ,. -, f. • ··,i ! � 

Since there are three peaks 'éW1 ;the\iffkct area'.," it is 'hardiy' p6ssibťe ťó con-
!.-\f!J ,i;> . � ·: •. , .. -. 
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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 p\')rtains a certain vibration energy 
value and amplitude for a certain temperature, and thus also a certain peak 
on the exothermic DTA curve. 

However, \vhen considering amorphization as a process involving a damage 
to the substance structure not connected to the effect of plastic deformationq, 
but in principie comprising interruption of bonds bet,veen the atoms of the 
given substance (in the case of quartz these are the cl�emico-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 interna! 
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 beat as a result of re-establishin:g 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 neither by water nor by heatilig [ 4], 
[20] and can be dispersed only when supplying fmther mechanical energy, as
stated in (1) and as observed iri the grinding of ZrO2 where the energy required
for preparing sámples for electron microscopy was supplied by means of
ultrasound [21].
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RŮST VNITŘNÍ ENERGIE 
A MECHANISMUS MLETÍ KŘEMENE 

Jo s e f  Rti.že k  

Katedra technologie silikátii,, VŠCHT, Prahci 

Měfoním exotermního efektu pl'i DTA je stanoven rti.st vnitr-ní energie kfomene pr-i 
mletí v závislosti na době mletí. Tato energie se uvolňuje pl'i zahí-ívání. 

Z porovnání jédnotlivých 111.ěfoní je zfojrno, že uvolňování energie začíná v intervalu 
teplot 110 ± l0 °C a probíhá několika, vrcholy. První vrchol, projevující se zejména 
u vzorkú s krátkou dobou mletí pí-i teplotě 325 ± l5 °C, se s dobou mletí posouvá 
v uvedeném intervalu k nižší teplotě. Druhý vrchol, jehož význam roste s dobou mletí, 
leží ph teplotě 420 ± 20 °C a  tfotí leží pí-i teplotě 540 ± 10 °C, je s dobou mletí pfokrýván 
vrcholem druhým. 

Rti.st vnitr·ní energie kfomene je zpti.soben vznikem volných raclikálú či iontú, které vzni­
kají v rozštěi:iných plochách a trhlinách krystalú kfomene. To je potvrzeno tím, že hodnota 
zvýšené vnitřní energie kfomene roste v pNtomnosti mlecích pt·ísad (povrchově aktivních 
látek), které brání phblížení částic na vzdálenost mezimolekulárních sil, a tím i jejich 
aglomeraci a zániku volných radikálú na povrchu částic. Rúst vniti'-ní energie ovšem 
svědčí o tom, že hlavní část energie na mletí se spotí-ebuje na trhání chemických, polari­
zovaných vazeb Si-O. Názor o ri'.1stu vnith1í energie kfomene vznikem volných radikálú 
i mechanismu mletí je potvrzen i tím, že rúst energie se projevuje i pí-i mletí amorfní 
látky, jakou je kfomenné sklo, kde však jednotlivé tetraedry SiO. nejsou pravidelně 
uspoi'-ádány, avšak jsou vzájern.ně pospojovány. Zde se však objevuje pro všechny doby 
mletí v podstatě jen jediný vrchol pr-i teplotě 340 ± 15 °C. Počátek i konec děje je po­
dobný jako u kfomene. 

Dále je uvedena metodika pro stanovení rústu vnitfoí energie tuhých látek ph mletí. 

Obr. 1. Závislost plochy pikit čistého cristobalitu. na rychlosti stoupání teploty při DT A. 
Ob1·. 2. Závislost hodnoty redukčního koeficientu na rychlosti sto-npání teploty při D'l'A. 
Ob1·. 3. Závislost rychlo_sti stou,pán·í teploty na teplotě při DTA křemene. 
Obr. 4. Kalibrační graf. Závislost plochy piku ( t.P) [rel cm2] a množství odpovídajícího 

vybaveného tepla ( é>Q) [cal/g] při DT A na obsahu. cristobalitu.. 
Ob1·. 5. Křivka DT A křemene JJO úpravě v třecí misce. 
Obr. 6. Křivka DTA směsi křemene a cristobalitu. po úpravě v třecí misce. 
Obr. 7. DTA křemenného pískit mletého 30 minitt. é>t: a - prvý ohřev, b - druhý ohřev 

téhož vzorkit, t - růst teploty v závislosti na čase. 
Obr. 8. DTA křemenného písku mletého 60 minut. é>t: a- prvý ohřev, b - drithý ohřev, 

c - třetí ohřev téhož vzork·u, t - růst teploty s časem. 
Obr. 9. DTA křemenného písku mletého 120 minut. t.t: a - prvý ohřev, b - clru.hý ohřev 

téhož vzorku., t - 1·ůst teploty v závislosti na čase. 
Obr. 10. DTA křemenného písku mletého 240 minut. t.t: a - prvý ohřev, b - drithý ohřev 

téhož vzorku, t - růst teploty v závislosti na čase. ,
Obr. 11. Závislost přírůstku vnitřní energie křemene na době mletí. t.P ... plocha piku redu.­

kovaná na rychlost 19 °0 /min, t.Q ... příriistek vnitřní energie křemene. 
Obr. 12. Závislost přírůstkit volné energie křemene na době a podmínkách mletí. 1 ... bez 

přísad, 2 ... s přísadou 0,5 % etylalkoholit de,natitrovaného metylalkoholem a 0,5 %
konc . amoniaku. 

Obr. 13. DTA křemenného skla mletého 10 min,,ut ve vibračním mlýně. t - teplota, t.ť: a ... 
diference teploty při prv,�ím, b ... při druhém ohřevit téhož vzorku. 
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POCT BHyTpeHHeH :rnepnm 1rnap11a, HaXOAl1lilHHCIT B 3aBMCHMOCTI1 OT BpeMeHH 113M8Jih'IeHllfll 
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Puc. 12. 

Puc. 13 

3aaucu.,iocmb 1-tapacmam1,q, caoóoanoií. anepauu 1,:aaptfa oni ape.Aienu u yc.rtoauii 
w1.A-te.rtb'temui: 1 - 6ea w-imencugjzu,amopa no.,io.rta, 2 - c uwne1-1,cugjw,a11wpo.,i 
,w.,io.rta 0,5 % aI1w.rtoaoao cnupma, ae1-tamypupoaa1-tnoao .Atemu,11,oab1-.,i cnupmo.,t 
u 0,5 % 1w1-tt1-e1tmpupoaa1-tnoaq a1i 114p1.ctn 1 • ,. SPT A 1;aap1.1:eaoao c11iei.:.rta, ua,,i'e.áb,tae�í6ao Ht ,,iiu-tym a au6pmfu01-t1-to1'i .Ate.rtb1-tu11-e: 
t - me.,inepamypa, 11t: a - paa,11,u,i,u.e me.,inepamypbi npu nepao.,i 1-taapeae, b - pa-
.rtú'ťu1e 11ťe.1i1frfjfri11i/yp1,i,-llJÍÍt amopii.Ai-1-taapeae moí.f, J1ée ·lipoóbi. • - • - •• 
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