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Abstract: The structural changes in three different petroleum cokes were
examined taking place during heat treatment in the temperature range 1350—
__9800°C (graphitization). Moreover, the influence of mechanical grinding on the
shape of artificial graphite crystallites was investigated. Three stages of growth of
the dimensions of crystallites (La, Lc and Lys) were distinguished accompanied by
decrease of p parameter during the graphitization process of petroleum cokes. The
most important changes in the dimensions of graphite crystallites, taking place du-
ring grinding, occur in the initial 60 minutes of this process.

INTRODUCTION

The aim of these investigations was to determine the structural chan-
ges (i.e. the changes in crystallite size and rearrangement of mutual
ordering of adjacent layers in them) taking place during graphitization
of three petroleum cokes in the temperature range 1350—2800°C. Mo-
reover, it was intended to examine the destruction process of crystallites
during grinding of artificial graphite in a mortar grinder.

Franklin (1951a) proposed a subdivision of high-carbonificated sub-
stances, generally called cokes, into soft carbons (graphitizing) — e.g-
petroleum cokes — altering into graphite at temperatures above 2200°C,
and hard carbons (non graphitizing).

Turbostratic structure of soft carbons is characterized by larger in-
terplanar spacing (3.440 A) when compared with that of graphite
(3.354 A), small sizes of ordered regions (crystallites) and by the occur-
rence of disordered phase of carbon atoms. When the heating tempera-
ture of soft carbons rises, the size of crystallites also increases whereas
dg» spacing diminishes approaching the value characteristic of graphite.

* Address: Research and Development Centre of the Electro-carbon Factory,

Nowy Sacz, Post-office Box 39. 3 :
The examination was carried out in the Institute of Mineralogy and Mineral

Deposits, Academy of Mining and Metallurgy in Cracow.

69



In crystallites consisting of parallel hexagonal carbon layers some part
of them shows interplanar spacing 3.440 A (the layers display mutual
random displacement and rotation). The remaining part of layers exhi-
bits interplanar spacing 3.354 A and these layers are arranged exactly
as in graphite. When defining p as the probability of regular orienta-
tion of adjacent layers, following relation between p and the measured
dye2 values was proposed by Bacon (1951):

dooy = 3.440 — 0.086 (1—p) — 0.086 p (1—p)

where p is called the Franklin’s parameter.
The size of crystallites was calculated by means of Scherrer’s for-
mula:
k:R:-%

L (hki) AB - cos (:‘)0 (hKD)
where: L) — size of crystallite as measured perpendicularly to
the hkl plane, A
L — X-ray radiation wave length,
R — distance between sample and counter in the gonio-
meter,
®o mrky — diffraction angle measured for the centre of a band,
AB = B— B, — difference of half breadths of bands of the standard
(B,) and examined substance (B).
The value of k coefficient for the diameter of crystallites (L,) depends
on the degree of graphitization of the sample and is determined by the
formula proposed by Hirai (1969):

k=09 + (1.84—0.9) p

In the case of the height of crystallites (L.) the value of k does not
depend on the degree of graphitization of a sample and amounts to 0.94.
As follows from investigations of Franklin (1951b), Akamatsu et al.
(1956), Kuroda (1959), Inagaki and Noda (1962), Fialkow (1965) and others,
the petroleum cokes graphitize easily and their behaviour during this
process depends on the properties of source material from which they
were produced and on the method of their preparation.

Bacon (1957) observed a decrease of crystallite size and Walker and
Seeley (1957) a lowering of intensity of diffraction lines during grinding
of graphite. In Bailey’s opinion (fide Walker and Seeley 1957) during the
early stage of grinding of natural Ceylon graphite we observe considera-
bl(? dgcrease of L, and less pronounced changes of L.. During longer
grinding L, varies but slightly, whereas the L. value decreases uniformly

EXPERIMENTAL CONDITIONS

Grap}liti;ation of petroleum cokes was carried out at 1350, 1500, 1650
and 1800°C in the Taman furnace, 12 kVA in power. Nitrogen was passed
through the heater tube of the furnace containing crucibles. Graphitiza-
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tion of cokes at temperatures 1950, 2200 and 2400°C was carried out in
the induction furnace. Crucibles containing coke samples were placed
in a large graphite heating crucible filled with powdered graphite. Since
there was no possibility of applying protective atmosphere, the crucibles
were covered with graphite plates which eliminated the contact of air
with coke samples. During all these experiments the time of keeping
the cokes at highest temperatures was approximately 20 minutes. The
temperature was measured by means of optic pyrometer. At the tempe-
rature of 2800°C the cokes were graphitized in the industrial Acheson
furnace.

Graphite was grinded in an agate mortar grinder Pulverisette 2. Arti-
ficial graphite was preliminarily disintegrated up to the grain size
9—3 mm. Sample were taken from the grinder after 15, 30, 90, 180, 300,
420, 540, 680, and 1000 minutes from the beginning of this process.

Table 1

Measured X-ray reflections of graphites, cokes and tungsten

Measured reflections
Sample Graphite Tungsten
(hkl) (hkl)
2 112
Graphites, petroleum cokes 1o 211
(e} 0, (o]
at 2200°C, 2400°C, 2800°C o 500
112
o 110 211
Petroleum cokes at 1950°C 104 200
100 110
Petroleum cokes and other 004 200
below 1950°C 100 110

Diffractometric measurements were carried out using TUR M-61
X-ray diffractometer (GDR) and CuK  radiation. Basing on dlfracto.me—
tric data half-peak breadths, total and relative intensities of reflect1pns
and interplanar spacings doss = 1/2 dgp» Were measurgd anq are c'ietal.led
in Table 1. Tungsten standard, approximately 1 micron in grain size,
was used.

RESULTS

STRUCTURAL CHANGES OF PETROLEUM COKES
DURING GRAPHITIZATION PROCESS

i i the values of
The results of measurements of crystglhte size and of val
dgs for several soft coals heated to 1200°C as well as for artificial and
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slope of the corresponding curves is not constant, In

1 ] the range of t,
between 60 anc_l 230 minutes, the difference of slope is approfimately}
constant but leth more prolonged grinding L. nearly does not change
whereas Lj;, displays further (linear) variation. It is thus concluded that

The appearence of the 112 reflection on diffractometer patterns indi-
cates that the layers in crystallites display alreqdy mutual ordering 1.e.
the individual layers are stacked as in the graphlte structure. As follows
from these results (Tab. 4), the process of spatial ordering starts already

Table 3

Interdependence of crystallite size Ly and heating temperature
of petroleum cokes

l Temperature, Coke A Coke B Coke C
°C e L GR

‘ A
1950 0 0 45.6
2200 28.5 36.8 I 756.2
2400 105 74.6 107.1
2800 338.0 297.0 378.2

between 1700 and 1950°C for coke C whereas for cokes A and B it
occurs at more elevated temperatures (1950—2200°C).

Measurements have shown that the crystallites of coke C display the
largest diameter when compared with those of other cokes.

INFLUENCE OF GRINDING TIME ON THE SHAPE OF GRAPHITE
CRYSTALLITES

The results of measurements of structural parameters of artificial
graphite ground in an agate mortar grinder are presented in Fig. 2 a—c.

Basing on Fig. 2a, illustrating the influence of grinding time (tg) on
L. and L;;,, we may conclude that there exist some stages in the change
of crystallite shape. The corresponding variation curve can be subdivided
into three parts. Considerable decrease of crystallite height (by approxi-
mately 300 A) is observed during the initial 60 minutes. Further decrease
of L. (by 320 A) takes place during the next 200 minutes whereas only
slight changes of this parameter were observed if grinding was still
continued.

Similarly the essential changes of Ly, take place during the initial
60 minutes whereas beginning from 180 min. the decrease of this parame-
ter is slow and linear.

The diameter of crystallites cannot be measured using the applied
method because of its very high value (L,>> 3000 A). Only after t; =
= 1000 min. L, decreases down to a measurable value (1018 A). Never-
theless, judging from the variation curves of Liz and L., we may conclude
on the character of changes of L, The changes of Ly are the resultant
of those of the height and diameter of crystallites. The largest changes
of L. and Ly take place during the initial 60 minutes, whereby the
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the changes of L, are linear in character for th i indi i
except of the initial 60 minutes. e i

This conclusion is confirmed by the results presented in Fig. 2 b and
2 c. The variations of total intensity of 110 reflection as well as of rela-
tive one are linear except of initial 60 minutes. The character of changes
of both total and relative intensities of 112, 110 and 004 reflections
confirms the above conclusions deduced from the analysis of changes
of LC and L“z. 7

The changes of total intensity ratio of 112 and 110 reflections are
pre:sented in Fig. 2b. This ratio is very sensible to structural changes
takl.ng. place during grinding (Fiatkow 1965). The curve illustrating the
variation of the ratio Iy : I;; with grinding time (t,) displays a charac-
teristic change of slope, confirming the conclusion concerning the change
of shape of graphite crystallites during grinding. These changes, however,
are not a simple functions of grinding time.

The variation of dy, with grinding time were shown to be irregular
and negligible. Maximal mean deviation of results (mean value of dg =
= 3.372 A) amounts to - 4% when accepting as 100% the difference
between dyp. of turbostratic structure and the value of this parameter of
natural Ceylon graphite.

CONCLUSIONS

In the graphitization process of petroleum cokes three stages can be
distinguished differing in the rate of variation of crystallite size and of
p parameter.

Stage I (temperature range 1350—1700°C) is characterized by very
slow increase of crystallite size displaying turbostratic structures. During
the stage II (temperature range 1700—2400°C) there begins the process of
spatial ordering, starting at lowest temperature in coke C. Consequently,
during this stage we observe considerable decrease of the fraction p of
disordered layers (particularly in cokes B and C at temperatures
2250—2350°C). In the temperature range 2400—2800°C (stage III) further
decrease of p parameter (being the largest in coke A) is accompanied by
considerable increase of crystallite height (the largest in coke A) and of
their diameter (the largest in coke C).

Heating of cokes at temperatures up to 2800°C resulted in a distinct
change of crystallite shape. There developed a flaky structure of crystal-
lites, being most pronounced in those of coke C where the increase of
diameter was considerably greater than that of the height.

Distinct change in the shape of L, curve at temperature approx.
1700°C indicates that the increase of diameter of crystallites at tempera-
tures below 1700°C is caused by other processes than at higher tempe-
ratures. In the temperature range below 1700°C (very slow increase
of L,) there dominates a process of entering carbon atoms from disorde-
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Fig. 2. Interdependence of crystallite parameters and time of grinding
A — interdependence of crystallite sizes and time of grinding, B — variation of total inten-

sity of 604, 110 and 112 reflections and of the ratio of total intensities of 112 and 110 reflections

plotted againts time of grinding, C — interdependence of relative intensities of 004, 110 and 112

lines and the time of grinding; 1 — 004 reflection, 2 — 112 reflection, 3 — 110 reflection.
Measurements points for individual reflections are marked by different symbols

red phase into layered structure. It is supposed that at temperature about
1700°C the phase consisting of disordered carbon atoms disappears and
further increase of crystallite size (still more rapid) is caused by orien-
tation and joining of adjacent crystallites into the larger ones.

Much slowlier increase of crystallite height in the temperature range
1700—2400°C is characteristic of coke C. On the other hand the diameter
of its crystallites increased as in those of other cokes. As follows from
these data, independently from natural anisotropy of La and L. growths,
strong cross bonds between neighbouring crystallites could form impeding
their reorientation into parallel stackings. Only further temperature rise
causes splitting of these bonds, thus enabling more rapid increase of L.
Since coke C contains much more sulphur when compared with A and B,
it is suggested that some part of strongly bound atoms of this element
forms these cross bonds.

Considering temperature 2800°C to be the final one of graphitization
process we may accept that graphitized cokes B and C display similar
structures. On the other hand coke A, consisting of crystallites with
largest L., displays the lowest percentage of disordered layers in the
structure and thus is more susceptible to graphitization.
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_ Considerable and non-linear changes in the shape and size of crystal-

lites take place during grinding. The most pronounced changes occur
during the initial 60 minutes of this process when splitting of crystallites
into smaller ones takes place. After 1000 min. of grinding the value of
L. diminishes only approx. two times whereas that of L, decreases
several times (from more than 4000 A to 1000 A).

The destruction of crystallites caused by the action of external forces
consists of: a) parting along two adjacent carbon layers (001 planes) held
together by weak van der Waals forces, and b) breaking of whole
crystallites along hk0 or hkl planes showing the lowest total bond energy.
The structure defects diminish the total energy of interlayer as well as
of intralayer bonds facilitating the destruction of crystallites.

When the crystallite size (and thus the number of defects per one
crystallite) diminishes, the disrupting tangential force (displaying con-
stant value per unit area) causes still smaller changes in L. value. Below
a definite L. value (approximately 500 A) a process of tearing off of
single, weakly bound layers from crystallites surfaces begins to domi-
nate.

The diminishing of diameters of crystallites causes some decrease of
the momentum of breaking force which is constant during grinding
process. There exists some critical diameter, below which the breaking
momentum is not sufficient to break a crystallite into two parts. In the
latter case we observe the phenomenon of breaking off of small
fragments of margins of crystallites.

It should be also taken into account that crystallites are packed in
grains of larger sizes and microporosity of the latters influences the
process of their disintegration.

Basing on the experiments of Walker et al. (1954) and of Walker and
Seeley (1957) confirmed by investigations of the present author, it is
concluded that the grains of ground graphite, even after 1000 minutes of
grinding, were more than 3_"5 microns in size. According to the above
authors, there are no variations in dgos in graphite grains from 75 to )
microns in size, whereas an increase of this parameter is observed in
those below 3 microns in size.

Acknowledgements: The author would like to express his gratitude to assistant
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during the experiments and to assistant professor W. Zabinski for editorial remarks.
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Krzysztof P. PAWEOWSKI

WPLYW GRAFITYZACJI KOKSOW NAFTOWYCH ORAZ EFEKTU
MIELENIA NA KSZTALT KRYSTALITOW GRAFITU

Streszczenie

Badania autora mialy na celu okre$lenie zmian struktury trzech roz-
nych koksoéw naftowych, ktore zachodza w czasie ich ogrzewania w tem-
peraturach 1350—2800°C, oraz poznanie wptywu mielenia mechanicznego
na strukture grafitu sztucznego.

Grafityzacje koksow naftowych wykonano w piecu Tamana (tempe-
ratury 1350, 1500, 1650, 1800°C), w piecu indukeyjnym (1950, 2200,
2400°C) oraz w piecu Achesona (2800°C). Mijelenie grafitu wykonano
w agatowym mlynku mozdzierzowym, a pomiary dyfraktometryczne na
dyfraktometrze TuR M-61.

Wykonano pomiary wysokosci (L.), $rednicy (L4) krystalitow, wymia-
ru Ly, krystalitow oraz parametru p dla grafitowanych koksow A, B, C.
Na podstawie przedstawionych wynikéw (fig. 1, tab. 3 i 4) w procesie
grafityzacji koksow naftowych wyodrebniono trzy etapy rézniace sig
szybkoscig zmian wymiarow krystalitow i parametru p. Etap I (zakres
temperatur 1350—1700°C) charakteryzuje si¢ bardzo wolnym wzrostem
wielkosci krystalitow o turbostratycznej budowie. W etapie II (zakres
temperatur 1700—2400°C) rozpoczety zostaje proces uporzadkowania
przestrzennego, nastepuje wiec duzy spadek utamka warstw niezoriento-
wanych (parametru p). W etapie III (zakres temperatur 2400—2800°C)
wraz z dalszym spadkiem wartoSci p obserwuje sie znaczny wzrost wy-
miarow krystalitow.

Uwazajac temperature 2800°C za koncowag prowadzonego procesu
grafityzacji mozna przyja¢, ze zgrafitowane koksy B i C majg zblizong
do siebie strukture, natomiast koks A charakteryzuje sie lepszg zdol-
no$cig do grafityzacji.

Wyrazna zmiana ksztaltu krzywej L, w temperaturze ok, 1700°C
wskazuje, ze wzrost érednicy krystalitow przy temperaturze do 1700°C
spowodowany jest glownie przez proces przylgczania pojedynczych ato-
méw z fazy nieuporzadkowanej, natomiast w temperaturach wyzszych

wzrost L, spowodowany jest faczeniem sie sasiednich krystalitow w jeden
o znacznie wiekszej érednicy.
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Wolniejszy wzrost L. dla krystalitow koksu C przy zakresie tempe-
ratur '1700—2400°C wydaje sie byé¢ spowodowan§ ibs,tnieniem siln)rl)ceh
wigzan poprzecznych uniemozliwiajacych ustawianie sie krystalitow
w rownolegle stosy.

Z_ pomiar()w L. i Ly, oraz intensywnosci refleksow badanych (fig. 2)
wyciggnigto wniosek o duzych zmianach ksztaltu krystalitow zachodzacych
w czasie mielenia grafitu. Najwieksze zmiany w wymiarach krystalitow
nastepuja w poczqtkowych 60 minutach mielenia, kiedy to zachodzi pro-
ces rozszczepiania krystalitow na kilka o mniejszych wymiarach. Przy
dalszym mieleniu zmiany wymiaréw sa coraz wolniejsze. Zaobserwowano
ponad 2-krotny spadek wartosci L. i kilkakrotny spadek wartosci L, po
mieleniu grafitu przez 1000 min.

Rozrywanie i tamanie krystalitow spowodowane jest dzialaniem sity
zewnetrznej. Rozrywanie i lamanie nastapi wzdituz plaszczyzn i linii
0 najmniejszej sumarycznej energii wigzan.

Mniejsze zmiany L, przy czasach mielenia wiekszych od 60 min.
mozna wytlumaczy¢ dzialaniem na krystalit o coraz mniejszej $rednicy
7mniejszajacego sie momentu lamigcego sily. Przy zmniejszaniu sie wy-
miaréw krystalitow dzialajaca styczna sila rozrywajaca owoduje coraz
mniejsze zmiany L.. Przy wartosci L. réwnej ok. 500 A dominuje juz
proces odrywania pojedynczych, stabo zwigzanych warstw na powierzchni
krystalitow.

7 poréwnania wynikéw pomiaru dgo» z danymi literaturowymi wyni-
ka, ze ziarna grafitu po mieleniu przez 1000 min. majg $rednice wieksza
od 3—5 .

OBJASNIENIA FIGUR

Fig. 1. Zmiany wymiaréow krystalitow i parametru p podczas procesu ogrzewania
koks6w naftowych A, B, C
A — zmiany wysokoSci krystalitow L., B — zmiany §rednicy krystalitow Lg, C —
zmiany parametru p Franklinj 1 — koks A, 2 — koks B, 3 — koks C

Fig. 2. Zalezno$¢ parametréw krystalitow od czasu mielenia
A — zalezno§¢ wymiarow krystalitbow od czasu mielenia, B — zalezno§¢ catkowite]
intensywnos$ci refleksow 004, 110, 112 oraz stosunki intensywno$ci catkowitych linii 112
do linii 110 od czasu mielenia, C — zalezno$é wzglednej intensywnosci linii 004, 110, 112
od czasu mielenia; 1 — refleks 004, 2 — refleks 112, 3 — refleks 110. Punkty pomiarowe

dla poszczegbdlnych refleksOw oznaczone sg roéoznymi znakami

Kuwuwrog IT. TABJIOBCKH

BJAUSIHUE T’PA®UTH3ALMU HEPTAHDIX KOKCOB
W U3MEJIBYEHHUS HA ®OPMY KPUCTAJIJIMTOB FTPA®HUTA

PesoMme

Lleablo MCCaeloBatil aBTopa GBIIO ONpeeeHiHe H3MEHeHHIT CTPYKTYPbI
Tpex BHI0B HeTSIHBIX KOKCOB BO BPEMI [pOKaJMBAHHS NpH TeMneparypax
1350—2800°C 1 H3yueHHe BO3JEHCTBHS MeXaHHUeCKOro H3MeJsb4yeHHs Ha
CTPYKTYPY CHHTETHUECKOrO rpacgura.
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[padpuTH3anus HEPTSHLIX KOKCOB NPOM3BOANAACH B TEUH Tamana (teMm-
neparypnl 1350, 1500, 1650, 1800°C), B HHAYKIHOHHOH TE€UH (1950, 2200,
2400°C) u B neun AuecoHa (2800°C). HMsamesnbuenue rpacduTa NpoM3BOAH-
70Ch B araTOBOH CTynKe, a AH(paKTOMeTpuueckHe aHalH3bl OCYLIeCTBJIf-
auch na andpaxkromerpe TYP M-61.

[TpOH3BOAMINCH 3aMepPhl BbICOTHI (L), aunamerpa (Lo) w pasmepa Ly
KPHCTAJJIHTOB, B TaKke rapamerpa p rpadUTH3HPOBAHHBIX KOKCOB A, B, @
Ha oCHOBAHMH MOJYUEHHBIX AaHHbIX (QHT. 1, Taba. 3 u 4) B mpouecce rpa-
duTH3aunH HeDTSHBIX KOKCOB OTMeUEeHbl TPH ITana, XapaKTe3HIolHecs pas-
JMUHON CKOPOCTbIO H3MeHeHHH pasMepoB KpHCTAJJIMTOB M napaMeTpa p.
Sran | (TemnepaTypHbli HHTEpPBAJ 1350—1700°C) xapakrTepuadyercsi OYeHb
Me/IJIeHHBIM POCTOM BEJHUHHbI KPHCTALIHTOB TYPOOCTPATHIECKOTO CTPOEHHS.
Bo II srane (TemmnepaTypHbli HHTEPBAJ 1700—2400°C) HauMHaeTCsl npoiecc
NPOCTPAHCTBEHHO YNIOPSAOUEHHOCTH § 3HAUNTEJILHO yMEHbIIACTCAH KoJTHYe-
CTBO HEOPHEHTHPOBAHHBIX CJ0eB (Tapamerp p). dran III (TemMnepaTypHbIH
untepan 2400—2800°C) xapaxTepu3yercs NaJbHEHIIMM CHUXKEHHEM BeJIH-
YHHBl P U 3HAYMTEJBHBIM DOCTOM Pa3MepOB KPHCTAJIHTOB.

IIpurumas Temnepatypy 2800°C B KauecTse KOHEUHOM TeMIlepaTyphl Mpo-
mecca rpadUTH3ALHN MOXKHO 3aKJ/IOUHMTh, 4TO rpauTH3NPOBaHHbIE KOKCbI B
i C 06/a4a10T CXOAHBIMH CTPYKTypaMH, a KOKC A XapaKTepH3yercs Jyduien
CHOCOOHOCThIO Tpa(HUTH3ALHUH.

OtueTsiMBOe H3MeHeHue (GopMbl KpUBOH L, B TeMIeparype OKOJO 1700°
NOKa3bIBAeT, UTO YBEJHUEHHE AHaMeTpa KPUCTAJIHTOB MpH 3TON TeMmmepary-
pe BBI3BAHO, INIaBHBIM 00PA30M, MPOLECCOM MPUCOEINHEHHsS OTACIBHBIX aTO-
MOB 13 HeynopsijloueHHoil $haspl, a npu Oosee BBICOKOH TeMmmepaType yBeJH-
yenpe L, 00yCJOBJIEHO COeJAHHEHHEM CMeXHbIX KPHCTaJJIMTOB B OAMH KpH-
CTaJlJIUT OOJBLIOrO AHaMeTpa.

BoJiee MeaJIeHHbIH pocT L. KPHCTANIUTOB KoKca C B TeMNepaTypHOM HH-
tepBaJjie 1700—2400° Bpi3BaH, KaK Kaxercd, 06oJiee CHJIbHBIMH MONEPeYHbIMU
CBA3SMH, NPENsTCTBYIONHMH 00pa30BaHHIO MapaJ/JebHbIX Mayek.

3amepsl L ¥ Ly, @ TaKKe HHTEHCUBHOCTH pedJieKcoB (cur. 2) npuUBOAAT
K BBIBOLY O 3HAUMTEJbHLIX H3MeHeHHsX (OopMBl KPHUCTAJJIMTOB B mporecce
usMesbueHus rpadura. Hawnbosbluee u3MeHeHHe pasMepoB KpPHCTAJIMTOB
OTMeuaeTcs B TeueHHe HauaJbHBIX 60 MUHYT H3MesbueHusl. B 310 BpeMs mpo-
MCXOAUT paciienienie KPUCTAJIUTOB Ha Gonee Menkue uactu. ITpu nanbuei-
lleM M3MeJbueHHH H3MeHeHHe pa3MepoB NMPOUCXOAHMT Bce Meinentee. OTwme-
yeHo Gosee yeM JABYXKpaTHOe CHUXKEHHe L. M MHOrOKpaTHOe CHHXKeHHe Lg
nocae 1000 MUHYT H3MeJabUeHHsT rpaduTa.

Pa3pbiBbl H NepeJoMbl KPUCTAJIHTOB MOJ BO3JAEHCTBHEM BHEWIHEH CHJIbI
NPOHCXOAUT BIOJAb TJOCKOCTEll M JIHHHH HaHMeHbLIeH CyMMapHOH 3Hepruu
CBsI3eH.

Menbliee uamenenne L, nocae 60 MUHYT H3MeJbUeHHs MOXKHO 00BACHUTD
yMeHbIlIeHHeM JOMAaIOLlero MOMEHTa CHJIbl, [eACTBYIOLIEH Ha KPUCTaJHThl
BCe MeHblIero auamerpa. [Ipy yMeHbIIEHHH Pa3MepoB KPHCTAJIHTOB Kaca-
TeNbHasi pa3pbiBHAas CHJA BbI3bIBaeT BCe MeHblune usmeHenusi L. Ilpn Le
paBHO# okosmo 500 A npeoGianaer yxe Npolecc OTPbIBA OTAE/bHbIX, caa60
CBSI3aHHBIX CJIOEB HA MOBEPXHOCTH KPHCTAJJIUTOB.

ConocraBieHue JaHHbIX 3aMepa dgp, C JaHHBIMH, H3BECTHBIMHU M3 JHUTepa-
TYpHI, CJIelyeT, uTo 3epHa rpadura nocie usMmesnpuenusi B redenue 1000 mu-
HYT HMEIOT AuaMmerp OoJblie 3—5 MHKPOHOB.
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OBbbJICHEHHUS K ®PUTYPAM

Usmeneniie pasMepoB KpHCTAJVINTOB H NapaMeTpa p B mpolecce NpOKaJNBaHHS HE-
¢braubix Kokeos A, B, C

A — H3MeHeHHe BbICOTbl KPHCTAJJHTOB L., B — H3MeHeHHe AHaMeTpa KPHCTaMJHTOB Lg, C —
H3MeHeHHe napamerpa p; I — kokc A, 2 — Kokc B, 3 — koke C

3aBHCHMOCTD napamMeTrpoB KpHCTAMJIHTOB OT BpeMeHH H3MeJbYeHHSA

A — 3aBHCHMOCTb Pa3MEpOB KPHCTAJJHTOB OT BPEMCHH H3MeJbueHHs, B — 3aBHCHMOCTb MOJHOA
HHTEHCHBHOCTH pediekcos 004, 110, 112 ¥ OTHOLICHHS TMOJHBIX HHTEHCHBHOCTE! JHHHH [/2 K JHHHA
110 ot BpeMeHH H3MeabueHHss, C — 3aBHCHMOCTb OTHOCHTEJIbHOH HMHTCHCHBHOCTH JHHHH 004, 110,
112 ot BpemenH H3aMeabucHHs; | — pedJekc 004, 2 — pedaekc 112, 3 — pediekc 110. Touku
H3MepeHHil B OTAeJbHBLIX pediekcax 0603HaYeHbl PA3HBIMH 3HAKAMH




