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Ab.stract: The neutron diffraction technique was used to determine the contri-
bution of the rhombohedral modification within the hexagonal structure in graphite.
It was found that the most convenient for estimating the amount of rhombohedral
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structure are reflexes (10’3) and (101). The differences in the rhombohedral modifi-
cation between the individual samples of graphites are due to their morphological
features. They can also be related to the mode of occurrence and different meta-
morphic environments of graphites.

INTRODUCTION

The occurrence of the rhombohedral form within the hexagonal struc-
ture in graphites has not yet been determined unequivocally. There is
still controversy with regard not only to the presence of this form or its
quantitative amounts in the structure of graphites but also to the mecha-
nism of production of the rhombohedral modification in natural and in-
dustrial graphites. Thus, for example, Lipson and Stokes (1942) — who
were the first to conclude that weak, additional reflections in powder
X-ray photographs of graphite, inconsistent with the hexagonal structure,
were due to the rhombohedral form — recorded a great concentration of
this phase in graphite sample from Ceylon. In the same material Laves
and Baskin (1956), Boehm and Hofmann (1955) and Freise and Kelly (1963)
did not detect the rhombohedral form. They made numerous experiments
as a result of which they established that the rhombohedral modification
can be produced by unidirectional pressure associated with some shear or
gliding. Their experiments on the thermal stability of the rhombohedral
modification revealed that this is unstable and reverts to the hexagonal
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structure. The authors of the presented ideas carried out their investiga-
tions by means of the Buerger precession X-ray camera for the single
crystal work and an X-ray diffractometer for the powder work.

In the case of industrial graphites (Oles et al. 1975) it was found tha}t
in weakly graphitized materials the amount of the rhombohedral modifi-
cation is fairly large (even 22 per cent). The unstable rhombohedral phase
disappears as the degree of graphitization increases. _

Lately very interesting papers (Diessel and Offler 1975, Hamilton et al.
1970, Landis 1971) have also appeared relating to the dependence between
the structure of graphites or graphitized phytoclasts and the degree of
metamorphism. In these publications the following methods are involved:
X-ray technique, electron diffraction, differential thermal analysis and
microscopic reflection measurements. The neutron diffraction method has
not been used.

In our report we attempted to explain the occurrence of the rhombo-
hedral structure in natural graphites by means of the neutron diffraction
patterns. An effort was made to find and establish the relationship between
the percentage of the rhombohedral phase and the morphological features
and mode of occurrence of graphites and their geological conditions.

In order to investigate this the following five samples of graphites were
chosen:

1) a massive specimen from the Pinerolo deposit (Italy),

2) dense chips from the Male Vrbno deposit (Czechoslovakia),

3) flakes (flinz type) from Passau (Germany),

4) flakes from the Ticonderoga — Lead Hill deposit (USA),

5) lumps from the Sri Lanka deposit.

The individual samples have a different shape, form, various grain
sizes, crystallinity and different lustre and other macroscopic features.
They represent different kinds and grades of metamorphism of the host
rocks. Their characteristics are given in Table 1.

METHOD

The neutron diffraction method does not require any special prepara-
tion or mechanical treatment of samples. It by no means destroys the
crystal structure, which sometimes occurs when an X-ray measurements
are applied. The samples can be some cm? in volume and they are more
representative for the whole material. Using the monochromatic neutron
beam reflexes are obtained whose shapes depend only on the structural
properties of the sample. Therefore from the profile of the experimental
line the contribution of the rhombohedral phase can be determined. This
is important because the reflexes of the two structures lie at the same
Bragg angle or overlap. .

The contribution of the rhombohedral structure is given by Kajzar (in
press):
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where:
R — percentage of total mass of sam i i
' ple which has crystalli-
55 2 zed in the rhombohedral phage, (Kajzar in press};, 1
Ir it I mna— total measured intensity of the rhombohedral and he-

% xagonal reflexes (hkl) respectively,

th
Irni Ian — total measured intensity of the rhombohedral and he-
xagonal reflexes (hkl) calculated from corresponding

theoretical formulas for intensity of diffracted neutron
or X-ray beam.

The relation: is well known:
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where:
ine — multiplicity of the (hkl) reflex,
Fri — structural factor,
W(®) — Debye-Waller factor,
L ey — Lorentz factor,
Apkyey — absorption coefficient.

Indices R and H here and elsewhere denote the value for the rhombohedral
or hexagonal reflexes.

: The greatest problem which arises in practical use of the formula [1]
is that of separating the experimental reflexes coming from the rhom-
bohedral and hexagonal structures. As already mentioned, the reflexes
for the two structures lie at the same Bragg angle or partly overlap. To
separate them we assume (Kajzar in press, Rietveld 1969) that the pure
reflex can be described by the Gauss function. Then the profile of the
experimental line is adjusted by the sum of the Gauss function, each
corresponding to an overlapping reflex. One minimalizes the function:

n Ns 2 2
x2 = ZWilDi — exp[— 4 1n2(—————20‘ Zek) ]l [3]
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where:
W, — weight of its experimental point,
Wi = l/Nl S Nb,
N, — normalized background intensity,
N; — measured intensity,
iD= s W
U, — amplitude of the reflex 1o
b, — halfwidth of the reflex k,
0 — Bragg angle for the reflex k,
n — number of experimental points,
ns — number of components (in our case ng; = 3).
e gl

The most convenient for determining the contribution of the rhombo-
hedral structure are reflexes (102;) R and (101)H which are partly sepa-
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rated, reflex (102;) R being relatively
intensive. In this case we have to de-
termine 9 unknown parameters be-

cause (102;) R is partly overlapped by
reflex (100)H (in formula [3] ns = 3)-

EXPERIMENTAL

The neutron diffraction measure-
ments were performed on the diffrac-
tometer of the Institute of Physics
and Nuclear Techniques of the Uni-
versity of Mining and Metallurgy in
Cracow and installed at the reactor
»Ewa’ in Swierk. The investigated
samples were placed in a vanadium
container in diameter 15mm and
50 mm high and mounted in the axis
of the neutron diffractometer. This
was done very carefully to avoid any
mechanical stress.

To obtain the reflexes (100)H

(10%) R, and (101)H the neutron dif-
fraction patterns for the angles 20 =
= 97— 43° were taken (neutron wa-
velength = 1,19 A). The neutron dif-
fraction patterns for the investigated
samples are shown in Figure 1. It can
be seen that there is the greatest con-
tribution of the rhombohedral struc-
ture in the case of Pinerolo graphite
and the smallest in that of Sri Lanka
graphite.

RESULTS AND DISCUSSION

Using the Kajzar (in press) pro-
gram, all the unknown parameters of
equation [3] assuring a minimum of
22 value were determined. The nume-

Fig. 1. The neutron diffraction patterns of
natural graphites derived from the fol-
lowing deposits:
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1 — Pinerolo (Italy), 2 — Male Vrbno (Czecho-
slovakia), 3 — Passau (West Germany), 4 — Ti-
conderoga (USA), 5 — Sri Lanka (Cejlon, Azja)

rical calculations were performed on the Odra 1304 computer. The total

intensities of (10%) R and (101)H'were calculated and then from formula
[1] the amount of the rhombohedral modification for each sample was
established. In Figures 2 and 3 the refinement of the method is exempla-
rily shown for Czechoslovakian graphite. The quantitative results of the
rhombohedral structure of the investigated graphites are given in Table 1.

As can be concluded from the experiments reported here, the quantita-
tive contribution of the rhombohedral modification depends on the cry-
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rhombohedral structure in some natural graphites are thus of particular
importance for crystallographical studies. It is suggested that the neutron
diffraction technique is a more suitable in this application than the X-ray
method. :
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Barbara KWIECINSKA, Franciszek KAJZAR

UDZIAL STRUKTURY ROMBOEDRYCZNEJ
W GRAFITACH NATURALNYCH
OKRESLONYCH METODA NEUTRONOGRAFICZNA

Streszczenie

W niniejszej pracy wykorzystano metode dyfrakcji neutronéow do zba-
dania ilosciowego udzialu fazy romboedrycznej wystepujgcej w obrebie
struktury heksagonalnej w grafitach. W tym celu wybrano do badan piec¢
probek grafitéw naturalnych pochodzacych z nastepujgcych ztoz: Pinerolé
Male Vrbno, Passawa, Ticonderoga, Sri Lanka. Poszczegélne probki réil
nily sie miedzy soba forma wyksztalcenia, wielko$cig krysztatow, poly-
skiem oraz reprezentowaly rézne facje metamorficzne. :

Pomiary neutronograficzne wykonano na dyfraktometrze t
Fizgki i Techniki Jadrowej AGH zainstalowanyrsri przy ré;kztﬁoer: St}ét\:a‘:l’
w Swierku. Stosujac monochromatyczny strumien neutronéw otrz;mano
refleksy ktorych ksztalty zalezaly jedynie od strukturalnych wlasnosci
probek. Najbardziej dogodne dla okreélenia struktury romboedryczne]

. 2 .
okazaly sie refleksy (10}) R i (101)H. W celu rozdzielenia tych refleksow
32

zalozono, ze ksztalt moze by¢ opisany funkcja Gaussa. Nastepnie metoda
najmniejszych kwadratéw do profilu linii dyfrakcyjnej dopasowywano su-
me funkeji Gaussa odpowiadajacych poszczegélnym refleksom. Obliczenia
numeryczne przeprowadzono na maszynie cyfrowej Odra 1304. Wyliczono

calkowite natezenia refleksow (10—:) i (101) oraz okreslono udziat mody-
fikacji romboedrycznej dla kazdej probki.

Uzyskane wyniki wskazujg na pewne zaleznoSci procentowej zawartosci
tazy romboedrycznej od stopnia wykrystalizowania probek. Im bardziej
doskonata forma krystalograficzna grafitu oraz silniejszy stopien meta-
morfizmu skal otaczajacych dane zloze, tym mniejsza jest zawartos¢ fazy
romboedrycznej.

OBJASNIENIA FIGUR

Fig. 1. Neutronogramy grafitow naturalnych pochodzacych z nastepujacych zt6z:
1 — Pinerolo (Wlochy), 2 — Male Vrbno (Czechostowacja), 3 — Passawa (Niemcy), 4 —

Ticonderoga (Stany Zjednoczone Ameryki Pétnocnej), 5 — Sri Lanka (Cejlon—Azja)
Fig. 2. Przyklad dopasowania metoda najmniejszych kwadratéw linii teoretycznej (¥)
do profilu dyfrakcyjnej linii doswiadczalnej (+)
2
Fig. 3. Przyktadowe rozdzielenie refleksow (100)H, (10 g) R i (101)H dla grafitu Male

Vrbno

Bap6apa KBELIHHBCKA, ®Pparyuuwex KAHU3AP

POJIb POMBO3JIPUYECKOM CTPYKTYPbI B CTPOEHHUH
NMPUPOJHBIX TPA®UTOB, OMNMPEOEJIEHHAS HEUTPOHOTPA®H-
YECKMUM METOJIOM

Pesiome

Mcnonb3oBancss MeToa AubpaKunu HeiITPOHOB /ISl KOJIHYECTBEHHOTO
onpejenenns oobema pomMG03pHUecKOi (hasbl B I‘eKC/al‘Ol-laJIbHoﬁ CTPYKTYype
rpaguros. HccaenoBanus MPOBOAHINCH Ha msTH o0pasuax rpaQuToB H2
vecroposkaenuit TTurepoio, Maue-Bp6no, [Taccasa, Tukonaepora u Cpu-Jlau-
ka. padurbl M3 3THX MECTOPOXIeHHI OTJIMYaIHCh JIpyr OT Jpyra uepTamit
CTpOEHHSI, BEJIHUMHON KPHCTAJLIOB, GJ1eCKOM H TpPEJACTABJISJIH pasHble CTAJHIt
meraMopduama.

HefirpoHorpadnueckue Onpeae/eHHst pPOU3BOJIMJIHCH  HA nu(EpaKTome'rpe
WneruryTa siAepHOH (UIHKH M TEXHHKH TopHo-MeraJiiypruieckon aKaieMuH
yeranonjenHom y peakropa ,,EBa” B Ceepxe. [IpuMeHeHHEM MOHOXPOMAT:l®
YeCKOTO MOTOKA HEHTPOHOB ObUIH TMOJYHCHE pedaiexchl, (OpMBL KOTOPBIX
COOTBETCTBOBAJIH €IHHCTBEHHO CTPYKTYPHDBIM coficTBam 06pasuos. HanGo-
Jiee TIPUCOJHBIE JUIST ONpEeLeJICHHS pOMGOIAPHUECKOI  CTPYKTYPbI oxasa/nucr)
pediekchl (lO%)R u (101)H. C uenbio pasjeseHus 5THX pe(JIeKCOB ObIIO

NpPUHATHO, 4TO (GOPMY MOKHO OMHCATb € nomorbio pyHKuHx [aycea. 3areM
METO/IOM HAaMMEHbUIHX KBaJApaToB COMOCTABJATHCH ¢ mpoduiem Anppak-
LHOHHOM JuHHK cyMMbl pynkunit [aycea, COOTBETCTBYIOUHX OT/€JIbHBIM PE-

3 — Mineralogia Polonica 33




(prexcaM. Bplunc/eH s IPOH3BEHJIHCD Ha 9BM Ogpa 1304. [Tosryuenbl mo-
Hble HHTEHCHBHOCTH Pe(JIeKCOB H OMPE/IE]EHO KOIHYECTBO POMOBO3APHUECKOH
voan(uKaluy BO Beex 00pasiiax.

TlosyyeHHble AaHHbIe BBISBJSAIOT ONPEeICHHYIO 3aBHCHMOCTD COZleprKaHHs!
pOMG03pHUECKOl (a3bl OT CTeNeHH Kpucrannudaunu. Yem Gosee coBeplIeH-
Ha kpucrajorpapuueckas opma rpagura U Gojiee CuIbHAsl CTENeHb MeTd-
MOp(hH3Ma BMeIIAIOUIHX MOPOJ, TeM MEHbIIE KOJHIECTBO POMOO3APHUECKON
(hasbl.

OBBACHEHHUS K ®PUTYPAM

®ur. 1. HeliTpoHorpammbl NPHPOAHBIX TPAGUTOB U3 Pa3HBIX MeCTOPOMKIeHHH:
| — IIuuepoao (Mraaus), 2 — Mase-Bp6Ho (UexocJoBaKHs), 3 — TIlaccaBa (epmanus), 4 —
Tukonaepoaa (CUIA), 5 — Cpu Jlanka (LleitsioH)

®ur. 2. TIpuMep CONMOCTABJEHNHS METOAOM HaWMEHbLUHX KBaJpaToB TEOPeTHYECKOH JIMHHH
(—) ¢ npoduaem andpakUHOHHON 5KCMepHMeHHTaIbHOH JuHIH ()

®ur. 3. Tlpumep pasaeennst peduexcos (/00)H (10%) R u (101)H rpadura U3 MeCTOPOXK-
aenust Mane-Bpono



