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                                    Abstract

     The anther coulcl demonstrate the vat'ious chtmges oE mineTal in lhe thermal alteralion

procesg. rvvh{eh were often l)eyond the seope ef other investigation mel}iads by $tudying the
clieleetrie behavio"Ts ef mkieral. The dehydration temperature of hydrotis mineral NsTas deter-

mlnecl by tlie abnormaal change oÅí dielectric constaRt derived from t})e polarization of isolatedi

water "'hich escapes from the rnineraJ as dehydration temperat"re. The author investitrcr.ated
these phenomena on hydroug. iron minerals an(l aseertained that tke clehyclyation temperatures
of these mlnerals are influenced remarXably by thelr crystal s{ates.

     [i"he dissociation temperature of mineral could also be nieasured by means of dieleclrie
behaviour using several kinds oÅí carbont}te minerals. Furthermore, minute chages in erysta}
stllucture could be detected l)y studying the dielectric behaviour$ especially dieleetric loss. The

acttia} states of some nietamiet minerals in Åíhe course of crystallizatlon xyere clemonstra{ed by

this method anc! they were clasgifiecl into four groups, namely samarskite-, euxenite-, feurgusoni{e-

and allanite-groups.

     Thus the author proposes thcnt the Snvestigation of dieleetrie })ehaviotir is one of t}ie niost

usefu} metkod for studying tke the}'mal alteTation p}'ocess of rnlneral.

                                 Intreduction

     The dielectric constant of minera} changes its vaiue according to the variation

oÅí chemical composition or crystal structure.i) So if these cemponents of mineral

ehange by heating, the dielectric constant must undergo various ehanges accom-
panied by the maximum peak of dielectric less.L) If the weight of mineral
elianges by heating, the increasing or decreasing degree can be guantitatively
determined by thermobalance. The transition phenomena whicl] accompany no
ehange of weight but transform the cry$tal structure can be ascertained by means
of differential thermal analysis (D. T. A) or dielectric constant rnetlaod clescribed

here. If the difference in ]attiee energies before alld after tl]e trd"nsition is
relatively srr}al], the transition of crystal structure ean not be determined by the

above methods, but the remarkable ehange of die}eetric loss may point out its
strtictaral trai)sition. Some investigasions were attemptecl to exp]ain the alteration
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process of mineral by the variation diagram$ which show the relation between
dielectric behaviour and temperature.
behaviour were confirmed with other
thermobalance ancl X--ray Etudy.

The results obtaine6 from the clie]ectric
investigation methods $uch as D. T. A.,

                      A. De}}>rdration phenome}}a

    The deraydration p}ienomena of hydrous mineral have been stud2ecl witli
numerous investigation methocls. The autltor has revealecl these phenomena
from the dielectric be'l}avioar.

                   Dehydrrt,tion of hy(lrou•s iron m•inera,Z")

    Descriptiens of the naturally oecurring hydrous iron minerals haxre resu]tecl
in a sizeable list of mineral names. The typical memhers of this grou? ine]ude
limonite, goethite, lepidocroeite, hydregoethite, xanthosiderite and ttn'gite.

    E. Posujk and K. E. Merwin4) have demonstratecl that no series of }}ydroms
oxide exists, and their results haxre been preved by other hivestigators. Above
all, it was concluded that the natural hydreus ferric oxide exists oRly as meno-
hydrated mineral that is called goethite and its polymorphic lepicloerocite. Othe}'

members such as iimonite, }}ydrogoethite and xanthosideur2te wl]ich centain xvater
in }}igher molecular ratio than I/I,,0: Fe,,0,==1, contain their exeess x•vater as
hygroscopic water. ]sVIembers such as turgite which contains its water in lower
thcan H,0 : l?e."0, == l, are eonsideree to be mixed erystals of nonhydrated hematite

and monohydrated goethite or lepidocrocite, er solid so]ution of hematite a}}cl
water. Therefore on}y goetl]ite (ILIFeO,> and ]epidocrocite It'eO(OH) have been
accepteci as minerals of t]]e hyclrous iren oxides. In the pl)ysical properties,
especially in optical cltaracter, there are remarkab}e clifferences })etween goethite

and lepidoerocite. But these mhierals are crystallized in so fine grains from
the eelloidal hydrogel5)6) tkat tl}e cletermination ef these minera]s by the micro-
scopic observatien is very difHcult. J. L. Ku}pT)S) distinguisl]e{il the$e minerals
by the difference of their dehydratien temperatare by mealls of D. T. A.

                                  Saneple •

     Seven specimens were used in this expeTiment. The nominated name,
chemica} compesition ancl specific gravity are indicate{} in the following table.
One portion of eaeh specimen ground in agate mortar was analyseci chernically
an(l residual portion was investigate(l l)y varioms thermal investiocratioR methocls.

T.he resutts of chemical analyses") shQw that lepidoeroeige (Ne. 1) contains
censiclerable amount of iMnO,,, SiO,, and that the impurities in goethite and limonite

 are re!atively negligible. The moleculav vatie of I'I,,0 : Ye,,0, in tl}ese minerals
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falls within tiie range of 0.989-l.101 and correspends
to monehydrate. Bog iroll$ <No. 6), (!ISie. 7) inc}ude

such a large amotmt of A],,03, SiO,, negative water
ancl kumus substance that the ratio of H20: Fe203
can not. directly be calculated frorr} the above results.

    The mean specific gvavity of ]imonise is 3.936,
that of goethite (No. 3) which is a relatively pure
syecimen is 4.077. Lepidocrecite not only contains
various impurities but goethite cemponents, so this
value does not represent its characteristic specific
gyavity but shows the smallest value in these tliree
minercals.

             -X• -"aY investlgationiV)ib

    Tlte powder photographs (camera radius 57.3 mm.,
Cr Ka' xacliations) of above specimens were compared
witl) one another. The spacings and intensities are
listecl in tab}e 2. f.epidocrocite <No. 1) shgws sever.al

chaxact.eristic very strong patterns (6.2tlA, 3.279A,
l•935.A) besicl.es some moderately streng patterns
(4,.17A, 2. 695A) as cornpaved with those of geetl}ite.

Fur#hermore it has a few weak patterns correspending
to bcroethite. 'This minearal not only agrees well witla
typical lepidocrocite but alse contains some geethites.
    Oeethites (No. .9,) (No. 3) have many characteristic

patterns oÅí typical goethite and espeeiaHy the crystal

state of specimen (No. 3) is more perfect than that
of the former. Limonites <No. 4,) (No. 5) also indicate
the diffractien rings belonging to geethite in relatively

cliffusecl state. Bog irons (xNo. 6) (No. 7) diminish
stil! more in the intensity and numbeur of pattem
which corresponcls te goethite, and have several other
guarÅíz's patterns.

   V/ariation of dteLectrtc constatzt zvith tenbperature

    [I]he variation of tlie eleetrie capaeity of powGer

sample eguipped !n the electric furnace was measured
eentinuously under the ultra shert wave length. The
obtained resuils are indicated in the fo}lowing figure.

    ILepidecrocite (Ne. I) shows tl}e dehydration ef
hybcrre3copic water at about 110"C. ancl that of goet})ite

at 350Åé. .besides the characteristic dehydratien at
310Åé. On the spesimens ef geethite (No. 2), (No. 3),
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Table 2 )<l-i:ay pt)wder pattern of liydrated iroll nilnera}.
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they show a remarkable clehydration pealsc of goethite at 3zi+5"C. Limonites
 (No. 4,), (NTo. 5) sl}ow a peak at 300ÅëC. excepting that ihe specimen No. 4,
 indicates an 's'ndistinct dehydration at 34-0"C. Bog iroll$ <NTe. 6>, (No. 7) slaow

 only the clehydration peak at 300"C. The remarkable change of die}ectric
 censtant between 100--200Åé. may iBdicate the dehydratien of hygroscopic water,

•

 and the ehange of clielect}'le consttant at 560Åé. in specimen (No. 6) may indicate
 the transition of guartz which is contalned over 30e/o.

               Resu!ts of D. fl.". A. andi thernzobcilance nbethocli2) .

     By the loss in weight and D. [r. A., the clehydration phenomena of hydrou.q,
 iron exides were exami}}ed and compared wish tlie above results obtained by
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  ,

Not 2 Goethkte i6o

No• 3 Goethite 214

No. 2)}. LimonSte 220

o

Ne• 7 Bos iyon

               Fisr. L Pc}wder pho:ographs of hydratec! iron minerals

dielect]ric constant inethod.

    The measuring apparatus for loss in weight is Oshima-Fukuda's
About 0.3 gr. of each sample ground to fine powder was used.
were heated by raising the temperature 20'C. step by step after

tl]ermobalance.

  The samples
 the weight of
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                     Iifi. 4. Loss in weight by therinobalafice

    Lepiclocrocite <No. I) shows two rernarkable endothermic peaks at 290CC.
and 370eC. cerresponding te }epidocrocite and geethite. Less of weight begins
at 25eDC., occurs most xrigorously at 2900C. aiid slightly at 360Åé.
    These Testtlts lnci!eate tl)at this mineral is composecl of two members and
are in a geed agreement with that ef die}ectric constant method. Goethites (No. 2),

(No. 3) show only tlte enclothermic peak between 35eOC. ancl 4,00"C. whieh
corresponds te t}3e clehyclration of goethite, and the loss of weigltt corresponding
te goethi.te xvas al$o observed.

    Limonites (No. 4{), (No. 5> repre$ent tlte enclothermic pe,ftk beginning at
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29eeC. and remarkable loss in weigltt s!milar to the results ebtained by dielectrie
consLaiit. Bo.ff irons (!NiTo. 6), (No. 7) represent the endothermEc reactions ]}etween

50-100eC. and 300"C. wliich corresponcl to the deliydration of absorbed water
and geetl]ite as k} the case of the otker metliods.

                                Co]isideration

     rrhe fol}owing consideration may be summarizecl from tlie abeve investigtion.
'rhe main componeBts of hyclrous iren mlBera]s excepting specimen A'o. 1 are
goethites which have diff'ereBt crystallization clegrees. It was clemenstrated by
various thermal investigation metho[ls iltat the dehyclyation temperature is not
always constant but is infiueneed remarkably by its crystal state. Goetliites
having re!atively pe}'fect erystal struetuxe dehydrate Lheir water at higher tem-
perature and those in poor erystal]inity such as in limonite aBcl bog iron df..hydrate

at lower tempÅëraf.ure. So crystallinity must be takei] into consldexation in oTder
to identify tke minerra} species ])y the de}}yclration temperature.

                       B. E'};$soeia;ion of mineral

    The dissociation temperattire of mineral can be measured by severa} inve•
stigatien methecls. 'i'he ciielectric constants ofh semi-eor)cluctive rnii}era]s generally

change t]ieir values at tlie cllssoeiation temperatures. Naturally, t}ie changes of
chemica} compositions ancl crystcal structures have great inflaence on the die}ectrie
constca}ts, but iÅí the dissociatecl substca]ces ltave any dipoJe moment, the dleleetric

constant may $1]ow a remarkable change while the dissoeiatioR reaclion centinues.

                      Dtssocicsti.o'n of carborbate nbineraZ

    The carbonate minerals change their dielectric coi]stants abrupt!y at the
clissociation temperatures. The clielect!'ic coi}stants of carbenate ininera}s weare

measurecl with thin plates. ']rhe following results show a good agreement with
tltose obtained by D. 'J.'. A.':3)ffiSb On the variation diagram of cerussite, the
remarkable change of dielectrie constant at itl50"C. rnay be {lue to the exidation

of PbO--)PbO..
    Some $pecl'mens such as siderite ancl rkodochxosite sliow two dis5nct peaks

which cor:Jespond te the dissociatlon of ea,eh }'nineral. For the cempari$en of
above results, clata of differential thermal analy$Åís of carboiiate miRerals determined

by R. A. Rewiand were referred to.

                C. Cr}'s'lalliztatioi} of nietamiet }ne}ieural

    The metamietization Qg minerai ltas be3-n stttclied fx'om varieus stanclpolnts"/,?)

and tke explanations fo_r respective results were related te one another by
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ir}vestigating the dielectric behaviours of metamict minerals.
    The types of erystallization by l}eating may be classified into feur gToups,
namely one step change in samarskite type, two step changes in euxenite and
fergusonite type and complicatecl change in allanite type. The two endethermic
peaks at 300-400Åé. and at about 700eC. determined by D. T. A. were alse
demonstrated by the investigation of die]ectric behaviour. The structural change
at Iow temperature of fergusonite whick had been ignored in D. T. A. was deteeted
distinetly by the dielectric behaviour, especially by the change of die}ectric loss.

    Te ingaire into the crystal state, the cliffraction figures of raw specimens
and of these keatecl at regaired temperatures were examined by Geiger-counter

spectremeter.
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                  Measu•ring method of dielectric behavioztr

    The specimen whieh was polished into a thin sguare plate, lmrn. in thiekness,
and 5mm. in one sicle was heated for twenty minutes at requiTed temperature
and cooled to room temperature. The die}ectrie constant of each specimen svas
determined accttrately at 500ke. wave and dieleetric loss of 500 kc., 1mc., 2mc•,
4i mc•, 10 me•, ete. was measurec! by Q-meter. The details of measuring apparatus
and methods were described in previous studies.2L')L'3) Accorcling to the variatioR

TaHe
 e30 jo
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10 2o

.

20o `too 6oo 500 'C

Fig. 6 Dielectric  behavlottrs
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of nietainicl/

4oo 6oo
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btC

C
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cliagram of dielectric behaviour, the die}eetric cons{ant changes its value abrupt]y

at a certain temperature accompanyiiig the maximum peak ef dielectric loss.
     The intensity of maximum Ioss peak is natural]y reJated to the freguency,
 that is, the intensity dimiiaishes according as the inc}'ease ef freguency. The
discrepancies in some instances may be ascribed to the measuring conaitions,
especifa'IIy to the centact. eenditien of sample witli platintim p]ates.

     Sa,ntarsitite. Samaxslci!e sl]ows a remarka})le loss peak ancl change of dielectric

constant (at 600Åé.) These phenomena agree to the resu!ts of D. T. A.
     Eu,.xerbite. Two remax'ka})le loss peaks at 4,20"'C. and 730"'C. show good
agreement with the xesults of clielectric constant ancl D. [r. A.

     t{"erbcru•soni,te. The dieleetric eonstant of fecrgusonite enlarges its value remark-

ably at 300"C. ancl diminiskes at 6000C. accompanled ])y two loss peaks at
respective tem?eratures. The therma} analysis inclicates an exothermic change at
6000C. but change at 300Åé. was not observed.

     Al.tcsnite. "S'he degree ef metamietizatioR ef allanite is varied acco'rding to its

locality. The specimen uncler consideration is ene f}'om South Manchuria ancl
is almost completely damaged in crystal structure. r]rke dlelectric constant
(liminishes lls value .at two temperatures, 200"C. an}cl "700"C., bRt no exethermic
peak xvas found l)y D. 'lr. A..

                               X-Ttty stit,cly

     Some portioiis ef each speeimen heatecl ak 2000C., 4,00Åé., 6000C. and 8000C.
were investigatecl with (l;elger-counter spectremeter.

     Sct•mnarslgi•te. [l]l]e X-ray diÅífxactien figuures eÅí sa`marskite heated at 800eC.

are weak in intensity as compared with othear members. This fact suggests that
the cryssallization sheulcl originate at higher tem?erature, ancl coi}]cides with the

reSUItEt u,Pfer}Cll:]eCtNtieC dg;EOtgce ;oYfi pattern was t'ottnd on the raw and 200aC• specimen

but ot}iers heatecl at 400CC. and 600"C, dispose Rumerous strong spectra. There
was almost no cliffere)]ce in intensity er number of spectra between these heatecl
$pecimens but specimen heatecl at 800Åé. di{fers in its diffraction character from

the above two specimens. The resu}ts obtainea from the specimen heated at
800"C. show a goocl agreementto the ei peximental clata by R. J. Arnott.2ij) Aceorcling

to tl)e X-ray stucly, euxenlte crystallizes at GOOÅé. and uxadergoes some claange
in crystal structure at 7000C. accompanied by a more aregular arranbcrement of
atomic ]attice t}nd })y some r)artita! difTtisioii from atomic plane arranged in regulaT

position already. A}]ove all, euxenite may be con$!clerecl to recover its original
crysta] structare by lietating.

    I;Iergu,sonite. Fengusonite frem SRishozan, Ii'ukushima }?refecture suffers from

weak metamietization ai}d retains tlie skeleten of orlgina} crystal strttcture. Se
the cliffraction $pectra of each specimen heatecl at different teml?eratures have
similar ap})earances to eiie anot'her e.x'cepting that #l]e memhers heatecl at hig13er
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temperature enlarge tke glancing aT}gle to some extent.
    On the other liand, fergttsonite from Sonth Manchuria is almost completely
bro_ken clown. The general coltrse of recoverlng its crystal strueture resem}}]es
tlte ease of euxenite.

    In this experiment, speeimens were lieatecl in open air conclition. Therefore
some of tltem $heu}d su.ffer from oxiclation to sorne extent. Furthermore, the
contaminatien of impure rnaterial is inevltable, siBce a relalively large specimen
is required in ercler te study the dielectrlc pro})erty. The inaccuracy derived
frem the above creaffons must be taken into censideratien. .
    In short, it was conclttdecl that t}}e cyystal}izations of some metarr]ict minerals

begin at a low tem})erature and proccted r,rtpidly accompanied by seconclary crystal-

lization at high tem?erature.

                                                                i                               Conelusion

    The thermal investigations of miBerals 1}ave beeB exeeuted by various methods
but it was xrery difficult to clemoRstrate tbe aÅëtual state of minexals substantially.

[rhe minute chaRge in crystal structure whlch was often beyoncl the scope ef
other investigation inethodis could be cletectecl by stadying the clielectric behaviours

of m!nerals. Thus one of tl)e most useful investigation method for studying
the therm.al alteratien precess of mineral is to sttidy the clle]ectric behaviour of
mineral.
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