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Abstract 

Five kaolins and eight ball .lays Irom the 
' lalC or Santa Catarina, used inoustnall . for 
whiicwurcs production and other apphcations 
were chant nerizcd in relation 10 their 
claymincrals. specially those related 10 the 
kaolin group. The following methods wen: used: 
XRD. DTA. TEf.,.l. SU"l and EDS ITEM 
(elemental microanalysis b. EDS). The main 
objective was to prove thai the e lectron optical 
methods arc necessary (0 detect small amount s 
of 7A-halloysitc in presence of kaolinite bec au se 
they arc masked in the XRD cur ves. 111 
conclusion. Ji ve kaolins and three hall clays 
were Iound being mixtures of kaolinites (either 
well crvsiallizcd or b-axis disordered ) with 
di llc rcnl percentage of7;\..halloysitc (cuhcr long 
Ill' sh In tubes), while the other five ball clays arc 
constituted only hy b-axis di sordered kaolin ite. 

Keywords: kaolinite, halloysitc , kaolin , bal l 

clay. 

Introduction 

Publicutions Oil kaolins (or china clays) and plastic 
d ays for whitcwurcs (usually known as hall clays ) from 
the Stale o f Santa Catarina. describing the geology of the 
deposits and their ceramic propertie s have made only 
recently: the nature of the clay minerals present in these 
two clays has been pointed. usual ly, as being kaolinite: 
sometimes, halloysitc is also mentioned. However, the 
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precise character ization of both clay minerals and (heir 
structural var ieties has not been descr ibed in any of these 
publicatio ns. As the prec ise chura tcrizaiion cannot be 
made in basis of 1I11y one X-ray powder diffra ction curve 
(1 0) , it is important that these publ ications sho uld be 
co mplemented by more preci se character izations due to 
the necessity of a good knowledge of thc dependence of 
the ceramic and non-ceramic propcrue of kaolins and ball 
c lays 0 11 the var ieties o f kaol ini te and ha llo ysitc -7;\ . 
either isolate or in mixtures in several propor tions (S: 26: 
<11 : <12 ) that arc the major component of these ·Iays. 

T he purpose of this paper is to characterize, 
qualitatively, which arc the varieties of kaol inite and/or 
halloysiic present in some kaolin and ball clays of present 
industrial lise in Santa Catar ina: other clay minerals 
grou ps may exist in small quantities and their presence 
only will be registered. 

Literature Re view on Kaolins and Ball Clays from 
Santa Catarinn 

The oldest papers on kaol ini tic clays from Santn 
Catarina arc 0 11 the refractory underclay (fireclay from 
undcrc oal measures) of Formacao Barro Branco: the name 
was given due 10 the l ight grey co lor of the cl ay. Besides 
the first papers ( I: ~O ) some ceramic data and 
transmissia n electron microscospy arc in references (14: 
33: 35 : 36). 

Kaolins and ball clays. mostly from Formacao Campo 
Alcurc, were described from the points-o f-View of 
geological and ceramic properties by Teixeira ( 12): 
Aumont 1'1 (I I (2 : 3; 2l\); Poencr (;1 (/1 (19-24); Morgado et 

(/1 (17-22); Wi lson ct ill (34; 39: 40 ): Mclchiadc s £'1 al (IS) 
and more recently Biondi 1'1 a! (5-7); Rocha (3 1) studied 
three kaolins from Santa Catarina as tillers for vulcanized 



rubber. Electron micrograph s of some kaolins tested as ­
fillers and coatings for paper were presented by Kiyohara 
(17) . Toledo et al (38) presented the preliminary res ults of 
characterlzation of the clay mineral s o f kaolin s and ball 
clays fro m that State. 

Review on the Churacterization (If the Varicties (If 
Kaolinite and -7A. Halloysite 

The followin u facts arc fundamenta l for the precise 
characterization of the varie ties of kaol in ire and -7A 
halloysitc that may exist in kaolins and hall d ays. even as 
mixtures, 

( I " ) The kaolin group has a basal rcflcxion of 7A and 
is constituted by the followi ng clay minerals: kaolin ite 
with order in the b axis or "well crystallized" : kaolinite 
with se ve ra l degrees of d isorder in the b-ax is or "b-ax is 
di ordered kaolinite" or "po orly crystall ized kaolinite" 
wrongly named "firecl ay mineral"): long. tube 7,\­

halloysite: short tube 7A-halloysite: IOA-halloysitc: 
nacritc and dickite. Nacriic and dick ite arc rare day 
minerals and not yet found in Brazi l . I OA-halloysit~ 
changes very easily inu 7A-halloysite hy healing for 
some minutes at 105°C - I l onc: so, it ca n be easi ly 
characterized hy XRD. The question .xis ts f( I' the four 
varieties , I ecausc they cannot he correctly characterized 
by onlv onc XRD cu rve or a clav. 
. (2;'u) Accord ing to B rindl~y et al ( I ll ), the b-axis 

ordered kaolin ite presents a XRD curve whic h was called 
A: it is shown in Figure I. The b-axis disordered kaolinite 
ha, a second type of XRIJ curve called 13 and it is shown 
in Figure I', long tube 7A-hall oysitc has the. XRD curve C 
of Figure I; sh o rt tube 7A-ha lloy: ite has the XRD c urve [) 
orthe same Figure. 

001 002 

Figure 1. X-Ray diffraction curves of: (A) well-ordered or well­
crystallized kaolinite; (B) b-ax is disordered or poorly 
crystallized kaolinit ; (C) 7A·hall oysite (long tubes); (0) 7A­
halloysite (short tubes). Adapted from Brindley et al (10). 

If a d ay. kaoli n or hall day. has only one of the four 
varieties as component, its X){D curve coi ncides with one 
of the. four curves and a good and precise caracterization 
may be made. Churchman and Carr ( 12) uurccd that the 
var'ieties of 7A-halloysite may he di Ilcrcnt iutcd from 
kaolinite on basis of the number, pos ition and sharpness of 

the cha rac te ris tic peaks of the resp ect ive XRD c urv es ; 
however, they pointed that such differences arc too much 
subtle 10 be usefu l when kaolinite and 7/\ -halJoysite occur 
together, as o bse rved by Brind ley et al ( 10) and listed in 
the 3'J item . as follows: 

nil) (a) Mixture o r 25 % kaolinite A + 7SC1" 7;\ ­
halloyxitc C presents XRD curve of kaolinite 13 . 

(b) Mixture or 4 (}' j& kaolinite A + CJ()I:;' 7A-hall oysit c 
() presents XRJ) curve of kaolinite 13. 

(c ) Small percentages (under 5'>l ) of 7A-hallo)'s itc C 
or D or kaolinite A or B arc not detected in mixture with 
lJ5'lc· of other kaolinitic d ay minera l. 

(d) There an: kaolins constituted only by kaolinite, but 
they may be ini xlures or varieties ;\ plu s B ; all example is 
the kaolinite from Twiggs County. Georgia. USA. which is 
30 % A + 7 0 ';~ 13 ( I(ll, 

(411. ) 7A-Iwlloysitc C aIll] D exist as tubular shaped 
microcrystals easi ly detected in any proportion in mi xtu re 
with platy kaolinite crystals by TE1\·1. In ver y small 
percentages they can be missed by scanning electron 
microscopy. because the tubes may be occult betwee n the 
kaolinite plates. 

()III) The usc ofTEM. combined with XRD. is a precise 
method Ior characterization of thcs > two cla . minerals, but it 
has been criticized because the TEI\1 is a very ex pe nsi ve 
equipment am] needs pro fessio nal e xpe rien ce for its e ffic ient 
operation. Howcv cr. it has been adopted officially by the 
U.S. Dept. or Agriculture for Soil Taxonomy lor kaolinite 
and 7/\ -halloysiICcharacteriza tion. 

(6111
) If it is necessary a further confirmation of the 

presence or kaolinite and 7 -ha lloysite. perhaps due to 
doubts cause by other particles shapes or mixtures. :1 

dif ferential intercalation of chemicals con trolled by XRD 
may be used: examples of such chemicals arc potassium 
acetate (4 ) and form nmidc (1."\ ). 

0 1
" ) The ~ 1l (J( 1 crvstullinitv of a kaolinuc is evaluated 

I"rom' its XRD ~urve : :; well li l;'mcd hexagonal plaly crystal 
of kaolinite may or may not haw a good crystal linity. 
because thaI is an internal property of the crystal. while 
morphology is external. The degree or crystallinity is 
usunllv evaluated by one of several indices. such as: 
lIinckieY: Stech: Li~t ard : Range and Weiss; Brown and 
Hu ghcs ~ Plancon and Zacharic (27): however. their validity 
may be doubtf ul! for mixtures with minerals and / or with 
other c lav minerals (1S t 

III c~lIlcItl sion : (a ) the simultaneous usc o r XRD with 
another exper imental method . like DTA 01' Elemental 
Chemical Aualvsis allows the characterization only of the 
kaolin group of: clay minerals in a kaolin or ball d ay. The 
XRD curve ma)' be classified as one or the ABCD 
varieties. bUI no conclusion can be made i f the day is 
monomincral ic or a mixture of kaoliniric clay minerals. 
(h ) A TEi\·! permits to cara ctcrizc the prescnce or plutcs 
(from kao linite 1\ ou B) and tubes (from 7A-haJloysili . C 
or D) . (c) If mixtures arc present, special procedures must 
be developed ror evalu ation or the percent ages or the 
compone nts . 
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Materials and Methods 

Samples : In this study only industrially pro esscd 
clays were used: all fraction larger that All i T icvc n° 
3~ ) (44pm) were discarded (because they were clay 
mineral free). The processed . amplcs were colic ' led in the 
ceramic fac tories of Santa marina; their nomenclature. is 
ginn by the users. 

Kaolins: Serra S:10 Miguel: Rill Molha : Kowalski: 
Florcsta Padrfio: Florcsta Queijo. 

Ball Clays: Linha Trcs Ribc irocs: Rio das Pacas: Rio 
Turvo Arcnosa: Rio A m I Branca; Rio A zul Marrorn: Rio 
AlU I Pndrao: Rio Turvo Verde: Rio AlUI Ciuza. 

Sample prcpurutiou: .-0 grams of kaolin or bal! clay 
were dispersed in I liter of distil led water. containing 
101.:111 Ill' 28% solutio n of NH,OH. placed in a 2 liter 
beaker. The dispcn ion W: ls boiled for 2 hours and cooled: 
it was floculatcd hy drops Ill'saturated . elution orcalciu m 
chloride and len to sediment. The transparent . upcrnatunt 
\\~ I s discarded and the sediment transferred 1 cclophanc 
bag for dialysis. The dialysis wa made again I dcstil lcd 
water unril negative test for chloride. The hac was dr ied 
lirst at 70"C and b ier nt lOY - IlO°e. Th~ clay was 
hnnd-homogcneized and placed in . polyethyle ne' n:sk lor 
chaructcrization IC:IS. 

" -H:.), Dilfructiou : The ' RD curves were obtained J 

in a Philip equipment X'Pert model operating at 40 kV 
;IIlJ -lOI1l i\, bel ween 20 (1°) and 20 (90°). 

Different ial Thermal Analysis: The 01'/\ curves 
were obtained in an equipment from II l ' Engc nharia. 

ampinus, SP. Unlit l050"C. 
T ransmission Electro n \ IiCl'O Sl'OP~': The clay 

powder was prepared by the conventional methods for 
TE I as aqueous dispersions, The TEf\'1 observations as 
well a: the elemental microunalvxis were made ina 
Cr-. 1200 Philip' equipment operating al l OOk \!: it was also 
U ell as a diffraction camera for the identification of the 
phases (SAEO): EDS / TEM (cl -mcrual microanalysis hy 
/] )S) was established by collecting either the halloysitc or 
the kaolinite panicles. 

SCUJlllillg Electron Microscopy : T he powder was 
glued 10 the convcuuonal stub for SEi\1 ol scrvation. The 
uhscrvatiou was conducted in a JEOL .1S ]\·1 R40:\ 
equipment. 

Results 

IlTA: All samples presented the typical OTi\ curve 
1) 1 a ' lay mineral from the kaolin group. with a strong 
endothermic peak with maximu m ncar 600ue and a sharp 
cxothcnmc peak :11 9HOOe. Figure _ shows the DTA 
urves lor a kaolm (Florcsta l'adrflo) and a ball cla v (Rio 

Azul 'in/.a); the end nhcrmic peak at Isooe is due III 

decomposi tion of organic mailer, which gives plasticity to 

the ball clay. 

25 200 -1 00 600 800 t DOOOe 

Figure 2. Different ial thermal curves of: (a) Kaolin Floresta 
Padrao; (b) Ball Clay Rio Azul Cinza. 

XRD Fiuurc 3 show: the X RO curves for the kaolins 
: 1I ~d Figure 4 for the ball clays : all curves present a strong 
7A rcflexi on. which i. the hasal rcflcxion o r the kaolin 
group or clay minerals. Doth data. Irom XRD and DTt\. 
indicate that members of the kaolin gr up a J'L' the major 
clay minera ls present in all the I.' samples. Comparing 
with XRO curve : Ill' Figure I. nne may 1)L' induced to 
conclude that ,,11 cur es arc from kaolinites :\ or B. and no 
7 -hulloysitc is presen t in those clays. However, :IS 

po in ted before. lhal conclusion must be checked by 
electron micro. copy: so all 13 samples were examined by 
electron opti ':11 methods to detect i f mixtures of kaolinite 
plates and 71 -hnlloysite lubes may exist. 

20 

5 

Kaolins 

Figure 3. X-Ray diffraction curves of kaolins: (1) Serra Sao 
Miguel; (2) Rio 1\.101ha; (3) Kowalski; (4) Floresta Padrao; (5) 
Floresta Queijo. Radiacao K-alla do cobre entre 1°(20) e 
901l(20}. 
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Figure 4 - X-Ray diffraction CUNes of ball-clays: (6) Linha 3: 
Ribeiroes: (7) Rio das Pacas; (8) Rio TUNO Arenosa; (9) Rio 
Azul Branca; (10) Rio Azul Marrom; (11) Rio Azul Padrao: 
(12) Rio TUNO Verde; (13) Rio Azul Cinza. Radiacao K-alfa 

e 90 Q(28).do cobre entre 1Q(28) 

The XRD curves also indicated the presence of minor 
amounts of "associated minerals", according to references 
(II; IS); these will be considered in first place. 

The 3.34A, the strongest peak of quart z, ex ists in all 
samples, indicating the presence of sma ll amounts of very 
line grained quartz; no 4.04 A peak for cristobalitc was 
observed. Two small intensity peak s were obse rved, 
curiously only one in each clay: lo A and 14.S A. Th e loA 
was found in: Floresta Padrao: Kowal ski; Rio Azul 
Branca; Turvo Arenosa; Rio Molha: Linha Tres Ribciroes ; 
Turvo Verde; e Turvo Pardo. The 14.sA was found in: 
Floresta Queijo; Rio das Pacas; Rio Azul Cinza; Rio Azul 
Marrom. The kaolin Serra Sao Miguel did not presented 
neither of those two peaks; also in it, the 3.34A quartz 
peak has the lowest intensity. 

To check for the presence of IOA-halloysite, the loA 
peak samples were heated at 10SOC - I 10°C for 3 hours, 

cooled and scanned at ';4°(28) per minute by XRD: no 
contraction of the lOA peak was observed in any sample; 
so it is due to the mica group found in the clays. 
Identification of the mineral species needs separation by 
fractionation, what is out of the scope of this paper. 

The 14.sA peak co ntai ning clays were treated with 
ethylene glycol for 24 hou rs to obtain informat ion if the 
basa l expansive groups (s mectites; vermiculites; 
expansive chlor ites) may be present. They were scan ned at 
1,4°(28) per minut e by XR D for the expansio n; it was not 
observed in any sample, whi ch ind icates non -expandable 
basal ch lori te peak. 

Concluding: the assoc iated mi nera l in the 13 sa mples 
are very tin e grained quartz and small qu anti ties o f clay 
minerals of the the mica and chl orite groups. 

EDS: Th e eleme ntal che mical analysis made by 
EDS on all sampl es showed the presence of the c lements 

eleme nts Alumi num and Silicon, thus co nfirmi ng again 
XRD + DT A res ults pointing to the kaoli n group . All 
ball clays prese nted the lines of iron and titanium. The 
kaolins and ba ll c lays tha t had the small l oA mica 
group peak presented the potassium line, wha t st ro ngly 
suggests that muscovi te mica is the clay mineral givi ng 
the loA peak. 

Kaolinite and 7A-ha lloys ite: According to Brind ley 
(9), in kao linite with highest degree of crystallinity A, 
there is in the XRD cu rve resol ution of the "doublet" 
peaks (d = 4 .18A and d = 4.13A) and also of both 
"triplets" (2.S6A; 2.S3A; 2.49A) and (2.38A; 2.34A; 
2.29A). In the lowest degree of crystallin ity B there is no 
resolution and each group of peaks has coalesced in flat 
bands with values of 4.ISA; 2.SS A and 2.S0 A; 2.38 A 
and 2.33 A, respectively. Using either the comparison 
with the shapes of the XRD curves of Figure I, or the 
behavior of the groups of peaks, the XRD curves of the 13 
samples could be classified as shown in Table I. 

The classification ofaXRD curve as B could be due 
either to the extreme of low crystalinity or to an 
"intermediate" curve between A and B, as observed before 
in several groups of clays (2S; 32). On the other hand , 
both A 's have very good resolution concerning the group 
peaks. So, all 13 samples wer e examined by TEM and 
SEM to confirm the presence o f kaolinite and / or 7A­
halloysite . 

Table I: Classification of the XRD Curve Varieties 
Based in Figure 1 from Brindley et al (1 0) 

Sa m ple n'' Name XRD curve 

I. Kaolin Serra Sao Miguel A 

2 . Kaolin Rio Molha A 

3. Kaolin Kowalski B 

4. Kaolin Floresta Padriio B 

S. Kaolin Florcsta Queijo D 

6. Ball Clay Linha Tres Ribeiroes B 

7. Ball Clay Rio das Pacas B 

8. Ba ll Clay Rio Turvo Arenosa B 

9. Ba ll Clay Rio Azul Bra nca B 

10. Ba ll Clay Rio Azul Marrom B 

I I . Ball Clay Rio Azul Padrao B 

12. Ball Clay Rio T urvo Verde D 

13. Ball C lay Rio Azul C inza B 

Electron Microscopy: Each sample is represe nted by a 
Figure composed by TE M and SEM micrographs. The 
observations are d irected to verify the presence of plates 
(kaolinite) and tubes (7A-halloysite), that is, if the sample is 
mono or bimineralic in rela tion to these two clay minerals. 
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l. Kaolin er r" ao Miguel - Figure 5A and 5B. Both 
show the presence of a rni ture of hcxauc nal platy crystals 
0 (" .aolinitc and long tub s of 7A-halloysite. Since the XRD 
curve is f the /\ variety, with vel' good resolution f the 
triplets, the conclusion i: that the ka( lin is a mixture f well 
"1', stullized kaolinite A with 7 -halk y: ite C. kaolinite 
being the major component. 

2. r " olin Rio Mo lha - Figures 6A and lB. Both. 
specially TE I. show a mixture of hexagonal platy cr /stals 
of kaolinite and Ion" tubes of 7 -halloysitc. The same 
conclusion as Siio Mizucl kaolin is valid. 

6A 

500nm 

50Q nm 

Fi ure 6. 6A (TEM) and B (SEM) of kaolin Rio Molha. 
Components: plates of hexagonal profile and long lubes. 

Figure 5. 5A (TEM) nd 58 (SEM) of kaolin Serra de Sao 
Miguel. Componnets: plates of hexa onal profile and long 
tubes. 
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7. Ball Clay Rio d~I S Pa ras - Figures I I and 1113 . 
Both show only the presence of very thin irregularly 
shaped plates of kaolinite . A.. the . RD curve of the clay is 
of the variety. then it is monomincrnlic, being 
can titutcd only by kaolinite of the 13 variety. 

Figure 11. l1A (TEM) and 11B (SEM) of ball clay Rio cas Pacas. 
COmponents: thin irregularly shaped plates. 

S. Ball Clay Rio Turvo Arcnosa - Figures 12A and 
12B. In both micrographs. the kaolinite piales arc cuhcdri c 
(well form ed ) with hexagonal pro file. 7 ' -halloys itc tubes 
arc Ion". b UI only a few appear in T :M and _[ ;,,\ 
micrographs. So. the clay IS nO I monornincralic (onl. 
kaolinite). h UI i l i. a mixture of the B variety of kaolinu . 
with a small P ' I' .entage or?Avhalloysitc . 

12A 

m 

Rgure 12. 12A (TEM) and 128 (SEM) of ball clay Rio Turvo 
renoso. Components: plates of irregular profile and short 

lubes. 
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