Struktury a klasifikace jilovych mineralt (JM) - 2
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Fig. 1-1. [010] view of structures of major physil mineral groups. From Bailey, 1980. Copyright 1980
London Miner. Soc.



Mineraly skupiny smektitu
se déli na dioktaedrickeé smektity a trioktaedricke smektity,
ob¢ podskupiny maji vrstvy typu 2:1

naboj smektitu je 0,2-0,4 (s nizS§im nabojem)
nebo 0,4-0,6 (s vySSim nabojem)

dioktaedrické smektity — montmorillonit, beidelit, nontronit
trioktaedrickeé smektity — saponit, hectorit

v idealnim dioktaedrickém montmorillonitu neexistuje ndboj na tetraedrech, pouze je
tvoren substitucemi v oktaedrech, podobné 1 v trioktaedrickém hectoritu

v dioktaedrickém beidelitu a nontronitu je naboj vrstev soustfedén na tetraedricke siti,
podobné 1 v trioktaedrickém saponitu

mineraly skupiny VERMIKULITu maji naboj tvofeny substitucemi v oktaedricke 1
tetraedrickych vrstvach (ndboj 0,6-1,5 mol na vrstvu 2:1 = vzorcovou jednotku)

diky naboji vrstev obsahuje v mezivrstvi hydratované vymeénitelné kationty,
mezivrstvi miize pfijimat vodu a organické latky, tim se méni jeho
mezirovinna vzdalenost a mize expandovat (BOBTNAT)
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Obrazok 4.7 Schéma Struktury smektitu.

Smektit mize do mezivrstvi piijimat X molekul vody a také
organicke latky, potom jeho mezirovinna vzdalenost je proménliva
v zavislosti na vlhkosti, aby se odlisil, vzorek se syti

ethylen glykolem (EQG), tak, Ze na vzorcovou jednotku pfipadnou
2 molekuly EG, diky nim se mezivrstvi roztdhne na maximum



Smectite layer

vSeobecny krystalochemicky vzorec
dioktaedrickych smektitu:

M,y (R*) R 2)(Si,,AL)O,,(OH),*nH,0
trioktaedrickych smektiti:

M, ,(R*" R 77 )(Siy Al)O,(OH),*nH,0

dioktaedrické

montmorillonit:

M, [Al,(Fe** Mg)],Si,0,,(OH),*nH,0
beidellit:

M, Al,(S1,,AL)O,,(OH),*nH,0
nontronit: Exchangesble calions
M, Fe’*,(SiyAl)O,(OH),*nH,0 "
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hectorit:

M, (Mg,_Li)Si1,0,,(OH),*nH,O @ - OH @® - Al (Mg, Fe)

O -0 ® O - 5i, (Al
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Rtg-difrakCni (XRD) zaznam smektitu v pfirodnim stavu s jednou
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a dvémi vrstvami vody a etylénglykolem (EG) v expandujicim

mezivrstvi.

Na-smektit ma nizsi schopnost vazat vodu ze vzdusne vihkosti
nez Ca-forma. Zména zaznamu po syceni parami EG indikuje
pritomnost expandujicich vrstev jilovych mineralu.




TasBLE 3.1. Effect of interlayer cations on basal spacings (A) of smectites and vermiculites at 32,
52 and 79% relative humidities and immersed in water

1. Wyoming montmorillonite (sample 5 Upton, Schultz, 1969)
M 6(Aly.osFedloFegly, Mgy 45) (Al 14Si;.4,)0,(OH),
CEC = 102 meq/100 g (ignited weight).

Interlayer cation 32% RH 52% RH 79% RH in water ,
. 245 14-8 (br) Ind d k
e e 0™ i vodné roztoky
K 11-9 11-9 12-1 Ind . , ,
i 12-9 (b 14-1 (br) 15-1 (br) 27-0
é 23" i 24 (mezivrstevna vzdalenost
Ca 15-2 15-1 15-5 19-0
S 15-1 15-3 15-6 19-0
2 e % b - e SIMCKTITU a vermikKuliitu

A\ o 14 °
2. Chambers montmorillonite (sample 47, Schultz, 1969). prl ruznc Vlhko Stl a
Mo, (Aly.gsFegh s Fegly Mgy 6)(Aly.y, Siy.q9)0,0(OH),
CEC = 159 meq/100 g (ignited weight).

Interlayer cation 32% RH 52% RH 79% RH Hrwakes S rﬁzn}’/m meZivrsteVn},’m

Na 12-8 12-8 145 (br) 18-8

NH, 12-1 12-2 12:3 12-4 ka ion e

K 12-2 122 12.2 Ind t t I I l)
Li 13-7 (br) 14-7 (br) 15-1 (br) 15-9 (br)

Cs 12-5 12-3 12-5 12-5

Ca 15-2 15-1 15-1 19-0

Mg 14-9 14-9 15-1 19-5

Sr 15-1 15-3 153 19-2

Ba 12-7 12-7 2.7 19-0

3. Otay montmorillonite (sample 34, Schultz, 1969).
M1+~25(Alz»sgpegfl1Mg1<zo)'(A!o-ossirps)ozn(OHL
CEC = 137 meq/100 g (ignited weight).

Interlayer cation 32% RH 529% RH 79% RH in water
Na 12-5 12:5 12-8 (br) 19-0 (br - Ind)
NH, 12-4 12-4 124 (br) 12-4 (br)
K 119 (br) 11-9 (br) 12-1 (br) 12-2 (br - Ind)
Li 12-8 (br) 12-6 (br) 13-7 (br) 19-0
Cs 12:4 12-4 12-4 12-4
Ca 15#1 15-2 15.2 18-7
Mg 14-9 14-9 15-1 19-5
Sr 15-1 15-3 15-6 18-7
Ba 12-8 12-8 12-8 18-7

4. Beidellite (lithium-dispersed Unterrupsroth sample).
Approximate formula M. g (Al 5, Feg? Mg .53)(Aly.46Si;.0)0,,(OH),

Interlayer cation 32% RH 52% RH 79% RH in water
Na 12-5 12-5 12-5 14-8
NH, 11-8 119 11-9 12:0
K 11-8 11-9 11-9 12-1 (br)
Li 12-4 13-5 (br) 14-8 Ind
Cs 11-9 119 119 12-1
Ca 15-1 15-1 15-1 15-1
Mg 14.7 14-7 15-0 15-9
Sr 14-5 (asymm low) 14-7 (asymm low) 15-4 16-0 (asymm high)
Ba 12-5 12-5 14-7 (br) 16-0 (br)



5. Saponite (St. Cyrus, Kincardineshire, Scotland, Mitchell, 1954).
Approximate formula M{. ;o (Aly.cFey. sMg,.4)(Al;Sig.,)O0,0(OH),.
CEC =99 meq/100 g.

Interlayer cation  32% RH 52% RH 79% RH in water
Na 12.5 12.5 12-8 (asymm high) 155 (br - Ind)
NH, 12-2 12.7 12.7 13-5 (br)
K 12-4 12-4 12-5 15-4 (br)
Li 12-4 124 14.1 Ind

16-6
€s 124 12-2 12-3 12-5
18-8 (w)
Ca 15-1 15 15-2 15-8
Mg 14.7 14.7 14.7 19-0
Sr 15:2 15.2 5.2 18-7
Ba 12.8 2-8 12-9 (br asymm 18-7
high)

6. Vermiculite (Kenya, Mathieson and Walker, 1954).
M} o (Alg ., FegteMe, ., ) (Al 4Sis.44)0,(OH),
CEC = 130 meq/100 g.

Interlayer cation 32% RH 52% RH 79% RH in water
Na 12-3 12.6 (asymm high) 14-6 14.9
NH, 10-8 (br) 10-8 (br) 11.0 (br) 12-9 (br)
K 10-4 (v.br asymm 10-4 (v.br asymm 10-5 (v.br asymm 10-51 (i)
high) high) high) 14.3/ "
Li 12-5 12-5 12-5 14-8 (— Ind)
Cs 12-6 (br) 12-6 (br) 12-6 (br) 12-6 (br)
Ca 14-8 14-9 14-9 14.9
Mg 14.3 14-4 14.4 14-6
Sr 14-9 14-9 14.9 15-2
Ba 12-4 12:5 12:6 15-4

7. Loch Scye vermiculite (Smith Aitken, 1965).
Low iron, high charge vermiculite CEC = 180 meq/100 g

Interlayer cation 32% RH 52% RH 79% RH in water
Na 12-1 14.7 14.7 14.9
NH, 10-8 10-8 10-8 11.0
K 11-0 11-0 11.0 11.0
Li 12-1 12-4 12-0 (asymm high) 14-6}

13-0

Cs 11-4 (br) 11-4 (br) 11-4 (br) [1.5 (br)
Ca 14.9 14.9 14.9 I5-1
Mg 14-4 14.4 14-4 14-6
Sr 14-9 14-9 = 15-2)
13-21
Ba 12-3 12.4 12-0 (asymm.high) 14.9)
‘ 130/

KEY. (br) = broad, probable indication of interstratification; asymm high/low = asymmetrical towards high/low
spacings; ~ Ind = tendency to indefinite swelling; w = weak; CEC = cation exchange capacity.

relative humidities over which the different hydration states are stable, nor the regions where
interstratification between two hydration states are likely to occur, but they do indicate what one
might reasonably expect under most laboratory conditions.

More detailed studies by Glaeser and Méring (1968) and Suquet ef al. (1975) reveal
differences which can be illustrated with Na as the exchangeable ion (Fig. 3.3). Montmorillonite,



Tab. 2.2.13 Idedlni chemické slofend minerdlll shupiny smektitu, které se mohou vyskytovat v pidich podle Reid-Zoukupa a Uleryho (2002,
Bernarda et al. (1992) a Kiihna a Zamarského (1924

jméno sloZenioki. (chemicky vzorec krystalova soustava nihoj CEC meérny povrch
sty (molvzorce. jedn.) | (meg/100g) (mz.-‘g)
A00-200 (plidad
Ml ontmorillonit| dioktaedricka M033+ I:Sujm (A1) g7 I'-.-'Igu_gi]m O (OH)2 mon® 0,2-0,6 47 - 162 smeltity)
Beidelit dioktaedricks I'u'I.;.‘33+ (513 57 ﬂlujgjm [:ﬂlg:]m Dy (OH)z  |otto, febo turhostr ™ 0,2-06 47 - 162 &00-200
Hontronit dioktaedrickd I'u'I.;.‘33+ (5313 57 Hlujgjm(Fe;jgm Chn (OH)z[  tarbostraticka® 0,2-06 47 - 162 &00-200
Hectorit trioktaedricka I'u'I.;.33+ [:Si.s,:]mﬂ'u'IgM? Li.;.;gjm O (0H g ton® 0,2-06 47 - 162 &00-200
Sapotut trioktaedricka I'u'I|;|33+ (=513 57 ﬂlujgjmﬂ'ﬂggjm D (OH)z mon, nebo turbostr ™ 0,2-0,6 47 - 162 al0-200
Sauc ot trioktaedricksa I'u'I.;.‘33+ (&3 35 ﬂluﬁ:]m [:Engjm O (0H)2 tuthostraticka™ 0,2-06 47 - 162 &00-200

M zabwinyje wimeénné kovoveé kationty (nejfastéi Na, Ca, Mg, K a nabyvd hodnot 0,2-06
pedeviim montmorilont a nontrondt maji chemické sloZend velivd vatiabilind
* nepravidelné stralturnd nepofadand - tarbostraticka struldura (o je promenliva v zavislosti na mezivrstevném kationtu)




Vermikulit je jediny mineral skupiny vermikulitu,
miuze byt dioktaedricky 1 trioktaedricky,
ob¢ podskupiny maji vrstvy typu 2:1

naboj vermikulitu je 0,6-1,5 mol na vrstvu 2:1 = vzorcovou jednotku
a je tvofeny substitucemi v oktaedrické 1 tetraedrickych vrstvach

diky naboji vrstev obsahuje v mezivrstvi hydratované vymeénitelné kationty,
mezivrstvi muze piijimat vodu a organicke latky, tim se méni jeho
mezirovinnd vzdalenost a miuze expandovat (BOBTNAT)

Tab. 2214 [dedlni chetucké sloZend vermibaliti podle Bernarda (1992 a Kihna a Zamarského (19:4)

jméno slofeni oki. chemicky vzorec krystalovi nihoj CEC meérny povich
sy soustava |(molvzorc. jedn.) ((meqg/100g) l,'rrlz.-‘g‘,l
Vermikalit |diitrioktaedrickd (Mg Capszs (Mg Fe'* &0z (51 Ay O (OH)g * 4H0 thot 0,6-1,5 130-210 200

vSeobecny krystalochemicky vzorec:
M, (Mg, Fe?);(Si, ,AL)O,o(OH),*4H,0



usporadani molekul vody ve vermikulitu

FIG. 13.86. Diagrammatic sketch of the

vermiculite structure, showing layers of

water. (After Grim, 1968.) Tetrahedral
sheet

Oriented water
molecules

............

Tetrahedral
sheet



Schema struktury hlavnich skupin fylosilikatu
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Fig. 1-1. [010] view of structures of major physil mineral groups. From Bailey, 1980. Copyright 1980
London Miner. Soc.



struktura mineralua skupiny chloritu
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dalsi zobrazeni struktury chloritu
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Tah. 2215 Idedlnd sloZend chiloritl, které se mohou vyskytovat v pliddch podle Baylisse (1975), Barnishela a Bertsche (1929 a Kohuta (1994, wEichrd in Kohut a

Warren (2002) a podle Bernarda (1992

jméno prdskupina sloieni oki. vestry v 2:1 wrstvé (mezivrsivi idealni koncovy clen CEC* meérny povrch**
(mey/100g) (m’ig)
Clhnochlor trioktaedrickd tricktaedricka trioktaedricke (Ilgs AN AD O1p (OHg 1-2,5 26-45
Chamosit trioktaedrickd tricktaedricka trioktaedricke [:F353+ ADEE A Oy (OH)g 1-2,5 26-45
Penrin trioktaedrickd tricktaedricka trioktaedrické [:I'-J'In52+ AlEiz AT Oy (OH)g 1-2,5 26-4%
Mimit trioktaedrickd trioktaedrickd trioktaedricke (Mis ADEE A O (OH)g 1.3,5 26-45
Baileychlor trioktaedrickd tricktaedricka trioktaedricke (Zrs AN AD Oy (OH)g 1-2,5 26-45
Dionbassait dioktaedricka dioktaedricka dioktaedricke (&1 Fe't MZg.5 (AL (OH) 1-2.5 26-43
Cookeit di, trioktaedricka dioktaedricka trioktaedricke Li &l (BizAD O (OHg 1-2.5 26-45
Snchodt di, trioktaedrickd dioktaedricks trioktaedrické (AL M Zlg.g By Oy (OH)g 1-2.5 26-45
FranMlinfurnaceit |t dioktaedrickd  |trioktaedrickd dioktaedrické CagFe” Tnz* Mo’ ZngSi01 (0| 12,5 26-45

*Zretralé chlority g fdstedne nebo dplng odstranéngm hydrocddoswfm mezivestvim maji CEC 140 meqf100g (BEatnhisel a Bertsch, 1989 in Kohut a Warren, 2002
*# [, By povrch pritmdrndch chloritt frakee jiha a prachu je 26-45 m@fg a CEC 1, 1.5, 1,8 a 2,5 meg/100g (Foohut, 1994 in Kohut a Watren, 2002)

ohecny vzorec trioktaedrickych chlonitd je: (B2, B¥ 2" (Siga 4107 O (0 (B, BNV (OH),

mineraly skupiny chloritii maji vrstvy typu 2:1 (TOT),

kde oktaedricka sit’ muze byt dioktaedricka 1 trioktaedricka,

naboj vrstvy 2:1 je vazan na tetraedry, kde dochazi k substituci 1Al za 1 Si na 4 Si,
tento naboj je naprosto vyrovnan mezivrstvim, proto jejich celkovy naboj je cca 0
v mezivrstvi je dalsi oktaedricka sit’, opét muze byt di 1 trioktaedricka,

kationty v oktaedrech mezivrstvi jsou obklopeny OH skupinami

nejcasté)si jsou chlority s trioktaedrickou siti v 2:1 vrstvé 1 v mezivrstvi




palygorskit, sepiolit

ITE
PALYGORSK SEPIOLITE

C sinp-12:9A

® Si Oo @ HzOcryst.
@ Mg ® OH @ H20ze0l

(O Hp0 (O HYDROXYL ® Mg or Al
© OHp O OXYGEN o SILICON

maji porusene periodické opakovani vrstvy 2:1, tetraedry maji periodicky inverzni
polohu, toto zpliisobuje ve struktuie vznik vétSich dutin (kanalkt), ve ktere je napf.
voda, podobna vod¢ zeolitli,nebo v dutin€ je vyménitelny kationt, krystalochemické
obecné vzorce:

sepiolit  Mg,Si;,O05,(OH),(OH,),*n(R*"(H,0))

palygorskit MgAl;Si;O,,(OH),(OH,),*n(R?**(H,0),)



Schema struktury smisené vrstevnych mineralu
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Fig. 1-1. [010] view of structures of major physil mineral groups. From Bailey, 1980. Copyright 1980
London Miner. Soc.



podle Altan er and Bethke, 1988

MacEwanuv Fundamenta Ini
krysta lit castce
(Reynolds, 1985) (Nadeau et al., 1984)
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Al-hydroxi mezivrstevny smektit a vermikulit
(v nékterych oblastech mezivrstvi jsou nevyménitelné Al-hydroxidy)

<+— Si, Al

<— Al, Mg, Fe

(L X
‘ \I % ‘f } H i H - -~ 4 N -l o Ny - S“ AI
N g A e K - '

Obrazok 6.13 Schéma Struktury vermikulitu a smektitu s Al-hydroxidmi v medzivrstvi,



Tab. 2.2.12 Idealni chemické sloZeni minerali skupiny slid, kfehkych slid a hydroslid, které jsou nejrozsifenéjsi v pidach a v povrchovém prostiedi podle

Thompsona a Ukrainczyka (2002), Bernarda et al. (1992) a Suchy (2002)

jméno chemicky vzorec krystalova soustava [sloZeni okt. poznamka naboj CEC mérny
wrstvy (mol/vzorec. jedn.) | (meg/100g)| povrch
(m’/g)
Flogopit |KMg3(SizsAl)O10(OH, F)2 Ipolytyp mon, 1 trig |trioktaedricka |sk. slid 1 5-15
Biotit K(Mgo,6-1.8 Fe2.4-12)(SisA])O10(OH, F)2 2 polytypy mon, ltrig [trioktaedricka |sk. slid 1 5-15
Annit KFe3(Si3A1)O10(OH, F)2 mon trioktaedricka |sk. slid 1 5-15
Lepidolit |K (Li Al)s (SiAl)4010(OH, F)2 2 polytypy mon, ltrig [trioktaedricka |sk. slid 1 5-15
Clintonit |CaAL{ALSi2010(OH)2] + CaMg3[AL2Si2010(OH)2] [smésny krystal trioktaedricka |sk. kiehkych slid 2 5-15
Paragonit |NaAl(SizAl)O10(OH, F) 2 polytypy mon dioktaedricka |sk. slid 1 5-15
Muskovit |KAL(SizAl)O10(OH, F)2 3 polytypy mon, 1 trig [dioktaedricka [sk. slid 1 5-15
Fengit K[ALs(Mg, Fe)o,5](Siz,5sAlo,5)O10(OH, F)2 odr. muskovitu dioktaedricka |sk. slid, odr. musk. 1 5-15
Tt Ko.89 (Al1,85 Mgo,10 Feo,05) (Siz2 Alog)O10(OH)2 3 polytypy mon, 1 trig [dioktaedricka |sk. hydroslid 0.75 15-40 150 * 10°
(motské
sed.)
Glaukonit |K<i (Fe’" Al) (Mg Fe ") (Si Al1O10(OH) 2 polytypy mon dioktaedrickd [sk. slid 0.8 15-40
Margarit |CaAL(ALSi2)O10(OH):2 mon dioktaedricka |sk. kiehkych slid 2 5-15




