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1. Tektosilikaty

Vyznamna skupina silikatiu s trojrozmérnym skeletem tetraedru
SiO,, které jsou vzajemné propojeny vSemi rohovymi Kysliky.
Do dutin pak vstupuji vétSinou relativné velké kationy, popr.
H,0 a jin¢ kaniony (Na, Ca, K) a nékdy take anionty (S, Cl).

« Skupina zivcu (albit, anortit, K-Zivce)
* Skupina foidu (nefelin, lazurit, sodalit)
« Skupina zeolitt

Struktura tektosilikatu - zeolit




2. Zeolity

Definice:

Mineral ze skupiny zeolitu je krystalicka latka se strukturou sloZenou ze vzajemné
propojenych tetraedri, jejichZ rohy jsou tvoreny O a obklopuji kation. Tato
struktura je prostorové usporadana tak, Ze obsahuje oteviené prostory ve
formé kanalii nebo dutin. Ty jsou obvykle vyplnény H,O nebo kationy, které
nejsou vazany do struktury tetraedri a jsou vyménitelné. Kanaly jsou natolik
velké, Ze umozinuji i prichod pribuznych latek bez porusSeni struktury.
V hydratovanych fazich dochazi k uvolnéni H,O - dehydrataci - za teplot pod
400 °C a ta je vétSinou vratna. Struktura muze obsahovat také (OH, F) skupiny,
umisténé ve téch vrcholech tetraedru, které nejsou sdileny s jinymi tetraedry.




2. Zeolity

Pouziti definice

Mezi zeolity jsou razeny pouze mineraly, jejichZz struktura umoZnuje vratnou
dehydrataci a vyménu kationi. Proto mezi né nejsou razeny tektosilikaty jako
jsou napr. skapolity, sodality, nefelin aj., které maji velmi podobnou strukturu,
ale nedochazi v nich k vyméné kationtii.

Nékteré mineraly obsahuji vedle H,O skupinu (OH,F) ve vrcholku tetraedri, ale
netvori mistek s jinymi tetraedry. Tyto jsou Fazeny mezi zeolity (napr. chiavennit,
maricopait).

Mineraly skupiny cancrinitu spliiuji Fadu strukturnich pozadavkii na zeolity, ale
pritomnost velkych anionti (napf. SO,) ve struktufe je odliSuje a nejsou mezi
zeolity razeny. Také jejich dehydratace probiha za vysSich teplot nez u zeolitu.

Leucit nebyl razen mezi zeolity. Jeho struktura je ale identicka jako u analcimu a
existence ammonioleucitu vede k tomu, Ze je Fazen mezi zeolity.

Pollucit nebyl razen mezi zeolity. Jeho neomezena misitelnost s analcimem ale vede
k tomu, Ze je také razen mezi zeolity.

Mezi zeolity jsou razeny také nékteré berylofosfaty (napr. weinebeneit). Ty sice
neobsahuji Al a Si, ale splnuji ostatni pozadavky pro definici minerala ze skupiny
zeolitu.




2. Zeolity

Obecny vzorec zeolitu

Definice obecného vzorce je podle nové definice spiSe nemozna. Ve starsi
literature je ale uvadén vzorec, ktery do urcité miry vystihuje sloZeni
zeolitii:

M,D, (Al 0,).mH,0 (Si> Al)

X+2y n -x-2y

X a'y se mohou rovnat,
kde nové uvadéné prvky

M = jednovalentni kationy (Na,K) (Li, Cs, NH,, Cu)
D = dvojvalentni kationy (Ca, Mg) (Ba, Sr, Mn, Pb)
Al (Be, Zn,)

Si (P)

aniony v kanalech H,0 (Cl, B)

aniony v tetraedrech O,0OH, F

Typické substituce: CaAl - NaSi 2Na - Ca BeP - AlSi




WITHIN COMPOSITIONAL SERIES*

2. Zeolity

TABLE 1. NEWLY PROPOSED ZEOLITE SPECIES

Series Species name Series Species name
brewsterite brewsterite-Sr gmelinite gmelinite-Na
brewsterite-Ba gmelinite-Ca
gmelinite-K
chabazite chabazite-Ca
chabazite-Na heulandite heulandite-Ca
chabazite-K heulandite-Na
heulandite-K
clinoptilolite clinoptilolite-K heulandite-Sr
clinoptilolite-Na
clinoptilolite-Ca levyne levyne-Ca
levyne-Na
dachiardite dachiardite-Ca
dachiardite-Na paulingite paulingite-K
paulingite-Ca
erionite erionite-Na
erionite-K phillipsite phillipsite-Na
erionite-Ca phillipsite-Ca
phillipsite-K
faujasite faujasite-Na
faujasite-Ca stilbite stilbite-Ca
faujasite-Mg stilbite-Na
ferrierite ferrierite-Mg
fermerite-K

ferriente-Na
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Figur_e 3. Plot showing the representative chemical compositions of the various zeolites
useq in this study (Table 3).. The same zeolite species formed in different geologic
environments often show considerable variation in chemical composition.




2. Zeolity

Diilezité zeolity: natrolit, stilbit, heulandit, laumontit, wairakit, klinoptilolit,
mordenit, faujasit, erionit, harmotom, phillipsit, chabazit, analcim

Vybrané zeolity

leucit KJ[AISi, O]
ammonioleucit (NH)[AISi,O]

analcim Na[AlSi,O.] . H,O
pollucit (Cs,Na) [AISi,O(] . nH,O
hsianghualit Li,Ca,;[Be;Si,0,,]F,
maricopait Pb.Ca,[Al,,Si, (O,0H),,,] . n (H,O0,0H) n =32
weinebeneit Ca[Be,(PO,),(OH),] .4 H,O
chiavennit CaMn[Be,Si.0,,(OH),] . 2H,0
kalborsit K([Al,Si O,,|B(OH),Cl

Phillipsit




2. Zeolity

Vlastnosti zeolitu

prevazné bilé, bezbarvé

nizka tvrdost

nizka hustota T =3-4, H = 2,0-2,2,
nizké indexy lomu a dvojlom

vratna dehydratace pri teplotach
pod 400 °C

schopnost vymény kationt

CLINOPTILOLITE: (Ca, Na,)Al,Si; 0,4 - 6H,0 (variable)
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2. Zeolity

Si, Al Na, Ca, K H,O
Tetrahedra

Figure 12.22 Typical zeolite structure. Heulandite viewed down
the ¢ axis. The open channels provide space for water molecules
and mono- and divalent cations. Structural data from Gunter and
others (1994).




Chabazit, Repcice

2. Zeolity

Natrolit, Soutésky




Stilbit

2. Zeolity

Analcim




2. Zeolity

it

Laumont

Stilbit




3. Vznik zeolitu

Vznik

AZ na vyjimky, typické nizkoteplotni a

relativné nizkotlaké mineraly.

Zpusoby vzniku zeolitu
- zvétravani silikatu pri vysokém pH
- diagenetické pochody

- alterace minerali cirkulujici pozemni
vodou

- hydrotermalni alteraci a krystalizaci
spojenou s magmatickou aktivitou

- kontaktni metamorfoza

- Kkrystalizace z hydrotermalnich roztoki

- regionalni metamorfoza nizkého stupné

- krystalizace z magmatické taveniny
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Fig. 333. Pressure-temperature ranges of environments of zeolite formation. The boundary
netween diagenesis and metamorphism has considerably more overlap than that shown here.
Numbered curves are experimentally determined or calculated stability limits of selected
zzolites. (1) analcime + quartz = albite + H,O (Liou 1971a); (2) heulandite = laumontite

- quartz + H,O (Cho et al. 1987); (3) laumontite + prehnite = epidote + quartz + H,O at low
pressure end and laumontite + pumpellyite = epidote + chlorite + quartz + H,O at high pressure
=nd (Cho et al. 1987), and (4) laumontite = wairakite + H,O (Liou 197154). The depth scale is
based on a lithostatic gradient of 25 MPa/km.




3. Vznik zeolitu

Typické horniny

- vulkanické a subvulkanické tufy a skla (zeolity vznikaji vétSinou az
po reakci s vodou ruzného puvodu)

- hlubokomorské pelagické sedimenty

- nizce metamorfované horniny

- dutiny ve vulkanitech

- hydrotermalni systémy na trhlinach hornin (hydrotermalni rudni
zily, alpska parageneze)

- hyperalkalické magmatické horniny

- granitické pegmatity

Stilbit




3. Vznik zeolitu

TABLE 9
Likely relations between pH, temperature and occurrence of some hydrothermally formed minerals™
T¢C) « - :u:nd side pH=7 alkaline side .
600 ~
biotite
500 Apatte - pyrophyllite wollastonite
sencite tremolite-acunolite
brucite
00 ! adularia
L "
300 beidellite 1 calcite 1
kaolinite pyrophyllite . chlorite , and other
200 endellite . dickite hydrobiotite montmorillonite carbonates
allophane 1 illite  tale (7 zeolites
sencite
100 alunite  gibbsite nontronite
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3. Vznik zeolitu
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Figure 1. Observed distribution of secondary minerals as a function of temperature
in hydrothermally altered Icelandic basalt (modified from Apps 1983).

Thomsonit




3. Vznik zeolitu
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3. Vznik zeolitu
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Figure 9. Log[(aK"/aCa™] vs. log[(aNa"%aCa*] diagrams for zeolites
occurring in hydrothermal deposits in silicic-volcanic rocks (analcime, chabazite,
clinoptilolite, erionite, heulandite, laumontite, mordenite, phillipsite, stilbite,
and wairakite), all calculated assuming an aqueous silica activity in equilibrium
with quartz and at (a): 25°C, (b): 100°C, (c¢): 150°C, (d): 200°C.
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Figure 10. Log[(aK")"aCa™] vs. log[(aNa*y/aCa®"] diagrams for the zeolites
occurring in vugs and cavities in mafic volcanic rocks (analcime, chabazite, erionite,
heulandite, laumontite, mesolite, mordenite, natrolite, phillipsite, scolecite, stilbite,
thomsonite, and yugawaralite) calculated assuming 35°C and (a) log a(Si0,) = -4.0;
(b) log a(Si0,) = -4.1; (c) log a(Si0,) = -4.3; (d) log a(Si0,) = -5.0.




4. Pouziti zeolitu

Pouziti
Vyplyva ze specifickych vlastnosti zeolitii. VétSina dnes pouzivanych
zeolitu je ale vyrobena synteticky.

- zachyceni ruznych typu polutantu (radioaktivni latky, organické
latky, SO,)

- CiSténi ruznych latek
- zemédélstvi
- vyroba papiru
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Figure 5. Pore size distribution in some CLINOPTILOLITE: (Ca, Na,)AI,Si,0,;, - 6H,0 (variable)

adsorbents. (a) Dehydrated zeolite; (b) silica gel; (c)
activated carbon’.




4. Pouziti zeolitu
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' A
A ( 6-ring above chabazite cage
Fig. 363. Projection of the structure of chabazite onto (111), usin.g the "dl()lll]iL" posttions
Fig. 362. Clinographic view of the framework of chabazite, in which only tetrahedral sites refined in the space group R3m by Calligaris ef al. (1983). The Si,Al distribution in |
and T-T linkages are plotted. A set of 6-rings that define the framework are darkened, to tetrahedral sites is disordered. Various dark grey circles represent several different cation sites
illustrate the stacking sequence AABBCC. ... Double 6-rings are located at each corner of (C1, C2, C3 and C4), and light grey circles, water molecules.

the thombohedral unit cell, which also forms the chabazite cage, cha (see Fig. 329).




4. Pouziti zeolitu
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F igurc_ 2. The sodalite cage (left), and the structures of zeolite A, zeolite X/Y, and
' o sodalite®. |




