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Synthesis of Zeolites from Volcanic Glass —Part 1—

Masakazu CHISHIKIY, Katsutoshi ToMITA?, and Motoharu KAWANO®

Abstract

“Shirasu” is the name for the nonwelded part of the pyroclastic flow deposits that
is widely distributed in south Kyushu. Over eighty percent by weight of Shirasu is
volcanic glass which can easily be transformed to zeolites under alkaline condition.

Erionite, a kind of zeolite, was reported to be bore in Shirasu, and it was considered
to be a reaction product between the volcanic glass and agricultural chemicals.

Synthesis of zeolites using the Shirasu was carried out and the result was pre-
sented in this paper. Shirasu was put in a teflon flask with pure water and some
chemicals. Reaction was carried out keeping the temperature of the solution at 100
C under atmospheric pressure. Reaction was carried out using Shirasu, NaOH and
KCl solution. Reaction time was ranging from 21 hours to 67 days.

Reaction products were examined by X-ray diffraction analysis, differential ther-
mal analysis, infrared absorption analysis and scanning electron microscopic obser-
vation.

Outline of the reaction process was that Na-chabazite was an early stage product,
then it was altered to analcime with increasing reaction time. Another products such
as Na-P zeolite and mixed layer minerals probably occurred during the reaction.

Key words: Volcanic glass, Zeolite, Mixed layer mineral
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I. 12U ®IC

“UIRA AL, BICEMUNILLS AT S, BEOBEREKBERY OIEE/HTINTT 55—
A TH D, HEFHIZS T SFLREROKBRHERED IZTEIN TV 225, LHEFICSMmL,
KEICHFET 2D1E, #22,0004E0012, BAEOHITE (BEEE) NxEEEE LTREL,
AF (Ito) KWW <TH %,

AP KB E, HED80wt %A LA KILATF A THS (Obaetal, 1980), €D EAAL
M & LTix, 10A halloysite, 7 A halloysite, smectite, chlorite 7z & D5+ L4 AS i 5 &
nTwa (EH - KM, 1976 ; J&s, 1992),

AF KRR Y 2 W EWE & LW ARERIL, Z8IThbhTwb, ZORBERDDOKR
L, WAETH ALY, smectite, HHWE, HE - EH (1992) Tix, 10A halloysite ®
BROBREN DL, £72, S (1992) 1k, ¥ 5 AHIZ erionite DEH % WS L7,

EEOE, VIRATHBWHEE L TAERT 2HLEDEZHS 2ICTEH72012, TIVA ) KBRS
TYITAREBRTHERERYITo 72, ZOERMEIZOWT, XM EREIFTON, RERDH,
IREBHT, BSOS B L OEEETEMBEZE LT, WESELHL2ICL, ZOEBD
BRI OWTEREZINZ 72, SRIZOHED—HEHET 5,

0. #fsLUEER

1. HEHE

MAMNDILEHIZ 5T 5 “2 T A7 1%, KRR OFEBFHRIN T LHETH S, G
FEERRIZHW Y 7 A1, BRETEEMTOATKARHEEDOEPSTEM L 25D THE, 2
DY T ADILFESHER Tables 1 12777,

VIRAIE, A/ TDOASKTIRBEICE U R ABETTERL, ThEAREROLEDE L
LTHWw,

Table 1. Chemical composition of the starting material “Shirasu.”

SiO; 71.40wt %
TiO, 0.25
Al:Os 13.65
Fe:0s 0.76
FeO 1.55
MnO 0.04
MgO 0.48
Ca0O 1.88
Na:O 3.36
K.0O 2.70
H.O0+ 3.40
H.0— 0.62
P:0s 0.05
Total 100.14

Data from Tomita et al. (1969)



2. ARER
T7OVE=AT75 A BEROE LT AN, BEKEMZTL00ccilT b, TOT T A
DN —CLGEE2ESEL, dy N FL— MEICEREL, MET 2, BESBELES, B
EROBWLEY I A% 7T ATNMAS, BEDKGKMIE L 725 L, M#tzilkn, 75
TERAKEIERSHT B, 7IATONEREBRL, SOIIBERELRET LD, &
AT L RIS L 72, IS BT T b b o 72,
W EOBEME, A S TENL:. ShEYTSASHEWE L LARERW & L,
ERLARERICBIT S, YIAOE, REOEES LR, HSHEEZREESL LI,
Tables 2 BX U 3 12T,

Table 2. Experimental conditions and synthetic products.

KWAFZADPEDHBADEH—ZD 1 —
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Shirasu NaOH 05NKCI

Shirasu NaOH 0.5NKCI

Run No. others Time Product Run No. others Time Product
(g (g) (e) (g (g) (e
E1A 2,00 0.100 041 4dlh - E5C 1.00 1.00 0.75 7d16h A, (S)
E1IB 2.00 4.100 0.41 6d5h ? E5D 1.00 1.00 0.75 9dOh A, (S)
EIC 2.00 4.100 0.41 05NCaCl2 6d23h ? ESE 1.00 1.00 0.75 9d12h A
EID 2.00 4.100 0.41 0.20cc 9doh ? ESF 1.00 1.00 0.75 10d12h A
EIE 2.00 4.100 041 11dOh N E5G 1.00 1.00 0.75 11d12h A
E1F 200 4.100 0.41 05NMgCl2 14dOh N, (X) EBH 1.00 1.00 0.75 12d12h A
E1G 2.00 4.100 041 0.32cc 18d0h N E5I 1.00 1.00 0.75 13d12h A
EIH 2.00 4.100 041 19d0Oh N E6A 1.00 1.00 1.00 4d18h S, A
E1I  2.00 4.100 041 23d0h N, (A) E6B 1.00 1.00 1.00 5d16h S, A
E1J 2,00 4.100 041 26d0h N, (X) E6C 1.00 1.00 1.00 6d18h A, S
E2A 2,00 2.00 1.00 1d3h S, A E6D 1.00 1.00 1.00 7d12h A, S
E2B 200 2.00 1.00 3dbh A, (S) E6E 1.00 1.00 1.00 8d12h A, (S)
E2C 200 2.00 1.00 5d3h A E6F 1.00 1.00 1.00 9d12h A, S
E2D 200 2.00 1.00 10d0h A E6G 1.00 1.00 1.00 11d0Oh A, (S)
E2E 200 2.00 1.00 12d0Oh A E6H 1.00 1.00 1.00 11d12h A, (PS)
E2F 200 200 1.00 14d0h A E6I 1.00 1.00 1.00 12d12h A
E3A 1.00 1.00 0.0 2d6h S, (A) E6] 1.00 1.00 1.00 14d0h A
E3B 100 1.00 0.50 2d22h S, (A) E6K 1.00 1.00 1.00 14d12h A
E3C 1.00 1.00 0.50 4d21h S, A E6L 1.00 1.00 1.00 15d12h A
E3D 1.00 1.00 0.50 7dOh A, S, X E6M 1.00 1.00 1.00 16d12h A
E3E1 1.00 1.00 0.50 9d22h A E6N 1.00 1.00 1.00 17d12h A
E3E2 1.00 1.00 0.50 10d0Oh A E7A 100 1.00 125 4d23h S, A
E3SF 1.00 1.00 0.50 11dOh A E7B 100 1.00 1.25 6d9h S, A
E3G 1.00 1.00 0.50 12d0h A E7C 100 1.00 1.25 7dlh A, S
E3H 1.00 1.00 0.50 14d0h A E7D 100 1.00 1.25 7d23h A, S
E4A 1.00 1.00 0.25 5d15h A, S E7E 1.00 1.00 1.25 9d0h A, (S)
E4B 1.00 1.00 0.25 6d15h A, S E7F 1.00 1.00 1.25 10dOh A
E4C1 1.00 1.00 0.25 7d15h A, S E7G 100 1.00 125 11d0h A, (Z)
E4C2 1.00 1.00 0.25 7d19h A, (S) E7H 1.00 1.00 1.25 12d0h A, (P)
E4D 100 1.00 0.25 8d12h A, (S) E7I  1.00 1.00 1.25 13d0h A
E4E 1.00 1.00 0.25 9d12h A, (S) E7] 1.00 1.00 1.25 14d0h A
E4F 1.00 1.00 0.25 10d12h A E7K 100 1.00 1.25 15d0Oh A
E4G 1.00 1.00 0.25 11d12h A E7L 1.00 1.00 1.25 16d0h A
E4H 100 1.00 0.25 12d12h A E7M 1.00 1.00 1.25 17dOh A
E5A 1.00 1.00 0.75 5d22h A, S E7N 100 100 1.25 18d0h A
E5B 100 1.00 0.75 6d19h A, S

A: analcime N: sodalite, P: Na-P zeolite, S: Na-
chabazite, X: mixed layer mineral, Z: nosean.
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Table 3. Experimental conditions and synthetic products.

Run No. Shirasu (g) NaOH (g) 0.5NKCI (cc) Time Product
E20 1.00 0.20 1.00 12d0h S
E23 1.00 0.20 0.50 13dh0Oh S, (X)
E21 1.00 0.25 3.00 7d18h S
El5 1.00 0.50 0.20 11d12h A,S
El4 1.00 0.50 0.30 9d0h S A
E18 1.00 0.50 1.00 7d0h S, (A)
E17 1.00 0.50 2.00 6d22h S, A
El6 1.00 0.50 3.00 6d18h S, A
E19 1.00 0.50 5.00 14d0h S, A
E09 0.30 1.00 0.50 2d19h -
E20 0.50 1.00 10.00 11d12h S A X
E28 0.50 1.01 10.00 16d12h S, A
E08 0.60 1.00 0.50 7d20h P,AS
E12 1.00 1.00 0.60 8d0h A, S
E10 2.00 1.00 0.50 19d0h A
Ell 2.00 1.00 0.50 19d0h A, (P)
E13 1.00 1.50 0.60 7d0h S, A

A:analcime, P: Na-P zeolite, S: Na-chabazite, X: mixed layer mineral.

3. o

ERERDOFESB L HEEE OO 2012, XEHKREH 5 (XRD), RERSHT
(DTA), #H4b55# (IR), BLUOEEREFHEMESE (SEM) 21772,

(1) XK@ 24 (XRD)

VEDOERAERY % BB KPIREB S, ITEFI AR EIER SE725 @ % XRD HEE
& L7, XMREHrEEE X, Rigaku # Geigerflex %, S ; 30KV, 15mA, Ni-filtered CuK
a %, divergence B X U scattering slits 1/2°, scan speed 1°/min, time constant 4 THEEx%
L7z

(2) REHD (DTA)

ERAERY02e % & L DTA ARE L Lz, RESHSITEE L, Rigaku # Thermoflex %,
FURAEE10C/min, HIEREHFIZZERS51050C, EREIEI0xV THW,

(3) F4AFHAH (IR)

ERAERYIE, KBr $EAEIC L ) oHT Lz, ROV EaTEEE L, JASCO # A-302% v,
50407 5330cm™ D& ZEIE L 72,

(4) EEEFIRMIBEE (SEM)

SEM H#EHZ, ERAEBRY:OELELXI) B L T, PdAuZESELbOEHV, R
BEFEEMEEIL, JEOL 8 JSM-25ST %, MEEELSDH 525KV TH /2,

I. EBRIUEE

WHEWETHDHL T AD XRD /3% — ) DTA #if, IR WINA~RZ MvE, Fig. 1 2R 7,
XRD /8% — Vb, T AT H81%, feldspar, quartz T 525, KRIEBSILKILAT S
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Fig. 1 X-ray diffraction pattern, infrared absorption spectrum and differential ther-
mal analysis curve of Shirasu.
F: feldspars, Q: quartz.

ATH5b,

VIARMEWE L L AREROEBY ORIEMRERE Tables 2 1I2B LU 3 1IRT,

BERDOFMHEIIBIT AR 2 LKL L —EDOFEROERY % Tables 2 12777, TDIH b,
EIA, EIB, EIC, EID, EIE, EIG, EIH, EIl 3 X F EIJ ® XRD /8% — » % Fig. 2 O8I KSR
FONEIZRT, 6 DOFETIZ, NaOH g%, BUSH100ccl2r L4.10g M2 THBH, K
DOFEBEE & 412, sodalite DREIIFFFENIFEZIZ R > TV b, MOEKEERIZB W TIX, sodalite ®
HERUIFRSD S v, EIJ @ sodalite @ DTA BH#REE £ OV IR BIXA Y MV, Fig. 3 1IRT,

E2A 75 E2F &, 5 A2.00g (2xf L, NaOH 2.00g, 0.5N KCl 1.00cc % hnz it & & 72—
EOEERTH ), EEYO XRD /3% — 13 Fig. 2 O REIIR S, FUSOME (E2A : RS2
THEER) 123\ T, Na-chabazite 3 L OY analcime DA AEED S, FEMOFEEE & H IS
HERAS, analcime NEBITLTWADNHEETH 5, FEOE{LIL, ¥ F A1.00g, NaOH
1.00g (Zxt L, 05N KCl &%, 025cc~125cc&Z L&, & FEEFRCHMIZOWTA
AT 7230 XRD 87— THAHIZBWTLERO NS (Fig. 2 BX UM 4),

E2F, E4H, E3H, EbI, E6N B £ U ETN @ analcime @ DTA #i#% Fig. 5 (27" %, 72, ETN
@ analcime @ IR WIXLA %7 ML % Fig. 6 27”7,

Table 3 @ E238 X 1F E291%, Na-chabazite 3 X OF mixed layer mineral # & A T\W5, E23
RAETTA LA S, MBAME LT 7230 XRD /8% — v % Fig. 7 127”7, Na-
chabazite |%, 5007C 1 B ONE F TIIFFAEL TV 5%Y, 800C 1 B OB THEE L T 5
(Fig. 7-5),
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Fig. 2 X-ray diffraction patterns of the synthetic products.
A: analcime, F: feldspar, N: sodalite S: Na-chabazite, X: mixed layer mineral.
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Fig. 3 Infrared absorption spectrum and differential thermal analysis curve of the
specimen EIJ.
S % 5 o
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Fig. 4 X-ray diffraction patterns of the synthetic products.
A: analcime, F: feldspar, S: Na-chabazite.
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E 7N
E2F g
E
@
£
E4H £
]
>
w
R E 3 H [ L 1 L L L 1 1 1 ] L 1
v 50 40 30 2018 16 14 12 10 8 6 4
v Frequency (%100 cm_l)
'8 E5 | Fig. 6 Infrared absorption spectrum of the
u=1 specimen, E7N.
_Een
E 7N
| 1 1 1 1 1
RT 200 600 1000

Temperature (°C)

Fig. 5 Differential thermal analysis
curves of the specimens, E2F,
E4H, E3H, E5I, E6N and E7N.

77 AWM LD E23D#HAHZ, ethylene glycol MLEE % L, EJEEIZ XRD 747 % 17 o 7246 &R,
<8°260 (CuK a) M/%% — B HE U7 (Fig. 8-2—3), ZORFD 2 BEHMERS &
U1 HiiE#% D XRD 734 — > Tld, REHIOY -7 »EE %k o7, $%bbH, Fig. 82 (eth-
ylene glycol #LEERE]) — 3 (ethylene glycol JLEE#%) — 4 (ethylene glycol ALEE#Z 2 EE[E)
— 5 (ethylene glycol JL# % 1 H) 2R L, 29A—207A—33B L U25A—>8B L UIBA L&
fLLTWw5b, ZOFEFHIK LT, ethylene glycol 5ZFE L7z2H &, 100CE L U8250C T 1 K
Fom# L, XRD 572 1To7: (Fig. 9-28 X013 ), #D#EE, ethylene glycol BEFET 5
AICARBEBIC R > BB O Y — 725, MBULER, BEZEIC/R -7 (100CH2L : 24.5A, 250C
ek - 33A),

E208 L UF E231%, KCl oE & RIGKHE %2 1 HHZ{LE € b D TH 5 5%, E23Tid mixed
layer mineral # &K L TWADIZxt L, E20Tit Na-chabazite ® A AEHK L TWbE, TD 2
DORAFD DTA #iH L O IR WRIX A~ bV %, Fig. 10 IZ77%, XRD /8% — >~ (Fig. 7)
5%, 500CLLE, 800°CLLF T Na-chabazite D{EEAE D SN A5, DTA #iEH» S IXFEE
BE¥—=273ED LN, IR BILARZ PIVTIE, E23ASE20& ) BEELZRINZ /R L T 5,

Fig. 11 &, E21®» SEM BEETH 5, KIUA I ADEEIZ Na-chabazite 2YEK L TW 5 DH’
BHLND,

E15, El14, E18, E17, E168 X OF E19i%, ¥ 5 A1.00g, NaOH 0.50g!2® L, KCl 0&E* %
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5 10 20 30 40"
28(CuKa)

Fig. 7 X-ray diffraction patterns of the specimen, E23 after various treatments. 1: untreated,
2: heated at 100°C for one hour, 3: heated at 300°C for one hour, 4: heated at 500C for
one hour, 5: heated at 800°C for one hour.

S: Na-chabazite.

S 10 20 30 40"
20 (CuKa)

Fig. 8 X-ray diffraction patterns of the specimen, E23 after various treatments. 1: untreated
(on quartz -glass), 2: untreated (on glass), 3: treated with ethylene glycol, 4: two
hours after ethylene glycol treatment, 5: a day after ethylene glycol treatment.

S: Na-chabazite.
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ILEEREEE72H DT, Wiy analcime B L U Na-chabazite # &£ L T\ 5, Fig. 12
O IR BINARZ Pvix, WINLEPD/NY — 2 2R TH, KCEEAZZ7HT, KCl o&
DELBHELS, E1TB XU ELfE, FUSER14H @ E19& TlE, BEOWINEIFHV, Z1id E19
WKBITACERIOBHN 2L S 2 XML TS EE XS, 20 E190 SEM DEH % Fig. 13
\Z7RT o Zeolite DE LIRS ROONE, T2, KUK T AOKEIZHERDIER & zeolite
DEBIED NG,

1 |
10 20 30 40°

20 (CuKa)

Fig. 9 X-ray diffraction patterns of the specimen, E23 after ethylene glycol treatment.
1: untreated, 2: heated at 100°C for one hour after ethylene glycol treatment, 3: heated
at 250C for one hour after ethylene glycol treatment.
S: Na-chabazite.

s Ll
1 | 1 | 1 |
5

E09, E29, E28, E08, E12, E10B X OF E11ix, NaOH 1.00gicxtL, ¥ A, KCI, BL W
RIGHE M 2 B E T EBTHDL, SNOHLDERERIZBWVWTL, HEMT Na-
chabazite 2K L THB Y, KCEEM OB & b 2\, Na-chabazite IZ{H#& L, analcime 7%
ERLTWS, 72, E0838 L 1F E11121Z Na-P zeolite 4R L TH Y, E29/21% mixed layer
mineral 2SERK L T 5,

Fig. 14 |2 E085 X U E120) DTA Hi#% R T, ThHDRBYE — 7 OiREIE, £hEN1T]
CBLUBETTH S, INHIEHKIHE) BOTH S,

E29B L O E281, R UERHOBETH HH, RUSHEIZ L 2 EBYOHER KT 5 EER T
HDHH, FISEER 0y E29Tld mixed layer mineral 25826 5172, LA L, IR RILA XY
MUVTIEERIIFEO SN h o7 (Fig. 15),

E1I28 L O El4ix, ¥ A1.00gi2xf L, ®i#& i< NaOH 1.00g, 0.5N KCI1 0.60cc, ISHE:RH 8
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E20
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° /,_____/—‘/
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Fig. 10 Infrared absorption spectra and differential thermal analysis
curves of the specimens E20 and E23.

Fig. 11 Scanning electron micrograph of the specimen E21.
Scale bar is 1 #m.

HT, %% NaOH, KCIl 2%pi&ZD1/2, FULCKHM»SIHTH S, RISHERIIZRENRVD, X
IR & LT, Na-chabazite Df%IZEK T % analcime 1E, BAIZFICBVWTHEFIIROOLN
% (Fig. 16), BEI»ORCEBEICENE UHRIELEE R 5,

EI0B X U ELLL, RIULEHBHOBET, FALURGEEOERERTHS, TO2200HBITE
WTC, XRD #iC L VERY ERE LW ICETOMENRDO LN, ZOmMEIE, i
analcime EEBRLTWSA, BIEICIZAED Na-P zeolite &I TW5b, ZOMHEDEK }:

, HEMETHL L ITABAREETH o2& TRENE, EL2ICEBE TN TV Na P
zeohte A XRD AT IR L Z 2 WEBETH o 2Rl &% E 2 S b, SEM EE)
E11i12IZ K& analcime 4R L T3 (Fig. 17), BB OEEDE L v E12128 W T I—H‘?‘i
7 analcime SRR LN B Z & h, PETIEAH 5% Na-P zeolite 254K L Tz EZHN
%, Analcime D&, KIWT I ADERZE > THEL Twb, Fig. 17 o KILHT I 2D %k
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Frequency (%100 cm x)
Fig. 12 Infrared absorption spectra of the specimens E18, E17, E16 and E19.
- .

i
|
i i SRR i G i ] |

Fig. 13 Scanning electron micrographs of the specimen E19.
Scale bars are 10« m for A and C and 1 #m for B and D.
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Fig. 14 Differential thermal analysis curves of the specimens E08 and E12.
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Fig. 15 Infrared absorption spectra of the specimens E29 and E28.
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Fig. 16 X-ray diffraction patterns of the specimens, E12 (1) and E14 (2).
A: analcime, F: feldspar, H: amphibole, Q: quartz, S: Na-chabazite.
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Fig. 17 Scanning electron micrographs of the specimen E11.
Scale bars are 100 #m for A and 10« m for B.
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Fig. 18 X-ray diffraction pattern of the specimen, E16.
Numerals represent hkl reflections for analcime.

Table 4. X-ray powder diffraction data and unit cell parameters for

analcimes.
analcime E6N

hkl d (A) d (A)

110 9.14

111 7.93

200 6.88

210 6.210 6.25

211 5.600 6.02

220 4.850 4.88

311 4.150 4.06

222 3.800 3.78
321,320 3.670 3.66

400 3.430 3.45

331 2.979 3.03

332 2.927 2.94

422 2.803 2.81
431,520 2.693 2.70

521 2.506 2,51
611,532 2.226 2.23

620 2.169 2.18

541 2.118

631 2.024

543 1.9418

640 1.9041 1.909

633 1.8681 1.872

a (A) 13.69+0.04 13.72+0.05
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Table 5. X-ray powder diffraction data and unit cell parameters for Na-chabazites.

Na-chabazite El6 E23
hkl d (A) d (A) d(A)
101 9.50 9.5 9.5
110 7.03 7.0 6.9
012 6.46 6.5 6.5
021 5.610 5.62 5.60
003 5.090 5.07 5.06
211 4.370 4.36 4.35
122,300 3.910 3.90 3.90
220,104 3.480 3.48 347
401 2.950 2.95 2.94
410 2.620 2.61 261
125,232 2.530 2.52 2.53
a(A) 13.90+0.02 13.89+0.01 13.86+0.02
c(A) 15.25+0.03 15.20+0.03 15.22+0.03

Table 6. X-ray powder diffraction data and unit cell parameters
for Na-P zeolites

Na-p zeolite EO08
hkl d (A) d (A)
110 7.08 7.13
200 5.01 5.02
211 4.10 4.06
310 3.16 3.19
321 2.68 2.69
400 251 2.53

a(A) 10.02+0.01 10.06+0.02

SRIOEBERIC XD AR L 72 FE WY % zeolite 12DOWT, 0% 524 LCLSQ (Burnham,
1991) X DR TFEBEZFE L7, SRS %1T>72DiE, E6N (analcime), E1638 & U E23
(Na-chabazite), E083 X 0¥ E26 (Na-P zeolite) Tdh 5, HEIZFEHL72XRD /3% — > (E16)
B L URHE# R % Fig. 18, Tables 4~6(27R7,

N. 8b4IC

SEOFFETIE, F23# L LT, NaOH, KCl # W/l ERYHE L7y ROHPETIL,
KCl 1282 TKOH % WA EERRICOWTHET 5,

it &
AWFEZHED D IZHT2> T, REFBERBRFLEHZ, 200010, WABEEZEZEILOHE

T HRIEBRFEHEERMARE, FARFHETFBREOHLES L, FREHPSEE N,
7z, BHEAKE RO BHPIA—KICIE, ¥ T AFD zeolite I 27— it L TIE
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