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Synthetic Study of Zeolites from Some Glassy Rocks (1):

Low-Temperature Hydrothermal Synthesis of Zeolites Na-P, Na-X, and Na-A
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ABSTRACT : Low-temperature (80°C) hydrothermal sythesis of zeolites Na-P, Na-X and Na-
A was accomplished by the use of some volcanic glassy rocks as starting materials. The
synthetic experiments were carried out by means of two reaction pathways: (1) the formation
of Na-P as a result from an incongruent dissolution of the pulverized glass treated with
alkaline solutions of various concentration and (2) the formation of pure Na-P, Na-X and Na-A
resulting from the addition of appropriate Al sources such as AI(OH); and NaAlO, into the
residual mother liquid. Original composition and lithologic characters of the glassy rocks have
obviously influence on the chemical composition of the zeolites and their physical characters
such as purity and whiteness, but may not be a major factor affecting the resultant zeolite spe-
cies. The zeolite species synthesized at a fixed temperature condition tend to be largely con-
trolled by pH of alkaline solution, [AHOH): 1 and [(Na']l in the aqueous solution. In addition, the
industrial utilization of volcanic glassy rocks as raw materials of synthetic zeolites can be suc-
cessfully accomplished, if the supplementary synthetic process (2) proposed here is adopted in
the zeolite synthesis.
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Table 1. Representative chemical composition of
glass precursors determined by an electron microprobe
analysis.
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GP BP EP

8i0, 69.32 67.87 63.10
TiO, 022 085 0.67
ALO, 13.51 13.85 15.90
Fe.0.* 115 2.11 267
MgO 0.50 0.40 1.25
Ca0 1.34 124 207
Na,0 373 5.10 224
K.0 347 375 3.06
H0** 6.29 3.90 9,00
TOL 99.53 98.27 99.96

*
- calculated as total iron,
determined by a thermogravimetric method.
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Fig. 1. X-ray diffraction patterns of solid residues treated with NaOH solutions of various concentrations (1. 3.0
M, 2. 1.0 M, 3. 0.1 M, 4. 0.01 M) for 7 days:Guryongpo perlite (GP), Bangsanri pichstone (BP), Eoil welded tuff (EP);
Na-P (p), Na-X (x), Na-A (a), plagioclase (f), opaline silica (op).

A thepst 59 (001, 0.1, 1, 3M) NaOH &4
o2 747 Helsted Na-P A &eolEE §4st
Atk (Fig. 1). Fig. 1 olA & & Y& wiet 2o,
of Na-P A g&e}to]E7} A== NaOH &9
FE HYE 29 244 wet AR g2A ve

doh. FEE 3G (GP)F wabe] $219 (BP)
= NaOH 1M 9 5= 7oA Na-P ¢

Hol Ad $RHE Aoz vehti d Ha4,
A% feld Y (EP)S Aol 3MY ¥
= 27o] of A%l FH Y HAT A
°Z Helth 0.01 M NaOH £ 07 & 3708 A
B ORT G4 wgol A QY5 %3 A
3P 22 488 atE fA%t GP AR

GIMSl SRS A2 Wi vols o

[¢]

B gyl ALTolERY WHo| Hg
Olféolel e AR veEdd. a8y 1M 9

23]8 o] GPAIE7} U2 ABEXR
o Na-P 29| #do] &4 2 o]Fojxe YA
Boleh w3 3MY 5 ZAslAME o A
o A7t Na-P 29t ojijgt Na-X 1 Na-A A
golEr RRAHoR YHHGE AL S0
g Apdolth gl 2 AlZhfe] oj 2R E A
ok A, & “Hydrogel Process” o] H]s] A, o
AgeolE &4 A Aoz thh =g

m}o fu

‘

Tdays

M

1day

WNM

3hrs.
10 20 30 40 50

26 (Cuka)

Fig. 2. X-ray diffraction patterns representing the
zeolitic alteration of glassy precursor (Guryongpo per-
lite, GP) as a function of residence time in 1.0 M NaOH
solution.
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Fig. 3. X-ray diffraction patterns of Na-P synthesized for 4 days from the residual mother liquid (GP-L, BP-L,
EP-L) as a result of addition of crystalline AKOH)s to the solution : Na-P (p).
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Fig. 4. X-ray diffraction patterns of the Na-X and Na-A synthesized for 4 days resulting from blending the
residual mother liquid (GP-L, BP-L, EP-L) with 1 M NaAlQ; solution at 1 : 1 ratio ; Na-X (x), Na-A (a).
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Fig. 5. X-ray diffraction patterns of the gel, Na-X and Na-A synthesized by blending the residual mother liquid
(GP-L) with 1 M NaAIO: solution at different conditions. 1. Aluminosilicate gel formed in the 1:1 solution of the
mother liquid and NaAlO: solution at the residence time of 3 hours: 2. Na-A formed in the 1 : 1 solution of the mother
liquid and NaAlO: solution at the residence time of | day: 3. Na-A formed in the I :2 solution of the mother liquid at
the residence time of 1 day: 4. Na-X formed in the 2:1 solution of the mother liquid and NaAlO; solution at the
residence time of 1 day.
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Fig. 6. Scanning electron micrographs showing characteristic morphology and habit of synthesized zeolites. A
Spherical aggregates of the Na-P formed resulting from the alteration of GP (Guryongpo perlite) sample in alkaline so-
lution. B. Octahedral to cuboctahedral morphology of the Na-P in the altered EP (Eoil welded tuff) sample. C. Cryp-
tocrystalline aggregtes of the Na-X and Na-A synthesized from the leached liquid of GP (Guryongpo perlite) blending
with NaAlQ; sotution. D. Enlarged view of the Fig. C : Note the obtuse outline of the crystal aggregates.
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Table 2. Representative chemical composition of
zeolites determined by an electron microprobe analysis.

Na-P! Na-X* Na-A®
Si0: 4402 40.79 34.89
ALO; 30.00 34.64 31.42
Fe 05" 043 013 0.00
MgO 0.00 0.00 0.00
Ca0O 3.56 1.00 4.56
Na:0 3.06 11.05 8.93
K0 241 1.30 207
Total 83.48 88.91 81.87
Si/Al 1.24 1.00 0.94

I, 2. Na-P and Na-X from GP sample, 3. Na-A from
EP sample. * : calculated as total iron.
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Fig. 7. DTA and TG patterns of Na-X(1) and Na-
P(2) synthesized by the use of Bangsanri pichstone
(BP) as a starting material.
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HEo] Na o]9lo] Cadt K= Wol $eHTi=
Mg g gtk olgt 2o mBA Yol
Lol glojael 274 F4e Na-Xsh Na-A
4 P E 2 2 9x|uk of7]A= Na-Poj
Het gel Kol A #4594 ¢1 Nad @
AR WA ok G4 2oz} Aok £41
& obbm wae ZA AR (Si0,/ALO; ratio) o]
L& wol:= GPe} BP Alg9l @4 HAolA
¥ Sl e ol St felel 48 AEE
A Bgel e SEd 9Fe FE Aow

=2 T
BEAL oA oAl Frdol £ B4 fol
S 4 wgol woh FARA AgHE A
A

SE oA w3 Na-P @4 $4olA 2

& Zd (mother liquid) 2 2 231802 A=
Na-X% Na-A 9 HA HHAA %4 A7t ©
2t Si/Al 9] 447t Boh %o Na-A oA A
Ho® 2 Na-XZ ¥* A#Ao] (phase transi-
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FAST Na-X 29 @gho] o] Zojx)x] gt

:

HEeolEL MY o7l E

dze] G g 4 fald 549 AL
olEZ HAL A AAdM & F = uy

I, Na:Si0; U ALO; - BHO 2 & 7484 A
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% Nao] 7}4~ 282 u, 8l5%54 (immobile)
e 2= 7oz 484 9= (Noh and Boles,
1989) K & Ao #: Na-Po] u%5e Aom
Ay Cagd Zoz Po| fas= Aoz
A Ert ol e e Azl Rodo 7 RE
A E Na-Xof Caol Agek 88 rb Apalo)
AME 8lE ¢ Aok 1339 Na-Pg4A 344
ME W AlZte] W2 HAE X-4 3" B4
A (Fig. 2)u4 FA} Aak doj4o o 24H
A #HFE FHAME A (gel)o AL itslA
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AXE 4 Qldch o] 247q &9 FAYL I o ol
Na-P &4 Fo Zyzd f40ZXE AlOH), e dutdel RE FAGFAT HEol THEd
#3} g ®& IMY NaAlO, §4& #47 wg ML T4 weto] & oz 4Z4HT
ANA 22802 Na-P £ Na-X& FAH3e of Ao A LT 3719 it FelE EAE
22 outael “Hydrogel Process”$t #2 A4 o Agold & & e uie Zo| dAFTY #
W7bUFol o AYo £ F »11?} oA71M 5 & B8 53 f4 A% € ¥H 22 YAHE
718 wak AL Al %%1 Foll web Na-P A getolEQ WMo ZEE ZHste o
e Na-X7F §4d"tes *}*‘i/ﬂ olg &9 Azt gy 4 dAEL EEEEAY @
%o [HSiO/[AI(OH),] F=vl®at ofyet A ALgdolEY EHd EuE FFE FF
[Na*]E Na-P 9} Na-X o] 4t #HA A F8 %e Aoz AdAZLY. GAHE ALUYJEES
3 A4S FAde AHEE AAEtE o sMd A lpm Welel Solgdoz AZHA, 124l
th. Na-X 9 &4 A3 g4 & &4 -4 Na-P &4 #HdAA & 4 g vie 2o] 22
(ge) 9 A —~ALeolE A9 g H=E= 249 g Avlo dEskel o 24 J
AgHH, d714 A3 Na-A &= AHQ BeHH FAE oz WAE Yoo ot 1 A7 4
& A (metastable phase) 2 24 49 “Ostwald’s e 5 UL Ao A, d7|A GAE A
rule”o] wet Na- Xi AAolsle Aog oAA %E}OI £ ZolM Na-X¢ Na-A & &2 94
ot a8y Alg $23 FEE &2 AT WA =, M]ﬂ dx 28 A% 3o £d A
vl &2 57 OITOME of ¥4 WEAME= wE SoUA e 2AYE UehlER 53] FA4
Na-A 7t @43l g42 & sl HA S 33 229 STP (NasPOw) ol o3l 23
2 A% Aoz A7dEc 4dHor WAET}
22 S5 9|9 Golz= Na-P & #idzol Fa3 Ahq] Rop}
Wa® e pol B4 sad wde gz B4 ATARA 280 24 £ g gl
2eAe B4 #49 dAA NaP 9% Nax & = A%
L wgo g Na-AS ERH0Z 4 4 o o
olth (Fig. 8). o714 @48 AgTlEEL 7 =
5 AYHoR g #4F FFSZA TEEY
0o PEoE el 7t A2 oA °3°‘ Ao EAI FA4 fA e
Zao] Al B HlEiH W HA BAL Fah, G 2 &4 EIJ—%% A &tolEY
Agoche AbdRstohde Wgol Bt 43 %‘-° 29 duz 48Y F A lgd A&l
AYHE Aok §4 BRAN B8 suEE & A (B0C) 2 A Na-P, Na-X % Na-A
& BEA 3 Adelo]E (hydrous sodalite) 7} 54 e 74]9-3}0]57} Sojgaor g4 drh 8
of ¥4 HAAAE FuEA gk Aol el ML o83 AgTolEd AL 2
k. w3 A “ﬁO A8z ALage W ¥ v_mu ARo%, & o dHEY £2 A58 &
4 HgzE Agdels &xd BAR dsld % EUR o} o[5S NaOH geloz WA
Age 245 B4 #HA, & AL AF g9 Na-Pg 1#802 B4A7E B3, o714
g grsd 1E5 AgTol=E AT Y #8 2f 2Ag 89 A Al 33 249
We Hedn 329 ¢ Ue HoR 4zEg. WSAA 2302 v 240 ATt EEE
- Na-P |-» - Na-A
te— AI(OH),
glass precursor leached solution - gel —p Na-X
NaOH NaAlO.

Fig. 8. A flow sheet representing a synthetic procedure adopted in the experiments of zeolite synthesis.
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