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52N silica $9%<Q! White carbon (Zeosil 45 © B#{rE8IH)-2- A-&slod A, Y % Mordenite®!
zeolite® K#Satgler], RAEERES MK, Pukesf, RAERE o FUERR 5o 7 zeolite 4ol
rlxlE S AEeH,

A oA 99 zeolitert i 4 U REEEHS M-S o7 29k,

NaA : Na,0/ Si0,=0,6~3,5, Si0,/ Al,0,=0,5~2.5, H,0/ Na,0=20~40,

NaY : Na,0/ Si0,=0,5~1.5, Si0,/ Al,0,=6~26, H,0/ Na,0=30~60,

Na-Mordenite . Na,O/ SiO,=0. 15~0. 35, SiO,/ Al,0;=8~80, H,0/ Na,0=100~190,

NaA % NaY9] Aol oM ZiBsssaf2o]l EMe v}, Na-Mordenite?] Afols dixs
ettt

NaA®} NaY7} 27 SHiER 4&E v gl SRS e mEssige] <4l 7=,
NaA+ Hydroxy sodalite® NaY+ PEY zeoliteZ ®3}sle 73 %ko] oot}

A % Faujasite®¥ zeolite®] Holl o= BB EIZAA 1 zeolited] BRI FA=l: He
& alojzju}, Mordenite?] 7ol ZEiflol & f%o] A=A ¢tn ¥} BE7 £ KEHERZ A
silica BiF5 H 2 3}of f%o] o] Foix| i #Efhe! sl Hez dMslc),

NaA, NaY % Na-Mordenite$] #A4EBGERE % #RIGEARINAY EHElL viAle Zh2h 17, 42, 67
KJ/ mole % 34, 42, 57KJ/ molec|}

A Eholl A AHE3l Zeosil® zeolite &S 3 silicalfe 24 iEfke]l ¥ =3 Mordenitert
Pentasi}f 5 silica gl 2 zeolite?] SBFERIEA A st Azt5c),

Abstract—The A, Y and Mordenite type zeolites were synthesized in high purity and good yield by hydrothermal
method with Zeosil 45 (a White carbon) as a silica source. And the effect of the factors such as reactants composition,
aging time, reaction temperature and reaction time which can influence on the crystallization of the zeolites were in-
vestigated.
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In this experiment, the composition of substrates able to produce these zeolites were as follows; for NaA: Na,0/
Si0, = 0.6-3.5, Si0y/Aly03=0.5-2.5, H,0/Nay0 = 20-40, for NaY: Na,0/SiO; = 0.5-1.5, SiO,/Al,04 = 6-26,
Hy0/NayO = 30-60, for Na-Mordenite: Na,O/8i0, = 0.15-0.35, SiO,/Al,O3 = 8-80, HyO/NayO = 100-190.

For the synthesis of NaA and NaY, aging at room temperature was an essential step, but it exhibited negative effect
on the synthesis of Na-Mordenite. However, even in the borderland of suitable substrate compositions for the synthesis
of NaA and NaY, the aging time at room temperature and the time of hydrothermal reaction were prolonged, NaA

transformed to Hydroxy-sodalite and NaY to P-type zeolite.

For the crystallization of A and Faujasite type zeolite, it was believed that the precursors of the zeolite were formed

in the aging step at room temperature.

But for the nucleation of Na-Mordenite, it was seemed that the nuclei were formed during a hydrothermal reaction
at high temperature rather than at room temperature through the formation of precursors with reactive silica particles

as core.

The activation energies for the nucleation and the crystal growth step of NaA, NaY and Na-Mordenite were 17, 42,

67KJ/mole and 34, 42, 57 KJ/mole, respectively.

Zeosil, which was used in this experiment, was very reactive and seemed to be a useful silica raw material particu-
larly for the synthesis of high silica zeolites, such as Mordenite and the Pentasil-family.
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Fig. 1. Experimental substrate compositions for
the synthesis of NaA, NaY and Na-Mor-
denite in the Na,0-A1,0,-Si0,-H,0 system.
(Zeosil 45 as SiO; source, NaAlQ, powder
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Reaction temp.: 90°C, Composition
of E: 1.52 Na,0-Al,05-1.9 Si0,-38
H,0.
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Fig. 2. Effect of Na,0/8i0, ratio on NaA crystalli-

zation at 100°C for 3 hrs.

(Aging 1 day at 25°C, Si0,/Al,0;=1.9,

H,0/Na,0=25)
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Fig. 3. Effect of Si0,/Al,0, ratio on NaA crystal-
lization at 100°C for 3 hrs.
(Aging 1 day at 25°C, Na,0/Si0,=0.8,
H,0/Na,0 =25)
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Fig. 4. Effect of Na,0/8iQ, ratio on NaY crystalli-
zation at 90°¢c.
(Aging 1 day at 25°C, SiO,/Al,0,;=10,
H,0/Naz0=40)
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Fig. 5. Effect of Si0,/Al,0, ratio on NaY crystal-
lization at 90°C for 8 hrs.
(Aging 1 day at 25°C, Na,0/Si0,=0.7,
H,0/Na,0 =40)
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Fig. 6. Effect of Na,0/Si0O, ratio on Na-Mordenite
crystallization at 150°C for 60 hrs.

(Aging 1 day at 25°C, SiO,/Al,03=30,
H,0/Na,0=130)
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Fig. 7. Effect of Si0,/Al,04 ratio on Na-Mordeni-

te crystallization at 150°C for 60 hrs.

(Aging 1 day at 25°C, Na,0/Si0,=0.2,

H,0/Na,0 =130)
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Fig. 8. Effect of aging time on crystallization
rates for NaA from a substrate composi-
tion of 2.1 Na,0-Al,0,1.5 Si0,-63 H,0 at
100°C (Aging temp.: 25°C).

HWAHAK KONGHAK Vol. 25, No. 5, October 1987



100F - —
S hallY - sl
Ave -
R o
80} P
;5 /f‘ O : No aging
~ _ ® : Aging 0.5 day
P L 3
‘é 60 \ / @ : Aging 1 day
% . @ : Aging 1.5 days
s 40 '\ @ : Aging 2 days
o \\ A Aging 3 days
QO 20+t . A Aging 3 days
~ Ag:lype)
0 < M

0 2 4 6 8 10 12 14 16 18 20 22
Reaction time (hr)

Fig. 9. Effect of aging time on crystallization
rates for NaY from a substrate composi-
tion of 7 Na,0-Al,0,-10 Si0,-280 H,0 at
90°C (Aging temp.: 25°C).
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Fig. 10. Effect of aging time on crystallization
rates for Na-Mordenite from a substrate
composition of 6 Na,0-A1,04-30 SiO780
H,0 at 170°C (Aging temp.: 25°C).
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Fig. 11. Effect of reaction temperature on cry-
stallization rates for NaA from a substra-
te composition of 1.52 Na,0-Al,041.9
Si0,-38 H,0 (Aging 1 day at 25°C).
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te composition of 7 Na,0-Al,0,-10
8i0,-280 H,0.
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Fig. 13. Effect of reaction temperature on cry-

stallization rates for Na-Mordenite from

a substrate composition of 6 Na,O-
Al,0;-30 Si0,780 H,0 (No aging).

Fig. 14. Scanning electron micrographs of NaA
crystals obtained with different reaction
time (410.000).
(Substrate composition: 1.52 Na,0-Al305-1.9
Si0,-38 H,0, Aging 1 day at 25°C, Reaction
temp.: 90°C, A: 1.5hrs, B: 2 hrs, C: 6 hrs, D:
10 hrs (Hydroxy Sodalite)

Fig. 15. Scanning electron micrographs of NaY crystals obtained with different reaction time (x 10,000).
(Substrate composition: 7 Nay0-Al,03-10 Si0,-280 H,0, Aging 1 day at 25°C, Reaction temp.: 90°C, A: 3 hrs,

B: 5 hrs, C: 8 hrs)
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Fig. 16. Scanning electron micrographs of Na-
Mordenite crystals obtained with differ-
ent reaction time (x 3,000).

(Substrate composition: 6 Nay0-Al,04-30
Si0,-780 Hy0, Reaction at 170°C without ag-
ing, A: 6 hrs, B: 12 hrs, C: 16 hrs, D: 96 hrs)
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Fig. 17. Dependence of conversion rate and in-
duction period on reaction temperatures
for NaA, NaY and Na-Mordenite.

Table 1. Activation energies for nucleation and crystal growth of NaA, NaY and Na-Mordenite.

. Activation Energy
Substrate Temp. Zeolite Thi . ¢ Ref
composition range type 1S €Xperimen elerence
°C) Nucleation Crystal growth Nucleation Crystal growth

79 KJ/mole (ref.15)

1.2 Na,0-AkOs g, NaA 17KJ/mole 34 KJ/mole  50KJ/mole (ref.15) 44 KJ/mole (ref.16)

-1.9 5i0,-38H,0 45 K] /mole (ref.17)

'z 1Noaszxoo-£28(())§{2 a 80-100 NaY 42KJ/mole 42 KJ/mole - 59 KJ/mole (ref.17)

ﬁ;f)a;%:%%h o 140-170 Na-Mordenite | 67KJ/mole 57 K]/mole 100KJ/mole (ref.15) 63KJ/mole (ref.15)
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o} b2 AL kg2 B FuEAe] thEy| wigel
gk Azt

&

4, & B

Zeosil 45% silica B2 AFE-5led NaA, NaY
%) Na-Mordenited 48 23, o9 #8wsE
odck,

NaA 3 NaY9 &8:& dside 42 2447k &
iEgiol 714 2o Na-Mordenite2| #sfbell A=
B AXA % 7] 3t

A % Faujasite® zeolite®] &£l UoiAe ZE
PB4 I zeolite?] FiEEEEV} FA=EHT o=
alolxii}, Mordenited] %ol ZEiflolAd = o] 4
Aslx] ¢y Mok 2Rl B KEKEBRREAA
silica BIFE Hulio.2 sl %ol o] Folxn ZHAo]
Ak Aoz 45t ,

NaA, NaY % Na-Mordenites &% =, f&k
BEkbEel HSKEERMEY EEtelvxe A7 17,
42, 67KJ/ mole % 34, 42, 57KJ/ moleci3itt,

B EEold 283 Zeosile zeolite AFS I
silicalo 24 #Edol ¥, 53 Mordenitevt
Pentasilff % silica &&°] &-& zeolite®] &HEEE
24 A sl AZE

2 A

A TS Ysled 1986%EE (TR AEERMEMH

el WAL

485

WRIRE S Sastel T4 B BE 24t

=g,

-

10,
11,

12,

13.
14.

16.

17.

NOMENCLATURE

: Apparent activation energy for nucleation

(KJ/mole)

: Induction time (hr)
: Reaction temperature (°K)
: Ideal gas constant (KJ/mole - °K)
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