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® 9 NaX zeolite 282 A&A7)7] 938 4.12Na,0 - ALO, - 3.55i0, - 593H,09] 1| 717 2o A9
NaX powder(1~2 um)& seedZ #7139 T) I A3} 27] EFE seedE HVIBIEZE A E A2 T4 A F
Ao, AR AV x it Aoz eyt dRv 2R 3 A17+S 7M7) NaX zeolite 23 & Hr} ebg gk
NaP zeolite?} &= Th2 4o 29| Ao|7} HAPSIHTE £ AFolA $2]& o] & AT visiA XRD, SEM, FT-IR#}
BETS o] &3l FAlstA At

Abstract NaX zeolite crystal were grown from seed elements of synthetic NaX (2~3 pm) Powder in a mother
liquor having an approximate reactant composition 4.12Na,O - ALO; - 3.55i0; - 593H;0. The result was that
crystallization time of NaX zeolite was reduced with adding seed materials to the imtial mixture and crystal size
was reduced. but with increasing crystallization time, NaX zeolite crystal transform into a more stable phase of
NaP or another type zeolite. In this study, We investigated detailed factors which NaX crystal has been determined

by a combination of SEM, XRD, FT-IR, and BET.
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Zeolitex= AlQ,8} Si0,2] APHA 27} 3x19 A o2
ded FFHFRE 7R, w73He] ulEA uwigd
aluminosilicate ¥ B3 FEo|t}, olEe] FF F2e
Al Si 9A7F A2 09A st 2EE o] F 3 glen,
primary building unit¢l SiO,= tetrahedra 7% 3o
1709) Si** A 402) O PRl Ago s Avjdo=
SHAE ZAEQ whao, AlQE tetrahedra 72 9]
1719 Al, 9219} 4709 O EA Ao 2 o] 23 7] W
2ol AAAO=Z negative charge(-1)E 7EXA At}
o]# % negative charget FAIAF AN EA = Fo)
2-(counter ions)ell &J3IA FHE o] FA AH1-3].

A4 4E zeolite®] Si0/ALO; mole B]7} @& A¥H
X4 zeolite: Atha oz FA 72 U Al9A] &4
H)7} Z7ekA) 9, 3 AlgxF 2l Aekdl &
Ag A3 Askd B2 FE5dol2o A3 =

o, BE2 AP e channel® A5 AZ2E void
£ $stm glo] EAAV]e] I 2 cavityyh
poreE 7HA B2 EXA &S & 4= 3vH4-6]. =3
ol FxUd EAste AT uiZE o] 2o B4
AGEA F3d 40| Al 9 nFddEA 3t
£ 55% A4E A, AF e E9sle &2
R 7194 o g gttt 239 & Hlods Al
FAA s Al Faol dojufar AFHolA Su) v
T AL 22 AFL zeolite2] F o} v YA S
olgldl=dl F83HH, o]E zeolited] AF T& Ak
LA mele] g Qo= Aba Y nele] v Felo}
X8 F&go)2o whet FERXITH 7, 81.

ZFuAA e Z TR)Ho] A sodalitest HAMGY 2
2] (double 4-ring)= ©]Fi7 cubice] 274 F2F 7t
A= AZ zeolitew EF YEEFNa) o] oo
2 37, 0|89 $E AT 27E 4 AUAT)0|T, A
9ol Lo] BF(K) o|2o|d S& AT Z77F 34



NaX zeolite®] ZAAHAA A seed F7 ol w}E 33 7

(3A%), Folgo] B4 (Ca) ol 2o 5A(GAT)Z &
Rk, B2 24 T2t EXdo] AU FEAHA I} A
%244 38 (double 6-ring) 9} octahedral -2 & o] F+=
zeolite X9+ Y+ Isostructure® Si0,/Al,0;9] mole ¥]
7} 25105 9 R XF zeolited} 318 AFAE
Vel 12, 4 0] Y zeolited} 319 444 S vehd
th X¥ zeolite?] ¥o]20] UYEE o|o|H Hg 27
7F 13 AololA 13Xeta 221}, kol o] g o]0
W AF 2717 108 A8 F0] 10Xetn Had, &
3] zeolite 13X &4 Wl EAlshe 2L Yol 9
& 39383 271213 A)E o) 2rH9-111.

13X zeolitet 7+ZF o7 ¢tH sl 7)|F S 7IX2
o] 53] e BgstollA R F3go| Hoyn,
T R EA)| slell A zpale Al 25~30 % A%
o FES E58 4 e 29 AR 5L /K2
U g zeolited] TIEAQ] dotH12]. o]
NaX zeolited] ot #EFAY L F2 = clean

=

room®l| ceramic paperZ E°]Z honeycomb rotor
B AF71e Au, Aok, bt a 43 A2 Ay
F2E Zadte AA 2 AF TP gy o) %
=i 3itH13-16]. 53] @A WA clean roomol| Ab
450X 3 U+ honeycomb rotore] AGAE2E Uut
Ao = silica gel& AHE3kaL 3lou}, mege] whed) A
Aol FAe 2t 3AAHF SHoAriw Q7] o
clean room We] £97|= 2o} o] A £97|¢ A
Fo BA71E a3 =k =y dA9 silica gel
L ANEE 80 % ol 1 oM = g Als
TEHE VENARE AdiEE 20 % vlHe] A 94
A Ag 80 FA3 BAu Ag d9dA &
43 AlgdsS JeEhlE I44 NaX zeolited] 2-&
o] B a3atri17-19].

E A7dAM a9 eR FAE NaX zeolited]
A4 mole ®¥lE 0.9+0.2Na,0 - ALO, - 2.5+0.55i0,
YH, 02 HHxe] ceramic paperZ ©]|Fo|Z honey-
comb TZEo Ef2E binder2 AME3I AG7]
rotorell 2E3IA HL37]o= WF oA (1~2 um)3t
22 #A4E NaX powderE seed® AbE-3led NaX
zeolite®] A% A7 & 5~10 umE A7), vk-2-A| 7+
o] ¥zlol ml2 AFHole} AR Aol BAE 7
st AT AP

2. ol 2

NaX¥ zeoliter= $EFIHC 2 Tt e, ALO,
9} Si0,9] sourcex 27t sodium aluminate(NaAlQ,,

Junsei chemical Co., Ltd.)¢} colloidal silica(40 wt%,
Aldrich chemical Co., Inc.)ol®, $&E2] Na 0%
HZ3817] A8l sodium hydroxide (NaOH, Yakuri
Pure Chemical Co., Ltd.)& AM&3ldT). 3 23 A
A& £71317] A8 AFER seedE 1~2 umE U|A8}
I, ARA7)7F LT NaX zeolite® AMEEATH
zeolite T/l 83 2] sodium aluminate, colloidal
silica, sodium hydroxide® Z+Z A3 o] Z{HFE o]
&3l A o] 231A7] & filter paperE o] &3
o filteringS Z3JIc) FH|HojR &A= colloidal
silica €9l sodium hydroxide £%& H7}gic}, o)
A7ke} BAld 77 gellationo] A ET) ow) LAl
gel& aRRte] oA thA] o] &3HER] @7 w] o
hot plateciX kel &7 80°CE 71dske) &8 git).
43 olsrt HY dF Y] FHRFE FYS &
do] 2EE HUFoFE F AR fltering g}, o]
A E4| 507 colloidal silica®} sodium hydroxide]
E3H8-99 sodium aluminate £%-& HH3] drop by
drop] Bel2 T3t o gellationo] TS| o
ol WH7) & o] &ste] FAF whgo] AP = U=
= avs APy,

old] seede PlE] AA Wk AMEEHORE F/HG:
Z 4 e 3l st 2 01A seedE
vhg-gofo] FQlahd, Eto] £EEW <o 1083t H o
S 2133t seed7t 93] WS Eilslold
g =g 3} ol HrlEolX| & seedd] e AA
T3-E 5 HO0E A|9A% 42 0.5 %= 3¢t

o] ga® F of 1087t wwhgl wsES
Polyethylene £7]°] ¥ E|Z&o0] ARJH autoclave
o] Yo 90°CE 2% @ convection dry oven(300-M)dl
AL DS WHEAIZE Bt RMAY G Etoll A whgo] 3
g 5 JUEE ) dheo] 24E 3 dojd YA B
< washing &9 (pH=10)2 o] &3}l washing %
filtering3 ¥ 100°Ce] vacuum dry ovenol|A 24A17t
Adzstgrh

A9 zeolitels FAMARAR] A (SEM)S M-8l 7t
Zte] vl vzel AR PAS BAsIG o, seed?] T}
hg-A17ke] Hsle)] wE A4S B8 AsiA X-A
SHEMXRD)E F3Yr) ol 2HzAL CuKoa
target, Ni filter & AME-3}] 260 gk 3~40°% 3sidc).
T BAES AFAAE Y] 98 FT-IR 248
AP, AFe Zre E¥xn @ uEAze
BET= &743}gth.

i
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3.1. seed® H7IeHA 42 AgelAM] 24 474 &3

Fig. 1 seed® #7F5HA €3 A3 NaX zeolite®]
SEM Alolth, 39 W& F dojr QA E2] SEM A
Ao AMBoz o 6~10 um 719 T3 NaP
zeolite7} & 2R3 o =z ZASHA < §um Z719
NaX zeolite?l octahedral F+z2] A% /dol Yehtz
olth. 59 ¥k Fo& NaP zeolite 2739 =77 <
10~12 umel F712 4AR T, NaP zeolite®] W5l
NaX zeolite7} 2418+, NaP zeolite®] FH el T o]
HY3PAA NaX zeolite’} EHOE E&Fo] Ueom
gltt. 79 ¥kg ¥ oF 14 um o]4te] & NaX zeolite2
ARz A7e]l HAxY & F 4~-5ume A NaX
zeolite®] ZA o] Holx 9lom, o 5um 7|9 +3
NaP zeolite?] 2RY= T3tz Ut} ol 39y ¥
oA Vel NaP zeolite®] 2% =717} oF 14 pm
old A3} vlwatd AEs] ol A& & 4 U

20 kV x3.80K

29 kV x1.S58K 26.0@48m
Fig. 1. SEM of synthesized zeolite as a function of crystallization time at 90°C without seed, (4.12Na,0O - Al,0; -
3.55i0, - 593H,0). (a) 3 days, (b) 5 days, (c) 7 days, (d) 9 days.

3 99 WhE Fel 2F 14 um ol4e] NaX zeolite 2%
o] 79%} Wlwate] L A ke Zlo] EUHT =
g 4~5 ume] NaX zeolite 2R E9] 244 24
W oF 10 um A =9 F3F A7) NaX zeolited] EA]8]
= 3718 e, A& Fe| 7421 NaP zeolited] 2%
A71e 799 vheAITEE A9 BUd Z7|E BEolth
ol& seedZ AMEIIA| B& AF F AR 0| 27l
NaA$} NaP zeolitedl A NaX zeolite22] 43¢] B&
Jepdt}, 3 NaP zeolite® ¥H-&-A12te] 383 544
Ae A o] ARl o, 743} 999 vHSAITE T
AR A E NaP zeolite 232 A7171 &F 3~5
umz Fold Aoz Jehtm glen, ¢]& NaP
zeolite®) A<l AA 9| 474L JeptA geth
Fig. 2= seed& AM8-31A] 92 7% WAt W&
zeolite A% peake] W3E HoyFz glv} 2 W& F
H]4A 3 k5 NaX9} NaP zeolite®] peakE o1 3l
o, 34 W& F F peak?’} NaP zeolite®] peak?l
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Fig. 2. X-ray patterns of synthesized zeolite as a func-
tion of crystallization time without seed, (4.12 Na,O -

20 kol 12.42, NaA<} 26 k<l 7. 189} NaX¢] peaksl
20 gt 6.082 UERia lom, Hhg Aj7te] e

28 kV x6.80K 'SI8Bsm

Fig. 3. SEM of synthesized zeolite as a function of crystallization time at 90°C with seed. (4.12Na,0 - Al,0, - 3.55i0,
593H,0). (a) 1 day, (b) 3 days, (¢) 5 days, (d) 7 days.

wEhd Aoz NaXel peak ZEe F7Hln
NaA$} NaP zeolite®] peakd] v Aizoz HAx
#adle AL Holx it & AH 3 Azt F7}
3ol w2} NaA<} NaPolA NaX zeolite2 A o)7} &
8 53 it} o]& ¥HE A7 59 & NaP zeolite®] W%
o NaA$} NaX zeolite7} EA18h= Fig. 13+ 2] XRD
A3} = NaAgt NaP zeolite7} NaX zeoliteZ A3 o]
e 3 A g g 4 9k

3.2. NaX seed methoddl] W& 2%}

Fig. 3 NaX zeoliteZ H7}3t 7352 AA 3} A7kl
wWE SEM Alzlelt), 19 whgAzt & AAHozm
v ZAn Ay Pol FEIM, owe] HAYL o}F
octaheral®] €3 FEES ez IR AT
XRDe] Z3}t9} 2Zo] NaX zeolite 232 vt} o]
= seed 7ol ME A3 Al7ke] @Eo 2 AYztso]

208 kV x6.80K 'S.B8sm

28 kV xB6.00Kk 'S’ d@um
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Fig. 4. X-ray ‘patterns of synthesized zeolite as a
function of crystallization time with seed (4.12 Na,O -

A™, HF7rH0IR] seed Btk 29 277 A7 A
o 2 vehla 3t} o] NaX zeolite seed 9} ¥H-g-£-94
o] APHoln, BHHOE FEIEEA olF 4L
2 A4l AyEE JepATth 28 A7 3N
£ NaX zeolite 232 =77} ¢F 10 um F=] & 2
A3 2~3 um 2719 ZF& NaX zeolite 23 o] Ho|n
et E=3 °F 4~5 um 2719 78 NaP zeolite 2FE
o] EAshe o] Helx gt} ¥HAIZ 5Y F & 2
Fe] =71 A9 ¥art givh A2 79 F 7Adol
A2 E& Fe 2] NaP zeolite?] &7} J33) 2 H
S 2RA)8kn 9len, I3k NaP zeolite®] 74 EH ol
vehtn sl 22 2B EY 277 whgAIZte] St
3 wetA A& Frhske AE B 4 th

Fig. 49lA Hojx|11 9l XRD ZAde vHeA7 1Y
A vFd AR o] FE= AL HAF3 gl
o, ¥k3-A17F 32 & NaP zeolite2] peak7} YE}7] A]
Zbstan, wkg-AZto] 543 74 = Sl mel F 23
o] NaX zeolitedll Al NaP zeoliteZ AFHo|7} X3Pd
e & F Utk seed®] 7t g3 whEERI]|H-H
NaX zeolite?} & A3 o2 e} & Aol seed
& Al &2 A¥e A9 g Rioln, £3
AR el ZHo] BAE NaX zeoliteollA] NaP zeoliteZ
9] ezt et glolA] wite] AgAS Holm
ot vh-E-A|Zke] Fole] whetl NaP zeolite 239 +
Y Hdd &R 3t 22 dA ol Agste AL dX
3t gt

3.3. 233} A7kl whe AR 3} A3 A 89 B4

Fig. 55 NaX zeoliteE ¥4 she g oA seed2]
7ts} seedT AR @22 F A¥e] ZH 3 THe A

Fraction of Crystalline solid (%)

] I
5

Crystallization time (day)

Fig. 5. Crystallization curves for synthesized NaX
zeolite (a) without seed, (b) seeding (0.5 %).

32 HolFq 9ot o] AdoA seedE AR G
7% NaX zeolite®] 233l ¥H8-AI3F 293 3Y o)A
F33 APse v seedE /IR AE NaX
zeolite®] ZAA 817} oju] 143} 29 Alelel FF3HA A
Pl AL AT 5 Qi) ol= seede] Hrpoll ukak
A A3 & g0l wia2A X Ao NaP zeolite
o] AYA Q] A& E3 NaP zeolite®] S JA 3}
AL L5 Uk

Fig. 6= ZAA 3} A)3te] Wsle] We AR 89
H3 2 HodF 3 9ot seedE H71e1A] 48 ASdE
NaX zeolite®] & 233l A|7te] F7}o| weps] m|
A&A Zrkste W seedE F7KEE S NaX
zeolite?] &2 10l <F 20 %, 34l 85 %E W=
714 B& Z7tE Jehdn). 22y seedE HUIE A
HolM e 2R3 A7re) 2710 wabd NaX zeolite?]
TFE&L 431, NaP zeolited] &8 S718H= Ao
golgn, 53] w-gAIt 593 7hA I AE v
£ 3A Jehie Ae 89 € 4 o ol NaX

Yield(96)

40 A

20 7

T T T I T _} T
3 5
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Fig. 6. Yield curves for synthesized zeolite.
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zeolite?] “FA ol 213k NaP zeolite22] ol 2%t

ol
3.4. FT-IRY) &2 ¥ 24

Zeolitew 1 FFol wely A7z 24 Je
U, o] 9] Z}zte] Aol ulalr] Hoju "E‘JE
#e] 4% o dgolA Aol Ui vlA T e B
el Rgol 710 1f FFAHER S X1 )
ol2gt BAJ& ol &3l FE zeolited] seedE 7}
317 2 AET seedE I ARoA Aol 4z
9] APEE AR Wt FT-IR 29Ed 238
400~1500 cm™ G JollA APt

Fig. 72 seed& AH7IHA %2 439 A=z WA
7k 3894 NaP zeolite2] 995~1000 cm™2) asymmet-
ric peak$} symmetric peak?l 772, 738, 670 cm’o] 1}

(2)

b

()

Transmittance(%)

oo 160

Wavenumber(em™)

T

Fig. 7. FT-IR adsorption spectra of synthesized zeolite
as a function of crystallization time without seed. (a)
3 days, (b) 5 days, (c) 9 days.

Elvz 9lem, D4RY peak”} 600 cm oA YEh}s
s1x, T-0 2% peake 435 cm™ oA Yehtz glot. &t
A9k NaX zeolite®] T-O 2§ peak?] 468 cm™o] L1}
U Aol #elxlo] NaX zeolite® %47t ZAlsleE A
¢ F UTH9) =Z wHAITEY] Flel ulebA @Z}
NaX zeolite®] symmetric peak?l 745, 677 cm’%
D6R2] peak? 568 cm™ 1813 T-O ZF peak?] 468
cm™ peak7} VERYZ] AlZHEHAAM NaP zeolite$t NaX
zeolite®] peak7} FE3la] F 7}A] Ao] o] At
< HUE 4 Qi) Az 929 Aule wws
NaX zeolite®] peak 7% 0] F=AA Yehta gl
o] &3+ AM & Table 1& Edlod vlm ER1e 4 gich
Fig. 82 seed® #H713 A9 ZAdazA ugAzt
3dollA dolxl AAEL Aot NaX zeolted]
symmetric peak$l 745, 677 cm™# D6R®] peak 568
em™ 282 T-O 23 peak?l 468 cm™” peak?} £ 8}

(a)

)

‘Transmittance(96)

()

T T T T T T T T T T
1500 1000 500

‘Wavenumber(cm™)
Fig. 8. FT-IR adsorption spectra of synthesized zeolite
as a function of crystallization time with seed. (a) 3
days, (b) 5 days, (c) 7 days.

Table 1

FT-IR spectra data of synthesized zeolite

Crys. Seed  Symmetric (cm™) Double ring (cm™) T-O band (cm™)

time 772 748 738 677 670 600 568 468 435
(NaP) (NaX) (NaP) (NaX) (NaP) (NaP) - (NaX) (NaX) (NaP)

3days no mwsh mw mw m ms ms

5 days no mwsh vw VW mw vw mw m m ms

9 days no mw m w mw mw mw m w ms

3days add m m m ms m

5 days add m m mw m ms ms

7 days  add w w m mw mw mw m w ms

*ms = medium strong, m = medium, mw = medium weak, w = weak, sh = shoulder.
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A gA=: glemn, NaP zeolite?] T-O 2% peak?
435 cm™ peak’= Q1= 1 gt} T3 A3 A|7te] A
Fto] wWakx] 547 & M3} glon, WAt
74 E NaP zeolite peak® FE35 B FEA
AP A& ALY 4 3Uo1A, NaP zeoliteZ 9] 37|
7} FZ8A A e AL & F Qo o A
£ SEM3} XRD9] Ao M= gl 4= glct,

3.5. BET9l| 2j3t vl ¥4

Zeolitex 43 2719 71F sizes} 713 AT F
Z, g&o] ] §- Fa317] W& o|& &3] H5kd
BETE ol &3l Fataa) 223 aeln 7139 27)
E 23319 seedE 7Kt FHIR zeolitew
ukgA| 7kl wlgbd NaX zeoliteolA NaP zeoliteZ 4
Ho] =, o]o] wWa vFHA | Ao} y)Fe] =Y
W3l Table 20 Vel ZA3 wh-gA7ke] 390A
792 Z7}gto] webA main phase’} NaX zeoliteol| A
NaP zeolite2 #3}5t31, o]ol] wa} multi point BET7}
356 m%/gellA 47.1 m%/ge 2 FA% LAAE Holm 9l
£ Aol g5 9o, M-P method pore areacl4]
T Z& 237} yehta gt

Fig. 9= 7139 Z7)0 ut& g23ke] T4¢ vehd
Aoz we-AIZF 3| M &= NaX zeoliteZt F 2332
2 Jehd Ade Axz Az HhAI7E 749
NaP zeolite7} 5 2734 AA7} v wste] 2ol
A ez glen, B3 NaX zeolited] 54 7]%
size B9A 2 %S Jepx ot ol AP E
Well NaX zeolite7} Bol 2x13tm givhe A& 59
3= Aotk 7129 A= YA E Wl NaP zeolited]
EA o] IHEFE AR AoE Yela gt &
3 Table 28 53t NaX zeolite®] FFFo] NaP
zeolite®) T2z} v\l 93] Avke RS & ¢
o, AA R 43 NaX zeoliteZ FAIF R 74¢
o} 232 500~600 m*/gE YER L, NaP zeolitee
7~10 m%/g9) & Uehlle AL & <= gitl 97

Table 2

6.10
530
T8 (a)
"= - (b
g 3.70 ’
290 h ,
gz.w \ ’ ‘
130 S
9 | oo T T T [
\ f -—-* et e
050
e N
10E-2 2 5 10E-1 2 5 10E-0
diameter (A)

Fig. 9. Pore size distribution of synthesized zeolite
with seed (AX10E + 03). (a) 3 days, (b) 7 days.

A wreAZF 3o Ae) Ao} +423 NaX zeolite7}
FAE 799 vl wale] vheA)zt 399] Faato] e
Ao YAHE Ud 10~14 %] NaP zeolite?t EA3}7]
) Zojt} o]} 2 MM E ukg Frlol| whepA
NaP zeolite?] 27} F713ithe AMIE & 4 Sith

4. d B

SeedE H7VoHA| & AS AH s 2V RE FHoE
NaP zeoliteZ} Yeh = Aoz & v colloidal silicate]
wh2-Ao} yrow] o]o] ma}l NaP zeolite2] 3o] AAJE
o] NaP zeolite?] 23 3}7} I A= 31, seed7t 7HA A
% seed$} wH-&-8-B Alojol] FHAQ HFZFol <& 2H
3o} seedol]l )& NaX zeolite®] ©]A} AAol] 2Jjk
AR} A, T3 NaP zeolite®] A JA &
23 NaP zeolite®] A4-& JA¥ 5 Uth

T2} Seed®] H7Re ¥FEAIZNE ZAAIE F o,
ke 7ke] ZhAaE QlISle] AR e ZY] mg hsm,

BET of synthesized zeolite as a function of crystallization time with seed

Crystallization Analysis data
time Main M-P method  Multi point BET ~ Langmui surface Average pore
phase (m“/g) (m/g) area (m”/g) radius (A

NaX* NaX 552.5 528.9 853.0 11.6

3 days NaX 552.5 356.0 587.3 124

5 days NaX 436.5 288.2 516.9 13.2

7 days NaP 68.8 47.1 89.8 174

NaP NaP 7.2 7.3 97.6 88.3

*NaX: Union Carbide Corporation. USA.
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=3 233} Alzte] gl el 745 E NaX7} NaP
zeolite® FA 3 Ao/t A= AL & = 9t

ZAkel 2

¥ d7e @A Adeke sAUtE ¢
=4 Az PH) 23 AE S (BRI AT
u) A el o8l FaAs o, olo] ZAFE =FYTh
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