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Abstract 

There are many types of commercially available zeolites, which have been 

widely used in the fields of petroleum as a cracking agent and laundering as a 

builder in detergent. The improvement of purity, homogeneity in size and fineness 

of zeolite particle could be expected to improve its catalytic action and adsorptive 

property. 

In general, a hydrothermal method has been applied to synthesis of zeolite 

using amorphous aluminosilicate or silicate gel. The reactions for the production 

of zeolites has been studied for many years and by many workers, however, the 

mechanism has not yet been fully elucidated, because of the complexity involving 

numerous simultaneous and interdependent equilibria, and condensation steps. A 

universal mechanism to describe all the crystallization process including the 

nucleation process has not been presented. 

Many attempts have been made to synthesize new types of zeolites with new 

structures and chemical compositions by addition of organic molecules such as 

amines and alkyl ammonium ions in gels and fulfilled in part successfully. 

However, the exact role of organic species and the mechanism on the formation of 

the product with particular structure remains to be unresolved. There has been no 

or little report on the synthesis of zeolite in the presence of a high molecular 

weight of polymer. The polymer effect on the crystallization of zeolite in gel might 

be of great interest. The preparation of inorganic-organic molecular composites or 

partly molecular composites has been investigated by mixing the two components 

or chemical reactions between the corresponding materials and the chemical and 

physical properties of the products have also been studied. However, many 

difficulties arise in the homogenous mixing and in the reactions proceeding on the 

solid surface . 

.In this thesis, the synthesis of zeolite was investigated by applying a 

hydrothermal method in the presence of water-soluble polymer and the effects of 

polymer on the structure type of zeolite, crystal shape, nucleation and 

crystallization reactions were also studied. The morphological structure of the 

composite materials and the interaction forces arising between the two 

components were demonstrated. 

This thesis consists of the following seven chapters. 

In chapter 1, the general information for the history of studies of zeolite and the 
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properties of zeolite and zeolite Y were described. 

In chapter 2, the results obtained for the synthesis of zeolite Y in the presence of 

poly(vinyl alcohol) (PVA) and for the characterization of the reaction product by 

using X-ray diffraction technique, SEM, thermal analysis of TG-DTA, and MASS 

spectroscopy were described. Homogeneously fine size and round shape crystals 

were successfully synthesized in a single phase. Existence of polymer led to 

shorten the induction period and an important suggestion was obtained, that is, 

the solution viscosity caused by polymer gives an advantage to the nucleation of 

zeolite, since the polymer leads to increase in concentration of aluminate and 

silicate ions in the microdomains of polymer aggregates. The apparent activation 

energies of crystallization and nucleation estimated were 75.4kJ/mol and 

72.0kJ/mol, respectively. Similar values were obtained for the polymer absent 

system. 

In chapter 3, the results obtained from thermal analysis and the MASS 

spectroscopy of the fragment ions decomposed of PYA-zeolite Y composite were 

described. The dehydration reaction of PYA deposited on the surface of zeolite 

crystal was greatly increased up to about 100°C as compared to the decomposition 

temperature of PYA homopolymer. A consideration was made that a strong 

interaction arises due to either the hydrogen bonding between the side chain of 

hydroxyl groups of the polymer and surface of zeolite or the intermolecular 

bonding via Na+ ions, resulting in the formation of a composite materials of PVA­

zeolite. 

The specific surface area and the pore volume of PYA-zeolite composites were 

decreased significantly with increase of the polymer content. Results obtained by 

SEM and the difference spectrum of FT-IR spectra of the respective components 

showed that in the composites polymer chains dispersed molecularly in part and 

hydrogen bonds formed between crystal surface of zeolite and hydroxyl groups of 

polymer, and further that in blends both of a phase separated polymer and a 

hydrogen bonded and stabilized polymer on zeolite surface were involved. A 

structure model of PYA-zeolite composite was proposed and the relationship 

between the stability of polymer chains in composite and the ratio of the length of 

polymer chains, L to the thickness of polymer phase on the surface of zeolite 

particle, fp was described. 

In chapter 4, the result obtained from the studies of the synthetic reaction and 

the characterization of the polymer-zeolite Y composites formed in the presence of 
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poly(vinyl pyrrolidone) (pVP) was described. It was found that there exists a 

preferable viscosity range i.e. ,  the concentration of polymer range for the yield of 

zeolite crystal, but the apparent activation energies of crystallization and 

nucleation are very similar to the other polymer system and the polymer absent 

system. 

In chapter 5, the results obtained from the studies on the synthetic reaction of 

zeolite Y in the presence of cationic polymer, poly(diallyldimethylammonium 

chloride) (PAMAC) and the effects of polymer on nucleation and crystallization 

were described. X-ray diffraction technique was used for identification and the 

determination of zeolite content in the reaction products. The changes of the 

crystal surface morphology, size, and shape of crystal forming during the reaction 

were studied by using SEM. Detailed observations were also performed for both 

the reaction products composed of crystal and/or amorphous precursor involving 

polymer component and their calcined products obtained at 600°C, 24 h. Reaction 

mechanism was analyzed and apparent activation energies of nucleation and 

crystallization were determined. A characteristic phenomenon was found in the 

latter stage of crystallization in the cationic polymer present system. The rate of 

crystallization suddenly drops to a constant rate and then the rate continues until 

the reaction reaches to completion. It was presumed for polymer effect on 

crystallization that the cationic polymer chain on the growing crystal surface 

controls the diffusion of active cluster comprising of anionic chemical species to 

growing sites of crystal. 

In chapter 6, the investigation for the adsorption properties of the PAMAC­

zeolite composite that was obtained in chapter 5 was described. It was found that 

the composite obtained from 5% polymer system adsorbs ammonium ions and the 

amount of adsorbed ions was 67mg/g of the reaction product. It was found, further, 

that the composite adsorbs phosphate ions and the amount of adsorbed ions was 

45mg/g, but no or little adsorption was observed for zeolite Y. It was considered 

that the adsorption of phosphate ions depends on the side chain groups of polymer 

in the composite. The adsorption capacities for ammonium and phosphate ions in 

this composite are higher than those of commercial or reported adsorbents. It was 

clear that the composite was possible to adsorb ammonium and phosphate ions at 

the same time. 

In chapter 7, the summary of this work was described. 
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-i?;t7'{ r X, 48 '"'-- 76 0).'BOOO)tO)�-i?;t7'{ r Y �Ii¥bo Y��;:{i;�i¥-Jft n=56 

O)a�O){��*ll�Ij: Na56(Al56SiI360384)·250H20 -C.:b�o -�I¥-J�;: n il�*� < ftQ�;:VE 

v\tJl*t�il�mTil�, n=56 -C t 250 t O)*il���* � L--C1¥1£ L -C""�o -i?;t7'{ 1"­
Y Ij:�-�·'7'{ 1"-7-��li¥finQ 14 ffii{*��nGO) 6 .ft�il���L-C��.A-/'� 

-7-�il�.:bQo .A-/-!{.-7-�O)AIJ Qfj: 12.ft�il�GftlJ, �0)*��fj:0 .74nm 

-C.:b�o 
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Fig. 1-1 Framework of zeolite Yea). Secondary unit of zeolite Y(b). 
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�=. r:p-tt� !J '?�-c: ib {) �!J 1::" ';:::'lv7 Iv::1 � Iv{¥fE-r-c:O) 

--t? ;t-7 -1 t- Y 0) �,5X 

1960 �{-t i0� G, --t?::1-7 -1 }- � PX: �=:to It \ -r ��tt�J� � ff��£ �= Ii � �:Z, ib {) It \ Ii 

fJt-m-t {)iiJf�;O�1TbtL, ��/Jt1t����i?::1-7 -1 }-��,5XT g :. C: i0\r:iJi'ru C: fJ 0-r 

It \ go 

1968 ��= Arganger et al.l)�= J:. 0 -rff��I;�ib g T }-7'/0 tOlv7 /'-t'::' r) A� 

(TPA)� m It \-rW�ft9fJtl4��ff-t g ZSM-5 0)�p'x:�=,5X:9J LJ::. :' C: 7J\¥§� � tLt::.o � 

t::., 1993 4q= Morris et aU= J:. 0 -rm 3 *&7 Jvn / � Jv7 � /' � mit \ g :. C: �= J:. '9 * 
� fJ NaA �ra7J\�JJX: � tLt::. 

2)0 7c0) Ili0��= b ��(J)iiJf�1fI= J:. 0 -rflk O)ff��£� 

mlt\-r, � 75 f1�0)i?::1-7-1 }-i0��P.X:�tLt::.o f9!m�ttt::.ff��£lii?::1-7-1}-0) 

tl4�(J)*1i.lj.ll-r�:X�2-tgT /'7"v� }-(J)19:�1�lit::. L--rlt\{) C:�:Z GtL -r:to '9, � 

t::. 7ctLli, 7c (J) � � *'IB:fLr-H=I& '9 J.6 � tL g :. C: i0� fYj G i0� C: fJ 0 t::. 3)0 L-i0� L-, �!J '? 

-� m It \t::.¥§�fifl C: Iv c:"�ib t::. G fJIt \0 

1993 ��= Goto et a1.4) fiJ(�*mti�5J'-1--c:ib{)i?7T/'��JJo L-, i?::1-7-1 }- Y 

��JJX: L-t::.o i!7 T /,(J)�5J'-1-WJ5IH= J:. 0 -r�ra{��J3t7J�� < fJ'9, i0��:f$)-M*IBfJ 

�a��1�{) =- c: 7J�t±l*t::.o 7c(J)f�, Myatt et a1.5) li*,!J.:L.T v/,�"!J ::Z-Jv(J)�j]IH= 

J:. g��fJi!::1-7 -1 }- A �ra(J)�p.x:�¥§l5- L-t::.o L-7J� L-, :. tt G (J)�p.x:�ftf -c:*, !J '? 

-7J�fft5J'-1-�=5J'f4' � tLg iiJi'ru'ti7J� ib g 7J�, 7c(J),¢,U= �It \-r fi�wt � tt-rlt \fJIt \0 

m =. -c: fi cp ti � !J '? --c: ib g *,!J 1::".::. Jv 7 Iv::1 -Jv(PVA)f¥1:E -r -c:i! ;t-7 -1 }- Y 

�PX:�1TIt \, 1:.JJX:�f�-'= �It \-r�F�f=�M L- t::.o 

2.2 ;%.JJ$ 

2.2. 1 �f-t:to J:. a�� 

i?::1-7-1 }- y�px:m��c: L--r7Jv � /'M-r}-!J r)A(I��nRf�� 1*&):toJ:.a*Mf� 

-r }-!J r) A(flJ:J'tM!� W*&)� mlt\t::.o ::1 0 -1 ?{Jv�!J n Ii Ludox HS-40(DuPont, "2;ff 

:it 30.2wt%)� mit \t::.o *,!J 1::"'::'Jv7 Jv::1-Jv(pVA)(J)-tT'Jvf��� C: L--rrtHt&(J) �" !J 

-e!J /'(flJ:J'tM!�, 1 *&)�7c(J)� �mlt\t::.o *,!J '?-f¥tE*�=f9!m L-t::. PYA (J)f1�� 

�t AA�J3t, 5¥:f$)m�J3t:to J:. tJ-¥:f$)5J'-1-:S: C: *�= Table 2-1 �=�To 

7 



�PX:lXJ;t� Tf& ,  lXJ;t�ip G*lXJ;to) 7 -1 �-1 ::t�, 7 /v � ��-1 ::t �:f3 J: a*M: 

fl::�-1 ::t �, :f3 J: aT r- !J ? A �71�T -0 t� bl) �::�fJflll C: L- -C 71iiID71�:I: 12,000 '" 

14,000 O)i? /v 0 - AT.:L -7"( - :J'tfl::$)� ffl1t' t�o � G �::�fJf�:: J: "0  --C1� Gnt� � f*  

1:PX:�;6�G*.:c� !J 'Y'- � ��T o t�bl)�::�-III:rL-lj--1 ;7:,' O. l!J.m 0):::.. r- o i?/v o -A� 

j. �7" v�7 -1 /v 7' -(*7$��);6�ffl 1t 'Gnt�o  

� f*(£px:� rp  �::-e;- � n -o  'i?::t 7 -1 r- y � �t1::f3 J: V�:i\:T -0 t� bl)'i?::t 7 -1 r- Y (J) 

f�'H$�*4 c: L- --c*1I�� S '" IO!J.m .'Bim 0) mJW{ ZCP-SO(��tfl::PX:) �ffl lt 't�o 

Table 2-1  Water-soluble polymers used 
Degree of Degree of Average Molecular 

saponification polymerization weight 
(mol%) (M X 1 0-4) 

GM-14  a) 86. S  '" 89.0 1000 '" I S00 8. 1 
GL-OS a) 86.S '" 89.0 < 1000 <S 
NL-OS a) > 98 . S  < 1000 < 4 .S  
NM-14 a) > 99.0 1 000 '" IS00 4.4 '" 6 .6 
PYA- lOS b) 98. S  260 1 . 1  
PVA-HC b) 99.0 1 700 7 . S  
8. Nippon Gohsei 
b. Kuraray 

*��atIJ�O)t� bl) �::, 'i?::t 7 -1 r- �px:i&Jf£�:::f3 �t 0 � !J 'Y'-O)71�.�fl:: �:: -'J1t ' --C� 

�T -0 t�bl), PVA O) M;tlH!I!�rr"0 t�o .::. .::. -c: , PYA r�ut AAl::�;6� 86. 5 '" 89.0 (J) GM-14 

0)�*4 � ffllt' t�o �!J 'Y'- O)Mj&m! f-J:'i? ::t 7 -1 r- 0)�px:�f4(0.08M *�fl::T r- !J ?  

A *m� �::fI:l � ) �::�bit--C.l2l-T �::�T J: '5 ft Mj&m!�flf I � ii ffl  L- --C1T"0 t�o PYA 

rp 0) 7i?T Jv£�-J:, 'i?::t 7  -1 r- �PX:i&Jf£O)f}]WU���"'(:'Jm. 7i?T /vfl::lXJ;t �g.::. T C: � 

;t Gn o O)"'(:'Mj&l!I! II �::ftt-it--C1T"0t�o  .l2I-T, M;tl1l!1!�flf��To 

1Vi;tl1m! I : PYA O.4g � *  20ml �::mf4l? � itt�o .::. O) �71�*m��:: 0.2M *�fl::T r­
!J ? A *m� 20ml �1Jo;t, 2SoC, 1 �fL'1i5ctl L- ,  .:.t:-O)f& 7 /vj)!J *m� 

� 80t, IS B�rJt'j&m! L- t�o  

1Vi;tl1m! II : M;tl1l!1! I C: /PJ C 7 /v j)  !J *m?1�"'(:' 25°C,  1 a�rJt'1i5c� L- t�o  

J:�cO)1Vi;tl1m! I :f3 J: V II -C:1� Gnt� *m��:: O. IM Hel �1Jo;t, pH2 ftili:�::�� L-

8 
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t:A&, �fJfnl-c:'�t¥flk�::M L -r +71'�fJT � 1TV 'm� L, *J!iltiflqJE�:: fJt: L t;:o 

iflIJJE�irJ�O-T'1JM*J!iltH(W-27D, 1jrlff4$$:��f'F?Jf)�Jtjv', 7Hlt 30°C, lkri 

1;.:l-c:'TT0 t;:o 'i t;:, �lk O)1t�*J3[fi 80. 92 sec -c:'� 0 t;:o 

PYA 0) I{Z:l$J71'-1-:l:fi(2-1 )�t::1Jt:v ':iJ ill L t;: 6,7)0 
[11] = 45.3 X lO-3M>.64 (ml/g), 

:. :. -c'[l1] fi*J!ilt�, M fi71'-1-:&-c:' � 0 0 

(2- 1 )  

PYA Ii GM-14, PVA-I 05 , .:to J: lJ pYA-He � ffl v  ,t;:o ��'Hi/� '/ T*llpj(; 8N�O ' Al203 ' 

12Si02'360H20 'xPVA (x=0 '"" 0.25) C: ft o J: ? '::BiJ;Gri���� L t;:o  

fi C.Y)�::, .ff 7 .A�.A T '/ 7" /�-1 7 IVCP-c:' 2 .20g 0) 7  Iv � :/�T r- !J rJ A C: 4.0 1g 

O)lk�fl::T r- !J rJ A �  1 5ml O)�t¥flk t::rif4� L 71vj] !J .:to J: lJ7 Iv � Tm�*mi� :a:­

�� L ,  :. n � A � C: L t;:o mv ' -r  B � C: L -r ,  .A T '/ 7" /�-1 7 Iv':: 0.50 '"" 2 .62g 

0) PYA � 1 5ml O)�t¥f* ,::mf4� Lmi���� L t;:o :. :.  -c:' PYA .ltfj:�pj(;* CP '::-2; 

'i n Q �*71'. t::M-t Q wt%-c'� L t;:o 'i t;:, *, !J  '? -/Ff£* �::�v ' -r  b �� :a:-1T V ' , 

J::1::,���to) t;:.Y) O)�f-t- C: L t;:o mv ' -r 200ml 0) *, !J  ;( T ;V�:/7 :/� 1:::"-j] - t:: ::z 0 

-1 ?t;v� !J j]*m� 13 . 85g � l&  � ,  B � �1ftt# L ft ;6� G �k t::1Jo ;t:I$J-m� C: L ,  tX 
v '-c' A �:a:-1Jo ;tjG��:::I$J-�� C: ft Q 'i -c'1ft� L t;:o 

:' ? L-r� G nkm��*.-c' I �OOD� L.pj(;., :. O)m�� *, !J ;( TN�:/7 

:/�.::.1IJ 7 7 .A ::z t::� L,  rHlt 60 "-' 90°C�::* 0 t;:rJ;;t-?r-/�.ACPt:: 1 "-'  1 20 h 

flttl: LN.f,f; :a:-rr 0  t;:o 1� G nt;: S�O)tt�� :a:--2;Umi� �� IvO -.A T.:L -7"'::� L ,  

*N.f,f;����-t Q t;:.Y) �::�fJT �1T V ', �fJf�O) pH ;6� 8 £J-� C: ft Q 'i-c:'� � )g  LTT 

o t;:o �fJff& , S�O)tt�� :a:-;( :/7" v:/7 ..{ ;v?r - �  ffl v ' -rm� C: �J.lIJ L, � � )g 

L�t¥f* � ffl v '-r7JIG?1t-t Q :. C: �:: J: 0 -r *.:c-*, !J '? - � �� L t;:o �J.lIJt}t?1t L t;:�� 

�� 60°C,  24 h �tJ! LN.f,f;1:.pj(;� �l�t;:o  :. 0)N.f,f;1:.pj(;�cP �:: 'j:#�tt-t!::t 7  -1 r- M 

,�f$:, -t!::t7 -1 r- Y *li� .:to J: V PVA ;6� -2; * n-r v ' Q o  

1� G nt;:�f-t-'i 60% RH �::f�0 t;: T:�Jr-?r P9 -c'I{Zflr7l<71'ii 10%�::�im!f*1¥ L -rtJ�  

G m!i�ifltlJE L t;:o -f: 0) 1& , :. 0)�f-t- � tJ�1���, X �@]Vf71'fJf, SEM .�, �ifltlJE 

.:to J: lJ Ijta 71' tJT �:: fJt: L t;: 0 
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�� � nt:.I�Jt1:.fflV,�:a:- 600°C ,  24h �%.� -c'ip�.ffi L-"t" PYA :a:- �� L- t:. 8)0 :f� � n  

t:. ip�.ffi1:.PX:� :a:- 60% RH f:.f*--=> t:. T'�-7-:7 rkJ-c'¥1lJ7k5J'$ 1 O%f:'�7mH�f¥ L-"t"ip � ,  

f!:li :a:-m/j;iE L- t:.o -to)f� ,  :. O)�f-t :a:- X �5J'fJT, SEM .�:To J: V�5J'fJT f:'� L- t:.o 

PYA f¥ff7��f-t0)::J / t- P -Iv <!:: L-"t", PYA <!:: Y� 7 -{ t- y O)iml5'� :a:- �� L- t:.o 

:. :. -c'm v \ t:. -t? � 7 -{ t- l'i 1 %PVA � -c'-a--PX: � n, Jj�� L- t:. t o)  :a:-M!m L- t:.o Jtl:f}], 

1 00ml O)jj7 .A� l:::" - jJ - f� O. l Sg 0) PVA :a:- 1&  I? ,  20ml O)iH7k :a:- tJO ;t"t" 1 .00g O)y� 

7 -{ t- y Jj��.ffi�(7k5J'$ 1 O.0%) :a:- �A L., tJt¥f=5J'14t L.im-a-- L. t:.o :. O)im-a--m�� jj 7 

.A tlLl::f�:3f- � .A t- L. , �rH -c'Jil.� L.::J / t- p -Iv�f-t:a:-:f�t:.o ft:To, :. O)�f-t� f�?; 

� n �  � !J  "7 - :l: f'i l%PVA 1¥l£r-c':f� � nt:. 1:.px:� f�� L. < ft � J: ? f��� :a:-{7--=> 

t:. t o)  -c' ;b  � (Table 2-3 O)�f-t A, 7J 7 A 4 � lm)o ::. ?  L."t" f1=� L. t:. �f-t :a:- ::J / t- p 

-lv�*4<!:: L- t:.o 

1:.Px:�jO J: VJj��.ffi� f�?; � n � -t?� 7 -{ t- y 1'i1itrt:;O)f))* X �@]1JTf� J: --=>"t"[RJ;iE 

L., ;iE!i:a:-rr--=> t:.o m/j;iEf'if))* X �@]1JT��(RAD-2C, l=!I!�1It�) :a:-m v  \"t"{7--=> t:.o 

@]f)ff:.m v \t:. X �I'i.= /' -7 Iv7 -( Iv:7 - � M!m L.lfifSft L. t:. CuKa�:a:-m v  \ ,  tJOJm1lt 

J± 30kV, 1Itmc 40mA --c:rr --=> t:.o mtl;iE �:'I'i�14t.A !J /' t- 1 deg. , 14t�L.A !J /' t- 1 deg. , 

§tJ't.A !J /' t- 0.3mm :a:-m v \ ,  � /7 v-� 3 /7J ? /:7 �:. J: I? �tm'l L- t:.o m/j)t$BOO 

l'i 2 ....... 80° <!:: L. ,  .A T /' 7"1Il 0.02deg.:To J: V.A:3f- � /.A 1::0_ F 2.00° / min -c'�:tt L­
t:.o �*4 1'i j  J ?�L�:a:-m it  \"t" 200mesh �J.!n�f))11¥ L. t:. t 0) :a:- ��ftJfAO)� � 0. 5mm 

0)Jt:i:Jii.:a:-��jj 7 .A��f-ttffi:':.Jt:i:1i L. "t"mlj)t,�� L.t:.o 1:.PX:� � 0) -t?� 7 -{  t- Y :Ji  

l'i� !J "7 - :a:-?;tJ>1:.px:� ;b � v \ l'i, Jj��.ffi1:.PX:�O) X �@]f)f5mltJj:\ � (2-2)�f� J: --=> "t"::R 

?/) t:.o 

(2-2) 

:.::. -c' Is l'it"$�W(ZCP-50)Jj:\ � 0) @]1JT5mlt-c' ;b  I? ,  Icry l'i1:.PX:�O)�a�$5J'Jj� � O) @] 

f)f5mlt-c' � � o  ::.::. -c' lcry l'i ltot -lamor f �  f!:� W!;t � n, leot <!:: lamor f'i-tn.:en�*40)�@] 
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fJT�lt � 7'-=E-/v7 7 ;;qm )J-ip G O) @]fJT5mlt -c lb � 0  @]fJT5mltl:t-'tn�n 33 1 , 553 , 642 

:JO J: V 75 1 OOI:'f§ � T �  28=1 5 .50 , 23 .40 , 26.80 iO J: V 3 1 .2° 1:':JO't � @]fJTl::°­

-) � JtI I; '"""(ijlIJAt LJ::o -'t:h>f'nO)@]fJT 1::0 _  -) 5mlt O) flJ 1:t(2-2)A: 1:':JO ,t � f§ M��ft:lt 

O)�t. I:.Jt1 1;' G n t::o *rt-C l:t 4 ""':) 0) 1::0_ -) 5mlt 0)J.;..7P G 1:.Jft:l: ���Hffi 1..-"""( 1;' � t:: fJ), 

-'to)Atiimltl:t+5%-Clb-":)t:: 9)0 :.. :.. -CJtll;'t::fJH��f-H:t#�ti7F��, {?,jx.Jf&- -1 

M-r t- I) r:7 A �Y:li�tI':.. � il\ SEM tI.�il� G �-BfJ) G nt::o 

1:.Jft�O)*1Llt)J-1'fjO)ijlIJAtI:t, �$�1'Pm SALD-2000 � �f�JtI1..-"""(fi-":) t::o �f-H:t 

O.2wt%",,-q:.-i}-;< � I) ��*mi�rp-c�if'iBl � 1 0  )J-r�', 7 @]!ffiM1..-)J-�1..-t::tO) � ffl  

I; ,t::o IRJ C�f-H:.""':) I; '"""( 1 0  @]� ':J J!Z 1..-ijlljAt 1..-, ¥�f' �� fJ) t::o 

2.2.8 BtJ;t1:.JVt�O) SEM"� 

l�Jt1:.JJX�o)��"�I:t, SEM �lI:( 13 *�r JSM-5400) � ffll; '"""(jJO��J± 20kV 

-CfT-":) t::o 

2.3 �J�b!:: �� 

2.3.1 . ]" /v7J I) 9l1J!IH:. J: � PYA O))J-r:li�ft 

�;t 7 -1  t-ilJJX I:.JtI1;' � PVA(GM- 14)0)]" /v7J I) 9l1 � I:. J: � )J-r:fi�{t � ,  :f.sltijllj 

Atl:. J: -":) """(�� 1...-, �;t 7 -1 t- ilJJXiMl�-c O) �  I) 7- 0))J-rli�ft:I :'""':)I; \"""(�� 1..- t::o 

*�J!I!, 9l1J!1! I :JO J: V�� II O)�ftf-C�� � nt:: PYA �f-H:'""':)I; '"""(*.sltijlIJAt�1T 
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L-t:: � � O):m� It f:t 1 500(Table 2- 1 ).I;.LI:. O){l ��"':) :. � �;: f� 0 a :. 0) :. C: t, ,m 7 t 

T Jv{t ':t/f%� -r �  0 C: V \ ? �* � :x� l- -C v  \ 0 0  y ;:;t 7  -1 r 1:.px:i&Jm-rO) �  V -;7-

O) �$Wwrf:t� :. G f� v \  � � ;t  G tL 0 0  �px: ip G �Jfa{ti&J�-r� V -;7 - * -rf:t* 0);f6 

fi f:t � !J -;7 - � 13 �  f� v \ *  �;:l:tA:.-C� l- < �jJOT 0 0  ��dti>��-€i� 0 � � V -;7- f:ti? 
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�¥:m� I ;:  J: G f.t v \ :.  � tJ� �Y/P' 0 t::o 

1 20 

100 

bi 80 --
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Fig. 2- 1 Relationship between reduced viscosity and concentration of 
poly(vinyl alcohol): (0) PYA (GM-14) (degree saponification, 86.5 -89.0); (�) 
PYA pretreated with an aqueous O. lM solution at 80°C for 15 h; (e) PYA 
pretreated with a O. lM NaOH solution at 25°C for 1 h. 

1 2  



Table 2-2 Results of average molecular weight of poly(vinyl alcohol) pretreated with 
an aqueous solution ofO. 1M NaOH 

Pretreated Treatment coditions 
samples Temp. CC) Time (h) 

Untreated 
Treated 

I 
II 

80 
25 

5 
1 

63 .0 

6 l . 3 
63 .0 

Molecular 
weight 

Fig. 2-2 0) a, b, c :to J: V d t;:�h-f'h 1%PVA(�f-t A), 1%PVA tp�!��4, PYA /F1:E 

*(��4 03):to J: Vt�H��f-tO) ZCP-50 0) XRD @fJf� � �  L, d O) @fJf/'� ?t � / t;: �  � 

ht:: �100: I'i.:t h-f'hO) @fJfOO �� L -C 1.- ' ."5  ° fl1Vt t;: ffl  1.- '  t:: if- !J 1::" ':::' Jv 7 Jv � � Jv l'i 

PVA-HC � ;b ."5 o  4t�f-tO)�JVG�{tt� Table 2-3 t;:�To &tf§ 0) � ;t '7 -{ � y � ;b ."5  

ZCP-50 O)@fJfjlj c!::: �f-tO) @fJfjlj :to J: V�h G 0) f§ %j5ml�L7j� if- !J Y �ff1:E:to J: V/F1:E 

* �rJl' b-r-� L t:: :: c!::: tp G ,  :: h G lXr.t�JVG� 9J t;:-2; ,* h ."5  ��JVG)j-f'i-t!;t :7  -{ � 

y C' ;b ."5  c!::: [RJ � � h t::o lXr.t�JVG� 9J t;: l'i�;t :7  -{ � Y, ?FJMt�;t :7  -( � M'SIU<$::to 

J:: lfif- !J Y � il�-2; ,* h -C 1.- ' ."5  ° 

Table 2-3 t;:lXr.tlJffi.lt � 80°C c!::: L, PYA ff1:E* :to  J: V/F1:E* C'�k f��{ttr��JVG 

� nt::lXr.t�JVG�O)�*��To Table 2-3 m 4 jJ '7 A I'ilXr.t�JVG� 9J O)  PYA -2;a� 

� L-C I.- ' ."5 o  if- !J y �.1til� 1%,  3%:to J:: V 5%O)m�, lXr.t�JVG!fo/.J t;:-2; ,* n ."5 M !J  

y�-2; .f'i�h�'h 14wt%(��4 A), 32 '"'-' 36wt%(�f-t B 1 , B2 :to J:: If B3):to J: V 

51wt% (�f-t C)� ;b  -:> t::o :: n G 0)100:I'i�t.{OO:� ;b ."5  14,  36  :to J: V 53wt% c!::: ';t 'I'-� 

L ""( :to  � ,  M !J  Y � f'iTA::""( lXr.t�JVG� t;:-2; ,* h  ""( 1.- ' ."5  c!::: � ;t  G h ."5 o  Table 2-3 m 5 

jJ :7  A I;: X �)j-fJf';: J: -:> ""( � � t:: ,  tP�!�JVG!fo/.JO)� ;t '7  -{ � y -2;it��To A, B3 

:to J:: V C O)j::t�tp G ,  lXr.ta�r�' 20 h �ip�.re!fo/.J 9J  O)-2;it f'i ';t 'I'TA: ""( � ;t :7  -{ � ,;:� 
� L -C 1.- ' ."5 :: c!::: il� b il :. ."5 o  �f-t B L  B2 :to J: V B3 �j::bl!�T ."5 C!::: , lXr.ta�rl'l'O)�j]o c!::: 
;!t:t;:� ;t :7  -( � -2;:l::il��� t;:�j]O L ,  if- !J  Y�/F1:E* O)  0 1 , 02 :to J: V 03 C' t [RJ� 

O)�*��t::o Table 2-3 m 6 jJ :7 A ';:lXr.t�JVG!fo/.Jr:p 0) � ;t :7 -( � y -2;a(t&*)�� 

L,  (2-3)��AE� L t::o 

[C] = [B]( 1  -[A]/lOO), (2-3) 

:. :. C'[A]:to J: V[BJ I'i ,  �h-f'hlXr.t�JVG�O) M !J Y � :it  C!::: , il :.�.re�JVG!fo/.J 9J 0)�;t :7 

-{ � -2;.C' ;b ."5 o  
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Fig. 2-2 Powder XRD Patterns. (a) sample A, (b) after calcination of sample A, (c) 
sample 03 . Samples and their preparation conditions are shown in Table 3 .  (d) standard 
material of zeolite Y(ZCP-50). The intensity diffracted from the latter sample consists of 
the intensities diffracted from the amorphous (lamar) and the crystalline (lery) parts. As an 
example, the magnification view of the sharp diffraction peak at 2 8 =23 .40 , which 
corresponds to 553  plane is shown in the enclosed rectangular region of Fig. 2-2(d). 
Peaks designated by 1 ,  2, 3, 4 and 5 represent 1 1 1  (cleavage plane), 33 1 ,  553, 642 and 
75 1 ,  respectively. 

�f..j. A, B3 :to J: V C � j:t�T -0 � � !J "7 -ifllJt O)�1JO � :!t �=Btr.t1:.PX:� q:r �= � Ii) 

-o �;t 7 -1 r. O)tIJ-€!iJqE:TT -o =- � iJ) VZP Q o  � ?!.;O)$=ft iJ) � ,  (2-3):r\: J: � ,  1/3(�[C] 

�j: � !J  "7 --a:i:[A]iJ)-JE""(:' ib Q iJ� � � ;t 7 -1 r. -ait[BH=J:t�j-t Q o  B l ,  B2 :to J: V  

B3 iJ� � ,  iJ�tl1:.PX:� q:r 0)�;t 7 -1  r. -am:O)�1JO �=J:l�f9lj L. -C 1/3(�iJ)�1JO -t -o  =- � iJ) V 

iJ� Q o  
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Table 2-3 Results of zeolite Y synthesized in PVA present and absent systems at reaction 
temperature of 80°C 

Reaction conditions Amount ofPVA Amount of zeolite Y Yield of 
Samples Conc. of Reaction in reaction product in calcined product zeolite (wt%) 

PVA present system 
A 
B l  
B2 
B3 
C 

Polymer absent system 
oi  
02 
03 

PVA (%) time (h) (molo). [A]a) (wt%), [B]b) [C] c) 

1 20 14 1 06 91 
3 5 36 0 0 
3 8 33 9 6 
3 20 32 98 67 
5 20 5 1  101 39 

5 0 0 
1 0  4 4 
1 8  102 102 

• The amount of PVA in reaction product was calculated from the difference between the weights of 
the products before and after calcination. Here, the weight of reaction product used for this 
calcination was the weight after substraction of the amount of adsorbed water from the weight of 
the sample stored in a desiccator at 60% RH and at 20°C . 
b. Relative amount calculated by equation (2-2). 
c. Yield of zeolite [C] defined by the percentage of the amount of zeolite in reaction product was 
calculated by equation (2-3). 

PVA1¥l:E*:to J: tlCfl'£* ""CliJ;tfF.!frl'l' ��1l:: � -tt� il-PX: lJ::. 1:.PX:�O) SEM ¥j{ � Fig. 

2-3 ���To f�ffl L- t� *, !J """7- �i PVA-HC ""Clb {:, o  *, !J  """7-1'1£ * ,  5 h :to J: V 10  h(� 

f--l- 01 :to.J: V 02)�i#�ti�j{""Clb � ,  1 8  h(�f-t 03)""cli f� fI'Tr-:::� il�M�1l:: L- � v \  

{:, 0 ::. 0) ::'  C: Ii Table 2-3 ��� L- t��f-t 03 O) il:\�t1:.PX:� rp 0)�;&-7 -1 r- Y :li[B]tMil:\  

� t� � il:\""C lb  {:, o  *, !J  """7-1¥1:E*0) 5 h(�f-t B l)""cli1'l:E* O)�il- C: . f� � �*lB f� 

7 .::cJv 7 7 .A *,1�il�.� � tL {:, o  8 h(��4 B2)""cli�m� rp l� ��K8 l �m 0)J:Lh-�* 

Vt�M�il�.� � ;ft {:, o  � G ��  20  h(�f-t B3)""Cli,  �*,1�lim!}i;: L-M� O)h-il�.� � 

;ft {:, o  .�O)M*, M� O) * �  � li*' !J  """7 -1'1:E* ""C1� G ;ftt� t o) J:  � tj,, � v \ ::.  C: il� 

btp {:,o  fiIij1fO)li��W � l:t�T {:, C: ,  *' !J  """7-1¥l:E * O)jjil�Jf!-v \��""CM� il�1:.px: 

� ;ft {:, o  ::. O)M*li*, !J """7 -il�M�f�1:.px: �M* L-M�1:.px:�WI�fiiJ � il:\O)���"& 

II' L-� v \ {:, ::' C: ��P� L- � v \ {:,  9)0 
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Fig. 2-3 SEM photographs of various samples prepared at SO°C for different reaction 
times in h: polymer absent system� 5(sample 0 1 ), 1 0(sample 02), I S(sample 03), and PYA 
present system 5(sample B 1 ), S(sample B2), 20(sample B3) .  Reaction conditions for 
preparation of these samples are shown in Table 2-3 . 

� 7 T /'ff1:E rC' O)-a--pX: 4)C" :t 1:.pX:� � rJt�T � :: � �;:  ct -'J '""( � 7 T /' � 1& 'J � < 

:: � ;O� tfj * t:.o  :: tlA:t riiiJ 7 /v -j] !J �f4 r C' 0) 1:.PX:i&Jf£C'-e :7 T /'7J'-f- ;O�1JO*7J'�� � n .. 

fIf7J'-r1l:: � t:. t:. ri) � � ;t  G n � o  L- ;O � � .. PYA �1JO * C" :t&J;t1� r5t��;: ct Q t:: �t C' ,:t 

* .::c � !J -Y - � ��T � :: � ;O� t±1 * ft i p --:)  t:.o -t ::  C'&�1:.Jft� � ;O��j£ � .. � ;t 7  � 

}- �a� �wU� � 1t � :: � ft � �;: PYA � ��T � :: � i6� PJ� C' lb � ip �' ?  i p � �W � 

� ;t 7  � }- y �a� ;O� PYA O)��j£ �;: ct 'J f1t�1iJt* � it '""( l; ' ft l;  ' i p ��A: � t:. ri) �;: .. 

1! ;t  7 � }- y 0) ��AEf1 � X k�jUEJ lJf¥t �;: ct --:) '""( t§t�t L- t:. o {f,S�{l::J.t 100%0) � ;t  7 � 

}- y � 600°C i6 �  G 900°C * C' 0) 7E!J3tfiBOO C'ffl�7E!J3t .. 1 a�r�'j]o1���j£ � 1j" -'J  t:.o 600°C 

� 700°C C" :t@]1JT5�J3t 0) � {l:: t:t�£ ri) G n ft i6� --:)  t:. ;O� .. SOO°C ip G [ill1Jf5�J.t ;O��y �ftf1 ri)  .. 

900°C �;: ft �  � �� t:t*n .. 7'G� �;: # rs 1f  � ft --:) t:. o  :: O){f,S* t:t1JE*�� � n t:. 1! ;t  

7 � }- y 0) 7J'��7E!J.t 1 0) � IPJf�C' lb --:) t:.o 

Fig. 2-4 �;: .. 3%� !J 1::" :::' /v 7 /v ::z --/v(PVA-HC)fftE * C' SO°C .. 1 5  h 0)&J;t C'1� G n  
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t::. -t? ;1- 7  � r. Y O) B[J;t(±PX:ttmjO J: at p�Jt(±px:ttm o) SEM ¥. � �To B[J;t(±PX:ttm �;: ,:t ,  

/F tf� O) �  0 -Y - O)ff1:E i6�"� � n g  i6� , 600°C ,  24 h i6 ��Jt � -itt::. t 0) �;: ':t -t O)ff1:E 

i6�&�, 60 G n ft v \o *. t::. ,  Table 2-4 �;: , SEM "� �;: ffl v \  G n t::.�f-t �  IPJ t,�f-t �;: � v \ 

-C j[; *7tfJT ��T 0  t::'*** � �To PYA O) 3::JG* e' lb  g JJR. * 0) 1li6�� te �N-WlJ- T O) t::. 60 ,  

� 0 -y -�� 0 -y -- 7t�l?(±PX:ttmi6�ff1:E L ft v  \ ::.  � i6� b i6 � g 0 lJ- J: 0) :' � i6 �  G � 0 -y -

�1G� �;: ��T g t::' 60 0) i6 ��Jt�{tj: ,:t 600°C , 24 h e'+7t e' lb g :' � i6� b iJ� 0 t::.o  lJ-f.& 

0) �� e'1� G n t::. (±PX:ttm ':t :. 0) �{tj: e'1Jo�9t1Jm � �T 0  t::.o 

� 0 -Y --ff1:E * jO  J: a/F1:E * e'1� G n t::. -e ;1- 7 � r. Y O) f1Lg7t� � ;: � v \ -C a=tlJ tf �  

�T 0 t::.*** � Fig. 2-5 �;: �To mP� 0) -e ;1- 7  � r. e' lb  g ZCP-50 e' ,:t 0.34 � 42 .2 1 Jlm 

� �iJt: < , S¥�*,1ff ':t 4 . 7 1 Jlffi e' lb 0 t::.o  :. n � ;: %t L -C ,  PVA ff1:E * 0)*,1g7t� ':t� 

< ,  iJ ��Jt PVA ff1:E * (±Jftttm O) S¥�*,1ff ':t 1 . 1 6Jlffi � Jj'\ � < ,  �- . �*lH ft -e ;1- 7 �  r. 

Y **� i6� (±PX:T g :. � i6� b iJ � 0  t::.o 

Fig. 2-4 SEM photographs of zeolite Y synthesized in the presence of poly(vinyl 
alcohol) (a) and the zeolite Y after calcination for 24 h at 600 °C in air (b) .  Bars indicate 
1 J.1. m. 

Table 2-4 Results of elemental analysis for material synthesized in the presence 
of 3% poly(vinyl alcohol) and the material after calcination for 24 h at 600°C 

Samples C (%) H (%) N (%) 
Material synthesized in the 1 3 . 84 4 .20 0 .00 
presence of PVA - HC 
Material after calcination 0 .00 2 .49 0 .00 
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Fig. 2-5 Particle size distribution of commercial zeolite Y (a) and zeolite Y 
synthesized in the presence of poly(vinyl alcohol) (b) and the zeolite Y after calcination 
for 24 h at 600°C in air (c). 
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*' � "?-/F1£* f:.:tov \ -C �j:it;t 7 -{  r- y il� ijif§ � � -C1:.PX: � ,  -t o) 1:.px:A � &Jta� 

r�' � O)OOf*� Fig. 2-6 f:'�To &r.trAiiJ3!il� � < f� � f:'-'Jn, ��WJ il�ffl < f� � ,  &r.t 

tmut 90, 80, 70°C f:' :to v  \ -C -tn-"Cnk0 7, 1 0, 20 h -r: &-; � t�o 'i. t� , ��ft�J.t t &  
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Fig. 2-6 Variation of amount of zeolite Y in solid phase vs. reaction time in 
the absence of polymer at different temperatures in °C : (0) 90; (.�) 80; (0) 70. 

PYA 0) 't lvftJ.t0)��il�i?;t 7 -{  r- Y O)1:.px: f:. t'O) J:. ?  f:.�*I!T � il���t-tT �  

t� �,  �t lvftJ3!O) � f� � t�fI� 0) PYA 1¥1:ET-r:�px: �ff� t�o fI �  0) PYA 1¥1£* ':' 

:to v \ -C t i? ;t 7 -{ r- Y il� ijiff:] � � -C 1:.pX: � t� a Table 2-5 Ij:, &r.t �{tf: 80°C,  1 5  h -r: 

1� Gnt� i? ;t 7  -( r- Y O)1:.px: a � �To =. O) �*il� G ,  :f!�J3!il� �f¥.J.to) PYA �f-t 

-r:j:t�Tnti, ,t lvftJ3!il� � v \ � 1:.px::m:il� � v  \ =. � il� b7J� � 0 =. =. -r:1:.px:.il�t9Et4ffi f:' 
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�;:fJ���.fO)�J.t���.fO)JttJljJr:t f.l c" il��� l, -C 1t \ Q  c 1�,bn Q il�, � G il �-r ,,;;tf.l 

It \0 *.sJ.ti1l'J�O)rJi-r� G il� �;:  � nt:. J: ? �;: PYA 0)1JlJJj'H�B)j0)j]o7k)jM� �1=¥ ? 11U'lf.l 

* -r0)�� 0)1:.PX: f;:01t \ -C �)j-=t-WJ*���T Q O) Ii�lft-r;t;) Q O)-r,  £)'f� ,  �t AA� 

J.t 0) � It \ PYA ��.f0)-0 -c' ;t;)  Q PVA-HC :t3 J: V PVA- 105 � m it  \ -C �� �1T ? :. c c 

T Q o  

Table 2-5 Percentage of zeolite Y in solid phase synthesized in the presence of various 
kinds ofpoly(vinyl alcohol) at 80°C for 1 5  hal 

PYA Degree of Degree of 

GM-14 
GL-05 
NM-14  
NL-05 
PVA-105 
PVA-HC 

saponification polymerization 
(mol%) 

86 .5  '"'-' 89.0 1 000 '"'-' 1 500 
86 .5 '"'-' 89.0 < 1000 

> 99.0 1 000 '" 1 500 
> 98.5 < 1000 
98 .5 260 
99.0 1 700 

a. Concentration of polymer : 3%. 

Zeolite Y 
in solid phase 

(wt%) 
91  

100 
1 1 6  
130 · 
62 
106 

� !J  -y - 0) �j]O;O�i:!� 7 -1 J-. Y 0) 1:.PX::li�;: c" O) J: ? f.l��� B d!TO) ;O�, 1E:5J'-=t-.:c 

T'/v{�-g-.��5J'-=t-itO). f.l -0 t:. PYA � m lt \ -c -g-.px: l, t:.i:!� 7 -1  J-. Y 0)1:.PX:JU;:01t \  

-C .t:t���t �1T -0 t:.o PYA 0)1E:)jf-it.:cT'/v{�-g-.!Io/J c l, -C �l !J t !J / � m it  \ t:.o Table 

2-6 lilX�7lffi.J.t 80°C �;: :}3 �t Q i:! � 7  -1 J-. Y 1:.px:a��To 5J'-=t-it 75,000 0) PVA-HC 
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Fig. 2-7 Amount of zeolite Y in solid phase vs. concentration of PVA-HC (e) 
and PVA-I05 (£.). Reaction conditions : 80°C, 1 5  h. 
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Table 2-7 Unit cell parameters of zeolite Y synthesized in the presence ofPVA-HC 
at 80°C for 1 5  h 

Conc. ofPVA (%) Crystallization (%) Unit cell parameter (nm) 
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0.5 
2 
4 
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70 
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2 .4804( 1 )  
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2.4853(3) 
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f�1:.J5X.:to J: a��J5X:£H;:B dI'-r-M !J "? -0):tJJ3IH;: ---=> v \ -C ,  tb tJ �I¥J I;:�itt� fi 0  t:.o 

Fig. 2-8 �;: 1%, 3%PVA-HC fn,£*.:to J: aM !J "?-/FtE*O) ,  JXJ;Grlillt 80°C I;:.:to ,t 0 

JXJ;Ga�rl'l' C -eT '7 -( J-- Y 1:.J5XitO)OO1* � �  C: ?i) -C �  LJ:. iJ) , v \T,nO)* '""C t JXJ;Ga�rl'l' 

I;:xt-r- 0 �� O)1:.J5Xfitj: S * ffuki4JH;:tS 0  -c�jJO l, -C v  \ 0 =- C: iJ) b iJ � o o  ��Mrl'l' �� 

�', m < J5X:f5tfjt�'""C tj:, .:c O)f!j{ � Ij:-r-.r.:: -C 0) * '""C '� UI'ff11 C '""C lb � ,  jtiJ� 't O)��{tJm 

J.tiJ�� l, v \ =- C: iJ� btp o o  Fig. 2-9a C: 9b I;: 3%PVA 1ftE*.:to J: aM !J "?-/FtE* I;:.:to 

,t  0 -e T '7 -{ J-- Y 1:.J5XBI C: JXJ;Ga�rl'l' C: O) OO1* ��-r-o JXJ;GrlilltiJ�� < tt. 0 I;: ---=>,n�� 

M iJ�m < tt. � ��{tJmltiJ�Jm < tt. 0 :'  C iJ� biJ� o o  v \T,n0)7Jiil.J.t'""C t��{tJmJ.tIj: s 
* aui�jH;: tS 0 -C�JJo l" �rJiil.{Jl.IJ'""C tj:m�rl'l''""C JXJ;GiJ�5G�-r- 0 0 

1? T '7 -{ J-- O)*��J5X '""C��{tJmlt iJ� 1? T '7 -{ J-- 1:.J5X:li: 0) -1?i: I;: Jt�/J-r- 0 C: -r- 0 

(2-4)�iJ� HSU12) 1;: J: 0 -c m:� � ,n  -C v \ 0 ° 

dZ = kZ 
dt 

' (2-4) 

:. :. '""C , Z tj:�rl'l' t I;:.:to ,t 0 � T '7  -{ J-- O)1:.J5X:Ii'""C, k tj:JXJ;GJmltAE�'""C lb 0 0  Fig. 2-9 

�;:�-r- J: ? I;: M !J  "? -1ftE r'""C t ff11 � tt. au���-r- :. C: iJ� G (2-4)� �iiffl l, -C �i?fJT 

�1T 0  t:.o 

(2-4)�tp G (2-5)�iJq� G ,n 0 o  

In Z = -kt + InZo, (2-5) 

:. =- '""C Zo t'ia�rl'l' t = 0 I;:.:to ,t 0 -e T '7 -{ J-- O)1:.J5Xit'""C lb 0 0 

22 



Fig. 2- lOa iO J:: LJ lOb �::(2-5)��::Vt--::> -r InZ � t O)�f* ��To v \TnO)l.ffitJ.t �:: iO lt \  

-r t N: v \ ifU��f* iOq� G n ,  (2-5)��:: Vt --::> -r &r,t-iO� Ji!1T L--r v \ 0 .::. � iO� b iO -:.  0 0 ra:ij 
O)f§l*,4iO:. G ��{tO)&r,t-imJ.tl£� k � * � t:.o 

Fig. 2- 1 1  �:: PYA fftE* 0) 7 v.:=. r) A 0) 7' 0  '/ r- �7FTo .::. .::. '1:' T fj:r.f§)<';HffilJ.t '1:' ib  

120 �----------------......, 

-- 1 00 
"#. --
� 
Q) 80 ... ;.:= 0 Q) � 

c.s 60 ... 
= 
= 0 

� 40 

20 

o L---B���-=���---�---� 
o 5 10  1 5  20 

Reaction time (h) 

Fig. 2-8 Relationship between the amount of zeolite Y in calcined products and 
reaction time at the temperature of 80°C and at different PYA concentrations: (.6.) 
1% PYA, (0) 3% PYA, (e) polymer absent system. Calcination: 600°C, 24 h. 
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i6� ltO)ffi'tifl::.::r:.*Jv:¥-':t-f:-n··fJ"L 72.0 kJ/mol � 75.4 kJ/mol -r: ·�YJ  t:.o -15, � !J  
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Fig. 2-9 Relationship between the amount of zeolite Y and reaction time at 
different temperatures in °C : ( .. ) 60, ( � )  70, ( . ) 80, ( 0 )  90. Reaction 
conditions: (a) 3% PYA; (b) absence of polymer. 
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Fig. 2- 10  lnZ versus t at different temperatures in DC : (0) 90, (e) 80, 
(6) 70, (.&.) 60. Reaction conditions : (a) 3% PYA; (b) absence of polymer. 
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Fig. 2- 1 1  Relationships between Ink and liT: ( 0 )  crystallization, ( . )  
nucleation. Reaction conditions: (a) 3% PYA; (b) absence of polymer. 
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Table 2-8 Apparent activation energies of nucleation and crystall ization of zeolite in PYA 
present and absent systems 

Reaction system applied 
Polymer present a) 
Polymer absent b) 

Nucleation, 
En (kJ/mol) 

72.0 
69. 5  

a. 3%PVA; temperatures: 60, 70, 80, 90°C. 
b. Temperatures: 70, 80, 90°C. 

Crystallization, 
Ec(kJ/mol) 

75.4 
8 1 .6 
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Fig. 3 - 1  Thermogravimetric curves of various samples measured in a stream of air: 
(a) sample 03, (b) sample A, (c) sample B3, (d) sample C, (e) control(the sample is 
PYA-zeolite mixture referred to sample A), (f) PYA homopolymer. Reaction 
conditions for preparation of these samples are shown in Table 2-3 of chapter 2. 
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Fig. 3-2 DTA curves of various samples in a stream of air: (a) sample 03, 
(b) sample A, (c) sample B3, (d) sample C, (e) control, (f) PYA 
homopolymer. 
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Fig. 3-3 Thermogravimetric curves of various samples measured in a stream of 
N2: (a) sample 03, (b) sample A, (c) sample B3, (d) sample C, (e) control, (t) PYA 
homopolymer. The curves in a rectangular region indicates the magnification of the 
corresponding curves in Fig. 3-3 . 
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Fig. 3-4 DTA curves of various samples in a stream ofN2 : (a) sample 
03, (b) sample A, (c) sample B3, (d) sample C, (e) control, (f) PYA 
homopolymer. 
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Fig, 3 -5 Mass chromatograms of PVA homopolymer (a, b) and 
sample A (c, d), 

Fig. 3 -6 ,;: PYA �f�;f3 J: V I%PVA(�f� A)O»)1f4� I;: J: I) 1:.T' 0 7 7  -)" /- /' r- -{ ;t /' 

O)wa� � MJ;tT 0 f§�;j'�$ltO) OO1* ��To Fig, 3-6(a) l'i 196°C �;:fJo� 2: :h  -C 1:.T' 0 

PYA �f�ip G O) -{  ;::t /'fj-r H20+�-a Iv-rlt \ 0 0  ::. :hl'i PYA iJ)m.*&J;t �{� 0  -e ll A'  

0» )1f4�ttmiJ)1:.PX 2: :h-e 1t \ 0 ::' � � � L- -e 1t \ 0 0  I %PVA -r l'i Fig. 3-6(b) I;:�T J: � d;: 
239°C --c:')1f4�-{ ;::t /'lII'i1:.px: 2: :hf.t lt  \0 Fig. 3-5(b) � (d)--c:'Pn G ip l;: 2: :ht:::.J&*)1f4�&J;t 

�;:f§ � T 0  298°C(Fig. 3-6(c))-rl'i*0) -{  ;::t /'lI � :=!t �;:flA' ft -{ ;::t /'fmiJ) 1:.PX: 2: :h 0 ::' 

� iJ) ViP0 ° Fig. 3-6(a)0) ;7,. -A: )  r- lvl'i Tsuchiya and Sumi I;:  J: I) IRl Jt  2: :ht:::. -{ ;::t /,fi 

� IRl t../� � - /' ��T ::' � iJ) ViJ�0 t:::. o 

37 



J I 

�x 1 0.0  
2 3 n4 

n n  
1 

Iitl J .Iil l .� 
i 

I ill : '  :1 
1 0  50 

5 
n 

I ,i 

, ; 1  

6 
n 

: 

1 00 
m/z 

a 

b 

c 

1 50 

Fig. 3-6 Mass spectra of (a) PYA, (b) and (c) sample A.  Measurement 
temperatures in °C : (a) 1 96, (b) 239, (c) 298. Thermal decomposition 
products : 1 .  HCOCH3, 2 .  H3CCOCH3, 3 .  HCOCH=CHCH3, 
4. H3CCOCH=CHCH3, 5 .  HCO(CH=CH)2CH3' 6. H3CCO(CH=CH)2CH3' 
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Table 3 - 1  Thermal decomposition products of poly( vinyl alcohol) and corresponding 
mass number13) 

Aldehyde groups 

HcofcH=CHtCH3 

Methylketone groups 

H3CCoECH=CH�CH3 

n 
o HCOCH3 
1 HCO-CH=CH-CH3 

2 HC*H=CH�CH3 
3 HC�CH=CH�CH3 
4 HcofcH=CH�CH3 

o H3CCOCH3 
1 H3CCo-CH=CH-CH3 
2 H3CCOfCH=CH7zCH3 
3 H3CCOfcH=CH�CH3 
4 H3CCOfCH=CH�CH3 

Mass number 
44 

70 

96 

1 22 

148 

58 

84 

1 1 0 

1 36  

162 
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v '-C Fig. 3-7 {;::m�I¥J {;::�-to =- =- -r Fig. 3-7(a) {;:: PYA * .::c if !J  "7" � (7)Jm*7}f4�lXJ;t 

��-to PYA * .::c if !J  "7" � ,"i 1 80°C-rJm*7}f4�lXJ;t 1..- , if !J  7 -e -r  v / ��px:-t .0 0  

Fig. 3-7(b) ';: 1%PVA(��4 A)£7)7}f4�lXJ;t�m �4t:lt I..- -C �  I..- t:.o ��4 A -rl"iiiB 298°C 

-rJm7k7}f4�lXJ;tiJ��tRI¥J {;:� =- 0 -C V ' Q  (: � :t  G n Q o  PYA ffl£*�f.-j.-rfj:, if !J "? 

�-fJtIJ�(7)7k�£iJ�i!::t :;; -{ � �rm (: **��-t .0 iJ�,  � .0 v ' fj:i!::t :;; -{ � �iID {;:1¥l£ 

-t .0 Na+ -{ ::t / (: 7}-1-rfl'if§1L fFffl 1..-1<l�-f*�%pX:-t .0 (: � :t  G n Q o  =- (7) =- (: iJ� PYA 

*.::c � !J "? � (7)Jm7k7}f4�lXJ;t ';:J;t"'"'� 100°C�¥H1Jl1H;: � 7  � -t Q }Jf:� (: �:t G n Q o  

39 
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1 80"(; I -H20 295,,(; I -H20 

Surface of Zeolite Na+ 
· 
· 
· 

Fig. 3-7 Dehydration mechanism of PYA - zeolite complex. (a) PYA 
homopolymer, (b) hydrogen bonding between hydroxyl group of polymer 
and surface of zeolite Y or intermolecular bonding between hydroxyl 
group and surface of zeolite via Na+ ion. 

40 



Table 3 -2 �;: BET jO J: V FT-IR i!tljJE�;:Jfl v ' t��*4(J)iS'�§'k{* C f� G tLt�lir.t1:.�!Io/J 

(J)�*� �To �f-t� fj: *' !J ? --IV3t 0. 5 ,  L 2 jO J: V 3%(J)a;f, -t:" tL--FtL PVO. 5 ,  PV1 , 

PV2 jO J: V PV3 C L- t�o Table 3-2 (J)m 4 jJ "7  A 'j:lir.t1:.�!Io/J r:p (J)  PYA �:a�� L- -C 

jO lJ ,  *' !J ? --i1lltil\ 0. 5 ,  L 2 jO J: V  3%(J):WiiS', lir.t1:.�!Io/J [fq;:� � tL .75 *, !J ?  

-�m:,j: ,  -t:"tL--FtL 8,  14, 26 jO J: V 32wt%"""C ib -0 t�o ::. tL G (J){OO]j:lir.t* q:q;:�A 
� tLt� T.r-::-C (J) PYA il\11!iS'{$: q:Q;:ff1±T .75 C L- t�:WiiS'O){l C 'l �I'-� L- -C jO  IJ ,  Jfl 

v , t� *, !J ? -- il�T.r-::-C*iS'{$: �;:� � tL -C v ' .75 ::' C ilQ"?il:\ .75 0  m 5 jJ "7  A f'j:ip�l1:.�!Io/J 

O)��{!::lt � �  L- -C jO  IJ ,  v 'TtL t fI ll' 1 00%"""Cib IJ, #�11:M,�{$:fj:ff1± L--C v 'tet 

v ' ::'  C il� pil:\ ."5 o  "* t� , m 6 jJ "7  A fj:lir.t1:.�� r:f:1 (J)i! ;t "7  -{ r � :a(l/)l$) �� L- -C  

jO IJ ,  *' !J ?-.ltO)ifflJJD c :!t ,;:l/)l$fj:�PT .75 ::' c il) Pip ."5 o  

Table 3-2 Results of the zeolite Y synthesized in PYA present and absent systems at the 
reaction temQerature of 80°C 

Reaction conditions 
Amount of PVA Amount of 

Samples Conc. of Reaction in reaction zeolite Y in 
PVA (%) time (h) product calcined product 

{wt%}, [A]a) {wt%}2 [B]b) 

PV A present system 

PVO.5 0.5 20 8 109 

PV1 1 20 14 106 
PV2 2 20 26 104 
PV3 3 20 32 98 

PYA absent system 
PVO 18 102 

a The amount of PVA is the weight difference of the reaction products before and after 
calcination. 

b. Calculated from equation (2-2). 
c. Calculated from equation (2-3). 

Yield of 

zeolite (wt%), 
[c)c) 

100 

91 
77 
67 

102 

Fig. 3-8 I;: Table 3-2 """C� L- t��f-tjO J: V%tr.tT."5 7" v /' F�f-tO) ?  -{ � p *,7flJi� 
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26wt%(PV2)(J) c � ,ftitJ'{l�� L- ,  .p}VifflJJOT .75 {lj{ rPJ il� ib .75 o  �/j'1ii1nj: pvo 0)11« c 1.:1:: 
� L- -C� 20%�PT .75 0  -15, 7" v � 1""""c f'j: � !J ? --�:it 8% """cj::t�rmf.il\��mJJO 

L-, 26%J;J,J: """C¥fVifflJJOT .75 {lj{ rPJ  f;: ib .75  0 � k, �:rL$:li f;: � v '  -C t tt�rmf.O)�* 

C: 'I 'I'�rrI¥-JOO1*' f;: ib .75  il��P$fj:j::t�rmf.O)-t:"tL J: IJ Ij, � v 'o ::. tL G (J)�*il:\ G ,  
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Fig. 3-8  Relationships of specific surface area (0) and pore volume (e) of 
micropore versus amounts of PV A in reaction products and blends. The 
corresponding values for control samples are shown by (.6) and (A), 
respectively .  Reaction conditions for preparation of these samples are shown 
in Table 3- 1 . 
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Fig. 3-9 Relationships of specific surface area (O)and pore 
volume (. )of mesopore versus amounts of PV A in reaction 
products and blends. The corresponding values for control 
samples are shown by (6.) and (.6.), respectively. Reaction 
conditions for preparation of these samples are shown in 
Table 3- 1 . 
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Fig. 3 - 1 0  FT-IR spectra for the samples of (a) PYA 
homopolymer, (b) blend (control referred to PVI ), (c) PVI ( 1 %  
PYA) and (d) PVO(zeolite only) .  Peaks designated by I and 2 
represent CH2 stretching of PV A backbone and 0-H stretching, 
respectively. 
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Fig, 3 - 1 1 FT-IR spectrum of (a) PYA homopolymer, (b) 
difference spectrum between blend (control referred to PV 1 ) 
and pva (zeolite only), and (c) difference spectrum between 
PVl ( 1 %  PYA) and pva, 
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Fig. 3-12 Difference spectra of (a) PYA homopolymer, 
(b) PVO.5, (c) PV l ,  (d) PV2 and (e) PV3. 
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Fig. 3 - 1 3  SEM photographs of control sample referred 
PV 1 and various samples denoted as PVO, PV 1 and 
which were synthesized at 86 C for 20h and at different 
concentrations of PVA in �;6 0, 1 and 3 .  The amounts of 
polymer and zeolite Y in these samples are shown in Table 

3- 1 .  

:. :.  -r: ,  1� G tLt:. FT-IR 0)1ffi* t: 3 . 3 . 1 jO J: V 3 . 3 .2 0) DTA-TG jO J: V MASS ;7,. .r-::. !7 
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2- 1 0  0) [A]:to J: V[C] 0) {ltp  b [A]/[CH;: J: IJ * 6O t::o Table 3-3 f;:fjk O)1<l.g.f*��-H;: )tt 
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Table 3-3 

Samples 

PVO. 5 
PVl 
PV2 
PV3 

Thickness of polyrner phase on zeolite particle 

Weight of polymer per 
gram of zeolite a) 

(g I g) 
0 .08 

0 . 1 54 
0 .338 
0.478 

0.024 
0.045 
0.09 1  
0 . 1 2 1  

• Calculated by [A]/[C], where the values of [A] and [C]are shown in Table 3-1 . 

L Ii c) p 

1 7. 8  
9 .5 
4 .7 
3 . 5  

b. Thickness of polymer phase on zeolite particle, lp = {(  p z[ A]/ p p[C])+ I }  wr - r, where r i s  the radius of 
spherical particle of zeolite, p z the density of zeolite, 2.32 g/cm3 and p p the density of polymer, 
1 .2 1g/cm3, respectively. 

c. Ratio of the length of polymer chain, L to the thickness of polymer phase on zeolite particle Rp. The 
calculation of L is shown inthe text. 

1X �;:ip C: � !J "7 - O) jf  � O)t� � �t.T 0 '::' C: �[;tJ-;.t::o ¥:I$J)j-rit M=75,000 O)ftfj 

!tiJt1:� !J "7 -)j--1- O) ¥:l$JO)jf � ,  L f:t(3- 1)�-r:'-9- ;t b h ."6 o  

L = nR, (3- 1) 

.::. .::. -r:', n f:t�ifO)tt(= 2M/rno: .:c J "7 - O) )j--1-it rno = 44) , n:t C - C  &!�.g.O)jf 

� � � !J "7-3::�O)f$ �jJrPJ.r-...M� L,f::* � -r:' 1 .26 X I O-scm -r:' � O o  L fi(3-1)�;6� b 

0.428flID ( = 2 X I 700 X 1 .26 X I0-8=4.28 X I0-5) c: �t. � h o o  Table 3-3 11{� 0) .7J  

7 A �;:���q·O) L I  ip {l��To �J ;t li, PVl ��.-J.O){l;6�  b ,  � !J "7 - 0)* � fi� !J 

48 



-;,, -jlO)W � O)*� 9 .5 f€H=ffi � T .o  ::. c il� btp .o o  

Fig. 3- 14 ,= PV1 O)1<i15-{:$:t��.:cT·Jv�1FTo '7 � �"A � !J  -;" - 1  5t� t= S1f � tL 

.0 � ;t  '7 -1 l-- 0) � lIDflH± Sz = 4 1C r2/np �1F � tL .o 0 ::. ::.  ��;t '7 -1 l-- 1 *,1 � '&? t:. l? (J) 

� !J  -;,, -0)5t�� np = 4[A] 1C r3 p zNA/3[C]M (NA: 7 #. jj"  F 0 �)Ii, 1 .51  X 106 5t� c 

H. � ;h .o o  sz li , np flil � G  2.20 X I0-14cm2 c gt. � tLt:.o � !J -;,, -Jl O)W � ';:l:t� 

t..- "t ,  ::' O) J:  5 It* v 'l � !J -;,,-5t�';:-2; � tL .o � <  O){JUJ�Ii� ;t '7 -1 l-- �lID c lPJ � ';: 

��T .o ::, C il� � � , OH {JUJ� C � ;t '7  -1 l-- � lID���(J)**�15-�-1 ;t �ffi1if'Pffl 

il�1:. 1:.0 c �;t G tL .o o  t..- t:. il� 0 -C ,  PYA 5t��O)�lbtiil�#1it';:*� � n .o �*, 

�;t 7 -1  l-- � jjjl:O) � !J -;,,-!j�fUt li#Jfati PYA O)�n J: l? � G ';:!j'l � < It .o C fftJE  
� tL .0 0 MHif; It #'* �, Jll f}] ,;: {l�jE � tL t:. f§ 5t*f1It� � 1& .0 ::. c il� tf:BI:E i,\ � !J  -;" -

5t�rJ;l'ffi1i f'Pffl J: l? � ;t 7  -1 l-- - � !J -;,, - r�'ffi1i f'Pffl il�fIi�';: lt l? , Fig. 3- 1 1  :to J: V 

3- 12 I=j! G :tL .o  3452cm·l il � G 3340cm'1 �(J)i1Jl� "/ 7 l-- C A A. -)  l-- Jv(J)*:I*Ii, � !J  

-;"- c � ;t 7  -1 l-- r�t**�15- ';: * �  < �� � tL"t v  '1.0 c � ;t  G :tL .o o  

- - - - - - - - - - - - - - - - - - - - - ,  
polymer ch ain 

(a) (b) 

Fig. 3 - 14  The schematic representation of polymer deposition on 
the surface of spherical zeolite particle for the case of PVI :  (a) 
indications of the parameters in Table 3- 1 ,  (b) average volume 
occupied by a polymer molecule; szlp . The length, a, represents the 
approximate length of circular arc, which equals to the value of 
(sz)1I2 (=1 .48 X 1 0-7), and thus fp nearly equals to 30a. 
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Table 4- 1 Analytical data for volatile components of synthesized zeolite Y 
Samples C H N 

(wt%) (wt%) (wt%) 
Reaction product') 1 .68 2.6 1 0.47 
Calcined materialb) 0.00 2.32 0.00 

•. Zeolite Y synthesized in the presence of 1 %  PVP at sot for 1 5  h. 
b. Calcined condition: 600t, 24 h 

pvp .::c J ? - -C i1tJ Q  N- 1::" ':='Jv-2- 1::" o � F /'(VP) :a:- PVP O)fJ17t-1-.::cT'Jv{l::l5'� C: L 

'"(m 1,t " t:.1¥:f± *, 0)-t?;t 7 �  " Y  1:.p.x:a�;:& �;fT��:a:-��t L t:.o Table 4-2 �;: VP .:j3 J:  

V PVP 1¥:f±*" ;: :to �t Q 80°C,  1 5  h I�JGf� 0)-t? ;t 7  � " Y O)1:.P.X:li:a:-�To VP 1¥tE 

*' 0) ml5' , 1:..5X:a�:t PVP ,;: j::t� L ,"(  39% C: fJ11,t " :.  C: iJ� t>7J� Q a 

Table 4-2 Contents of zeolite Y in solid phase synthesized in the presence of 
N-vinyl-2-pyrrolidone and poly(vinyl pyrrolidone) at 80°C for 1 5  h 

Additives Concentration of additives (%) Amount of zeolite Y (%) 

3 
• N-vinyl-2-pyrrolidone 
b Poly(vinyl pyrrolidone) with molecular weight of 34,000 

39 

-t?;t 7 �  t- O)��{� �;: "':)1t " '"( O)f4lftJT':t, =_ 2.3 .8  -Cl'lh " t:. -==Fttn;: J: --=> t:.o  -t?.:t- 7 

� � Y 1:.P.X::S: C: &:J;Ga�rl'l' 0)001* ,;: "':) 1t ,, '"(  7t-1-:m 34,000 0) I%PVP 1¥1:Eff--C1� G ttt:. iffi 

*:a:- Fig. 4- 1 ';:�To &:r.G7.ffit�iJ� � < fot Q �;: "':)tt���rl'l' iJ�m < fot '9 ,  iffia�{I::�� t 

� <  fot Q o  50 iJ � G 60°CO)�a�{����:t S * aBi�H¥]mj]O :a:- :a:-�TiJ�, 70 iJ � G 80°C O) �  

t.ffit�-C,:t/F�"* C: fot '9 ,  ifIi�Ht� fot ll i:> J:iJ� '9 :a:-�To 

Fig. 4-2 , ;:m=. 2.3 .8 0)(2-5)�\J;:1JE --=> '"( InZ C: t O) OO1* :a:-�To 1t "TttO)t.ffit� �;: .:j3  

1t ,,'"( t liH " ifI�OO1*iJq� G tt, (2-5)�\J;:1JE --=> '"( &:r.GiJ�i!rr L ,"(  1t "  Q :. C: iJ� b iJ � Q  a ifI 

�O)ftJ*,4iJ� G iffi�{�0)&:r.G��;Q::� k :a:- * � t:.o  Fig. 4-3 �;: 7 v .:=. ? ;A 0) 7 0  '/ t- :a:­

�To :. :.  -C T �:t*t9%t7.ffit�-C i1tJ Q a Ink C: l iT �:t � 1t " ifI�OO1* :a:-�T :' C: iJ� biJ�  Q a 

:. 0){tJ*,4i6�  G iffi�p.x:*O) Jti6� �t O)�11:11::.::r.-*JV�- C: L '"(  8 1 .6kJ/mol i6q� G ttt:.o  :. 

0)1i1H:tm=_ 2.3 .8 -c1� Gttt:. 3%PVA 1¥1:Eff- 0)  75.4kJ/mol :to J: Vif � ? -/FtE*' 0) 

8 1 .6kJ/mol C: �m.�-Ci1tJ Q o  -15, t�1:..5XO)�J3r;Q::� �;: "':) 1t " '"(  t m=� C: ��O)�t. 
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Reaction time (h) 

Fig. 4-1 Amount of zeolite Y in solid phase vs. reaction time in 
the presence of 1 % PVP with molecular weight 34,000 at different 
temperatures in °C : (0) 80; (e) 70; (�) 60; (A) 50. 

o 20 40 60 80 1 00 1 20 1 40 1 60 1 80 200 

Reaction time Ch) 

Fig. 4-2 InZ versus t in the presence of 1 % PVP at different 
temperatures in°C: CO) 80; Ce) 70; C�) 60; CA) 50. 
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Fig. 4-3 Relationships between Ink and l iT for zeolite Y in the 
presence of 1 % PVP with molecular weight 34,000: (0) crystallization, 
(e) nucleation. 

�fT 0 t�o �rffitgrl;::tHt 0 ��M O)a�rJl' 0)J2!� c I1T O)OOt* �  Fig. 4-3 l=f*1t-C�To 

:. O)flj{ � 7J'l G f�1:PX:O) }t7J'l ,t O)�tif�.::r:.*Jv :¥� Ij: 68.0kJ/mol C �t. � n, �=. 
2.3 .8 C'f� Gnt� 3%PVA 1¥;(£* 0)  72.0kJ/mol :.t3 J:: a� !J -Y �/f1£* 0)  69.SkJ/mol C � 
mgrC'JrJ 0 t�o :' 0) :'  C 7J'l G �� f�imgrlj:� !J -Y � 0)1¥;(£ I= J:: 0 -C�� � nft v \ c  � 
;t 0 o  

Fig. 4-4 Ij: PVP 1¥;(£* 0) &r.trffitgr 80°C,  I S  h 1=:.t3 ,t 0 � ;t "7  -1 }- Y 1:PX:i1 c PVP 

.grO) fMj1* ��To 5J'-1-:S: 8,000 O)m�, .gril��nOT 0 1;: --::>n -C llf}], 1:PX::filj:� 

nOT0 il� ,  S%ftilie'�* � � l" -t- 0)����PT 0flj{ fi'i] 7J� JrJ 0 0  5J'-1-:fi 34,000 0) 

m-it, 1:.PX::filj: 1%e'Te'I= 100%I=jl l" 2 ---- 3%ftiliC'�* � � L -C v \ 0 :' C 7J� :b  

7J 'l 0 0  5J'-1-m S 10,000 O)m�, itgr O.S% C' t 1:PX::filj: 100% I=jl l" � G I;:itltil)� 

nOT 0 C �PT 0 flj{fi'i] 1= JrJ 00 £J,J:O) =- C 7J'l  G ,  PVP O)5J'-1-:fi7J��nOT 0 C �;t "7 -1  
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� y 1:px::Ji0)�*{iill:t{Jf?llt1Jl!J ��  � 7 � T Q :. � i6) bi6:\  � , �f-jiO)�1¥fii6) Jtl±\ � 

nt::.o :' 0) :'  � ip G ,  JjJt * 0)*�'�ii6) jf[�-e ;t 7 -1  � 1:pX:��OO-f* L ,  &:J;t * f��ii*� 
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Fig. 4-4 Amount of zeolite Y in a solid phase vs. concentration of 
PVP for different molecular weight: (e) 8,000; (�) 34,000; (A) 
5 1 0,000. 

1:pX: L t::.-e;t 7 -1  � Y O):f!f-JE� � m�JE L t::.�* �  Table 4-3 f��To PVP ?lN 3% 

-c'1:t�T Q � � ,  PVP �+:ai6)mfJOT Q � :f!+JE�O:t b-r;0:\f�mfJOT Q i6) , :. O)�ft 

1:t-e ;t 7 -1  � Y 0) Si/Al lt � �ft � 1t Q ll �"* � < f:t ft v \o �+:a 34,000 0) PVP -c' 

&:J;t* -c'?llt;0�mfJOT Q � ,  :f!+JE�I:t��mfJOT Q {ij{rm;0) Jt  b n Q o  PVP .lto)� 

WI:t�+iiO)-t- n J:  � * �  < ,  .lt�ft l:tP}J G ;0:\ f� -f!;t 7 -1  � y O)ft�*1ipx: Si/Al J:t 
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Table 4-3 Unit cell parameters of zeolite Y synthesized in the presence of 
poly(vinyl pyrrolidone) at 80°C 

Molecular weight of Conc. ofPVP 
PVP X 1 04 (%) 

o 
0.8 3 
3 .4 1 
3 .4 2 
3 .4 3 
3 .4 5 
3 .4  7 

5 1 .0 3 

Crystallization 
(%) 
84 
90 

108 
98 

1 1 0  
99 
86 
92 

Unit cell parameter 
(nm) 

2.48 13(2) 
2 .4797(2) 
2 .4822(3) 
2 .4820(2) 
2.4809(3) 
2.4836(3) 
2 .4836(4) 
2.48 14(3) 

* O)ft!itl C 1? � 7 -1  }- y 1:.PX:;;:O)OO1*��Jt�T :s t:: 6b t;: ,  51'r:fi O) � f.t :S  PVP 0) 

*mi�ft!iJ.t0)i1l1J��1T 0 t::0  Fig. 4-5 [;: , �JGft!iJ.t lls!C c iltJ.t C O)OO1* � �To (4- 1)  

��ffl lt \ -C '::- fl�O) � f.t :S  PVP �f..J.O) �jfjJ51'r:iH±, 8,000, 34,000 ,to J:: U 5 10,000 

e' i.b :S ::' c iJ� b iJ � 0  t::o � t::!tft!iJ.t llsp c iflJ.t C O) OO f#: �  Fig. 4-6 [;:�To Fig. 4-4 [;:  

� � ht:: 1:.px:iIO)fli*fit [;:tfE!3 T:S i1lJ.t [;:,to ,t :s j::tft!iJ.tiJ�,  jf,�U� e'� L t::���r*.J I;: I'i 

It \ :s  O) e'lXr.t* [;:,to,t :s Ai�.ltO)1¥f£iJ��P� � h :S o  

1 80 

C 
1 50 

,,-... 
1 20 � 

e '-" 
t) 90 --"" '" 
� 

60 
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0 0.2 0.4 0. 6 0. 8 1 l .2  

Concentration x 1 02 (glml)  

Fig. 4-5  Relationship between reduced viscosity and concentration 
of poly(vinyl pyrrolidone) for three different samples: (A) 8,000; (B) 
34,000; (C) 5 1 0,000. 
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Fig. 4-6 7] sp vs. concentrations of PVP for different molecular 
weight: (A) 8,000� (B) 34,000; (C) 5 1 0,000. The shaded region is the 

1] sp values corresponding to the approximate concentration for the 
maximum amount of crystallization in Fig. 4-4. 

i5'JJX:im'1m-rM� � tLt:: * O)*Mi O)�.:r- �m�ffH:: Fig. 4-7 �::�To lllfJ],  * O)*Mi 
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- I:t�;t" 7  -{ " �:: 1& 1? )6  � tL,  PYA C: !JrJ�':: � !J -y - - � ;t 7  -{ " t<ji5'f*�Jl1PX: L. -C  

v ' Q  c: � ;t G tL Q o  
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Fig. 4-7 Scheme of viscosity change in reaction system. 
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Fig. 4-8 SEM photographs of zeol ite Y synthesized in the presence 
of poly( viny 1 pyrrolidone ) (a) and the zeolite Y after calcination for 
24 h at 600 °C in air (b). Bars indicate 1 f.1 m. 
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Fig. 5-1  Powder-XRD patterns: (a) standard material (ZCP-50), (b) the 
reaction product obtained at the reaction system of 3% PAMAC at 80°C for 20 h, 
(c) the calcined material of sample (b) and (d) the calcined material for the product 
obtained from the reaction system at 80t for 10  h. The intensity diffracted from 
the latter sample consists of the intensities diffracted from the amorphous ( lamor ) 
and the crystalline ( Icry ) parts. As an example, the magnification view of the sharp 
diffraction peak at 2 e = 23.40 , which corresponds to 553 plane is shown in the 
enclosed rectangular region of Fig. 5- 1 (d). 

Peaks designated by 1 ,  2, 3, 4 and 5 represent 1 1 1 , 33 1 ,  553, 642 and 75 1 ,  
respectively. 
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Table 5-1 Results of zeolite Y synthesized in PAMAC present and absent systems at various 
reaction conditions 

Reaction conditions AJnount of PAJv.U\C AJnount of zeolite Y 
Cone. of Temp. Time in reaction product in calcined product 

Samples PAJv.U\C (%) ('C) (h) (wt%)" (wt%)b 
PAMAC present system 

A 80 1 5  5 105 
B l  3 80 5 1 3  0 
B2 3 80 1 0  1 2  24 
B3 3 80 20 12 98 
C 4 80 20 1 3  106 
D 5 80 20 1 8  90 
E 8 80 50 2 1  102 
F 3 60 96 20 85 
G 3 90 20 1 1  100 

PAJv.U\C absent system 
01 80 5 0 

02 80 10 4 

03 80 1 8  102 

8 The amount of PAMAC in reaction product is the weight difference between the products 
before and after calcination.The weights of the samples before and after calcination were 

corrected by subtraction of the amount of adsorbed water estimated as about 1 0% at the 
condition of 60% RH and 20°C. 
h .  Calculated from equation (5- 1 ). 
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Fig. 5-2 SEM photographs of B3 (a) and calcined material (b). High 
magnifications are also shown in (c) and (d), respectively. 
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Fig. 5-3 SEM photographs of zeolite Y synthesized at 80°C in the presence and the 
absence of polymer. Samples and their preparation conditions are shown in Table 5- 1 .  
Reaction products synthesized for different times : polymer absent system; 0 1 ,  5 h; 02, 
1 0  h; 03, 1 8  h, and polymer 3% present system; B l ,  5 h; B2, 1 0  h; B3,  20 h. 
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Fig. 5-4 SEM photographs of zeolite Y (Sample B 1 )  synthesized in the 
presence of 3% polymer at 80°C for 5 h. Appearances of the lump product 
formed at initial stage of the reaction near the induction period (a) and the high 
magnification view of the interior part of lump (b) .  

Fig. 5-5 SEM photographs of reaction products synthesized in the presence of 
3% polymer for 20 h at different temperatures :  (a) 60°C, (b) 80°C ,  (c) 90°C .  
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Fig. 5-6 Relationship between the amount of zeolite Y in calcined product and 
reaction time at different reaction temperatures: (¢)60°C, (0) 70°C, (�) 80°C, (0) 
90°C . Reaction conditions: (a) 3% PAMAC; (b) absence of polymer. 
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Fig. 5-7 InZ versus reaction time, t (h) . Reaction conditions: (a) 3% PAMAC; 
(b) absence of polymer. 
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Table 5-2 Apparent activation energies of nucleation and crystallization of zeolite 
in PAMAC present and absent reaction systems 

Reaction system applied 
Polymer present a 
Polymer absent b 

a. 3%PAMAC; temperatures : 60, 70, 80, 90°C. 
b. Temperatures : 70, 80, 90°C. 

Nucleation, 
En (kJ/mol) 

6 l . 1  
69. 5  

Crystallization, 
Ec(kJ/mol) 

8 1 .4 
8 l .6 
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Fig. 5-9 Relationships of the amount of PAMAC in products versus (a) specific 
surface area and (b) pore volume of micropore: ( ... ) zeolite synthesized in the 
absence of polymer, ( . )  reaction product, ( D )  after calcination and ( 0 ) 
recalculated values on the bases of the weight of zeolite. Numbers designated as 1 
and 2 correspond to the samples A and B in Table 5- 1 .  Numbers 3 and 4 are the 
samples prepared by using reaction system containing 4 % and 5 % of polymer at 
80°C for 20 h. 
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Fig. 5- 1 0  Relationships of the amount of PAMAC in products versus (a) specific 
surface area and (b) pore volume of mesopore: (.)  zeolite synthesized in the 
absence of polymer, ( . )  reaction product, ( D )  after calcination and ( 0 ) 
recalculated values on the bases of the weight of zeolite. Numbers designated as 1 
and 2 correspond to the samples A and B in Table 5- 1 .  Numbers 3 and 4 are the 
samples prepared by using reaction system containing 4 % and 5 % of polymer at 
80°C for 20 h. 
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SEM ��il� G ,  PAMAC f¥tE* ""('�� G tLt:. i? ::&- 7  -1 � )ffi� 0)� iID �;: I:t�iJ�ft. [!!J8il�. 

� 2: tL Q ° :. 0) [!!J 8 f;: J: I) � iIDf.il�it}JJO L ,  � O))ffi* NH/ -1 ::&- ./!l&�.iJ�!tlJJo L t:. 

o) ,,"(,li ft. " \iJ� c � ;.t G tL Q o  � � fkJ f;:-e;- � tt Q TA.--C o) Na+-1 ::&- ./ il� NH/-1 ::&- /' c � 

�T Q m�, 1 50mg/g 0) NH/ -1 ::&- ./il�!l&��i'ru""('ib I) , 4- @]�� G ttt:.13:*11""(' t �f* 

0) 45% L il��� L --C :to  G i\ 2: G �;: 83mg/1 0) NH/-1 ::&- ./il�!l&��mg""(' ib Q :' c iJ� b 

iJ � Q o  (Table 6- 1 )  

80 

+ -. 70 

� �  
-0 5 60 
� ... 
-e g 50 
0 -0  
en 0 -0 '"' 40 «I 0.. 

� c:: o 0 3 0  ... . -
c:: '0 =' «I o � 20 E '"' < . S 

1 0  

0 
� � � 

0 1 0  20 3 0  40 50 

Concentration ofNH/ in solution 
for ion exchange adsorption (mol/I) 

60 

Fig. 6- 1 Relationship between concentration ofNH/ ion in solution for ion 
exchange adsorption and amount of absorbed NH4 + ion in reaction product 
prepared at 80°C for 20 h: polymer present system (0) 1% PAMAC, (D..) 3%, 
(D)  5% and polymer absent system (e). 
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Super cage 
0.74 nm 

n.22 nm 

e : Na+ O : NH/ 
Fig. 6-2 Scheme of framework of Na type zeolite Y and ion exchange 
behavior between Na+ ion and NH/ ion. 

Table 6- 1 Amount of adsorbed NH4 + ion for PAMAC-Zeolite Y composite 
Amount of adsorption for NH4 + ion 

Measurement value (mg/g) �heoretical value (mg/g) 

PAMAC-Zeolite Y composite 67 1 50  
15% polymer present system) 

Adsorption 
(%) 

45 

Fig. 6-3 f;: 1 ,  3 :to  J: V 5%� � "?-f¥1:E* C: ::iF1:E*1:.PX:�0) pot -1 ;t :"rmi�i11lJ3t f;: 

MT 0 PO/-1 ;t :"r!l&if a O) OOflf- �;FTo !l&if�� f:ffl lt ' t:.�f-H:tlt '"Tn t m3iiif-c 

�px: L-1:. t o)-Clb o (Table 5- 1 )0 � � "? -f¥1:E* 1:.PX:�-Cl:t ,  0.74 'jp G 3 .68moVI O)jJg: 

OO-CO)!l&ifm:l:t-;E-C lb 0 iJ� , 3 .68moVI .lJ- 1::. -C l:t pot -1 ;t :"r_J3tO)mtm C: �f;:!l&if 

il t mfJOT 0 ':: C: iJ� :biJ:' 0 0  � t:. ,  � � "? - aO)mfJo c: � f:!l&if a t mfJo L ,  S%� 

� "?-f¥1:E* -Cl:tJlk* 4Smglg 0) pot-1 ;t :"riJ�!l&if L t:.o � � "? -::iF1:E* -Cl:t ,  It '-9 
nO)ilJ3t-C t pot-1 ;t :"r l:t fl C: /v c:" !l&if L t,t lt ' ':: C: lP G ,  � � "? -f¥1:E*1:.PX�iJl 

'2;-WT 0 PAMAC iJ� pot!l&ift:�� L --C it '  0 C: � ;:t  G n 0 0 Table 6-2 t:  5%��"?­

f¥1:E*1:.PX:�0) pot -1 ;t :"r!l&ifli:O)J1I!�iili1rR C: �ffitl1rR��To � � "? - rp O) }J  7- ;t :"r "!t  
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-1 r- � pO/-1 � � 7J� 3 : 1  -r'1&�T g :fjjif ,  �miB'1&�.I::t 36mg/g -r lh  � ,  �mIj100: J: � 
t itt\., \100: -r lh  g o  ::. tU.:M L -C 2:  1 t L < l::t 1 :  1 -r'1&� L -C v  \ g �if, ��iiB'1&�fil::t 

.:t ;n>fh 54 t L < l::t 1 08mg/g -r lh � ,  � G �.: 9 :to J:. V 63mg/g '1&�T g PJ-m5'ti7J� lh g o  

::' O):fjjifO) !J �M-1 � � O) jJ T � � -Ij- -1  r- �fif*I::t.:th.:cn 83 :to J:. V  42% -r cb g o 

�mlJ100: � J;t� L -C po/IV3t 1 1 .0molll -r PO/-1 � � � � !J ? - I::t 2: 1 t L < l::t 1 :  1 -r 

�if L -C v  \ g  � � ;t  G n g (Fig . 6-4)0 pot-1 � �  � � !J  ?-7J���T g :fjjif ,  �fJJ I::t 

.:t n.:cn 3 : 1  -r�if L -C v \ g ;O� ,  �.13t�-r l::t pot-1 � � O)ii U.: M  L -C jJ T ;;t � -!j- -1  

r- 7J� /FJE L -C < g t:. � 3 .68moVI £)'J::O)il13t -r l::t ,  * �  2:  1 t L < l::t 1 :  1 -r.f1f��7JqT 

bn g O) -r l::t it v  \ 7J\ � �;t G n g o  

50 

45 

. -. 40 M .,. 01) o b1J 35  � e � -
� t) 30 

5 ..g  25 � 8 «I Q.. 
<.0-. C 20 o 0 - . -c -

5 ::3 � 1 � 

o CiS 
� .5 1 0  - �-----O __ � 

5 

o 
o 2 4 6 8 1 0  

Concentration i n  pot solution 
for ion exchange adsorption (mol/I) 

1 2  

Fig. 6-3 Relationship between concentration of pot ion i n  solution for ion 
exchange adsorption and amount of adsorbed pot ion in reaction product 
prepared at 80°C for 20 h: polymer present system (0) 1% PAMAC, (�) 3%, 
(D) 5% and polymer absent system (e). 

Table 6-3 �.: 5%*,!J?-f¥1:E*1:.PX:tIo/J��1:E*-r'.:rtn{&, ¥IH�f�n -Cv \g'1&�1f'JO) NH/ 

-1 � �  � P043--1 � � O)'1&�-m5��To NH/ -1 � � -r ,::t ,  4'@]1� G n t:. 5%� !J ? -f¥ 

1:E*4:px:tIo/J'::tm�O)tt � 7  -1 r- y � .: J;tA:.-C� 2""3 f�< Li2Mn03 � J;tA:-C� 3 f�O)!!& 

�-m5tJ 7J� lh g ::. � 7J� b;O\  g 0 mJt& O)-t?;;t 7 -1 r- '::t*{i}f�-r1� G nt:.4:px:tIo/J � J;t� L -C 

�Jb r"H.: tt � 7  -1 r- £)'71-- ,.: t / " -1  � �" - it c' $ < O)/F�tl!� �?; Jv-rv \ g ::. � 7J�,  '1&� 

ti-m5O)� � it 0 t:. t 0) � � ;t  G n g o  pot-1 � � -r l::t, /"-1 F t1 � !v-!j- -1 r- 0) 60mg/g 
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,;:tj L --C  45mglg � � 0 iO\ ,  -t (7)ft!!(7)IQk�jilJ � !tA:--C 2 '"'-' 45 fit(7)tElli5 � 1f L --C It \ 0  

� � iO\ b iO :\ 0  0 *��e'1� G ht:: flii'f:$:t:tflti].{ ;;t � ,;:tj L --C lQk lft1lli5 �  1f L --C � fJ , 

-jilj e' NH/.{ ;;t � � Po/.{ ;;t / (7) lRJa�IQk�J)\j:jJlli5e'� 0 � � J)\ VJ):\ 0 o  

cationic group : P043-
= 1 : 1 

2 :  1 

3 : 1  

6.76 A 6.8 A 

Fig. 6-4 Scheme of the adsorption of phosphate ion on the side chain ofPAMAC. 

Table 6-2 Amount of adsorbed PO/ ion for PAMAC-zeolite Y composite 
Amount of adsorption for PO 3· ion 

Measurement value Theoretical value Adsorption 
(mg/g) (mg/g) (%) 

PAMAC-Zeolite Y composite 
1088) 42 

45 54b) 83 (5% polymer present system) 
36e) 125 

• cationic group : PO l- = 1 : 1 
b. cationic group : POl = 2 :  1 
c. cationic group : POl- = 3 : 1 
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Table 6-3 Ion adsorption ability of various adsorbents 

�% PAMAC-Zeolite Y composite 
lHydrotalcite 1 2) 
Nj2+ or Ca2+ exchange mordenite 1 3) 
lPrepolymer with NCO end group 1 4) 
IAllophane 1 3 )  
�eolite Y 1 5 )  
il.Ji2Mn0316) 

6.4 �mfU 

NH4+ ion 
(m�g). 

67 

12  '" 34 
12  

PO/ ion 
(mg/g) 

45 
60 
23 

1 .2 '" 1 .4 
1 '" 2 

7J T ;;t  :/'f1� !J '"7' - 1:'lb � PAMAC f¥1:Er1:'&�7J[J3t 80°C,  &J;tB�r",' 20 h 0) �1* 

1:' � !J  '"7' -i1lJ3t � 1 ,  3 ,  5 ,  8% � �ft � -lt�.5X: �rr 5 .:. � 1:', PAMAC c -l? ;t :7 -1'  r­
O)1<l�f* �f� �  .:. � 1::.5X::9J L-,  .:. tL � ffl v '\ -C Pk��� �1T 0  t�o � !J  '"7'-f¥tEr1:'f� 

� tL � � V '"7' - - -l? * :7 -1' r- 1<l�� � 7 :/' � .:=. � A -1' ;;t :/' � Pk � L- ,  � O) Pk � � �  

5%� !J '"7' -f¥1:E* 1:..5X:� I::M L- !J  :/'�-1' * :/'.J3tiJ� 53.7molll O)B�, llk *  67mg/g 1:' lb  

o t�o .:. O)fl �:t 1:.px:!/�Jli:q::-2;- � tL �  -l? * :7  -1' r- 0) 7  :/' � .:=.  � A -1'  ;;t :/'l:!I!�iilx�.O)*� 
45%1:' lb � o � r:p 0) 7  :/' � .:=.  � A -1'  ;;t :/'�t-tt t 8% c bflP1:' lb � ':' c iJ� � ,  ':' 0) 1:. 

.5X:� �:t 7 :/'� .:=. � A -1'  ;;t :/' ��tRI¥�H:: Pk �  L- ,  � � I ::  7 :/' � .:=.  � A -1'  ;;t :/' �  83mg/g 

Pk� tf:HI� �  �fjgf1iJ� lb � o  � t� , � !J  '"7' -/ftE* 1:..5X:� c !:t� L- -C � !J '"7' -f¥1:E* 1:.  

.5X:�1:' ,:t ,  v 'ftLO).J3t1:' t Pk�.iJ�m1.JlJT � 11j{ rPl iJ �  Ji G tLt�o .:. tL �:t �  !J '"7' -f¥1:E 

* 1:..5X:� O)!:t� oof1iO)m1.JlJ l:: J:. � t 0) � � ;t  G tLt�o 

PAMAC f¥1:Er1:'f� G tLt� � !J '"7'- - -f? ;t :7  -1' r- 1<l��f:t !J :/'M-1' *:/' �Pk� L- ,  

� O) Pk �.,:t 5%� !J '"7' -f¥1:E* 1:'  45mg/g 1:' lb ,? ,  -r r- !J � A -1'  * :/'  c O)X�* f:t 

45%1:' � G I:: 83mg/g Pk�1:' � � ':' C iJ� b iJ � 0 t�o � !J '"7'-/FtE*1:'f:t !J :/'M-1' ;;t :/'  

� Pk �  L- it v '\ .:.  � iJ�  G ,  1<l�f* r:p O) �  !J '"7' - iJ� !J :/'�-1' ;t :/'  c Pk �  L- -C v '  � � � ;t  G 

tL, fi:t�J3t�1:' I:t � !J '"7' - r:p O) 7J T* :/' � -1'  r- c !J :/'M-1' * :/' iJ� 3 : 1 ,  3 .68molll £/,J: 

O) tffl.J3t�1:' �:t 2 : 1 t L- < l:t 1 : 1  1:'M� L- -C v '\ �  � fi� L- t� o  2: 1 t L- < ,:t 1 : 1  1:'M-€r 

T � m� , � G I:: 9 jO J:. a 63mg/g Pk�T � �fjgf1iJ� lb � .:. � iJ� b iJ� 0 t�o 

*�� 1:'1� G tL t�1<l�� 0) Jj. 1:' 7  :/' � .:=.  � A -1'  * :/'  c !J :/'M-1' * :/' O) IPJ B�Pk � tJ� 

I5Jfjg1:' lb � .:. � iJ� � G tJ� l:: � tLt� o  .:. O)1<l�f*I::-2;- � tL � -f? * :7  -1' r- tJ� 7 :/' � .:=.  � A 

-1 * :/' � Pk� L-,  PAMAC tJ� !J :/' � � Pk �  L- -C v '\ �  � fiallJ � tL � o  
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�� � � 7 = � �tl� V 7 -#�T��� � � � �� � fi � � .����� , � G  

nt:..�{* 0) 7  �=c .:=. ? .b. �  � �� V � � �  � � O) Il&��Ib �= � v \ � iiJf5'E � 1-'r �  t:. 

(jiH '±¥fH�� � n  � v \ fct v \o 7 = � �ti� V "? - t jJ 7 � �ti� V 7 - C ���=�� � �  
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