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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 alkylammonium 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 PVA-zeolite Y composite were
described. The dehydration reaction of PVA deposited on the surface of zeolite
crystal was greatly increased up to about 100°C as compared to the decomposition
temperature of PVA 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 PVA-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 PVA-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, £, 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

\'%



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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— =V NHbH, A== —TYDOAY NI 12 BRMORY . ZOKE 1T 0.74nm
THh D,



O:Si, Al :0O

Fig 1-1 Framework of zeolite Y(a). Secondary unit of zeolite Y(b).
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1960 FN 6, A 74 PERIZBWTERERE > FHIERICBZHB X, HDHIT
BERT M ENITON, FRLEERZF ST A 51 F2AK T L nalfEL 2o T
W5,

1968 1T Arganger et al i X > THBEETHST N7 7o AT o F=U Ll
(TPA)Z AW THBHI LB EE2 BT 5 ZSM-5 DABRIZKREI L7 Z ERRES N, F
72, 1993 #E|Z Morris et aliZ L > TEIETAD /) — LTIV EHNWDZ LIZE VK
X 72 NaA FE@D AR S22, ZDIENIZH BHOMREICL > TR OFBEE Y
AT, $ 75 BROEAZ7A bGRENz, EREN-ABERIIEALZ7A4 b0
BEDMANTEXRTET 7L —bOBREZIIZLTNWELEEZLNTEY, F
Texhid, ZOFTFMILNCERVAEND Z DAL ERSTZY, L, R~
—ZRWEREIRIZEA VST A AN

1993 12 Goto et al ¥ IIRAKBHESGTFTHLETF o 2FML, A4 MY
EARLEZ, B2F OB FHRICL > TREBIGEEREL 220 »Oo—HHle
FEEREFDH Z MK, £D%, Myattet al® IRV T FL 7Y a— L OFEMZ
LM EA 74 N ABROERERE L. LML, ZTNODEREHTHRY <
— DB FIZTRENDAREMENH D, ZDRIZODOVTUIRET STV R,

BE_ETIIPHR ) ~=—THEZRY L= AT A a—LPVAGEETFTTEASA F Y
BRREITV, ARBERIZOWVTEHEMIZRAT L=,

2.2 EKRK L
22,1 RAREBLITHE

YA 54 PYARBAREL LTTZAIVEET Y v ABEHREFE 1#&)F L UUKEEL
T Y v AFRRME fR)EHAVWE, 284 Z L 2 U BT Ludox HS-40(DuPont, &4
B 302wt%)Z AV -, RY E=AT AL a—LPVADETMLEWME L THERO 7Y
U M, 1 R)EZOTEAVE, N ~—1FERIZER L PVA OFER%
FAALE., EHEEER LUEYS F& & 3T Table 2-1 12777,
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BRRIGHKE T &, RGP ORRIED T A BA T2, TV I VBEA A 2 B8 L UUKER
kA A, BLOF MO LEHBETDEOIZENRE L THEID FE 12,000 ~
14,000 DEAB—RF 2—T (- KL Z AV, SHIZBENIZE > THELNEEK
R ORERY ~—2BRETHEHDICHAALY A X 0.lym D=ttt ro—2 8
AT VL7 4 NE —(RERE)BHAV LN,

BEERMPIZEEINDIEAIA P Y 2EMBLIVOEERTEZHOEFIA Y D
FHERE L L TR S ~ 10um &EPA D Mk ZCP-So(fRE LRk ) % AV -,

Table 2-1  Water-soluble polymers used

Degree of Degree of Average Molecular
saponification polymerization weight

(mol%) MX10%)
GM-14? 86.5 ~ 89.0 1000 ~ 1500 8.1
GL-05? 865 ~ 890 <1000 <5
NL-05 ¥ >98.5 <1000 <45
NM-14 2 >99.0 1000 ~ 1500 44 ~ 6.6
PVA-105 98.5 260 1.1
PVA-HC Y 99.0 1700 7.5
* Nippon Gohsei
b Kuraray

HEREDEDIZ, BA T4 FEKBRIZEBIT AR ~—DRFEEIZOVTR
AT 572D . PVA DRI ZIT 572, Z Z T.PVAIZITAILEED 86.5 ~ 89.0 D GM-14
DREE AW, R ~-—0ORIEIIE AT A4 b DA KEM0.08M KBEELFT RV ¥
AKBRIZHYIZEDLE TUTIZRT X ) 2ai B &M 1 2@A L TfTo7, PVA
POT7TEFALET, BA 74 FERBROVHEB TR T tF A LRIGEEZ &5
X HNDDTAME NIZHETITo7=, LLTF., RIAEEHZRT,

ATALER I : PVA 0.4g % /K 20ml ([ZIFfiR S B 1=, T O@OFKREHKIZ 0.2M KEE(LT b
U U LKEWK 20ml Nz, 25C, 1BRHEKEL., ZO%ET A H U KEK
% 80°C. 15 BFfHILEE L 7=,

ANALERIT: AIAAERT SR U T /LA Y KEEHKR T 25°C. 1 BRRIMGE L7,

LEEDRIMAE I B LN TH O KEBEHKRIZ 0.1M HCl /0%, pH2 fHEIZAR L
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Toth. BITIECTREAKIZH L THABZ2TVEE L, FERIEIZH L,
RIEIT Y N o —FRIFEEEH(W-27D, HEFRIESERERN 2 A, IRE 30C. KiEE
WTITo, 72, MAKOHE TEEIL 80.92sec THh o7,
PVA OFEHSFEIZQR-DRUZHENEB L7,
[n] =453 X 10°M°*% (ml/g), (2-1)
T ZTMIIEER. MIZIRFETH S,

PVA (X GM-14,PVA-105. 3 X IXPVA-HC % AV 7=, AT S v F 4K 8Na,0° ALO;-
12Si0,+360H,0*xPVA (x=0 ~ 0.25)& 725 X I ICRIGEREZRB L 7=,

IXILDIZ, HTRABRF T INATILRT 2208 DT AVIVEHEFT R ULALE 401g
DOKEELT bV U L% 15ml OEGKIZERL 7L BLOT/VIFHREKEKRE
AR, ThEz AKE L, LV TBKRELT, ATy T /NALTAIZ 050 ~ 2.62g
? PVA % 15ml OB KIZEM LIBKRERAR L=, ZZTPVA REIIEHRRZEPRICE
EFNDLKDTEIIAT D W% TRLT, £, R v —FRERIZDOWVTHERZITV,
HEBRFT DD ORELE Lz, £ T 200ml DR Y 2 FAR T U BE—hH—|Zan
AN Y KR 13.85g ZHY . BIREZBIEL R GHRA2 2B —Eike L, K
WTAREMRTERIZH—BEAL 2D E THREL

ZHLTHRONERZ2ZBIRT | FFHHE LARE. ZOBRER) AFALXT
VRZATIRIZB L, IRE 60 ~ 90CIZR->7= U+ —F—/R"RZ 1 ~ 120 h
HELRICEITo 72, 180N - BRDIKEM A2 ETHRKREEL T —X Fa—TIZB L,
REGHHRET D-DIZENZITV, BRO pH B8 LAT & 725 E THRVIRLAT
ot, BAR. ARDOIKBME AL T L 74N F—2BVWTHEKREAHIL, BV iR
LABAKZRAWTHRFTAZLEIZL>THERY ~—2KBRE L, ARk LI-EF
W% 60C, 24 h Btk LRISERME BT, ZORIGERYTIZIIFERMEL A Z 4 Mol
Bk, €474 P YRREBLUOPVARETEN TS,

Bon=alkHI 60% RHIZR - 727 ¥ 7 — 2 N TERIKST B 10%IZFBIRF L TH
CEBFRAIE LR, 0%, ZORBZMBEAER, X REIFHHT, SEM B, BRIE
BLOHEDICH L7,



e I NT-RIGEBRM % 600°C, 24h EXP THBELTPVA 2BRELEY, BGoh
T=DMEAE M % 60% RHIZAR 72T 7 — Z N TEBKS L 10%IZFTHERFEL TH 5,
HEXRAELE, T0%, ZOREZ XBoH. SEMEBES LIUOBSHIZH L7,

PVA F1ER AL D =
ZIZTHAWEEAZ A ME1%PVA RTER I, DEEL-bDRFER L, &H).,
100ml DH 7 AR E—H—I|Z 0.18g D PVA ZH V| 20ml DiRK% M %2 T 1.00g DEA
FA4 Y DBEMOKTE100%) 2 RA L, BEFELSBLEAG L, ZORAERENZ
AREIZFY R ML, BIBETREZLaY br—URK%2E7, 2B, ZoRBPIZE
FNBHZRY~—EIT 1%PVA FETTHONIAFIMIZFLL 2D L5 IZRBEIT-
7= DT BH(Table 2-3 DRE}
— L REHE LT,

ARPBLIOPEMIIEETNEEAT A b Y IIEIEOHEK X RETIZL > TRE
L. EEEZTo7, RIEITHR X MEFEERAD-2C, BFEHK) 2V TITo 7,
BHFICAWE XBRIZ=v L7407 —2FERA LERAIL L CuK BEZHAV., INEE
£ 30kV. &t 40mA TiTo7, BIEIZIZIEERY v b l1deg. #ELR Y v b ldeg.
Z¥ZRY v b 03mm ZAV, YUFL—Tar v A2 0EHRILE, RIEHEA
X2 ~80° &L, A7 vy 7 0.02deg BLUPAF ¥ XAE— K200° /min TEEL
7o BREHI A / U HEKZ AV T 200mesh BREEIZHFE L7 b D% BB DEE 0.5mm
DFRBEEERFON 7 AMABHRICKE L TRIEIZH L, £ POEA T P Y B
IR Y = —%2FLAERMH DT DEEAERKY O X REIPTIREED 6 (2-2)RUT L - TK
MFEs

(2-2)

Z 2T LIMEEWMHE(ZCP-50)0> b DEHFRE TH YV | L, 13K DOFERE 70> 6 D[E
PRETH D, ZZTLyZ Ly Lo \CEEHZ O 1, & L, 1ZZE TN DO L[E]
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PSR L TN T 7 A5 56 ORIITRE Th 5, BIIFAEIZZN L 331, 553, 642
FBFLO751 mIZHAYT5260=155 | 23.4° | 268" BLU31.2° (ZRiTHEIFrv—
JEBAWTRIE Lz, T ZFnoRirE— 2 s8E ofMmiZ-2)Xizk it 2 ExtiEaalbE
DFHRIZAVWLNTZ, KIETIZ4 SO —VREOHZ D CAREZ I L TWB729H,
ZTOERBBEZX+5%TH 7= T Z TROWIEERBHIESRERMY, BT 7 4
BT ) OAERDESLZ L SEMBENGRD LN,

AR DRLE S HORIE I,
02wt% ~FH X 7 1) VEEKERF CTHREE S 10 o/, 7 ARH LS B LEZbD 2 B
W=, RILRBHZOWT 10E&VIRLAIEL., EBHEZKRD -,

2.2.8 RS4RI D SEM 815

RISERMOTEBEIL, SEM EE(A AEF JSM-5400)% VN TILEEE 20kV
TR,

2.3 EREER
2.3.1 TN Y BRI LD PVA D4y FEEL

A4 FARRIZHAVS PVAGM-14)D T Lh ) B L 35 FEE(LE ., FEEERI
FIZLoTRIL, A F74 FAERBETORY) v~ —DOHFEELIZOWTERLE,

R, A1 BIONE 0 OFHFTOAEINE PVA REHIOWTHERIEZ1T
WSO NZBITHE n Jo LIRE ¢ OBfR% Fig. 2-1 12773, EFIZLWVERENRSES
NBH, RAE PVA OFEND —>OBEBRILLE LT, BWBEKEFELZTLTY
Do ZHUIITAMLEIZLZHEEBLEZOND, TLA VAR IBLON 21T >72A¥
OEBMIZIER CREKFEHEZRT 00, BT EF LA T4 FERRIED
PERTHLEIDZEEZRBLTWS,

INODBREZAVTEHELK PVA O FE% Table 2-2 (27" F, 7T/L4 U AE|Z
LB PVA DB FEDETIXIZEA SRV BB, Fiz, Table 2-2 TIN5
IOICAMBIZE 20 FROENRHE Y Aoz Z i, BRI T & F Lk
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TR HRWVWEEZOND, £ 1 BLOEM I TRILE I PVA 05N FEIZE
NENTISXICBLV8IXI10* T, T RTOTEFAENBKRT EF LI LIRE
L7z EOEEEIT 1500(Table 2-)LA EDEZFFHOZ LiZd, ZOZ L, BT
FIMEIIARFZETHDILEVWIFEREZIFL TS, T4 T4 NEBRBRETORY v—
DEHEGWNIEZ b2V EeEZ HND, B OHEALBRTRY ~—RTITROH
HER) v —%2BERVRICHERTELLIEMT S, BB HBEDERY v—I13¥
F 74 MEREEKIEL, ROMEIIRY ~—FREROENEIZIZFRBREICR D, Z0D
BR2EATA MERRIGBRIZBWTHEI NI ROFE LWHMELIIR) =—0
RREAICL D2 Z Ebhats,

120
100
80

60

1 /e (ml/g)

40

20

0.0 2.0 4.0 6.0

Concentration X 10° (g/ml)

Fig. 2-1 Relationship between reduced viscosity and concentration of
poly(vinyl alcohol): (O) PVA (GM-14) (degree saponification, 86.5 -89.0); (A)
PVA pretreated with an aqueous 0.1M solution at 80°C for 15 h; (@) PVA
pretreated with a 0.1M NaOH solution at 25°C for 1 h.
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Table 2-2  Results of average molecular weight of poly(vinyl alcohol) pretreated with

an. . solution of 0.1M NaOH
Pretreated Treatment coditions Molecular
samples . (C) Time (h) weight
Untreated 63.0
Treated
I 80 5 613
II 25 1 63.0

Fig 2-2 D a, b, c BL WA IZZNTH 1%PVAGRRE A). 1%PVA 2 BEafEL, PVA RFE
FGEREH 03)F L UMEHERREID ZCP-50 D XRD B %R L. d DEF/RF — TR &
NEEERXEANEFAORFEERL TS, ARIZAWERY E= LT va— g
PVA-HC Th 3%, BERABIDOAEM% Table 2-3 12777, HEAOEAZFA MY THD
ZCP-50 DRI A L REIDOBRFT AL LVZN O DOMRIBED R Y ~—FEL L UORE
FEMOT —HL-Z 20, INORICERMPIZEENDBEHEETITEL T4 |
Y THHEREESNT, RISEBRYPITIZIEA T4 MY, ERMEEA T4 FAIBREE
FUORYV=—DEEN TS,

Table 2-3 IZFUGIRE % 80°C L L. PVA IFERB L UOTRER THRA & BT TERK
ENT=RISERYOFERETT, Table 2-3 8 4 17 MIRISERHT D PVA S &%
ARLTWS, RY~—BED 1%, 3%BLV 5%OHE. RIGERWIZEETNDERY
~—EGRBIITNTN 14wt%GRE A). 32 ~ 36wt%(RA¥+ Bl, B2 B LU BB LV
S1wt% (REC)Th o7, ZNOLDEITHEMTH S 14, 36 BL UV S3wt% & I1FIT—HK
LTEY, R 2—3 T X TRIGCERDIZEENTNEHLEE X LN S, Table2-3 F S
AT B X BANIZE > TRDT, DBRERWOEAZ7A4 F Y EBR%Z7T. Al B3
BLOC OEEH» 6, RIGHH 20 h THEMPOERIXII T XTELT A MIE
BLTWBZ E0bhd, 3REBl, B2 BLUB3 2T 2 &, RIGHEROHEM &
HIZEATA FEENBBITHEML, RY ~—FERD 01, 02 BLU 03 TH Ak
DFERZ1B7-, Table2-3 F6 V7 LMIRIERMFDOEAZ A Y FEMNE)Z R
L. @3)RTEELT,

[C] = [B](1 -{A})/100), (2-3)
ZIZTAIB L VBlE. TNENRISERMDORY ~—8B L MEERMPOEAZ
1 FEEETH D,
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Intensity (a.u.)

0 10 20 30 40 50 60
20 (°)

Fig. 2-2 Powder XRD Patterns. (a) sample A, (b) after calcination of sample A, (c)
sample O3. 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 (/,,,,) and the crystalline (/) parts. As an
example, the magnification view of the sharp diffraction peak at 2 6=23.4° | 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 S represent 111 (cleavage plane), 331, 553, 642 and
751, respectively.

HE A, B3 BLOC T2 LR Y ~—RBEOKM &L FHIZRISAERMTIZ D
HEAFA FOBIAMETT5Z MDD, YROERH S, 23)K L V. IXE[C)
R ~—EEA—ETHE0bELT7 A FEEBNIZHLHITS, Bl, B2 BLDV
B3 226, DEEAERMFTOEA T A4 NEBOHEMIZHA L TINENEM TS Z &R
M5,
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Table 2-3 Results of zeolite Y synthesized in PVA present and absent systems at reaction

.of 80°C
Reaction conditions  Amount of PVA  Amount of zeolite Y Yield of
Samples Conc. of Reaction inreaction product in calcined product zeolite (wt%)
PVA time e
PVA present system
A 1 20 14 106 91
Bl 3 5 36 0 0
B2 3 8 33 9 6
B3 3 20 32 98 67
C 5 20 51 101 39
Polymer absent system
ol 5 0 0
02 10 4 4
03 18 102 102

* 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 subswaction of the amount of adsorbed water from the weight of
the sample stored in a desiccator at 60% RH and at 20°C.

® Relative amount calculated by equation (2-2).

* Yield of zeolite [C] defined by the percentage of the amount of zeolite in reaction product was

calculated by equation (2-3).

PVAFERB LUORER TRICKHR 2 E{b S & THK Lz £k MWD SEM EH % Fig.
23 TR, FALAERY ~—iZPVA-HC TH D, RY <w—FRFEZ.5h LV 10 h(HR
01 BLVO2)IERMEMETH Y, 18 h(FK 03) TIHIFIT TR TR L TV
%, ZDZ LiX Table 2-3 IT/R L7Z5REL 03 O0BEERMT DL AT A + Y B[B)i#M)>
SHHLNTH D, RY ~—FERD S h(GFE BY) TIRIRERDOB A & B2V 1h#H2
TENT 7 ARFNBRIND, 8 h(FUF B2) TIIMKBLFPIZERF lum DA% &
OF-ERBBERIND, E6I1220h(RE B3)TiX, MBI FIZER LERDOAIPIBR S
nd, BROKER, ROKEIPRY)—FRERTHOLNAEZLDOLI D /NI NZ LA
bbb, MEORIGEBREZLETE L. R >—FFERDIDBBVBERE TR 03 A RK
IND, ZORBREIRY ~—D AR TR LEREMRBRIZMAO0DOEESY R
ELTWAZ EZRELTNS Y,
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Fig. 2-3  SEM photographs of various samples prepared at 80°C for different reaction
times in h: polymer absent system; 5(sample O1), 10(sample O2), 18(sample O3), and PVA
present system S(sample B1), 8(sample B2), 20(sample B3). Reaction conditions for
preparation of these samples are shown in Table 2-3.

2.3.4 R LA Y OREEN

T FFETTCOER *TIRIEBRMERFTEIZLIZLI>TEFF 2RV RS
EMNHKE, CNEETAS Y RET TOERBERTEZ F o F0MAKSRES N,
BERTFlELEEDEEZLNS, LML, PVA MR TRRGEHESRFIZE BT TIR
RER)~—2RETHZEDNHK -T2, TZTRISEBRMZIEL, BT A
MNEREPREITDZ L2 LIZ PVA 2RET DI ENAIRETHDINE I NERFTL
il

TATA DY & PVA OBRBEIZ XV EEIRE SN TV RWLNERRD2DHIT,
TAZ7A4 Y ORLZEMEZ X BREIITEIZ L > TRET L 7=, ERLE 100%DE A7 A
Y % 600CH>H 900°C £ TR EZEHAE TRIEIRE. 1 RFRIMBRBEL 1T -7, 600C
& 700C TIXEIHIREDEILITFRD HiL7eh 57253, 800°CH> b BIHTIRE DB LEAD,
900 CIZ72 % LfmmiTEN., TRIZHMBEBAL -7, ZORRITMERBEINIEA
FA4 Y OSFRRE VLR TH o7,

Fig. 2-4 12, 3%&R U E =/ 7 /L 22—/ L(PVA-HC)TFER T 80C. 15h DRIS TR LN
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AT A NY ORISERDE LU BEARK D SEM BEE %777, RISAEKMIZIZ,
AERDORY v —DFENBEIND N, 600C, 24 h MFES B2 b DIZITEDFFIE
DBH LIV, F7-, Table 2-4 12, SEM BEZIZAW 7=kt R LakHz o0
TREGTEIT SR EZRT. PVADELR THIIREOENRHBRFRLUT D=0,
R =R Y ~—SRERRMBIFELRNZ ERDND, UEDZ ENBRY v—
ZERIIBRET D1 ODNLERMFIL600C, 24 h THRITHD Z L hbhroTz, Ll
DEBRTEONT-AEEWITZ OFM4ETMRALER AT 1=,

RI)v—GFERBIUORERTHONTZEA T A b Y ORESHIZOVWTRIEZ
1T-o7-#R% Fig. 2-5 127 ¥, mROEAZ A L TéHh 5 ZCP-50 TiX 0.34 ~ 4221um
EWRIAL . ERIERIT 4.71lum TH o7, ZHIZXE L T, PVA fFERORLE 5 i35k
<. 2B PVA FIERERM O ERIZEIT 1.16um /NS L, B— - A2 AT A b
Y fEERNVERKT B Z &Mool

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
1y m.

Table 2-4  Results of elemental analysis for material synthesized in the presence

of 3% : and the material after calcination for 24 h at 600°C
C (%) H N (%)
Material synthesized in the 13.84 420 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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R)=—RERIZBWTIIEFT A P Y RBEBE L TAERKR L. ZOAEKE & RIGH
B & DEfR% Fig 2-6 (27T, RIGIRENREL 25120, FEMARELI R, Kb
B 90, 80. 70CIZEBWTENENF 7. 10, 20h Thotz, F-. BbEE LK
INBED R EEIZELS DT ENb0 5,

120
100
80

60

40

Amount of zeolite Y (wt%)

20

0 10 20 30 40 50

Reaction time (h)

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: (O) 90; (A) 80; (0O) 70.

PVA DIFAMLEDZERBEAZA M Y OERIZED LS IZHEBT I E2RET S
e, FALED R >7-F&4% D PVA FIE T TR ZIT27-, T84 D PVA fFIERIC
BWTHEATA MY BBEMEE LTAR LT, Table 2-5 (X, RIGFKMH 80C. 1Sh T
Bont=Ar74 Y OEREBEZTFT, ZORRNL, BERENRRED PVA R#H
THETUE, TALERBWEEREBRRWI LR b0NE, I 2 TAEKENERRIZ
BV 130%35 06N, X RIZEAZBEZBXTWD, ZHUIERAIETHERLZLD
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ICEERBOMESCRAB OFRE HER LTW3 &L Bbnans ALMNTIEA
VN HSERIEDETHOMZENT XL 91T PVA ORISEERS OINKD R %21 > B
RTOBREDERIZOVWTET FHREERTD2OIIRETHD DT, Lk, FAILL
E DB PVA RELD—2>TH 5 PVA-HC B LU PVA-105 ZRAWVWTERZITH Z & &
T3,

Table 2-5  Percentage of zeolite Y in solid phase synthesized in the presence of various

kinds at 80°C for 15 h?¥
PVA Degree of Degree of Zeolite Y
saponification polymerization in solid phase
GM-14 86.5 ~ 89.0 1000 ~ 1500 91
GL-05 86.5 ~ 89.0 <1000 100
NM-14 >99.0 1000 ~ 1500 116
NL-05 >98.5 <1000 130-
PVA-105 98.5 260 62
PVA-HC 99.0 1700 106

* Concentration of polymer : 3%.

RY~—DFMPBEAZA4 B Y DEKEIZ W XOREEBZRIFTON RS TE
FIEEYRDFRDORLR -7 PVA ZAVWTERLEEEAZA4 b Y DEKREIZOW
THEBMRF 21T o7, PVA DR FEET VELEME LTV &Y 2 HV 7, Table
2-6 IIRIGIRE 80CIZBITHEATA M Y AREZRTT., HF&E 75000 O PVA-HC
EHMLUEBA. #100%%7~ L, 11,000 D PVA-105 T62% & 720, 7V tY 2k
WTIIEAT A P Y OAKRBRIZBEICIED L TWAZ L0 d, 26D I &b,
PAI74 Y ERITRY v — L BEL-BEZFOES FILEHOTMIL > T e
LAARKEIIBDTEZ 3005, R ~—FFEICXDEKEDOHEMIZ. HMHO
LFREIZLD LV IR ~—DOMMUDRIEKFELTNDE LEZX LN,

PVA-HC 3 X U PVA-105 FERICBIT D RIGEE 80C 1Sh IZBIFTHEATA LY
ARKE L PVA BRE L OBR% Fig 2-7 127 T, RY >—FERDFA. £KEIT 85%
T & % 23\(Fig. 2-5). PVA-HC 2352 L2k ¥4 T4 b Y AREIZEMT 5,
L2 Lo FEDIEVPVA-105 DFE ARKEBIZIRY ~—RER LV LAENZ & 23
LB, INH6DZ b OH EEZFOVHEDEMIZ, B4 T4 NOARZIMF T2
FENZAERT 205, ROMMEOWMIZIE AT 4 FOERILZRET DI EEX LN D,
WrTEASA FOEREEIZIR) ~—DORBEOHEDE L ZOMMIZ L >TkRE S
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EROND, £, WTNHRY ~—KBKRRE 2 ~ 3%FHEIZBWTAEREDREK
ERLTWDZERLMND, ZDZ LT, 3%FHETIRZHEOEBER I NPT,
FERILENTL 25, TNULDORBREIZRDER) v—OEDHRIV L, L LAR
J=—DRIBETHSD OH EROBEHEMZ LY, #ERiLAhTFonhs EE 265,
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o
()

Amount of zeolite Y in solid phase (%)
s o
(e (e)

N
o
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Fig. 2-7 Amount of zeolite Y in solid phase vs. concentration of PVA-HC (@)
and PVA-105 (A). Reaction conditions: 80°C, 15 h.

PVA GFERTHONTZAERMFTOEAZ A b Y OB FEFIZOVTRELELN
7-fER % Table 2-7 IZ/”" 9, - FEEIL 2.4801 ~ 2.4853nm DFFHIZH Y, PVA D
FELHIZOTHTEHEIDBKREL 25MEMIZH S, Dempsey et al.'ViZ, €471 ME
P D AR TFESNLT 7 LTI 2 KRR Al-Si BEREDBEZ TR, 74—
YA "ML F T A FOBTFESRE SUAL HLIZIZERAZ BRGNS 5 2 & 28 E
LT3, 55 I3 FEEK 2.4900nm LA EA3 X B 2.4800nm LA T A3 Y B33 K 1% 2.4800
~ 2.4900nm BHFHEETH S Z L ZEBRMIZAHB L TW3, SEERTEON-AE
B4 b Y OFEBH " UZH B, AT A4 F XIZTHAVMETH Y. Dempsey et al. D
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BREL-PRBOZNICHYT IR/ERTH7-. BFERBEAL T4 b X IZHVMEE
EBLZATERY ~—RENEMT DICONTHERILEELIFZLNIZR D, ZOH
RIIZOHBIZBNWTTABEAAT L LVOSTAIVEBEAT L OAINRELT A VEHE
IR IAENRTL 2D L2 ERT D,

Table 2-7  Unit cell parameters of zeolite Y synthesized in the presence of PVA-HC
at 80°C for 15 h

Unit cell
0 84 2.4813(2)
0.5 87 2.4804(1)
2 106 2.4834(2)
4 90 2.4853(3)
6 70

BABRE I OREREEICRIETRY v —DORRIZHONT, BV HENICRFE2ITo 72,
Fig. 2-8 IZ 1%. 3%PVA-HC FFEERB L ORI v—FREFRD ., RIGBE 80CIZH1T 2
RISFFR & A Z 4 P Y EREOBBREE LD TRLED . WTIOFR T RISHFH
Xt T BAEERDAERKREIT S FHRIZIR> THMLTWE Z L5, FELR 2@
E B REBRETIE, ZOBEZEFTRTOZRTIHERLTH Y, AT OfERILE
ERELWZ ENDD D, Fig 2-9a & 9b 12 3%PVA FEZRB L ORY ~—FRERIIE
TR EAZA b Y AR & RIGER & OBFRERT RIGBERE RBIZOoNFHE
B 2V FERILEBENEL 2D Z E3bND, WTHORKETHRERIEEEIT S
FHBRIZIB > THEML., SRR TIIERB CRIESERET 5,

YTAZ7A POKRAER THEBILEENREA 74 PAEKREBEDO—RIZLEFITE LTS
Q-)XMB HuIZ L > TR/ IN TV D,

—&t—=kZ, (2-4)
TIZT ZI3EERIICBII B AT A POARE T, kK IIRIEEEH TH 5, Fig 2-9
WRTEIIIIRY) ~—FETTOHLRBEZRBRERT I L0 OQR-HXEEA L THENT
21T 3 s
QR-HDEANHR-HANELND,
In Z = -kt + InZ,, (2-5)
IITZJIBEM t=0I2BITEEF T4 FOAEKETH B,
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Fig 2-10a 3 X TN 10b I1Z(2-5)RIZHE-TInZ & t DR ZRT, WTNOBREIZEW
THRWERBRENE O, Q-5 > TRIGVEITLTWD Z EMRbnd, EHR
DIAFID R DRISEETER k K7,

Fig 2-11 I PVABFERDT L=U XD T oy b &FRT, ZITTIIHEHBRETH
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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 PVA concentrations: (/)
1% PVA, (O) 3% PVA, (@) polymer absent system. Calcination: 600°C, 24 h.

5, Ink & UT ZRVWEHRBREZRTZ ENb2D, —H. BEROFEEEHIZAEL
TiX Hsu®DERNVH D, BREZEOEREVRREKBELZIMD L ENOEROERENIAE
V. ZOBRKMBIIRKGBESELLTHRIL THD ERE L., FEHOREMO T %
BAREEER L E 2=, o, BAERDEHLZ RV X —% KD 2 FHEH Hsu'IZ
LoTREINE, £TZTZDHER Fig. 2-10 DEMR%E InZ = 0 O t #IZ/MHE L TR
DR RIEOFEIZ L TEA L, BEKROEEIETRAF—%2KRD7=, FIREIC
BT OFEMOREB O L /T OBGE % Fig. 2-11 (2R TR,

Fig. 2-11 DEHRDBEROT L =7 ZRORE AW TEREARS L OFEaR{LD R
ITOTEME =R XF—%5HE L Table 2-8 27”7, PVA FAERDBAR & FEdRILDOR
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DT DOFEMHIEZ R AL F —IZZFNEFN 72.0 kJ/mol & 75.4 kl/mol TH-o7-, —H. RV
< —FRERTIX. FNEN 69.5 kl/mol & 81.6 kJ/mol TH-o7-, WTNDFRTHM@H
XIZIZERBECELZ L, MEABEAERERE & fERILEEIZRY ~—DFEEIZEL ST
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Fig. 2-9 Relationship between the amount of zeolite Y and reaction time at
different temperatures in C: (A) 60, (A) 70, (@) 80, (O) 90. Reaction
conditions: (a) 3% PVA; (b) absence of polymer.
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Fig. 2-10 InZ versus t at different temperatures in ‘C: (O) 90, (@) 80,
(L) 70, (A) 60. Reaction conditions: (a) 3% PVA; (b) absence of polymer.
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Fig. 2-11 Relationships between Ink and 1/T: (O) crystallization, (@)
nucleation. Reaction conditions: (a) 3% PVA; (b) absence of polymer.
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Table 2-8 Apparent activation energies of nucleation and crystallization of zeolite in PVA

. and absent
Nucleation, Crystallization,
Polymer present ¥ 72.0 75.4
absent ” 69.5 81.6

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

FEINRNZ ERDMND, BETHE, BREDRIZTIEALERNEE X5, Fig 2-
BIZROGNDEIIIRY ~—FEICLDBRABREEOHE ML, R ~— DM RIC
FoOTHABAFT L RTIWI VEEAF L O SRIBETIIREN R Y ~—FH DK &4
BWZEDERLRT AR, BAERFRISEM I N =d LD, 2z
LT, BARIZBEERHEDOr A BEA F 0T VI VBEA Ao @fafnikiBIc e o7 =
APLRBENTNAZERRI ZF LU Y a— N FERTHLREINTWS W,

2.4 i

AR, PHERY~—THLPVAHFETFTTEFIA MY OAEREITI Z LI
LoT, BOoNBEFTA MERITERIEL VRIFEI/NE L, RIESMBPN &
NHd-o7-,

TAHIA4 =RV ~>—BEEEKIZIIKTHHIND LI RR)~—i3iF LA L2,
RY 2— 3B EINFERETHEEL TVEN, R ~—E 8D 32%DEAEIZITH
HEINDKRERY v —DBFELT,

R ~—FEFTTOEATA FERRISTIIFERRENREI NS £ TOFEL
FMnEfINDZ &b, R v—IIHRBRERERTIFNRIN, 2. &
FREGHEIZ PVA B L, B TFET2ZenRnWZ tbbhots, ZhbnZ &
No, RU~—DOMDRIZED T ABEA T L R0T VI VBEA F 2 DIEIRP TOES
7 BEaFIIRENER LT Roe 2 LI LD LML, R ~—DFEIZL -
TOHRICEEIZHT DIREDRIIRN L b o7,
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-8 R =—THERRIE=ATAaA—A—FA5( Y BEEDERE
ZORE®RDOX v Z 75 V- a v

I, EEYEAEME S FL-IVE LIBOMIZIRE TS Z LICE W EEKE
BT, TOBIRH). (LENOBIUOWEMIME L2 2 - LT 2RBEBEAIZTDOR
TWb, 474 beRY v—DREWERDITIE. BAT7A FERY ~—2WHED
IZRELEAZA PREIKRY ~—2REFSEDILE "I AT MNI®E/ ~—%
WESHEARRGAIZAVWTEASZ A4 FABKSIUCRE TR Y ~—(L LAFRMZ &
DHIED REBDHD,

BoETIE_ETERLEAEBYPIZEENDI R =—NED XD 2Bk %
Bb, A4 M YRBEMBEEREZITo TVENIZOVTHRFNEZITo 7,

3.2 ERBE
32.1 ARRFBE

ABBLIOAERIE_ED 221 LRICLDOZHW-, ZTHIZHEMT S PVA & LT

PVA-HC % V7= (3 % Table 2-1), AFITZE _&E 223 OARPIEL RERIZIT 7=,
FBoN=RAEHT60% RH IZfR > 727 27— % N TER KT B 10%|I ZFIBRF L T
CEEBZRHE L, TO®%, ZORENFELE, X Ao, SEM 82, RAAER X
ODHEESTIZHE L 7=,

P SN RIGAERD % 600°C. 24h ZEZRPTHELTPVAZRELE D, Bo6h
T=DMEAE R % 60% RHIZAR - 1= T > 5 —Z N THEB A DR 10%IIZFBREL THH,
HEZPAELE, TO%, ZOREE XBROW. SEMBEZB X ORSIZHE LT,
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SZTRWEEAZ A MI 1% PVA RTEKR SN, PBELIZLbOEFER L, &Y.
100ml DH 7 AW E—H—IZ 0.18g @ PVA # EY | 20ml DEAK %Mz T 1.00g DT A
A4 b Y DBEVMOKDTE10.0%)2RKA L, BESBLEAE L, ZORABERE2NZ
ZREWZF YR PL, BIRTREZLaY Fo—LRB2B7-, 2B, ZoREHIZE
INEZR)~—E8IT 1%PVA FETTHONTABRMIIE L 2D L ICHAREIT-
=HDTHD(E_E Table 2-3 DRAELA, H T A 48B), 25 LTERLEREZ 2
Y ha—nR&AEE L,

T .

AEE - REASI(TG-DTA)IZ., BAEE —REMST(BE Thermal analyzer DT-
30)Z HVWTERBLOEERMP TITV, JEIT 60m/min & L7z, HERODOEE
ERAV, FiR&EE 10°C/min, IRE#MA 30 ~ 600°C TRIEZTT o7,

HEOSWIIEESWEH(BE QP-1000)% AV 7=, HEEEAEIZLYA~NY U ARBER
T T 1X10°Torr(133 X 10°Pa) T, FIB#E 10°C/min, {BE#F 30 ~ 300°C TIT o7,

EFRBLAERIEIZIZ ASAP2000(5512)%2 AW T BET A b ~A 7 a  R7EREB LA
VRTHERIZBITHEEREE L MAEREEZHE Lz, &EHI 150C. 4Torr(533Pa) D ¥
JEFTTERLEEBOERA, BIEIXHEAE 0014 ~ 1.000 DEEFHTIT -7, DTz~
A 7 aRT 0.4 ~ 2nm)& A YR THEB(2 ~ 80nm)IZNiT TIT- 7=,

RIERNZEREZ 80CIZIR - IR EFARBEMNIC 24h L ERE Lt L=, Z OREH &
YL 60% RH, IR 20 W IZR S 72T > 7 —F NI EBKTE 10% & 725 F THE L,
FT-IR BIZE (X JASCO FT-IR-5000( B &53 #) 2 FHWTKBr 7 4 R Z{EIZ K V1T 7,
HONUHRE LB L KBr O K%E A/ UHHKE BV THRE LY —IZIRE LT,
ZOMKRERNT KBr T4 A7 E2EK L. T4 R ANOMBREKERET L7280
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8O CIZAR - 7= RLIREMNIZ 24 h BB L. ZORE HIZIRE 60% RH IZR 12T v 7r—4
NTEEKGE 10%IZRBRF L. BIEERZIT 7 —FA»ORE %2 & KBr
FA4Z7EROHL, TEBEE_V o 2AVTH O UDEBRIETE V. IR AIEE
BRIty ML, BERICAIEZTTo72, BIEIIX 2.5 ~ 25um(4000 ~ 400cm™)D &z BH

T. 5 fi%8E 0.8cm™ TIT -7,

3.3 FERLEER
3.3.1 S R O B

PVA HRERY o FERB L UORER TH LN RUSAERWE L O
REH = Fr—/WIZOWTZERRN T T TG BIE 21T - 72 #E R % Fig. 3-1 12777, #
EICRAWEREBHITRTE_ETERLZ LD TH D, PVA RER Y ~—DOBLRIX
Tsuchiya and Sumi'?|Z & D M2 ENTTONTWS, PVAKRER Y ~—(#fR ) TiX
110 ~ 230CIZARCHREERD VBRI, 230 ~ 400CIZRMREERDMRRS
nd, £/, 400 ~ 470 CTIIHVHERDVBEIND, ZOHEBOBAEHIT
Tsuchiya and Sumi DFER EIZIF—FH L TV 5,110 ~ 230 COEERD L PVA hiZE
EINDKOMBBERIETH Y | 230 ~ 400°C TIIMADRREZF I BDRETHD LEX L
T3, E7-, 400CIHED O DEERMIIAGHMEICIZ L > TE L ERYD 55
FRIZEDHDTHEHEEEZOND, NV v—RERTEKRIN=EAZ 1 MFE 03,
Hi#R a) TIX 50 ~ 200°CIZ/KDIBEZ L 2 EEBAVVBEIN, UEOHEEIT 600°C
FT—ETHBE TS, RN ~—HFERTEKINT 1%PVAGREL A, #i#R b)TIT 30 ~
200°CIZKDOBLBEIZ X 2 EEBOPBE I N, 5| £V T 270 CIZHRKRIGIC & 5 28
REBBAMBEID ., ZHIIHVT 400CH> 5 S00°CE TIZADRERISIZ L > TAEL
TR DRI L DRI EEBD RO 6N D, PVA KRERY v —RELOBAK
JRIBEE(230°C) & HEER L THI 40°CEIBMIZS 7 P L TWAB Z & bh b, 3%PVAGRRE
B3. H#R ) LU S%PVA(REL C. #i#R d) TH A DRERIGIT 1%PVA & 1ZIER Uik
ETRIS, R)>—BENENTHIROCEEBRVELHEMNT S, BREEEIZHOW
THRICEMICH D058 d TREND S%PVARRE OODERHIE _F Table 2-3 D
T—ENOHEIND LD /I VD, ZIUIRIGERRMPIZEEND PVA BT D
DHRDRE—HIZL>TWHEBbnd, 22 Fr—/LRABHR e) TIX PVA DK
SIRRBUSZ K D EERBADH 270CHHEICBE I N D, ZHUTIPVAFERORE LR L
BADRRBRE TH D, ZDZENOEFTA FOFEITR Y v~ —DORAKSARRE % 25
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Fig. 3-1 Thermogravimetric curves of various samples measured in a stream of air:
(a) sample O3, (b) sample A, (c) sample B3, (d) sample C, (e) control(the sample is
PVA-zeolite mixture referred to sample A), (f) PVA homopolymer. Reaction
conditions for preparation of these samples are shown in Table 2-3 of chapter 2.

Fig. 3-2 IZZER P THIFE L7~ DTA BhfR % 7”9, PVA RER Y ~—(Bh#R ) TiL.330C
fHEIZE— 2 #F0#FIC T r— FRBRANBRN, 45S0CIHIIZBEERISIZE 2 LB
LB —TRBEORAL— I BEEIND, X TG RIE TR -EHMRE
ERVORZ 2RI YTE LR D, 1%PVAGREL A, #ifR b) TIZ. £279°C
IZPVA RER Y = —REHZIZR SN2 PVA ORKSAERISIZERT 5 & Bbihd
VY —TRBRAE—IPEEIND, ZhiX TG RAE TR LM 270C1 65 E D
HERVBEIZMIELTWD, ZOZ oA T7A ML HKEFET S PVA R~
— DK GRS DBIRANZE Z o TV B2 L Bbid, 300 ~ 400CIZIT PVA
DEEERIGIZE D bDEEZ NS TR —RRE—IBRROND, 1%PVARE A,
R b)DIZ L Ta s b — LB IR )X ¥ —T 2 E—2 2F57-7 245 ~
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400°CIZ 7= o THRIEW RIS A3 B . Wik 53 ARG I3BRAL AR RS & B sk 72
S 74 By

3%PVAGGRE B3, HIfR c)3B L U S%PVARE C. HIfR d)% 1%PVA(REL A, Bi#R b)
LHET DL R ~—BENEMT S L 275CHOE— 27 I ZFNEH 290 1 L 1U300°C
FTHBEL.E—2713h3<7%20 320 ~ 470CIZNFTTu— R —27n"K L,
2RIz br— L REOBBROIZHET 5 L 512725, BiIFR(b) & ()IZFFEMIIZ
ROoNDBAKGAERISIE PVA B FHPEATZ7 A bREEMEEAL TWS-HTH
HEEZEZ LI, FHO PVA BENEWVRABOHRC) TIIHEEHT IR ~—40F
DRRRMHNIRD L TWBZ EICEB LHEEIND,

Ex

450
0 100 200 300 400 500 600

Temperature (C)

Fig. 3-2  DTA curves of various samples in a stream of air: (a) sample O3,
(b) sample A, (c) sample B3, (d) sample C, (e) control, (f) PVA
homopolymer.
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EHIZRY v —DBKGAREUS Z FFMICRETT 2720, ERRIM T T TGRAIEZRAT
o EFER% Fig 3-3 IZ/R T, PVA RER U <~ —EHEAR ) TIX 50 ~120°CIZRABIHF D
KOEFKIZELDEEBYBRH Y, HW\T 25CHLA2MREERDBR O 280CE
THe . ZHUX PVA ORKGRERIGIZE D EE X HN TS P, 280 ~ 400°CDHi
B TIXEERD OB EBELNIZZ2 DM, 400 ~ S00OC THURE 2B NBEIN
%, 600CIZRT . 103%IZHY L, SERICRBEETIREY &
LTREGFTDIERDLNID, EXPLERPTIE PVA SREEHT, REAYVOKIEE
BIIZNZFN32%E 103% & REZEVRH D23, 400CE TOHEREBELIZIIKRE A2

225250 280 380
0 100 200 300 400 500 600

Temperature (C)

Fig. 3-3  Thermogravimetric curves of various samples measured in a stream of
N,: (a) sample O3, (b) sample A, (c) sample B3, (d) sample C, (e) control, (f) PVA
homopolymer. The curves in a rectangular region indicates the magnification of the
corresponding curves in Fig. 3-3.
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RV ~w—FRERGE 03, R a) TiE SOCTH 68 150°CIZKDERIZ X 5 EERED
DRI, UEOEEIZ 600CET—EIZHBLTWS, KU ~—TFERD
1%PVAGREL A, IR b)TIX. 60°C2>5 1S0°CIZKDEREIZL D LB 2 EER D
DB I, Kl T 280°CIZ PVA DK DAERIGIZE Db DEBX OND QM EE
BOMRHY | ZTDHK 600°CE THRRLVLRERBLZTT, ZOBKDAREREIZ PVA K
EFARY v —(HIR OIZELEL TH SSCRBRAIZCZ FLTWBEZ Enbnd,
3%PVA(REI B3, #1#R ¢) TiX S%PVAGREF C. HIfR d) & %72 TG difZ/~d, T2
HH 300CHHEEE YD 360C E TH< BARDRERISIZ L D2 BM2EEBORH Y |
WT 360CLL ETIIEBLHh R BEEBAONEREIND, £, PVAGHERE TIIERH
DEEBDHH S00CTERET HDIZH LT, ZEEPTRRY ~—EFEDEZVRET
ISREVOBRFENEMT E 72O EEBD BRI RE LEEXOND,

a2 b —/LREHEIAR e) TiX, 250°CA 6 5% Y 300C Tt E THe< PVA DKy
RFEUSIZ L A EEBONBEIN, PVA RERY) v —#HIBR DL LB L TH 25CEHIR
iz 7 b LTW5,PVA ORK S AERIG DBASRIRE X PVA RER Y ~—T 225C,
PVA FER T 280CR LUz o —L#ABIT 250CHR/bNnlz, 7 FENRERD
ZLIIPVA-EA T A FRIOMEIERIZEN R HD Z L ZRELTWVWD,

Fig 3-4 IZZERRIM T TODTARIERRZR T, WTHOREHZ HEE SN S 100C
IO’k EAE— 27X, Fig 3-2 THBLZ LI IZERPICETNIKOBBEZL S Y
DEEZOLND, R)v—FEROEXF A4 FEE 03, #ifR a)TiE, ZXPTOH
BEZIFRRZIEBmNAR SN D, PVA BRER Y = —RBH AR ) TIZK 210°CHHTIZE
MARRERE—I BEBINTZ, ZTOE—2 3RV ~—FEEOSZ VR cBLUdIZ

BOLNENR, RI—FBEOVRVEHRbIBL Ve TRIZEALRONR Y, Z
N2 ZDE—2i3 PVA OBRKGRERIGIZE DRALEARBEE L LOTHD L
Ezxbh3,

1%PVARREL A, #IfR b)TIE 295CIZT ¥ —TREAL— I BHD . ThZzHh Oz
270 ~ 320COFAIZEBNBEIND, HKWT S00CTETT r— FREEG|VF
BNRR5ND, 295COE—7 X PVA ODBRALGRERISIZE D bDEE X b, ERP
TERA SN 275CL Y 20CHBMICT 7 R LTWS, R =—BOZVRE
3%PVA(FUEL B3, #iIfR ¢)TiX, T 6IZ 1ISCHEIBMIIZT 7 L 310CIZE—2 28>
D— RREBHBRNAROND, IHIZRY v—FEDE S%PVARE C. #i#R d)T
A AER IS IIREABR L 22 0 D FEE L E2 W KBITERL 5D,
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Fig. 3-4 DTA curves of various samples in a stream of N,: (a) sample
03, (b) sample A, (c) sample B3, (d) sample C, (e) control, (f) PVA
homopolymer.

22 b e—LRABHEIR e) T 270°CIc B — 27 285K 220CH 5 400°CE THe 7
n— R2RBBNERIND, 1%PVAGRE A, HHR b)) BT B L&, 20 be—L
HEHBIAR ) TIIRIGEDDFINIAL . PVA FERAEL A, BBIUC O L5 R2ERD
ARG RRITRZ 672N\ LRI D,

Fig. 3-5 [ZEFEEAEIZ L > TH LN PVA RER Y ~—RAEHE L U 1%PVAGERE
A)D~Rr7 -~ hJ7 L& 7, Fig 3-5(2)8 L)X PVA REI DR A AL EB IO
KoAA L EEBREDBEFEZTRL, Fig 3-5(c)8 L V)T 1%PVAGRE A)DH YT 5
A A BERT, PVARBITIRIEA A EOBRKE— 273 180°CHHEIZERN, AKDA
FUELRIBETHRKELZTRTIENS, ZORET PVA ORKSRERISHEZ -
TWBZ LD, Zix LT 1% PVARE A)TIX PVA RER Y ~—DZFNIZ
LE# L TREK S AFUG 23K 100°C LA EmiRANZ &7 B LK) 295CICe—2 2 FFHoZ &
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Nhdb, ZHUE PVA LB A bBMALLDOEEEREZER L TVEEDHEEZS
N5, TG-DTA T DfE R TIZ PVA sRBHI Xt U TIEME2 K S SR IGIRE 2 FFE TE
o=, vRA7u~v b7 7 AETI0CEDE —JIZIHFRT 5 Z LA LMNC
ENnt-, 7. 1%PVAGREL A)lZxt LT DTA #h#R LIZERKH T T8l a7 295C
DL % —TREAC— I I1IELTS5 A FhD PVA OBARDIRRIGREICHY TS &
B G ENT,

2 Total 10on
b \ H,0°
c Total ion
/’/\
v
d H,0*

50 100 150 200 250 300
Temperature (C)

Fig. 3-5 Mass chromatograms of PVA homopolymer (a, b) and
sample A (c, d).

Fig. 3-6 IZ PVA SREIB L N 1%PVAGRRE A)DGRRIZ X W AT BT 57 A b A
DOE B & X 2 MxEE ORER % <3, Fig 3-6(a)ix 196°CIZMBAINTAET S
PVA REIN DA A B THO2EA TS, ZHUTIPVA BBARIGE > TR~
DIFRMBERENTWDZ L EZRLTWSD, 1%PVA Tit Fig. 3-6(b)iZ =<7 & 51
239°C THRRA A L REITERR I 722, Fig. 3-5(b) & (d) TRA 6 Mz I 7= B Ak 55 B RS
29 B 298°C(Fig. 3-6(c)) TIIKRDA ALl L HickFkAx e AU BBER SN D Z
EnoH B, Fig 3-6(a)D A7 UIX Tsuchiya and Sumi IZX VW RIES N/ A&
ERILNRF = ZRT T enbiotz,
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10 50 100 150

Fig. 3-6 Mass spectra of (a) PVA, (b) and (c) sample A. Measurement
temperatures in ‘C: (a) 196, (b) 239, (c) 298. Thermal decomposition
products: 1. HCOCH;, 2. H;CCOCH,, 3. HCOCH=CHCH,,

4. H,CCOCH=CHCH,, 5. HCO(CH=CH),CHj, 6. H;CCO(CH=CH),CH,.

Table 3-1 |2 Tsuchiya and Sumi |2 & > TRIE S iz 1 4 18 L EE&E RS '), PVA
DBRAREIRZ XS TR T EEZE L, KIIZT VT & REDAF NG b EDBHE
AH LT3, Fig 3-6(c)DFEERM O AN A A ETEEL L TKET LT B R
ERORTBEZNZ bbb, B4 T4 MREIZIEE L PVA IZERFOMENC
IOBARELRY T o BEIZEBLTE BN N, TEF LU EOK LEED
RAREIZ OO TiHIZ- & D Ligw,
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Table 3-1  Thermal decomposition products of poly(vinyl alcohol) and corresponding
mass number'?

n Mass number
Aldehyde groups 0 HCOCH;,4 &
HCO{CH=CH}CH; 1 HCO-CH=CH-CH; 70
2 HCO{CH=CH}CHj 96
3 HCO{CH=CH};CH; 122
4 HCO{CH=CH}CH; 148
Methylketone groups 0 H3;CCOCHs 24
H3CCO£CH=CH}CHj 1 H,CCO-CH=CH-CH; 84
2 H3CCO{CH=CH3}CHj 110
3 H3CCO{CH=CH}CH, 136
4 H;3CCO{CH=CH),CHj s

BEMSWOERNCHEIND PVA-P T A NEAEDB KRR IE OEIZ D
W Fig. 3-7 (I2BXMIZRT, Z Z TFig 3-7(a)iZ PVA FRER Y ~— DB K ARG
2777, PVARERY v—I1X 180°CTHAGRERIG L. R TEFL U HAEKT D,
Fig. 3-7(b)IZ 1%PVAGREl A)D ARG L HEE L TR L=, R A TIXA 298°C
TGRS VBRI Z o TWBHEEZ OND, PVAFERAEITIE, KU~
—RIHDOKBEER LA T A FREEKRFEET D0, HDNEIEAFT A NREIZFE
TEHNa' A AL L FRIBEERLEBEGREZTEKRTDLEEX6ND, DI LA PVA
HER Y ~—OBAKGRERIG I T~ 100°CE BRIz 7 }\?‘-5 FREEBEZ2OND,
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(a) (b)

180°C | -H,0 295C | -H,0

Surface of Zeolite

Fig. 3-7 Dehydration mechanism of PVA - zeolite complex. (a) PVA
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.
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Table 3-2 {Z BET 3 X O'FT-IR BIEIZ AW 7= REL O G RREM L 1§ D 7= RIGHE Y
DREFRZRT, RELIIRY ~—BE 05, 1. 2 BLV 3%DEE, TN E4L PV0S, PV,
PV2 BLUPV3 & L7, Table3-2 DE 41 7 DIRISERMFPDOPVAEEZRL T
B, RU<=—BEN 05, 1. 2 BLW3%DFAE. RIGEEHFIZEENDI R <
—B8iI. ThTNS, 14, 26 BL V' 32Wmt% THo7=, T D DEIIKIGHEFIZEA
EN=TRTO PVA BEEERPIZFEET I E LEHGOBELIZIF—HKLTEY., A
WERY v =T RXTEAKIZEENTWVWEZ 2305, B S BT MMIDBEERY
ORERILEZRLTEY ., WFNHIZIE 100%TH 0. FESEATREIIEFEE LTV
WZ BN D, 2. B 6 VT LERISERHFTOEET A FEEUE)ZRLT
BV, R ~—BEORMELIZNRIIBDTEZ LERbND,

Table 3-2 Results of the zeolite Y synthesized in PVA present and absent systems at the

reaction of 80°C
Reacti .. Amount of PVA Amount of Yield of
eaction conditions
Samples Conc. of Reaction in reaction zeolite Y in zeolite (wt%),
PVA (%) time(h) product calcined product [C)®
PVA present system
PVO0.5 0.5 20 8 109 100
PV1 1 20 14 106 91
PVv2 2 20 26 104 77
PV3 3 20 32 98 67
PVA absent system
PVO = 18 — 102 102

2 The amount of PVA is the weight difference of the reaction products before and after

calcination.
b Calculated from equation (2-2).
¢ Calculated from equation (2-3).

Fig. 3-8 |Z Table 3-2 TR L7=RABIB L OIS T5 7L FREIO~A 7 o R 7 A%
WBITAUEEESLOMILZEZ R ~—F B0 E LTRT, hEXREEITIE S
74 bOZHOREHPVO)VBRKEEZRL, R ~—FEH 4% ETITEEIZED L.
26Wt%(PV2)D & Zf/MBEZ R L, BUOMWMT2BMmMAH 5, H/IMEIX PVo DEL
BLTHN 20%RBYT 5, —FH. 7L FTIEIRY v—FE 8% THEREMEIL0MM
L. 26% ECHUMEMNT 2BMIZHD, £z, MALBTEIZOWVWTHEERBEFEORKR
CIFIFHATHIBBRIZS 2 BB BRIERAEOZN LV /NI WV, TRHDORR?H.
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PVA—EBA 714 FEERTHRONTBEEEP TR, B4 T4 FOMILIIRY v—Iz &
STHBbh, ZNIT LV FEY bHALRIZRENW b0 5,

900 0.6
__ 800
., 0 &
& 700 | E
= = 20
E 600 0.4 E
m )
£ 500 =
8 ::\-\,\_- O - 3 E/
8 400 T o
< :
o 300 02 ©
LE >
8 200 5
) 01 ™

100

0 0.0

0 S 10 15 20 25 30 35
Amount of PVA in reaction products and blends (wt%)

Fig. 3-8 Relationships of specific surface area (O) and pore volume (@) of
micropore versus amounts of PV A 1in reaction products and blends. The
corresponding values for control samples are shown by (A) and (A),
respectively.Reaction conditions for preparation of these samples are shown

in Table 3-1.

Fig. 3-9 |2~ OREID X VR T HEBIZEBIT 5 PVA S EIZxT 3 bbREEL L O
LBEEOBFEEZTRT, PVA SEMEMT 5 L HLREHEIEZELIBY L. EEIH
26Wt%DEFHE/IMEZ R T, A 74 FREHPVO) & LB L TH 20%BPT 5, T Lo
RREFTIZ WITN O AREROERM L VEDPKES KR v — & 26%LL ETIXE HIZ
WT A2EMIZH 5, Zno0EMiZ~A 7 uRT7OREEERI L THo7, ML
BEIIR) ~—FEITIFEALEEBINZH, PVO DEIZR L TH 25%BDT 3,
R ~—IZ L DMILOERKDRIZ. 7L FEDAKRBLRLRKENT L3,
SEM BEDHRLBELTEE T L, ERRORY v —I3m# L TRHEAR@EIZE
SFEETIDIZHLT, 7Ly FRBTIZEA A ORI FRICEE L THEEL TW
HI-DAIEDENRIY ZL OMILZENTWVELEEZOND, EHIZ, R ~w——F
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g 0.07 %
2 500 0.06 &
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Fig. 3-9 Relationships of specific surface area (O )and pore
volume (@ )of mesopore versus amounts of PVA in reaction
products and blends. The corresponding values for control
samples are shown by (A) and (&), respectively.Reaction
conditions for preparation of these samples are shown in
Table 3-1.

Fig. 3-10 IZ PVA RER Y v—, 7LV FPVI D> ho—/L), PVI LU PVO
RELD 400 ~ 4000cm™ 1275 FT-IR A7 MAOWRNE L B L OBREE2,. Zh
Zi a, b, c BEIWAIZ7-T, BEF T4 FZ2ELABTIX. 1000cm™ fFEIZ Si—0
—Si DHFERBIIFB EIND ¥y —T BB R 60D ¥, E7o. 1650cm™ fFiIZ58
HDOENDYY—T =713 F T A MERPIZHFEET H5/K0 H—O0—H BHEHIC
BREND W, LL, PVARERY v—DARY bl a lZITHYTHIREMSIFEA
FRDENRVDT, RESNFARTZ FARIESRHET Tt PVA IIREFINZAD
HEEIIHEEITDRWEHE IND, A7 bl allR o5 2890cm™ (AN K& 72 v
—ZIZPVAEHO C—HHMBIIRBIND ' PVA2EL 7L FBLUPVI A¥
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DARZ b BLWPcIZHRIC K S RBRNBIEND, X7 b alZiZAl O—H
f#EICIRB S D 3590 ~ 3600cm™ IZBHND Z EBMONTWNAEDT ™ R ~—1i
FHRUIZZ AN F — LRV DRRDKBRKEDFEDTEIND, A7 ML AIZR
5N 5 3460cm’ DR E LR E—Z7 IR ST AT A MIRE SN=KD O—H HHEIC
HAERLTWVS, 27 MLbBIV cIZHIIERFEFIZE— 7 2FROK & Z2RINAHE
Bl a2, Zh6DRINUZIZ, PVA IS O—H {#fEIZ X 2RI E AL > TV 5,
ZFIT, ZDAXRY MNOEZY Z55BEL. BRIUZRIZTREKE PVA HIFHOFE
PRAOHETHEDERRY MUIZOWTOERE T T,

3630 3460 3000 2890
00 3400 2800 2200 1600 1000 400

Wavenumber (cm™!)

Fig. 3-10 FT-IR spectra for the samples of (a) PVA
homopolymer, (b) blend (control referred to PV1), (c) PV1 (1%
PVA) and (d) PVO(zeolite only). Peaks designated by 1 and 2
represent CH, stretching of PV A backbone and O-H stretching,

respectively.

Fig 3-11 127V Y FREIEEE T A FDHD PVO REFOER RS ML LU PVI
& PVO RBIDEARS ML EENZEN, b BI W cITRT, ZAXZ hLIiT 1000cm
HED Si—O0—Si OHFEIRENC L 2RINE AWV THREBILEIT o7z, HBD 71T,
Fig. 3-11a /X PVA RER Y =v—®D FT-IR A7 kL (Fig 2-20a)% 3000 ~ 3800cm™ D
#MHATHESRLIZLOTHSD, 3000 ~ 3630cm™ IZ 7= I FIZT 10— R2BRINH R
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HHEND, THUIRLT, 7L v FKREIND PVA OFEREZTRT X2 kb I
123423em ' (HEIZE— 2 OPLEFOREWVWRINE OGNS, ZOE—27 DIEMNY T,
RERY2—DRT MRIZHEB LT, $7o &< PVA IR OKFRREE OMLIZ
PVAISOH & T4 F5 A4 PREOMDKFRFERA A HEERIZ LD O—H MAEIC
FELIRIEITRHEAOEENTEEIN S,

FEARYT MV cIFAREINTZPVA—FEF 574 NEBGEPORY w—OFERELZ R
LTWB, AXZ bl clZiZ. AT ML bIZRONT 3423cm™ & V) & 6 TR
7D 3340cm™ (HEIZE— 7 R b ARRERRIIC 72 o THEE 5] < K E 228V IRIN DS
FET D, Z0OZ LiZ, PVAFETFIZAREINTZEA T4 MEEERIZIZ, 7L RL
HAELVD PVA LBATA FEIZLVBWEEEABELTNWDLEE XD Z LM
Hk 5,

Absorbance (a.u.)

05 0 3452 3423 3340
3800 3400 3200 3000

Wavenumber (cm')

Fig. 3-11 FT-IR spectrum of (a) PVA homopolymer, (b)
difference spectrum between blend (control referred to PV1)
and PVO (zeolite only), and (c) difference spectrum between
PV1 (1% PVA) and PVO.

Fig. 3-12 IZ PVA BED R 72 5 38%} PV0.5. PV1, PV2 B L UPV3 DER Y hL %
ZTNZEb, c. dBLWelZRT, F7. Fig 3-12a |Z Fig. 3-11a ® PVA RERY v —
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DAY ML EZZDOEETRT, 3340cm IZR OGN D E— 27 DH X1T PV0S TR HHEL .
BEORME HIZHERHERY ., PV3 TRE—2ZOHBIARE /2B, Z0Z &
PVARBREOEWENPVA—F AT 4 FEIMEFERANKE NI L E2RE LTV,

3580 3340
3800 3600 3400 3200 3000

Fig. 3-12 Difference spectra of (a) PVA homopolymer,
(b) PVO.5, (¢) PV1, (d) PV2 and (e) PV3,

Fig 3-13 (2% &BD SEM EEZ/RYT, AR LAAB PV3 IZITMDBEL 7R Y ~—
BRONDZDIZH LT, PVIDOEATA FRARH IR -2 Lo THRbh, £
F74 b=RY~=—fiziX, BVREEARBOTWD EHEEIND,

—H. 7V FRBHIRONDEA T4 ML RS DVITRFRA LOR ) ~—0
FREILEHBRIND PVA RER Y ~—DZNIZHELL TV 5 A3, Fig. 3-11 D A2
FLbIZBEIND O—HMHEIZIRE SN DO 7 MEIXFig 3-11 D22 b L
MRIZHE LTS, H2RMINMBEFROFELTELTND, 2O Lhb,
BAIZL-THLEATA MERE@mMERY ~—HBRICIT. AFRBEEEZNL TR =—
DFOREPEZ o TWBLBbD, 7L M2 L LT, HolEEr &
HEIV LR v—RE¥ATA PRAIZBREL, #FABLEBEEHREEZRY T W
ENTREIND, ZTOBRITL, BETRIEIZC L 2ERmELMABTEDRERLELFEL
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20N,

Fig. 3-13  SEM photographs of control sample referred
PV1 and various samples denoted as PVO0, PV1 and
which were synthesized at 80 C for 20h and at different
concentrations of PVA in wt% 0, 1 and 3. The amounts of
polymer and zeolite Y in these samples are shown in Table
3-1.

TIZTFON FT-IR OfER & 3.3.1 B3L13.3.2 D DTA-TG B L X MASS R~
R T & B BB DORETFER & 2 &b TRIET 5. PVA T77E FIZER SN RIG
A B D PVA B9 DR 3 RIS IE, RER Y ~— DR 75 f#IEE 235 200°C L fE
IZHDDIZx LTH 100°CEIRMANIZ EF L. L b BRWVBEEFFATE Z 52 L8 RN
EN.PVARTIIEAT A PREEABEZN L TR O TRIAFERFEL, R ~—
IO FOBMRETELS 74 FPREAIZBREFL WD EEX 0N, —FH, 7L FRE
D PVA ORAKSFERISIE. £ 200°CH>5 300°C 207 > TEFAIZEZ 5 Z & HH
LIz EN, OB =R ~— A T4 PREAIZEE LLEELINTZARY ~—
SFOMEBREL TWDLHEFEINTZ, ZHUOHDOBRHIFHT MO/ ONIERIT.
FT-IR DfEMfTRER & — T 2,
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PVARY ~—DEA T4 M FREADFERBEZHEET 572DIZ SEM BEOHER
H. RTFEZ lum OREEREL, KRB EICEELER) ~—HOBEILRY <
— 1 TORILEDBRIZONWTERE L, b2, BAKOEEZET VLTSI
b=, RV=—HEEFF4 MFIL, ZOREIIBNNTIZalnBEL, RU~
—HIIFERYE PVA OBRER L LTHFET D EIRESINT, 2. KU ~—%E p,)
 121g/em’, 474 b Y OFEE(p)% 2.32g/cm® BLWEKEA 74 MRLTFH2(r)
205X10%cm & L7z, BAZ 4 blghiz ) O PVA DEBITERMNIZEE I3L7 Table
2-10 D[AJB L V[CIDEN G [AY[CIZ &V KD7=, Table 3-3 IZF 2 DEEEKAEH %t
LTHREINZEA T4 MRFREORY ~—HOE I ()DFHBERERE T, ¢ (#
13, BIZIE PVIAREIT 0.045um TIZEA T4 MERIKIFER 1um Db 1/20
BETH DI, PV3RAEITH 1/8 12MT 5,

Table 3-3 Thickness of polymer phase on zeolite particle

Weight of polymer per
Samples gram of zeolite ® B, ®
/
PVO0.5 0.08 0.024 17.8
PV1 0.154 0.045 9.5
PV2 0.338 0.091 4.7
PV3 0.478 0.121 345

* Calculated by [A)/[C], where the values of [A] and [C]are shown in Table 3-1.
® Thickness of polymer phase on zeolite particle, £,={( 0 [A)/ o J[C])+1}'”r - r, where r is the radius of
spherical particle of zeolite, p , the density of zeolite, 2.32 g/cm® and p , the density of polymer,

1.21g/cm?, respectively.
* Ratio of the length of polymer chain, L to the thickness of polymer phase on zeolite particle £,. The

calculation of L is shown in the text.

KL ER) v —DREDEEFHET D Z L 2R AT, 5 FE M=75,000 DJE
HMERY ~—0FOFHOR S LIIB-N)ATEHEZ b5,
L=ns, (3-1)
ZIZT. nidEEOEE2M/m; £/ v — D5 FE m, = 44), AIC—CHEFEADE
xR v —EHOMBELM~FE L7cR S T126X10°%cm TH D, LiTG-DX»H
0.428um (=2X1700X1.26X10°=4.28%10"°) L& H I 5, Table 3-3 &XEDH
7 DZEREID LI ¢ fE%ERT, Bz, PVIRABOMENH, R v—DRIIRY
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v —BORIDM 5 FIZHYTHZ Laibnd,

Fig. 3-14 IZ PV1 OB AEKBEET NV R2RT, FVF AR v —1DFIZEFIN
5474 bOREMEILs, =4 n, TREND, ZZITELTA M 1LKFHEVD
RV ~—0%5F¥ n,=4A]lnr° o N/3CIM (N, 7HH Fef)it, 1.51X10°53F &
AtEEND, s, i3, n EAD 2.20X10 M em? LFHRE I N, R v—RBOE S ITHE
LT ZDEIRRVWRI—SFIZEENIZ ORI E AT A MRl & RFRIZ
BT 520N TE, OHIHE BA T4 PRETEROAREESA U REER
NELDEBxND, LIzd>T, PVA B FHOEEMENHERICERB INH/HER.
P4 74 "VRELEORY ~—EBEIIHSEM PVA OZN LY IS5/ EL D LHE
ENd, BMERERT, IRESNTHAIEEBRELZIRD Z L 3K T . RY ~v—
SFEBEERIVEATA =R ~—FMBEERAIESSIZRY Fig. 3-11 BXL VY
3-12 2R 615 3452cm™ 225 3340cm™ ~DEE T T L A7 hALOFEKRIZ R Y
v— LA TA MNEAAFBEIZIRESEBEINTWDLEI NS,

_____________________ -

polymer chain

(a) (b)

Fig 3-14 Theschematic representation of polymer deposition on
the surface of spherical zeolite particle for the case of PV1: (a)
indications of the parameters in Table 3-1, (b) average volume
occupied by a polymer molecule; s, ;. The length, a, represents the
approximate length of circular arc, which equals to the value of
(s,)2 (<1.48 X 1077), and thus £, nearly equals to 30a.
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Fig. 3-11 B XU 3-12 DEAZ MIZR 65 3580cm fHiLiz e — 7 #&>7 n
— R2RIUIARFRES D22\ PVA © O—H BFFIZBB ST\ 3 3600 ~ 3590cm’
HZHY T3 X51I2Bbns ¥, PV3DEZY kL (Fig. 3-12e)I213H YT 50—~
DEELNWZEL, ZOEZEZXFELTWS, PVA-—EA 74 FMEAKIZET 52
HFFEEE D, TNETOMERNOE AT A + & PVA BREHFETIRETTIX. AU
v —MRFREEOERBIMFI EIND Z LIIFHOLTH I, IFRIZOVWTIXEHITK
HNTALENH B,

Y -—@EOEHVPV3 TIE, L/ {EN35 LS, R v—5FHLEEAS
A hRdn & DEMDOBER DV 72< 725 L FRI NS, Table 2-10 DRIGERRM P D
PVA &, [AMAIZ DWW T, BEIZ&EERM L7 X O IZERARMED 36%I2% L TERED 32%IZ
BAOTEDIE, RiFIZ L > THEHTAHRERY v— (PAS54 FRBEMEERALT
WRWRY v—5TF) BEATHIE2EKRL, ZOHERZROZUMENEMIT b1,
LIt EIRY =—LBFFA FEDHEERNRTZA—FLEZXD T LHHKD,

3.4 s

PVA A IE FCAR I NERISERND TG-DTA B L OEESHT ZTV.186 N4
M PIZEEND PVA OBKDAEREITZ PVA FERY ~—DZ N & LB L TH
100CERIRMIIZ_EFTHZ EnRM SN, ¥/, FTIR AT MAREXRT b LD
FRAT 26, MSBOH M EA T4 PRALARHKEA L. R ~—DFIIDFLORIRET
BERINTWEZ EBbdot, ¥/, R ~-—LEAT74 FOREMTH., RV
T DO—EIIFERERA L AKRBEIZLVEELIN TS Z LEARBINT,

EREELMATEOMEIL. R ~—FE 26%DFF 2%BP L, 7L FTHH
2% BT HZEBRRHEIN, B T4 FOMALIZRY ~—i2 X v EfEEINBZ &R
boots,

TAZA PRIV ~>—BEERKETNIZLY, RV ~—FHDOKE, LLEAF 1 FEK
KR FREEORY ~—HOES, ¢ Lok, Lie, BFtBESnE, L0 fE235%
H232%RY v ——FFF7 4 MEAERIZITHH IN B HRER Y ~—7D5 4%FF7E L7225,
L/eENM47UETRY ~—GED 26%H DV IZEZNUTOREEIITHHIND
RERY—IIFEL RSN, ZOZ b, LI, {EIRRY~w—LEA54 A
DODHREERNRZA—ZIIRbEEZLNT,
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BE_BEET, PVAGEFTOEAZA L Y GREITV, RV ~—TFEFTOELZ
A4 FERRIGTIIERARESRAGINS EToFEHMLIERHINndsZ L 2RHL
T2 THUIRY ~—DHHEHRIZEY . TABEA T RT VI VEEA A DB
BEAFAEB LT Roeed B2 b, THIZE=ZETITI TG-DTA. MASS
AT PNVEBLFT-IR IZK DD OFER, PVA DRISIOH B3 EA T A bkl L KFK
AL, AFHABRETEELEINTVEZ &bt

FENETIPHERY) ~—ThHdRIE=rt'ol FOPVPWFEFTELZA b Y
BREITV,PVA LIZRIBEH B ERDRY) ~—NE¥A T4 MERBRIZERIFTHER
IZOWTFHEMICRET L 7=,

4.2 ERHGE
4.2.1 B L O

TAI74 PYERAREL LTTAI BT ) v AEEEREE 1) XOKEE(L
T R U U AFOEHE FR)E A2, 284 %03 U Hid Ludox HS-40(DuPont, &A
B 302wt%) ¥\ 7=, PVP DET LLEME LTN-E =12 ¥'r U K (FRRERILK.
) EEDEEMNZ, PVP IIEASFEDOEZLS 3 BEAOHRMD PVP 215 T,
ZOEFERVE ZTNTNOEE S FRIZKHEEIZL WV RE L. ZHEH 8,000.,34,000
F L U510,000 TH o7 Y,

BRRIGHET %, RIS ORRIED T ABA | TAI VA A0 B8 L UKEE
kA Ay, BLOF M) OAZSBET H7-DICENKE L THESFE 12,000 ~
14,000 DN O —RF 2 —T(ZHLH)Z AV, IHIZENCL > THELIEE
AR NOFERY) ~—%2RETD-DICHILS A X 0.lpym D= rat/iro—z &
ATV T 4 NF—(REREK)DRV S,

BEAEEEMPIZEENDIELTA PN Y 2 EMHBLVOERTEHEDHDELTA b Y DFEF
HeaAk & L TSR FER S ~ 10um DR ZCP-50(fIE L) % AV 7=,
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PAI74 Y OERITE_FED 223 ODAERFIEL BERIZITo 7, REIT Sy F4
F% 8Na,0- Al,0,* 12Si0,*360H,0*xPVP (x=0 ~ 1X10%)& 725 X 5 (CRKIGTAIR 2 AR
L EUDIZ, HF7 AR F T NNATLHRT 2208 OTLVIVEET R oL L
4.01g DKEEET Y 7 2% 15Sml OFRBKIZEREL T A A Y BEUOT LV I FRAKE
REFRARL . ZNE2ARE LW TBIKE LT ATy 73, T 2050 ~ 3.75¢
? PVP % 15ml DB KIZERR LBKRERM L7, ZZ TPVP REIIEKRRPIZEE
NBELKDBIZNT I W% TRLE, £/, RY v —FRERIZONTHERZITV,
LEBRET D 7= H DRELE L7, £V T 200ml DR Y A F AR TF U RE—H—|Zan
AFTN) HKERK 13.85g %) . BIRZBIF L 2B 0B 22N H—EiKE L, K
WTAREMRFERIZY—FBRAL 22 ETRIE LA, 25 LTHBONBEIREEIRT
1 BFEIERE LTS, ZOBIRERY AFARCTFUR=ZA/AT7 723128 L, BE 50
~ 80CIZR ST A —F —NRPIZ1 ~ IR hFHELRICZT-, Foh-AR
DB % GORIRE NV D—RAF 2—TIZB L. REIGHERET H7-DIZBHT %
TV, BTROpH B 8 UT &2 5 TRV IR LITo7, EME. ABDILEME X
YTV T AN —ERAWTERE AL, BV IRLAFKEAVWTIHRET S LI
Lo THRERY ~—%RE L, ARk LB % 60°C. 24 h #f L RUSAERY
2B, TORISERDPIZIIHEREL LT A FaIBEE, 4574 F Y BRBLWY
PVP BREEN TS, B oNEREHT 60% RH IR -7 U4 — 2 N TEBK S EIZ
ETH2ETHEBRFELTLOLERZAE L, Z0LEDOEHKSTEIZ10%THS Z
EETGRIEIZE VDD, ZDH%., ZOREZNFAEBES XX BOoTIZ L=,

FE INFRISERRD % 600°C. 24h ZERFTHELTPVP ZRELE D, Foh
=D BEAERM%E 60% RHIZR - 7-T 7 —Z N TEEKSRIET D TRERGFL
Tho, BERZRAIELE, ZO%, ZORE 2 X BRotmizge L=,
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W IREE 30 °C. KB TITo7e, E/o. MKOHE THERIZL 80.92sec TH -7, PVP
DEH S FEIZ, RE-DIZEVEH LY,

[n]=14 X 10°M°" (ml/g), (4-1)
T TMITER. MIIHTETH 5,

X RETIWTIZ L DERDE L ODEDIZEFNEELFTSA P YDORIELERIT.
T # 226 O PVAGERERMORBIT OB E &L FRDHETITo72, KIETIZ4 5D
E— 7 8EDL P OAREEZITME L TNDD, TOEREEIZ 5% THo7/2, =
I TRAWEEEREHIERERHMY) FIZIXT (BT N D LRDEETeZ £ SEM
BEILEDONT,

4.2.6 RIGAERY D SEM #1582

FISAERRMOFRERBEIL. SEM % & (B AEF JSM-5400)% AV THEEE 20kV T

1To7,

4.3 HREEZ
4.3.1 PRESRMFEEFT7A4 b Y OBWEREN

ARPTIZIE PVP BEREFRIEIC L > TRV RGP, R ~——¥F 71 M EE
KLz oTNBHZ LA SEM BEOFERD) o7, ZEZTHIEIZL>TRET D HIE
ZRREt L7,

Table 4-1 |2, 20 F & 34,000 D 1%PVP fF7E% TIRE 80C. 15h DRIGIZ L »THD
NERISERYE L OO TR ITEOREREZ TS, PVPOETLRTHHIKFR L
ZRVTRHLREBAUTRZOT, R ~—R Y v —SBERWMBFEELRN &
Bo0d, £, ZOMERHTIIEAZ A M Y OBEIIEEIN RV R F
2224 DEBRBERIZE - THEIPOONEZ ERZZIZBNTHLRD ONTE,
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Table 4-1  Analytical data for volatile components of synthesized zeolite Y

Samples C H N
Reaction product® 1.68 261 0.47
Calcined material® 0.00 232 0.00

® Zeolite Y synthesized in the presence of 1% PVP at 80°C for 15 h.
® Calcined condition: 600°C, 24 h

PVP & /) =—TCHBN-E'=/L2-¥'r ) K(VP)Z PVP DK FET /MEEME L
THAWEFERDES A4 MY £REBICRITTEEZKRFT L7, Tabled-2 12 VP B L
U'PVP fFERIZEIT S 80C, 1S hRISHEDOE AT A MY OEKER TS, VP FE
ROFE., EREITPVPIZHE L T39% & EWZ L35,

Table 4-2 Contents of zeolite Y in solid phase synthesized in the presence of

. and at 80°C for15h
Additives Concentration of additives Amount of zeolite Y
3 39

®  N-vinyl-2-pyrrolidone
®  Poly(vinyl pyrrolidone) with molecular weight of 34,000

PH I A4 FORERILIZOWTORNTIZ, —%F 238 THWEFEIZL 7=, 45
A MY £EKE & RIGR B OBERIZ DV T F & 34,000 D 1%PVP FERTH NI FE
B% Fig. 4-1 1277, RIGRENREL RBIZONFELHMPEL 2, fbEED
W2 D, 50 A6 60 CORERILERE T S FHIRREME 2R 7205, 70 16 80CDH
RILTIIRBARRE 220, BRORID EXD 27T,

Fig. 4-2 IZE_E 238 DR-5)XIZK->TInZ & t OBEEZTT, WTHOREIZE
WTHRWERBENE O, Q5HRIH S TRIENEITL TS Z L35, B
BROBR» ORERIEORIGEE TS k #KRD7=, Fig. 4317 =v207ny b %
Y, ZIZTTIHHEHEETH D, Ik & VT IZBWVERBEFEZRTZ LN D,
Z DAFRI D> b FERE R D R T OTEHL = R F— & L T 81.6kJ/mol 3F b7z, Z
DfEIXE ZE 238 TH LI 3%PVA FERD 75.4kJ/mol B LR Y = —FRIERD
81.6kJ/mol L RIFRETH D, —FH. BEROEEERIZOWTHE_E L RROGERE
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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: (O) 80; (@) 70; (A) 60; (A) 50.

0 20 40 60 80 100 120 140 160 180 200

Reaction time (h)

Fig. 4-2 InZ versus t in the presence of 1% PVP at different
temperatures in°C: (QO) 80; (@) 70; (A) 60; (A) 50.
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2.8 2.9 3.0 3.1
109T (K1)

Fig 4-3  Relationships between Ink and 1/T for zeolite Y in the
presence of 1% PVP with molecular weight 34,000: (O) crystallization,
(@) nucleation.

2T o7, HIREIZH T2 FEHOREM O L UT OBFRE Fig 4-3 I TRT,
T O E 2 GBAERD RNT OFEHEET R F —i3 68.0kI/mol LEHEIN, F#E
238 THE O 3%PVA FEFR D 72.0k)/mol B LR Y = —RTEXR D 69.5kI/mol &[]
BETH, ZOZLLERIEREIIRY ~—DHFEEIZL > TEEBINRWEE

2B,

Fig 4-4 IZPVP FEERDOKRIGRE 80°C., 15 hiZBIFTHEAT A Y AKEL PVP
BRECBZRERT, & FES8,000 DHFE. REVHEMT DIZON T, AREITHE
M3 20, S%FHATHWREZRL, TOHRSSBDTIEMBH S, 55 FE 34,000 D
BE. AKEIZ 1% TT TIZ 100%IZEL., 2 ~ 3%(HETBREZRLTWSD Z LA
22%, 538 510,000 DFE. BE 05%THAEKRIT 100%IZEL, S HIZREN
Me2 EBOTDEMDH D, AEDZ L2256, PVP DS FENEMTH LA T4
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FYAREOBKEIIERERMIZC T FT3Z 03000 O FEOEKEEHS R X
nNt=, 2oz Enb, RIDROMMENBEEY A4 MERIZEFE L., /KICRIZEER
ENFEETAIDOTIIRWMhEEZONS,

120
100
$
2
> 80
e
o
g 60
[
o
g 40
20
0
0 2 4 6 8 10 12

Concentration (%)

Fig. 4-4 Amount of zeolite Y in a solid phase vs. concentration of
PVP for different molecular weight: (@) 8,000; (A) 34,000; (A)
510,000.

AR LTEEFFA N Y O TFERZRIE L =R % Table 4-3 12777, PVP IRE 3%
THET S L &, PVP 5 FEMEMNT 2 LEFERITOTNITEMT D5, 20k
IXEAZ4 MY O S/AlEEEEE I/ BIZEREITRY, 451 & 34,000 O PVP T
RIGHR TRENSEMT S &, BFERIOCEMT2BEMNRR N5, PVP REDK
BRISTFROZTNI Y KEL, BERLITALLIZEA T4 b Y DLFEHARK S/Al Lt
WCEEBRRIFTEBEZOND,
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Table 4-3 Unit cell parameters of zeolite Y synthesized in the presence of

at 80°C
Molecular weight of Conc. of PVP Crystallization Unit cell parameter
PVP X10* (%) (%) (nm)

0 84 2.4813(2)
0.8 3 90 2.4797(2)
3.4 1 108 2.4822(3)
34 2 98 2.4820(2)
34 3 110 2.4809(3)
3.4 5 99 2.4836(3)
34 7 86 2.4836(4)

51.0 3 92

ROMMELETTA b Y AREOBREZHAT 72012, 7 TFEDREZLRD PVP O
IKEBHREE DRITE 21T > 72, Fig. 4-5 12, BICHE n,/C LIRE C DBFRERT, (4-1)
KZHAWT=REDREZR S PVP AKBDEH S &L, 8,000, 34,000 33 L U* 510,000
THDHZ LBDhoTe, E7HHE, L BRE C DR{R% Fig 4-6 (Z/” ¥, Fig 4-4 |Z
IRENTARBDHBKMEIZHE THREICKIT D HAEN, BB TR LZEIRMICIE
WD D TRIGRIZBIT 2 RIBREDFENRERIND,

180 ‘
150

120

O
(=]

N /¢ (ml/g)

D
S

w
S
o}

0 0.2 0.4 0.6 0.8 1 1.2

Concentration X 10%(g/ml)

Fig. 4-5 Relationship between reduced viscosity and concentration
of poly(vinyl pyrrolidone) for three different samples: (A) 8,000; (B)
34,000; (C) 510,000,
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Concentrtion (wt%)

Fig 4-6 7, vs. concentrations of PVP for different molecular
weight: (A) 8,000; (B) 34,000; (C) 510,000. The shaded region is the
1 ¢, values corresponding to the approximate concentration for the
maximum amount of crystallization in Fig. 4-4.

BB TEE SN ROMEOKRTF Z BB Fig 4-7 1277, &), ROHME
R ~—DR FEEBEIZEGEL TWHH, IR 2IZET L, B0 1 K
DRI L., EAREBETIZONTELFA PRV ~>—DHEDBEZ Y, RO
EFEA ~—AEREELLRL BB ENBEINTE, ZOZ L, R~
—IIE¥AF T4 FMZBRVRAEN.PVA LRFRIZRY ~——F¥A T4 FEAEEFRKL T
WwWaetEZLND,
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High MW.

Low MW
Aging Nuclear Crystallization
(1 h) formation

Time

Fig 4-7 Scheme of viscosity change in reaction system.

Fig. 4-8 12, 1%PVP fFfERT80C. 15 hORIETEHEOLNEEAT A F Y ORIGAE
B LODBEARMD SEM BER %R T, RUGEMRMY(a) TIE. RIFREIZHIA 2
ML EBRIND, 600C, 24 h DFEX B BEAERKRM(D) TIHE. RISERPIZE A~
THFDOT Yy IR —TThH, RIFREIIFEONTH D, TN OO RISERY
TRONEFBREXAIZARINIMMI PVP R ~—ThbHEEX N5, PVP 7
EREFRMTHL, E_EZBLIUOEZFED PVA ¢ ¥XFF74 bDLX Iz, PVP L EBFS
14 PBREEERDBER L TNDEHLDEEZLND,
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Fig. 4-8 SEM photographs of zeolite Y synthesized in the presence
of poly(vinyl pyrrolidone) (a) and the zeolite Y after calcination for
24 h at 600 °C in air (b). Bars indicate 1 z m.

4.4 w3

BRBIGEEZ PVP 350 L. K5 FIE T2 FB RNV EBHLNE SN, PVP
FERTIE, GRICBITABEEREESFEL TSI L2 RN L, £7=. PVP
FIERTORAER L FERRED AT OEMH LT R AF—iZZn £ PVA FERB
JUORY ~—FRERLRARETHY , PVA IFTERFIER. i AEROERE & fEdmbERE
IR T—DHFEICL > TEEINRNWZ EBbhoTs,

PHRY v —FETICBTDEA T A FEKRTIE, PHR Y ~—ORMEENFERLE
BRIZKESRALL TWAZ L2 R L,
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1) F E.Baileyand L. G ImhofJr, J. Polym. Sci., 32, 517 ~518 (1958).

2) M. Yoshida and Y. Goto, J. Soc. Inorg. Mater. Japan, 13, 326 ~ 335 (2006).
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BHE HTFFMRI2—THEIRITINSAFAT UV E=ULIRTA K
FEFTOYAFA4 PYDERREAEBEMDIF Y S 2 F2 V=3

1930 FEIZE AT A4 bOARDHRE SN TLURE B2 REKFEPREINTEE,
—REIR AR AL LT, HEVEIZEREE, 7L, FABEBLIOKEMANS

1 {OMEFEIZL>TEAINTE, 1967 FITEBEREORDY IZABIEE
ERWAELWEA T4 NERFIENRRE I D, K. Goto et al ?=° Myatt et al >
WL TEODFHFRERIZBITZEA A4 PERRBEBREIN TV,

1993 FiZ Gotoet alIXBmAD FTHEIEFF A FETFTTOEASF A Y ERREITV.
X BRIZE DREBFHIRIT O CEEOBBEOE A4 MNERPETF oo FLEAL
=RICERD E/TTZ, SOIINBRIZE > TEBRYI O ESF o o FarRETDHZLIC
B Lz, BoNnizBA T4 MY fEaiZ IR FESR lum, RIESMIEDS 043 ~
3.73um THH, HIROELEAZ A F(ZCP-50. FRE(LAK)D 4.71um . 034 ~ 4221um
IR THEITNSL, HAELHENL D THo7 2, ZORTIIAEBRERRKE T
OFEHMPEL 2D Z ERRHEN, MR TOBKOMMEN, FEHMIZH T
DEORE, PAT7A4 FORITHA XBIOBRICKEER2 52 DD THHLEERL
oo ZTDE, BEOIIFHDOERRY v —THEIRY E=AT A I—LRRY E=AE
nY RAFETTESFZA4 ME2EBR L. ET7F U 2HWIES L RROGBREH >0,
RIEZATALI—NEEORIGRTIEIEL T4 FOARIIRY = — DI K -
TRIEEND, LOLBARIIZEORY v—2L > TIHI S, ZhiIEHrE -1
R = —ORIBHETITH B KEBEREIZ LD 60 &L H#Eim I ii=, 1994 412 Myatt et al>
BRIV zFLo T Ya—n, RTFTUAREBET NI DA EFALNIAFAT =Y
L7 I FERWZEAFTA FADEREBRELTWD, BOIIRIGERPIZFET D
FR< 72 RETEMRI IR & fER RIBRIZRIETEERIZIOVWTEREZToTW 5,
ZDHIEIZEY Goto et al DFEFR L FRIZ, JFONTEA T A I A fddlIH— THH
RRESMEF OB TH o7, SOICHFEHRMPELS LD LZRHLTEY, #
REHRIRE AT A MNERDOT > 7T L—F & LTEBW =D TIZRV ) EEX T,

BSETH AFA MR =, LTRIPTINANSAFATE=U LI
A RERAW, BAI4F Y ORBEILAD=ZLZOVWTHELEZEREZRET S,
B2 RIS EHETHON-ERYIC OV T X RIEHFSHT. SEM BEE L O'BET AIE
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5.2 ERFE
5.2.1 AEB LUK

PAIA FYARD-HDRLLE LTIET/AIVET N v A@HELE 1B L
OKBEIET U U AFREME B ZRAWE, U BRELTIEans F L) B
Ludox HS-40(& & & 30.2wt%., DuPont)Z i\ 7=, RU T YNNI AFAT L E=T A
774 K (CH,CIN),, PAMAC)I )55 F B#J 30,000, 25 wt% K&K O iR dh (FC-1.
EF—VUMEEVEAFLTEOETEAVE,

BRRRISHKET %, R ORRKIED T A BEA X, TIVI VBEA A, KEE LS
AFBIOFT NI DAL AL 2 5BETH-DIZBNIEE L THES FE 12,000 ~
14,000 DN O —RF 2 —T(ZXAF)EA VW, SHIZENIZL > THONER
ERMPOHRERY v —2RETH-DITHALY A X 0.lym O=rotro—H
AT VT 4 VT —(RERKPHAV LN,

BEEERMPIIEGENDIEFTITA N Y Z2ERBLIVOERTH2DEAIA MY D
PEHERELE L TR D ZCP-SOCEHRI T S ~ 10um, AREELRK)ZE AV 7=,

5.2.2 BB

REIIEAF A bY /T OB Ny FHK Y8Na,0° ALO;- 12Si0,°360H,0* xPAMAC
(x=0 ~ 5X10%) & 2D X DIZRICERERAB L=, 1IZUDIZ, 7 AWRF v T84
TR T220gDT/IVIVEEF RY DAL 401g DKER(ET Y ¥ A% 15ml DFERE K
WZERELTAAVBLIOTAIFTREKARCHFABML, Thix ARE L, %W TB
e LT 100ml DA T ZABE—H—IZ 0g(R U ~—RER)D 6 22g O#:FH T PAMAC
EED., StV TEBKELET2Sg 2B X H9Max 7=, T 200ml DR Y A F L
PTURE— A=l aaf I Y AKERR 13.85g YD B REBH LN 6K A
IZMA B —EiRE L. RWTAREMATZRIIERAY) —L 22 FTRBPLE, 22T
BRTDOEKRDEIL 497g TH Y, PAMAC RV TIAKRERZIZX LT 82.7%% &
DTV, PAMAC BREAKRRFTIZEEN I E2KSEBIZNT S wt% THRLE, 29
LTRONEREZEIRT | FFEEHE LAKRE. ZOBKRER) AFARCTURI=
AT77A22ZBL, BE 60 ~ 90CIZR-2T7=VA—F—/NZXHPIZ ] ~ 96h§FE LI
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IS#1To, HAGOUKEBYE ELEKRE L2 —XF 2 —7 128 LBEFIKD pH 2
8.0 AT & 2B ETHENMAKEMY BRI, BNk, AACOUKEBMEAL TV T 4
NE—FRWTEIRE AL, BB LEEBKEZRANTHEEFTEZ LI > THRER
Uw—%kRELE, ABI%kE LZERY% 60C., 24 h Bl LRISERYME B, 20
FOSAERMPIZIIFERMEL A5 A FATERE. B4 5 1 b Y fdads LO'PAMAC 233
NTW3B, ZO%K, ZORBEZBELE, X BT, SEMBEICH L7,

ISR D> PAMAC 2FRET 5728 600°C T 24 h MEEL 7=, 2BEMIT 60% RH
IR ST =2 PIZRAF L. X REIIFSHT. BET BIE. SEM BI82IZHW -, K
ISERBRMPNLREINTZR) v —DOBIINERIZEOERZAE TS Z L TREL
oo MEEIZE o T, £BFETEIR) v —D3 ~ 6%IITHYTIMBREME LTREREL
TWBZ EMbnrolz, LBLRYBOBEERMPIZEST-ZDOREMIDLTTH
DIeHEDRY v —BOFHRIZKE2EBITR, DBERIE OB OEEIT 20°C,
60% RH DIRETHREL ., KOENEH L 2o bOERAWTRAIEZITo=, ZORE
I8ENDKHGERITI0%THDHZ L2 TGIZL VMR LT,

ERPBLOPEEMIZIEENDIEAL T A b Y ITEEOKHE X REIFICE > THRIE
L. EBZIT -7, AIEIIHR X BREIFTEERAD-2C, BHEEWH) 2 AV TITo7,
BIFFIZAWEZ X BRIZ=v TN T7 4N F— %2R LEA{L L CuK , REAWV., IEE
J£ 30kV. Eift 40mA TITo7=, BIEIXBE _E LR UFEHETITV, BEBRXY v b ldeg.
BELR Y v b 1deg.. XAV v F03mm ZAWV, Y FL—Tal by FIiTLy
AL, BIE®REIZ 2 ~80° L L. AT Y7 002deg BL VA F ¥ v AE—F
2.00° /min TEZE L7z, REHIA 7 U AEEE AV T 200mesh REIZKHFE L= b D &R
X 0.5mm DOFIEEZFFON T ABAEMRIZFTE L TRIEIZE L=, £ROTOES
T4 MY BIIRY ~—2ELERMD D\ N3, DEERYO X REFEED S (5-1)
Rizx > TRD~,

Zeolite Y (%) = 100(/,,./1,), (5-1)
I ZTLITEEME(ZCP-50) b DEIHRETH YV | 1, i3ERMOERE 3> 6 D[E]
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YRETHD, ZZTL L Ly Ly \CBEBRZ OGN 1, & 1, 1 TENENRED 2R
PrimEE & 7TEN T 7 RE 506 DREIYIRE Th 5, B REIZZILEIL 331, 553, 642
BLYT751 MIZHEY TS 20=155 | 23.4° 268" BLW312° BT BEIFrv—2
FRWTHE L, ZZhoBIif v — 7 88E0fIG-1)RIZ BT 2t ERLED
FEIZAVWONE, KETIZ4 DO — 7 BEOR N OAREZ ML TWS 0,
FTOEEBREIZL% ThH-o7= Y, T Z THWEEREHIFERMERMY., Bl 21X 7 A
BTN OLEVEELZ EN SEMBENGRED L,

5.2.5 ISR D SEM #1122 L BET 3lE

RIGERRY OB E21T. SEM B (JSM-5400. B AE )% AV TIMEEE 20kV
T2k,

EFEWAEREIZIT ASAP2000(E##) % AV T BET K2 b <A 7 o R 7 At LA
YRTHRBIZEITAHREE L MILARELZEHE L, 3BHT 150°C. 4 Torr(533 Pa)?d
BETT1IR2hIAERBRL-LDOEZRW, BIEIZAAXE 0014 ~ 1.000 DFBATIT 7=,
GITIE~A 27 aRT7EKO04 ~ 2mm)& A VRTHEER ~ 80 nm)IZhIF TIT- 7=,

53 ERLEBR
5.3.1 PAMAC FTEF COEAS A FYDEHRR

Fig. S-1 IZRISAERY) & HBEAERRY D X BREIYTIRE(XRD) & 2 0 OBfRE =T, A4
74 N Y BEEME(ZCP-50). 3%K U ~—TFFERKIGAERKY)(Table 5-1 DFR¥} B3 88)
BILUOBEZNHE L TR ONENEMIZOVT Fig 5-1(a). (b)) L (@)IZEFNTIR
L7ze WTNORE LR UMBIZOAE =7 0350, HABELRILTHE Z &b,
INGRBPIZIIFERENMBE L LTEFTA L Y OBABRHFEELTNEIEERLT
W3, RISOPIERRETE SN ARRYO ) BEM D X BRENf/1F — > % Fig. 5-1(d)iZ
RT, ZMD XRD R — X7 ENT 7 AMEIZHRT 2R IEVEERRICH -
THFET D, SBEICHKTAE -2 RLTRLELIIZ, E—7EALOKHIE
WHEE R RHEL LTTENLT 7 ADR—R 54 %5 ZERHKD, G-DRA1HE
b fEda b E O ERE R % Table 5-1 12”7,
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d
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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 80°C for 10 h. The intensity diffracted from
the latter sample consists of the intensities diffracted from the amorphous ( I, )
and the crystalline ( I, ) parts. As an example, the magnification view of the sharp
diffraction peak at 26 = 23.4° | 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 S represent 111, 331, 553, 642 and 751,
respectively.
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Table 5-1 IZ4k %~ 72 RIS T PAMAC f7E5R B L URETR TH O NI AR D 54T
fER%ZRT, Table5-1 5 5 U 7 AIRISERIPORY v —BZRLTWVWDH, TP
FETHIR)v—DEENREAFA FBIOEAT A AR L L ITAERDICE £
N3LTDE RIBEBHHPIZEENEZR)~—BEIRV~—BEMN 1, 3, 4 58
LU 8% TOEMIZBWNT, Hig EZNZH 13, 25, 32, 2 BLV W% LFHEIN
5, EBRORERIIINSICAYT BE SERE A). 12608 B3). 1288 ©). 18R
Bt DB LU 21wmt%(GRE EYTH o720, ZHITEHEED 172 525 1/4 R L TW5,
THIEEMA Y = —BICHH L THREDICRMTBHT ERER) ~—BAEMS
HILERLTWD, DEEMIT2 DO, AT A MK L EREEA TN D &
BE26NBb, MARKINMZE > TEAZ A FMaIBBRELBEAZ 14 MERIZTERIZTERT D
ZEIIEETHD, ABLA B3, C. DBLVEDE 6 H 7 ADORERILEIZONTD
KB OIBEMFOELZ A FORITIR) ~—FERITITKFLRNZ L3 b,

AELBl, B2 8XU'B3 06, RIBEEZ B0 BEAERMPOEA T4 FEIZ, RIS
BE 80°C. 3% AR Y = —1FER TIIRGHRE OB & I TEIZHMT 5 Z L asbn
D, IGIRE 80CTIIR Y ~—FERDENRERL W B4 T A b OAREENK &
WZ bbb, ZUIRY >—GFAEROSFEHEIIR) ~—FREZRLIVE N L %

RIE L TW5,

Table 5-1 Results of zeolite Y synthesized in PAMAC present and absent systems at various
reaction conditions

Reaction conditions Amount of PAMAC Amount of zeolite Y
Conc. of Temp. Time in reaction product  in calcined product
Samples PAMAC (%) () (h) (Wt%)* (Wt%)°
PAMAC present system
A 1 80 15 5 105
Bl 3 80 5 13 0
B2 3 80 10 12 24
B3 3 80 20 12 98
C 4 80 20 13 106
D 5 80 20 18 90
E 8 80 50 21 102
F 3 60 96 20 85
G 3 90 20 11 100
PAMAC absent system
01 80 5 0
02 80 10 4
03 80 18 102

2 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 10% at the

condition of 60% RH and 20°C.
* Calculated from equation (5-1).
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53.2 SEM |- L & ko iEEl %

Fig. 5-2 IZRISAERD D HBERT% D SEM BEEZ T, BERK lum DB — 722K F 238
B/EN B (Fig 5-2a BLU2b), DEEMN L ¥ — TRy PV ERmMEFODIZH LT,
ROBERL I TN A Z HONE b 72 REE FFO Z & 030025 (Fig. 3-2¢ B LU 2d),
IR FREIZAEBFELTWERY ~—00BEIC Lo ThREINEZEZDEEZILN
&l

Fig. 5-2 SEM photographs of B3 (a) and calcined material (b). High
magnifications are also shown in (c) and (d), respectively.

Fig. 53 IR Y v — AL L UMFER. RIGEE 80 C TRISHM Z Rk~ IZRLS
THONZDEEMD SEM EEZ T, R Y ~v—RERTIIRIGERE S h TRA—X
REEMEFOTENLT 7 ARDORE 2BERPBLE I NDGEFE 01), XTRAYZ, RY
~—FEEZTITERN 02um OB F16R5T7TEL T 7 ZRBEEIBR X
NBEEIBl), R ~—FRESL LIIFERTT ENLT 7 AWE LFEROME I HE
MR ZRRNELDZ EROND, FMERTERLETELT 7 2AWEEFE 02)iF 10
BREIZIZITABIO1 LV /&L 2B Z 005D, ZOBEMFIL X REIHT 5O
FER & b —E T 5 (Table 5-1), ST, FERTIIAAZH O & MBmRmEiIZ
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HEFE LT ENLT 7 ZRKOWMLRL FIEE SN D (FRE B2), 18 Bk, AU ~—
FEBLOFERVTN TOHRBEEDTRIZTER L TWD Z e nbnd, RERT
TEERNS ~ 6um DU ¥ —TRT vy PEFOREI RERVBERINGEE 03), —F
FHAEZTIREREN lum ORAEZFOH —LERPERINDEFHFE B3), b0
RRARGRTOR) ~—NEA 74 FOERER EERRRICEEREE 2R L
TWAZ EZRKEL TV,

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; O1, 5 h; 02,
10 h; O3, 18 h, and polymer 3% present system; B1, 5 h; B2, 10 h; B3, 20 h.

Fig. 5-4 |2, AU ~—FHFER TRICHIZIERIZE G- B Bl OKRAKM(Fig.
S-4a) L AR DONE YLK L= b D(Fig. 5-4b)Z7/RT, 7TENT 7 AR FONERIZHE
HD LT OV OERKN lum OFEREPBEIN D, 728, Table 5-1 DREL BI
DY A FEKEIZ 0% THY ., SEMBERRL DB VT, T DFRDRSH)HBRE
TORRERDARE—HIZHAKLTVDE EEX OGNS,

Fig 5-5 IZR U ~—7F(E%R, KIGEFR] 20 h THex Z2IBE TAK L RISERKD O
SEM EE %2 /"7, B —CTHAZHOZERZN 1 ~ 2um DR FABEERIND,
RGO T B TIXRISIREDRFER DY A ARPBRIZRIZTHRIIZBDON Lo
e,
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Fig. 5-4  SEM photographs of zeolite Y (Sample B1) 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.

Fig. 5-6 |ZkkA RRUGIBEIZEBIT 5. DBEAERDIZEENDIEAF T A FOE & RIS
RFFEIDBIR 2~ 9, Fig 5-6a & 6b IXTZNZENKRY ~—1FER & RIEFZRDOFE AR
BERLTNDS, WTNORETHFESHM2AHY . RIGRED LR & &EIBAL TS
ZEnbND, BATA FOEREIZRISO MR R L (ZEML, S FrifRIZ
o TREIZEML, ELfERbict TETT 3, —H. R ~—FRERTIL,
Fig. 5-6bIZ R EN D X I IZHEAIEDRISIIBUSHE T B £ TREITEIT T 5 Z &8
OB, TNHLOREBMALEBRITBEDS >N LoTRI E=ALTLa—L, RYE
=AY RUBIOETZFAZODNWTHREIN TV,
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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, () 70°C, (A) 80C, (O)
90°C. Reaction conditions: (a) 3% PAMAC; (b) absence of polymer.

73



Hsu” & Culfaz’i3fEdREEIIRISRPICAER T HEA 74 MESEDOEIZHAI L,
BHFRORXTH BRI TRIGDETTHZ L2 BEL TV 5,
dz/dt =kZ, (5-2)
CITZIIFEEtIZBIIDZEL A FOAEKETH Y, kK ITEEEKTH D,
(5-2)K D226 (5-3) K3 E B,
InZ = -kt + InZ,, (5-3)
TIZTZIt=0 DBEDOEAZ7 A4 NMAEKETH D, Z,13(5-3)REAVERE t=0 D InZ
HE THFETEZLIZL - TORBRESNDIETH D,

G-)RUZE->TF ey b LERERE Fig 5-7 1277, InZ & t DERBFEE InZ=0 O
t MG T D2 L THREHME KDDL Z LN TE D,

Fig. 5-7b 12" T L 212, RY—AERTIE, E2RIGBRIZB W TInZ L tiZIZR
WHERBGENR O, RIGEED LA L HIZHROEEX LWINT D Z L83bnd,
BRIz, B Y ~—1F/ER TiX(Fig 5-7a). T OMBIIRZ2DEZ2EFO2OHEBRNS
o TS, ZHIIRIGOEELY bAETFEOFBREAEDENEFLERL TS, =
DAF AR = —ITHEE R EBIL, BRERISOEFETIIRY v —ORER
ZEoT, HREE~DILFEERLS 727 —DOHHE 22 EEN D Z L ZREL TV
Do

Bt D F 8 Be B T O BLAR O & (Fig. 5-7a)0> 6 k fEZRE L. Fig 5-8(ZInk & 1/T @
BffE%E Ry, TZCTIIEMBETHD, 7L =0 XDOKIZHELV, Hsu & Culfaz IZ &
STREINFEIZ L > TRBILEDO R T OEMHILTRAVX —E, #RD 7=, BREK
DIEMAL TR A F—IZOWTIT Hsu IC X » THREINAEREREFVICESE K
IZRTIREPOGKRD =, 2F V| R OKEIFERZEORIZB W TRKIZAR > RS
DOIEED, FRBEOBRKEIBREIZL S TEELEWERE L, ZOZ &bk
ARRDOFEEER k, IFEHM OB KIZHLPITELELOND D, ZOREERTIZLT,
BAERRD R OFFEMLT F)VX—E, % Fig. 5-8 DS TREIND Ink, & 1/T DERR
B 6RO, R v—FERLAERNOHONI-FERE Table 5-2 12T,
WTNDFAES E,.DEITE, LY b REL| E,DBIZIZEFRABRE TH -7, E, DED
RY)—FREZLOVRY)—FERDOAB/NINZ LT, R ~—DBEAERIZIBNT
BHERBRZHo TWAIHEEZRELTWD, B_ETIIRPIZHFET D PVA Ot
PDRIZEVBEER T 2EMCFRROMBOSMGEMKBRER LT oot L
i L7z, ZHITFig S-4 /R L7- SEMBEDORERLEb—HT D, ZORT, HERL
FERAED ANT OFEMIEZ RNV F =IO F T 4 MOV THRE IRV O
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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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DT—F LIZIER L THo7Y,

Fig 5-7a TR ENTZRISDOEFE S OIEHLT RN F—% InZ & t DER T2 v b
DREDHRE Lz, R INZE LR AF—IZ 48kI/mol THY, Z OEITR
Yo —ARERTEHEONELDOEDIZDZ NN NI ERDD, ZIUIAE-T=D
FAMR) v —HPERORKRRAIZFET DI ETITABEAA LTI VEE
AF R BENES FAZ—DOEBERAEL TWDZ LERELTEY ., RISOR
Y5y & e L TRVWWEMH E = R F— 3R RDOEEY A b ~D 2y 7 27 — DL
BEIZLDLEDTHY, BEOHL I FAF—DREGHEHKICHAKR T LD THD LHE
INd, REAIZBRELTNDE T LT ARTBEORY) ~—3h F 4 ORI
LfemRE T =4 UMY A e DA T HEFERIZE Y 7 XA MNEBDIH S,
ZORERI 7 A5 —OWBOEEIIED L. RISOBFE TIILBUEREXARL L 2D EEX
bihd,

1.0

0.5

0.0

0.5 P Ex

-1.0 A

Inkcand Ink, (

18 o-

270 275 280 285 290 295 3.00 3.05

Fig. 5-8  The relationships between Ink, and Ink, versus 1/T:
k., nucleation (- - - @- - *); k,,crystallization (—O —).
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Table 5-2 Apparent activation energies of nucleation and crystallization of zeolite

in PAMAC . and absent reaction
Nucleation, Crystallization,
Polymer present * 61.1 814
absent ° 69.5 81.6

*3%PAMAC; temperatures: 60, 70, 80, 90°C.
® Temperatures: 70, 80, 90°C.

Fig. 5-9a BL Vb IZAERMIZEENDE R v—DEL~A 7 0 RT LS OLLERT
BLAILAROBGRERT, D PERIEDOLREREDMHEIARY ~— 8 12%FE TELE
TR = —ENEMT B IO TMICEMT B EEICH B, BEODHRIIMEL
R ~>—& DBEFEIZEFT T4 MIEFLTWAREMIIERTAPREL-Z L
ILEBHbDTHBELEXOND, AROBRIIEARY v—& & LA EOBR(Fig.
39 THEBININ, R ~—FBHENBEVFE, T4 T4 Lok & gL TEN
INEL 2B,

MIBEDETIZIEA A4 FOMILZENEZ LIZEBbDntEZOND, EXH
AREFIZBITEIR)>—DOUREEAFFA FOBXEEIZLTHE oy b¥52 ¢
TiHE L7, ZOH#BR% Fig. 5-9a B LB IZARTRLE, R ~—EOMME &
WIZRPTOMABTE LML TWAHZ LN D, ZHUIIMHEFELTWERY v —IZZE
FHABEELTNWDZLERLTWVD, SRV ~—EFERDTIE, LY
ERRD, HRARERNEFTA POHZEVETLTWAZ EN02D, ZHUTRY
=L TEMNTZHMILDOTAREFEEDOEBRY v —IZREFETHELY KEWVT=
HDEEXHND,

Fig. 5-10a IZABMICEENARI v—DEL A VY RTH S OLKEEDBEE R
T, PEERTEZDOLLREBOMEIZAR Y ~—EEINT BIZRVKREITEMT 2E@ICH
B, THIIAEBMIZEENDRY v — L DBEMIIERF L TV D IRERBIZERA AN
MELZZEIZLBEEZXOND, R v—OUREFMTH7-DELF 54 FOESE
EELLTH72y ML, Fig 5-10a 2R TRLE, R ~—EOEME FKITRH
TOLRKREELHEML TNEZ LB, R v —IZERZVTABRELTWNDHZ &
2R LTUVD, Figs-10b IZARMIZEEN DR v—B LAV ERTEHSOMILETE
BT, KU ~—ED 12%08F, MILERIIRY ~—RERIZH L T 0.03cm’g B
L. RU~—8ED 16%L EDFE, BUBMNT 2EMICH D, ZHIRY =R Y
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RT7 EEOMALEZER L TWDHLEXON, I8%TITRFLARERY v—I2L 3
Bl eI AR T 2720, WEENEMTE0TIERVWneE2XoND, T4T74
FOBEZEELLTH 0y FLERNDITOMILEE L DEARM OB BT 5
& 5% Y ~—FERERMUSN . ZIERICEEZIRD Z LB 5, Zid 1~4%K
Ve—FERTIR, AVRTHDIZR) ~—BNFELTHLHILERICKE 2EEL S
REVWEEZRELTVD, 5%R Y v—FERTRPTOMILEER P BEMDOMBE LY
KELRBZDIZ, EEMTORY) v —IZEBRZHTAVBRE LD EEZI LN,
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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: (A) zeolite synthesized in the
absence of polymer, (@) reaction product, ([J) after calcination and (O)
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 S5-1. 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. 5-10  Relationships of the amount of PAMAC in products versus (a) specific
surface area and (b) pore volume of mesopore: (A) zeolite synthesized in the
absence of polymer, (@) reaction product, ([J) after calcination and (O)
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 S-1. Numbers 3 and 4 are the
samples prepared by using reaction system containing 4 % and 5 % of polymer at
80°C for20h.
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AFF MR —THERIPCTINCAFAT UV E=0AI T4 F
PAMAC)FIE F CARARIEIZ LV B oA o4 F Y FRITERETH LN
LOX VMR LD THY PVA, PVP GERTHONEBLDO LRIBRE TH T,

PAMAC fFE P CIXFFEHRITEL< 22 508, B bEEIIR Y ~—F7ER L RBRE
Thotlz, ZHEFMOERRY ~—, HIZIER) E= AT La—LRR) E=En
U R ERRTH B,

AR L ERERDRTOBEMEETRIALX—IIMOEXF A MZONTHRE X
NTWAEELRIE TH 7, LIL, IFA AR ~—HFET TIIREDE B
IR RRS, TRbbREMEEENSEIZET L —ERELRY, TOEEN
RIGOR T ETHREIND Z ENRRAH AN, RIGBFOBEHIEZRAX—25HET
HZETHRBEA D=L, TROLERILICBIT DN F A HERY ~—2h R,
REPORREA EIZHDHR) ~—FHB T =F UL FEENOCRDIEN S T A X —
DFERETRY A N ~DIEBEMH T HZ L THD LHEEL =,
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BN HFA MR ~v——FFTF7,4 FYBEEKICIDT VB A
BIXW) VBA AL ORE

B, B HUOBIE. A M CATEHI K REER AR DMAIZLDBERBILAEITL T
B9, PIAIEHRBOREIZLDBE~DERN 2HEE . B KEOKEREIHIBRREAE,
REBICRIZTERESCR. MAEHORAEIZLZKEKRDOIE RERSHB/ESN TS,
ToEZGEAF L)V AT BBRBECD EIFEME THHLEZLNTEY, @
AF BT HIEGRRE LRI TON TS ™ 9, @E ., BABLIREFTAKELRIZIT
EHBRERCEMFEENEIZAVON TN, ZRODOHIETIHIEKPOH EH DI
I SED M, VU BEA AL RT VBT A F OV TKEIBERBEILIETRESN TS
LU % 8mg/lB L TN0mg/)ETRETHAZEIRETHHIENMOIL TN, b
AF L DBRFAZONT, ZNE THEGLABEM B ELERSICAREINTEOT, A4
2T DA RBAERERISBEEN TV,

AT AMIRERNICESEORILE AL TEY, MILPIIIRBHERS A4 3 fFEL T
B, BATANIKPTHAA L RBELL TERIE, FHCT U E=U LA A 1050 L TR
CAF L RIBICEDRBERAERFOZLEBPMEZIN TS 101D [BAA L THE)BEA
A AL TR BMNCREZ RIZRVBDOTHID, BREIZBWTHOTMNIRETS
ERBESNTNEY, T T VVBAA LV REBERFEOMELT =V 2%
ERUEFFOEATAINORIBERE SR TEIL, BAF & —FI TRIIZRER
ELIDEEREREAILEKYD S FTREME 2335,

TATAAERIZBW T, B FETHIABEELAVWAI L TR, 2BEOEA I
BEONDIERRESNTONDH 119 LinLES FETHAHR)~—%2 AWVWTEKIM T
NIBlTIFEALE RV, FLE  F=8 FUEBIVCERETRLEIIIC, HEHFITIRY
EATNANaA—LERVSCTING AFNT A E=UL7074K (PAMAC)FE FTEA A
NEBZITV., R —,BFFAADEE L /DI LICHIIL 1=, PAMACIE S T B4
30,0000 &5 FRARV~—T, K DITHF AL YA EFFL, CIBAAUMICFEARLT
W5, KEBERP TIEZOCHIFRBEL . Vo BEAF R T DI LI I > THRENEHF TE
Do

ZZTHENRETIL, e DLFEEFFO PAMAC—EAT7/b Y BEKEZKEE BHKIEIZED
ERIL, ZOBEEERDT T LAZ L EV AT DRFE IOV TRIL-FEREH
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62 ERFiE
6.2.1 ki LUK

P47 PYARAREEL LTTAIVEET N v AR 18R)E L UKEEL
TR AFIRME HE)EBAWE, 2304 F L2 HiE Ludox HS-40(& F &
302wt%. DuPont)Z AW 7=, RU T I NI AFAT U EFE=UAL 754K
((C8H16CIN),. PAMAC)iZ 45 F 849 30,000, 25wt% AKEHKR O HARMHEFC-1. T—V
MEBYEREAFLEFOET AV,

BREICK T %, RIEMHOREISDO 7 ABEA A, TIVI VBEA A | KEELY
AFBIOFT NI TAL A E2HBETH-DIZBIIEE L THES F& 12,000 ~
14,000 DELB—RF 2—T(ZHEH)ZAVE, TOITENIZE > THLONZEIE
AN ORER) ~—ZRETHOIZHILY A X 0lym D= retEio—IH
AT VL7 4 NVEF—(RIFERK)Z AV,

BEARDPIZEENDZI LTI N Y 2EMHBLOERTHEDELIFAS LY D
PRHEREL & L THifk ZCP-SOCEIIHI FEE S ~ 10um, fbiE(LAR) % AV 7=,

ToEZUAFTUBIRNY) VBAF L ORERBRICAVEIAE L LTHEILT
Fo U LAFIRME, FRBLOY VB AKEL Y v AFIEMIE, FREAFLE
DFEFERW,

ARITERE S22 LRIBROFMETIT>7=, BONRAEHT 20C. 60% RH IZfR->
T = NTEEIZET DS ETHERBRFL, ZOLEDOFEHEAKTEIT 10%TH
BZEE TGRIEIZEVEENDE, ZD%., Z ORE Z M BEALE, X BEF 7547, SEM
B VAT BLOT U E= AL AU BEERIZHL -,

X BREI 74T & SEM BB E —_F L [BRRO HiETIT -7
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UFENETITV, DEERMFE L TERP TIRE 600°C. 24h & L=, BONT-0EEWIX
60% RHIZBR 7T v — N TEBASELE AP ETHERFLELOZERAIE
BIXOXKREHoHTIZHL 7=,

TR LA T CREERILIIS KO101 EIZHES> TITo 72, 100ml 7 A8 —
D—=IZRY ~=—FERD LIIR ) ~—FRERDOAERKY 0.5¢ B Y .NH,Cl &E#&(6.01,
292 3 L 53. 7Tmol/) % 30ml M1 %, &AID 1 BFREIZ 15 . TDH%IT 30 HECEE
2iTo7, 5 BERIf%., LB E 20ml BV . B OEEBEIZNZ ., BOSBERE AUV
TERSBEL., 20O LBEHZEREHFERLEZ, BRPO NH;AF 34 K72 /) — 1
FECHEOREREF(UV-3100. BE)ZAVWTER L7, BRERIIRENH®OBIK
FONH A A DRE»SCRB L,

U UBEA A RFEFEBRIT JIS KO102 {EIZHE > TIT2 72, 500ml A7 A E—H —IZ
RY2—FEFRS LUIRY =—REZDOLEEY 1.0g ZE Y . KH,PO, A#(0.74, 2.21,
3.68. 7.35 3B X VN 11.0mol/1)%Z 200ml M. FHID 1 B 15 7548, ZDHIZ30 0
IR E T o7, EEREE 20ml B0, BOKRBREICML, EOOBEEAWTE
BHBEL., ZTOLEEHREREZER L, BRPD POSA A EE) 7T U HFEIZHN
R EFHUV-3100, BE)ZAVWTER L, BEERIRENMEOBTIERT D PO A
FoAF L DREPORM LT,

W& DEHIZHAVWTE PO A U IEIRIIKERT TP Z7~T KHPO, ARG
FEMEE, FR)ERY, TOFEFEHW,

63 MRERLEZ
631 TUVE=ULLFHRE

Fig. 6-1 IZ 1.3 38 X VN S%PAMAC R V) ~ —FFERBES AR &L NERER YD NH,
A A REREICR TS NH A A REROBFRE =T, WEERICHAVREHT
WIFNLE=ZZETAR LD TH B (Table 3-1), NV v —FER TIIN TN HIEIK
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BEOHEMILIZREENERIIEMTE Z Ln3bnd, £/, NI ~v—FERIIH
LTRYV—FERTIEIRIv—ER 1.3 BLVS%E EFTHIZEVREE S HM
L. AERIZBVWTIRARY ~—FENBEKE 2D %KY ~—1FEFR T 53.7moll IZ
BUWTHKK 6Tmg/g DNH,' A AL 2W\ETHZ bbb, HF=EIZLB\ T, PAMAC
GETTHRONEZEMIZ, R ~—RBEOEMELIZIY AT A4 hoREE LM
THZLEPHONEINTEY, SOIIRIGEBMFORY ~—I1Z¥A4Z 14 FOMIL
PENZNZ ENRDNPOTWD, NaBIEPAT A4 b Y IZIZRRPNIHED Na'A 4
CEZR 02Inm)ABTFELTE Y ZHA NH, M 4 2 (EHRR 0.22nm) & 2345 = LIz L
> TR |EV TS, (Fig 62) b entb, £FETIRY ~—3E
A74 RO NHA AL BEYA MUIEBLRWZ L bh) 5, FHE Fig. 52 O
SEM EE2> 5, PAMAC FER TR ONIZEA T 4 MEROREIZITMA 72 MM 8
BInNsd, ZOMMNZIEIYREENEML, ZO/BER NH, A+ REENEML =
DTIERNEEBEZOND, FRENIZEENDITXTO Na' 41 AU B NH, M AU &R
BT 535G, 150mg/g D NH, A4 AU BREFETHY . SRGELNT-EKETH 2K
DA% LOZHBmLTELT, X512 83mg/l D NH,' A AL NRERTRETH D Z &23b
0>%, (Table 6-1)
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Amount of adsorbed NH."
in reaction product (mg/g)
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for ion exchange adsorption (mol/l)

Fig. 6-1 Relationship between concentration of NH,” ion in solution for ion
exchange adsorption and amount of absorbed NH,” ion in reaction product
prepared at 80°C for 20 h: polymer present system (O) 1% PAMAC, (A) 3%,
(O) 5% and polymer absent system (@).
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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 NH," ion for PAMAC-Zeolite Y composite

Amount of for NH," ion
Measurement value (mg/g) value (mg/g) gidsorgtion
PAMAC-Zeolite Y composite 67 150 45

Fig. 6-3 12 1. 3 BL U 5%R V ~—FER & RERERMD PO A A L THIRIREIC
35 POSA A REEBOBFEETT, BREERIANVEABIVWTNULERLET
B LD DTH B (Table 5-1), AV v —FIERAEKRY TIZ, 0.74 2> 5 3.68mol/l DEE
ATOREEIZT—FETH S, 3.68mol/l LA ETIE POSA A BEDKEME HIZRE
BELEMNTAZeNbrd, £/, R ~—BOEMELIZREELHEML, 5%
Y v —TFER TIXALK 45mg/g D PO A AU B3/ FE LTz, R v —FRERTIH, VT
NOBETYH POSA A3z LaWZ &b, RN ~v—FERERYH
BHT 5 PAMAC 28 POSEEIZHEE L TCWVWBEEZHND, Table 6-2 I S%RY~w—
FERERMD PO A AL REBOHEWIEL ZRELXRT R ~—FDOhF FH
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A4 F&POFAAUD 31 TRETIHHAE. BimBERIT36mg/g THY ., EAHAELY
HLIEVETHD, ZHIZRHLT21 LT 11 TRELTWVWAHBE, BaakEER
FNEFNS54HL<IT108mg/g THH . T HIZ9 B XV 63mg/g B’AET DRIEEMEL H D,
TOBED) AT DAFA YA PEFRIIEN TN 83 BLV 2% TH D,
EAUE & L8 LT PO HREE 11.0mol/l TPOSA A RV ~—13 21 4 L<IT1:1 T
EALTWD LEZ OGNS Fig 6-4), POSA F L &R v—2EETHHEE. B
ZFNEN3] THEALTWSN, BRESRTIIPOS M A ORBIZM L THF AL P4
EARBLTL 5728 3.68mol/l LLEDRE TIE, F42:1 H LT 11 THRBEMT
PNDOTIFRVW N EEZONRD,

50
45
40
35
30
25
20
1§ .
10

Amount of adsorbed PO,
in reaction product (mg/g)

0 2 4 6 8 10 12
Concentration in PO, solution

for ion exchange adsorption (mol/l)

Fig. 6-3 Relationship between concentration of PO,> ion in solution for ion
exchange adsorption and amount of adsorbed PO, ion in reaction product
prepared at 80°C for 20 h: polymer present system (O) 1% PAMAC, (4) 3%,
(0) 5% and polymer absent system (@).

Table 6-3 |Z 5% RV ~—FIERERWEBRETETICHR, RESNTVDEER D NH,'
A F L POFA AL DOREREETRT, NH/ A A Tix, SEIEONT S%K ) ~—7F
ERERDITIHROY AT A4 b Y IZHRTH 2~3 &, Li,MnO,; & (X TH 3 FDO%
EFRRAVBDDZ D005, MIROEAT A MNIKRHETEON AL L L L T
HERNCEATA PUSMZ bR U =R EZL OFRMPEEAT VD Z &M, B’E
HREDEL RS LDEZEXOND, POSA AL TiE. "1 KXY A hD 60mg/g
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(Zxt LT 45mg/g &5 DM, ZOMOEERLLE~T2 ~ 45 FOEEEZAFEL TS
T ENDLND, AERTHEON-EAKIIEA A3 L TRELEZALTE,
—HKITNH, A+ & POSA AL DRIERENAIETH D Z LI D,

6.76 A 6.8A

cationic group : PO,>
=1:1

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

Table 6-2 Amount of adsorbed PO,” ion for PAMAC-zeolite Y composite

Amount of for PO 3 ion
Measurement value | Theoretical value Adsorption
a) 0
PAMAC-Zeolite Y composite 108b) L
45 54 83
(5% polymer present system) 369 125

® cationic group : PO > =1:1
b cationic group : PO,> =2: 1
© cationic group : PO, > =3:1
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Table 6-3 Ion adsorption ability of various adsorbents

NH,* ion PO.* ion
PAMAC-Zeolite Y 67 ' 45
12) 60
or Ca®* mordenite ' 23
with NCO end group '¥ 12 ~ 14
13)
1 ~2
Yy 12 ~ 34
12

6.4 Fham

AF A MERY =—TdH% PAMAC fF71E T TRISIRE 80°C. FUGRFRE] 20 h D&AF
TRY-—RBE% 1. 3. 5. 8%EEIVEREITI Z L T, PAMAC L EXFA b
DEAEREBBLZ LIZHIIL, ZhEBAVWTREEREZITo7-, R ~—HFHETFTTE
bR ~——FF 574 NEAKIEI TV EF=0bAA T 2REL. TOREFRIT
S%AR Y v —FERERMIZRT LY VBEA A #BED 53.7mol/l DEF, & K 67Tmg/g TH
ST, ZOMBEIZTAERPPIZEEINDIELTA POT UE=U AL F UV BERTBEDK
45%TH D, BRPDT L EF= LA FVERED 8L OTNTHEI &b, Z0AE
BWIT o E= 2AF U ERBRANCKREL, SHIZTUVE=U LA A% 83mg/g
WEHKRDAIREMENH D, Tz, R —RERERY L LB L TR ~—FHERE
T, WThOBRETLREENEMTIEMBRONT, TR ~—TFE
RAERMOLEAEOEMIL b0 EEL BN,

PAMAC FEEFTTIEbNIERY v—— ¥ A5 4 MEAKIZY VBEA A ZH/E L,
ZORERIT 5%HR Y ~v—FFERT 45mg/g THY. T hV U4 LOTH]ERIT
45%TX HIZ 83mg/lg WETE R Enbhol, RI—FRERXTITY VBEA AV
ERELZNEND, BEEPOR) v—DY VEBAA L EREFLTWEBEEXDS
N, BRESTIIR) ~—FPOhF A4 MU UBEA A 3:1, 3.68mol/l ELE
OEBERTII21IHLUILI THELTWALHELRE, 21 b LLIF 111 THE
THH/E, IHIZ9BLV63mg/g ’ET HRIREHELRH D Z L bl

AERTHBOLNFEEKDLTT L E=ULAL T &) VBEA F 2 DIRIBERE M
AIRETHD I LEBHLNIIEINT, ZOBREEIZEENDIELFA FRTUE=D A
A A #W/EL, PAMAC Y VEEZRE L TW5 RIS NS,
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REAEFTT=F MUKV ~>—FETTELFA hEREIT> THEAKRER/T. K56
NEBEEDT U E=0 LA F 000 VBEA TV OREZEHZOWVTHEZITo
FlIREENR TR, T2 R ~—b b F Ao MR v — LRBRIZIRA 4>
RERZZAEDTHIZLEZON, EHEIZOT7=F MR ) ~——FFS54 VA
FEOMEESHOFELEZ TV,
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ARB . KBEEDO PR =—THERIE =L T /La—/L(PVA), RV = Lt a)R
VPVPBLIUOAFA MR —THEIRICTINVI AFAT U EF=0b0T7AK
(PAMAC)FIE FIZBIFTZEATARY B, BoN- AT/ MERBLUORY)~——EF
FAMEAERDX¥Z 75V —ary  BIUOWTFA L ER)v——EF T/ MEEAEDO KT
AF L DOREFEZFBNZONTOFREZILOELD THD, LLTIC, GO/ REFLED T

PVAGFETTEAZFA MY OEEEITHIZLIZL-T, Bond AT 1 MNEdd
ITTERIE L VR FEMINE L, RIESRHBPNZ EhbdoTz,
R)~—HFETTOEA T A PARRIETIE, RIGEEIZHTREDRIIRON
oM, FERERENHEIND E TOFEYM 1 EMR I, SREEREZBRT
LENRINT, ZNIEIRY) v —DMEDRIZE D T ABEA T RTNVI VA A
DERP TOHDHIBEATIKERER LT RocZ iz LD L#RmLT,
RY)w——EBA 74 MEBEKIZIIKTHHIND L) 2R ~—HIgL A L2 <,
RERISNFERETHEELTWAN, R v—E BN R2%BOESEICITHBENZH
ER)~—NEELE, (BE_E)

PVA—tEA 74 MEAKDOLLKREARE L MILERIZ. ) ~— 3 & 26%DFF 42%#
L. 7L FTHR 24% BT HZ L n A, 474 FOMILIZIRY w—iz X
DERRINDZ Exbhot,

PVA FE T CAR S NZRISERD D TG-DTA B L OVEHES T ZITWW. B o4
EMPIZEEND PVA OBKSHEEILX PVA RERY ~—DZ N & LB L TH
100CEBRANC LA T D2 LRI N, 7, FT-IR AT ML EEZXXY PO
FEMT > 6, MIHOH BEA T A FRAEARHEE L, R ~—5Fidmn FoiikET
BEEINTNWDZ ENbhotz, £, R ~w—¢¥A T4 FOREWHTHL., KV
~—D—HIIFERERT & ARBAIZIVEELEN TS Z L3RI N,

TAI74 h—R)~—BEEETNVIZED, RV~—HDOERX, LLEATA FEK
KR FREALOR)~—HOES, ¢ LDk, L/, B’stBE SN, L6 fEA 35 %
10 32% KRV ~v——EA T4 FEAERIZITHMHIN D FER Y ~—22 4%7FE L7205,
L/e 047U ETHRY) v—FEN 26%H 2 VIZNUTOEEEICIIHHEINS
RERY 2 —IIFEL R 22, ZDZ e, L6, [BFRY ~—E¥4 51 MH
DHEERNRFA—FIZb LEZ LN, __EF)
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BRRISFFIZ PVP B0 L, BSFET2ENR RN ERHELNE SN, PVP
FERTIX, BRICBITABEERMEENFEL TSI L2 R L, £7=, PVP
FERTORAER & ERERR DO R>TOE#IET R LF—ZENEN PVA FERE
FORYV~>—FERLRABRETH Y PVA FERRIER. FESRIZARGEE L #E R s B
DRERGEMEIZPVA R ~—DHEEICL > TEEBINLRWI L EZHLNE L, (B
Py #)

AFF MRV v —(PAMAC)TFIE FTARBEGRIEIZ LV BoNEAFA P Y &
RIIERETHE LN LOI VAR LD ThHoTz, IFA MR ~—FET
TIIFEYMIIEL 7250, BRICEEIIRY ~—RERLRBBRETH -2, BHEK
CHRERAERD R T OFEMAEZRAF— IO F 5 A4 MM OWTHREIN TV S
BEELRRETH T2, L2l W F A MRY v—FE T TR D% LI FF %
HRRE, +LhbbERIEENREII—EEEETETL, TOERENRILDOKRT
FTHFINDZ EARH AN, RISEFOEHIET AL —2HRTHZ L ThE
BMHE A D =X b, TROBEBCIZBITDZIFAUERY ~—RIZ. KEPORE
REAEICHDRY ~—FHB T =F L HEFENORDEN S 7 R F —DFEdME
YA FADILBEHIHTHZ L THDHLHEE L, PAMAC FEET TR ~—RE%
A ICELSEEREITD) Z L T, e R2EIED PAMAC L A5 4 FOBRAKES
B LTI LT, (BHE)

PAMAC—t#54 MEAKIZIT L E=0 LA AL ZRE L, TOREEIT 5%K Y
~—TGERERMIX LY VBEA A BREEMN 53.7mol/l DBF, K 67mg/g TH-7=,
COBITERTBEDH 45%THN ., ILIITUE=U LA A% 83mg/g REHK
BATHEMENH B, ZDERMIZIT L E=T AL AL EREL, RY ~—EHEOHM
IR EERNEMTIEMANR SN, THITR ) ~—TFERERY DOFFEA 221
BEmMEEICLIZLDOEEZON-, R)~v——FF 54 FEAIKIIY VEBEAF U %
WEL, TOREEIT %R ~—{FERT 45mg/g ThoT,

CDBREERDHTTUVE=TLAF L E) VBEAF L ORERENTETHD Z
ERALNEEIN, BEKPOLAIA BT E=U LA F L 2KE L, PAMAC
BYUEBEEFRELTWVWD LHAIIND, (BAE)

Uk, AR TEERIPHEBL OO F A AMEOKENRY ~—1FE T CHEHHEDY A
FAPNYRRER)>——FA54 MEEKREBLIZ LIZRID LI, PHER Y ~—FF
ETIZBITDEZEAT A FAKRTIE, PHERY ~—ORMEENERERICKE S XBL
TWBHZEERELE, BAEKPORY ~—3EA5 A FEHAEERALTEBY, K
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PVA ¢ BATA FEMIIAKRBERIZLVEBEIZEAE L TWAZ EERM LA, 2,
AFA MR v —hRIT, KREFOBHERA LIZHDRY ~—FH1B T =4 HLF
BNORDIEEI A —DfEREREY A N ~DIEBERITHZ L THD LHEE
Lice SOAFFMRY ~——EA4 74 MEEEKII—BITT VE=v A4 BX
WU VA OREBERESHEDLZEZRWE L, 202 M OARFRTIIEHE
REMEDE - GRBEAKREBLZ LIZRDI L, ZORRREEEZFOEAMEINS
%, B2 REESHFCTICAIND Z L EIN S,
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AREBTLML L LTELDDIIHD | #oh THEIAV /- ZERBEIRICE

SRS ZELET,

o, FEABTIZHT S — WXBEIHZY THRE, THHEV- KRA ¥
BRERT Bk FHFE AR BEHELET,

A X OB, FEOF M- THEE, 2RV EEARFEH TFE,

KU 2 202, PHEZEER. FREREIE. FEREZRICEBEHEL 7

AFREITOICHED | BREGOTEEFBEWEHRINSH IR BRER PR
KAk @ILBEERICIE BB LET,

EREZXITTDIIH-0 REN LB KA ZIEWEAKRFEIEN, AfE
HEEAD., TRRBSREREM. S B R, TIFRERRBINICEIBRHOELER
CEJ.

AENOBY R THETHREZEX I LEHARTIER K ¥— EEHER
MARIGK, BRI TERFLBHEE KRBEREAITES BEHELET.

ARRDOLFRHRAE THIBERFLERELRBEELE BBEFK, EAKFE
BITFHMELREXESE BAMZK, BENMORKIZEE#H L ET,

ERIZOWTZTBHEVWEEAKRFE T ERELREEEL RAER, KT
BE. ZAERE, 20CICEAKREFRE LN EEFAEZER L OBHERETLEH 7
TAEBE_HAZEOFREA LTEREDHERIZES BB L E T,

KEIZ. EAEZDLDORFEFLZ L > THRS B L TN ABRICES BH LET

AL, ZhOZDHOTHRETH AT IVFER LI LD THY, ZZ2i12h k&
DELHEILBE L ETFET,
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