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BT Ta Y7 FREEL T 5, BIFEER
EbEE T4 MIBELHHN, BITREAER, K
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2. chabazite & AIPO,-34

chabazite (2, AR KEBEDPIZLERT S
57 N EBEYY S A M TH D, ABRRKEBE
DEERIEZ R THA % O THZ TIRERA LT
nTwab, —fi%iZ, chabazite D{LFMEIE, (Na,,
K,, Ca) ALSi,Op,+6H,0 LEBMENLHDY, FOIE
TEVEERITHIE L Si0 AT DEAUIRII KRB HF T
BATH5b, chabazite DiERMHEEL, {LHHENE
MW 2 ML B b7 o TEROW SR L o T
VB8, AR L BREEICE L TIZ 19580
Dent B X O°SmithDIZ & o THRBRISB SR,
DR DOEEM 2 BBITIC X > T AL-Si-O BHHEED AlO,
R Si0, WEHB L CHIFLRI DKM A 4 > D577
LM L o TERL MR R T I LT
Wb, TMBOBIT T, BHREEFIZAIONB
X USiO, MERDFFEF D % WEEBER3m O
EETFNVHTH SN TWADY, BETIZAIO B &
U SiO, EAEAFERFESI L, FRFRIHTLOR 1 4
YA BFESIT A EREEPT OBEEFUIRE S
}1}’(‘\,\ A47 8)0

1984 £ Wilson 512 & 0, AT I Y EHVzK
BARIZ X 5 AL-P-ORIE DA RUENREV. SN TEL
Mo, SEERLY) YBEEL T4 FEEDEOE
BARALON TS, BOHNIWEE AIPOyn (n
I3EHE) LEFTRTIERINS Y, chabazite BIF
g % 780 AL-P-O RIWE % AIPO,-34 LT85, &
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#1 A summary of syntheses for a variety of materials with the CHA-framework.

name temprate solution  chemical ageants reference

SAPO-34 TEAOH H,0 Al,0;, H;PO,, SiO; Lok et al. (1984)
[ALSiP;04][H;0] - nH,0 MOR H,0 Al,0;, P,05, SiO, Ito er al. (1985)
[AlgSi| 4P460241[CsH;;NH,], 4 - 2.5H,0 MBA H,0 Al,03, H3PO,, SiO; Pluth & Smith (1989)
SAPO-34 PIP H,0 Al(OH);, H3PO,, SiO, Dumitriu et al. (1997)
[Al3(PO,);F1[C4H (NO] MOR H,0 AlLO;, P05, HF Harding & Kariuki (1994)
[A13P30,,F][CsHsNH] - 0.15H,0 PYR TEG Al,O3, H;PO,, HF Oliver et al. (1997)
AIPO4-34 PIP H,0 Al(iPro);, H;PO,, HF Rajic et al. (1997)
CoAPO-34 TEAOH H,0 Al(iPro);, H;PO,, ZnAC Tusar et al. (1995)
(Co,Mn)APO-34 TEAOH H,0 Al(iPro);, H;POy, (Co,Mn)AC Tuel et al. (1996)
CoAPO-34 PIP H,0 Al(iPro);, H;PO,, CoAC Rajic et al. (1997)
CAP-CHA3 X1 H,0 Al(iPro);, H;PO,4, CoCO; +xH,0 Feng er al. (1998)
CAP-CHA4 R14 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng et al. (1998)
CAP-CHAS C2 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng er al. (1998)
CAP-CHA6 R9 H,0 Al(iPro);, H;PO,4, CoCOj; +xH,0 Feng et al. (1998)
CAP-CHA7 C3 H,0 Al(iPro);, H3;PO,, CoCO; +xH,0 Feng et al. (1998)
CAP-CHAS X2 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng et al. (1998)
ACP-CHA6 RS51 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng er al. (1998)
ACP-CHA7 R61 H,0 Al(iPro);, H3PO,, CoCO; +xH,0 Feng er al. (1998)
ACP-CHAS Cl1 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng er al. (1998)
ACP-CHA9 C4 H,0 Al(iPro);, H3PO4, CoCO3 +xH,0 Feng er al. (1998)
ZAP-CHA1 RI3 H,0 Al(iPro);, H3PO,, ZnO Feng et al. (1998)
(Mn,Ni)APO-34 PIP H,0 Al(iPro);, HyPO,, (Mn,Ni)AC Rajic et al. (1997)
[Zn7(PO4)6][N;CeH 712 AEP H,0 H3;PO,, ZnAC Kongshaug er al. (2000)

MOR: morpholine, MBA: methylbutylamine, PIP: piperidine, PYR: pyridine, TEAOH: tetraethylammonium hydroxide,

X1: N,N,N'.N".N"-pentamethyldiethylenetriamine, R14: n-amylamine, C2: cyclohexylamine, R9: /,9 -diaminononane,

C3: 4-(3-aminopropyl)morpholine, X2: 2-(aminoproply)-/,6 -diaminohexane, R51: 2-methyl-/,5 -diaminopentane,

R61: N,N'-dimethyl-1,6 -diaminohexane, C1: 2-(2-aminoethyl)-/-methyl-pyrrolidine, C4: 4 -(aminomethyl)piperidine, R13: di-n-butylamine,
AEP: ]-(2-aminoethyl)piperazine, TEG: tetraethyleneglycole, Al(iPro);: Aluminum isopropoxide, OAC: acetate hydrate

ST ALFERSDZEIZIL LT, SiO, & &t Al-P-O
FWHE % SAPO-n &, EREEMe £ &L Al-P-O 5%
WE % MeAPO-n LIRILT 5 %°, TS 588 F &
BRI L DG L&\, chabazite BIOFTE
&2 HOWE L, YFISAPORTER S 1D,
FOHFEEFEMT A2 &1L Y, morpholine,
piperidine 3 & UFpyridine %2 EDFHT I 2 NEAT
5 AIPO,-34 DR A& L B & 7214100, 1995 4 LURE
13, FHFLMBERASERTA2EF 71 FOREE
H$g L T, chabazite f#i&% O MeAPO bEAIZE
BENTWAHI62D, L L MeAPO IZB L TiE, #
KESMEET LIZ LA LITTORTE LY, £0MHE
DI TH D, K1, ThETERINLC
chabazite BIFHHLE 2 OME T T L D5,

X112, KO chabazite & AIPO,-34 D5 Gt
%7"¥ o chabazite DAL, (ALSDHO, UEIAK

AlPOs-34

chabazite

A roo B sio
s  H20 Ca

1 chabazite & 4IM/OH % AIPO,-34 D5 SiEE

A%, MER, NERBIVCAHREERELZHTL3
Rhy b — 7 EERERL T 5, MR
THI L g CaB L UNafA A v £ 72
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Synthesis Procedure
H,0 7 Template
} « piperidine
AI(Pro),/AIF/Co(oAc),4H,0 | * merhelinc

. +  J-methylimidazole
Stir

»  [-(2-aminoethyb)piperazine

template Parr acid-
I digestion bomb
v stir
H,PO,(85% ) stamless—a{j
...... Do Teflon ——
vosw Al(iPro), HH,PO, _
lheat( 180°C 4days) ys) | template+solvent

M2 KREEHEOFME

KT, NBEP VA VEEED 3 RITTMIIRET
ARELGBBEICOMLTNS, T/, TORK
chabazite i¥, ¥+ 51 MEEIZR R 515 D6R
(Double 6-membered Ring) #iE1 = v b DEHMIE
T (PHF) BLEEE, bbb, FEFENCERL
D6R1=v M UERICL > THELIRTA Y b
T — SRR L TR L LBRTE L, ZOME
TAIO, B X PO, Bifi Z A A chabazite BI3 KTT
Fv b7 I BEEZ T 5 AlPO4-34 DfEER
B3 5L, DR 2TZH T AURIRD 1/3 |25k 2 B
HSBERAIOF, SSHFET 5 mIBEORFREL R T
T ENTEL, F7-AIPO,-34 DFEREETIE, AlO,
BIUPOEN EHARPEEIHRFEE L TWAH7:
O, ZHBIRLEVEETORIL LD, EbIC
ZRIZCaBLUNaD L) RERTHEMTEBREA A+
v ERL BAREIMECERT I U oFAEE o T
W AEEN RS L DO EMBEL BT 5.
CHDBEIR, BRHEETLFMIBSELZYANTS
NAEBRASFEEIRT LI LI - TERHEEO
L HMEEL R, BN BEE ethh oy
LR RSN HIECE AW REE LM R L T
Wb,

3. EBAHZE
Al-P-ORELT T/ FOARIZIE, EY VB
(H5PO, 85 mass%) 3 L UKIBHED & v» Aluminium
tri-isopropoxide (Al(iPro);) %M L7-, B21IR
TEBFMIZRE, #MUKIZAIGPro): BL U7 I V&
EHEROFEMZTHREL, EEOBB2HERELOD
LETOMI BRI NVKYE L RET 5, TOHE
FVIRWEE 770 Y BRICAR, SLIZATF YL
ABORCERICEHAL, KIDRE180T+5CTT

#£2 A summary of syntheses for a variety of AIPO,-
34s.

product template  Al(iPro); additive = H3PO4(85 %) solvent

—  (PIPR20lg 10g 136 ml  (H,0)8 ml
PIP-F  (PIP20lg 1.0g (AIF;)0.137g 136ml (H,0)8 ml
—  (PIP201g 1.0g (CoAC)1.22g 136 ml (H,0)8 ml
—  (MOR)2.14g 1.0g 136 ml  (H,0)8 mi
MOR-F (MOR)2.14g 1.0 g (AIF;)0.137g 1.36 mt (H,0)8 mi
—  (MOR)2.14g 1.0g (CoAC)1.22g 1.36ml (H,0)8 ml
4IM-OH (4IM)2.02g 10g 136 ml  (H,0)8 ml
4IM-F @IM)2.02g 1.0g (AIF)0.137g 136 ml (H,0)8 ml
—  @4IM)2.02g 1.0g (CoAC)0.98g 1.36ml (H,0)8 ml
—  (AEP)159g 1.0g 1.36 ml  (H,0)8 ml
AEP-F (AEP)I.59g 1.0g (AIF;)0.137g 136 ml (H,0)8 ml
AEP-Co (AEP33.17g 1.0g (CoAC)1.22g 1.36ml (H,0)8 ml

PIP: piperidine, MOR: morpholine, 4IM: 4 -methylimidazole,
CoAC: Co(CH;C00),4H,0, AEP: I -(2-aminoethyl)piperazine

I6BFHIRIFL 720 ¥4 T4 ML E T 2815
FIZE L TiE, TEEDOBIFEE &% 12, piperidine
(CsNH,;;PIP), morpholine (C,ONH¢;MOR), 4-
methylimidazole (C4N,H4;4IM) BLFT-(2-
aminoethyl)piperazine (CgN3;H;5;AEP) %33R L 7=,
7, SEOMETIE, FETBIUEBILEColZ
&5 AIPO,-34 BREBEOLENBH L &/ TLH
WO L ORERICIFICER L 72 FEESEZHMT
53541 Aluminium fluoride(AIF;) %, Coa%
w3 % ¥ & I3 cobalt acetate hydrous
(Co(CH5COO0), +4H,0) Z#H\7z, #2112, AAF%E
THER L 7-FEH B X U1F b 17z chabazite I
T4 T LD, BoNERL MABIUT
¥ —VT#HYELEEL, EEMETEME
(JEOL JSM-5400) |- X 2TREEIR B L VBT
B & B RSO 21T ) o &R, BiEREE
fEtT#E (RAXIS-RAPID) %AW THEAHEET
ET 5o

4. FER
4.1 BRER

B3 {2, #2Dchabazite BHHEHEEH T LD
SEM BEH % 7~k$, PIP/F-, MOR/F-, 4IM/OH-,
4IM/F-3 X UF AEP/F-AIPQ, D#E AV 3 [Ex il
DHEEZRET, INFEFTOHELFEFKITITC=
FHRRDAIPO,-34 MR Lz L HRrTE 5, $7-,
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13 MOR/F, PIP/F, 4IM/OH, 4IM/F, AEP/F 1 X UFAEP/Co %! AIPO,-34 DSEM EE

#3 Structural analysis of a variety of AIPO4-34s.

PIP/F MOR/F AEP/F 4IM/OH AEP/Co
LA [ALP3O,FI[CsNH )] [ALP3O,FI[CNOH 6] - [ALP3OFICeNsH )i, [ALP3OHIICN H,]  [(ALC0)3P301)[CeN3H 7],
[H,0li2 [H30 or NH,]y
HFER a=9228()A a=9.144(1) A a=9.151(1)A a=9.248(1)A a=9471(1)A
b=9.186(1) A b=9.164(1)A b=9.226(1)A b=9.077(1)A
¢=9.402(1)A c=9.326(1)A c=9.227(1)A c=9.413(1)A
a=93.17(1)° a=93.63(1)° =93.89(1)° a=9251(1)° a=94.26(1)°
B=100.65(1)° B=102.47(1)° B=101.91(1)° B=102.91(1)
y=87.43(1)° y=88.37(1)° y=89.24(1)° y=88.89(1)°
Etitifid PT P1 P1 R3
RAT 0.0801 0.0649 0.0637 0.0474 0.0875
wR2 AT 0.1671 0.1427 0.1756 0.1231 0.2490

AEP/Co-AIPO, 12 L TIE, FHIAOEE R LB
BRTEZ2 eI E L OMESSHEECH DL, K2
BLUOHB IR EN DL BEREBRDERD A5 T,
AR L ONE SN L E ST L LS
ELOMEFERIGGHT LA EETELRVA, FEL
TLFHR T AU T O=2085HM S5 N7z,

O FRTDPHETS VKR ICE A5G, PIP,
MOR, 4IM 3 X OFAEP & 4 a)#IR L 723X T
DOFEBETIWE % F\W 2R T, AIPO4-34 73k
KT %o

@ WRSVIRWEDFRETFEE& T 2VIEE, 4IM
ST HHWIRTOR, AIPO,-34 D3R
T 5,

@ 2ffiOk A A+ >~ & L THRES 5 AEPHHDF
PRV R TOMRAIPO,-34 DEHEEIZCo
%M ATX, hoPIP, MOR B X UM4IM A#

43+ & chbazite % CoAPO & Dyl EW,
INH DS, B SHEERRAT OO &
ERNHERT DI EHNTE D,

4.2 BESIESISERRT
K3DSEMEEIZRENL L IIZ, KIFFETES
N7 AIPO,-34 HELOFE R A XIZD TR & W 7:
W, BE 7 BRI OBINE L UK S G AT
DERIZIE, A A=V 7 TL—-EHVWEERSE
(Rigaku RAXIS-RAPID; MoKa#) OF|HDAH]
RTHolz, PIELHESREICEDSE, FHHEE
BLUORNALAEERS TOS % R/ANEFRED L 0%
Fourier JE% B L Tt L7z, %312, PIP/F-
AIPO,-34, MOR/F-AIPO,-34, AEP/F-AIPO,-34
X UF4IM/OH-AIPO,-34 DR ERITHE R OB E 4 -
Fo UT, ZhEhosRtEEIc oW THRT %,
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PIP/F-AIPOs-34 MOR/F-AIPO-34 AEP/F-AIPQ.-34
|t o :
)» AlO, ’A]Olk‘z <y PO, @ Natom © Catom @ Oatom & Hy0
4 MOR/F, PIP/F 35 & I 4IM/F B! AIPO,-34 D Stk
PIP/F-AIPOs-34 MOR/F-AIPO4-34 AEP/F-AIPO4-34
. 2 hydrogen bond’
OP] ’f 7 F atom 3
jl/i.
F atomy
«® ) S
B, 0 S
%/c‘b@l‘d bond * g
hydrogen bond
® ® . —— hydrogen bond
S MOR/F, PIP/F 3 & (F4IM/F Bl AIPO,-34 DA T & Bt E O EIER
421 FRIAIPO,-34 EOMBEIER % AT EREOIL AN E R, FRI

4IM/F-AIPO,-34 |ZB LTI, HEEfTHS T B2
H A XD BEEE DS N h o 727 OREERRIT AR
TTHDH, AEEHEEHESRNTI M) L 72 PIP/F-
AlPO,-34, MOR/F-AIPO,-34 35 £ U° AEP/F-AIPO,-
34 OFESHEE* M4 127", FRIAIPO,-341iE121,
HiR D AlO4F, ZHIRASERS L 72 AL OyF, g1 = v
NS S, BHEHRE O LS S Ao 72
D[AlPsOuF 12~ TH B, T/, NBERFV HIVHE
EDRET LRI, MREROERNT Y 2%
W73 7-0mA+ o WEELTWAE, T4bb, K
FTHILIZL o TUHHEDREA + > 2% 5 MOR
HDHVIIPIP DAL, BAETH/D2ELVDEH
BOTFREAL, KFEILTEI LI o T21HEiDR
A F 127 5 AEP DAL, BAHETH7-0) 1EV
DEESTFERET A, FELTIDORAF ULl
FERSTOSAFEIZE D, RIIWRT LI,
PIP/F-AIPO4-34 3 X U'MOR/F-AIPO,-34 D Z2[EHE(L
P1, F7-AEP/F-AIPO4-34 DZEEEEIZ P 1 LaE VAT
2, 512, WA+ AL LB BS T L BiktE

AlPO&-34$RTICIEL T, A A VLU 7-B/H
DFONEFIL, AHROBNIZHEEAIOF, DF &K
FHLLTWD, L7255 T, FRIAIPO-34 L[5 A
F MELERAOF —F 4 > ML, BEHEAFAIOLF,
DFMELIZH B LR TE L, L2L, TXTOF
RIAIPO,-34 (235B L C, AHSFOC, OBIUN
BFORERFIKELELRL, ABD ORI
HHESDZ ) ENWI L2 RELTnwh, TOFEE
13, FEIAIPO,-34 I ZF M OKFERHEIIL o THBE
SFEHEERALTYL 00, AES TINS5
2R RFEIRDSZIER L VNI EEZRLTWA,
4.2.2 OHZEIAIPO,-34

AEOERTIX, AREDTHMERVZREORIZ,
OH % AIPO,-34 T# % 4IM/OH-AIPO,-34 DR DE
BUZEED L7 612, 4IM/OH-AIPO4-34 D45
EB L HERS FRBOIARNZ RS . FARAIPO,-
34 LB ), AlOJF, ZHETIE% { AlOyOH), %
HE S tEEIC R 5 b, OHEAIPO,-34 Tid
BHAEE DILFMEAT [AlgPcO024(OH), 12~ & %2 1),
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4IM/OH-AIPO4-34

<7 PO
v
ﬁ- Al
-’. AOLOHD:

X6 4IM/OH Rl AIPO,-34 Dk HErE

—— hvdrogen bond

MFLIZI3BLALZ A AlO4(OH), ? OH #jfiL & K FAh
ALTWAEA F AL L7-4IM DS54 $ 5, RiED
FRIC R0, MILICH RO H 3 OH %13, ML
s TR 2GR 52 50 20D &9 ML
L XD, HSAEURGZAERTFORESBIV
FARIGEWHIRE 5 2, #RE L THUMDGEDOHA
2455k 72 OH B AIPO,-34 OFEENEBRTE - L E R
bhb, Tz, ARG TFAM 2R TACHB L UN
JEFOIRERTZ, FAIAIPO,-34 DZFRIZIERT—
HihN& <, REHEHE & AR5 T 4IM O 2 AH A
ER#%RELTW5S, %3, 4IM/OH-AIPO,-34 4%
BICFEFD S TRAnE &I, EEETHEME
(JEOL JSM-5400) |2 & ZEMSHTCTORERL T\
%o
423 Co%&ETAIPO4-34
ar e M ER R T 5 ALLP-OREA T4 +
DEFEFHIEL T, £& L TAIOyB L UPO,MH
wWEF’iof%&énéﬁﬁﬁﬁrcOzlw
REDEBEBITEYEAT HRAIEAIATD

hfwélﬁ 20, #51ZCoAPO I, AHEFCo2+& LT
WAL BSR4 % Co3+ICHIbEE AT L
& oT, BHEERESTZ &R (HILNOERS
FEROVBL Z LN TELEKRIFENMELAMTH S,
AL SRS OAE R, BRSO A0, U E A0
50 % 7SCoO, MHifRIZEH E N, BREEED(LFHL
Bild [A13C03Pc0 13 ~ L &L T 5 Z L VKB L 72,
7 13RT & 9 Ik AERS 1213 ALOLF, AL S i iR
FEET, (ALCO)O, Mk & PO, UHIAD A TK
ROF v N A bR CEEEEL TR L TWwb,
MIFLICAZ B 5 AEP 2011, 3 (o] [aldindh <0 St fn e
EOMBERIIE W0, BUFEHI U2

AEP/Co-AlPO4-34

-b
)
AN POy ‘. (ALCOO:

17 AEP/Co Bl AIPO,-34 Dk St

HEEP1 ERY, HAETRICESITUEEDOBHEIC
TEo TZEMBEIIPT, RIRRIEL DI ENTHEE
Na, LoaL, SEOBHH S I34EREE O
B L CZRBIBER3 A O OB e A BIZE S
T, HRLLTC, BREBEDRENENT V275
%4ﬁ>wttAERﬁl0Hp+&Eﬁﬁﬂ’ﬁ%
WAL TWAEHRTELDOAT, HBSFL
ﬂ%ﬁm®ﬁ§ﬁﬁﬁ%&m?ép&ﬁféﬁﬁo
720 chabazite ! [A1;C03Pc024]3 - DHFLA R — R 73,
2ffiDOfA 4 v L L THFETE 5 AEP E H,0t 22 &
DA EHELID, MOR, PIP, 4IM H#S 1T
BHOEDLELIEHNTELRNE W) FHFER, £
L TCoMEAIZ X o Tchabazite fIfLAEHF O
AIPO,-34 X W /NE L o722 ERMOR 7% EDFHE
GFDEENT CTHEETAZEEEEL TV LD
ERDHIENTEDD, FHISGHOPETH D,

5. bW
SRIOEKRFERDS & CHEESBERTICE > T,
FEIAIPO,-34 3 X IFOH FIAIPO,-34 fifL & A F
LEBSTFOMEERIE, FRENFBLU0OHE
2 b Z LA L7z, & 512, OHAIAIPO,-34
OMIFLIE, FL LTOHXEDERFMLTIRD DA
ACELABRD TRV ERP 26#E 5252 L
bHOL LR, BHEAIPO,-34 DS A
BOT L OMEERHOBEA» BB LI LNTE
720 —75, Co% A L7:-AIPO.-34 2B LTid, 1K
& LCERAERE L AR T OME/ERIIAHE T
b, GHhE BRSO, A1
2B LU E F—RA ¥ MIRHEN % AR ESR
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PREARTHAS, MEDKREA > LIIRL 2685
FoFAE, €471 MBSO hET
ol KRELZODSLOFIAEMREL L, #HL
WHETESF T4 MR OIS FT CE 5, £
=, ML AE RS FORFIFHEZ I 5 2 12
LoT, MILHMEEEH ICRRIEL I LR
TELILLHEETH L, FFEIN—TL, TD
&9 BEEEREF T4 POALRLTRRES S
AVIRBETAZEICE ST, ¥4 74 MPEES
D¥HERIEZ A — 5 — A — FTERTL5BORE
PERIFTE B EEZTVA, Fighs, RAELTIA
FRAREL T A P OREREEL L TENL DAK
AT L EHE > TBONEFLIZPLTDH
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Synthesis and Structural Analysis of the Al-P-O Materials with the Chabazite Type Framework

Junya Takashima*, Kazumasa Sugiyama*, and Tokuhei Tagai**
*Dept. of Earth and Planetary Science, Graduate School of Science, The University of Tokyo
**Tokyo University Digital Museum

The interaction between the alumino-phosphate framework of AIPOy-34 and the occluded
organic molecule has been discussed through the structural analysis of a variety of AIPO,-
34s. The F-typed AlIPO,4-34 is favored when the organic molecule of piperidine, morpholine,
4 -methylimidazole or I-(2-aminoethyl)piperazine is used as a templating agent. However,
the novel OH-type AlPO,-34 is produced only when 4-methylimidazole is employed. The
space group symmetry of the obtained AIPO,4-34 is enhanced by the point symmetry of the

organic molecule located in the zeolitic cavity.

Keywords: crystal, AIPQ4-34, chabazite, zeolite



