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Ultra-fast Permeable Graphene-wrapped Zeolite Membranes
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Hayato Otsuka™ and Radovan Kukobat™**
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This article describes preparation method and gas separation characteristics of innovative graphene-wrapped
zeolite (G-zeolite) membranes. The G-zeolite particles are prepared by heating of graphene oxide-wrapped zeo-
lites at 623 K in Ar. The compression of the G-zeolite particles with 920 MPa provides the crack-free membrane
of 5 mm in diameter. The interfacial nanochannels between graphene-sheets and zeolite crystal surfaces can in-
duce quite high separation factors. The G-zeolite membrane has intergranular voids of 100 nm in size which lead
to the unusually large permeability constant. The G-zeolite membrane shows excellent separation characteristics
for hydrogen against methane that the ideal separation factor is 245 and the permeability constant is 5.8 X 10°
barrers (1.3 X 10 molm s ' Pa ') o This permeability is more than 100 times larger than those of previously
published membranes. The Robeson plot for H, against CHy clearly shows the superiority of the G-zeolite mem-
brane. The separation mechanism through interfacial nanochannels between the graphene-zeolite surfaces is sup-
ported by molecular dynamics study using a graphene-wrapped rod-like MFI zeolite crystal of (100) and (010)
crystal faces. Here, the graphene-wrapping the zeolite rod has two nanowindows for entrance and exit for gas.
The trajectory analysis from the entrance nanowindow to the exit one shows the marked separation function due
to interfacial channels between the graphene and (100) MFI crystal surface. The G-zeolite membrane exhibits
the best separation characteristics even for CO, against N, of the published data. Also the G-zeolite membrane
has novel N, selective separation property against O, (No/O,: 3—4) with unusually large permeability constant be-
ing 100 times-larger than the membranes published.

Key words: high permeance membrane, graphene, zeolite, graphene oxide, separation performance
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FHNBEHONMR 70— 75 X OB B OV
A TR BRME Y =7 TV AP UEL D
WoE - HTEOF L VBHIZZ 2 TIIEE T 278,
FHIZ Y 72 WA A S TR B A
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FEB-NMR—B% A ¥ ¥ D565 — ] 0 10.6 Bl %
WZDOWTI v 7 MZhbr)R3LHEIrN T2,
F 72, FLE KGO RIK G4 25 https://diffusion-nmr jp/
WZCTHEICLIA & ¥ OIEHNMR B 5 % 56 2
e NI TBY, ZHHFEFICBEIRD
TH»)o B AICMOFMILFIZBIT S CO, DL
WAREUE, MILOE I T2 00, —#NIZ
1E10°-10" m/s FEEE & ILBANMR B X D HlsE S h
'(11\62472”0
232 TEHBE

28 7% 3 Wi 135 (Cross Polarization; CP) 1%, %A ¥ ¥
BB FA HAEH 2 FH LT 280 5B 0%
BALZ BB LB 27 ECTH 2, BEOHED O
BCHlEICB VT, FPHICE AR LE IR E O
FWHED»SBILERTZ & T, "CROESHRIE
WML, WEREEZ KIEZA ETE S, 2070,
MAS{E L & B ICHRDBEANMR OFEE LT 7 = v
T D—2L%oTnD, BAUOEHTHILIZL I,
MOF #l L T3 O, ® PCBAE P > 'H A% & Bk
FHEEHZERT 5, L2 L%aDS, MUBTHE
TEHOKRE SIIEHIEEED 3 FIRILBIL, W L
72 CO LB X - TR 'H & Fig 2 8 TR
WM EEHPEE->TLE ). D720, FEARN
WCIECPETRTEZMMT 22 LIITE RV, By
DRI, Sk O — 8 1) 72 IR B % 7R 3 MOF
D CO TR LTI, Zifhiis L oEhll Lol
JET T CPER A v, T, HMFLANEED
RBEE LAY A b EDBWHHAEMN R EICL 5T
CO, DILBGEIEAHE L, CPIETCO,» "CIlE5 %8l
WCEBRENH LY, IR & 5 5 P
Tl %Wz, HEENMR O X 5 IS ER I Z Ko
52 LIETELVD, PEHURE DS — e 7 fE AR EE A
ZREDAAE D OHWZR &, BN 2R T B
Thb.
2.4 FEfIFiZiERHE CO H R DfERA

BCHORKAELIZ1%RETH Y, Y D99%
BT XTNMRTEHIMTE W "CHTH b, TD
720, FFIZCO, DWAE RV VIETFETR, 7
ERLEZEIIRE T, BEa2Blills572002
N7 MVOREICHIEM A SEEIC L > Tk 1 H L
FERESTLIENTFREND, B OKEN o7
%, B % 08 C ALK BEAE L 72 CO A %
FIHT B EDNET L, BB, o R AR A

Z % VAU 7O NMRIC X 2 5 - 30T S T Hg
ThY, 20X HRILWMESATWEY , AT
EHH L v, OB A b o7
B, by 7 MIBERA LA DEL T ETLY
FEMN 20 JE BN IRRE O FENT AT RE & 72 B

2.5 COZERTHEITED - OHFI & %S

CO, WA L7230 O AR NMR e 1%, BBHE N
B L CO T A% ANTIRETIT DD, — kY
7% [EANMR @ [z s B B XA B I Z Ln iz o,
WIS LD LRPUELE 7D, [EREEZED
R REE O Yy 7RO NTEY, BIAIE
CO M LTzra—TKRy 7 A & THRAEIC
WyfiFsZ T, HMEHENICHEE CO 2 Uik
DHLZENTED, LOLZOYE, TAOMH®
MLV ARG AZEHTET, 2ED
LRAERON S, £ TARRITIE, CO,HZHA
TTHEZRAT ) 72D ORBAEEMOFEE RN T %0
251 HIXEDEH

CO, % & LBk R A T IS B % EARNMR il 52
TR TN D D%, AR EEDILEOEID
HARFIALIZH T AE R T AN=F —THEEY >
THULZ2HETH S, MOFIZBWTIE, WA L7
CO, DEARNMRIFEDIT & A ENZ D FETITDH
NTwb, 77 AEOHEITTENSULELED,
B OWE I N TREZR ATH 2 EWRTE B,
72721, MASZATWZ2Wie, #ELLN I A
AHEEREEICA S 720, RIS X 2E0HTH S
AEVWIETEV A7 R, I AEORIRICE T
IR ASAR LN 2 D) B E IR T 5 ) A 7 25
5o

NMR ZE{EALERTH AR > NI HEHE L 72 Bk

774 T7THORHEENMR 70— 7 HICERET S
Z & T, WEBREE T CREHIRR 4 2 M AE & EIINS
% in situ 5 & 47 o 72 BIASHRE S Tw ™, o
DL HEBIIEEPMABV IR IR TE ST,
FAEDSLEL L 2 578, — D OFHIH L Tz
HAEZEALTELHEIRERRAY) v b TH DB, 5
RIS B W T CO &2 KRAELL T ~# 10K E,
Xe TIE20REE T TEL s, EhR"ch L
PXe NMRIHISEZIT o TV 5D, AT AETRBEDYE
BEEERS LI LT, ¥ 7747 L HATREMRRZ
KFTBLOD, Kex e A AENT TWEZITD B
B AHEMGENTE 2 LfFsN D, HFRAET
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PR 722508 CexsituEZ2 AT - 728 b i ST
\4\637)0
252 %% s EEEAEOER

TR O RS OB & 512, 0V v 7 Offn
72 A 7)) 2—=RF v v TR A 2 EAE o HfinE
B & A LW 25 270 EH SR s
EBEIL, HAITRT &9 5B MR % 8
- ERL, HIEEOETOF AZHA T Tk
BOXyy TEMMTEL T ARE MBI AL
T, CO,FA TICZH1F 5 MOF ® °C MAS NMR il
EEToTWEY, ChETICI0RIEREE T
N2 COZHATETEBY, HyRAFLEXR
TMASIZ & % EIKEE - SRl e R EmS TH 5
HR, 1 FERREME SRR 7 RN LBk & e 7 A E
EENTX 520805, AEROBCFEES 2
5o

3. MOFFRDCODE A F I U ABHDERE

MOF &, &g A A ¥ L BT D RALK &5 5
WS N B L KIGI B % Fio 2% ILEM B CTH
5o M3 ERMEL RN TOMAEDLEICE > TS
BN TE, BN OB DB A
% I & o THIHLHIS AR BE R0 72 W A4 -
ZIATRE & Vo i A F0, 29 Lok
FHMEOmE S, N FE TG HIEE O MOF 3
BN, TOWBIFEIK AR SN TS, [k
NMR (£ MOF O J3 il 1% %2 7~ A b 5 F OWAE IREED
AT LIE LIV SO N TE DS, W L72Co0

(a) (b)
Screw cap
with O-rings :

®4mm rotor
cylinder

Commercial
spinning cap
(JEOL)

¥4 F 37 ZAXEEPCNMRIC & o TRIFSh 5
LR o72DEX I ZI04EITETH D, iFEh
TWVL LD FEFENABLRY) J0MMBE L 2T L
Zd v, LA LEDS, 204 DEIANMR
2 & B IRHTHEA D CO, DWAEIREOEREZ1HLH &
W L Twb, LTFTIE, RENLRWL D005
IZOWTIY B, f#T %,
3.1 COhO—AILEED

[ f& °C NMR (2 & 5 T MOF I2Wt 45 L 72 CO, D&
By % AT % 5k &1, 20124F 12 U. C. Berkeley @
Reimer 7 )V — 712 X W fldThibh =", v sh
72DIEMOF-74 L IIZ N 5 = ) 2 BRSO 1 KT
HMIFLE A3 % MOF ([X5a) TH Y, (LFHNLEEED
BEREPLBEAICHIEEN TS, Reimer b 1&
MOF-74 1D CO 123 L, °C CSA I X BHyk 84 —
VERNIT S LT, WAIREED CO, AT il a] iz
BEfT) 2 LA MOTHRE Lz, MIRETHOEHE O
B0 ~60-70° REOHPATH Y, WEHL AT
LLOWNEL bl R, FWAERICL->TD
ONZEALT B L HR L (Msbo)e 72, “CTy
TR O iR E AL DOIFNT & 0 E, %R, WA=
WINZ LY EAVNEL B 2 2 H 5 CO, & W
A4 NOMELEHDEE > TV AR Z 35 L 72
2D X HIZ, BERANMR TCO, DWLHEIREEZ FHHIC
N CE DL ZRLIEERMETH L. ST
ZOVER, By FHNOEIC X BHLF D Cco,D
HHZALVF—0FHE L), MOF-74H D CO,id—
il a8 8 C 2 < FREEE) & WA A PO K v ¥

Rotor chamber

4. (a) 7 AZPHZF MAS NMR 52 H 0 2 v 2 = 7 8 nizi k4. 1O JEOL 4 mm [I#zEFRHE O TEIR & J 124
HOMEAEI L7z, A VRO LEF v v FTICWY T 720) v 712 & o TR NICKRGEM Lo A A %25 T %
CEHNTEDL. ABEENOTZOEAR ) ISRTREEHWTT). FBEAREH WS Z T, FEOE

HOHAFRA TICTRAEDOSLLZHATE 5.
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(c)

"
rotation angle IJ

A A R

200 K
63°
69° / \ 210K

---------------

250 200 150 100 50 O ppm

P15, (a) "= 28U % 43 5 MOF-74 O, 6 TR O THMIC RS 2 S ELRWAY A P LTMbh
%. (b) MOF-74 12W# L 72 CO, DEBE 7 V. Lps— By, FAs—himis & W& A Mk y €r 7o
BLAEH). () Reimer 512 X % MOF-74 10 CO, A5 — WAz E B % 17> TV % & LHAE D ek sy - o
AT %%40) . [Adopted with permission from ref 40. Copyright 2012 American Chemical Society.]

VMBI RToCW AR EREL, TOXH %
2 OEH OMAEGHETH CSADH KN F — >
AFHLY B LW LTwaY . ZoREIF
The University of Western Ontario ® Huang 5 12 & > T
Bk O NMRJEA T, "0 D CSA & MU T
MEAEARE D S 5 BN LD, 0~20-30°
FEEE O — il MR EE) L WEH 4 MoK v L TR
B (M5b) pH2E T LIRE SN,

Huang 7 v — 713 MOF-74 UAH b, B4 7 MOF
UG L2 CO D A F 3 7 ZRITIZHLY #LA T
Wb, IS PCCSAICE ARy — 2RI L
7o — 7 VEB ORI A, PC CPllE R XRD,
FHARHA TG ST X 2 50 2 WA R O FRIT B 4T
)T ET, CODWLAIRIER B FMNI IR LT\ 5,
#1212, CdSDBH X U'PbSDB L ITiEh 5 cd* 5 &
PO 5 72 D MOF 126 L, Hiik i XRD &
[ 7 °C NMR % LA b2 7207 % 17> T 62
CO, W5 T C D Bk W AT IC X > TMOF 1
COWAMBEEFEL, T2 CHE Y — V2
WMd5IET, COLDWAENA P ETEDLHITE
L, FLWENA MIEZEDIHIITRy EY T
200 %HL L7 (K6) o BAANMR IR
Y - BIROREE O 2 E L T2 05, i
WO L) EREELTET LI LIIHLL, 2

XRDIZFEDOWE 20720, Thd o0 FkE%
MM HAGDLEDL Z L REFICENEE R .
a-Mg formate & IFIZN % Mg’ " & ¥/ A + ¥ H 5 %
AMOFHDCO, 2R LTI, “chF sy — itk
B —iEEER B X 0K v € 2 Z B o AT I
Z, O TEEEEHEC X o THIFLP @ O, DALE %
FEFE LT a® o FHETRE S N7 CO, OB O
IENMR 2 S8 SN BB ok & & < —3L
T, FHEEROZUMEEBFITR LD, M
LT D CO, DB & RWAFF 2 BT 5 2 &1
L TWwhb,

FREOBNE T RTE IR ORE O FANMR Hl52E
WX DAL TV LD, MASEZE I\ 73BT O B
ST %o UTSA-16 & IFIX1 5 MOF IZH % L 72
CO TR L, MASIZ & 9 CSADSFIgIL & ki
L7z "ClReo¥— 7 EoiEEI» S, WEC
JE U2 S O BALA ShTwa™, ¥—s
B DOZEAL DI 1 ppm F2FETH 5 A%, MAS & 11hH
W13 CSA & MOF 1O ik Co™ 4 + » D%
BORER/NY — 13300 ppm I L SRIEEZ R L TH
D, ZOX) BREHFET 7 MED/NS LA
WTEDIIMASEZ W20 LS5, $F
DITREEO EERRE 2 ER L, Yok o MOF-74
(2% L 0.01-1 MPa ® CO, £ /3 F T °C MAS NMR il
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300 200 100 0

ppm

[X6. (a) PbSDB HUZ WA L 72 CO, D PCRIH /S5 — > (i) B & O — Bz EE) & ~ > OWEH A oKy € v
THEBEMRE L2V I 2 L= 3 YEIE (BHR) . (b) BESXRD X O 57z, WAf L7z CO, 2 & & PbSDB
kS, FRSCNMR & 05 A2 SN2 CO, DEB OETF B R ST W 5. [Adopted with permission from

ref 42. Copyright 2016 American Chemical Society. ]

ExAT o720 MAS TS L 72 o, » PClE 5
SIEES EFAAED 0.1 ppmBEEDOE —27 7 b as
B S Tw5 (X7) o MOF-74 112 B W T COy 1t
HAED EHICHE G, RERICE T 258 1 g
A MEIFRLELELWET A MIHWHEL, Tno
FA MEOKRY ¥V ZIC X BT —2 ¥
Z7hELTHRTWS EMRTE 2%, 10-20 ppm
R OMUEZ R T EEIREEO R K7 — > O T
X, 0.1ppmBEEOE -2 27 M/ 4 AL %54
AN TLE ) WD H Y, 13 FEHS
¥ 7 MEDATIZ BT 5 MAS DA BMEA ) A
Z %o

CO, D— il MfnEEN DM X B L UK v ¥ ¥ 7 iEE)
XD ABEEAD/NS W E &, HERY — VKRR
23200300 ppm {2} S & 9 BIEE AR 2 E 7 2R
Fo ZOL) BGEEHEERETNETS LD, ¥
KHZ B TMAS 2TV A Z v ¥ 4 BNV FIC
XoTESZANL 7 FICTAZ LT, WEKREL
KELIM ELDDCSAMNT 24T 2 %0 EEH 1T,
CID-Me & X1 %5 MOF (X 8a) 4%\ 1 Ik TTHIFLH
25 L 72COo W2 xt L, °C MAS NMR il & % 47
ZOEBER AT L7 o LT OGS Ch B
F v BT 4 HICCO 251 0 F W53 5 0.03 MPa 2 &
25T WA T H1IMPaE CHENEZL S THEL
A BN IR =R T B 749742 7T
CSAMZHUE LA Q) 12k > CHiRDOMHE & 0% Ko

1.0 MPa

(b)
~ gaseous phase CO, ’/\
\ !
0.5 MPa /\
0.1 MPa j\¥ J/\
]
1
0.05 MPa /L
0.01 MPa S ‘ 3 A
}
|

150 140 130 120 110 100 127 126 125 124 123 122
3C chemical shift / ppm 3C chemical shift / ppm

7. MOF-74 H1 235 L 72 CO, D & °C NMR A < 27
v, WISEIZ0.01-1 MPaDEH FIZ T, (a) il
RIEB X0 (b) MAS T O EHIR LiTh 7z,
0.0135 £ Tr0.05 MPa DB A /¥y — 2 1ZxF L, BISb
O—HMdE+ A MKy ¥y @ EHE VT
TFoltfWIEyIal—varyofRELR_RLTY
5.

72 ([XI8b) o FDFER, 0.03 MPa TIZH=32°, 1 MPa
Tl 0=24" LWAE B OINIHED 0 DA 23 HETR

N7z THE, CODERHIFLINIC THRAZ TR B D
CO T & B ViR EZ 21, EEHFHBREI N T2
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@ Cavity _Window ®) ©2 =
\ v P/MPa 5§57 0095 MPa
1.00 0 =24° £ 0 0.03 MPa
© =
E
/ﬁ‘/g ) 1 l — © g
EER
0.50 6=25 8-0_,...,...,..
J | e 0 20000 40000
g Window . ~ Adsorbed 3CO,-gaseous 2CO,
exchange time / s
P 0.10 6 =30°
. OCawty d) =
| 2 8
ISR Q
£ 64
@ Ro{ator){ 0.03 9 =32 3 4] ) a
pyridyl rings 5 ]
S,1 . ® 0 CO,
¢ s ] R A CH,
a AR e e Ry R ———
300 100 0 -100 3 0 1 2 3 4 5
b Rotatory rings

3C chemical shift / ppm

Contact time / ms

8. (a) CID-Me D& fHEE S X OHIFLIR G 2 Ik Lz RiEE. 1 ksiifloF Yy 74 B X7 1 ¥ Koz
NAFTALPLTRLTWS. (b) CID-Me HI2Wi# L72C0, D "C MASNMR A7 bV (F2#) B L O 4 BN

YRR =T BT 4 T4 v T RER (B

AT & D RSN EEOB E M0 bR L7z, (o) i "co

LR PCO, RBERC X W B SN2, Wi L7z CO, 0 PCEFMEDNZL. 0,035 X070.95 MPaDF ) FTER%E

T, BB EHGE 749574 27 () L) ZNZROFE S TOREEEE35%10 ' BLU7.0x10 s

-1

L1572, (d) CID-Me HIZWiE L 72 CO, (0.03 MPa) 33 & UNCH, (0.10 MPa) @ PC CPAES D> ¥ &7 b ¥ 4 2KAF .

ZLEFELTWS, CID-Meld3fILO Y 4~ Nk
(X 8aZ M) 12 B\ CTHEAL T D — B AT fis B B % A7
LTHY, ZoREOEICHIILED 2.5 Ar s34 A
PR CHIWICIER T B 2 Ho, 8 D ILRMER
HNMRIEIZ LY, EIETTEF v 5 1 #6225
T L7z CODSViARREE & 72 ), BT O Bk
SHIRENDEETEZBM L 720 TNOHOHAE IS
BEAL - O BB PO T X 2 ML O P K o #ifl 23
CO, DMIFLNIEHU 22 JUZT 2 &2 /ML TH
D, ZOFEMNIKEIC THRAT %,
3.2 CO, DHBFLAHLEL

CO, DILFDIENTTIE, £ DB EILFHNMR E73
HoubhTwad, MOFHIFLHIZHIT 2 CO B L T
&, Lo Y, 107107 m¥/s FLIE O LR B A
PEHNMRPEIC L D B E N Tw 5, #HEOHE

TIEHR—DILHRBBONLDRIZE EF D05,
FICIIM AR Sy — v 2FHT 5 2 2T, MFLAEEIC
WRAE U 72 PEWOREE D BTV % AT L 7235 D & 5.
2AHICIRARIZ X 91, AR S5 A AR H
D728, NMR DEHES AT BT omn &

WKLo TE=FZMBENZLL, ZORELEDLEIN
3&1\7—/1&6 W L 72 CO, DA FARLS,
KA N THDEEMOBHIHITAHME L L HI2CO,
DMENRLEDY, CSAICL Y BeV — 27 ofifirg
b3 %, 22T, BIZIEHHOaTTmE be il

THIALEED 2% 5 & 9 BTN RMIUBEOY &
HWmOmE & & IR AFNEMLOmE bENT S
7280, CO,D "CHHI Sy — IR0 5 AL
DOMEERBLZdDE R D, TNITH L THLHL
NMR I 5E # 17V, BB L 2Ry — > D%
ALZNTT 2 2 & T, IEHURE DML RS %
WAk L7zBldse opdiis shcnwa Y, 2z

E—plE LT, ko 1 RkITHIFL % F D MOF-74
DRI FER (X1 9a) 12XF9 %, Reimer 5 12 X % il

SERRERAT 2 EBRTI LRI NS
FEUvstikof 2 il s h, KobliRd & 912,
W L7z CO, ORHRIN S — » OIS WM B X O
JBWBEEM O Y DS, FNENEEYS By HIIx L
AT E L OEE IS A ST 5o B
HEL SV A G, % By & SPAT NN L 7255 PC ik
MONMRISE AT o728 25, 75V ABREEORNIC
P B8 8 — » O PEANAS & 1 5 < SR EE AT
FY AT BB SN, T i, 1KITHIAL
FOIEED A5, MILE MEHFMOILELE D D
MW EERLTWA, HEHIEFARZ P VY I a
L—2a VICE BT LD, 1 IRICHIFLTT I O HE#k
B (D) 265%10°m’ s ', ML E EE 1 (D)
239x10 " m’s” EHTW A, 1XKITCHMILICH D
5L & M 1A CO D ILEL T & 5 DIk, K
& DHIFLBEICRAZE VT W E D E SN b,
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9. (a) MOF-74 @ [l JE M 3% 4 T & % Zn, (dobpde) @
FAREIG. 1 UITHIILPIC BT 5 CO, DILFLD K
IS L CTHBRELD, B3 L O D D & 9 12
E#ENTWAS. (b) Zn, (dobpde) H1 o> CO, D PC
PLBNMR A7 bV Y By & PAT I R ED
U 7= W3R B SV A G OB % 1F 72255
EE NIz BolK 3 5 MOF OO & &K
R = DTy VEDIHIBHRENT VS, [Ad-
opted with permission from ref 28. Copyright 2018
American Chemical Society. ]

28 5 PETNMR DAL o T CHEHOE E & AR
BLRAAETH-TEBY, TNIZOVWTHMANT 5,
3AHITHRARAZLH IS, EHSHIICID-Me & IFIEN S
MOF @ 1 RICHIFLAIZ T, CO, DA 2B ELAL T
OBEEPET T AT 2B L7, 2@ CID-Me
DML BCAL T D BIFR DB IR 5 5 E % #5
L, L7228 CTRIETICTHEEESK T35 2 &
THILEERIE R AT S 1, CO, DILFRDSEL 7 B &
THEINDL, TNEFEET L7700, WHIIMOFIZ
B LR CO, (PC99%) 2 WhAE S, Z 0%
MOF % 3% D CO, (*C 99%) FIZ{# < & & THIFLA D
Bco, & co, & L, Fo#EE °C MAS NMR
TEZY —F 5L FERET- 7. MFLNICHE
L 72 CO 2SI O 5k D CO, & AN b 2T
EHIFLN DI 2 5 Z L2 b 728, ZCHRBELC
EIEFCRES SN LRI NS, EEMN%
MALF v BT 1 FBIZCO A —2WeA5§ % 0.03 MPa
BIUZOWETH095MPa b %2 L, K4I1TRL
T2AZ ) 2 —F % v TROKENR GRS B X O

JICEFT LR EZ VWD 2 ETHEEATIZBWT
BC0, WA L 72 MOF % CO, Il L, “CiE%5 ofk
BELEZBII L7z ZORSE, K8cllRT LI
WA L 72 "CO, DIE 5 IEA *CO, & DR TR %
WZIHEE LT SRRFARERR S Nz FREIEIC X 5
7 4 y%4 v 7 &) SHGHE 1 0.03 MPa T 3.5 X
10*s™", 0.95MPaTIZ7.0x10°s ' &5 h, BT
O iz 8 E DMK T 3 5 B T T CO, DRMFLNTE L
HEDIK T T 5T LARENT, 7B, FEBRIZHW
72 MOF O &5 4 2 (~10-50 um) X 0 EE 4R %
W3 5E10°10" " m’s ' &40, —fk1Y7% MOF
HOCO, DL D B VRBEV ERDbAD, &
AUIR AL BT 2 [0l53 2 BLfrF O AR R &
DOWETHY, Z0XD LA 5 2 ZHAL
T O MR EE DS CO, DILFUEE 2 I L2 E 2
LNk,

Z D CID-Me DFFEIZHBWT, EHLIZCPEEH
W 7R EOR B DA D AT - 720 CID-Me I2WA5 L 72
COFIEVILBIZ X Y CPEET CREEIBITE 2,
CPIZBIT WAL B O ME X, W HEE IR L
TABETHEERHOKRE SI2E B 20720, Wik
EBTCP RV ADHIYEEM (22527 M ¥4 L)1
BIELCED L) IR IR S N D h 2 iix5b 2
LT, BB OE WA T & 5, BIZETIXCO,
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&R A Z9NEL, Fo—HI2Co, & DK
DIV CHL DWW T, CID-Me l2We# L7234 CP
HECPCESPBRNTEL I L2 ER LD, 20
fEEEDa s 7 My A4 MR EZIEL, CO,
EDORBEAT 5720 ZOFER, K8AIT/RT & 912
WoT &b IRERAEDOI L 7 F ¥ A4 2AEN TR
L720 CHylZWRASIREEC b /0 T e fihs s % L
THHY, TN XY 5 TR B0 BT AR
AL SN CPIZH G L Rz, CO, kIS
BLhr 0 'HA 5 ORALBE TRESABN S hTw
b, Lo TIOMEIE, COB X UCH,? C
B & BT T 'H% & O3 M B A R A, 5
bBFE L L) RBEETHEHRL TSI EERLT
Wb IS DFS\ CHy O )7 ASHIFLIN % Ji L L
RFTVETFHEINDDS, VML TIERAE O =
X0 D VARBEEDS BRI EE X BN D, &
D &9 AR CAARBEE & 7 2 FRAL T 0 i
Z T EIUL, 7 A OILFEE LT A ZRIR
BZay ra— ViR Tdh b Z & % ARIEIIEET
%o

4, FEHESEDEE

ARTld, BEAPCNMRIZ & 5 Tl L7 COo,
D TEEDBED L) ICBM S B D0, DM
BT 5 & MOF & ®f 5 & L 72 B DT DT
fRH L 720 BAANMR TIEMILAIZ BT % CO, D
O — AV EE), BRI A b ETolllk
HEE) WA A FEOR Y ¥ 7 EEE, EEO A
FER W EE, WGP AV F —F TR TTRETH 5
Z0720, MALFIZCONRED L H I AEhT
WLDPEFMICHONICTEIENTE S, £
72, MIFLNIC B 2 IEHOREOFM b W EETH D,
AU R BRI B TR R A AT A
WERNG A= =B b, MAT, FIEANMRIZ
XRD R 5B T2 & 2 W35 R O RHT % 4
GBI MR HETH L. ) LI
ITMOFICBR ST, ¥4 T4 & LMoL LYk
WL COMATRETH A Do F72COLAND T A
M LTh, REVFEL L) IS IETH
), MOFIZWEA5 L72H, R CHy %2 & & W & L 724
ROME SR TL2Y, S EFTRALZDDE
FTRTHE—DO N ATEDOWAIREE 2 72 D727,
— T CEBEOT ZAGMOME L I BIRE T AITDON

TIEZ, MOFIZBWTIFEADH S Y [EANMR T
WASIREED 54 F 3 7 A %R HIEHE S Tw
Twve MEFTATICBIT2WARBLHARL L
T, HADEED A 5 = X 1= 5T L~V TN
BTHA)o COZEELH AT DO - DO
JEIZ B % BANMR ORI AR A L UL, £1L
MR OBISE - IS OB 7% 2 #2035 & WifE
INb,

Eif

M2DARY PVIZERAS - KEHZOMERL
eV 7 by T RHAVTEE Lz, 7134 AR
LT REANMR OWFFEIC BT 5 L FIEH TH 58
EREE - REELARIC SREE W 72750, $72, [
RNMRIZ & 2 BHE 72 fEAT OFH A LT H s
T %2 &9, BARLTRS - EREBEIC R A K
ELTW72wiz, RIFE0— IR 7 Bk
H % (20K15298, 23K13717) & 1 THEM S 17z,
COWEMEY TBALHRLLETFES,

SE

1) H.Wu, J. M. Simmons, G. Srinivas, W. Zhou, T. Yildirim, J.
Phys. Chem. Lett., 1, 1946 (2010).

2) W. L. Queen, C. M. Brown, D. K. Britt, P. Zajdel, M. R.
Hudson, O. M. Yaghi, J. Phys. Chem. C, 115,24915 (2011).

3) S. Xiang, Y. He, Z. Zhang, H. Wu, W. Zhou, R. Krishna, B.
Chen, Nat. Commun., 3,954 (2012).

4) H. Yang, F. Guo, P. Lama, W.-Y. Gao, H. Wu, L. J. Barbour, W.
Zhou, J. Zhang, B. Aguila, S. Ma, ACS Cent. Sci., 4, 1194
(2018).

5) H.-M. Wen, C. Liao, L. Li, A. Alsalme, Z. Alothman, R. Krish-
na, H. Wu, W. Zhou, J. Hu, B. Chen, J. Mater. Chem. A4, 7,
3128 (2019).

6) C.Serre, S. Bourrelly, A. Vimont, N. A. Ramsahye, G. Maurin,
P. L. Llewellyn, M. Daturi, Y. Filinchuk, O. Leynaud, P.
Barnes, G. Férey, Adv. Mater:, 19, 2246 (2007) .

7) N.A.Ramsahye, G. Maurin, S. Bourrelly, P. L. Llewellyn, C.
Serre, T. Loiseau, T. Devic, G. Férey, J. Phys. Chem. C, 112,
514 (2008).

8) W. Yang, A. J. Davies, X. Lin, M. Suyetin, R. Matsuda,
A. J. Blake, C. Wilson, W. Lewis, J. E. Parker, C. C. Tang,
M. W. George, P. Hubberstey, S. Kitagawa, H. Sakamoto, E.
Bichoutskaia, N. R. Champness, S. Yang, M. Schroder, Chem.
Sci., 3,2993 (2012).

9) H. Tanaka, S. Hiraide, A. Kondo, M. T. Miyahara, J. Phys.
Chem. C, 119, 11533 (2015).

10) I Skarmoutsos, Y. Belmabkhout, K. Adil, M. Eddaoudi, G.
Maurin, J. Phys. Chem. C, 121, 27462 (2017) .

11) F. Salles, H. Jobic, T. Devic, P. L. Llewellyn, C. Serre, G.
Férey, G. Maurin, ACS Nano, 4, 143 (2010).



174

12)

13)

14)

15)

16)

17)

18)

19)

20)
21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

D. Saha, Z. Bao, F. Jia, S. Deng, Environ. Sci. Technol., 44,
1820 (2010).

Q. Yang, H. Jobic, F. Salles, D. Kolokolov, V. Guillerm, C.
Serre, G. Maurin, Chem. Eur: J., 17, 8882 (2011).

T. M. Tovar, J. Zhao, W. T. Nunn, H. F. Barton, G. W. Peterson,
G. N. Parsons, M. D. LeVan, J. Am. Chem. Soc., 138, 11449
(2016).

V. J. Witherspoon, J. Xu, J. A. Reimer, Chem. Rev., 118, 10033
(2018).

Y. T. A. Wong, V. Martins, B. E. G. Lucier, Y. Huang, Chem.
Eur: J., 25,1848 (2019).

C.Ye, R. Fu,J. Hu, L. Hou, S. Ding, Magn. Reson. Chem., 31,
699 (1993).

A. J. Beeler, A. M. Orendt, D. M. Grant, P. W. Cutts, J. Michl,
K. W. Zilm, J. W. Downing, J. C. Facelli, M. S. Schindler,
W. Kutzelnigg, J. Am. Chem. Soc., 106, 7672 (1984).

S. G. J. van Meerten, W. M. J. Franssen, A. P. M. Kentgens, J.
Magn. Reson., 301, 56 (2019) .

R. L. Vold, G. L. Hoatson, J. Magn. Reson., 198, 57 (2009).
F. Gul-E-Noor, M. Mendt, D. Michel, A. P6ppl, H. Krautscheid,
J. Haase, M. Bertmer, J. Phys. Chem. C, 117, 7703 (2013).
A. Masala, F. Grifasi, C. Atzori, J. G. Vitillo, L. Mino, F.
Bonino, M. R. Chierotti, S. Bordiga, J. Phys. Chem. C, 120,
12068 (2016).

P. Dais, A. Spyros, Prog. Nucl. Magn. Reson. Spectrosc., 27,
555 (1995).

K. Diaz, L. Garrido, M. Lopez-Gonzalez, L. F. del Castillo, E.
Riande, Macromolecules, 43,316 (2010).

A.-K. Pusch, T. Splith, L. Moschkowitz, S. Karmakar, R.
Biniwale, M. Sant, G. B. Suffritti, P. Demontis, J. Cravillon,
E. Pantatosaki, F. Stallmach, Adsorption, 18, 359 (2012).

S. Schlayer, A.-K. Pusch, F. Pielenz, S. Beckert, M. Peksa, C.
Horch, L. Moschkowitz, W.-D. Einicke, F. Stallmach, Mate-
rials, 5,617 (2012).

M. Peksa, J. Lang, F. Stallmach, Microporous Mesoporous Ma-
ter, 205, 11 (2015).

A. C. Forse, S. A. Altobelli, S. Benders, M. S. Conradi, J. A.
Reimer, J. Phys. Chem. C, 122, 15344 (2018).

A. C. Forse, K. A. Colwell, M. I. Gonzalez, S. Benders, R. M.
Torres-Gavosto, B. Bliimich, J. A. Reimer, J. R. Long, Chem.
Mater:, 32,3570 (2020).

Y. Zhang, B. E. G. Lucier, Y. Huang, Phys. Chem. Chem.

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

Phys., 18, 8327 (2016).

M. Inukai, M. Tamura, S. Horike, M. Higuchi, S. Kitagawa, K.
Nakamura, Angew. Chem. Int. Ed., 57, 8687 (2018).

B. E. Desveaux, Y. T. A. Wong, B. E. G. Lucier, V. V. Terskikh,
P. D. Boyle, S. Jiang, Y. Huang, J. Phys. Chem. C, 123, 17798
(2019).

T. Kurihara, M. Inukai, M. Mizuno, J. Phys. Chem. Lett., 13,
7023 (2022).

W. D. Wang, B. E. G. Lucier, V. V. Terskikh, W. Wang, Y.
Huang, J. Phys. Chem. Lett., 5, 3360 (2014).

H. C. Hoffmann, B. Assfour, F. Epperlein, N. Klein, S. Paasch,
1. Senkovska, S. Kaskel, G. Seifert, E. Brunner, J. Am. Chem.
Soc., 133, 8681 (2011).

V. Bon, J. Pallmann, E. Eisbein, H. C. Hoffmann, I. Sen-
kovska, 1. Schwedler, A. Schneemann, S. Henke, D. Wal-
lacher, R. A. Fischer, G. Seifert, E. Brunner, S. Kaskel, Mi-
croporous Mesoporous Mater., 216, 64 (2015).

A. C. Forse, M. I. Gonzalez, R. L. Siegelman, V. J. Wither-
spoon, S. Jawahery, R. Mercado, P. J. Milner, J. D. Martell,
B. Smit, B. Bliimich, J. R. Long, J. A. Reimer, J. Am. Chem.
Soc., 140, 1663 (2018).

J.Z. Hu, M. Y. Hu, Z. Zhao, S. Xu, A. Vjunov, H. Shi, D. M.
Camaioni, C. H. F. Peden, J. A. Lercher, Chem. Commun.,
51, 13458 (2015).

M. Inukai, T. Kurihara, Y. Noda, W. Jiang, K. Takegoshi, N.
Ogiwara, H. Kitagawa, K. Nakamura, Phys. Chem. Chem.
Phys., 22, 14465 (2020) .

X. Kong, E. Scott, W. Ding, J. A. Mason, J. R. Long, J. A. Re-
imer, J. Am. Chem. Soc., 134, 14341 (2012).

L.-C. Lin, J. Kim, X. Kong, E. Scott, T. M. McDonald, J. R.
Long, J. A. Reimer, B. Smit, Angew. Chem. Int. Ed., 52, 4410
(2013).

S. Chen, B. E. G. Lucier, P. D. Boyle, Y. Huang, Chem. Mater,
28, 5829 (2016).

Y. Lu, B. E. G. Lucier, Y. Zhang, P. Ren, A. Zheng, Y. Huang,
Phys. Chem. Chem. Phys., 19, 6130 (2017).

R. M. Marti, J. D. Howe, C. R. Morelock, M. S. Conradi, K. S.
Walton, D. S. Sholl, S. E. Hayes, J. Phys. Chem. C, 121,
25778 (2017).

Y. Zhang, B. E. G. Lucier, M. Fischer, Z. Gan, P. D. Boyle,
B. Desveaux, Y. Huang, Chem. Eur: J., 24, 7866 (2018).




(23) Vol. 40, No. 4 (2023) 175

Adsorption and Diffusion Dynamics of CO, in Metal—Organic
Frameworks Studied by Solid-State “C NMR

Takuya Kurihara
Division of Material Chemistry, Graduate School of Natural Science and Technology, Kanazawa University

The development of porous materials including metal-organic frameworks (MOFs) and zeolites and their ap-
plication to CO; separation and storage are important research topics for the sustainability of our society. Under-
standing the CO; capture and separation mechanism is essential for improving the gas sorption ability, designing
new porous structures, and applications. Solid-state nuclear magnetic resonance (NMR) spectroscopy is a power-
ful tool to investigate the adsorption and diffusion dynamics of CO; in porous materials. This review focuses on
the solid-state °C NMR study of CO, adsorbed in MOFs. The Basic theory of solid-state C NMR and the analy-
sis methods of adsorbed CO, dynamics using chemical shift interaction, spin—lattice relaxation, diffusion NMR,
etc. are explained. Then, representative solid-state BC NMR studies for adsorption and diffusion dynamics of
CO, in MOFs are presented.

Key words: solid-state e NMR, carbon dioxide, metal-organic frameworks, molecular motion, adsorption,
diffusion

Copyright © 2023 Japan Zeolite Association All Rights Reserved.
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International Symposium on Zeolites and Microporous Crystals (ZMPC) 2024

July 21-July 25, 2024

Osaka, Japan

Venue: Knowledge Capital Congres Convention Center,
http://www.zmpc.org/index.html

Organized by
Chair: Prof. Norikazu Nishiyama (Osaka University)
Vice-Chair: Prof. Shunsuke Tanaka (Kansai University)
Secretary: Prof. Yasunori Oumi (Gifu University)
Treasurer: Prof. Manabu Miyamoto (Gifu University)
Scientific Program: Prof. Satoshi Inagaki (Yokohama National University), Dr. Tomonori Kawabata (Sumitomo
Chemical Co., Ltd.), Miki Sugita (Mitsubishi Chemical Co.)

Correspondence:
Secretary: Prof. Yasunori Oumi (Gifu University)
Email: sec@zmpc.org

Important Dates
Call for Abstract: October 1, 2023
Deadline for Abstract Submission: December 15, 2023
Notification of Abstract Acceptance: February 15, 2024
Deadline for Early Registration: May 7, 2024
Deadline for Late Registration: June 7, 2024
Deadline for Recent Research Reports: June 7, 2024

Invitation and Scope

ZMPC2024 will take place during July 21-25, 2024 at Knowledge Capital Congrés Convention Center, Osaka, Japan.
The symposium aims at promoting the fundamental and applied studies on microporous, mesoporous, and layered mate-
rials. The scientific program will consist of plenary and keynote lectures, and oral and poster presentations. The major
topics of the symposium will be:

1. Mineralogy and Crystallography 2. Synthesis 3. Post-synthetic Treatment

4. Characterization 5. Ion Exchange 6. Catalysis

7. Adsorption and Diffusion 8. Membranes and Films 9. Computational Chemistry
10. Layered Materials 11. New Porous Materials 12. Novel Applications

13. Industrial Application.

All authors (oral and poster sessions) are requested to submit an extended abstract (2 pages of A4 size) with a short

summary via this website until December 15, 2023. Use the template of the extended abstract on the web. The abstract
must be in English. Upload the extended abstract in pdf file on the submission site. The extended abstract includes a short
summary, tables, figures, and references. The title of paper, the name (s) and affiliation (s) of author (s), the contact ad-
dress (e-mail address and fax number) of the corresponding author, and a short summary should be put at the first part of
the abstract. The authors must select the field in which the paper is to be accommodated, and the authors’ preference
(oral or poster) on the website. Selection of the papers and the mode of presentation will be made by the Organizing
Committee based on the extended abstracts. Notice of the acceptance and mode of presentation will be sent to the corre-
sponding author by February 15, 2024. Time for each oral presentation will be 15 min including the discussion. The
speaker can use a PC projector provided by the venue. Time and board size for the poster presentation will be noticed af-
ter the acceptance.

Program
The scientific program of ZMPC2024 will consist of plenary and keynote lectures, and oral, poster and RRR (Recent
Research Reports, poster) presentations. Special, plenary and keynote lecturers are listed below.
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Special Lectures
Prof. Valentin Valtchev (Ecole nationale supérieure d'ingénieurs de Caen)
Prof. Wilhelm Schwieger (Friedrich-Alexander-Universitit)

Plenary Lectures
Prof. Suk Bong Hong (Pohang University of Science and Technology)
Prof. Emiel J. M. Hensen (Eindhoven University of Technology)
Prof. Masahiko Matsukata (Waseda University)
Prof. Tatsuya Okubo (The University of Tokyo)
Prof. Jeffrey D. Rimer (University of Houston)
Prof. Georges Shimizu (University of Calgary)
Prof. Qiang Xu (Southern University of Science and Technology)
Prof. Tina M. Nenoff (National Technology and Engineering Solutions of Sandia)

Keynote Lectures
Prof. Peng Wu (East China Normal University)
Prof. Minkee Choi (Korea Advanced Institute of Science and Technology)
Prof. Christian Serre (Ecole Normale Supérieure)
Prof. Shuhei Furukawa (Kyoto University)
Prof. Michiel Dusselier (Katholieke Universiteit Leuven)
Prof. Alexander KATZ (University of California, Berkeley)
Prof. Kevin C.-W. Wu (National Taiwan University)
Prof. Fernando Rey Garcia (Instituto de Tecnologia Quimica, Universitat Politécnica de Valéncia-Consejo Superior de
Investigaciones Cientificas)
Prof. Stefan Kaskel (Technische Universitit Dresden and Fraunhofer IWS, Dresden)
Prof. Naonobu Katada (Tottori University)
Prof. Sankar Nair (Georgia Institute of Technology)
Prof. Jorge Gascon (King Abdullah University of Science and Technology)
Prof. Rajamani Gounder (Purdue University)
Prof. Yuriy Roméan-Leshkov (Massachusetts Institute of Technology)
Prof. Mika Lindén (Universitit Ulm)
Prof. Michele L. Sarazen (Princeton University)
Dr. Ana Palgi¢ (Ruder Boskovié Institute)

Venue & Access

The scientific activities of ZMPC2024 will be held at Knowledge Capital Congrés Convention Center (https:/www.
congre-cc.jp/en/) . It is located in the center of Osaka, the second largest city in Japan. Osaka has the geographical advan-
tage of location in the center of Japan, allowing easy access from all parts of the country. Tokyo is only 2 hours and 30
minutes away by the super-express trains Shinkansen. The historic capital of Kyoto, the modern port city of Kobe, and
the ancient capital of Nara with its numerous World Heritage sites are all accessible within 40 minutes by train. Congrés
Convention Center is directly connected to and within walking distance from the large station complex that comprises
Osaka and Umeda stations. There are many first-class and reasonable hotels in this area.

Pre-symposium of ZMPC2024 Post-symposium of ZMPC2024
July 19-July 20, 2024 July 25-July 27, 2024
Kanagawa-Kamakura, Japan Kyoto-Yamashina, Japan
Venue: KKR Kamakura Wakamiya Venue: Kyoto Yamashina Hotel Sanraku
http://www.nc.iir.titech.ac.jp/2024/ Correspondence:

Correspondence: Prof. Kohsuke Mori (Osaka University)
Prof. Toshiyuki Yokoi (Tokyo Institute of Technology) Prof. Yasutaka Kuwahara (Osaka University)

Prof. Toru Wakihara (The University of Tokyo) Prof. Nao Tsunoji (Hiroshima University)
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L] (LA R Atsushi Yamazaki (Waseda University, Tokyo)

HHEN RV —) Masato Yoshioka (TOSOH Corp., Shunan)

WEEER (EREE) Nobufumi Watanabe (Sumitomo Chemical Co., Ltd., Sodegaura)



(31)

Vol. 40, No. 4 (2023)

Y454 b ZEORAITO (Zeolite)

Vol. 40, No.4 41 54:10H 15H 547

—MRHEENBREL T 1 bES

i

T162-0801  HLLUHRH 1 DX ILIWKHT 358-5 (Kk) [EIBESCHRAL
Tel: 03-6824-9379 Fax: 03-5227-8631
E-mail: jza-post@as.bunken.co.jp
URL https://jza-online.org

FIV W) PRoUSd IEIRSCRRAE

Copyright © 2023 Japan Zeolite Association All Rights Reserved.

183



KINAH T AR L7#E7F 2 vl (Clinoptilolite ; #7510 Vil )
FRHZ 23T Sl M HE 1L (75 A B r)
iMmsE (F—7>v=an) T
(BEFE : FRUR P A R FE R M BRSO B 2R 8 KBRS



MICFIOTRFIC i

FiHCBELSORPD 255 Sy FETILHIC CIc5E
~%%ﬁ%%%%ﬂﬁ“~
EREHR REREENE

BELSORP MAX X (#&ss

FERMETE : 0.01m?/g (N2/Ar) . 0.0005m?/g (Kr)
L9 % . E1R0.35~500nm
BEH X EHKRESTHE

BETLLREHE - =0 OFLH 5 DML 75T & = A4 R4 5T Aiff

BERE~R. BEE~BEE. LEERZHETTHR - ZRERE

AEE G ZEBREL. BERZNREICERETAEIEARDXEAERE#EE (GDO)
DEORMTHARSKEDSHEAE (T —RX—REHAIEZE (AFSM™) )

M2 B : Naoo Arc Kr NHs. H20. CO2. Hao CO. 02 CH.ZE. ZDftIFERMEA RS LTVES

AEH

| {B{EEAr (87.3K) REFEMELUGCMCICLZMALERH | MOFD7KFESIREFEMR (298K/293K)

TRVETILI =D L (=) (UIO-66 (=) . MIL-160 (=)

MAX X - 531
SBA-16 (=) . MS-5A (=)

Adsorption  desorption isotherm Pore size distribution Plot
700 3

Adsorption / desorption isotherm
600

600 25 500

500
400

400

300

Vfemi(sTP)g*
V/em(sTP)g!

300

dv/dd,cm?gtnm?

200

200

=t 05

100 Bzégr . c# T

0 0
1E-09 1E-07 1E-05 1E-03 1E-01 0.1 10 0 0.10203040506070809 1
pip, i,

1
djom

7
l!ﬂﬂlﬂlﬁ%

fihiE 1ERESR XV t33IyIR BT

KR AL FRAREE (EREN) . 27 —08 (E— 4B/ REEML)  LREE LS. REBOBMR, W& RET . AR (RS TPD/
ROl TPR/TPO. £ES8E) « 3 - BUKEETE. SERE B2V, LS RESTE. SREUE. MRS B9 FAREHE. AR50 KBROS AR

MicrotracMRB

&

74/7D I\a ‘yg ° /\\\) bﬁﬁ%*i T559-0031 ABRMEZIRFAARST H2%525 TEL:06-6655-0360 (KF&)

KIS R ZERHEN https://www.microtrac.com/jp
TEL:06-6655-0362 TEL:03-6457-6707 TEL:052-228-0792 E-mail info@microtrac-bel.com




	cover1
	40-4_153
	40-4_162
	40-4_176
	40-4_178
	40-4_179
	40-4_181
	40-4_182
	40-4_183
	cover2
	cover3

