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= A
=

3de 99 o

e

[0088]

e,

2} z)
=

ahol =

k)

5 F o)

3T
YT g

& ARE-sko] 2-

=
=

Al el7t

[0089]

™

79%2]

o
ﬁo

uf o]

=
=

& ApE-sto] 2-v

=
=

A7

[0090]

].

o}, 2,4,4-Eg|2(5-HEFe-2-)

=
=

q45 =

A=l C15 A4 steke,

s

]
S|

Hr

[0091]

A

F4& A4 ¢

CRakil

1=
=

5,5'-H] 2~ (2-H]

w
=

1-&(1a)

[0092]

I
Ly

9 el A el

Chl

7}

=
=

e} o

AA oql

[0094]

[0096]

%Z

[0098]

=3
+e]

-
S

-2E2-1

W gt E(CTAB), 3

B E
= —

Y E A A 2 (trimethoxysilane), HE3} A

Hird, 2-vEse, E
2
=

[0099]

J(Sigma-Aldrich, USA)ZF¥H Y

=

RELIEAEE

= E Edel 5 A A &H(TE0S) &

(3-Chloro-1-propanol)

g3t

2z, yolddE, oldotAHolE, v

g 50, "UE

£, o
EZdE o2~ 279~ (Across Organics, USA)EHE ¢

A
I=]

= HPLC

AR

[0100]

Foiet.

bl Abgs

S

=K

Foiet.

|2 E s

& AR

2

[0101]

< Alav-d =g A 2 A

3] 2-212(Nafion-212)

m
=
2x5mm FZto. = A2k

HE] ~E-15(Amber lyst-15), HI|=E-36

ol
=

1l

0

=
=

[0102]

bl AbgstgT.

S

T 51pm)E

5 (

[0103]

vl A=

A7t

o

TH

A

A

1}

Az 1:

[0105]

[0107]

1A ZHE

=
=

& ©}(0.0038mol) 0.23g

o
-

ol
, HEZ}EA] A H(TE0S, 0.018mol) 3.75g, Ao

o] 2= 75mLol]l CTAB(0.0020mol) 0.75g

€
=1

[0108]

< 5mLe &N CTAB 2 $-olrt

my

<
T

[0109]

S

e

| Ag7HE

3]

ol A WZAIZI F | AAEE (304, 6,000rpm)el 2]
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[0110]

[0112]

[0114]

[0115]

[0117]

[0119]

[0120]

[0122]

[0124]

[0125]

[0127]
[0129]

[0130]

[0131]

[0132]

[0133]

[0135]

3 uAE dol2F L eSS o] &3lo] AFHT F, 40ToA 12413 B¢ ARAIHAT. A4E AT =
WS F7] FoA 6A17HEQE 5ColA #H (ramping)stAA 550 Tl A stAA1A, YxeAds Aggl Z0(KCC-1)<
Azt

Az 2: £Z4-Bestd YeMg dest S Az

A7 Az 194 A KCC-1 Sl 2.0gS TEZ 2 g 20mLe] EAHA7]3L, 225 F2H0.016mol ) S &3
Sz 2ue 100LS A7) BEaldd] #slslEa] 0CoA 1A ZFESH mulhald ),

ZEES A7 FrtE adkelE A Ao A XA AW 1A EuE Ad3E EI)
o Bl (3x20mL) = A AFFT, FEE nAA 20 AL A] 124750 Axete] SEA-
g7t 2 (KCC-1S0:H)E 531},

Az 3: TEISE-53E UxA{ de7t S Az

A7) Az 1914 A3 KCC-1 v 2.0gS FAHGOR) oA 1243t 5ok & (reflux) A1 A A AT, Lo
7 Agg= E‘ﬂg’“i AFE F 100CoNA 6A1ZHeE AZS T, EAd3tE KC-18 -(HPEZZI)EL
EA148H0.018mol) 3.5  E=dte] EF<l 40mL §HolA 18A1FF Fet BFAA, BW AFH vUEZEY
A7t EmE 53
o]
A

EFdoR A, F7] FolA 8AIZFESL ﬁ&%}sﬁu}. 8A1ZF ¢t 50T 30%
ek (H0,) & o83k Bl (SH) 7S SOH7] =
®=

il
2
)
>
b3
5
-
By
e
fd
2
lh
o
N
=
ol
‘>r:‘
N
=
=]
Sl
é
_>L
Do
>
N
i
-0,

ﬂ AAE g5k, Ao Axdte] TEASEN-destE v A

Az 4: 3-((-(EFPHEAAL) IS I)E Q) T2 H-1-SA]-

2=3E

==
A7) Azd 3elM Az wAREZRE ATk S 2g& 71 10nLelx
(0.0012mol) 0.12g% ﬂﬂ«»}cﬂu} EEES BARHER 5
AIHZE -, 100TAIA 4A13E Fok Azste], 1A 2 FEe] 3-(3-(He7tZ2dE 9)-1-Z23&S F533]

59 3-(3-(AYNZRZHE|Q)-1-Z 2R LS FREE gulo BAATL, FEEEZEA 0.6mLS 0T 24
beok A7bstint. B ES 243 B9 wibd F, oFE Fete] nAE st ek (3x10mL) = AlH s}
T}, o]F ALo)A Hx3dte] 3-((3-(EFWEAAZ)ZZI)E Q) IR A-1-SA - E2-753E e A
27} & (KCC-1APSO:H) 2 5313},

AAd 1: Zujo] EA EA

1-1: Zvje] RE=2x] 8 4 7] #4

A7) A ZFd o AFE KCC-1, KCC-1S0sH, KCC-1PSOsH 2 KCC-1APSOsH Zwie] EZ2X9} YA 7]= Helios
650 FARARIETH S o] &3l AAYEY FALHAAT H (field emission-scanning electron microscopy;
FE-SEM) ©|u|X|& 7]E3}3 ).

4(a)ol Al Bl 7hsgh ukel Fo], KCC-19] SEM o]W] A= oF 420nm =719 w43 +3& ),
ATk, 28] o st ojuX|oA, EAl= LI FAE A EF AHH d=zy 2"é‘Eﬂ(dentrlme )9]
71 EA%Yg = As & 4 du.

%= 4(b) WA (d)= ZZF KCC-1S0sH, KCC-1PSOsH % KCC-1APSOsHS] SEM o]m| %S yeEbith. = 4(b) WA ()=
By, €F&FA-#53t9 FHuj9 ol A= KCC-19] 78 Fx27F & FAHT= AL Folg AT},

_"’:
R, g T AR Fule) REZAS Bel7] fete] KC-150H 2 KCC-1APSOAE 43 Hol2 F AAald
2 (f

et -1> H

(Aold Bl A W ool Aol Ar), A Zvhe] SEM o|mAE A7 = d(e) B (D)ol uE
Wtk = 4(e) B (DHEFEH, A F A" o) 94 $dap/ 79 7325 fAst2 dves A4S 90
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[0136]

[0137]

[0138]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0147]

[0148]

[0149]

[0151]

[0152]

[0153]

[0154]

[0155]

S550ol 10-1968762

A7 g FxA EAS BA45] fsted, AANEE F3HAAUH(field emission transmission
electron microscope; FE-TEM) ©]w]A]= JEM-2100F(JEOL)E o]-&3}o] o x]-#4F X-#|o](EDX) &4 w33} g+
7l 7153818l

= 5(a)& AHE A KCC-1 v, = 5(b)E #53he KCC-1 vl 2 &= 5(c)&= 48] MolF o]F A" KCC-1
Suho] TBM o]r)A % £ 9 AE ehuch,
% 525 Fulh weste olFlE HERA FAHE AL qAT £ Qov], AN Fujsh A

ujo] EDX ~FEHE BF FUSA C, 0, Si % SO HAE FAF 5 AAT.

rlr

1-3: FT-IR =¥ EY &

12

KCC-1, KCC-1SO0sH, KCC-1PSO;H 2 KCC-1APSO:HS] FT-IR ~FEH S X 6] ZA|3FAAT.

FT-IR(Fourier transform infrared spectroscopy) #1< €3}led, Varian 2000 Fgjol] W3t Z &34 X475
AMEEIT KBr RS o] gate] R 2HELS J)2adrt. BA7E dem 9 resolutionsld £381%

% 6ol A, 1,200 =] 1,000em W91l Si-0-Si WY A% QWED 3,600 WA 3,000em W] O AF A%
ool A Lhebekth. 880cm 2 450cm ol A el ¥ w27t $i-0-Si 2 Si-0-Si Ao WA A

Vsolo] dElAE, 72t 1,110 2 1250em . o] 0=5=0 H]tjA 2 H A%
2E: gz deg.

iy

18 i
<
off

S-0 A% W& oF 574cm71°ﬂ/\1 et o™ | KCC-1APSOHZH-E1 9] 0-Si-0 R ¢F 460cm71°ﬂ/‘1 LHER T

KCC-1PSO;H 2 KCC-1APSOsH Zvf:= A W= C-H A9 <F 2,96ocm’1oﬂﬁﬂ 5% A% ¢ Ade] ok 600em ol

Aol 5% A% ¥aE ek, 1,650en oHe) WaE B EA4E vehd

o

1-4: ¥9H 9 7T 54 24

KCC-1 2 A9 ZvlE2] BET W] ¥ WA S BELSORP-mini(Bel Japan Inc, d¥)& AR8-3Fo] 77Kel| A 9] N-, &2~
gz Ao oty FAHst ® 7(a)oll YERISIT. EgHom FAE BY BEES AASY] flske <4
AXEE 100CAA 4A3F B2 WFoll A F=a3kolct.

T 7(a)ddAl, BE 7t FARE TV B 520 2 AP H Q1 HI-8| 2=H 2] A & (hysteresis) & YERN], wx
71373 (mesoporous) 5AS Zethe A& ¢ & Aot

FulE9 3 FFH(FD%), BET ZWA, F 7% §9 2 24 FFS A5 & 19 e,

= KCC-1, KCC-1S0:H, KCC-1PSO:H 2 KCC-1APSOH 9]ell 48 Zwjl e ~E-15, gdg~E-36 9 1y
&-2120] disiME SHES Fdslon, KCC-19] 545 AP A= vasty] flste] b3 Fujel NCM-41 2
MOM-410 FU3 EEA B571E AZAAZ MCM-41S0:H, MCM-41PSO;H 2 MCM-41APSO;HOl thelM = A S 43
EIA

3 940 3o Flash FA 1112 928475 Algato] Sa)8qict.

ZHH 9 7lE A7) Ex 4
Halenda(BJH) ®'H-& Al8-3le] 413k},

el ok 7lE A7) EE= = 7(b)ell JER AT

BJH
Fuje] | ool FEE Sl 4 Al ofste] At NaOH &(20nL, 0.1)& o Edlmto]o] Fehx
2 Wl Soh 100ge] Azkstar, Gohe 30wk awatedvh. Al v FH8E] Sske] HCl §4(0. 0D
449 g Aoksher.
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[0157]

[0159]
[0161]

[0162]

[0163]

[0164]

[0165]

[0167]

[0169]

[0170]

[0171]

[0173]

[0174]

S=50dl 10-1968762

¥ 1
Catalyst Sulfur Wt% S bet(m¥g) V total (cm?/g) s
amount(mmol/g)
Amberlyst - 15 13:55+ 452 - 4.72
Amberlyst - 36 - 352 - 542
Nafion - 212 Fi52 - - 112
KCC-1 - 5440 L2P
MCM-41 - 5170 0.34b
KCC-1SO;H 3.82¢ 381b 0.3b 1.47¢
KCC-1PSO;H 2.86¢ 360° 0.2b 1.24¢
KCC-1APSO;H 6.52¢ 181° 0.14¢ 1.08¢
MCM-41SO;H 3.184 3180 0.15% 1.206¢
MCM-41PSOH D 286° 0.14¢ 0.98¢
MCM-41APSO;H 6.174 144® 0.13% 0.91¢

2 According to the information from the suppliers
b As measured by BET

¢From the BJH data

4 From the elemental analysis

¢From the titration

AETlz, Weohd FolEe] ¥HA % /) A/ wEsEA ge Fojo) wistel o W e vhehygc,

Zule] &4 <t 2 F3 HE 2457 Yot G5 % 4] (thermogravimatric analysis; TGA)S 383kl
o}.

ETF =42 TGA N 1000(SCINCO) DFHF &A171E5 AH&slo] 0 WA 800TCe] Ha E97]elA 20T #HFo=
AT

T 89 vERd wRe} Zo], KCC-1 FHuje] A5 259 F7tel wgl 4] 7hed AE9 2.4%9 T &4Awro] #
SH At

& 3%9 #dedd Fulel TGA 2= Azt Ax e f7] #7177 299 JeHE A + Ak 150
T olde mE FF =42 o &9 Fo &4d #dgrt. 150 UA] 450CeA 2] F7141 A &4
7] #5719 & & Aotk

AA 2: 2-vEFS B HAFHY wA-HF kgl % A8 ATA FA

2-vlEF S 2AF) % AFL(FR) Q) shol=FA s/ dds s ddA oz 79 7hedh uAl Fuj(fEe
2E-15, HH2E-36 9 u9-212), 7] AzelelA e Fwl(KCC-1S0:H, KCC-1PSOsH, KCC-1APSOsH)

=z
9 R E0lQ) B-EFA EEH-TOSNS o Sake] ST,

2-w & F2(0.045m0l) 3.69g 2 HF(0.02mol) 1.93¢ D Zuf 5mold%sS Fuber Zebado] Wi A4
s, A TomtE ZEAIE 70ToA 2A17HE<E S5 A9l 9 Ul A4S},

Wgo] 9uE B £EE oy wMSEFES H @ C NMR(Bruker Advanced 11, 400 MHz, spin rate: 13KHz)
9 ZORBAX SB-C18 7 (4.6x150mm, 5mm) ¥} AlZF =4 HE7|7F datel 5 145 A4 A=2vtE 2839 (high-
performance liquid chromatography; HPLC)S ©]-&3le] #418}51t). ©]5 d(mobile phase) 22+ &3 wE-E
9] 3:7 F3hes ARSIt A AAE = 9ol YERAQITh. HPLC A2rEels] B NR A ECA 5,5'-
Hl A (2-dEFad)Feb-2-dr ek 29] 1co siF)o] Al APEZ EAHAY.

AFRE 2059 2-MF 2 FUIRY HE8(%), 2 1c & g Aeaw(9)S = 109 YJepHATE.

AdHor Pl Jhsd EuE FolME, P-TOSH 2 yye-2127F %8 A&(4Z 836 2 72%2] 2-MF
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s==4

gl

=
=

+ P-TOSH

gl, o

L
L

B (98% 2 96%) S YERSL

r A

3
T

82% = 97%2] FUR A3}-&)7 =2 1col of

=1
=

kg

.

3
el

A

o =
= 24

Fo] @Ajo] Qg o), vae-21271 ¢

S

HEg-oll o

[0175]

o,

£ 7

A7t S0H71S) RS FTIA A

=
-

o)7] el =49
W= P-TOSH > V] 2-212 > ] 2~E-36 > e 2~E-15%]t},

=
=

[0176]

el

A
o))

UERH AT

KCC-1APSOsH > KCC-1PSOsH >KCC-1S0:HZ vFERSET).

pu
L

I=e &% =X

[0177]

I
Ly

o

F, KCC-1S0:47F 7+

S

7z

KCC-1PSOsH 2 KCC-1APSOsH

[0178]

w7t o

=
=

2 48A .
M ES RS e

o

§2 3= A

JJ)

i
o

7
N

7
Nlo

A
L

KCC-1APSOsH

[0179]

skl Al W(in-

o3

2o

3 KCC-1S0:H= 7+ @

[0180]

o)

KCC-1 =7

[0182]

aleh.

Az

KeX
=

A1 -3 MCM-41

s Ay

Zulsh

fregel oAl KCC-1
o] A& MCM-APSOsH > MCM-PSO;H >MCM-S0;H<]

3}
=

A

o
=

yal

gk wkel Zol, MCM-41

=
o

stel 7}

ICIE

-
R

[0183]

EERE!

2~
RN

=
=

o

=
=1

109141 YERA wle} o], MCM-41 HA€

g
_

o))

e oo

2 =

sk oujl, MCM-41

hoh WL
(B CEREX I Y

KCC-1 =m

[0184]

ahel o

g A wE A

AAd 3:

[0186]

tof, KCC-1SO:H,

S

_ﬂ

[0188]

el oh

=
=

KCC-1PSOsH 2 KCC-1APSOsH

(c)ell HERSIT

on

(e}

Sho] =5 4]

70C el A

[e]
, WS 2=

al

713t

=]
=

= 589

=
=

= ALgsg o,

2:1°

[0189]

qA7E =4

]

1194, A&7kt -S0:H7] Alo]o

.
a

[0190]

o

KCC-1PSOsH Zuje] 7

=]
=

o]3of | KCC-1S0:H

1500t

)
o
e
ﬁo
A

o

4

S]]

gkH | KCC-1APSOsH

[0192]

]
TH

H
=
=K

[0194]

tol &= 120 vehA i

S]]

KCC-1APSOsH

[0196]

bl om,

EH|Z ALRS

2:1e

[0197]
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[0198]

[0199]

[0200]
[0202]

[0204]

[0205]

[0206]

[0207]

[0209]

[0211]

[0212]

[0213]

[0215]

[0216]

[0217]

[0219]

[0220]

[0221]

[0222]

[0224]

[0226]

S=50ol 10-1968762

~

13F Fet skt

%= 12004, 50C, 60C % 70CoA ZFZ 52%, 76% 2 85%2] 2-wlEFe A& U 67%, 84% L 99%°] 3 FT
Ashgo] BEHS.

WS, AREE SR T
Z7tel mpe

70C WA 90C9 &%

Lo

AAle] 5: Ao
KCC-1APSO;H9] b g7 Bt ALY S 7ketr] flste], 43]9] #olE AlgS Fdste] &= 139 YeEplidvt.

i
H(m
o2,
M
R

HolF AW F Beldow EFAY weEe WaE vabs] A, o3t Fol Hujg e 33 A
ok ABES 27 ghIHA B BES vehlel, B owye] Sujsh 59 Aol

1.69F2F%N A 2.18F 0= 27t S718k k. 4¥1e] Mol F o] %o, FHuje] BRE=Z
#S5HA LU= 4(1)).

A 6: 2-rlEFHe] A7-F3F wkgd A3 A8 F7FA §A

2-HEFe(2-MF) Y A7-FF W$S ddHoz #+4 7bed uAl Sul(gdE]~E-15, g ~E-36 2
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