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SEMLBEME S LTE, BR. RRAE0NOT7 Y, AILVKRZILE, 73
FURWTFELLIIRFRERT1I~607ILIFIVE), VAFILTIVE RN
RIIWBEEZRRT DI ENTES,

BERBRALAMEE. 1 XE2BOATOFRFA2ETH5XIZ6BDER
BEZB8UEEMERKRL. INSICREINDIEHEDTIFAWA, ThFER
Q72> 7222, RV ISY, JAXY, JAXVREDBRRTZS
B¢ 2EFREBEALEY. FhSeROoEO—IL, EQ—i, F/Uv, 7Y
O VREDBRRFZEET2EFRRANLEN. ThZekOF47zY
FA TV RUVFATIVREODRERTASE T 2ERENLEY
BREZPIRTBHIENTES, ThHERRANEEMENOFT VERIGICHR
FEHREBEREEZE L TWTEHERL, NOFUVERIBICAEEHEGEBREE LT
iF. Bk, BRAEONOST Y, AUVRZIVE, PLIAFSE@EFELLIER
FHT~607NAFVHE), VXFLTI/E, ZIKRZILE, 7ILaxy
BRE%Blmd bl ENTES,

ESERVALTZavELTRK, RUZFLY, RYFOELY, RYTF
V. R =4 =—AFI—=1-RUFY, BRILBEN, EBFEEE=L
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[0069]

[0070]

[0071]

[0072]

[0073]

BEEHELTE RVRFLY, R a—XFIRFLUHREN, LERY
IRFIVELTIE RYVIFLYFLI7HL—bF RUTFLYIHL—L
BREMN, EERYPIRNELTIE, 6—F10Y, 66 —F1OVRENE
Fond, LBRIVAL T4 v, BFEEREZIESEHK. RYITZXFIL, RY
7IRRUORYD—RER—MINOFVIERBICREEABREEBL TV
THRL, NAOTVERBICHEEGEBRE S L TE, BR. ERLEDN
Oy, ALKRZLVE PLIAFSEWELLRRERTI~607)LFY
B), IXFITI/E, RNKZE, PILIAFIEREEFRTEIEN
TZ 5,

AFBRICEWTNOTVEEMEE. EESFRICPAL &E 1 EDOC-HEE
BEBTHIEWANOATVERISICEY . DA EE 1TEDC-HESICHW
TKRFBFNOT Y TERINIAEMDZ EEBKT .

AERICEWT, REBATREICBIT22FRICVACES 1EDC-HIEE
BT 2EMIT2//NA7 VLEOESIE. BE1~30EL% FFEL
<IF0.5~5.0ELWhTH D, AEBPICHEWT, RIGHATRIKFICSIT 22 FRICH
B EDH TEDC-HEEEBT 2LEMRT 2/ A7V DEILIE. IFFL
<I£0.001~1.0, LUIFE L <I30.02~0.08TH 2,

AFEBICH T DRIGDEREITEREO~150C, 7% L < 1325~100CTH %,
NOFMERIGEBINETHOWERI K EH D ICIEIDRESHETRIGZT
T EMNFF LY, ARBICHITERGOIEEIE. RIGOEMEFICIEH L TE
HEBEEIND A, BEHES~30004, FF L <IE10~1800TH 3,

AFEAORINIE, KOFBHTICITOIZELETED L. KOBHTICTD
CEEHTED, ARADORBEZABRHTICITO & BIET H/ O U {EKR
ICBRY2N\AF5 VARBICHAINZDO T, NOFVILEHNIEIRETE
LNDDTHETH S,

ARBEORBIG, BEOAREETICITOIEHTES L, BEDOEFETIC
TH52EHTES, BEELTUL, NOFVERBICREEAAEAER X
he BHEmICIE. Y700y, MRERR. 700FR)LVA, Y T7O0FEX
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[0074]

[0075]

[0076]

[0077]

[0078]

S, TOERIVLREEPIRTZIENTES,

AEAORBERT LEBORIGESWORIEEE LT, RFAOLIEE
ZHEBTDHIENTEDS, FIAIE. SRPOICMELZERLE NOFVEE
WEFERE, HREREILLIYDETZIETH S,

AFEAONOATFMERISGERT LEEORBIBEENNSEIRI DS
Vb, TOFEFEXIGBEVLRNIEBZEL RIS, AUXIEERSRBIC
VYA IINTBIENTES,

E

T, AFBZHICFHELGBAT 2ORRHEZETS, LH L, AFEHA
EINORBEAIZFICRALREINDEDTIEARL,

[MnER (LM P D1 E & BMOD A X ]

AEREAI TRV HEYERISFREIRS) KR D SIS W7z m) | REYIR

SJYURRHINAETVAVBERSEERTHY., BEREERFOAZEICAL
T4To7=(N. Miyata et al. J. Biosci. Bioeng. 103(5), 432-439 (2007))
o 35 LDTSRAFy VBN YITIKEK20 L, NaCOOH - 3H,0 (FHSAFRY
HERE99%) & 1000 mg, VA RT N (FAZATRY)%400 mg, KH,PO, (F7
A TR HEEYN) A100 mgil A 7= D& BEMEIE s L TRV, EiftEit
ICMNnS0, 7K (MnSO, - 5H,0, +H T4 TRV B9 ZHRM L. K dDMn
REZD pomlCFAZE L2 RIC. EROMXICBEVWTHEEINLAA1F Ty M
BRI 21 LEEE L, BROMKQICEIT7—RY T4 L/
min) AW, DNy 77X M EBVWTMINREZEZ=4") 7 L. 0 ppm
ERDIEZBATHUMBEDD ppmil/i 2 & 5 IMnS0, K AR A FHM L7, 3
FREELLRIC. ERULEREEERYMEOIL., 20EEDEEKTHREL
IR LE, BoNMARESEBMOMAR &R, T TIdHEBMOZER L
. ERETo T,

[ERAL KR D AR R FRIE RIS ]

BEFES T atm), NAFTFRTUHUEREHBMO, 1 mg), ~NFH

> (1, 1mL), R3&(0.5 mmol) #HBREICMA, RLCRDF v v TEEY FiF
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feo 100CTIODEMBIRIE LR, RRISORBRZFAMBST N 7 LKA
WTRIBL, ANF YU TEEYEZHE L, ZBICLY2-TOEAFH (1
CORUS-TOEAFY U ) EUNEFIBETHE (K (1)),

[0079] [{E11]

Br
BMO (1 mg)
AN+ B - )\/\/ /\(\/ (1)
Br

1(1mL) (0.5 mmoly @ 50 °C, 10 min

1" 1
98% (1': 1" =6:2)

[0080] KIV1ICTKRT LIS, AERFEITATHICERIN/=THARDER{L~ > #7 > (Mn0,
B OMNn0,) (FIFHEZR, 99, 5%) ICHERTEMEAED o 72,
[0081] [&R1]

Table 1. AT &AL D HE

At (1 mg)
NN+ B > /l\/\/ /\(\/
1(1mL) (05 mmoyy air 50 °C, 10 min §
1l 1ll
BMO 98%
Mn203 75%

[0082] R2ICARINTWVWREHICEEDEAKAEAFEELALGER. >/7ONFY
YQ)ERMICAWD E, JOEYI/OAFH Y2 )MNNYTELN, VY
OZ 74> @) aRFHCAWVWS E7OEY 70404923 )NEENICES
hice MLIZV@DRYIIIGIBBZICRRIEIN, ThOLDERML,
ARMEZTHIVAICEITLTWB EEZOND, EDDH, RVEVG)D
REREICERFEIDETH >, T, RimC-HESIEFEHBINICI<C L, te
r-FFIIRVEVB)E, XREVROp-MOANBRNICERIEI N,

[0083]
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[0084]

[0085]

[&2]
Table 2. £EEORY
BMO (1 mg)
R-H + Br, » R-Br
@ O
2 2' 91%

(80 °C, 20 min)

3 3' >99%
(80 °C, 20 min)

@
o
G

4' >99%
(25 °C, 10 min)

5 §' >99%
(100 °C, 24 h)

o —

6 6' > 98%
(100 °C, 24 h)

[BMODF+ S04 ) E—2 3 V]

BMOD LR ER SR % Y BRI SR (OLYPUS BX-51), EEEEFIEMEE(Hitachi S
-4300) R O BRIV E F iAW EE (JEOL JEM-2100F with CEOS C, Corrector for S
TEM), #ERABERRAT % XEREHTAIE (Rigaku RINT-2000) X OVE F E1#7RUE (JEO
L JEM-2100F), #EM2#7% TRV F—3BEXHR 2 #7 (JEOL JED-2300T), {b%
KR8 & XRR RN 73 Y675 (PF BLOC), tbkmEIEZBFRBREE(BA~NIL(FR), BELS
ORP-mini II){C & YA L 72,

B 1 a lCBIODNZBEMIRER %2 RY, FBKREHVLERIOunZEDH
EERAFHILEREL TOWEHRTAERIN(KT a), SEMEZFEIS ZDF
IR FICIFTNIRONRDZENTWE I E AL ER (1 b)), B
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[0086]

[0087]

ICEEMICSEMEBRR A2 1T o /e & 23, REMEHTOONIEHT—D2H/Y2D
GETDHIZEPHELIER>E(ET ¢), T, AMIOoKEFKIEMMDSZ
WEEFIR(E 1 c)THD—FH., RAIOKREISHBWRAL—ITH>7(E1 d
)o BRI NIRRT OB EYIZSiderocapsa@ DHEHE o 7=MnBL{L 1S
BULTWBRZEND, AERBIDIEERTIESiderocapsa@HMBEIETH S
EEZbND, PEKPENFIIHMEORY ICIERIEMIER I NRBRTE
BEMTHY. ONITHEIHMCHEDIZOICTELNRNTHZEEILND
A, BRODRITED TIEARW, BUOKFN FROCONDERIET. 090,56 wn
(N=57), 1.5x0.2um (N =57)THY, E5DXDDLHBVEETH > 7,

B 1 e DTEMEN S, RZERFHFIEETHHTENS — MBMOF /o —K)
AR THY, REDBEATIRIEBMOF /o — DT v JER9 R UBMOF /
Y= MITELBAIRANICELNTEDEIIBRA A =D)LL DEDTHD
ENHALMNER DT, BT f OBEYROREN S, SEMBRE TIFHEICE
DTWBEDICRATHERFEHMTFOERISETHY, BMOF /2 — MNDEX
(E#1.6 mTHB I ENPELMNER >, T, FBICRZALF/O—MOD
REICIES miEEDZHOMMABEET 2 EEHELAER >R g),
DL BMMEEEET 2BM0E K ERREBTLAAEIT DL FEIND, £
T, BRBEEICL Y, BUOHKROMAICET 2 BHREFAE L=, TORBR.
LEEREFEIZ120~160 m?/gTdd D (—HREYZRMNER (L) D LLREFEIL10~120 m2/g
)EEHITHR0 nmUATOX VAN SHEER INe XVAEEF/O— D
BIEFUESVWDBRERINEE DN, 7/ Y— NRADOOMISERT 50
EEZOND,

JRIC, BMODHEER % AR 2 7= &b ICSEMIC /@ DEDXIC & VY BUODFEEX 247 % 17
o7, ETDIER. EHMDIEMINE0THY ., MEDCa, Mg, PEEH, BICHE
DAL Si, S, Cl, KEBUZEPHELMNER >, TNHDTR(FBRERWL
=) DA (at %)id. Mn:Ca:Mg:P:AL:Si:S:Cl:K=840:55:2
.3:3.0:0.8:0.8:1.1:0.6:0.9TH 7, STEM-EDXTHOHr L 7z#BELDH
DRHBEXYEV TERER2ITRY, Mn. 0, Ca, MgiZBMOF / & — MeRICHRSD
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[0088]

[0089]

[0090]

[0091]

TH—IK2HLTWB I EPELNEL o7, MERDOEFHROEIZ.3 nm
Yy Py TROEREMERER. 2 mTHBIED D, Th5DTEAM
T=LTH—IZHLTWB I LWL LR o7, MBERICE > TC N H
BEAARLEIHDENTNIL0, 2.7, 2.8wt%THY. BMOIZIEHEMHRED
BRIRADNEEICEZNTWS I EEHLNER S 7,

BMODMn D fiEX K U'MnfE &) D RAIEE AT % 17 3 72 O ICXAFSRIE 21T o 7o
B 3 [CBMO, #Z#EE B TH HMn0, Mn,0;, MnO,MDXANESZ R KL %9, BMOD
IRAX 8 T R L FF — (EMn0, & Mn, 0, DRI T db o 7o, BRAESE TUnDEEL & IR UNSH T
FIF—DRERZEBIE, BUODUnDEE %= RIFH o 7c & 2 2. TIGMEIL3.
3STHBZEMNPLHER >, TDEIF. —BWR~Y Y HVBRIENNVF) T
Td DLleptothrix discophora SP-6 A YEZBMOMD{E (3.8) & W HXMELTdH >
Teo XAFSZAARY MNILHSEXAFSIREIZHIEB L TT — ) IR L Y E LN E
ZEEEHIE. IO N \EHFEREAI =Y M & T BBirnessite (BIRHEIE) P Tod
orokite (3X3 b RILEEIE) UL TH Y. BUODHEIE € Mn0 \E AR ER
A=y NTHEIEMNRHELMER S,

RIS, BMODHE AR REE AR % #RXRDAIE R OTEMDEDRIEIC L WiTo 72, B
4 |[ZBMOMDXRD/NY — v & ixd, —MRAGICBMODFERBIE L. MnO/\EH AL %
HE L TR DA o7y — b (Mn0 N\EHF S — 8) B EIRICEL 5 7Mn
BRAL® b Y RIVIRETAE > 7MnBREMICERIL TWB 2 &AL NT WD
o TIT, fERBEDOLLERDADIC, BIRBEEEZE T 2Birnessite R k>
FIVIRHBIE%=H 4 D TodorokiteZFER L. BMODXRD/NS — > & HEBR L 7=,

BirnessiteldQ. FengZEMHEICEI L THESL L7/ (Birnessite : Q. feng, e
t al., Ceram. Soc. Jpn., 105, 564 (1997)), ENH. 0.3 mol/LDMn(NO,),7K
AR100 nLz L <R L DD, F IT3%DH,0,£0.6 mol/LDNaOHDE SR
7200 mMLE TEBEITRBESMA Tz, 10 minfE#E, AR EHIC0CTTH
BRI, TDH%, B8, Kk ZBEItEk,

TodorokiteldX. J. YangZEDHEICEIL TR L= (X. J. Yang, et al.,
Chem. Lett., 2000, 1192), BIB., LEEDHETHER L7=Birnessite&0.5 m
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[0092]

[0093]

[0094]

[0095]

ol/LOOMGCLZAGERICIN A, THEEH L, EMEZREB L. BEMCLIKEA
WRICINZ, 150C T2 HEKEBRNIE % 1T > 7, ZDE. B ZIREEA. KiK.
BIEX i,

Birnessite& UTodorokite & BMODXRD/R Y — > & th#kd 2 &, AEHEFI DB
MOIEd = 9.6, 4. 8AICEIITIEAHER I N, Thid. B> b RIVIKEE
D (001) RU(O02)EICHHB L TWD, F7z, d = 2.5, 1.4ADEHFHRIEMN0:/\
A — NOEADEHIRTH 2 (201), (1MTOUEEGO02D), G1UEmASL
TWBZENDH, BUOIEHEMNICMNONEHRD Y — MNMEEZE T 5 Z &AL
ERole, LHL. BEAP M RIVEICASSA F VEPED=EICEL > T(001)
ERCG02)EOEHHIROMEILS 7 T 578, XRDTIEMO NEFKS — A
BIRISER > TWED MY RIVREFAE> TOWENMNIHIBITE D o 7,

BMOD F/ & — MNEBD DILKIKEED/RY — > A4 FAIDEARICTKYS, ED
NE—=Tidd = 2.5, LAADEFROADHERINE, Thold, BR%E
w9 (200), (MOEEGO2D), GTDEOCEITEEZTSLTH Y. (001)5 (002
JEITHRITHEE I N AL o7z, hid, BUOF / & — MIMn0 AR S — M Tx
ISLTHY, mANETHY BEARICMIN0NERS — A EE L TERS
TW3ZEATRLTWS, L. BUOA b RILREETHNIE, EFOHRN
H—VICIE Y RIVBEICERT % () EABN I A, ZhABEhTLAERN
EWD T EIFKERD DM /N\EE Y — M HEFIRO A AEICH > TBIRIE
BROTWBIEEBKRLTWS, DF VY, ARKEHDOBMOIEKERD A Birnessi
teRkDEBRBEZE T2 ENBHLILER S,

LA LA S, XRDTHEER S 17=(001), (002) DEIFIRIEFFEEICTA—RT
HDH, ERICE NV RIVIRBEDREI > TWE EEZ LN, £/, BWO
F /= NEICHBEINEBTFRENS., BRERORXA A XZ5HRILEE
25, 3.8x1.5 nm (N =40)ThH o7z, ZHIIMNO/N\EEKRS — b DabEARDEE
mTDHA XaRMLTEY., I LBM0F ./ & — MDEX (1.6 nm) ldcEh
FHOHROEIZRMLTWE EEZI LN,

DLEDHERLNS, AEEHTEONLBWIELTOREEAET D2 ENEES
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[0096]

[0097]

[0098]

[0099]

ya YA Yy Fal

(I) BMOIZ, ERI1.5umiZEOOTNHA2DRWZERT. 09 unf2fE O 2Rk
FHEZHBELEDTH 5,

(II) KR FOEARBAIZEX1.6 nmDBMOF /> — R THY, BBOAD 7=
= MO EBREHICBAH > TV D,

(III) BMOF/ & — ik, 183.8 nmi2RE, EX1.6 nmiZE DRERFFAEAE
L&Y, ENOHDNTRTIICT VI LICEDN > THEERINTWS,

(IV) #ERHFIEMONERS — N EEAREE LEBREEEE L. In0:/N\
EAS — b Dab@EABMOF / & — M OERICKIG L. EEAMEICHA > TMn0:/A\
HES— MNABEEBLIEEEE>TW3,

Lo 1 (A 10-128113 5 ANERDEFRGI 1 D1/1000D R 47 — )b )

WYY HUEEAY) 762,486 mmolzK2. 4 mUTABREL., BY > HVEED Y
Y AKBERERAR LIz, —H. BB~ > H 1,657 mmol & HHELS. 427 mmol %
K1.04 mUTEREL., R~ VAV KBERERAR L 72, 55CICIE L /RIEEB
RYAVEAY D LKBBREMBY Y HYKBRE %, BKBITZLTETC
KB LETFE(ERESS) OEADOEAOTRN L., ThENSF30FHITT
EmAICHEB L. RBBER(RBERZZ ) —)EKY OO, SFRE S
w7,

FHUERIBGERRAZ ) —%20 nLOE—HB—ICAN, BHELABAFS0CT
1SR U7, FRfE, BB, %L, F—F%87%, y—F%110°CT20
BFEEZIE L CTRb~ v A ViR %257,

ZDOERICE >THONRIRERb~ > A (LbREMETS m /g9) =R L.
2{ALXGTRIRR2DY7ONFH VY ORRKERGEEZT>, 7OEY
JONFH U OINEKIF2TNTH > T,

LEER 1 2 ($FEATE10-128113 5 NERADLLERFI 1 D1/1000D R 7 —JL)

BV HUEEAY) D A2.2 mmol%EK2.2 mlUISAREL T, BV HVEEAY
T LKARERAREL, S5CITMERL L, —FH. W~ > 7 >3.3 mmol & FREL3
.3 mmol%EK1.3 mUTEMEL T, MBS Y AU KBRERE L. 55CICMEAL
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[0100]

[0101]

Teo RIEEENVHUVERDY) U LIKERPIC, WELAD S, FICHEE~Y VA
VIKBRERPMNMIEM L2, BB, WY VAV IKARIMFFICHRANR
b, BONERIGEMAZ ) —%, BB LANS0CTREL 2, 165E
HEE, BB, kRl F—F%2Fk, F—FE110CTRM[ERE L TZE
fe~>r Bl %157,

DOERICE>THONLRIRERb~ Y AV (LhREEI15 m2 /g) ZERA L
. 2KALCRBTRIBR 2DV 7 OANFH VY ORZRILLRIGZT>7, 70E
S oOnFH Y OINERIE2TYTH - 7=,

INLDOUBREROERNS., AFERADOEZAE Y Y H U BRILMIERERAH
DERBILY Y H VIR TEZICRR CERIEEN SV EbA B, &
oo WEREABIERBICKEREEZSZRWVWI ENMDN S,
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F5RIA1]

[E5KIR2]

[E53KIR3]

[E5K1R4]

[E53KIR5]

[E53K1R6]

F5RIAT]

[E53KIR8]

[E5KIR9]

[E5K1R10]
[E5KIR11]
[E5K1R12]

[E5K1R13]

[E5K1R14]

PCT/JP2011/074795

FEk DEIH

WMEDCIVERINETVHVBEMOMERESOZAEY Y
HUBtME&ERT 5/ 045 bk,

IR IE~ Y A VBN~ Y H VBRI OBERDESKTH
5. BRI ICREHD/NOT Vb,

AIEEZAE~Y Y VBRI OLLEREBEA100 /gLl ETH B, FEK
IH 1 ICERE OO Vb,

BRI Z LB~ v H VB DOMInD LM A3, 056~3. 7CH 5.
KIE 1V ICEREHO/NOF VL,

RIRRZAE~Y Y AVBILINPPERBHTFOREARTH D, BFRIEA
TICEEHD/NO T VL,

BIEE R ZEIRFHLF OO NER T/ S — MDA SFEHRINTWS, 8
KIES ICERHEHO/NOF L,

RIS AEY Y HVBEMSY Y HOUAOERTERE LT, Al
VOL, RTRXRVVLRGYY Vv EERET . BEKIREICEHO/NOYT
VALfmiE,

FERIE 1 ICEHFONOT VEMECHFRETIC, 2FRICPR<ED
1EDC-HEEA2ET2LAMENOF YV EERISIE D I E52HH
ETHNOT VLEYMORESE,

HOBFTICRBEITD. BHKRIESICEHD AL,

BEOAEETTCRIGZITD. BKRIES ICEHD AL,

NEEBEOFEETTRBETD., FHRESICEERDAE,

BRI b ML BREEAE L TV TERWKIEKEZTHS., FEKIES
ICEEED AL,

RIS KR D, BERARRIEKR. BRBRARKIEKRRUOBEERIL
KBENORDENSEENDI DR ESH 1ETH D, BFKRIE1 2(1C5E
BDFE.

RIZEah. BEREABLTVWTERVL, BERF. BEXEFR
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[E53K1R15]

UMEBERTHINORIENSBEEINZDLLEH 1 EOANTORTFEZE
IEIERBACENTH S, BFRIESICEHDFE.

BRIt ah,. BEREZBLTVWTERW, RUFL 714V, BE
BREZIWVESH, RYIRXTN, RYT7IRRORY H—Rx— D
LRBENSBIENZ VLS EH 1 TEOEEKRTH D, FEKRIE8ICE
BDFE.
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