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(87) Abstract: Disclosed are: an iron oxide which has the shape of a tube or a rod and contains at least one element
selected from the group consisting of aluminum, zirconium, ruthenium, titanium and hafnium so that the elemental ratio
of the element is 5% or more but less than 25% in terms of atomic percentage (with the total of the atomic percentages
of main elements excluding oxygen, carbon, nitrogen and hydrogen being taken as 100); and a pigment which contains

this iron oxide.

GHDEH :FARINTWVWBDIE, FPILTZU L, JYNNOAZTL, IVTZUL, FIVRUCNTZOLIDS
BRBEISERINDI VL ED THEOTKRESEFITHBIELHBETH> T, BN Fa2—TKXiFOy K
RTHY, BETEDTELENRFEHYU TS%L E25% KRB TH B(I I T, BR. KE. BERZRUKE
B EETHRORERFHRUWOBEE100E T 3), bk, LTUICEKBRILHKESOERTH 5,

RoEZ =N



WO 2018/074598 AT | /111001100100 2001000 00T 0

NNAREER -
— EBRFRERE (FH5215(3))
— RANSD2ACE DV THMZF S IEBICIRE ST

oo FEINAEYMMHMBICET 2K F= (BRAN3
D2.4(d) () R48.2(a) (viii))



WO 2018/074598 1 PCT/JP2017/038043

[0001]

[0002]

[0003]

[0004]

[0005]

Bl M =
RAOCHN : TEANARESKRCTZTOEERE
oy B
ARBIF. SBTREDHT DB ZMILHORETE. RUFRE

BEEUEMNICET 5,
Bl

IRE. RSN TWBREEILEEa-Fe,0; (NI A NIk, TEVEICEE
BHd, BIZIX N4 hE LifTITEERE LTHERT 2 EE, A5
B THB00CTMET B4, COMBICE > TEENMETT S, OB
FETE. BINRICE >TATY A MIFIRELNFY A IDNKRELAD
1O Tdh B,

AEBPELIE, BAEMWRMEEZALEIE S8, MRIROALEAEANT S
1 MEBEELTWDGFErXER 1. FEREFXER 1 )e AT A1 EADALEER
RIFFBETH DD, BILBRAEE LT BHICIFALEBRRIREZ T TIXERAD
HBDENREETH S,

Fle. AFEPELSIF. HROMKRRGFEBEBIEEHKEFE2LKEQRDIBR(Fa—
TR OKRBEILERZRFEL TWB GERFXI N 2), COF1—TREEE{L
i3, BRRICEET 2HEYEBEMEL TRV vy IR - F05ET(L
eptothrix ochracea) ) BMEZ F 2 — TIRER{L X (BB JT3REE Fe:Si:P=73:22:
5) % 2K A THBIOCTIMRT 22 &ICL>TRELh, BhABAERTIEN
YT, THEMICEEBNTWS I EERBLTWS, 2OFa—TRKE
Bk A-BREOERIZ. (i) SIEBFEMR. ((DFa—TJEELEZICE
KL TWD,

CDORARFZOF 1 —TIRFCERILEKIZ. BRTRLENIZEAE—ETHY
. SIXIFPTHEOEREHLNZL LAVD T, BRAEMBEBEICOMMKEL. N
BBEEN—TEDOHZERBEEVWEELELIEZ I ENTELGN,

FoAT R TSR
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[0006]

[0007]

[0008]

[0009]

[0010]

[0011]

RFET SCHR
YFEFSCak - $FEFER037285055 R
FERFEF TR
FERFEFSCHERT - ACS Applied Materials & Interfaces, 6 (22), 20282-20289(
2014).
FE4EFEFSCHA2 : Dyes and Pigments, 95 (3), 639-643(2012)
FEAOHE
RIANFRL LD & %H&E
AFEBRIF. BNBRARUMBMZET 21085, ZKEILEXORERIE.
WIS E SUEBEZIRHT D 2BNET 5,
REEERT D ODFE
Fa—TRAEBEBISKOBRZAE L. —BRLIE2720IC1F. MG
BEUADEAFOEANUBETHD, AFEEAESIZ, LEBENZEMRT L EH
BEREAERLER. LT MRV vy IV RABMEEIEET 2 &IC kY EHEH
HER LRI, BEBAERETREFUKBERPICHETT 5 2 & THRE
TEICEERILARTCIATLERREI T CTREEF 12— TIRBILEkE/TD 2 &
NTEDEVWIMREER/, TOLIICERELHREF 12— TRBEBEERICES
TIEgd&iickY, BAEZAMEIEZIENTEDLDICRBIEERHEL
7=
AFERAL., CThOMRICEDE, BICKRFE2ERTERINEZEDOTHY
. ROBEALEX. BRILEXOELNERE. RUEBNZIRHTIEDTH S,
(I) Fe{bsk
(I-1) PIVE =L, PIAZT L, WTZTL, FEYVRGINT ZT L
SRLIBEILBIRINDIVALC EE 1 EDTRESHETIBILHETH- T,
IR F 2 —TRXEOy MIRTH Y.
L ITEDTHRILEDNRFRE T L2595 KETH B (Z 2T BE. kE
 BERRVOKBREZRS EETRORFEIDOEET 210029 %), BIbEX,
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[0012]

[0013]

[0014]

(I-2) BILTAFRRVC/ XIFY v E=E5HT 3. (I-)ILEHDOERIL#.

(I-3) a-Fe,0:5 &3, (I-1) XK (I-2) (CEBE DBERb R,

(I-4) RUSSIoHRILED, BLERZ MBNIE T ZRIISINEILIES 5EDH D
TH5, (I-1)~(I-3)DWTF N —IHICEEEHRDER L&k

(I11) EEbEkDBIESE

(II-1) UWFOIREESL. FIZI DL, JNAZDL, WTZDObL, F4
VERUNTZIOLDLRBBENLBIRINDIDGLKEE 1 FEOTLREERT
ZERIE B DBELESE ¢

(1) #EEREHEEIEB TSI EICLY BRBALERT TR, RO

(2) IR TELONAEBEEBETINI UL, IS, WTZT A
FHAVRGNT ZTLDLRDZIENSBIRINZ DAL ESE 1T EOTRLEY
ICERZZUKBERFPICRB L., SR ZE2F T SIS ZEKT 2T,
(IT-2) BICLLTFOIRZ2E. (II-1)ICEHDHIE -

(3) ITR@)TIEoN/E ez MBANIET 5 TFE,

(II-3) MBI DEREH600~1000C TH 5. (II1-2) ICERTHD Hi%.

(II-4) BILUUTOIRZ=SE. (II-)~II-3)OWFhhA—IBICEEEH D FHiE

(4) IRQIXIEB)TRONLBILEE MR 5 TR,

(II-5) mUEcSkBRIEHEA. LFRNRVU Y UV ZXBICET 2METH D, FRIE
(II-1) ~(II-4) DWTF N —IBICEBBD F A,

(II-6) mUECEABR/LMIED. LR Y v X - a5 14 =(Leptothrix chol
odnii) OUMST (NITE BP-860) Td 2. sERIR(II-1)~(II-4)DWFhh—IF

ICEEB D A E,

111
(III-1) (I-D)~{I-DOWTFNHA—IBICEHOERILEk % S LEER,
FEADRR

AFERICEINIE. BMEMDERT DERICEKICETEIESTHRICOWVWT, £
DEERVEHEEZHIHEITETHY. MRIEEICASQITRTCIAZATE
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[0015]

2ZENTE, BRBIIEBFEELAVWE D BBEHSAERT DI ENTED
o COLIILERTIEZTTHROEHREZAE. FICTIXMENIE DR % HlIH
ITB2Z&ICEY. BNAEEBRRUMBRAMEEE I 2BIEEERET D &HNH
BEE B,

5 T oD i 85 7 5 B

[E11Si ZFRpnsEite () XIFAURIIEE# () ICH (T H0UMSTRE DB EBRH S 4 H
BOBRERT IS THS, @:0nM, HM:0.05mM, € :0.5mM, A:5
mM

[E2]ALEZAEBIOXD (a) SEMiK. (b)~(e)TTHE~Y v B> JI&RTH %,
[E3]ALEAEBIOXMDXRD/RY — > TH B,

[E4]ALEZEBIOXDSTEME (&), EFEIT/NY — > (FRR)., SO TEMEKR(4)
Tdh D,

[K5]F AR DALRE (mM) & ALZBBIOXF D EEjuRM AL (ath) DREFR Z =
57 TH5,

[E6135H AR DRAGERE (0O mM, 1 oM, 10 mM)IC 3T DAL= EBIOXDSEMIR T H
%

[EA7JALZHBIOX, RIARZRBIOXZ UNCE5MANEINIETEL Dar, by, L4EETT VS
7(L). MBBREICLZIEHRELERIEE(T)TH D,

[E8]ALEZABIOX. KAFRBIOXKZ UMCE6DHBINERI® Dar, b, LMEATRT IS
TTHB, O:800C, 285EME—@ : 800°C, 2B5EBEINER
[E9]ALSBBIOXDHNEMLIELE DXRD/INY — > TH %,
[B110]AlEEBIOX R R ARBIOX DI FERIIR DSEMKRTH 5,
[K11JALEBEBIOXR U RARBIOXZ A L2t D &ML LARWE DD
#ZAIE% Dar, b, LMEERT IS T TH S,
[BA12]ALZHBBIOX & AL(20mo %) 2B & ABR{LEXDMNEANIEE Dar, by, LME%E
RT TS T TH B,

[Ed13]1Zr ZABIOXDSEMR (). wRY v EY JIR(B)TH S,

[E14]Zr &£745BIOXMDXRD/XY — > Tdh B,



WO 2018/074598 5 PCT/JP2017/038043

[0016]
[0017]

[0018]

[0019]

[0020]

[B215]15#hrh DZriBREE (M) & Zr £ HBBIOXA D T ELHRMAKLL (at%) OB %%
TSI CTHD,

[E16]55thhDRZHEE (O mM, 1 mM, 2 mM, 10 nM)IC 3T B ZrE5BIOXDSE
METH B,

[B17]Zr £BBIOX, KAZRBIOXKR UMCS5MINZAANIETR Dax, b*, LMEAERT S
> 7 (L), manBgoeaifla~nd EE(T)TH D,

[B418]1Zr 25 BIOXDMERILIZR DXRD/NY — > TH %,

[19]1Zr ZEBIOXD MMBRILIER DSEMRTH %,

[B20]5Etth A D ZRUGEBE (1 mM, 5 mM) IC& 17 BRUEZHBIOXDSEMETH 5, =
LiAAEIE, BIOXDRIGER D %I ARL/cEDTH 5,
RPAAERT 57O DOWEE

DL, AFEBICDOWTEHMICSIET 3,

2B, RPEMEICBSWT I8, 2879 2 (comprise) | &id, THREHIC
S 745 (essentially consist of)] EWHELkE., THASA S (consist of
)1 EWHEKAEEEET B,

ABHZICSWT, SRIEENERT 521850 Z & % TBIOX (Biogeno
us Iron oxides)] &I B &EDHY. RADIRIET CHERLMEA LR
gk E TRIARBIOK] &, BEIN/AHKBLHEEEEET I &ICLY
ERINDBILERE NEERBIX] &I DI &HH D,

AIEHEZICSWT TR R TFa2—T4R] SR LCERERKT 2 A
BTH>T. A<HMRVWHAZOMIREEKRT 2, £/, KEMEZICSWT T
Oy RiR] &iE, AR PFETIEH DLW EIREEKT 2,

<BRIb8k>

AFBADEREKIE. ZILI = ARAD, JLa=9L6IZr). LF=9 AL Ru
o FEAVADRUNTIZOLHDDOLREENLBIRINSG DAL EE 15
DILEREEE L.

FORDF a2 —TRKXiFOy RIRKTH Y.

L TTRDITTRIER AR FHRU TR L25% K@ TH B (2 I T, Bk k%=
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[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

. BRERUOKRERS EEZTRORFEIOGE 521009 2) 2 & 2R B ET
2,

AFEBEICHWT, TEILSk] &3, a-Fe0,. B-Fe0,. ¥-Fe, Fe0,/2
ICHBIIRE N D EEDBILE.. «-FeO0H, B-FeOOH. ¥ -FeOOHZ &ICHlmXh
54 F2KBEEER. 7N FSA MIRKRINZIEREITEVEEDIK
BIb#kE S0, HEMEEERD ETIILAEVWDOBBTHD, FLT. &R
BRICE T2 TRk 1. SREMRUADHROIEENTVWIMEERET S
o TDEDWEREBRUADKD & L TIE. EEDAL Zr, Ru, TiXUHFLL
SIid, BIZE. 71 FRESD. Y (P). FHRES). ®FEC). EFRN)., KHEK(
H) AR EA BT Sh, AFEBORREEIE. FELLIBTARRT T U V%
EET D, AEBICHITD TBEE ICIZ. BEBLREOEMIISENT
WTEHE LU,

AFEBOBILELIT. FFRERUHHEREWBIZIE,. ZJzUNS RSA4 6 L
ERIOVA M)OWTNTH>TH LW,

AEBBOERILEMNEHE T DAL, Zr, Ru, TiRTHfIZ, BB L-IREETE S
FNE5,

AFEBBOEILENEE T DAL Zr. Ru. TiRUHIOTEILEIZ. BEFHRIT
S%LA_E25% A5, BFE L < IR10%LL E25%Km. & W EFE L < IX15%LL E25% K54
BRI E L IR20% LA E25% K TH B (T T T, BEFR. kFR. BERRUVIKE
BB ETETEORFHEIDEE#1008T %), T TOTFREERE, AL Zr
« Ru, TIXUHIDOEETDILHRILEEZRIKRT %5, T, BREZREETHRE
&, Fe. P, Si. S. AL, Zr, Ru, Ti, HfR X TH > T. BBILEPICEEER. &K
#. BREUVKZLUATEFEITOLDL EBINEEINDIWPERKRT D, 13k
tbERiE, BEEXZ MNEALIE 3 ZRIXIIINBILIE S 2 DEDTH B,

AFEBEOBILEXORIRIE., Fa—7KRXIEOy RIXKTHY. TFhENhOF
ROBEORKEIFE, Fa—TK: BR0.1~2um, RX1~1000um, Ov K
R EBX1~1000unTH 5,

AFRFOBILERD x-Fe,0; (NI M M EZUHEEIF. TBEET D LD
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[0027]

[0028]

[0029]

W57, FEEBE L TFBICERT I &N TE S, AFEADOELEA(
FELLIFa-Fe,0,2 2T EILER) DEFIZ, a* (reddish)AM4FF L < 1F25L4
. L UBFE L <I1E30~50, b* (yellowish) A 8FzE L <1250 F, &LWUHFFELL
1£30~50, L* (lightness) A FE L < 13304 E. L YWFF L < 1340~50TH %
o CIZTMDINTA—FL ax bk, EREBIAEZEER(CIE) DN 1976FEICHE L /-
CIE1976 Lra*b*'3xBR EMIEN DI BEBICHEINLZEDTHY . EREHICE
BOAERCLIYRMETSDIENTES, AFEFOBIEDBERICKL BT

. BEKEHEBKREFTUVLRETH S,

AFEPBOBERICEKIE. UTOIREEREI S ETRIETZIENTES,
(1) H#BREHEEIEB I EICLY ARBALENRT TR, RO
(2) IR TELONAEBBEBETINI UL, DINIAZDL, WTZT 4,
FE VKRNI ZDLDLRDIENOBRINZD DAL &H 1 EOILERLT
IR ZZUKBERPICRB L. HZuRZE2F T SIS ZEKT 2 TR,

SRERLME & L TId. ABEEXRTI2EDOTHNIIRFICREINDH D
TIEAW, TOL LAEMMAERT 2EBEMEE LTk, Al LY
MR w2 XEME (Leptothrix sp. )RR 7 = OF /)L AEHE (Sphaerotil
us sp)EZEIFBIENTE S, FTEAIMICEETRELRL D ICEBINE
SECHENFEICERTE S, L7MNRAY vy RBHEES L TE. BEFW
ik, LMYy o2 - 00F 1« ZSP-6%., RULZIMNAYUY YR30
T 4 ZOUMST D ZE T 5 h 3, LT MNRY v o2 - 07 1« —0UMST#KIL, 200
9F128258 1T, MILITBUE AR ATl i B R B IS S E St v 9 —
(HAETEEATEZMHATIHFE2 — 5 — 8 (EMFHES292-0818)) IC. =5
ESNITE P-860& L THEFEINT WS, /. ZOEKIX. IREEERSETIC
BEINTHY., TDOZFEHESIINITE BP-860TH %,

AFBBICHITZ TEHE SiF. L7MNAV Yy IV RBME. A7z0OFIL
ABMEREDB-7OFTA/INIFTY FILEBT 2HEREMEIEEMHERT
ZHROBEFRERKR L. COBEFRITEHROBEOABICHBI NIz
TOZSHEERE Y VNN VEEDN SR LHMMBHEDRICEY icdhimsTE
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[0030]

[0031]

BAETHD(LLTOXXER 1 ~ 3 &),
@k 1 : Emerson, D., and Ghiorse, W.C. (1993) Ultrastructure and chem
ical composition of the sheath of Leptothrix discophora SP-6. J. Bact
eriol. 175: 7808-7818.
Xk 2 : Takeda, M., Makita, H., Ohno, K., Nakahara, Y., and Koizumi,
J. (2005) Structural analysis of the sheath of a sheathed bacterium,
Leptothrix cholodnii. Int’ L. J. Biol. Macromole 37: 92-98.
@k 3 : Kunoh, T., Kunoh, H., and Takada, J. (2015) Perspectives on t
he Biogenesis of Iron Oxide Complexes Produced by Leptothrix, an Iron
-oxidizing Bacterium and Promising Industrial Applications for their
Functions. J. Microb. Biochem, Technol. 7: 419-426,
TERMICH T IHBRIEMEORERMIE. ARBEZENRTE HRY FICH
JREINT. SKEEHMEORERFICH C TEoELR. BERE. BERES
FEEHRETDIENTED, BEEEE LTE, BEI15~30TC, FFLL
I$20~25C%ZIFH &N TE %, BEREE LTE. BE1~3BbEE. #F
LLIE2~21HEREET B &N TES, HEIF. BFRBERTEREFEED
WINTE L, FEULLIFRABETH 5, REEER. REEE. Bt
EE BIEBZICL>TITOIIENTES, Hithe LT, IR EiE
BUCHBWTHERL TWBSPHEMAEEZEIFEENTE S,
TRE)TEATZIKERICTINI=ZVAL, JIVAZVL VWTZU L F
YURGNT O LZEEIEZHIC. HBKBRICEMINh2{EME
LTk, AIZIE |BIETIVI =0 L, HERTZIVLIZU LA WE7IVIZ04L
CREBAVD LTI A BEDNLOAZT LAV, BT A,
ZFF VBT D L, BIEILTZD LAID, BEILTZ=D LD EX(
IAFIRIVEFS R), BT = L (VIID). RuCl,(CO),(P(m-CeH,S0;Na);)
oe [(CsRs)RUCL(PTA),1(R=H, Me: PTA=1, 3, 5-triaza-7-phosphaadamantane).
BIbFH (11D | BIEFH (V). IFMBERF Y >, BIL/NTZD L(IV
) BIENTZO L, FFIBIENTZUL, INSOKNPREDNET SN
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[0032]

[0033]

[0034]

[0035]

[0036]

5, INoDIEEYMORBREIX. BE0.1~100 mM, #FZF L < 130.5~20 nMTH
5, ¥, ITRRQ)THERIZIKARICHEZSHEIED/2HIC. HBEKBRIC
BMINDEME LTE. FIAIE WREESK(II). MMERSX(IIID). IBILER(ID)
. BEEK(IID), AEBBSK(ID). AHBRSK(III). BFBESK(ID). EFERSK(III). /T
VEEEK(IID). ChS5OKMY. SF. SHMERLENRBEIFEN D,

TRQ)THEATZIKEROKEEAFE LTE. EERWGIZ X, BEREE
R, U VERBER. VI UBBER. I VB VEBER. ROBBEER
MU REEER, HEPESIEEDR). 5 (A X (X, SGPIFth) ‘&M ITF 5N B,
Fe. IR(DTEEZT > LBMEZKERAS L TSIXRIFERATZIEH
TE D, HEKBBROPHIZDOWTIE, FHICHIRINT. BEMNE T 2EE4D
BEZFIGCTHEHERETE 5,

ARSI N7 EREIT LREKERICERRBE I D IEHTES L. XIFHTA
INEEHBIIHLTY VF—LAETERENE%E 1T 5 /2% I EERACERICER
BT DI EHLTED,

RBEITOFRMEIE. FICHRINT., BWE T 5B EEOEEFICIELCT
BE. BASEEEERET D ENTES, £/, BBEITOBICIE. BE
B’iE. BRBREFEEZLHBICIYITO IENTES,

A FEE/KBRRICERBE I DT ET. PIVE UL, PNaA=T L, L
TZUL, FIVRVNIZ DL EBHEBICITRERREI T T, T 5Dk
HEH(ER) T 2BEBEERTDIENTES, TOLDIBR2EBEDOITES
BHIET, MBIBHEICEEATHR CI AMEKICEEIED I EHNTED
o T, KBRFODILRDOEFREBE L ZFET LI & T, AFKIBOELEL
NEBTLI2NRDELRESEELZHHI DI ENAETHLIDT,. BAR
WIETFEE LWL D QB bk EFRT 22 &N TE D,

AFEBAOBBLEOREICHSWT, LETEMBET@ICMA T, (3) ITiEC
) THROLNLBILEEMBNIET ZTREAFICERT D EETED, 0D
LD RMBIBEITD T & T, BIEERPIC a-Fe,0; (NTH A MIDFEERIN
T, BIESAREBEEET SDLDIL0D, COLDLRBEET HEEEKIE.
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[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

TEBERE LTHFBEICERTZ I &N TES,

INEALIBDSERE L, 1FF L < 13600~1000°C, L YU iF=E L < 132650~950°C T
HY. BICHFFELIFT700~900CTHY. IMELIBODORFEIE. FF L <1301
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