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Fig. 8 Microstructure of alloy sheet cold rolled

and annealed

4. HYVOLBKEEDMEME

it B AEREAT 0D 72 DI i RS 24T > THOIRBUR &
L7z, Fig. 9 1ZFMRROFEZE T 60% CTHH
JEIEZ Jif L 7Bt OB EE CThH 5, ZD KD IT,
AEBITIMBEILERTEETH Y | 90% LA EDJFIE & 7]
BETH D, MAMEFMOFE L LT, MmEEEE
& I BEsE (1000°C X 10min) L7z 2 F¥HORE
Z W LT,

Fig. 9 Photograph of specimen before (left) and
after (right) cold rolling

Fig. 10 (IHREE/KIEIR 2 I81T 2 By i g ¢
b, FHEEE (X)) Lreshi L=k (FX) T
I IFE AR CEEZ R LTV 5, RENELEN

(B) 1%, SUS304, SUS430, Fe-Cr &4 DIEIZ
KL< o THY, Eo, FRBHEFRFEREE (5)

1% SUS430, SUS304, Fe-Cr &4 DIAIZIEL 72>
TWb, T7bb ko 2T L A (SUS304,
SUS430) (ZHA~T, MEMENENLTWD Z LVR
B4 5,

”1“ 1 ¥ T T T T in" =T 1™
Solution Smass"aH.S0y
10 Testing Temp. 303K 6
Sweep rate 20mV min
'.'_ ‘{Il L [ 'i:_ II}J
g Z
£ 2%
< 't =
= B
& z
: £
_:‘5 1= 5w
z E
s 0 § i
= -
Ik Fie=ty alloy
1yt ! L L i Jiril L i L i
<R <Dl 0 A 8 wld B ) o 04 08 I2

Patennal . E ¥ vy SCE Potentinl, £V vs SCE
Fig. 10 Polarization curves of as—cold rolled

(left) and subsequently annealed (right) alloys

10" 10°
SUS430
10} 2 - 107}
T Jsbﬂssm 4 . el
i‘: Fee-Cy alley $
g Ml | S
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' = i
E 107 - H 10
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ik Testing Temp 303K 1k
Sweep rte 20mYy/min
.1 o] |
058 03 0 o4 oF 12 W% o9 0 o4 o8 12

Potential , E/V vs SCE Potemial , £/V vs SCE
Fig. 11 Polarization curves of as—cold rolled

(left) and subsequently annealed (right) alloys.

Fig. 11 [3HEEKEIE T I0T 2 AR o3 il E o
MRTHD, ZO%ES, KRR & FER, EE
FE (ER) L=t (GX) T 13&Al
AU Z R L TW5D, £, AERBLEMN ()
H Fe-Cr @08 o & BIR | NI REHERF I

(i) b Fe-CrBENnbo L by, ZZTHERE
ozl WEkoAT LRI T, Fe-Cr
BRITMAEENERTL2ETORT v LR
K& L ARBRERENRNAR T 2 ¥ VHIH TR E
ThdHIEERLTND,

YL ED X512, R E D & Fe-Cr &4 DIt
AVEFIEFICENRL VD Z ERNRB IR, Tk



3 D72, HAKEERER (JISZ2137) %17~
7o HEKIZ 5%NaCl Kk A H L7z, Fig. 1212
AERBHAG> 6 1000 FEf#% O G0N E ~T, &
K D7 2 M b b b T REARYITERD
ST, RERATEIZEAERICARER LT, 20O
LR EBDMEMEITMERD AT L 2 &
RCEFITENTND Z EBD0D,

Fig. 12 Appearance of Fe-Cr alloy sheet after
salt spray test for 1000 hrs

5. 8hYIc
FEAIR 7= K 512, Cr IBEDOEW Fe-Cr A4
HEuy &N D RS B o 708 B O R & A5 )
M2BHZLICL - TOMIFRER G LD Z LN
MO TV, EFIT, BE MRS BRI
eI o TE T, Z OB CTEHEIE L SV 7 8
DA Z i % 72012 L — Y — I R [E % 17
STHRMEERLEZLOTHD, ZORME, BBHE L
VO R OBEFE D R < THEMELED K 5 72N
THRTELZEERB LI, AA4EIT, BEORE
I EAEZT RN Enn KA TOEMTEIE
SRAMEEE L RETH A 5., £, BIRCEME
. WRELEZ ERIETOMHER HITZ 5 Z & h
B | ABHEME D O R O A YN T C B
TEXHAEEE L TVNDHEEZEZ TV,

ARWFZEI S [F CTHE D > TTEHW AL G, BFgeH .
KD F 2 EL BILEHR L EIF 5, £12, RE4
BN T O E G X TCHWE B 7Va—o
T RIEHOEER LT,
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Fabrication of Template-Assisted Core—Shell- and Hollow-Structured Titania
Composites from MnCO; Microspheres
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Hack—Keun Lee

11

a7 -V VERLITPFEMEEERT DM
MnCO;/TiO, AR D A %A MnCOs B0k -4 V=,
T OO B IEREIL, MnCO; KL T- O [NH,], TiFs &
D TAR BGOSR A2 HIH 95 Z & THEETH
S7z, F72, 600 °C TOREREHKICTT - =L &
ZEMEIE D MnyO5/TiO, A IRIZE L LTz, AR D
NS XARIET, EERE MR, 7 — ) =4
RO, B - AR & VN T, BERS 1R D
R OYIERE DT D Ic, A F L v T — DWW
Bazl-, ar7-vyz v hZEHEEo
Mn,03/TiO, AR L H A F L v T —ICIEFITE
WIRAERE 1A R L ERENICEVNTS.2 & 6.4 umol
g OWERBEDE LN, RUFEFEIL, fe
G RRBEA~OMHAN R TH Y | ZERRTEE LY
PEa BT D HHBILT ¥ VEA ORI ML E R
HiEima et 5,

1. [FC®HIC

fefbF 2 o (LLF . TIO)MBHZ, b 1235@ < |
BREEAMRLEMEDME N SEAETEMEA BV R E D
=— 7 R DR IS W B I B W TR WL &
HEDHTND, v~ 7B EFT /) LULTOZDOE
REHIAEN L, B O BB SIC>Tnd, 2
EFTIAY ), Fa—T2 T4 IR EED
Bz F 2 MBI SN TE T2, ZOHFTHHZE

RS TiO, 1X, mHERERE, KEE, miREMER
EDORMMN D, il Y, Y= KT IFY
NRY—DF % U7 D E~DISHARHHEEN TV,
WE, hEREOM BT, T LV — M AT
LR E T T L— N EFRIA LW IESERIE D
MANORELND, $FAET, —RAICT T L —
FOFBEMEICEN, EETEMEETH D0,
EHERESTHY D, B HEHTAART LY =
“ATar, LR YT KT
FlL—bhe, R ~—FF v 2p7 M HSH
U P =R UERIRE PR E D X S Fen— R
T T U—ERMERIRTWD, BESE2idT v
FUTICEVRAWET T L= ERETDH L
TR P2 2150 Z LN TE D, B, K
U~—RiFDO7 7 b— h EICKREEREE Y —
72 TiO, BEERERL, T L — b EBRET LI E
TvA 7 alFeAD X H ErEED Tio, Rt
AT D IFENRFIHEH ST B A3, BURIC
REfH & BRI D T2 BRI 7k L IEE 0T
< VY 5,16)0

ARFZEIE, Deki' ™ H1C ko TRE ST TIiO,
MO RIE VLT H DK HHAEFETE (liquid phase
deposition : LA N, LPD) ZJSH LT, Rig~ > H v
(LLF. MnCO;) ki1 & TiO, AL T 5729
DFLNT Fa—FZfPI T 2, BB TH 2D ~F



I AaFH T v =7 A[(NHy),TiFe D&
A F R TH D TiFe 1d, Mn*" & OFEM AN
(2 &> T MnCOs R 125 L, LPD s & & b
\Za 7 -2z L E I ZEREE D MnCOy/TIO, HE
RIZ&bT %,

% < OIFFEIZEB T, TiO, LRk~ v L OB
AEIREE LTET o TWD, BlE, BE
BiEERAWTELREZ~ T Bib 2 LT
TiO, 1%, ERBb) 2 P AEE TS5 2 &2
T&5 NV, £ Bt~V EED TO,

(MnO,-TiO,) #EEWIT. AHEWE DRRIIG % fil
9% 2V e < RESICAFE S D AT Yt
DRI BRI TH D 2 ERRESA TS 2,

fem A &2 TiO, O G T IEDBFE X,
BN D% 3 A b 2RI S L TiO, O i 2
KVIRT D5 DIZRERERENH D, LPD IEIL, A
MR D X 9 RO THER SN T3 P, 9, K
IZX D TiFe ODIMKSRIEDBIE S, 7 v FA
T OfRAIE L TR UBEIRNT S Z LT (G
X 2) UGB (DRI SOR A 12 e 2 & 12
2%,

[NH4],TiF¢+2H,0 — TiO,+2NH,F+4HF (1)
H;BO;+4HF — BF,+H;0"+2H,0 ()

BRI ORI I3, BRI T, RIS
Ko TN OTERIIGMIND Z LD, ZEm
NTEMEROAEHK~A 70l TV EEKRT D
EHOT L FL—hE LTRSS TE
ZOHTH MnCO; 1, il 29 Webkprh} 2729
FEM PR — =%z 37 BITFI A

TE DML~ T DR BEERFERE 705, FFIZ,

F R, F U= v A T aRiFICED
MnCO; DAL/ TEHE 913, £Ex RO EA K%
BEF A HOT 7 L— k& LT FME

I

2. EE

2.1 HAFE

it~ > > KF¥) (MnSO, » H,O, Sigma-Aldrich
Co.) . JxkME/KZFEF b U v A (NaHCO;, Kanto Chemical
Co) . "XYV T VAR FH BT E=U A
([INH4],TiFs, Mitsuwa Pure Chemicals), & L T

7 ¥ a—H# —tsukuru No.24 (2016)

iz (H;BO;, Wako Pure Chemical Industries, Ltd.) I3,

AL TR LICZEDOFE EMHEM Lz, Bla Aok
(182 MQ em) X, A A v 5 L ORI

(Millipore, Direct-QTM) (Z#c\ N Cifiigi 2 L 0 157,

2.2 ERIK MnCO, AL F D & B

B3 8D MnCO; B0k 13, Antipov®” 512 K 0 #
AN RBREEIGH L CAR LT-, IR 5
&, 0.14M @ NaHCO; /K¥ik % 0.014M D MnSO,4 D
K-xH )= (5%, viv) IREEEICHERL 20
LI LTz, 4 RO, GO ikB %
AL, A AR HKE X ) — VT LT,
60 ‘CTHZME LRI L 72,

2.3 LPDEIZEKABTiIO,a—FT40 25

50 mgD>MnCO5RL {4 10 mL D [NHy], TiFs K%
(0.1 M) IZIRINL, 288 & 72 136REf P - < Y
LR S22 6 P UL (prereaction) 24T 72,
fEV T, 10 mLOH;BO/KEEHK (02M) &z, &
DI DO SUG 2 AT - 7o, BUSE BLF-% Al L,
KExH ) — L THEEIEIES 21T > 7ok, BIR O
BT, HoNTcAsmEESS (DenKen KDF
$90) T10 °C min 'O FRIHE T600 ‘CE TMEL |
S B3R BERE 21T o 72,

2.4 FFMEETAE

BFoh-AERwix, X #EYT (XRD, Rigaku
XRD-DSC-X 1I) & &5 At & A2 7R - BT (FESEM,
Hitachi S-5200, Japan) Z MW T L7=, SEM #|
ExETHAENC, Tk 6 RELl EEZEwg L,
YU TN B LT EIEOK E SERICRE LT, &
THRICEDF v+ —2 7 » 7B IO =% Hitachi
E-1030 ion sputter (15 pA, 10Pa) ZFIHL T, H v
TS nm D Pt AEE HATo T, BT BT

(TEM) B (%, JEOL JEM-3010 % FI| L T, 200 kV
THE AT T, TIO, 2—T 4 Y TR DY T v
D 7 — ) ARG 3 (FTIR) I8 13 PerkinElmer
Spectrum100 FTIR spectrometer % H VT 4000-450
em! #iPHTIF 572, MnCO; ki~ 1 kW
ZIRD 7212, MnCO; BRI IR D 0.1 M D
[NH4],TiFs /K¥A# D pH %4k % ISFET pH meter
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(KS701, Shindengen) % FWTHIE L7z,

2.5 WETAbE

BERE #1215 B 72 Mn,O3/TiO, AR DYt %
RAHEEDOIT, AF LT A—KEKR (MB, 10 pM)
215 g L OEEICRD L) ICEAEREZRMLTZ,
30 D MB Was D%, 1w O00HES X o TEAE
U S, BB OB RIE 21T > 72,
F 2. B O N8 A KD Brunauer-Emmett-Teller
(BET) LeFimfE, N7 O A X, LI % %
HF 2545 (BELLSORP mini-IT, Bell Japan) % >
TiTo7,

3. HEREEBER

3.1 MnCO; i HIF D s RE

K-z )= VIREEWESM T T MnSO, &
NaHCO; Dt/ & MnCO; ki 1~ % 1537= *Y, Figure
1 IZH AL S 72 MnCO; ki +-0 SEM 47~ L, —
Z ) — VRO I LD HEDE VDR T X

Lo TH ) —NEFMUEEA. 2.5 um OEZ
HT HEHROBLF MG HN L DK LT (Figure
la), =% 7 —/LEFRMLTWRWEEIE, 2 um O
Xa—bEyv ZRORTFREGND  (Figure 1c),

Figure 1. SEM images of MnCO; microspheres
prepared in (a, b) presence and (c, d) absence of ethanol.
Inset of b shows a whole image of the particle.

Figure 1b & 1d D &5 D SEM B 65005 K 9
(2. =X J —/LiE MnCO; DfEfhk R K & 7
EHZDLDERNTHDH, =X ) —E, KIEROFHE
AW S BRSOV IR 2 T 20K 03 B 5

13

2390z ) — L DTN K 0 B 0O Ea T EE A
IR S, BAER E M EEDMRES T2 B2 b
Do L7zido T, FdhAR OWIHIB M Tl Mtk o
RNT R OEGERN a TR I, £ Dk,
27 OIMANZ SRR ISR S SRR T~ %, & DFER.
KA D FLERD BAMANC R L7z MnCO; D7 L—
7 DEHRDRER GBS Y,

3.2 LPD &t

MnCO; ki 1~ & [NH, ], TiFs O St (FAREE) 12
X DR FINE O REEAL Z R 5 72912 SEM #1542
%4T- 72, Figure2a 5005 K 912, 2Kl
fifi S O 77V T KL T O F I 72 B 200 nm
BENT- L Ay F oItk TRENT-Z2
BOERPHERTE H, BRENZ LT, 6 KD

TS Figure 2a TEIZ CE 2Rl 0 2 74y
MERIZIRL 72> TN D 2 ENENTZRL T SEM
BN HHERTE S (Figure2b), ZD X H7paT &
T VDR DTy F S HEIL, MnCO; & HERE
T5a7 e VORBREBHRZEMICERT S H 0
EHWT S B Y,

Figure 2. SEM images of MnCO; obtained with
different prereaction times: (a) 2 and (b) 6 h. Inset of a
shows a magnified image of the area enclosed by the
yellow rectangle.

[NH4],TiFs @ ¥ FE 38 K O 7 fif B i I [ 1,
MnCO,/TiO, HERDIEHE A R E T HHEE /23T A
— X LD, K0 AMEIREERAT O DIT, 12 K
Bl LPD KG0rH 1% H 7z MnCOy/TiO, A D
XRD, FTIR 3 X TEM #r&4T 572, 12 FEf D
LPD S HAF LN T-H 7 /v D XRD /X% — %
Figure 3a (27”3, 227 -3 = /UiEiED MnCOs/TiO,
BEK Q2 RO ARG & 12 FEf#E O LPD KUk %
1T 7)) O XRD /NF— 275, MnCO3 D
E— 7 BNRELBD L TWD Z RS D, fek



1D MnCO5/TiO, AR (6 R O T SUs & 12 I
M LPD BUtZ4To72% 2 7)) OEEIZIE, A
ED MnCO; D E— 7 A3HIE L, 25 T#i 72127 %
— A TiO, ® ¥'—72 738 (JCPDS No.84-1285) Hliv7-,
L7273 T, MnCOs 18R 11X [NH,],TiFs & O T <
JERRE D% D LPD RSO RIGY & LTl Tio,
EEAILENTZ NSNS,

LPD JJ&IZ & - T B A7z MnCO,/TiO, A
B L O'MnCO; ki 1D FTIR A~ kL % Figure 3b
2 L72, MnCO; ki ¥ DA, COy> D ifEIRS)
ICHIET 5 B —2 2% 1423, 862, 725 cm ' IZEB W T
MERR T & 5,3450 cm LD 7 v — g3 Rig,
MnCO; 235 L 727k D O-H JE D hfEiEE) 2 #3 Y,

1]
[ } 4= Anajase
=
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Figure 3. (a) XRD patterns and (b) FTIR spectra of pure
MnCOs3, core—shell MnCO5/TiO, composite, and hollow
MnCOs/TiO, composite microspheres. Inset of b shows
the respective spectra in the range 600-900 cm .

LPD [ Jift4 . COs> 1 B3l 2 Mg iR Eh AR L .
FrZ 6 B O TGO Y 7 AT BN TE L

7 ¥ a—H# —tsukuru No.24 (2016)

Blbmddo7-, LinL, TiO, 2—7 1 > 7 D%, 500
~700 ecm ' & 3200 cm ' fFITIC Ti-O OfpfEIRE) &
Ti—~OH @ O-H fffEIRENC T 57 v — R7p v
ROBENTZ, Bz, a7 -3 = L% O MnCO;/TiO,
BAEWIE, PrfEOBE AR K Y 3450 cm™ (D
O-H fFREI N KE W2 Evh, K F+OWFEIC
MnCOy/TiO, HEERD LR HmFENEKR L TND Z &
NI IND,

TiO, 2—7 « > 7 Hh D 2T = = Wk 10 SEM
& TEM # % Figure 4 |21k L7z, Figure 4a @ SEM 4
D5 1% 5372 MnCOy/TiO, AR 3.0 um D E
BEH L, TIO, 2 —T 4 » TR A XDHEKR
LTCWDZENmnd, EbiT, WMz = L%
R U 72kl - OWNE N SR 2 um O EREZHT 5%
LD a7 NBlEZTE 5, £72., MnCO; ki1 &
BER_RTRENDEONIZR S TNDLI LB D

(Figure 4b), Figure 4c & 4d ® TEM /5 RFE D
BN = VOE XTI 89+ 14nm TH V| 2 Kefi
D PRI DY TN TR I To K < O
BR (Figure 2a) 7% 12 IK§f#]D LPD SSIZ R D =27 =
VEVIZ: STYAYE SV AW OB Y g

Figure 4. (a, b) SEM and (c) TEM images of core—shell
MnCO5/TiO, composite. (d) Magnified TEM image of
the area enclosed by the yellow square in c.

Figure 5 |2 {12241 D MnCOs/TiO, 41K D SEM
& TEM 4% 7~ L7z, Figure 5a TORL - DFEH LD
/INE T2 50UE, [NH b TiFg Nz I 7' e h 2 k- T
a7 BT R ONEND CO, B ENn s 2 &
WZEoTEGNIE b D LB X biLd, Tk 1
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® SEM % (Figure 5b) 7>Hki DN A ELIZ 72
Ko TWHZ ENHERTE, m%@ﬁfx 35 3.0
pm, ¥ =V OEX (35246 £ 12nm & BAED ST,
F72. Figure 5¢ ® TEM 75 & HZERGEME B
Tl ENERTE D, HBRENZ &iX, 27—V
JUAETE & L CL FEEE O v 2 LR K D EL e
STWNWHZ ETHDH, JLRKD SEM # (Figure 5d)
AANSINAE W R b et AT FiRY 7 £ G ik
MnCO; #0kL - 0> 3% 1 & 5% B 2 AMHl & V\Mﬁlm: 5D
TiO, D2 —7 4 » ZJENTER S T 2 & & AT
5o

Crystalline
MnCO,

/

Figure 5. (a, b) SEM and (¢) TEM images of hollow
MnCOj3/TiO; composite. (d) Magnified SEM image of
the area enclosed by the yellow square in b

3.3 HEEKRDERZERE

a7 =3z )b b e E D MnCO4/TiO, HAEIED
ERRR S A Scheme 1 (2789, TSSO RITIC
MnCO; k1%, WHENC R B IRED#E s %
A9 %, [NH,TiFs Z M7 % & TiFs I3 MnCO;
Mok 7220 LD Mn™ A 4> (K =224x107") & 4
KEBRL, REICRENIEED, DKk,
[NH4],TiFs DMK iR & > THER SN2 HF LD
o (RS 3) Bz, ar-y kg
72 1§ 15 O MnCOy/TiO, AR B ERTE %,
[NH,],TiF /KW D pH 53 MnCO; ki DA #E12 K
STRRDOIE, DX D RIS EEMT D EER
AERL & 72 5, [NH, o TiF ZKIEHE ORI pH 1% 3.6 TH
ST, MnCO; b -2 IRINT 5 Z LI2 L > T 49
ETHINT S, 20X 572 kL. MnCO; fki+

15

DIRFRIZKIRE PO 7T v b iMibh b Z LI
N3 25, =Dk, WIERO pH 1%, 2 AFICIE-> Thx
(2 5.6 ETHNT S, Z0 kI pH Z21ki%. X
JEA 1 & 3 TAEK IS NHy & HCOy A A > D
1TRUE (BOGEC 4) |

EETLIHDEBZZ BILD,

Multitaced MO,
MACO, flakes nanocrystals
‘ Pre-reaction
W Sol-gel reaction
MnCo,
TiFg?" precursor layer
0 vio; eoating layer

Core—shell MnCO /0,
Scheme 1. Schematic of the Synthesis of Core—Shell
and Hollow MnCO;/TiO, Composites: Cross-Sectional
[lustrations of MnCO3 Microsphere (a) before and (b,
c) after Prereaction for 2 and 6 h with [NH4],TiFs,

Hollow MnCO,/Ti0,,

Respectively, and Their MnCO;/TiO, Composites
Showing (d) Core—Shell and (e) Hollow Structures after
Sol-Gel Reaction for 12 h.

Scheme 1b IZ/RT K 91T, RFWICHR SN2
2 kR, RIS MnCOs Tk D FR kil < DINES
BURRE S, F 0%, BRI O MnCOs fEaE B
STHE L, T & M2 E 72 MnCO; T/ #tidh
DaT EEBELIRD D, 612, XV EWTPRKIS
eI, PEMEDOEKZ ST 5 (Scheme 1c),

2MnCOs+H4H"H4F  — 2Mn*"+4F +2H'+2HCO;  (3)
2NH, +2HCO; = 2NH;3+2H,0+2CO; (g) 4)

H;BO; #1RMNT 5 2 & TRIGK 1 ZIEsSH5
ZERTED, 2 MO TFAREOER & 12 FFfE > LPD
etkizar &y = VRt S5 (Scheme 1d),
F7o. 6 FFE LV BWTRBS & 12 RffE] D LPD J
ST K o TR DM FA EVRIR S 4L, HZEREE D
MnCOs/TiO, AR &A% (Scheme le),

3.4  MnCO,/TiO, E&EDBELE
Fh. FxFaT-vrEPEMED
MnCOy/TiO, AR DBERE I & 2 b fatEd KL Ok



DEACZFI Tz, BERBE O 3T -2 =)L L 2EHEE
@ MnCO3/TiO, 51K % Figure 6a & 6b [Z/R T,

- Anatase
v a-Mn, Oy

Jm'_ﬁhm

o :

5

s

z 1
4 ||
a |
& |

- -
CI T ko A
k :.j‘i‘ it L....... J 1\-,......::;\»...-._);‘
l‘[l i 3‘!1 ' 4‘[1 ' ilﬂ ' (II[I ; 70
26/ degrees

Figure 6. XRD patterns of calcined (a) core—shell and
(b) hollow MnCO5/TiO, composites.

Beiht% . JESE TiO, 137 4 —A TiO, (JCPDS
No.84-1285) 12, MnCO; I a-Mn,O3 (22 L7z, W
ZEH#3E 0O MnCOy/TiO, AR DY E . 600 °C T 3 IR
OB ZAT > e 6. a-MnyO; D E— 7 [T &
A EBLILZeW, Figure 7 3537005 K 912,
BEfE STV v T TBERE AT I B WV TR BRI A
{BIZFR ER b Zewn, 7272, BER%RIcar-v v
BEKROa T ORIV =0 X 5 2L 720 1
R K VL TWD, F7o, BERSE ORI O AR
B D WEEAD BB I LT,

oD

Fe 7. SEM images of n203/Ti02 composites
obtained after calcination at 600 °C for 3 h: (a, b)
core—shell structure and (c, d) hollow structure.

i, B SN EHE RO IZEGTT D
MnCO; 7% Mn,O; I 7-Z L IZEMT 5, XRD

7 22— —tsukuru No.24 (2016)

B L SEM Z5HT DR & b BERER 1215 5 =%
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Figure 8. UV-vis absorption spectral changes of MB
(10 uM in water) after 30 s incubation with Mn,03/TiO,
composites (1.5 g L"). Inset shows a photograph
showing colorimetric image of MB (1) before and after
adsorption test with (2) core—shell and (3) hollow
composites.
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New Materials Characteristics of Pinch Roll for Hot Strip Mill
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Synopsis:

To improve materials characteristics of the coiler roll for hot strip mill, we have carried out
the material development by the CPC production technique. Also, we have developed the
pinch roll which the thermal load is higher than the coiler roll. In the pinch roll, the high
tempetature hardness characteristics of the roll surface is important. Therefore, we improved
the material for the conventional coiler roll, and the high-hardness material for the pinch roll
was developed. For the conventional and developed materials, fundamental physical
properties, mechanical properties, and various efficient comparison tests responding to the
using environment in apparatus level were done. As a result of characteristic evaluation and
prototype manufacturing, the development material can be expected to extend the durability
of pinch roll for hot strip mill.
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Top pinch roll

Wrapper roll

Bottom pinch roll
Mandrel

Fig.1 Construction of coiler in hot strip mill
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—/L R (R ¢ 90x400L) ([Z8FET 5 = & TIERLL 7=,
72¥ AT /L REREM OEEELIEEE 2 & L 7-R5 5.
CPC HliElc Tl S 7= F2edh o b — Vb O §EE
B LI L TWAD Z LR SN TV D,

el U7 b, kBRI b0 — L HOME L
BRI CH O . BIRMIIIERM 22— & LT, H55k
WETTEE 0.5%. 1.0%. 2.0% ML DTHS,
HE O FE 72k Sy % Tablel (2777,

MM Z N2 OBRELT 1000°C T 7 FEE O S
(2 L0 B AR ATV ORG24 . 400~600°C Dl
FHC 7 R OLRFFIC X 0 R LB 21T > 72, F 72,
FIFE DRBR AN L U CRBR 21T~ 72,

3 ot L— Y —BAMEE & PRSI K DA ERRBIEE.
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e 16 OSM: FClEZEIT -7,
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F 7o, M O (LL) 76 FEFERE (SL) OfHF
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Table 1 Chemical composition for conventional and

developed alloy

Alloy Composition (wt.%)
0.6C-3Ni-14Cr-81

0.6C-3N1-14Cr-S1 + 0.5 special element
0

0

Conventional

Developed  (.6C-3Ni-14Cr-S1+ 1.0 special element

).6C-3N1-14Cr-S1 + 2.0 special element



Table2 Experimental conditions of seizing test

Counterpart material SUS430

Size of counterpart piece ¢ 100 X 15mmt
Size of test piece ¢ 80 X 10mmt

Load 50kg

Rolling velocity (Test piece) 50rpm

Sliding ratio 10%~60%
Temperature of counterpart material 850°C
Cooling conditions Water cooling, 600cc/min
Test time Tmin
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ZATolz, FOHEER% Table 3 & Figd (-7, 6k
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50um

Fig.2  Typical microstructures of conventional and
developed alloy : (a) conventional alloy, (b)
developed alloy (0.5%), (c) developed alloy
(1.0%), and (d) developed alloy (2.0%)

—— Conventional alloy — -0~ — Developed alloy (0.5%)

---W- - - Developed alloy (1.0%) — - € - — Developed alloy {(2.0%)

90

Hardness(HS)

As 460 480 500 540 600
Guenched

Aging temperature("C)

Fig.3 Relationships between hardness and aging
temperatures
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DORFEMTHY | KR E 2.0% LIV TR %
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SRR B e

0.5% FFERTCR UMD BAFEFNZ DN T, 4D I L DFEA
EERRBR 21T > 72 % Figh (R d,  BRIESE
600°CIZIUNT 30 [HIFE TOMe D i L EEEE A 5. % 7=
23, BB A KA = R ST T AR R
s Lz,

Table 3 Result of thermal shock test

Test temperature

Alloy 600°C 700°C 800°C
Conventional alloy )] X X
Developed alloy (0.5%) O X X
Developed alloy (1.0%) ) X %
Developed alloy (2.0%) X X -

O : Nocrack , X ; Crack, - : No data

Fig.4 Appearance of thermal shock testing piece: (a)
conventional alloy, (b) developed alloy (0.5%), (c)
developed alloy (1.0%),
(2.0%)

and (d) developed alloy

10mm
Fig.5 Appearance of thermal shock cycle testing piece:

(a) 5 cycles, (b) 10 cycles, (c) 20 cycles, and (d) 30
cycles
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Bl & MEICARNZR D RANTAER L2 R Th 2 &
EZ2bN5,

Fig.6  Photos result  of test

under different sliding conditions:
(b)70%

showing

seizing
(a) 40% and



Table 4 Result of seizing test

Shiding ratio
Alloy 40% 70%
Conventional alloy O AN
Developed alloy (0.5%) O A

Width of seized band (O @ ~~0.5mm, A 0 0. 5mm~ 3nim)
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Fig.7 Result of differential thermal analysis

Fig.8 Manufacturing of the roll material by CPC
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Correlation Between Heat Conduction and Section Shape of Thermoelectric Conversion Module
Made by Thermal Spray Method

L&

iR 2 — HittAfgEE 42— HitAfEE 2 — HfftffEE 42—
EWBRWHAEE GRE EBRMRAREE ER o —KF KRE U —K
#iE Kb R KEE sE B BE(I%) k& XM
Daichi Masuzumi Daishiro Nomura Makoto Shiga Hideaki Nagayoshi
ZE 5
HAEBLEWHE D 2 — L OREBEMEIL, T2 — LICHNDEEEDORE SICHES

b, RFFETIL, BVEEBRE Y 2 — LORIRIZOWVWT, Y 2 — /L Ok &
BV a— VN DIREZE - OB ETE LT,

FER L LT, R 2 — Vi & OEEENRE L 25 S MAEFOREEZEN KX
KB LR LT, £, MEmE KO EIE &Y 2 — /b & OBfmfE L2
Y a2 — VERICHEHNDIRE L MET 2 LN HER TE -,

TV 2/ EBJRRNCUNZER DT 256, BJRD O OBYREDOK T 3 R
ENTe, Y 2 —/VIHHE OMEEIZ L > TERZD7 LEMER, Y a— L2k
MINDIREFET 1.6 5D m LR S L7,

Synopsis:

The power generation performance of thermoelectric conversion module is influenced by
the degree of the temperature difference to the module. In this study, we investigated
relationship between the temperature difference to the module and the section shape of
modules for the thermoelectric conversion module.

As a result, it was confirmed that the temperature difference increased with increasing
distance of the heat source and the module end face. Moreover, we confirmed that the
temperature difference across the module was affected by the contact area ratio between
heating surface and cooling surface and the module.

The presence of small space between the heat source and the module reduced heat transfer
from the heat source. We confirmed that the temperature difference was improved 1.6 times
when the space is reduced by polishing of the module section.

1. 8 ARRET XL X —|ZB LT, BADREMI 22 HitE 2
2015 FFRIZ TN T, [UELBIRSHSKIE 21 [ [FoTE, ZOHHD 1o, BnbEKZ B
FIESFE (COP21 NV &23%) 1[TRBW T, h3EIZ LENEEAN X, KRRV —2HhIEH L.,

RAEEEROBELE LT, [ — « BEiA / RN RAT A OPEH 2RI 5 H S 7@k E L

N—g VERIK ) BRE, HERTREAT OAFSERR R D THIEFREE > TN D D2,

b ARE LT, U h, 2018 L0, PIATO®E T, 7V FERICIER LI=FE T2

30



31

DOWT, FINBVLE A K AE IR F O/ ~DF
BEWE LY, BE, FF2EHN LI EREZ ALY
BETHREZITV, TV 2 —LOFERZBZ - T
W5 (Fig.1), L2aL, B Bbod BRI EE 5
DOUGHEH DN 72 &3, B I N R 22/ 3 584
T 5, BV 2 —/LOSGHEIIAFAET 2O ZR i)
ZEIIWTEE & L Tl X, BB ENCEEE A 52 DR
L0 9, BEEBOREMRBITREZICRKE L
KAF L, ZOMREZ FRITENT T2DITIE, 2R E
TIXmA & BT & DO TR L — X7 BB E3 03 2
HTCTH D, o T, MNEROGFETEBE O E
WZORMM Y HEERIK T2 EEZF, LrL, £
DRI L OZERIE O BREE & 2V 8 o F8 B ME XA
Tl 72,

& ZCAMFE TR, R AR D STk DOE
BEY 2—/LIZHOWNWT, T EERIREEY =
— VN DIRE I OW T, R LD CHsd
o

TE elements
produced by
thermal spray
method

A

Ahmmina substrate

Conductive binder

Cormect with Az paste

AT‘

Fig.1 Image of manufacturing for thermo-
electric modules
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Fig.2 Schematic diagram of module edge shape

3. R
3. 1 HP&(P2ORERERE
FRDOEY 2—WZEBITH, HP & P2 ORIER
RBIO 2 AHOIREZEE Table 1 1277, #4
(Saw-type) £ = —/LOIREEFIL 200.3°C, |11
(Mountain-type) &< = —/LOiRE 1% 329.8°C.
4 (Bridge-type) &3 = —/LDIREFEIL 215.3°C
Tho7,

Tablel Results of temperatures measurement
between HP and P2 for each type of

module
Module type Tap/C | Tpe/C | Tup-Tre/C
Saw-type 704.7 504.4 200.3
Mountain-type 706.1 376.3 329.8
Bridge-type 700.0 484.7 215.3

3. 2 P2 &L P3DEEATEHRE
ERDEY 2 — BT 5. P2 & P3 OHIER:E
B2 M OIEEZE% Table 2 12771, $EAlEY




2 —/VOIREFEL 266.3°C. [WAE Y 2 — LOIRE

2213 185.6°C, FHMEY 2 — /L DIREEIT 143.8C

ThoT,

Table2 Results of temperatures measurement
between P2 and P3 for each type of

module
Module type Tpo/'C | Trs/C | Tr2-Trs/C
Saw-type 504.4 238.1 266.3
Mountain-type 376.3 190.7 185.6
Bridge-type 484.7 | 340.9 143.8

3. 3 P1LP3DEEREHER
FHDEY 2 —/ZBT 5, P1 & P3 ORIEHF
BRO2 AEOIREZRES Tabl3 17T, T 2
—/VOIREFET 332.4°C, [WALE Y 2 — )V DIREF
I% 318.1°C, FMEY = — /L OIREEIX 261.0CT
o7z,
Table3 Results of temperatures measurement
between P1 and P3 for each type of

module
Module type Tp1/C | Tps/C | Tp1-Trs/C
Saw-type 570.5 238.1 332.4
Mountain-type 508.8 190.7 318.1
Bridge-type 601.9 340.9 261.0

3. 4 75w brE (Flattype) DEERIEHZR

77y MIEY 2 — )VORERE A Tabled 1T/~
9, HP & P1 L DIREAL 165.1°C, P1 & P3 D
REFEIT 253.1°CTH -7,

Table4 Table showing result of measuring
temperatures of each point for flat- type

module
Module | e | Torc | TowC | Tor-TrsC
type
Flat-type | 703.7 | 538.6 | 285.5 953.1
4. B
4. 1 HP & P2HDIEREEEELEDEER

HP L& 2 — LOEAE, L0 P2 AL o
HEEEE L (Fig.8) & &R COMBESEIZONTE &
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(HEICT 57—V =oAL (1) JW%
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Hot plate

Fig.3 Schematic diagram of the linear distance
between two points
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Fig.4 Result showing relationship between
straight-line distance L and
temperature difference
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Fig.5s Schematic diagram showing process of
heat transfer
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Fig.6 Result showing temperature difference of
saw-type and bridge-type module
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Demonstration of Environmental Protection in Pigpen with a Photocatalyst Deodorizing
Equipment

HiftfgEE 42— HittRAfgEE 2 — Bt 42— HitFAfEE 2 — HiftfgEE 42—
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Synopsis:

In a series of studies, we have carried out research and development with University of
Miyazaki for the purpose of reduction of the odor and microorganisms from the pigpen. In this
paper, we carried out the test at a private pig farms in Kumamoto prefecture about two months,
and we executed an evaluation from the viewpoint of environmental hygiene improvement
according to SR (Solar Reactor) in a typical farm.

We used two containers pigpen, one was a test group pigpen with installed SR and the other
was a control group pigpen with normal ventilation system. 60 weaned pigs were put into each
pigpen. And the effectiveness of SR was evaluated by investigating the environment inside each
pigpen and the odor and the amount of microbial of the air discharged outside the pigpen.

By using SR, we confirmed the decrease of short-chain fatty acids of the air discharged outside
the pigpen and the decreasing trend of ammonia and floating microorganisms in the pigpen.
Although the remarkable effect was not shown about the environmental improvement in the
pigpen, we will make significant improvements to the environment by utilizing a system that
combines air conditioning equipment.
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Table 1  Average concentration list of detected gas
components in pigpen

Test group Control group
Component

Mean + SD Mean + SD
Propionic acid / ppb 2097+£21.87 15.05+19.21
Butyric acid / ppb 10.84 £10.63  12.03+13.98
Isovaleric acid / ppb 1.55+145 1.63+1.69
Pentanoic acid / ppb 2.76 +2.68 2.74+£2.90
Hydrogen sulfide /ppb ~ 48.16+52.50  70.14+61.04
Methyl mercaptan / ppb ~ 29.09+43.27  16.05+15.37
Ammonia / ppm 3.80+2.16 422+£228
Carbon dioxide / ppm 3464 + 1743 3456 + 1792
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Table 2 Odor intensity of short-chain fatty acid and
volatile sulfur compound in pigpen

Test group Control group
Component

Mean + SD Mean + SD
Propionic acid 1.82+0.82 1.57+0.79
Butyric acid 3.49 +0.68 3.49+0.72
Isovaleric acid 2.59+0.34 2.49 +£0.40
Pentanoic acid 324+049 3.07+0.57
Hydrogen sulfide 244 +0.74 2.53+0.86
Methyl mercaptan 3.14+£121 326+0.95
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Table 3 Average concentration list of detected gas
components in SR

Inlet Outlet

Component

Mean + SD Mean + SD
Propionic acid / ppb 20.97 £21.87 6.88 +8.47
Butyric acid / ppb 10.84 £10.63 320+441
Isovaleric acid / ppb 1.55+145 0.58 £0.60
Pentanoic acid / ppb 2.76 £2.68 0.74 £0.65
Hydrogen sulfide /ppb ~ 48.16+52.50  32.53 +£49.85
Methyl mercaptan / ppb ~ 29.09+43.27  15.18 £18.86
Ammonia / ppm 389+2.16 3.78+2.10
Carbon dioxide / ppm 3464 + 1743 3140+ 1536

Table 4 Odor intensity of short-chain fatty acid and
volatile sulfur compound in SR

Inlet Outlet

Component

Mean £+ SD Mean + SD
Propionic acid 1.82+£0.82 1.38 +£0.60
Butyric acid 3.49 +0.68 3.14+0.60
Isovaleric acid 2.59+0.34 228 +0.25
Pentanoic acid 3.24+0.49 2.62+0.23
Hydrogen sulfide 244 +0.74 2.10+0.88
Methyl mercaptan 3.14+£1.21 298+1.26
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Performance Enhancement of Solar Reactor by Using LED Light and Photocatalyst

BRifiRAFE L2 —

Makoto Shiga Daishiro Nomura

Daichi Masuzumi
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Synopsis:

We have developed the deodorization equipment (Solar Reactor) which is degraded the odorous
substance in exhaust gas from factories by photocatalyst under sunlight. The solar Reactor has been
demonstrated to have high photocatalytic decomposition of odor components in the exhaust gas such as
short-chain fatty acids by reaction at the surface of the photocatalyst coated zeolite plate. However,
photocatalytic degradation for sulfide is not enough, so we developed a new board(KS board) which
adsorbed and decomposed the sulfide selectively. In addition, we set up LED on the back of the board
which sunlight was not irradiated. Also, we improved the deodorization performance for sulfide by adding
a degradation function on the back of the board by irradiation of LED light. In this report, we summarized
the development process and the test result of the photocatalyst deodorization device.
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Fig.1 Photo of the experimental setup for photocatalytic
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Fig.3 Photo of the experimental setup for H,S decom-
position using a flow type reactor under LED
lamp irradiation

2. 4 KSR— FOESIEHME

Figd |2~ 3k SR 2 KEH b o 7 —IZ8kE LT,
SR DNERZ —E DRI SR THEEIY | 623

A2 B KO 57z, HERD SR EFRERIZ, D
iz Hﬁﬂv ZES S R AR — R &gk E L=, 1LY)
DRIZ K0 2 i SRR T A B LR AR — R
&:Tﬁﬁﬂaéﬁé Z Lk, BRSO - S fRLER
E1772 -7 (Fig. 5),

Fig4 Photo showing appearance of Solar Reactor
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Fig.5 Photograph showing gas flow
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Fig.7 Schematic illustration showing sectional view of
LED installation equipment in the dead space
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Improvement of Water Environment for Water Tank with TiO, Photocatalyst
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Synopsis:

FUJICO has developed various photocatalyst (TiO;) products, such as antibacterial tile and
air purifier, since we had established the deposition technology of photocatalyst by using the
high velocity oxygen fuel thermal spraying method. TiO, coatings by thermal spraying were
known to show an organic material decomposition and a sterilization effect. Therefore, it
would expect to utilization for the improvement of a water environment in the water tank. In
this study, we investigated the influence of the water environment in the water tank with the
gravel of coated photocatalyst. In addition, we combined the gravel with a water treatment
reactor using the photocatalyst aluminum fiber filter. Our result showed the effect of
sterilization and alga growth inhibitor in the water tank using the photocatalyst gravel and the
photocatalyst water treatment reactor.
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