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“Organic-inorganic conversion process” has been introduced for new material fabrication. The desired shape and characteristic
nanostructure can be formed. Such nanostructure can provide unique functionality and lead to the creation of original materials.
For example, from a fibrous form of polycarbosilane, which is one of the organo-metallic polymer, made by melt spinning in an
inert gas, continuous inorganic SiC fibers can be fablicated. These fibers are not easily oxidized and their tensile strength does not
decrease even in a high temperature in air. Besides, when bis(acetylacetonato)zinc; (Zn(acac),), which is one of the organic metal
complex, is made into a fibrous form by sublimation itself and pyrolysis with superheated steam, inorganic ZnO fibers can be
fablicated. Such fibers exhibit visible-light photocatalytic ability and effectively decompose volatile organic compound (VOC)

gases.
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Fig.1 Prospect of application of polycarbosilane.
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Fig.3 SiC fibers designated by Nippon Carbon Co., Ltd. (NICALON,
Type NLM-102).
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Fig.4 High resolution transmission electron micrograph of SiC
fibers obtained by heat treatment at 1300 °C.

—~ 4} 1500
© &
0] o
p= } ) } 1 2
= 7 L] =]
o 2} f . l_ r [ [ I 4300 '8
s (YLt [ L 1t E
@ W
li’ 1 1 1 1 1 1 1 >o-
0 rt 600 1000 1400 00

Temperature (°C)

Fig.5 Variation of tensile strength and Young’s modulus with
temperature ( O tensile strength; @ Young’s modulus).
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Fig.6 Fractured surfaces of SiC bodies sintered at 1000 °C in N,
(a) Without impregnation and (b) with 5 times impregnations.
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Fig.7 Relation between sintering temperature, bend strength and
density; filled symbols represent samples sintered in a vacuum;
open symbols those sintered in N, stream.
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Fig.8 Powder metallurgy using organo-metallic polymer of
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Fig.9 Transmission electron micrograph of Fe-13Cr + 10% PC
alloy.
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Fig.10 Micro-Vickers hardness of Fe-13Cr and Fe-13Cr + 10% PC
alloys at various temperatures from room temperature to 1000 °C.
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Fig.13 The appearance of samples involved in the organic-
inorganic conversion; (a) Zn(acac), fibers obtained by subliming of
its powder (maximum length of fiber is about 60 mm), (b) the ZnO
fibers converted from (a) by pyrolization with superheated steam,
and (c) the final ZnO fibers obtained by heat treatment at 800 °C.
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Fig.15 XRD patterns of compounds involved in the organic-
inorganic conversion; (a) the raw material Zn(acac),, (b) the fibers
obtained after sublimation of (a), (c) the ZnO fibers converted from
(b) by the decomposition with superheated steam, and (d) the final
ZnO fibers obtained by heat treatment of (c) at 800 °C.
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Fig.16 TEM images and electron diffraction patterns for (a,b) the
Zn(acac), fiber formed by sublimation, (c,d) the ZnO fiber obtained
by the treatment with superheated steam and (e) the ZnO product
after heat treatment at 800 °C.

Table 1 Lattice parameters and amounts of remaining carbon and
hydrogen of the ZnO fibers.

Lattice of
a,nm ¢, nm Carbon, wt% Hydrogen, wt.%
After freatment by supsrheated
steam (110 °C, 1 atom) fo decompose  0.3248(2)  0.5206(4) 1.26 0.38
from Zn{acac)z to ZnO
After heat treatment at 800 °C
to grain growth 0.3249(1)  0.5204(1) 0.05 0.01

Zn0 #EHEE, BRI+ A— MLV OfSRIEICEN B
HEATHIH T I arAd—F—0 Zn0 BiEENHER > T
ERENTWETF ) Fea—raEARE L, ZhBMEHEK, K
NOENTHHBARERIC > TV D Z E2b 5 (Fig.16(e)) o
Z O AR T D Zn0 O EHIT a = 03249 (1) nm, ¢ =
0.5204(1) nm T& 5 (Table 1), Z OfHEHFIZ CIXHI1EX 0.05
wt.%, Hb 0.01 wt% L2MFEE T, L3522 < 2R
INTWDZ EMbhD (Table 1),

ZEIL, WHEOLRER (RE ; BET ) IZOW TR
B Fig17 1R & 912, 400 °C T 22 m*g"', 800 °C T 1
m?g! LEUEEE A mDSIERT/NEL Ao TS,
Fig. 18 1Z7BRAYIZ 400 °C, 500 °C, 600 °C, 700 °C, 800 °C T
1 h, BFEPCRLEERL, BB L T, Zn0o
Fhdh ORGSR T A RO R LIofER Ch 5, BRRE
DEVIEE, fEdaT A ABRRKREL AR, SMnEL 725
MBI S iz,
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Fig.18 Analyzed crystallite size distributions of ZnO nano-sized
crystals treated with different temperature. The graph indicates
number weight distributions. The insertion of graph indicated
average diameters and logarithmic standard deviations.
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Fig.19 Photocatalytic decomposition of xylene on ZnO fibers under
(a) black light irradiation, (b) white fluorescent light (color
temperature: 6000 K) irradiation and (c) white fluorescent light
(color temperature: 3500 K) irradiation.

FNAF—Z BT A 0N H Y, ZnO TIX 3.37 eV DITLES}.
KD R F—IZITET D,



AIRSEENED A ) = X L ZSMERE L 7+ LI X vk
VA (PL) IS LB L CARDL EUTO@EY Tho,
Fig. 19 XA S SRAMEIL CHRET 2 3 FEIEO LT %t fil
BRI L, AEME TH D m-, p-F 3 L ORI E T
Ayua~< 7T 7 4 THELEERTH D, Fig19(a) 1XITEE
ARNNKER DT T v 7 T4+, ) IFTUTS & TR
FEPRIE LTI T B80T, (O ITTEIEBRI Lt
B 3500 K AT 2 AW CTREBNRIE L7z Yot <
b5, WERIMED m-, p-F L REEIZ200ppm & L7, Z
o OREBRITIT, SRk 2 B Zn0 12z Tlefi
e L TEZAESNTWD TiO, K OHRO ZnO ¥R ORIERE
BB OB TRT, £72, BRREORIER S (blank) 135
DG L7 MRS TR L, BIEICRAWIZEHER T B
Zn0 OFEBIE X 1% 200~260 nm (2L L=, (@), (b) DI
SR A ST IBEDEIR T 3 OB R 2 e it
PEORIFELZ R L TWAEN, EFICHIREWVERLEON
TW5, IR ARE L= (@) I\ T, [F—RiEE
W8I 5 TiO, & TR ZnO By RICxtT 5 m-, p-F ¥ L v 4fif
AT 5 &, RS Bifd Zn0 OS5 EICH~T 1
HrEERE W, LanL, AIbEEZ &I 2 AV b) T
X m-, p-F LD REENRVIRT S, HIZ, AIEXDOAE
FRE U7z (o) TlE, MEMER T/ BES ZnO O JEfffiEsh o 7
MEE L TV 5, LLEDORERNS, Mk 2 Bifsh Zno
TIXAHEIEIT LD MR RN FB L TV D Z LRI
72o Fig.20 {35 ERERT O 40 YOt FH (RF-5300PC) % W
THIE Lz, $EHEIRT  Bidh Zn0 o7+ hLIx vty
A (PL) #HFFETH 5, HFICITEETEMINL TN D Xe
Z T O HHIRITA D D R R 400 nm DEEE LED JEJR
ZEMA L, PL 5Yt~D LED REOEEZ KB I 572D
LED OB IR D N RS T ¢ V& — 5 3RE LTz,
e LCHIR®D ZnO MR ZHIE LfE R bRd, fiER
F 7 BfEA ZnO Tid 440 nm & 460~580 nm DA\ EiPHIZ PL
FINBEINDD, Zn0 By TIiX 440 nm (Z{E )72 PL 3¢
DHNR BT, 460~580 nm DRIV —r I vig
VEMEIND Zn & O ODRKGIENHIOT 4 —F LULFEIET
HDHZENMBLINTND[37], 440 nm D PL Fi35s L#HE
SNTREBHT, Zn0 O/ FNKRKGENME O S RET
%&, ARER(EC) /2D 0.55 eV DIBICHFET S A4 A kL
BT R MG YENL Vo™ & Tl (BEv) D= F )L X — NI 2.82
eV ORIT Vo B N 7 v 7 E7=E T2 BEv OIEFL & i
ALTCPLENXTIHREE KT 5,

e fdiit o B ASFE IR 9 5 4548 LED (400 nm) FBSHIC L 5 PL 3%
FeDRIERERENS, AHGIC X 2 eEhE 2 8 E L=
RET V% Fig2l IR T, Vo* & A A Ak Uiz mfigh K BavEnr
V&N Vo* & Ev D PL B DOBRBIKEEL KICFEHK T 5,
F 7 B R ENCKL R NEE LR T S AS R E D 400 nm
LRIZE R R X —E T Ec IZB IR SN, TG
THE R IT R L2, LasL, J /7 BEEEEBICRI R
TFETDHENY RETMIEL B 572001270 0, kiR
BN Nz L2270y ay hx—"UTHRHETS
[38], KIFUCHFIET DX TN a v bxF—U 7 OIEEIR,
P —VHIEETFTHDH AN 2 X OEEFERE CRIZGEH SN T
W5, NYRZ BT RERRITHERMEIR T BfEd Zn0 ok ft
WCHET A3 TIE Ay Rz il S5, Ao Semhi
TV REHTECAIET D Vo*IZ T v FENTEB X, A
FEORENIART bRV U IR CHICTEET 5T/ Bk
O BEc ~BEL BEET L5, ZORAMOETOB
BN ATHIE TENMET D ZnO St R A FBL & 2 8k &
EZ2 NS, [FEREOHEN TiO, RHIRD Zn0 HRTHE

Journal of Flux Growth Vol.9, No.1, 2014

T T T 1 T T T 1 T T T
Incident LED (400nm)
S
G :
b=y :
z \‘/
Q ; ZnO fiber
) “__ ZnO powder
PN N SN SN AN TN TN SRR TR AN TN TN SN TR NN R SR T |
300 400 500 600 700

Wavelength (nm)

Fig.20 PL spectrum of the commercially available ZnO powder and
the ZnO fibers.
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Fig.21 Band bending model of the ZnO fibers.
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