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Before a study of new materials
— Limitation by engineering ethics —

Masakuni Ozawa

Ceramics Research Laboratory, Nagoya Institute of Technology
10-6-29, Asahigaoka, Tajimi, 507-0071, Japan

Engineering ethic is now a question, giving some limitation about research, before starting a study of advanced
technology in any field. In a research of new materials, environmental ethics, which is one of the engineering ethics,
should directly affect the selection of materials, the research target and a theme of a study that can influence
coming results and developed products toward citizen society. However, we have no tool to judge whether the
handling technology can affect, in the future, well or not to wide spread spectra for citizens’ lives and the globe at
a starting point of a study. In the limited region of his major about materials, the engineer must determine the
possibility concerning about environmental ethics. However, the self-standing technological development, with
cross-discipline situation, make his decision difficult if a study is truly novel. Researchers about “applied
engineering ethics” are required to give some resolution tool to his situation if possible as well as they ask an

individual question on ethics.
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A Precise Surface Design of Particle to Prepare
the High-performance Materials

Masayoshi FUJI and Minoru TAKAHASHI

Ceramics Research Laboratory, Nagoya Institute of Technology
10-6-29, Asahigaoka, Tajimi, 507-0071, Japan

A material that does not have flowability at temperatures below its melting point can exist as a solid in
various shapes. The significant feature is degree of the unsaturation of the chemical bond to which the internal
structure terminates when the surface of the solid is observed at microscopic scale. It is not possible to be diffused
because the activation energy of the surface diffusivity is generally high when the adjacent potential energy is
different by atoms, ions or molecules which compose the surface. Therefore, a feature of the solid surface is that
it is not able to produce a uniform energy like the liquid surface. Various characteristics of a solid surface are
strongly influenced by these two features. On the other hand, the population of an atom, ion, and molecule which
compose the fine particle surface becomes more than that of inside. In this case, a lot of peculiar characteristics
begin to appear to fine particles. Especially, the property concerning handling the powder and the quantum
chemistry characteristic strongly begins to depend on the character of the particulate surface. Therefore, it is
important technology how we know the characters of the particle surface and to control them. They are the major
technologies in all fields where the powder is used. Moreover, a precise surface design based on the quantitative
characterization of particle surface to prepare the high performance material is being paid attention in recent year.
In this paper, the knowledge and the methods for preparing the precise particle surface which had aimed physical
properties are introduced.
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Fig.1 Physical relaxation model for (100) face of
alkali halide. Opened circle is anion. Closed
circle is cation. Dotted line indicates the
position of inner crystal lattice.

Silicon oxide surface
=8i—0—Si= +H,0— 2=Si—O0H
Silicon nitride Surface
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Fig. 2 Chemical relaxation of oxide and nitride.
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Fig. 4 Desorbed gas analysis with increasing temperature using TPD/GC. (a) CH;COOH,

(b) Decomposed substance.

M: Hydrated, @: Colloidal, A: Untreated.
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Table 1 The conditions of hydrothermal treatment

Sample name Conditions

Original untreated

M-1 immersed in water for 4 days at R.T.

M-2 immersed in water for 3 hrs. at 80°C

IM-3 immersed in H,O, aq. for 3 hrs. at 80°C
M-4 immersed in NH,OH aq. for 3 hrs. at 80°C
AC-1 steamed for 2hrs. at 120°C under 2atm
AC-2 steamed for 2hrs. at 160°C under 2atm
AC-3 steamed for 2hrs. at 180°C under 2atm
AC-4 steamed for 2hrs. at 244°C under 2atm

IM and AC stand for that the treatinents were carried out in various
solutions and in antoclave respectively.

AC-3

7

AC-2

Absorbance (a.u.)

Absorbance (a.u.)

4000 3500 3000 4000 3500 3000

Wavenumber (cm')  Wavenumber (cm!)

(2) ®)

IR spectra of (a) hydrothermal treated samples
in various solutions, (b) hydrothermal treated
samples in autoclave.
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Table 2 Surface silanol density before and after
hydrothermal treatment.

Sample name Silanol denfity
(-OH/nm?)
Original 2.6
M-2 3.7
AC-2 35
AC-3 3.6
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Fig. 9 (a) Contact angle measurement for a glass-bead
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coverage and contact angle of water on the
modified glass-bead particles. Surface coverage
was estimated from surface density of
trimethylsilyl group and its molecular cross
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Fig. 10 Cross-sectional model of a modified surface.
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(left) modification with zinc acetate, (right) modification with zinc stearate.
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How does Li migrate in solid ?
— A case study for lithium manganese spinel —

Nobuo Ishizawa and Kenji Tateishi

Ceramics Research Laboratory, Nagoya Institute of Technology
10-6-29, Asahigaoka, Tajimi, 507-0071

An answer to the titled question has been given in the light of systematic studies on lithium manganese spinel
which is known as an attractive candidate for cathode materials of rechargeable lithium-ion batteries. LiMn:O,
presents a first order structural phase transition at 310 K on heating and 294 K on cooling. The crystal adopts a
high temperature (HT) ideal spinel phase (cubic a=8.2468 A ) above the transition and a low temperature (LT)
orthorhombic phase (3aX3aXa) below. This material is believed to be a mixed valence compound comprised of
distinct Mn™ and Mn' ions and the phase transition is considered to arise from partial charge ordering of the Mn
ions. In the HT phase a single site of Wychoff 16d symmetry is populated by Mn in the ratio Mn™ : Mn" =1:1,
whereas there are five independent Mn sites in the LT phase, two having Mn' character with three other Mn"-like
sites. The Li-ion dynamics in the HT and LT phases are also different. Self-diffusion of Li ions is only observed
in the HT phase where Li ions diffuse along 8a-16c-8a diffusion pathways, changing from tetrahedral to octahedral
O atom coordinations. The molecular dynamics (MD) simulations have suggested that Li and O atoms vibrate
harmonically about mean positions displaced from the ideal HT phase, and that the local structural disorder is
strongly dependent on the local distribution of Mn"/Mn'" at 16d sites. The experimentally observed self-diffusion
of Li ions was shown to occur only for a discrete, mixed Mn valence model. The MD studies have been extended,
demonstrating that periodical switching of Mn valence states, reflecting an electron hopping model, greatly
facilitates the Li-ion self-diffusion. The interaction is mediated by the O atoms which coordinate both cations, and
temporarily adopt local distortions based on the three coordinatng Mn valences. Although the O atoms continue
to vibrate harmonically about a displaced mean, permitting the Li atoms to migrate, the time and spatial average
remains that of the ideal spinel with distributed Li. The Li ions cannot migrate solely in the crystal even under the
presence of chemical potential gradient caused by the difference in Li concentration. The migration can only be
enabled as a result of localized e, electron hopping among Mn atoms in the neighbor. In other words, a lithium
cation diffuses through crystal in association with a small polaron.

Keywords: diffusion, solid state ionics, localized e, electron, small polaron, charge ordering, lithium manganese
spinel, lithium-ion battery.
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Fig. 1. The (110) slice of the LiMn:O: spinel structure
composed of edge-shared MnOs octahedra and
LiO: tetrahedra. The diffusion pathway con-
necting 8a and 16¢ sites are shown in broken line.
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Fig. 2. The difference electron density distribution of Li
(Mg16Mnus)O: on (110) section with contour
interval of 0.5 e/ A%
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Fig. 8. Distribution of Li atoms on (110) using model
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Fig. 9. Second nearest coordination of Mn atoms
around 8a and 16¢ sites in lithium manganese
spinel. White spheres show oxygen atoms.
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Fig. 10. Potential curve of Li as a function of distance
from 8a toward 16¢ assuming the mean field
approximation for Mn valences.
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Fig. 12. Schematic view of tunnels connecting 8a and 16¢
sites in spinel structure.
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Effects of Finite Crystallite Size on Powder Diffraction Peak Profiles
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New attempts to model the broadening of powder diffraction peak profiles caused by crystallite size distribution
as well as the averaged size by analyzing powder diffraction peak profiles are reviewed. Precise expressions and
practical methods for evaluating the theoretical diffraction peak profile from spherical crystallites with log-
normal size distribution are presented. It has been found that the pseudo-Voigt and Pearson VII functions, which
have been frequently used for analyzing the experimental peak profiles, are both unsatisfactory to model the size-
broadened profile. It is shown that an experimentally observed Lorentzian or super-Lorentzian diffraction line

profile is naturally related to broad size distribution of crystallites.
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FzIEFECL LRV, BENLHBETHIZRODLE
5 B CEIERS L bIEN 5,

KREEIE, — B9
b N

S f(@dz~ Y, w; f(x) (3.1)
a i=1

EVwIHIRTEEND, EA {w} LEERS {7} OED
B FIIZWAnA R FERS 505, & EMTISHE
FAE VDI
w. = b—a
J N
(b—a)(7—0.5)
N
LWIHERTRENS DS mid-point HEE W) HDTH
59, FEEDCY, B trapezoidik, YTV
Simpson ¥, T ¥ /¥—2% Romberg i, # ™7 X Gauss
e 3% B A (Press et al., 1986), &N dFEARMIZ
I (3.1) K&, {w) & (g} oMY FRETIEL
L55DTH5B,

(3.2)

zj=a+t (8.3)

3. 2 Langford 5 MDAk
SLN 7u 7 7 4 VEBEMICEFEMT 23 A, 10
®1Z Langford 5 (2000) 12 & o THES iz, 72720,
Langford 5DFIEIE 0 <yInl1.25 ~0.47 &L\ ) 27 D)
RS REREL DD TH D, SHHEEOFHMIC
DWTIRIEBEN TRV, RENTVEADHIZL
FTOEIRFEIE->TwEEELZLND,
SLN a7 74 nvik
Sy DY D) fyn(D;m,)dD
ST D fin(Dim,w)dD
LdEIND, BERER erfc(—[In(D/m)I/2w)
/2> ANEHWwA L,
J, D DYaA

fs[,N(k;m,w) = (3.4)

fan(lsm, @) = ['Dan (3.5)
D=mexp(—x/§werfc*1(2A)) (3.6)
L b, TORREREETHMT 2546, BAENIIZ
N
Z w; D] /s(k; D)
Jan(lsm,0) = =1 I 3.7
Y, w;Dj
i=1
D;=mexp(—2 werfc ' (2A,)) (3.8

EWVIREHVLZ LIRS, TEBEILLA LRSI,
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R

w,=% (3.9)
A= _1\?'5 (3.10)

Thb, COFETw=05DHEAEIZDOVTSLN 71
T ANVERELERERR 4R, K412, BE
7= (K3) o¥7—1) & (IFT) TKD
TESRL TS, ZOFEFETII26 MO KL%
foTh, ELVEIL»Z ) B> Ths%E-TL
IFHT Ebhb,

3. 3 Popa & Balzar ®Fi%
Popa & Balzar (2002) & SLN 7u 774 Vv oRX %
fan(lsm,w) :j(;mfs(k;D)fLN(D;mexp(BwZ)w)dD
« f(k;D)
Z)J; s 5

=mexp(3.5w

fin(D;mexp(40P)w)dD  (3.11)
LEFHL, BHER (n(D/m)—4e'l/N2w—y & B
<,
fun(e;m,0) =mexp(3.5w)

» (kD) 1
J D)

ﬁexp( —yDdy  (3.12)

D=m exp(ﬁwy#- 4w2) (3.13)
L, TOREREHFIA - VI — NETEMT L HE
THEBRTBLIZLEZRATHSE, ZOBE,

funCm, ) ~ ), 2BUED) (3.14)
D;= mexp(ﬁwyj+4w2) (8.15)

EVHREME), INHORT {wy) & {y} EHTA -
TNV — MEDELEERATONELXERTERTH S,
BAMZES (w) EBEERE {y} O, N=16 D3
A, BLIERT LI RER LS,

%1 165- Gauss-Hermite RIFHEOEA L ERHALE

J w; Y;
1 1.4978147¢-10  -4.68873894
2 1.3094732¢-07  -3.86944790
3 1.5300032e-05  -3.17699916
4 5.2598493e-04  -2.54620216
5 7.2669376e-03  -1.95178799
6 4.7284752¢-02  -1.38025854
7 1.5833837e-01 -0.82295145
8 2.8656852e-01 -0.27348105
9 2.8656852e-01 0.27348105
10 1.5833837¢-01 0.82295145
11 4.7284752¢-02 1.38025854
12 7.2669376e-03  1.95178799
13 5.2598493e-04  2.54620216
14 1.5300032e-05  3.17699916
15 1.3094732e-07  3.86944790
16 1.4978147e-10  4.68873894

Popa & Balzar 1%, ZOFEZ AW THEBEHE WS FH
DHBFEIZDODWTHSLN 70 7 7 A4 b %51 L,
0 <yIn7 ~1.39 F COHBIZOVCEHEREERLT
W5, EOATE o OEI/NSCEE T, E2ICE
BAERESR ) EMR 575, 0=yInT ~1.39 0
BRI HFY LR ESERIREIN TS, K512 Popa &
Balzar D H:IC & 5 w=4In7 OHEOFERERE R
o HEPICHEERDP R R WERIBONED, KiE
BEOEREHP L WEAIIETIFEY>TnW5, %
B, Popa & Balzar i, 16-5 AR - )V I — MNES
DE%E [HEBR] LAZLTWVWEY, ik}
w=4yIn7 DHPHITOVTIE, HIZERZTELVWEDS
THTWBZENDDD,, BREOE BRI YRk
FRRIGED DS, 32 A THR L THMEREI SO
N 16 SOBEDOEFL SV BT THE, 2D
&9 REHL, BEFEOFBME V) BE STV
R THb, A TV — hOREEL, HESH
A Gauss BRI L BRHLEHRNOECHEUT X 535
BUBWHETHLZ LS NT WS (Press et al.,
1986) #%, % f(k;D)/D, 72721

D=mexp(ﬁwy+4w2)
ZyOBEBE LTRSS, v 0BEREERIIRWEM
TRZVWOT, YR - TVI— bOREELRED =
DRENBENZVOREBbRSE, 9 X - T 3I—}
HEOEARALIERENELRD B ODEIEEIIMONT
W% (Press et al., 1986) 7%, ZHIEHAEDR R LV 5
BT, ERAEOBRE DI VRELTHI LIZER
WIIHEETH Y, EBRICERTE 5 0ER SO
WEW 100 HTWEE TOERHZEBbs, Li-do
T, Popa & Balzar O FBETIE, E)PAIE>THE
BTEBEEIE 17100 BEL W) I Lichkd, 2052
BEOWET [BER] LHRT501, 22 ) EEFD S
IHicBbns,

VEDEHiZ, SLNFO 774 VEREEIZL-T
EREICRD B Z Lk, IO DIEDIE WSS, &
) RELHEDOL ) TH 5B,

3. 4 SHRECHESIEZE

Loz, ¥H)LTSINTO7 74 VA HEstE T
Sl 5 2 EAEE L VORI OVTHRETT S,

SLN Yo7 7 A4 )ik

fan(km,w) = mexp(3.5w2)j;wg(D)f(D)dD

(3.16)
g(p) = LED) (3.17)
f(D) = fin(D;mexp(4o®)w) (3.18)

ERFIENTED, Helr) IEATHRAMS 4
2R, r20DEHTr#WEBETHEBED 1/26 TES
N2 L) 2EBETHE, —H, f(z)id 2=mexp(4wd)
FETHBRRERY, s8I EHOHERKEIZILITHE, 200



BRXBETE — 7 BRI BT 2R BG4 XO%HE

MEFRELLEHTE—2%2EbDT, INLOHTE
SN g(o)f(x)] OESME % BEN G 2
ZEAKBEWNIEBELROLEEEZLND,

ZOXI BRI, 200 — 2 HBOBRALE
HERICRTET 2B L FEE LD Lo TnD, EFiT2
DOY — 7 DB AL T BERESIC L) FFET 57
DI, FNENOY — 7 MEOFIEEEOELTE % FIH
T, BEOBVITENTEETHAILERELE
(1da, 1998), ZZTix, ZHOHEZSLN7O 774
TEHETA-DIEHT A L ERASL,

ZOREOESIL,
b
S=[h(z)dz (3.19)
TERINDLEEFSIOWT, BOEHE,
E=H(x)~ [r(zx)dx (3.20)
D& BRE WA TER EICERT UL,
dg (3.21)

s= L w
EWVI)ERERICE DN, ZOBRBSBEEILES >
BEIZLABEDEDT, PRVEREOHTH EHICE
WO TEX 2137 THs L) B FIICHEIW
T,

B g(x) #HME L R DE L\ Lorentzian T
BT B Z BT,

g(z) ~ [1+< 3’;’“ )]_ (3.22)

EFET D, L7z5oT, Bthg(x) OEMHBBHOMNIT
fth& LT

Je(x)dzx ~~7[1;arctan< 371’“ ) =G(x) (3.23)

PREOND, —77, f(x) OFEBBEEIZBITHICHL S
EHTE,

JA(@dz = éerfc( —M) =F(x)

V2w
(3.24)

LHEIFD, EHA BEHWT

£=G(AF(2)+B) (3.25)
EVEHEROEREH L ET L L,

de=AF(x)G (AF(z)+B)dz (3.26)
EVWI)BRYSHLDOT, NI

z~AF(z)+B

EWVI)BRYIE Y T T ER [F(x)g(x)] »EBBEED
EREE GEEICH TP ED) HUTEL LAY
5. #HME 5 HE K gl & z=0 &
z=mexp(4w’) TRELZERELDT, 02 HTE
PAEIT AL, 2FD,

{O:AF(0)+B

mexp(4w?) = AF(mexp(4w?)) +B
Mz ENIUTRE W E T RIL,

(3.21)

F)=0

F(mexp(do?)) =é~

2HWT
— 2

{g;jm exp(4w?) (3.28)
thb, DFD,

E=G(AF(2)) (3.29)

A =2mexp(40?) (3.30)
EV)EHEREHVIUTRE V., FEEHIC

y=G'(§) =AF(x) (3.31)
FPEHETNE, RKDI-WESIT,

Fun (o) = exp(— 0 5w )fg((a;)) (3.32)

a=G(AF(0)) =0 (3.33)

B=G(AF(=))=G(A) (3.34)

EVWIRTEENSE, BHF(x), G(z) W H & b
BIEASRDENBERICE->THED,
F(2) =mexp(4w2—ﬁwerfcfl(22)) (3.35)
G\ (2) = 4tan(nkx)

3k
LREIND, BEMBHEOEE erfc™'(2) 235k 5 72
DO CEEN—F V2 RERITTFET,
BRI, BooEE,

N
w; &;

(3.36)

Ssn(,m,w) ~ H, Z G (3.37)
=1 G
Dy=mexp(4w?) (3.38)
1 kD,
Gy = > arctan 5 (3.39)
—0.50"
Hoz—ez‘—‘i—z—“’)co (3.40)
EjZIjGO (3.41)
4tan (7kE;)
,-ZTI (3.42)
D
D]-“—“mexp<4w —J2 werfc™ (D )) (3.43)
0
_ fs(k:D])
g;= D, (3.44)
,_ 3 3mkD’; )2]_‘
G;= 4[1+< 1 (3.45)

V) —EORTEIETE S (Ida et al., 2003), = =
T {w} & {z) WRBEOEALERLYE (020510
#HE) THDH, BEEIZLD

ELTHRWVA, YA - VvIx v RuvERZBEVL,
FCEREOHTD, JIBEOSVERIEONLE
BN DD, SEDOHTIA - W% v FURBEEHV
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AELEIIER 2RI EE HLUZRY,

# 2 8ri- Gauss-Legendre RKEFEDEH & EARHME

J w; Yi

1 0.05061427 0.01985507
2 0.11119052 0.10166676
3 0.15685332 0.23723380
4 0.18134189 0.40828268
5 0.18134189 0.59171732
6 0.15685332 0.76276620
7 0.11119052 0.89833324
8  0.05061427 0.98014493

DED L) %altERERZRAWT, EBICHEEEA YA -
WX Y FVEILE>TSIN O 7 7 4 VEEEL7:
BRELBL-DDFR6 ERTITRT, HOIIH YA -
VI x Y FVETETIA/RSI VT TR, PO
wEWHHEBRO NS,

Popa & Balzar 4L, TEEHRZ B\t Ak,
EREWRER VTR - VY v v FVEL CEHE LT
SLN 707 7 A VORKERD» O ORARES, HEK
FOEOEII LTy FL-b D28 IZET,
Popa & Balzar O & fAEOHKRIL, BMREOEY
2T B ERAREDN 172 2B L) LEBHEZRL
TWABHD, HIR - VI vy FVETIREOMY 2512
T5ERKIRED 1/4 BET CROTHEHIBENT
Wb, EHEOFETIIZERLT erfc™'(z) DFHEI
Bl b5DT, FUEREDOZL Popa & Balzr OF
HEICHANT2EREOERM I 2o TLE ), LA
L, AYA - WIxr FViELHABDELGE, &%
DFBE LB 2 HEERESHS, BRI Popa & Balzar @ 4
HELDOENLHERERL TS, ERAKZHERE
&, ZOBMMEREINIZ-E D E LB DIIE-TL B,
SLN 707 7 A VR EMHEIZRD 5701218, EEI#E
FLIEHEBREL YA - VY vy FUEREAAESD
% Z &N Popa & Balzar DFEL ) b EIENL-T
BCTHAZEPPHEIIRERTWS,

4, SLN 707 7 1 VORISR

4. 1 #Voigt BB L 51EL

Langford 5 1%, SLN 7T 7 7 £ )V % # Voigt B %
(Wertheim et al., 1974) I2 X o THEPUT B I EI2DN
THRET LT % (Langford et al., 2000), # Voigt @
BlIIPELBOE Lv>Gaussian B # & Lorentzian B 3
DEIMFTEOMTEINLBE T, Gaussian Bik &
Lorentzian RAROHFMM 2 IR B BRTE 5720
2, BREFE -7 BRGMOEBHTLIZLIZAVLR
5o PELNE T,y Ot Voigt BBIILTORTEEN
b,

4
. —(1— Toy Tov.
fpv(k)rp-th) - (1 ”)fG(k; Zm >+7]fL(k: 2 )
(4.1)

Z 2 CHAMEIL X N7 Gaussian %

R _K
Jolkre) = Trre exp< ”: ) (4.2)
AL E N7z Lorentzian B %

I AR
L k; L) = 1+ — 4.3
fulkr) WL[ <7L >Z:I (4.3)

TERLTWwS, ¥—7HiL

2 In2
Sou(0: Ty, ) = T [ —n,;— - +%] 4.9
TEENLDOT, BHIRIE
T, In2 -t
Bw=:zv[ J%—u—m)+%1 (4.5)
LEITS,

Langford 513 ¥ — 7 IR 2 B 1 /89 2 — % &
LT, HELBERSBOERANSE I L EFRELTY
% (Langford et al., 2000), = OHA/NZIFTRITR-
ek %E, ANSTFUISICERERETE S, # Voigt
BB DWW THELTE L A RO IX
%zz[ 02 (1-p) +ﬂ (4.6)
V) Il THO—KRTHENS, LHL, SLN 7
077 A NVOPELIEL ERISKRD 2 0II3EA 2 EHE
WLETHBH L, FNi36 21 Gaussian B &
Lorentzian B D EAAA L L TEHZR SN S Voigt [
HIZOWTHREAKTH 5,

L7zhoT, PELRORbYICT—) Wiz o—
TR, 7)) 2RO - S EESEO L E RAR S
FRA=F L LTHWEADPRLLAT &0 ETHLI12
Bbhb, # Voigt M7 —1) 2&#HL

P
va(x:l“p.v,n)=(1—n)exx><— 41‘;1"2 )
+nexp(—al,yz) 4.n
TRENLEZDOT, 7—) THMEPAT — FITHHIC
Ayy=mnl,y (4.8)
TEREND, Lido THESIEE DX
A
B—w=2n[\17rln2 (-m)+7] (4.9
pV
EVI) pIZDoVTD2RATEENS, ZOXDEIE
Yyrln2
—-—F—" ~1.55 4.10
T o (zinz -1 (4.10)
D L& EEAME
Ap-V 7ln2
~2.29 4.11
B,y 2(Y7In2 —1) 41D

wLb,
# Voigt BEHIZIX, 7>1 OFEI T Lorentzian B
BEDBRo7EIR (super-Lorentzianfeik) 2 F4 =



PR XARETE — 7 BIRIC BT BB R 2R RRY 1 X0ORR

EMTEDLEV)FHIHE, UL, FOHEIZIL
Ro5MNTEY, Lorentzian K (AL /B =2) L hiFA
DY LR TZRETLLERATE 2V, 35617, 7
) A O — 7 LSO THE DI 5N LIk
FGA=F A /By KR LT HFZ @Y DER LY ) B
EwnyZkid, B Voigt MBUIC LAY - RKRDET
WMEDSERERIARERES 2 ELHOTH A I L EERT
5o

4. 2 Pearson VII B8

Langford 53 AR TCERINDLET YV ¥V - T ¥
PearsonVII BA#Z & A SLN 707 7 4 VOEPUIZD W
T LM LTw5 (Langford et al., 2000),

‘ _ L) [ (—E—)1_”
Sor(ks T te) Ve T(u—1/2) 75 v Ter

(4.12)
Z T 7pr 1 PearsonVI B DR S F T /89 A~ 5 T,
BAELNEE Ty =2/2" — 1 1, TEEND, LORTH
HT(x) i

@ =fe ™" at (4.13)
0

TEHIN, VBTN HHRERTH L, 1
1% Pearson VII B#OBRZ HBATIT A5 A -4 T
HY, p=10L XZIZIZFELTE 27p; @ Lorentzian B4
HeE—FL, p—>oo D& X121t Gaussian IO,
0<u<1oO#PTIE Lorentzian & ) bR o 7-FIROHE
¥l b,

Pearson VII B D ¥ — 7 fEHS
IN0D)

o7 (0 7pr 1) = (4.14)
T 7P7ﬂ) \/771‘(#"1/2)7%7
LEREINLI ENS, BORIZ
VT T (u—1/2)7m

BP']_—T (4.15)

Lieh, Lzt T, FERIELB\OBEOLIZ
Ve __
ey 242 1T () (4.16)

By, B \/;F(M—I/Z)
LRIND,
Pearson VII Bid 7 — ) T EHIIMH T L ASTET,
ZDRIE
2(”7P7|L|)u71/2

FP7(L;7P771‘£) = F(u‘l/z)

Ku—x/z(ZﬂTPﬂ LD

(4.17)
LFREINDE, TITK,(2) 3 2BERy LV
LIHENAHHEKTH D, ZORDLS, 7Y 0
AT —FIZDOWT,
o f0<u<1]
Ap =121y lu=1] (4.18)
0 [1<u]

kb, LIzdioT, 7Y iR a—7LHEGED
iz

A o [0<u<1]
7327_: 2 [u=1] (4.19)
Tolo (1<)

EWVWIIBBYDELIE D Z BN EFbYE, 71
IHPAT—FIZL o TE— 7 DEDHEDE S I35
Frons bty BA,ST5 L, Pearson VII B
[3@Y)DEDFNIEHLPEFMETE RN L) S
EEREWRT B, YA XAk Fo &N 5 ORI
Y2 R, SMOBEICR LT ) AT —
T EREGIED A ERNZEL T B DT, Pearson VII
BRI L o CEITY — 2 BREELT 5 Z &2, &RE
MICEENH L ENbh b,

4. 3 Popa & Balzar O {IE8#

Popa & Balzar 12 SLN 70 7 7 A V& EFT VLT
% 72912 Gaussian B & 2 DDIEASE % % Lorentzian
BEOEMF EOFMTRAINS &I 2B 2EL
ZEHREATWS (Popa & Balzar, 2002), Biid X 5
12, Popa & Balzar I3RERELRELBEMEL A% LTV
50T, ZORETHENERVWTLELTWAEY, 7
U775 4T 454 T EIBHELGEICEED
A M EEHHTEDMREED S 2 ELHEBEOERIZONT
WErd AMlifEizdH 5 & BN b, Popa & Balar DIRE
L-BEREILTOL)RbDTH S,

-1
— 8 M 42° 7, 42"
O(z) =————| 1 1+ +22( 4
(=) 3(1+C)3|:a1< af > az( a"; >

+1—nl—n2{exp(—4x2/ﬂa§) [csl]H (20

as (1+4z%a}) [c>1]
=L,
2
-9 _ 2y _
C= Dy exp(w*)—1 (4.21)
THhb,
(e __ 4 _4n a2
_‘{:(D(x)dr ST 5 exp(—30h)  (4.22)
TdH AN,
z = 7k{D) = rkmexp(0.50%) (4.23)
LERENTWADT,
(s _ 4 a4
i“”“’%ﬁ“(3w)‘am> (4.24)
Lhn, B LS ¥— 2 EROBERIL,
D)y —
Falem) = 4> B(kdDY) (4.25)

LRED, RPDOEE 7, 1 a1, Gy agldc DK E
LTHbh, UTo—EOXTEHEESNS,
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4

7, = 0.25631+0.018638¢+0.001155¢>

+3.5671cexp(—2.0467¢"**)  (4.26)
a; =4.02326 exp(—44.6429¢)
+3.13982exp(—7.01128¢)
+0.580742 exp( —0.0413958¢)
+0.381245exp(—1.10827¢) (4.21)
0 [c<0.4]
0.59951—0.020058 (¢ —0.4)
7= —0.45347/[1+3.3933(c—0.4)"]
—0.14604exp[ —0.49272(c—0.4)%] [c > 0.4]
(4.28)
a,=0.32781 1+1.5399(c —0.4) —0.21223 (¢ —0.4)*
+0.18158(c—0.4)°] ' (4.29)
1=7—7,
as= (4.30)
P 3(1+0)/8—m/a,~nya,
EoKp S
o(0) =1 (4.3D)
THY, ORI
" o(z)dk
- =t (432)

o o) XDy
LBk, 2Fh, BPERATED LD, BOREICOVT
BEREREEICSELWEICR S L) ICABENTWS,

& T, Popa & Balzar OBl 707 7 £ WVEEIZOW
T, MEOELEZELT, SHlB 0 2 B3I
BEOBESED L )BT E2PEELERELRI I
RY, Popa & Balzar D:ERRIIRABIZELL W0/
FT%L, SRR TV LEHITHAN TV S, E—-
7 IARE T IVEBOMES, BREFYAT 285 2 -5
DEALIN LT O LR ELEREZWVWET ) T LT,
TOT7ANT AT A TR ERAT AR
R KEGE 72 B, #8, Popa & Balzar DRE L 7-k
BPREOERIZ, BELFSFWIIE SRV E HICE
bhs,

5. FEIEHE— TR & DLEEEk

5. 1 SLN 7’O7 7 1 JL & Lorentzian & — 751k

WA A SRS 2 BB EROEIFTYE — 7 BIRH
Lorentzian B TR ENDZBRIEL 2B LI, £
BICLIT LB SN Z L TH B, ERITES LT
ZD &) BRKPBE S D20 CHREIZIE S
NTWizhroiz,

AROZEWIEDTIE, HEROFRE LY A X IZH%
% |7 ¥ — 7 FIRAT Lorentzian TBIRIZH S %2 B 2 &
&, HERALOY A XPREDOFHIEE D > 72 BERS
WD) L DD LREL THRICHIATE S,

Lorentzian BAHUZ—A&AYIZ

- _ 1 L -1
o= (4]

EREND, I Tr P ELETHE, COERR
EZoWTHBILSNTBY, C—2EN Vs, &S
W&l ay, & %25 L IIESIHRATES, LOoRXD 7 —
) oS

F(Lin) = [ f.er)exp(2mkL) dk

=exp(—2mr | L) (4.33)
EWIHBEARRNTEER, 7-V WP RAT— 7P
2y, LERENB L IESIEING,

L72%%5 T, LorentzianJEIRIZ [ 7 — 1) =W A 11—
TERGEDLD 2 THB] L) FEEF-Twa &
Ex5b, —F, SLN7u7 74 VD7 —"1) THMIPFAT—
7 ERASTROLIL

Asy 9 2
By —-Sexp(w)

EREND, Ld o T, MBIERSH OIEA

= /1. 16
w= ln9 0.76

EVWIBEDERFORIIE, SLN 707 v 4 ik
Lorentzian FEIRIZIEWIIRIZ 2 B2 2 EASFHIS L 5,
EBRIZ, 089 &M EHZZTSIN 7O 77 4L E
Lorentzian 707 7 4 W & 2 LB L 72 d 0 2 K102 7R
To DTFPRTINED LY, ¥— 2 BKROEBMIIE L —
ELTwaIZ Edbhbd, 512,

exp< lnﬁ ) ~2.14

(4.34)

9

1
1—erfc<——) ~0.68
J2

o, TOX) itk [£EORF DD HH#68%H
RENLHA XD 1/214 » 52 14E0B DO L X% &
5] ZEERBERLTBY, WRIKIHEICHY ) Y
AXGHDEH IBbhb,

DX, BMLERROEESEIRTEITE -2
JEAR %S Lorentzian FEAKIE K 2 B BF AL W LT,
WO THRICHBAINS,

WIS, B ERERERICOVT, FOHERY A X
& % A ¥ — 7 FIRAS Lorentzian R IZIE W & & 285
BIICHERR TR A6, FORKERY A X3 KEH»IC
[2KDRF D) LRT0%PRER Y 4 XD 1/2 55
2EOEOY A X% LB ] X9 RNBERSAHAIZIE> T
WhHEARGZLTHRWEEZ OIS, ZOBE, ERFE—
IR EFHEANZ PVEE=2(sin@)/A LT Ty
ML, Z20RELIET. =27, 2RKONIT, HKEEIKRE
L 7-EEINE R

3 3
(D)= onl,  dar, (4.35)
ERTEIMEFIRZ
8 4
(D)y= 3T, Bay, (4.36)

FEIEICARBDLONG, 512,



MR XA — 7 BRI B B HR 2R 4 X 0%

Ak = (A26) (cosB)/A (4.37)
DOEFErS, IVTVEMOBFATORELER
A26 &5 hUT,

31 0.482

D= 27(A20)cosf  (A20)cosf (4.38)
8 085
<‘D>"“37z(A2¢9)cost9 (A20)cos6 (4.39)
kb,

b. 2 Super-Lorentzian F5ik& SLN 7771 JL

BEICaR 7= X 912, #& Voigt BIEUCIX, 7> 1 OB
T3 Lorentzian B8 & 0 & L » 72K (super-
Lorentzian TRIK) #FE T I LA TE 2 L) Bl DH
b, FLT, ZOXH5 ¥ —rFKE, HFEEED
BLRWERZ ETERIZLIFLIEBEEAIE ML DTS
% (Plévert & Louér, 1990),

f€k 1% & @ super-Lorentzian K D ERIZD VT I
FICREED-72X 51 bNn b, Langford 5 i3,
[ZD L) - BRI A A5M B HIEHE (540
E—=2212) OFATIERL, ZigtkosHocE
N5 ERBLTWwA (Langford et al., 2000), 3k
EEE L ANORDGE o725 [REOEY FHAEL T,
) o P DHRLEBHAIBALTLE 2720 Tid v ? |
LESTLESIESD,

Popa & Balzar & (2002) 1ZHED AV ot BUFE 54 T
I super-Lorentzian TRARAH N 5 5 Z L 28 L Ci
WEY, BEOBWIIEEREL D LI LLERLROT,
HENHENV o7,

Super-Lorentzian ¥ — 7 k%, [7— 1 iz o—
TERDBOL2 LY REVE -2 BR] L EEHT S
CENTET, WA OBHEIITEEEOXN IR
BN 0 122V T D

w > /ln% ~0.76

DOBEBPHIUTERICHHAI L L) Z g, £E5
PO THEICEFELA-ZETH 5 (1da et al., 2003),

Super-Lorentzian ¥ — 7 ikid, §F Cld&s5H»
L) b [HWRE—-IRIR] HEBLNBEESWIDH o
&9 2, EFOBRTIIIhIEIELA [5209 0]
B E -7 IR TH 2B, 5FTEDL )R- 72K —2
TARDH L 7z o Foid, MEEEDOSREEEIRS N
TWh72012, KRKR-ZEHE— 27 BIRO b DI5izR
725 0L LTLPBlEN TR ozl ik B
Bbhs,

6. B8bHYIC

XFEUEB Y A X540 125 5 BRIEAS Skl © OB SR T
E—Z]IR (SLN 7077 4)V) 2 ERICEHETSH
BRIR LT, TERERRY A XOMERRIA S O EEH E —
7 ARDBERUZDOWTIE DR DIRELL TWizas, £

DFFFEN & o THD THRME R BRATTREIC K - 72,

[EORTF D) BRT0% IR 2 A4 XD 1/2 H
L2BEDOMDY A X% LB ] X9 %A 2 Loretnzian
FBRICECEFE -7 RSBl s h s 2 &, 525
Wirfi % & 53546121 super-Lorentzian Tk % & 2 =
ERBERICTFHESNS,

WEREHTE — 7 BR G S Tk 728 Voigt
B D Pearson VII B, ROV A X5hH% €5
WET B7:DI3ARAENTH S, LY @ETREFVERK
DR EL ZEHFSBOBEL L TRENTVWS,

8%

A. HEEHREBOCESZNI—-F>
RACERSINLEEMHBH

z=erfc(z) E%—Iexp(—tz)dt
Tz

D% x = erfc™'(2) ZIBMICETET 2 720121,
UFDE) % CEBNVN—FVy2HVLIENTES,
I AHEY 7 Y =7 gnuplot [http: // www.
gnuplot.info/] D HEK LA-NEE* —HEXEL- D
DTH5,

#include <math.h>

double erfcinv(double X)
{
double Z,W,WLF,D,Z2;

if (X>1.0) |
return -erfcinv(2.0-X);
f
72=1.0-X;
if (Z>0.85) |
W=sqrt(-log(X+X*Z2));
if (W>=2.5) {
if (W>=4.0) |
WI=1.0/W;
F=0.01078639 * WI-0.1498384;
F=(F % WI-0.002028152) * WI;
D=WI-0.06888301;
D=D*WI+0.5211733;
D=D*WI+0.09952975;
return W+W % (0.1851159E-3+F/D);
| else {
F=0.06208963 % W-0.3166501;
F=(F%W+0.3937021) % W;
D=W-2.962883;
D=D*W+4.666263;
D=D* W-6.266786;



FHH

4

return W—+W % (-0.05668422+F /D);
f
| else |
F=0.05073975 % W-0.2368201;
F=(F*W-0.1314774) * W;
D=(W-7.586103) % W +21.98546;
D=D*xW-44.27977;
return W+W % (-0.1146666+F,/D);
{
I else {
172=7%7;
F=-1.187515+72;
F=-2.374996+272-0.05496261 F;
F=-3.293474+72-1.896513 /F;
F=-0.1137730-0.5751703 % Z2 F;
return Z+Z%F;
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Life Cycle Assessment (LCA) Study of Ceramic Products
And Development of Green (Reducing the Environmental Impact) Processes

Yoshihiko Kurashima

Ceramics Research Laboratory, Nagoya Institute of Technology
10-6-29, Asahigaoka, Tajimi, 507-0071, Japan

Ceramic products have been developed as various kinds of active devices to make use of the characteristics of
their electromagnetic, optical and mechanical properties. However, the complexity of the production processes
increases in order to get the more sophisticated functions and to keep the stability of the mass production. For
example, high purity and fine particles are required as a raw powder material and various kinds of organic binders
are necessary to form extremely precise products. In addition, higher temperature is necessary for firing
operations, and the furnace must be controlled in various kinds of atmospheres during the sintering process. With
the evolution and development of ceramics products, more organic binder material is used, and the electric power
and the heat energy to produce ceramics are also increased.

On the other hand, the efforts toward environmental improvements, reduction of CO. emissions and control
regulation of the chemical materials including PRTR (Pollutant Release and Transfer Register) , are promoted.
Economic society systems should aim for the efficient usage of energy and resources and adapt resource recycling
practices centered on the 3R (Reduce, Reuse and Recycle) system.

This time, LCA (Life Cycle Assessment) analysis of the high voltage insulator production process was made as
an example of the general-purpose ceramics products. Based on the result, some case studies will be reported which
are the ordinary steam recovery system and new concepts of “Co-production” and ”Energy pump” to reduce
emissions of CO: and the enhancement of energy efficiency.
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Internal Friction of Painted Film on Thin Steel Sheet

Naoki Suzuki, Osamu Kazaoka, Hidetomo Matsui, Isshuu Sato,
Masakuni Ozawa, Suguru Suzuki

Ceramics Research Laboratory, Nagoya Institute of Technology
10-6-29, Asahigaoka, Tajimi, 507-0071, Japan

It was tried to measure an internal friction of film painted on a thin steel sheet by a forced torsional vibration
metod. From the measured data, the internal frictions of the only painted films could be obtained. The internal
friction peaks of painted films appeared at the temperature range of 50C to 70C in 0.1 — 10 Hz though no peak of
thin steel’s own appeared, and shifted to the higher temperature side with increasing frequency. The activation
energy obtained from the equation, Inw = Q/RT, (Q:activation energy, w :frequency, T:peak temperature, R:gas

constant), for relaxation was about 250 kJ/mol.
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Fig. 2 Viscosity of paint at each passage time after
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“Preparation of TiC ceramic by mimicking silicified wood”

Mamoru Mizutani, Noboru Kinoshita and Toshitaka OTA

Ceramics Research Laboratory, Nagoya Institute of Technology
10-6-29, Asahigaoka, Tajimi, 507-0071, Japan

A TiC ceramic with a woodlike microstructure that was analogous to silicified wood was prepared. Its production

was performed using the following process: (i) introduction of titanium tetraisopropoxide (TTiP) into wood

materials via vacuum infiltration, (ii) hydrolysis of TTiP in the cell structure to form TiO; gel, and (iii) firing at

a temperature of 1400 to 1600°C in Ar. The resulting TiC ceramic had the same external and internal forms of the

original wood.
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Fig. 1. Weight change of wood specimens after the
treatment of TTiP-infiltration, hydrolysis and
drying was repeated.
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Fig. 2. XRD patterns of wood specimens fired at a
temperature of (a) 800C, (b) 1200C, (c) 1400C
and (d)1600 C after the treatment of TTiP-
infiltration, hydrolysis and drying.
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Fig. 3. Photographs of TiC wood (upper side) and the
original Japanese cypress (lower side).
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Fig. 4. SEM photographs of TiC woods (Japanese cypress) fired at a temperature of (a)& (b) 800C, (¢) & (d) 1200C,
(e) & (f) 1400C and (g) & (h) 1600°C.
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Fig.5 SEM photographs of various kinds of TiC woods: (a) & (b) fir; (c), (d) & (g) cedar; (e), (f) & (h) katsura tree.
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On behalf of the Awarding Committee of Advanced Powder Technology. we
are happy to announce that the following paper is the winner of the 2nd APT
Distinguished Paper Award among the papers published in Vol. 11. No. 3 and 4
(2000). Vol. 12 (2001) and Vol. 13, No. 1 and 2 (2002):

Title: Enzyme-catalyzed synthesis of hvdrated calcium oxalate
Authors: Shinichi Kato. Hidero Unuma and Minoru Takahashi
(Nagoya Institute of Technology)

Advanced Powder Technology 12 (4). 493305 (2001).

Endorsement by the awarding committee:

The authors have proposed a new precipitation method using enzymatic reactions
for the synthesis of inorganic oxide particles and their precursors. In this paper cal-
cium oxalate hydrate was prepared by a homogeneous precipitation method from
a solution consisting of oxamic acid. hydrolase. dimethylformamide and calcium
nitrate. The calcium oxalate obtained by the enzyme-catalyzed precipitation method
was trihydrate and fibrous. while that obtained by a conventional homogeneous pre-
cipitation method was monohydrate and granular. The precipitation rate was easily
controlled by using enzymatic hydrolysis. The detailed discussion on the enzyme-
inspired reaction suggests that the new homogeneous precipitation technique has
a great potentiality for the control of the morphology and size of precipitates. For
these reasons, this paper has been adjudicated the 2nd APT Distinguished Paper
Award.
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ik &% (Fa-zhi Zhang )
(COE postdoctoral researcher)

Dr. Fa-zhi Zhang was born in 1970 at HeBei prov-
ince, China, and graduated from Fushun Petroleum
Institute in 1992. He was awarded his Ph.D. degree
from Dalian University of Technology in 1999, and
worked at State Key Laboratory of C: Chemistry &
Technology, Tsinghua University as a postdoctoral
fellow from 1999 to 2001. From 2001, Dr. Zhang
worked at Beijing University of Chemical Technology
as a associate professor.

Since May of 2003 he joined the Ceramics Research
Laboratory, Nagoya Institute of Technology, as a
COE postdoctoral researcher. Dr. Zhang is engaging in
an advisor-given research project “World Ceramics
Center for Environmental Harmony” which is attrib-
uted to the 21st Century COE program launched by the
Ministry of Education, Culture, Sports, Science and
Technology (MEXT) of Japan. The main research
work includes the following two parts:

(1) Preparation of zeolite membranes and their
pervaporation performances for the separation of or-
ganic molecules from aqueous solution. Membrane
techniques have great potential for the preventing of
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environment pollution, es-
pecially for the per-
vaporative recovery  of
organic pollutants from
wastewater. Zeolite mem-
branes have shown many

excellent performances in

many important applica-

tions such as gas separation, pervaporation, and
membrane reactors. Considering the facts that poly-
mer membranes have thermal, mechanical and
chemical limitations, and the purpose of the exploita-
tion of new applications of zeolite membranes, this
part research is focus on the investigation of the sepa-
ration of phenol from aqueous solution using
silicalite-1 membrane.

(2)Super porous construction materials fabricated
by in situ solidification of waste resource. Amount of
ceramics industrial wastes and unused mineral re-
sources are increasing every year. Porous ceramics
have high potential for applications related to the en-

vironmental and energetic issues. Fabrication of



porous ceramic tile was attempted to overcome the
disadvantages of the traditional ceramic tile. Dr.
Zhang 1is currently undertaking research on the

8 X4 (Han Yong-Sheng)
(postdoctoral researcher)

My name is Han Yong-Sheng. I came from China. I
got my doctor degree in Tsinghua University. My
tutor is professor Li Jian-Bao who graduated from
Tokyo University for his doctor degree. His friend-
ships with Japanese give me a strong influence. I
would like to follow him to be a bridge of the friend-
ships between Japanese and Chinese. It is my pleasure
to receive the offer from professor Takahashi and join
his group which is a competitive and promising group.

1 spent nearly 6 years to study Chemistry for my
bachelor and master degree. After that, I chose mate-
rials science as my major for my doctor study. Mainly
two fields have been investigated in my doctor thesis.
One is to prepare porous ceramics with controllable
pore size. Another is to prepare and investigate the
inert anode which is proposed to be applied in alumi-
num production. Some interesting results have been

developing a modified technique for fabrication of po-

rous ceramics using waste resources.

concluded and reported in
journals, such as Journal of
The American Ceramics So-
ciety, Journal of Porous
Materials, Materials Let-
ters, Ceramics Interna-

tional, Materials Science

and Engineering A and so

on. Now I plan to prepare some hollow particles with
the original technology of our group. I hope I can do
some contribution in this group.

As T know, NIT is famous in engineering. I am
pleased to be employed in this university. No matter
when 1 leave, I will cherish the life in NIT. I hope I can
find more chances to study or cooperate with NIT in
the future.
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