ISSN 0387-1339

I RFE LS R

B52%

Bulletin of
Faculty of Engineering

Toyama University

Vol. 52

2001






H x

. REEFRRR T2 AWM IREZ= R 731 A OBEF Ut

"""""""" REIR 31, 1A R3%E, Seong-Youl Bae'+ 3

. 1999N2000$5ﬁ%¥%§—% ................................................................................................... 11

B Lo o T O - B PP 43






fleEfEIEZBRVCHERREZ=RY T/ 4 AOTFHHLHY

S

X, MH

ez, Wil &

Electron emission characteristics of three terminal vacuum microelectronic
devices using sidewall formation process

Hirofumi Takashima, Hiroyuki Okada and Hiroyoshi Onnagawa

BB T2 % AW MR E ZE WM F 731 ADBFHRBEFEE ICOWTRE Lzs 34 Foa — L
EEERL, FOLICEERB*EETAZIETIIVY, ¥~ FOWWABINY Yy THFEET 5, £L T
X7 ) — FERT-EZAGERBFLI v ¥BEDTNAATHb, 777 7—/ NV IENA LABDBEFR
HARON, T3 v #BEISOV, 7/ — FEE00VTHDT /) — FEHIZS uAThHolco TIVIENT /) —

FANDOBFEERERIZ2D% TH o7,

1. ¥Z20°%

79 v MSRVIBRR ER O, EEBERBEH
TINA ADENPEATH S, —&HIRTINA A
& LTidSpindtE[11IcRoN 5 X ) 2 gATK
BT HTFNA A EFLICHEIEA TV S D, &
AHABEL A THARAGCEREFII VY
(SCE) 754 A& 2 KRB BEBEIRE S 1
EHINTWA[2,3], §EFEAIE, 1 Foxr—
VEERZ LIy ¥ —T7 ) — FHS 8 AV7-SCEH
EERE T HMHMBREZZWF 7N 22 AL,
ZFORHMZFMLIOTRET 5,

2. £ B

TERL L 72731 Mg M 1 1R $, Bk s hiz
Si#tR iz, TBL YA b (PR: OFPR80 (EEL
1t)) Z4000ARE»a—kL, 250CT/HN— FX—2%
1TH. Z0%, ) 77> (Mo) Z#1000A, #)
AZZUNVEAY 21) L—1F (PMMA) Z%00AF
BL7zo (K1(a)) Ri2, BFY—A2B L2 BXRE
100 C/ ctt DFMAETITY, NF — VB L7zo €D/
¥ — %FIFL, Mo%CF, 79 XA~y F 7L,

PREBETSIARIvF 7 $AHZ LT, BEHRED
BUWPRIEEKEZET A1 (b)DEER1E5, €L TP
ROMEISIOZFIH#EEL, CFA . TIXAILy Fv
745 ETSIONY A Fo+—)VigEx1837: (K1
(c))o ZDHOFPREBE TS AT v ¥ ¥ 712X
DY R o RICEBB L 2 H5Mo%x50AEE L7,
(F1(d)), #LTRE7 v BEIC X VSIOZ Y BRw
72 (H1(e))o BEIMoBRE/ S —=V T L, 7
J— F—3RH %225 mTEHLELZ L TT/NA R
BEdsE L7 (B1(f)),

s s
MO e Mo
Y :::n

@ (@
11]) nm
B I
Y7777,

®)
R [

pzzzzz2224

1

© ®

M1 55 AOERTAE

FIk® I#H BRBFYA72I%#%, BWE Faculty of Engineering, Toyama University, Toyama Prefecture, 930-8555, Japan

—1—



BILKFTFRLESE2%E 2001

Anode

5

TIIL DI Gate
///////////////

Emitter

M2 BmFORE

B2x3iv%, 7—F, 7/ - FOBRTOR

BERT, ZEHBEL LT, Iy ol

NI-BFI—BES — bR, fIEIrBRELINTT
J = FENAH) ETFVIREINTVS[3], FE

g LR R & 2510 p mDOBFRARE L7z, )

Eix, EZHE 2 X10 "torrP TTo 720

3. XBRER

ERFZEOEEZRBEFHMERE LY,
INE Xy THRER I NI,

M3 ICEBHR—TI v yBEERELRT, iL570O,
O, A, AlZKATI Y ¥Eiile (7 /- FEBEV
a=160V), 7/ — F&iila (Va=160V), Ie (Va=
200V), Ia (Va=200V) TH %, 7~/ — FEBHED
WM TLEWEREIX, Va=160VTI120V, Va=
200VTUOVTH o7z, $72, =3I v FEELGOV,
7/ — FEBE200VTHDT7 /— FEHRIZ5 # ATHo
720

1000 A D%

! I ! I L ' I Ll
Ie(Va=160V)

la(Va=160V) 4
Ie(Va=200V) , '_:
Ia(Va-ZOOV) se ]

—
W

>roOe

(91

‘..“
80 100 120 140 160
- Emitter Voltage Ve [V]

Current Ia, Ie [uA]
ot
=

K3 EBR—TIvIBEHE

M4l 77m5—— 2 )VENL L7y b 2RT,
IIVvHER, 7/ —FEHLDBHFLRERIES
Nz TIVvFENT ) — FANFELLEBRBGD

FEEHRETDHE, T3 v FEEMNIHVET,

- 7/~ FEEA160VTIZ16.7%, - 200V Tix27.8%

&:&07’_0 @EEGiTBEf’fJ’ HE SN TWVBSCER
ETINA ADEHFR0.25%[3] L LB L TRIF2ME L
ol

o Ie(Va=160V)

© Ja(Va=160V)
A [e(Va=200V)

‘& Ja(Va=200V)

e 1 L | 1

0.007 0.008

[1/Ve]

K4 7795——/NVENAATTOY b

4. & =W
YA B+ —ViEEZ GRICHV-SCEME L A
T HWMEREZE=0RF 75 A2 RIEL, £0%
HREFME L7, RRDFIERE LT, 27.8%0 %61
720 BRIRZF v v THBOGKE o EFM%HE
IMEDSREEE R 5,

SEH

[1] C.A.Spindt, I.Brodie, L.Humphrey and

E.R.Westerberg: J. Appl. Phys., Vol.47,
No.12, 5248 (1976).
[2] INomura, K.Sakai, E.Yamaguchi,

M.Yamanobe, S.lkeda: Proceedings of the

third International

(IDW ’96), 523 (1996).
[3] A.Asai, M.Okuda, S.Matsutani, K.Shinjo,
K.Hatanaka, Y.Osada and
T.Nakagiri: Society for Information Display

Display Workshops

N.Nakamura,

International ~ Symposium Digest  of
Technical Papers (SID’97), vol. XXVIII, 127
(1997).



Gas Permeation through Glassy Polymer Membranes
with High Glass Transition Temperature

Hidehiro Kumazawa and Tatsumi Yamamoto
Department of Chemical Process Engineering, Toyama University, Toyama 930-8565, Japan
| and
Seong-Youl Bae
Department of Chemical Engineering, Hanyang University, Ansan, Kyonggi-do 425-791, Korea

The sorption equilibria and permeation rates for carbon dioxide in such gléssy polymer
memrbanes with high glass-transition temperature as pdlyimide, polyétherimide, polysulfone and
polyethersulfone membranes, were measured. The sorption isotherms for these systems can be
described well in terms of the dual-mode sorption model, whereas the pressure dependences of
the mean permeability coefficients are simulated better by a modified dual-mode mobility model
than the conventional dual-mode mobility model in which the Henry’s law and Langmuir popula-
tions execute four kinds of diffusive movements.

Keywords: Gas permeability,
Polysulfone,
Dual-mode mobility model

1. Introduction

The sorption of gases and vapors in glassy
polymers is generally more complex than in
rubbery polymers. The sorption equilibria of
gases In glassy polymers have been measured
for many gas - glassy polymer systems, and
have been described well in terms of a so-
In the
dual-mode sorption model, sorbed molecules

called dual-mode sorption model.

are retained in the polymer in two distinct
ways, i.e., via Henry’s law dissolution and
Langmuir-type adsorption. Currently, it is
no exaggeration to say that this dual-mode
concept at sorption equilibrium has been well
established. Two sorbed populations, which

are termed Henry's law and Langmuir popu-

Gas sorption equilibrium,

Polyethersulfone, Polyetherimide,

Glassy polymer, Polyimide,

Dual-mode sorption model,

lations, respectively, can execute diffusive
movements with different mobilities, while
being at local equilibrium with each other.
This parallel approach called dual-mode mo-
bility model, has not been tested in many gas
- glassy polymer systems, as opposed to the
dual-mode sorption model, and the applicabil-
ity of this model has not been confirmed yet.
Besides, the two kinds of population should
principally undergo movements with the two
respective modes, but possibly execute jumps
between the two modes. Basically, four kinds
of diffusion step are possible. The transport
model based on such a concept is called
mobility model.

modified dual-mode

However, the applicability of this modified
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model has never been examined satisfactorily.

By considering such a present situation, ex-
isting data on sorption equilibria and per-
meation rates for carbon dioxide in such
glassy polymer membranes with high glass-
transition temperature as polyimide (PI) [1],
polysulfone (PSF) [2], polyethersulfone
(PES) [3] and polyetherimide (PEI) [4] mem-
branes, were reexamined to discuss the
mechnism of diffusion of a gas in glassy
polymer membranes. In conjunction with the
measured sorption equilibria, a gas diffusion
mechanism was discussed by comparing it
with the model; conventional and modified
dual-mode mobility model.

2. Theoretical Background
The sorption of a gas in glassy polymers
has been found to be described well by a so-
called dual-mode sorption model [5]:

C, bp
1+bp

C=Cp+Cy=kpp+ (1)

This formula suggests that two different
modes of sorbed molecules, i.e., Henry's law
dissolution mode (D) and Langmuir adsorp-
tion mode (H) should hypothetically exist.

By assuming that the two sorbed popula-
tions can execute diffusive movements with
different mobilities while being at local equi-
librium with each other, a dual-mode mobility
model by gradients of concentration was pro-
posed as follows [6]:

oCp
D 9%

" or

J.=-D -D (2)

On the basis of this dual-mode model, the
mean permeability coefficient, defined by

I_J = st/(Pz_pl) (3)

1S given as

C, bDy
(1+6p,) (1+bpy)

P=kpyDp+ (4)

The above dual-mode mobility model, how-
ever, does not incorporate possible diffusive
movements from Henry’'s law mode to
Langmuir mode (D—H) and the reverse (H
—D). Considering these two movements [7],
the total diffusion flux should include four
modes of diffusion, i.e., D—D, D—H, H—D
and H—H, and the following modified dual-
mode mobility model expression for the mean

permeability coefficient, can be drived [8]:

_ o%k,Dyy . 1+bp,
= BB gy P
P =koDoot 4o, — 5 ™ 1+ bp,

+ C;Ib (DHH+DHD) _kDDDH (5)
(1+0p,) (1+bp,)

When the diffusive movement from Henry’s
law mode to Langmuir mode is neglected,
that is, Dos is taken to be zero, Eq.(5) re-
duces to

Cy b(Dyy+ D)
(1+0bp,) (1+bp,)

P=kyD,+ (6)

This agrees with Eq.(3), if (Dua+Dup) is set
equal to Du.

3. Discussion
3.1 Sorption equilibria

Homogeneous - dense membranes of
polyimide (PI, Upilex R, Tg=285T, Ube
Industries, Japan), polysulfone  (PSF,
Trayslon-PS, Tg=190 C, Toray, Japan),

polyethersulfone (PES, TALPA 1000, Tg=225
€, Mitsui Chemicals, Japan) and
polyetherimide (PEI, FS-1400, Tg=216 C,
Sumitomo Bakelite, Japan) were examined as
the glassy polymer membrane with high

—4—
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Fig.1 Sorption isotherms for CO; and CH4 in PSF

membrane at different temperatures.

Tablel Dual-mode sorption parameters for CO; in
different membranes
Polvmer Temp. ko b Cu
YIEE (T ) (alSTPMVPa)) (MPa™) (u(STPIA)
PSF 30 6.38 1.92  20.5
35 5.87 1.75 19.4
40 5.40 166 18.4
45 5.01 1.53 17.1
PEI 25 6.89 416 183
30 5.92 342 179
40 4.73 2.58 15.0
PES 30 7.91 513 17.2
PI 30 12.2 16.8 7.39
40 10.3 12.1 5.67
50 8.07 8.54 4.27
60 6.83 6.27 3.34

H., in PSF membranes [2].

exibits a similar downward concave pattern,

Each isotherm
characteristic of glassy polymers. The sorp-
tion behavior can be simulated by the dual-
mode sorption model, via Eq.(1). The values
of the dual-mode sorption parameters in
Eq.(1) estimated by wusing the
Marquardt method [9], and for CO; they are
listed in Table 1.

1 represent the sorption isotherms calculated

were
The solid curves in Figure

using Eq.(1) with these estimates. Sorption
isotherms for CO,, O; and N, in PES and
PEI membranes [3, 4] and for CO; in PI
membrane [1] at various temperatures also
exhibit similar non-linear patterns simulated
well by the dual-mode sorption model. In
Table 1, the values of the dual-mode sorption
parameters for CO, in PI, PES and PEI
membranes [1, 3, 4] are also listed.

3.2 Permeabilities

The experimental results of mean perme-
ability coefficients for CO,, O, and N; in PEI
membranes [4] and for CO; in PI membranes
[1] are shown as a function of upstream gas
pressure in Figures 2 and 3, respectively.
The mean permeability coefficients to CO. at

10

glass-transition temperature (Tg) to discuss
the mechnism of diffusion of a gas in glassy
polymer membranes.

Typical examples of measured sorption iso-
therms are shown in Figure 1, which repre-
sents the sorption isotherms for CO, and C

€02z —o —— o o—
P — e —Y o
Sr T—— T
°
a
-
o A A
g 2 [ o — a -
> 2
E — D sy
a 2 ol s 2
[ —
5 F
t
- PEI
2 o5} .
[=}
>
[[» % a a Q 7]
o2f N —
—g 2 - g o0
il ! : ' % 3
p2 . MPa

Fig. 2 Mean permeability coefficients for CO;,0:
and N; in PEl membrane at 25C (filled
symbols), 30C(open symbols) and 40C(half-
filled symbols) as a functions of upstream
pressure.

—5—
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Fig. 3 Mean permeabilyty coefficients for CO; in
PI membrame as a function of upstream
pressure at different temperatures.

each temperature exhibited pressure depend-
ence, characteristic of glassy polymer mem-
branes, whereas those to O. and N: were
The
permeability coefficients for CO, and CH, in
PSF [2] and for CO: in PES [3] exhibited
Then, it
was checked whether the dual-mode mobility

almost independent of gas pressure.

also similar pressure dependence.

model is applicable or not to the observed
pressure dependences of the mean permeabil-

S

' m3(sTP)M/(m2s Pa)

Px10

2 1 ! I !
o 02 04 06 o8 1.0

b -l

(vbp(I+bpy) * MFO

Fig. 4 Test of dual-mode mobility model and com-
parison with a mondified dual-mode mobil-

ity model for permebilities of PEI to CO..

Table 2 Diffusion parameters for CO: in different
membranes via a modified fual-mode mo-
bility model

Temp. DDDXIOH qu)(lola (DHH'I'DHD)XlO“

Polymer (CT) (nf/s) (m/s) (ni/s)
PEI 25 44 4.1 0.78
30 6.0 5.0 0.80
40 10.2 7.6 0.83
PEI (10) 35 10.5 2.2 0.56
PI 30 0.518 0.645 0.275
40 0.896 0.672 0.355
50 1.66 0.674 0.785
60 2.69 0.740 1.60
PSF 30 395 26.8 453
35 51.2 29.1 5.55
40 62.8 30.4 7.25
45 75.1 33.9 8.85
PSF(11) 3 375 12.0 3.50
PES 30 11.5 9.94 496

ity coefficients to COs.
The mean permeability coefficient data for
CO; in PEI membrane at 25, 30 and 40C [4]
were plotted on the basis of Eq.(4) in Figure
4. The plots do not conform to Eq.(4), i.e.,
conventional dual-mode mobility model as de-
picted by broken lines. The solid curves rep-
resent the calculated relations using Eq.(5)
with the estimates of Dpp, Dpos and (Dus +
Dup) listed in Table 2.

pressure dependence of the mean permeability

Figure 5 shows the

coefficients of the same system at 35C, which
was calculated from the permeability data
measured by Barbari [10]. The solid curve

also represents the corresponding relation-

20 T T T
PEI-CO, 3
2 14 &
1.8 35°C /o,/" o
& 4 &
s | eo - 5
S16f N
2 / N E
- A = 4 2
14| g=o" (3
(0/04 ql0e’
ol °
-2 L7 1
0 1 | | —os8
0 02 04 06 08

1701+ bpy)

Fig. 5 Test of dual-mode mobility model and com-
parison with a modified dual-mode mobility
model for permeabilities of PEI to COz at
35C, measured by Barbari (10]).
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ship calculated by Eq.(5) with the estimates
listed in Table 2.

Similarly, the mean permeability data for C
O, in PI [1] and PES [3] and for CO, and C
H: in PSF [2] at different temperatures were
plotted on the basis of Eq.(4). The plots are
not also on the straight lines at all. The de-
viation from the straight line becomes espe-
cially large at higher applied gas pressure.
Figure 6 demonstrates a typical example of
Figure 7 illustrates the mean
in PSF
membranes at 35C plotted against the term
1/(1+bp:), which were taken from Erb and
Paul [11]. The solid curves in Figures 6 and

these plots.
permeability coefficients for CO,

T represent the corresponding relations cal-

30
|3
g 25
~N
§
N
§ 20
T
[
12
L]
g 15 M’f V,/O/A/ ]
- _se—tT e
e et o
2 10— N i
@ Wm’o:/(
—~
5 1 1 1 1 Il 1 1
o) 0.04 008 012 016

b/(1+bp ) I+bpe), otm™!

Fig. 6 Test of dual-mode mobility model and com-
parison with a modified dual-mode mobility
model for permeabilities of PI to CO..

8 T T T T T T T T T
13 CO,-PSF 4
E L) ’/’—
O 7F 35°C ——
» "
':EJ /
E 6 4
o
5 S .
E
)

.4 4

Qe
Q
o 3F .

2 . ! ! ! Il 1 1 1 L

] 0.2 04 06 o8 1.0

17L1+bpg)

Fig. 7T Test of dual-mode mobility model and com-
parison with a modified dual-mode mobility
model for permeabilities of PSF to CO. at
35C, measured by Erb and Paul (11).

culated by Eq.(5) with the estimates listed in
Table 2.

From the comparison of the present perme-
ability data with Eq.(5), the plausible values
of diffusivities Dop, Dou and (Dus + Dap)
were evaluated, because Dur cannot be distin-
As depicted

as the solid curves in Figure 4 through 7, at

guished from Dap using Eq.(5).

every temperature, they are found to be in

reasonable agreement with experimental
points over the whole range of applied gas
pressures for the five systems. Of course, it
should be kept in mind that the good data -
theory fits based on Eq.(5) are at least par-
tially due to the fact that Eq.(5) has one
more parameter than the conventional dual-

mode mobility model.

3.3 Deviation from the conventional dual-

mode mobility model

When the temperature for permeation runs
is much lower than the glass-transition tem-
perature (T,) of the polymer, that is, T, of
the polymer is very high as compared to the
experimental temperature, the pressure de-
pendence of the mean permeability coefficient
to CO; is apt to deviate from the prediction
by the
model, and to be predicted by the modified
This has been
confirmed in the systems of CO, - PI
(T,=285C), CO., CH:-PSF (T:=190C), CO,-
PES (T,=225C) and CO.-PEI (T,=216TC)
[1-4].

On the other hand, when the experimental

conventional dual-mode mobility

dual-mode mobility model.

temperature is not so much lower than T; of
the polymer, also, the pressure dependence of
the mean permeability coefficient tends to de-
viate from the prediction by the conventional
dual-mode mobility model, and to obey a
dual-mode mobility model with concentration-
dependent diffusivities proposed by Zhou and

Stern [12]. The pressure dependence of

—7—
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diffusivities of Henry’s law and Langmuir
populations can be regarded as the result of
the plasticization action of sorbed CO. to the
polymer.

Compared to the dual-mode sorption model
wherein all of the sorption parameters are
assumed to be constant irrespective of the
amount of sorbed species, an extended dual-
mode sorption model has independently been
proposed by Kamiya et al. [13] that both
Henry’s law and Langmuir capacity constants
are affected by the concentration of sorbed
species of the plasticization ability to the
polymer. Afterwards, Mi et al. [14] derived
a new relation to express the sorption iso-
therm of plasticizing penetrants, which has
only one adjustable parameter:

C=S¢p X

exp(A { T.(C) [E(C)(;i‘%()()%] [T,(0)—T] })

(7)

where T;(0) and T.(C) refer to the glass
transition temperatures of the polymer con-
taining a dissolved penetrant at concentration
0 and C, respectively. Their sorption iso-
therm can simulate an inflection point at a
high prenetrant pressure as the extended
dual-mode sorption model [13] does.

Thus far, the deviations from the conven-
tional dual-mode sorption and mobility mod-
els have separately been studied theoretically
and experimentally. However, simultaneous
deviation from both models was observed in
cases of CO. in poly-4-methyl-1-penetene
membrane at 20°C [15] and in polystyrene
membrane at 60C and 70°C [16] and in cellu-
lose triacetate membrane at 50°C and 60°C
[17]. The plasticization effect of sorbed
CO: on both the sorption and diffusion proc-
esses tends to be brought about in glassy

polymer membranes near the glass transition

temperature. Recently, this behavior was
simulated based on the concept that only one
population of sorbed gas molecules is present
[18]. Actually, a sorption theory of Mi et al.
[14] which tacitly has a premise that only
one population of sorbed gas molecules ex-
ists, was combined with a gas-polymer-
matrix model proposed by Raucher and

Sefcik [19] based on the same premise:
D = D,exp(BC) (8)

According to such a combined model, the
mean permeability coefficient can be derived
as follows:

R

m[exp(ﬁcz)—exp(ﬁcl)] (9)

It should be noted that only two parameters
(A and B) to be adjusted are contained, if
Eq.(9) is combined with Eq.(7).

4. Conclusion

The sorption isotherm of gases in glassy
polymers with high glass-transition tempera-
ture can be described well by the dual-mode
sorption model. The pressure dependences of
the mean permeability coefficients to CO; in
glassy polymer membranes with high T, are
simulated better by the modified dual-mode
mobility model than the conventional duel-
mode mobility model in which the Henry's
law and Langmuir populations execute four
kinds of diffusive movements. '

Nomenclature .

A = parameter involved in Eq.(7), K'

b = Langmuir affinity constant, Pa™!

C = total sorbed concentration, nf (STP)/nf

Cp = concentration of Henry’s law population,
m'(STP) /'

Cu = concentration of Langmuir population,

—8—



RER - IUA - Seong-Youl Bae : Gas Permeation through ~

' (STP) /i
Cy¥ = Langmuir capacity constant, m(STP),/
D = diffusion coefficient in polymer membrane,
n'/s
J = permeation flux, m*(STP)/(n’s)
ko = Henry’s law constant, n'(STP)/(m’ Pa)
L = thickness of membrane, m or #m
P = mean permeability coefficient,
m' (STP)m,/ (n’sPa)
p = pressure, Pa or MPa
So = solubility coefficient at the limit of p—0,
m'(STP) /' (n'Pa)
T, = glass transition temperature, K or C
X = position coordinate in the net flux direction,
m
B = dissolved gas - polymer interaction parameter
appearing in Eq.(8), m'/m*(STP)
Subscripts
D = Henry’s law mode
DD = within Henry’s law mode
DH = from Henry’s law mode to Langmuir mode
H = Langmuir mode
HD = from Langmuir mode to Henry’s law mode
HH = within Langmuir mode
S = steady-sate
= downstream surface
2 = upstream surface
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. B THESL L 72Cu-41.Tmass%ZnE £ Z BT

% o HOFE. LAR%E, BHEZ, ®IIAZ
H, KRTEE, hEFE: FREfFEaiEss:
82-89 (1999)

[fE31] 6000R TV I = AEE OISR
M3 AREDOMF. HEZ, hEFE: BERES
0: 23-36 (2000)

. Al-Mg-Si&&DGPV — v DEFHIEEHRIZ,

(4% BETEMEEICIAHERED DD
A S R ATAR(L)] . MHEZ, HhE
#: BARERBRFREE3I: (2000)

Reduction of Se Ions
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Majima: Materials Trans Jim. 41: 799-803
(2000)

7a —-F1 7%

1.

Precipitation Sequence of 7' , €. 7
Phases in Fe-Ni-Co-Nb Based
Superalloys. Kiyoshi Kusabiraki,

9.

. High Resolution Elemental

Hidekazu  Toda, Hajime  Komatsuy,
Shigeoki Saji: Proceedings of the
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. Depolymerization of

Polyethyleneterephthalate in Supercritical
Methanol. S.-Y. Bae, H. Kumazawa: Proc.
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Analysis of frequency characteristics of the three-coupled-line balun transformer
KADIR MD. AFROSE

Planar Marchand balun, which is used in very high frequency range, and its physical con-
struction are presented. Coil type balun transformer of an arbitrary turn ratio of 1:1:1 as
asymmetrically coupled three transmission lines, whose six-port fundamental equations are also
introduced. The analysis of a three-coupled-line balun Transformers studied in terms of distrib-
uted parameter balanced and unbalanced-mode transmission theory and it is found that they
are unsatisfactory as transmission parameter B1 approaches to 90 degree. From the theoretical
results of balun, the balanced effective attenuation and unbalanced attenuation are signficantly
improved.
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Photocatalytic degradation of organophosphorus pesticides in aqueous TiO, suspension

Li Fan

Pseudo first order kinetics with respect to all kinetics parameters was observed. Adsorption
properties of the pesticide concentration, partial pressure of oxygen were also experimentally
measured and well fitted with Langmuirequation characterizing heterogeneous reaction. The
photocatalytic process appears to be a “soft” method requiring ambient temperatures and
pressures.

On the basis of the analytical and kinetic results, a degradation scheme can be proposed
which accounts for the 4 simultaneous reaction of the target molecule. The path destruction
from the side chain was expected to be the main pathway for the photocatalytic degradation of
organophosphorus pesticides. This suggested that H-abstraction predominated in the reaction.
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Study on Calculation for Harmonic Currents in AC/DC Converter Systems
under Unbalanced Conditions

This paper proposes a new analytical method for calculating the harmonic currents generated
in both AC and DC sides of converter systems, which are operated under unbalanced conditions.
The proposed method is based on the frequency domain method and rectifier switching function.
All the calculations can be conducted only by algebraic calculation with high accuracy. In addi-
tion, this paper proposes a method for minimizing the DC distortion replacing the DC filters.
The validity of the proposed method is demonstrated by comparison to the results of time simu-
lation method in various cases.
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Development and Application of Symmetrical PWMAC Chopper
Voltage Converters

Nabil Abd El-Latif Ahmed

This paper proposes a new configuration of symmetrical pulse width modulation (PWM) AC
chopper voltage converter for single-phase systems. The proposed converter is more economic
owing to a smaller number of controlled switches and less switching losses. The second part of
the paper presents the first attempt to use the PWM AC chopper converter for the application
of speed control of single-phase induction motor. To correlate the measurements with theory,
experimental prototypes are proposed and the developed analysis and simulation results are ex-
perimentally verified.



Magneto-hydrodynamic and Relativistic Hydrodynamic
Simulations for Astrophysical Plasmas

Hui-Min Zhang

Two important problems in astrophysics are investigated by using hydrodynamic and
megneto-hydrodynamic simulations. One is explosion mechanism of solar flare triggered by cur-
rent loop—loop and loop--plasmoid interactions. The other one is calculational relativistic hydro-
dynamics and relativistic extragalactic jets propagation and interaction with ambient medium.
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Nitration of Pyrene Adsorbed on Silica Particles by Nitrogen Dioxide under
Simulated Atmospheric Conditions
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Molecular Structures and Physical Properties of Fluorinated Liquid Crystals
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Synthesis of Several Oxidized Sterols Bearing a Linker and
Theire Modification to Proteins as the Utilization to the Monoclonal Antibodies

& @ 1% (Byung Ju Kim)

A major cause of atherosclerotic lesions in the arterial wall of human being would be choles-
terol and cholesteryl ester. Recently, one of the undeniable cause of the circulatory disease such
as atherosclerosis, hypertension and myocardial infraction (MI) would be low density lipopro-
tein (LDL)-cholesterol and its oxidized products, which was reported to induce a fatal coronary
heart disease (CHD) in industrialized countries.

Thus, we decided to investigate the physiological feature of cholesterol, fatty sterols, LDL,
particularly, their oxidized cholesterol. And, for the purpose of reaching the aim, I has been
successfully synthesized several sterols bound to a heterofunctional cross linker and modified to
KLH (Keyhole Limpet Hemocyanin) or serum albumin as artificial sources of antigen for
immuno-diagnostic and therapeutical application to the arterial diseases. This dissertation is de-
scribed the synthetic route and new synthetic methodology that are utilized to the preparation
of the target compounds to reach the goal.
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Simulation of Magnetic Field Generation during
the Collision of Counter-streaming Plasmas
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