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Laser Doppler Velocimeter Using a Rotating Wire Gauze Grating

et HF BE BB
Toshiya SAKABE, Noriyasu MORI, Toshio WAKABAYASHI

A frequency shift laser doppler velocimeter is described. The basic element in this system is a

rotating diffraction grating functioning both as a beam spliter and a frequency shifter.

A rotating diffraction grating is organized with a wire gauze, which is a simple to set up and a low

cost. The utility of the laser doppler velocimeter is verified by experiments on rotating disk used as

a water flow.
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Study on Grindability of Machinable Glass Ceramic.
Yoshio TANAKA. Tadahiro WADA.

The suitable grinding wheel and the grinding condition are experimentally investigated in
surface grinding of machinable glass ceramic. The effects of lubricant, abrasive and bond on both
surface roughness and wheel life are stuied.

The main results obtained are as follows:

Conventional wheel (A class and C class abrasive wheel)

(1) The wheel life becomes longer as a grade becomes smaller. (2) GC abrasive wheel is
desirable. (3) Wet cutting is desirable. (4) The surface roughness becomes better as a grade
becomes smaller. (5) Resinoid bond wheel gives a better surface roughness than vitrified bond
wheel, however. vitrified bond wheel has a long life and can be used a harder grinding condition.

Special wheel (D wheel and CBN wheel)

(1) D wheel is a little more desirable for the surface roughness than CBN wheel. however.
CBN wheel has a long life and can be used under a harder grinding condition. (2) Both D wheel
and CBN wheel have little or no chip pocket, therefore, wet grinding is more desirable for chip

removal than dry grinding. (3) The resinoid bond wheel gives a better surface roughness than

metal bond wheel, however, metal bond wheel has a long life.
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Experimental Investigation of the Flow

between Parallel Plates with the Fences

Makoto NAKATANI and Masanori YAO

The visualization study is made to observe the flow between parallel plates with transverse fins for
flow direction, that is, fences using a method of hydrogen bubble techniques. Moreover, the pressuredrop

is experimentally studied on the surfaces with the fences in the air channel of rectangular cross section.

It is found that parallel plates with staggered fences show the most effective performance, in the

case of the ratio of fence pitch to fence height ¢ /i is almost 5.
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Recombination of Diatomic Molecule in Supersonic Nozzle Flow

Haruaki KISHIGE, Kazuoki MATSUOKA

In this paper, dissociation and recombination reaction rate of the molecule of iodine are discussed. A

supersonic flow of the shock-heated iodine gas is calculated in a convergent-divergent nozzle. For the

purpose of simplicity of the analysis, the gas is treated a ideal dissociating gas. Numerical calculations

have been carried out using Runge-Kutta-Gill method on the digital computer. The calculated results are

compared with another diatomic molecule.
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Diagonalization of the Poincaré Gauge Field

Shikao MIYAMOTO

Abstract

In the theory that is formulated in order to be invariant under translation and Lorentz transformation,

there are two kinds of gauge fields bxp and Axip. These field equations are diagonalized in the linear

approximation. We show that these gauge fields can be decomposed into the gravitational field and six

diagonalized fields, each of which obeys the Klein-Gordon equation and irreducibility condition in the

vacuum. We find that these six gauge fields canbe massive, and that their spin and parity are 0+, 0,

1*, 1, 2+ and 2-. The fields of 0* and 2* coupled with symmetric energy-momentum tensor and spin-

angular-mometumtensor, but other four fields 0-, 1*, 1-and 2~ coupled only with spin-angular-mome-

ntum tensor.
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Study on Machinability of Machinable Glass Ceramic
— 2nd Report, Influence of Cutting Condition on Surface
Roughness and Cutting Force —

Tadahiro WADA, Yoshio TANAKA

In the first report, the effect of the tool material and the cutting condition on the tool life were
studied in order to find the suitable tool material in turning of machinable glass ceramic with
cutting fluid, and K 10 carbide tool was found to be promissing.

In this paper, the influence of the cutting condition on the chip formation, the cutting force and
the surface roughness is experimentally investigated.

The main results obtained are as follows:

(1) In finish turning, the smaller feed than 0.06mm/rev is desirable for the surface roughness.

(2) The influence of the cutting speed on the surface roughness can not be found, in the range

from 0.09m/s to 0.25m/s.

(3) The depth of cut to feed ratio has less influence on the size effect of cutting at larger feed

rate.
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A phase control circuit using the S-type negative resistance character-

istics by photo-coupled FETs.

Haruo Takahashi, Masayoshi Yamauchi and Yoshihiro Yamamoto

ABSTRUCT

An Opacally controlled S-type negative resistance circrcuit can be constructed with photo-coupled

FETs. In this paper a phase control circuit using this S-type negative-resistance characteristic is

demonstrated. The phase control light signal can be obtained from the optical detection of the phase-zero

level with the starting point of the relaxation oscillation and from the optical control of the phase

angel with the repetition rate of the relaxation oscillation. It is possible for the sinusoidal wave of

60Hz to change the angle from 30° to 160° using the experimental circuit.
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A Consideration on the Decay Process of accumulated

Charge on Polymer Surface

J. Kyokane Y. Yamamoto R. Coelho*

ABSTRUCT

The initial decay region of surface potential of negative corona charged polyethylene (PE) films
was measured by the new apparatus. A characteristics of this apparatus has the moving plate electrode
within 0.1 sec from needle electrode to the probe with high pressure gas. It was shown that the decay
of potential is depend on the charging time.

When the duration of chargink was short the surface short the surface potential was rapid decay
compared with a long charging time such as 20 sec and was not uniform in decay rate on a different
position (e.g. center and edge) of PE surface. This is considered that the accumulate charge after
short charging time migrate in the direction of the both surface and bulk.

On the contrary, the decay of the long charging time was uniformly rate at the center and edge
of sample and was observed the crossover phenomenon. It can be conclued that the carrier after
along corona charge migrate only bulk. These carriers were discussed in terms of Scher-Montroll
theory on the transport in amorphous substances. Logarithmic plot (Scher-Montroll Plot) of the
decay time vs. displacement current which is given from the decay curve was differentiated
graphically with respect to time gives the transit time of the carrier front. Simple calculation by

the formula p=L,(Tr.E) were obtained the apparentcarrier mobilities ¢ of 10~® ~ 10-!° cm?

47

/Vsec at 293 K for the sample thickness L of 30 ym
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Electrical Properties of Hexatriacontane
Single Crystal

J. KYOKANE, S. HARADA, K. YOSHINO and Y. INUISHI

Nonlinear current-voltage characteristic is observed in hexatriacontane (Cs¢ H,4) single crystals and

as the mechanism Schottky effect or Poole-Frenkel effect is suggested. The breakdown strength

(1.5MV/cm) of this crystal at the room temperature is (1) much smaller than that of polyethylene

(6MV/cm), (2) decreasing with increasing electrode distance and (3) temperature insensitive uptill

the temperature near boiling point. These results can be explained by taking the large electron mobility

in hexatriacontane single crystal compared with that of polyethylene into consideration. The important

role of the amorphous parton the electrical conduction and breakdown characteristics in polyethylene

are indicated from these discussion.

1. Introduction

We have studied experimentally the carrier trans-
port in polymers induced by nanosecond electron
beam. It was from these experiments that the carrier
transport in the crystalline part of polyethylene is
much different from that the amorphous part. The
carrier mobility in the amorphous part is evaluated
from the Scher-Montroll analysis of the slow compo-
nent in the electron beam induced charge signal. On
the other hand, the fast component of the electron
beam inducd signal is considered to be related with
carrier migration in the crystalline part.

In order to clarify the carrier transport process in
the crystalline part of polyethylene, we have grown
single crystala of long chain linear hydrocarbons as
simple models. In this paper, electrical conductivity
and dielectric breakdown in hexatriacontane single

crystal (Cg¢ Hy4) will be reported.

2. Experimental

Hexarriacontaine material of commercial grade
was purified by a zone refining method and chroma-
tography. Single crystals were grown by the two
different methods, (1) the recrystallization from xy-

lene solution, and (2) the Bridgemann method. The

samples obtained by the method (1) were mainly
used as specimens in this experiment. The thickness
of the grown single crystals was ranged within 15~
100 gm. Evaporated gold film served as electrodes.
D.C. conduction was measured using a vibrating-reed
electrometer. The procedure and the apparatus for
the electron beam induced conduction measurement
was already mentioned in our previous papers.

Both the Fletcher type nanosecond voltage pulser
(rise time : 2 nanosec, pulse width 100 nanosec,)
and a conventional vacuum tube microsecond voltage
pulser (rise time : 0.5 psec, pulse width : 6 psec)
were used to investigate the breakdown characteri-
stics of the hydrocarbon crystals, which were immer-

sed into silicone oil to prevent surface discharge.

3. Results and discussion

To obtain D.C. conduction current i, both charg-
ing current /cn and discharge current ia were mea-
sured at 5 minutes after the application and the
removal of voltage step respectively as illustrated
schematically in Fig.1.

The net conduction current i was evaluated from
the difference of these two signals, namely by the
relaton of i=icn—ia

Super linear current-voltage characteristic was

The contents of this paper was reported to the J. PHYS. D : APPL. 12 1979

* Present address : Matsushita Electric Co. Ltd.

** Faculty of Engineering, Osaka University
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(min)

Fig. 1 Schematic explanation of charging current fcn

and discharging current 74

found in the hexatriacontaine single crystal at the
room temperature. Figure 2 shows a logarithmic plot
of current-voltage characteristic. This super linear
characteristic can not be ascribed to the space char-
ge limited current, because current is not proportio-
nal to the square of applied voltage V as predicted
by the theory but to VI and is not strongly depen-
dent on the electrode distance under the same field.

As shown in Fig.3, this current-voltage characteri-
stic is well fitted by Schottky plot. Namely the curr-
ent 7 at the temperature T(K) is related to the app-
lied field E by the next equation.
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Fig.2 Logarithmic plot of current-voltage character-

istic of the hexatriacontane single crystal.
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where 70, U, f are fitting parameters with experi-

>

mental results and k is Boltzman constant.
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Fig.3 Schottky plot of current-voltage characteristic
applied field E by the next equation.

The value of 8 is estimated to be 4,1x10724J- (m/V)
1/2 in this case, which is in good agreement with
the-oretical value (8 = v/€%/4re, ¢: dielectric constant)
of 4.0x1024 J. (m/V)*’%2 This fact indicates that
the current-voltage characteristic is controlled by
Schottky effect for the carrier injection from electro-
des.

Namely, since the carrier mobility in crystalline
part seems to be high, the current is controlled by
the electrode-crystal interface. However, the possibi-
lity of Poole-Frenkel type effect at the barrier bet-
ween long chain molecule which accomodates image
charge,can not be totally excluded at this stage. The
temperature dependence of the current gives the acti-
vation energy of about 0.3 eV. Dependence of the
current on the electrode materials is now under study

Figure 4 shows the relation of the breakdown stre-
ngth by microsecond voltage (time width : 6 psec)
to the sample thickness. The breakdown strength
decreases with increasing electrode distance. The
breakdown strength of the sample of 25 gm
thickness is about 1,5 MV/cm at the room tempe-
rature, wich is much smaller that of polyethylene
film (about 6 MV/cm under the similar condition)

and comparable to those of alkali-halide single crys-
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tals. This fact seems to support the electron avalan-
che as a breakdown mechanism in this material. thou-
gh there should be still a little ambiguity about the
absolute breakdown strength due to edge effect in
spite of the use of electrodes with diffused edge mu-
ch higher carrier mobility in the single crystal of
hexatriacontane compared with that in the amorp-
hous part of polyethylene (~10~7 cm?/V.sec) can
explaine the observed lower breakdown voltage in

this material.

Figure 5 shows the temperature dependence of the
breakdown field of hexatriacontane single crystal by
voltage pulse of 6 psec time width. Contrary to the
case of polyethylene, the breakdown strength in this
material is rather temperature insensitive between 10
~60°C and decreases only near the metling point.
These facts seem to support the speculation that the
existence of the amorphous part makes the breakdown
strength in polyethylene much higher and tempera-

ture dependent around the room temperature.
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The electron beam induced charge signal consists
mainly of the fast component with rising time compa-
rable to the pulse width of electron beam (100 nano-
sec) and the time constant of the measuring circuit.
Therefore the determiation of the exact mobility va-
lue was unsuccessful at this stage. However, mobility
must be larger than 1072 cm?/V-sec, because the
transit time of the carrier between electrodes is con-
sidered to be shorter than the above mentioned ris-

ing time of the fast component.
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Effects of Various Metal Salts on the Ethanol Oxidation

at a Platinum Anode in Aqueous Acidic Solution *

Tkuichiro IZUMI

ABSTRACT The effects of CdSO,, Cd(NOy);, (CH;COO),Cd, ZnSO,, Zn(NOs);, (CH,COO); Zn,
K,S0,, KNO,; and CH;COOK on the anodic oxidation of ethanol were studied at a platinum electrode

in aqueous acidic solution by means of linear sweep voltammetry. At lower anodic potentials correspon-

ding to electrical double layer region, the anodic current of ethanol oxidation is increased by the addition
of cadmium or zinc salts excluding (CHiCOO).Zn, especially by sulfate and nitrate of cadmium,

respectively. This electrocatalytic oxidation of ethanol is attributed to the presence of active cadmium or

zinc species on the platinum electrode. In the present paper the most probable surface species with
the catalytic activity was suggested to be Cd* and probably also Zn* which can oxidize to remove the
reaction intermediates of ethanol from the electrode surface. The sequence of catalytic effect is as
follows : CdSO,>Cd (NO;);> (CH;COO), Cd==ZnSO~~Zn (NO;y);. Potassium salts and (CH;COO); Zn

appear to give either no effect or inhibitory effect on the anodic oxidation of ethanol.
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Characteristics of An Airlift Column with

External Liquid Circulation

Mikio Kawagoe and C. W. Robinson

The gas-liquid dispersion characteristics of an external-circulation-loop airlift contactor have

been investigated and compared to bubble column results. Results are given for gas holdup,
bubble slip velocity, bubble mean diameter, specific interfacial area, and the dispersed gas and

liquid phase mixing characteristics for both water and electrolyte solutions. The interfacial

area as determined by each of the photographic, light transmission and chemical absorption

methods is compared. In addition, the kinetics of the reaction between dissolved oxygen and

sodium dithionite in alkaline solution was investigated in order to enable it to be applied to the

measurement of specific interfacial areas.
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i}, NaOH @BEOEEL D TWicl, —7, Singh
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TiY, RIGHEE R pH oM LB I35 2 LRy
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i3 NaOH eSS 0.27 kmol/m® %82 % &, OH- &
o ERICBL LTwb, U EoERRETS &,
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AL, pH=12.5~13 40FETI—E L), PHYE
W (5#913.4) ©ind EEOEATS L0 LEbR
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Fig. 1 Plot of rate constant, k, versus q, for

different initial concentrations of sodium
dithionite, CBO
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12, NaS:0, B L T1%, BECBLTOKRTHS
ENFER S, XBic, Fig. 4 »oRETICXS
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Table 1 Comparison of our data with previous ones
Investigators E k at 33°C Temperature Range of pH
[keal/kmol} (sec™1) range [(°CJ C — 3
Present work 18,200 4.6 15 to 34 12.6 to 13.4
Hikita et al® 14,400 4.5 15 to 35 13.7
Singh et al® 17,500 1.4 30 to 90 11.0
Jhaveri et al® — 7.4 to 9.5 33 12.9 to 13.7

Table 2 Systems and symbols used

Systems
A: Water ( =0 M)
B: 1/30 M Na,SO, solution ( =0.1M)
C: 0.1 M Na,SO, solution ( =0.3M)
D: 1/3 M Na,SO, solution ( =1.0M)
E: 0.3 M KC1 solution ( =0.3M)
F: 0.07 M Na,S,0,+

0.08 M NaOH solution ( =0.3M)

uLy Systems
(em/sec) A B C D E F
0 K A Y
7.6 & 0.4 DA dPm AV
15.7 & 0.4 OCoéwmaVv

DALV » 7 AHTABTHD, HOFEIL Fig. 51LR
ERTvd, AREAT LR THETYEKE LTS 2D
DHBEEORRIL, KIBFOLhEA—Thb, LI
A, BEREEYRETLD, ~x -7 7144
ATHREIRTE D, THAEBECRT AZECmD
FV 7 4 ARBEIC X o THEREELZIE L, 7AS
iR & U, FLERL. 2m, FLBGLE D % FLBTE Voo
Table 2 WA B WK OEEE R L, ERIT
FTRCEE TR, FRELTREEZ BV, LR
NOZEERIH «, 13, EHEEECRT A7 %l
HLT, HAWE & EEFRIT— R o f, TR T DZEE
HAWHECK LT u, <15 7em/sec ThHHA, N7
M LBAT v, 3E B KEL Y, fE
ug, =4 8cn/see ’C‘u“ =20cm/seciZ s o 1o,

HAKR=NLETZ 97

EHHHOBRESHEORRDBH AR =V YT » T

Rdte, BEZBBECRINTEy =/ A—F%
BHELTIELL, »52BELNESOHM O BEE
AM 3%ARTE 2 bh3,

AM = <7’ (6)

ITZRBRBENLOEITHE, FAK—AVFT
y 7 e I3AMMZ DT r y P OHEL BB NG, LR
BTORE, BEECRETEEEROEEILZUTT
BolDT, LOPBMIBHLI, —H, TREOHSE
i, BRENKAE L, BOHAKR—AFT » TS
WOT, BEEROEEBYERATIZENTE R, &
DBE, THRENCH ANFEELLWEHET CRELL
FEEERY AV CENSHAHIE L 1o

KRR L R ERM

F U7 4 ARBHOBRTEIL V- L > Tfie»
T TREEMIC 2 KROEBEYBROWHARIC L > TH S
FRRCRE L, £k, BKCIEKE PV -+ & LT
EHRCHEENCEATS, TRENOZERMIE «,,
3, 2ADEBBCHNIGTHIGEMBED 200 ¥ — 7D
R4 W4, RUO2ARDBBREIOHEBI L bu, =44
/4t THEH IR,

BarERL, KCIE®EE: v —+& LTAY, BP0
BEREEE ORNELAIE L TRD I, EAFEMIZ b
VR ESRTHERMCEA L, THRERNCRE L
Te—FC Lo TEDIRELHEL, va—-FREHL
7o

FH#mkE

SHRYBEERBC L > THE LT, #25L7 7y
VX U CER PO OMBICERE L, 727
BEEED LR OE I H 0, EATILER S EED
FEFFEC A, BEEOMER X 3 KROEH LR <
7o, K& LA A A SRR D 1 o KRB
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DORFEIL, A7) — v R EYOH 3 LB LT
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b= —SNde @

K EBE
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BORC 2D v v AR BT, ¥, EERROPE
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R 3300 m OBO—BCID 1T, Lo L, EH AN
HTR, BEEBENERCERETL D, EEXHEo
HBRyEECRD, 20X RBATE, HREOAAM y
FRANTRF &P RO MEOELRE L, MIE
Lico, Z¥eanboIng 7 4 vz —%38 L ORIt
L, va—- SRR LI, XEERC I 5 HEK o) 2
Eq. B bEHI NS,

I _ arlp
m(mj;ﬁ _—k.(ﬁ4 ) ®
T, TRO LiEAXROCAS DM, kil
ARE, ¢, WOBROBRERTED, ARBOBE,
4, R EAFONEDITE Ly bk OfHIZ0.91~1.170
RESD WhHBHH, I TIREBLDLD, h=1&L
19
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RAERAY RICRINE CRET5 58, SEFoRA
ODBREYHLLEND S, AWETIE, ~V VLT AY
Fu——k L, SARGEERCY > TH ARSI
BB Do ZPE Lizo Do ite— 2 v FEIC X - TRD
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RIEEE m,npym=1, n=0 &5 X 5 NaS,0,
BEIX0.08MELT & Utso Eq. (1) & BUSTRIGHRE 11k
RNCELZbRA,

Na=a, \/ 2 D AakCpC a* )

Eq. X Eq. @)04&ED b & THII TS, RIGTINE:
ZEAHRER o, OBER, BES, FARBRTHA
=720 NagSi0, K 0\NaOH OFEEEY, FhFh0.07R
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Fig. 6 Gas holdup in the .riser as a function of gas

velocity for three different liquid velocities
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Fig. 7 Slip velocity as a function of gas velocity
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0.072ThH %o TOKRECHOWMEIL, £ Du,y kit
SHRMEDORAM, Ticbb, A7 M LicEs
DETH 5,

BRABHEDO T AF—ALFT o 712, KOBEDER
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RECESPTROEEL LTHHAZI RT3, RIGF%
EFRRIERDH AT =N ¥ T o 7 ORICITHE 2R
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Figh 7 bbohd X 51, AMIBCEE, HAK—
WET o T DF — ZIIERDOFIE OFER D L3 iF—
L5, BELDX, KEAEFE,, LHEOVWThicks
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—NVFT7 o TERIETHEIER CE A LR LT
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B, FAREDOBEE LTE BEI R, un ik, &
H APRETIE30 cm/sec DIFIE—EERRTH, 7 AWE
DEEMEFKIZBRA WA L, uoy = 3 cm/sec TRV
Chbho DA ARESREMTS &, unid ue &3RIC
LWCHEIMLIAD S, O, KHEKED HEIBA
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WHLDEEZ NS, RIBFEBEOEEDOAY » 7K
B, RIS GID, KOBEIHENTII L -
TVvB,

HELW, WEAKKWE (v, =0) DAY, THE
EXHEL TR, ZOHENIMLOWREEDF —2 LT
BL—FT5 2 LARINTBY, Fig. 7 hbbnd
5K, KERT-23FHOLOHBR L, HKkoBs
ik, B{—FH LT %,

(2 TRENDHAR—NFT 7 LREARD
—MOKRHUL LHEEE LR > T, WOHh L TR
BRCHEATS, ThbOKHEDO 5, KELMELAEE
 HOKREHUE, TREOHET, LK Lo L st
Bizh, —7, TRENOREKETFEE L D bk
FEEA boh&fuL, THREOF2THRT S, Fhik
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full opened vale

Ui Ug

az 1—e &2
—77, TREBCRIT D287 AREE, HAY ARE
CHFITH ET5E, kA TELIRS,
o iy (125 g
2T, a ik EEEES S TRECHA Lc2&E
BRI T2 THRELYET LT KEOEETH S,
LEcha T, Ll &THiE, e REARTEDLEIND,
e = 1 (*e—l—> 3

1—es

2 W

u

2T A=a/ {1 - (un/u, )} THY, RRE,
KHBES, BHEOWR, Ll CELT
Bo SSATHEHTRWEEI, A4 TOEBR TR

DRI D febd, VT D el RiETHEEIFHHE
Heich, 2T, T0XHRAEOFAUIRE
T T T T 771 3
2 ./'/‘-_‘2

/
f:?r‘ A
G100k % 10"
§ , —/ Calculated */i ] ~
B i P
§T > 1 -
- o A .
T 7 1
o A -
3 °r & 1w
L /
-12
A/ Air~water
/A Valve: Full open
1 NN ! I I T 52
45 1T 2 345 7 90
Ug, [cm/sec]

Fig. 9 Comparison of observed and calculated
values of ur,; and ¢ for full opened valve
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AT LBOBETOWTHRH L, Fig. 812, «, &
DERfEA - TEQ. (137 bR DA 2 DR u, WHL
T7my b L, BFEERKCT 2A0MHL, HRE
NEGLD, KOBEFIVLRELLoTn5h,
AEBRTHE b lce/a DR KHEIL, KDOBHET0.069,
BREBROBHT.18TH 5, Tiehb, AEREH
T, THREROZIGEED, BROL54K (L8
B+ TR T 5 8813, BRERRCENTEL
TAGBLTCHZ, LichisT, TREHNOKHE » #£
HofEr B TEEI BN/ I VWOT, BTHRRS
BHEYE, XHEBERC L5 HRAEROBEL EAECO
TDHELT T,

RBWGE

LRE L TRAE ORIDREE AP, VKR OHEE ST
Bb, BHERETE, OBEENIRERCKTHER
DOFNZEE L, Thbb, KAPEIIT%,

APy=AP,+ AP, + APy+ 4P, + 4P+ 4P, e

ZIT,

4Py= (&—e) H 3
4P =4f, (H/Dy) (u*, /28) {9
APy=Af, (H/Dy) (2, /28) @
4dPy=4P,=4f, (Le/De) (u*,/2g) 9
4Po=p (/%) (2, /2) 09

4P, AP, i3 e h Zh ERE B XU THREC ki 5 BER
8, 4P3, dP,3zhTh EifEs L O T EEBEC B
BER, 4P 3 VT L DER, 4Pl A Y 7 4 AT
XX AERTH %,

R LD I, 4Py, dP3180°~ v FOERE LTHR
2t Thibb, Le/De=75, p DfEILD./D, DHEIC X
o> THELLY, Do/Dy =0.600BAIL B =0.64TH 5,
WMHEH c i b V= TRE LA (¢ =0.72) , BB
HE £ i3 Blasius O BRD I,

AT EBOBE, dPv=0, ¢;~0Th5%, O
f, BEERDOu, KT 5 e RO Offii, Fig.7i
AUt uey OfER AV, Egs. 0, (9 ZHEz LTHEL &
Bohs, Figd riRlildk, 20X LTR

Table 3 Mixing and circulating times in

liquid phase (at ue; = 4.8 cm/sec)

uL (em/sec) 10.9 16.0 20.1
Te (sec) 30.0 19.6 16,1
Tn [sec) 74.7 51.9 43.5
Tr/Te C-12 2.49 2,65 2.70

Wicu, RO e DFVEMTENEL B —F L
FHORAEM

WIENLEB L TWE0T, AAVAATCNTBIE
THBL2~3EOE—2%32, HI1E—7 LF 2
E— 7 ORHIERRL, BrERNE—BT20BTHR
fMeEr2 T, ChiEBRRETEER LI, T DRE
% Table 3 WiRL7, ZOfHIT, WEBKEKOLE
R TE - TRDFETHEME £ 20% N T—F L,

BAEE Tnil, bL—EENEORKTIHERED
1 BURCIRE T2 O BT AR EER LI, KB
BEMROBARBRIIL, WThbBRECHALTEY
Te/Ta=2~3 DBF—FEMEIC £ » T3 & &AiTable
3hbbhsb,

HAMREH

BALEE 7 MciS< &, SO RORES T

RROBAHBRTED S B,
1 d P dY d | P Y
Bo dx ( P, 7?)"(1‘”) ‘a;{‘ﬁ(r—*— on)}
~ (St¥) (KRT) / (_P
(st) (KR >¢(?7)Y=0 )

T, Bo= ug 2 / Deye; (Bodenstein %) , St*
=Eklamm/ual (BIE Stanton %) , E = v/2Dukg
TR, (BUGHED TH 2,

FEBRC, HERAEERIKO IS L TRDE Z &2
TED RO, FQ0% BUER LMD L LTHEI,
KICRFIETIRI X » TSP iRD 5, Tinbb, HOs
AR O FE & EREN—FTH ET, SHRELT
AR ET. ay, 12, O Stk OfEh LEHICHIL

1.0 T TTTT T T T TTTTTT
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Fig. 10 Chart of mixing region in gas phase
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Table 4 Dispersion coefficient in gas phase for

uL=0
ua; (cm/sec] 0.90 5.3 8.1
Dai  (cm?/sec) 80 790 1630
Sh,
wO L5 Lith R, BL2REHEEYthth
EHET %o
R LIh 8,
(Stx—Sty) /Sty <0.05 &)
SEERA TR,
(S, —5t%) /S, <0.05 @

T oT, Sty RS Sty kR AR Lith, RUSE
£BACXT5 Stanton FThH DI Lith &ELE
& OWEROTENESIRBERAER TS S, Lol
Eq. QORIERMFEBATH D O T, —RELENRIIG
oY (W F AN

AEREGT T, ELEIELNS, Tihbb, B
REND HADERP DT, X AFEI~ELR
T EATE, T, BOBEORNBIRIFTHE
13, WEH200mPl TS5 BT Thswot, P/P,
=1LREED, ZORETTE, BoROKEVEHE
LIPS WHEIROWT, BRI XAAERE R bh
TB19, ZORUERY ALY, Egs. @), @Rk
BAFEROER%Y Figl0 R L BT 1 JoEMs
FERIL 2 UEPRS 6B LM ERTH D, SELREN
ROEOEFRIHEOFMEICH b, FHH LIhERD %
RIL2REHURS HLOER L 0 3 BRSSPIV,

LOFYPBORBER, BRINRMEL hHBEL b D
T, FOBEOERYIDSL Z LR TH L, T,
P ROBERE Y EHT 5,

(Sty—Sty) / St} <0.05 ®
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HHRBERY Fig. 10 &R L1,

i IR ] i [
Akita et at

Sl o S

[

fcm]

7+

T

—

=

dg,

3 Tee—— -{ .

SY"‘bols: Table 2 T TT~a

0 2 Ll vy 1 T 1111
4 5 7 1 2 3 4 5 7

Ug, fem/sec)

Fig. 11 Sauter mean diameter of bubbles by
photographic method

AT LI B A AL
Water ; [
3+ . . -
------ Electrotyte solutions B
.
L

RN

/ﬁ’ Symbols: See Table 2
-1 L.t 11t L H I
10
4 5 7 ‘ 2 3 4 8 7 10
u;, femisec]

Fig. 12 Interfacial area by light transmission
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NOMENCLATURE

a  specific interfacial area based on dispersion
volume, cm™!

Bo Bodenstein number, u gizt/Dayer, -

C* interfacial concentration of oxygen, gmol/ {

C* interfacial conentration at the bottom of the
column, gmol/ §
Cs concentration of sodium dithionite, gmol/ §
Cg, initial concentrtion of sodium dithionite, gmol/
£
¢ orifice discharge coefficient, -
D diameter, cm
D. liquid-phase diffusivity of oxygen, cm?/s
D. equivalent diameter, cm
De gas-phase axial dispersion coefficient, cm?/s
d;  bubble diameter, cm
ds Sauter mean bubble diameter, cm
E chemical reaction enhancement factor, (2Da
kCs/C%3 0/ky, -
enhancement factor, E2DAkCBo/Ctojo‘5/kL, -
friction factor, ~

gravitational acceleration, cm/s?

T -

distance between upper and lower connection

tubes, cm

I  intensity of light transmitted through the dis-
persion, Ix

I, intensity of incident light, lx

K  Henry’s constant, gmol/ . atm

k  reaction rate constant, s—!

k. liquid-phase mass transfer coefficient, cm/s

ks scattering coefficient, -

L distance between riser and downcomer (see
Fig. 1) , cm

Le equivalent length, cm

I, optical path length through the dispersion, cm

4AM  manometer pressure differential, cm

Na oxygen absorption rate, gmol/ § .s

N; number of bubbles in i-th class
4P  pressure loss, cm
4P static pressure difference between riser and
downcomer, cm
4P, pressure loss due to valve, cm
P static pressure in the column at height z, cm
P, static pressure at the bottom of the column,
cm
q ratio of concentration of gas and liquid phase
reactants, Cs /Ct
R  gas constant, atm. § /gmol.K, or cal/gmol. K
St*  modified Stanton number, Ekraz:/uq;
St,* modified Stanton number, Eokvrazi/tic;
T  absolute temperature, K
Te circulation time, s
Tm liquid-phase mixing time, s
t time, s
u, superficial gas velocity, cm/s
¢ mean superficial gas velocity at the bottom and
the top of the column, cm/s
u,  superficial liquid velocity, cm/s
ug  slip velocity between bubbles and liquid, cm/s
x  dimensionless neight, z/z:
y  mole fraction of oxygen in gas phase
yo mole fraction in entering gas
y+  mole fraction in exit gas
Y dimensionless mole fraction, y/yo
z  height from the bottom of column, cm
2z’ height from the reference point (see Fig. 1),
cm
z.  total height of gas-liquid dispersion
a ratio of volume of dispersed gas flowing down-—
ward in the downcomer to the total volume
of dispersed gas entering the downcomer, —
B coefficient defined by Eq. (16) , -
I'  ionic strength, gmol/ ¢
¢ gas hold-up, -
gas-phase solute conversion, (yo - ¥i)/¥Yo ,—
2 coefficient defined by Eq. (10) , -
Subscripts
P photographic method
p plug flow
w  well-mixed flow
L light transmission method
R chemical reaction method
o orifice
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1 riser
2 downcomer
3  upper connection tube
4  lower connection tube
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Study on Ancient Dyeing and Weaving Technique

Isao YAMAMOTO

1. On the ancient dyeing materials

The textiles of the Shosoin, made about thousand years ago, have been preserved pretty well.

To disclose their secret, the materials of dyeing and weaving of the ancient textiles are scientifi~

cally analysed.

Sappan wood, one of the well-known plant pigments, has been used in red dyeing. As the
preliminary work, the colours of the extract of Sappan wood, changed by adding acid or base

and metallic ions, are investigated by spectrophotometer.
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The Nature of a-5-Methylfurobenzoinoxime and Its Pyrolytic Gas Chromatograms

Koji ISHIKAWA, Tadashi SAKAI

The mixed acyloinoxime having 5-methylfuril group on the one side has not been known yet.

a-5-Methylfurobenzoinoxime was prepared by acyloin-condenzation, between a-5-methylfurfural and
benzaldehyde, and oximation using hydroxylamine.

The ultraviolet absorption spectrum and the nature of copper complex of the above a-oxime were also
compared with the known a-benzoinoxime, a-furoinoxime, and a-furobenzoinoxime.

Morecover, the pyrolytic gas chromatograms of this oxime at 300°C using PEG 6,000 or SE 52 for packing
of columns in helium gas were recorded as one of a-acyloinoxime qroup mentioned in the first paper
of this series. On the chromatograms, the peaks indicated by two main-products were mainly appeared,
but the peak areas of by-products were very small in the same way as the case of pyrolysis using the
three kinds of oximes mentioned above, and then these main-products were detected qualitatively to be
nitrile and aldehyde.

And then, it is considered that a-5-methylfurobenzoinoxime was cleaved to 5-methylfuronitrile and

benzaldehyde as the result of nitrile-decomposition by heating.
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The Development of W. S. Maugham’s Theme (Part [)

—{rom of Human Bondage to The Moon and Sizpence—

Gen~-ichi NAKAMURA
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There was no meaning in life, and man by living

served no end. It was immaterial whether he was

born or not born, whether he lived or ceased to live.
Life was insignificant and death without consequence.?
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VAL, AMEE TV LIAT, MORICHIL
BIRLAEVAR, ARIcA?, EhX 38, £hiw
M, X ION, {KEAHIM, L5oTZ ik
DI, EEFTVWB I ELDELRVA, £ ko
THED L DIRRLIERSBH BT THIeV )

IhECEMO WHHBILELATERL74Y » 7T
Botchh, WEHFOFELDOLOHE L ERBHRL LK
WTHB E, EROBEBI S, b HEHLADETILL
o TLEoT, BTiE, $5 FZ5bbindisbial
oy Ligdiudis bl &5 HEesY i L —8k
VDR,

..it seemed to him that the last burden of respon-

fEE 7% A 1%, The Collected Edition of the Works of W. Somerset Maugham (Heinemann: London).

1) Of Human Bondage p. 809
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siblity was taken from him; and for the first time
he was utterly free. His insignificance was turned to
power, and he felt himself suddenly equal with the
cruel fate which had seemed to persecute him; for,
if life was meaningless, the world was robbed of its
cruelty.v
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His life had seemed horrible when it was measured

by its happiness, but now he seemed to gather strength

o
as he realised that it might be measured by something
else. Happiness mattered as little as pain.®
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Whatever happened to him now would be more
motive to add to the complexity of the pattern, and
when the end approached he would rejoice in its
completion. It would be a work of art, and it would
be none the less beautiful because he alone knew
of its existence, and with his death it would at once
cease to be.

Philip was happy.»
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1) Of Humna Bondage p. 809
2) Ibid. pp. 810-811

3) Ibid. p. 811
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1 was in a rut. I was exasperated by the quiet and
orderly life I had been living. I had had enough of
the week-end visits to the houses of the rich and
the grand and interminable dinnerparties in Mayfair
that I was bidden to. I did not want to go to any
more dances. I was growing old (I thought) and the
precious years were slipping unprofitably through
my fingers. I had a great eagerness for life. I determin-
ed to cut myself adrift from the agreeable friends
and the monotonous pleasures that were wasting me.
I got rid of the little flat near Victoria of which for
a moment I had been so proud, sold the furniture
and set out for Paris.»
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ThoughIdo not now so much admire his pictures

I still see how much there is in them to excite the

literary imagination.?
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Many years ago I wrote a novel called The Moon
and Sixpence. In that I took a famous painter, Paul
Gauguin, and using the novelist’s privilege, devised
a number of incidents to illustrate the character I
had created on the suggestions afforded me by the
scanty facts I know about the French artist®
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1) The Moon and Sixpence pp. v-vi
2) Ibid. p.vii

3) The Razor's Edge pl



94 S )

RE LRI, SEEYEDLTREEGTV,
LOPEDEVFTHAE—2HLEAY MhiLl 1
FDILS5HALY 27T VFRRT, TARMREEZELR
Y] AR X S h—BOBRMER UL DT H -
7o

APV 2T VERAYVAB - THERE, Tbils b
SRYABL, ThicLl OLUEINBDOEA, Fa4A7 -
AP —=TE, BITTFELE -7, FOERBIL,
T, APY IS VRDZ LRI EME TS, Tbic
Ll BAFELIR LAY 2T v Y, TRERE
FELELT) HECE D DD T, O & D Cieatl
W, B TE# EORIER M RT3 fodic
Neh OREEAREL) TRh%BILT) MborE
PRIAL DT ELBHL T, A MY 25 ViR,
T TRD, BERIIMHC L > TRIOBERS 7t
Mol WIRLOBTRAELDRESZ IS5 EBHLT
fi2bER T, BEUVLERORESHDOT~ Tk i)
T, A VARRARE S T oo LT T, B oH
Wih DR LTHEB TS Z Ehlleh o7l DTH-T,
TRESCHE Uity Eb TEEPUZ L eV iy
EThi-L Aeths e, A 27 VFBBEYC
ST IMEABAOERC LT A VvARIE bR
DRDOW, £H LTREOERYQ LUk bA
DIy EEVEY, Roviiingiced, TRz2530
BRI LEIDTHD, TEROIEND,
Tl Ll ALY 23 VFRERDIDIEE 5,

“I wonder if I could write on a desert island,
with the certainty that no eyes but mine would
ever see what I had written®
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“I don’t want love. I haven’t time for it. It's
weakness. ] am a man, and sometimes I want a
woman., When I've satisfied my passion I'm ready
for other things. I can’t overcome my desire, but
I hate it; it imprisons my spirit. I look forward to the
time when I shall be free from all desire and can
give myself without hindrance to my work.»
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*I know lust. That’s normal and healthy. Love isa
disease. Women are the instruments of my pleasure;
1 have no patience with their claim to be helpmates,
partners, companions.®
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1) The Moon and Sizpence p.88
2) Ibid. p.164

3) Ibid. p.164
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“The soul of man wanders through the uttermost
regions of the universe, and she seeks to imprison
it inthe circle of her account-book. Do you remenber
my wife? I saw Blanche little by little trying all
her tricks.b
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“She was willing to do everything in the world
for me except the one thing I wanted: to leave
me alone.?
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Life has no value. Blanche Stroeve didn’t commit
suicide because I left her, but because she was a
foolish and unbalanced woman.?®
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For a moment Strickland’s fortitude was shaken,
and a tear filled each of his eyes and trickled slowly
down his cheeks.»
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It was the work of a man who had delved into
the hidden depths of nature and had discovered
secrets which were beautiful and fearful too. It
was the work of a man who knew things which it
is unholy for men to know There was something
primeval there and terrible. It was not human.?
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The demon which possessed him was exorcised

at last, and with the completion of the work, for

1) The Moon and Sizpence p. 234

2) Ibid. pp. 239-240
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which all his life had been a painful preparation,

rest descended on his remote and tortured soul. He

was willing to die, for he had fulfilled his purpose.l
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*I think Strickland knew it was a masterpiece.
He had achieved what he wanted. His life was
complete. He had made a world and saw that it
was good. Then, in pride and comtempt, he destroyed
it.?
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Ductile Fracture of Carbon Steel
under Cold Metal Forming Conditions

(8rd Report, Effects of Deformation Mode and Deformation
History on Ductile Fracture Strain)

Hideo SEKIGUCHI, Kozo OSAKADA* and Jiro KOSHIJIMA**

Bulletin of the Japan Society of Mechanical Engineers Vol. 24 (1981), No. 189, p. 534—539.

For the purpose of predicting the working limit in cold metal working processes, a ductile fracture
criterion has been proposed in the previous pape(rlé'(?)ased on the experimental results of torsin tests under
high pressures. The criterion takes account of the stress histories during deformtion and the effects of
microstructures (volume fraction and shape of cementite in carbon steel). To predict the fracture strain in
actual metal forming with the criterion, it is necessary to clarify the limit and accuracy of the criterion.

It has been shown that the initiation strain of fracture-nuclei-growth, defined in the previous report ,is
a strain at which micro-cracks begin to grow abruptly. Since the existence of grown cracks usually dete-
riorates the property, the criterion may be used for predicting the working limit from the viewpoint of
the mechanical properties of the deformed products, and for determining the strain at intermediate
annealing.

The constants in the criterion were determined in terms of the volume fraction and shape of cementite.
Other structural factors such as non-metallic inclusions and minor chemical compositions other than
carbon are also likely to affect the values of the constants. Thus, it is desirable to develop a simple
method for determining the constants.

In this paper, some problems in applying this criterion to the practical processes are pointed out and
the solutions are given:

(1) The fracture criterion can be applied to different modes of deformation, but some errors are caused
with the material and the deformation mode. The standard deviations of the error in torsion and
tension tests are 15% and 249, respectively.

(2) The fracture strain after reversal in torsion tests is constant for small pre-strains and it decreases
remarkably when the pre-strain exceeds the initiation strain of fracture-nuclei-growth e;.

(3) The defects caused in plastic deformation can be eliminated completely by intermediate annealing
when the strain is smaller than e;. If the strain exceeds ei, the defects remain and cause a marked

drop in ductility even after annealing.

References
(1) Osakada, K., et al.,, Bul. JSME, 20-150 (1977), p. 1557.
(2) Osakada, K., et al., ibid., 21-158 (1978), p. 1236.
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Optimum Process Design for a Single-Stage
Multifunctional Production System

Katsundo HITOMI* and Kazumasa OHASHI

Transactions of the ASME, Journal of Engineering for Industry
Vol. 103, MAY, 1981, pp. 218-223

A mathematical model is constructed for analysis
of optimum process design of a multifunctional
production system, such as machining centers, under
the minimum~-time criterion.

Production times taken into consideration in this
paper can be divided into two main classes, namely,
cutting time and noncutting time. The noncutting
time is considered as a total of tool exchange time
for a sequence of operations. In the analysis of
determining the optimum sequence of operations,
noncutting time plays an important role. This
noncutting time depends on how to extract tools
from the tool magazine, namely, a sequence of
operations (Table 1).

Hence, the main purpose of this paper is to dete—
rmine the optimum sequence of operations under a
constraint that precedence relationship for finishing
a product is not violated (a primary objective).

After determining it, the optimum cutting condit~
ions are determined under the minimum-time crite-
rion as a secondary objective such that the sequence
of operations are maintained. Computational algor-
ithms for these problems are shown as a flow chart
in Fig. 1.

The conclusions of this paper are summarized as
follows:

1. A mathematical model is constructed for
optimum process design. Optimization analysis
is performed by minimizing the time for extrac-
ting the tool under the minimum-time criterion.

2. The optimum cutting conditions are determi-
ned by the nonlinear programming.

3. Optimizing algorithm, in which the tool wear
is taken into consideration, is developed.

4

In order to show the practical use of the

algorithm, a numerical algorithm is given.

* Kyoto University Precision Engineering

Table 1 Time matrix for randomly extracting tools
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Fig.1. Fiow chart for computational algorithm
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SUR LA DISSIPATION DANS LES
MATERIAUX SEMICONDUCTEURS

SOUMIS A UN CHAMP ELECTRIQUE INTENSE

Roland COELHO et Jun KYOKANE

MEMOIRE de P ECOLE SUPERIEURE &’ ELECTRICITE 12 1980
LABORATOIRE DE PHYSIQE DES DECHARGES (ER. 114 du CN.RS.)

Résumé

On étudie la variation du courant aeconduction avec la valeure de la tension continue (ou TBF) appliquée
a une plaque d’un materiau semi~conducteur, en tenant compte de la dissipation interne. On discute la
forme des caractéristiques courant-tension en examinant le rdle d’une éventuelle discontinuité de températu
re aux interfaces. On montre qu’un telle discontinuité entraine ’existence d’une branche 3 pente négative
sur la caractéristique. On en tire quelques conelusions relatives au “claquage thermique”. On montre que
P’existence des gradients de température dans 1’épaisseur de ’échantillon provoque une polarisation par

charge d’espace, et on calcule l'increment de permittivité statique qui en découle.

E, Ec
II E1 2 F(T—T° )
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Anodic Oxidation of Phenol at Platinum

The

Electrode in Aqueous Alkaline Solution

Tkuichiro IZUMI, Masatoshi OUE, Akira KUNUGI*

Memoirs of the Faculty of Engineering, Osaka City University, 21, 131~139 (1980)

anodic oxidation of phenol in aqueous media have been reported in a wide range of papers;

these include the organosynthetic studies for the hydroxylation of aromatic compounds, the studies relating

to the effective quantitative analysis of phenol with a polarographic technique, the research and develop-

ment of corrosion inhibitor, and the subjects of much interest in the field of biochemistry. In spite of

a large

number of detailed papers relating to the anodic oxidation mechanism of phenol in acidic

solutions, the literature relating to that in alkaline solutions is extremely scant. A study carried out in

an alkaline solution by Fichter et al. showed resinous and/or condensation compounds as the oxidation

product;

s of phenol but shed no light on the detail of oxidation mechanism. The present work was carried

out with the use of potential sweep voltammetry, chronopotentiometry, and macroelectrolysis to ascertain

the ano

solution
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dic oxidation mechanism of phenol at a platinum electrode in an aqueous sodium hydroxide
. The main conclusions in this work can be summarized as follows:

Voltammetric and chronopotentiometric studies showed that the anodic oxidation of phenol
occured even through a film formed from adhesive products but it was retarded by the film
which grew to a certain fixed thickness.

The anodic oxidation mechanism of phenol in alkaline solutions was proposed. Using the
assumption of the rate determining step; PhO+« + PhO™—— Intermediate + e~, Tafel’s b coefficient
and the reaction order with respect to phenol were evaluated to be 2,303(2RT/3F) and 2,
respectively, in agreement with experimental results.

Phenol was oxidized in the potential region where platinum oxides are formed to give both
soluble and adhesive products at lower concentrations of phenol, whereas at higher concentrations
mainly to give adhesive products. On the film of adhesive products the reaction forming soluble
products could not take place.

The dependence of E; on C was formulated as

Ep=K— (0.124:0.01) logC.

With the application of the theory of electrosorption of organic species based on a competition—
with-water model, which was described by Bejerano et al.,, the number of water molecules
replaced by each phenoxide radical was estimated to be four, indicating that the radical was
adsorbed through the oxygen atom with the aromatic ring at an angle to the surface.

From preparative results of macroelectrolysis, yellow brown precipitates were obtained. Product
analysis by GC-mass spectrometry suggested that a dimerization product of quinone type was

formed as one of oxidation products.

* Department of Applied Chemistry, Faculty of Engineering, Osaka City University
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Heterogeneous Photocatalytic Oxidation
of Hydrocarbons on Platinized TiO, Powders

Tkuichiro IZUMI, Wendell W. DUNN,* Keith O. Wilbourn,*
Fu-Ren F. FAN* Allen J. BARD*

The Journal of Physical Chemistry, 84, 3207~3210 (1980)

In the presence of oxygen, several n-type semiconductor powders have been shown to behave as
photocatalysts and promote the oxidation of substrates. Irradiation of a semiconductor with light of energy
higher than the band gap results in the creation of holes in the valence band and electrons in the
conduction band of the semiconductor. These charge carriers can recombine, or the holes can be scave-
nged by oxidizable species (for example, H,O, H;O¢, or hydrocarbons (RH)), and electrons by reducible
species (for example, O, or H*) in the solution.

(TiOz) + hy —e + h* (1) H;0 + h*—> - OH + H* (2)
0; + &m0y~ 22> HO,p™ (4)
H* + e—>H~ (3) 0.~
2+ HO;—>0,+H,;0, ¥2_.—» « OH4+OH-+0,; (6)
HO,~ + h*—> - HO; (5) (Haber-Weiss reaction)
RH+ « OH (or + HOz) ;H * >ROH ( 7) RH+h* —>RH* . h+ —RH2* (8)

The electrochemical and photoelectrochemical measurements suggest that the reduction of H* on Pt
and the reduction of O; on TiO; do not occur at an appreciable rate at the potentials where significant
anodic photocurrent on TiOg is observed. However, the reduction of O, on Pt occurs at these potenti—
als, and this represents a viable half-reaction at the photocatalyst particle. The role of the Pt for this
reaction is thus to provide a site for the more efficient utilization of the photogenerated electrons in the
reduction of O; (e.g., eq 4), in agreement with the finding that the photooxidation of hydrocarbons in
deoxygenated solutions does not occur to an appreciable extent. It is also possible that intermediates formed
during the reduction of O, play an important role in the oxidation process, as suggested by reactions 4-6.

The very slow rate of CO, production in pure benzene, the lack of the intermediates other than
hydroxylated compounds, and the dependence of the CO, evolution rate on the degree of phase mixing
suggest that the photogenerated holes are scavenged by water (eq 2) rather than by hydrocarbons (eq
8). These would form «OH or +HO; and lead to the hydroxylation of hydrocarbons and eventually
the complete oxidation. The mode of the complete decomposition of the hydrocarbons has not been esta—
blished. However, the detection of phenol for the case of benzene and of alcohols for the cases of aliphatic
hydrocarbons suggests that attack by «OH or HO;+ radicals is a likely first step. The probable role of
+OH in these reactions in also supported by the reaction of benzoic acid and hydrocarbons with Fenton’s
reagent.

Thus the heterogeneous photooxidation of hydrocarbons in suspensions with Pt/TiO; can be explained

by a mechanism similar to that invoked for benzoic acid; that is, the photooxidation proceeds via
hydroxylated intermediates. In both experiments it is of importance that hydrocarbons, which are unatta-
cked by most oxidizing agents, readily react with OH to form the final product CO;. Since aliphatic
hydrocarbons are themselves the products of the photo-Kolbe reaction, their isolation in experiments
involving the photodecomposition of organic acids suggests that they are capable of escaping from the
powder surface. They then are swept from the reaction medium or react with +OH less readily than the
organic acid precursor.

* Department of Chemistry, The University of Texas at Austin
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Heterogeneous Photocatalytic Decomposition
of Benzoic Acid and Adipic Acid on Platinized
TiO, Powder. The Photo-Kolbe Decarboxylative
Route to the Breakdown of the Benzene Ring
and to the Production of Butane

Ikuichiro IZUMI, Fu-Ren F. FAN*, Allen J. BARD*

The Journal of Physical Chemistry, 85, 218~223 (1981)

Semiconductor materials are currently of much interest in electrochemical systems which can utilize
solar energy for the production of electricity or useful chemical species. Recently semiconductor powders
suspended in solution have used to carry out heterogeneous photocatalytic and photosynthetic processes.
For example, applications of particulate semiconductors, e.g., TiO; and ZnO, to photocatalytic oxidation
of cyanide, sulfite, and other substances have demonstrated the versatility and ease of application of
these methods. Recent studies from this laboratory have shown that irradiation of reaction mixtures
containing suspended platinized TiO, (Pt/TiO;) powders can promote several photocatalytic and photos—
ynthetic reactions, such as the photo-Kolbe reaction, in which acetic acid is decomposed to methane and
carbon dioxide. and even the photosynthesis of amino acids from methane—ammonia-water mixtures. To
extend the scope of synthetic methods at illuminated semiconductor powders, we describe here the hete-
rogeneous photooxidation of benzoic acid on Pt/TiO; powders in the presence of oxygen, and also the
heterogeneous photocatalytic decomposition of adipic acid in deaerated aqueous solution,

The oxidation of benzoic acid has been demonstrated by the thermal decomposition of the cupric or
molybdenum salt to phenol and carbon dioxide, by the radiolysis of aqueous solutions of benzoic acid
or benzoate to monohydroxylated compounds and carbon dioxide derived from the carboxyl group, and
by the Kolbe electrolysis in nonaqueous solvents to products due to the intermediacy of benzoyloxy and/
or phenyl radicals. We report here the photocatalytic oxidation of benzoic acid in aqueous solutions
containing suspended Pt/TiO, powders involves the breakdown of the benzene ring through the addition
of hydroxyl radicals to aromatic rings (unlike the usual electrochemical Kolbe reactions described above).

The electrolysis of dicarboxylic acids in aqueous media has been reported to yield olefins and alcohols,
containing two carbons less than the starting material. We report here the heterogeneous photocatalytic
decomposition of adipic acid, a six-carbon saturated aliphatic dicarboxylic acid, on Pt/TiO; to yield n—

butane, valeric acid, and CO; (eq 1). This predominant decarboxylation reaction to

—-CO, —CO,
HO,C(CH,),CO,H——>CH;(CH;);CO;H—>C,H;, (1
yield an uncoupled alkane thus follows previous studies from this laboratory in which unactivated
monocarboxylic acids at ambient temperature are decomposed efficiently to the corresponding alkanes in

a reaction pathway different from the electrochemical one.

* Department of Chemistry, The University of Texas at Austin
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