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10. & =
a : gas-liquid interfacial area unit volume of
reactor

Ar : Archimedes number
CeL : liquid specific heat

dp, d: particle diameter

D : molecular diffusivity

Dc, D;: column diameter

E,. : liquid axial dispersion coefficient

Fr. : liquid Froude number

g : gravitational acceleration

Ga : Galileo number

h  : wall to bed heat transfer coefficient

H : effective height of bed expansion

Jo : Colburn factor for particle mass transfer

k : ratio of wake size to bubble size (volume
in three dimension or area in two dimen-
tion)

k. : liquid side mass tranfer coefficient for
gas-solid mass transfer

kra : volumetric gas-liquid mass transfer co-
efficient

ks : solid-liquid mass transfer coefficient

Mv : density number

P . Pressure

Pe : axial Peclet number

Pr : Prandtl number

Re : Reynolds number

Ren:: Reynlds number at minimum fluidization

Re; : Reynolds number at terminal velocity

S cross-sectional area of empty column

Sc  : Schmidt number

Sh @ Sherwood number

Ue, Uy : Superficial gas velocity

U., U, : Superficial liquid velocity

Upn: » minimum fluidization velocity in a three
phase system

Uvpnse - minimum fluidization velocity for liquid

-solid system

U. : particle terminal velocity in liquid
medium

U: : particle terminal velocity in gas-liquid
medium

x : ratio of solids holdup defined by eqw/&qr

z  : axial distance

€ : bed porosity in a three-phase fluidized
bed

&, €5 . gas holdup in a three-phase fluidized
bed
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Abstract

The Flow Regime and Transport Phenomena
of Three Phase Fluidized Bed

Kunihiro Kitano and Koji Ikeda

Three phase fluidized bed is defined as an operation in which a bed of solid particles in
suspended in gas and liquid flow. It can be classified into several modes of operation on the
basis of flow directions of gas and liguid flow. This review mainly describes the cocurrent
upward three phase fluidization with liquid as the continuous phase. The review is made on
the minimum fluidization and terminal velocity of particles, flow regimes, phase holdup, mass
transfer, heat transfer and mixing of phases.
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Table 1 Operation condition

e TP Opacls
CRO-H, 16 0.26-0.68 0.1, 30
CRO-H, 100 0.37-1.50 0.1, 30
CRO-H, 200 0.66-1.26 30
CRO-H, 300 0.42-2.18 30
DAO-H, 400 0.49-2.48 30
DAO-H, 450 0.66-2.69 30
slurry*-H, 400 0.52-1.31 30

* Taiheiyo coal-DAO slurry, 20wt%, 40wt9%
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Nomenclature

D, =reactor diameter [em]
d, =hole or nozzle diameter [mm]
g =gravitational acceleration [cmes™]

g. =gravitational conversion factor lemes™]

s =axial distance between pressure detect-
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Re,
Ug

o

We,
Ap

1)

7)

8)

ing pipes [cm]
=gystem pressure [MPa]
=Reynolds number (doUops/ sg) [—]

=superficial gas velocity under experimen-
tal condition lcmes]

=gas velocity through nozzle under experi-

mental condition [mes!]
=Weber number (u,%d./o) [—]
=mass flow rate of slurry [kges!]

=pressure difference hetween pressure

detecting pipes (kg cm™2]
=gas holdup [—]
=viscosity of gas phase [mPa-s]
=density of gas and liquid mixed phase
[kg-m~?]
=density of gas phase [kgem™]
=density of liquid phase [kgem™]
=sgurface tension (mN-m~]
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Abstract

Gas Holdup in the Coal Liquefaction Reactor of
0.1ton/day Bench Scale Unit

Kiyoshi Idogawa, Hideo Narita*, Hiroshi Nagaishi
Tuyoshi Kotanigawa, Ryoichi Yoshida, Takashi Fukuda
Tadashi Yoshida, Shinichi Yokoyama, Mituyoshi Yamamoto
Akiyoshi Sasaki, Toshimasa Hirama, Shigeru Ueda”
and Yosuke Maekawa

Key Words: Gas Holdup, Coal Liquefaction Reactor, Density of Gas, Density of Liquid,
Differential Pressure Method

Gas holdup in the coal liquefaction reactor of 0.1 ton/day bench scale unit was measured
by the ditfferential pressure method.

The density of gas increased with the temperature rise. The Density of liquid phase
decreased with the temperature rise, and it increased with the increase in the concentration
of Taiheiyo coal-DAQO slurry.

When the liquid phase was creosote oil or anthracene oil, the gas holdup was independent
of temperature and it was only related with gas velocity. The gas holdup in the Taiheiyo
coal-DAO slurry-H, system was very large compared with those in the other systems under
a gas velocity below lems™. It was found that it is necessary to examine the arrangement
and dimension of pressure detecting pipes, taking consideration of vaporization of the liquid

components.

* New Energy and Industrial Technology Development Organization 1-1-3 Higashiikebukuro,
Toshima-ku Tokyo 170
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Table 1 Proximate and ultimate analyses of peat
Proximate analysis [wt%] Method JIS M 8812

Moisture Ash Volatile matter Fixed carbon
5.3 8.5 58.5 27.7
Ultimate analysis [wt%]
C H 0 N S Dry ash  Total
50.1 5.1 32.0 1.2 0.2 9.0 97.6
High heating value [kcal/kg] 4,830
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Table 2 Properties of waste oil

Term Value Method
Flash point ['C] 286 JIS K 2265,
Pour point  ['C] — 0.5 JIS K 2269
Kinematic viscosity [50°C cSt] 34.1 JIS K 2283
Moisture [%] 0.24 JISK 2270
Carbon residue [%] 1.10 JIS K 2270
Sulfur [%] 0.02 JISK 2b41

. Nitrogen [%] <0.01 JIS K 2609
High heating value [kcal/kg] 9,330 JIS M 8814

2.2 EREBES L UHE
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Fig. 2 Variation of moisture with time
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High heating value (kcal/kg)
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Fig.3 Variation of high heating value with time
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Abstract

A New Method for Dewatering and
Improvement in Heating Value of
Peat by Heated Qil Treatment

Yoneshiro Tazaki, Hideo Hosoda, Midori Yumiyama, Senji Honma,
Kunihiro Kitano, Shigeo Chiba, Shohei Takeda, Minoru Tomita,
Junichi Kawabata and Satoru Suzuki

A new method has been developed to utilize peat for combustion and gasification. Thirty
-50 mm cube peat which had 88% moisture was adopted as samples. The peat samples were
immersed in heated oil. This provides a means of increasing in heating values of peat by
reason of desiccation and absorption of oil. Experiments were carried out by measuring the
change of moisture and heating value of samples,

The advantages of this method are as follows ;

1. The several steps of treatment, such as dewatering, desiccation and absorption of oil, are
achieved by one simple operation.
No waste water treatment process is required.
The treated peat is suited for combustion and gasification because of high heating value,
good grindability and easy handling.
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Fig.1 Thermogravimetry and conduction-type scanning calorimetry
curves of polyethylene (PE) in N, stream
Bias voltage: 200xV, Temperature step: 5.0°C, Flow rate of

.1 75ml/min
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Table 1. Composition of natural

zeolite
Component (%)
Si0, 62.9
AlO, 8.2
Fe,O, 1.5
MgO 0.4
CaO 14
Na,O 2.6
K;0 1.8
H.O 14.8
Loss 4.9
Total 98.5
2.3 & #r
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Gas chromatograms of liquid products by thermal decomposition of PE
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Table 2. Typical experimental results of catalytic decomposition of PE in the primary and

secondary reactors

Temp. (°C) 430 440 450 460 460
Primary reactor N.Z N.Z N.Z N.Z Sand
feed rate (kg/hr) 1.8 3.0 4.8 6.6 1.8
Product yield Wt% Vol% Wt% Vol% Wt% Vol% Wt% Vol% Wt% Vol%
oil 88.71 83.16 84.27 82.63 83.84
Ci~Cs
CH. 0.34 8.2 0.35 8.1 0.62 12.6 0.93 15.1 0.86 15.0
C.H, 0.35 4.9 0.56 7.4 1.15 13.4 1.46 12.8 2.03 20.3
C.H; 0.87 11.3 1.23 15.2 1.33 14.5 1.86 14.9 1.73 16.1
C.Hs 1.28 11.8 1.31  11.6 1.57 12.2 2.10 12.3 2.18 14.5
C.Hs 0.99 3..7 1.03 8.7 1.15 8.5 1.88 10.5 1.20 7.6
C.H, 2,11  14.6 1.98  13.1 2.01 11.7 2.28 10.0 1.78 8.9
C.Hy, 0.93 6.2 0.81 5.2 0.57 3.2 0.97 4.1 0.58 2.8
CsHys 1.86 10.0 1.67 8.6 1.37 6.2 1.55 5.3 1.75 6.8
H, 0.13 24.3 0.12 22.1 0.11 17.7 0.12 15.0 0.06 8.0
Residue 3.50 3.50 3.50 3.50 3.50
Mass balance 101.07 100.72 97.65 99.29 99.51
Temp. (°C} 430 440 450 460 160
Secondary reactor N.Z N.Z N.Z N.Z N.Z
feed rate (kg/hr) 1.8 3.0 4.8 6.6 1.8
Product yield Wt9% Vol% Wt% Vol% Wt% Vol% Wt% Vol% Wt% Vol%
oil 80.42 79.12 75.16 70.71 67.61
Ci~Cs
CH, 0.53 7.3 0.60 8.2 0.96 10.7 1.32 11.8 1.54 12.3
C.H, 0.58 4.6 0.71 5.6 1.43 9.1 2.01 10.3 3.59 16.4
C.H, 1.25 9.2 1.69 12.4 2.06 12.2 2.97 14.2 3.82 16.3
CsHe 2.45 12.9 2.32 12.2 2.98 12.6 3.48 11.9 4.34 13.2
CsHs 1.41 7.1 1.44 7.2 1.98 7.8 2.98 9.7 2.82 8.2
C.H; 4.66 18.4 4.29 16.9 5.33 16.9 5.38 13.7 5.12 11.7
CiHy 1.47 5.6 1.24 4.7 1.14 3.5 1.62 4.0 1.45 3.2
CsHi» 3.06 9.4 3.17 9.7 4.30 10.6 4.07 8.1 4.17 7.4
H, 0.23 25.5 0.21 23.1 0.19 16.6 0.23 16.6 0.18 11.3
Residue 5.00 5.00 5.00 5.00 5.00
Mass balance 101.06 99.79 100.48 99.77 99.64

N. Z: Natural zeolite

34 —



Natural zrolite

3.0 /'
2.0 .

0 | 1 1 ]
k20 430 440 450 460 470

Temperature of primary ractor (°C )

| |
Sand

Feed rate of PE ( Kg/hr )
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Table 3. Properties of wax and oil products from catalytic decomposition of PE
Primary reactor

Decomposition a 430 440 450 460

temperature cC)

Specific

weight (65°C) 0.786 0.788 0.790 0.793

Number avemage mo- 206.0 214.3 237.5 246.0

lecular weight  (Mn) ’ ) ’ )

Weight average mo-

lecuiar weight (Viw) 257.0 278.1 298 .5 301.0

Higher calorific value 11030.0 11320.0 10940.0 10670.0
(cal/g)

State (25°C) wax wax wax wax

Molef:ular weight dis- C.—Cay Co—Cs CoCua Co—Cu

trbution

Molecular weight dis-

tribution (wt%) 63.6 58.3 51.9 49.8

(Cs - Czo)




Secondary reactor

Decomposition

. 430—430 440—440 450450 460460
temperature C)
Specific 0.764 0.766 0.768 0.769
weight (15°C) ’ ) ’ )
Number average mo-
— . 121. 119. 128.0
lecular weight  (Mn) 122.0 21.0 93
Weight average _mo- 153.0 151.0 149.1 156.0
lecuiar weight (Mw)
. iy
Higher calorific value 11090.0 11590.0 11120.0 11310.0
(cal/g)
State 5°C) liquid liquid liquid liquid
M.olec.ular weight dis- C.—Ca, C.—Cy, C.—C., —C,,
tribution
Molecular weight dis-
tribution (Wt%) 91.6 92.0 93.5 92.7
(Cs - Czo)

B 9-Bizid, 1R, 2 ROSBHREELCCIZHB T
B BN R (WLEEE ] 8kg/hr) & BESR TR 4R
WO TR LT, 1 RS TR R
L THE LR OS> TR, C~CL D55 %
Fib, CrClct—2rmb b, EMsEcii-£
B D43 T &5 A5 i bl U TR T3 - Tw

BCHEASIET 2 &, £EHOSFESMIE, C
~Co DL, C Gt —2o8b b, RE
BN KE B DR TIESNE kL%
Feo el oo dee 2DZEd 5, 1 ROHE
FETEO T MEERINE T L, EFRLR
BN ERY % 2 R B OEMAT, BIBT

20, Bl R5ET v 7 ARTHo . Biz, WRERTHCT 5 Z &b HRZ Z BT,
1 R FERE TEGIE L 12 3RZRE B 23 2 KR
Feed rate of
PE (Kg/hr) n—parsffin l—olefm othsrs
1 \\\\
(1 29.5 \ \\\‘ 47.5
6.6 < \\Q\\
(2) 32.5 10 O 57.5
.
(1) 32.0 0 22.0
N \\\\\\\
1.8 < N \\\
{2) 31.5
\ \\
NN N A N NN M A M N N
0 29 40 60 80 10
Content (¥Wt%)
Fig. 10-A  The composition of wax and oil products from catalytic and

thermal decomposition of PE at 460°C

(1) Primary reactor
(1) * Primary reactor
(2)

{Natural zeclite)
(Sand)
Secondary reactor {Natural zeolite)

— 390 —



D E, RESHR DL I T 5 R
BETT 2700, 1 ROHHE, 2 ROBEE L THE
B R CRERMESR 7Y T T ARH

WTHHBRGAT L, FORELNI0-A LB10-Bi
w7z,

Temp. (C) u-piraffin 1-01&31’13 others
[ RSN
(1) 26.5 §$&5 55. 0
(2) 29,0 8.9 2.5
L N
h
SN N
(1) 32.5 \\\20.5 47.0
440 < AN
(2) 27.5 7.5 65.0
. \
[ SNNY
(1) 27.5 §§“L5 51.0
450 <« SR B
(2) 27.0 8.5 64.5
¢
.
9 20 49 60 80 190

Content (Wt%)

Fig. 10-B The composition of wax and oil products from catalytic
decomposition of PE at various temperatures

(1) Primary reactor (Natural zeolite)
(2) Secondary reactor (Natural zeolite)

B10- A&, 1 XKOEMSRERSHOA 1V 7
4 VHEDS 2 ROBRS R I X o TRIENE
B, BHELLTWAZERDDDL, &2, 1RO
BEARAE kSRR LT 2 &, HHi TR
vy g vBESL/2ES L, AL S
B OREERIEC T S5 b, BEFELT
&, AVNF T4y, N RaTRRT AV,
EEILEW, TUuvT v 7R EWEILLNLL,
210 OEFER SO TSEEET LT {FF
ETH 5, F10- BT kX, SRR %430~450°CD
g TR, FORETHERE R 2
B, KEE X 24AEmoMEREIE0ZtE
U, AERIC L B HRE L L E OB T
i, R AR O RER & 2B B R<,
FISRE & o TRICEESEE 2 U Ty
LDEEZL D, Eo TREDEEIIRIGELD
BRI & 2 AIER ORI R LW I RIRSH - 2B
5,

Bio, RS 2 KOS CEMOHRL T
B RO ERE S M BT, SRR

160°COBE BT S 1R, LU 2 ROFEMS G
EOERRMEZFDEE, RUFY Y >, (il &
WEEWSELT, TNENOESEDOWTL Y
75 B EEEL, MITRL 7,

1 RO B ERWTT v 7 RRD
bDThHo e, MBS o@BE S & Tom
LTED, JHESLTOmIE3.0%&F 8N
TWwic, %7z, 2 RO 5B 0ilil,
AV Y S SERE S E THOMLTE D, A
V) LU O340 0%, FTEUT odhar
1266.0%TH D, HELFETEIY Y P ERITD
ZEIE DR E LTHEATE 2 L EZ 5D,

3.3 1RPAEME, 2 RoBEORERRHE

1 R EEEN OEMMREC XD, LR
¥ COMFEERIL, ARMHERRE» o A - &
SRR T 2 DENSE L F 2 5050
T, O R EEE I RD, BI2IRLIZ, 7
FRIELFEEAS0~A60°CO MR 1244.5~32.003TH

=776

— 4y —



360
340 o
——
320 B A
- v
3001 Wax producth/// _/////
2801 -/

]
//// ./// ;0il product
2“0'_ .
~ ) / -

& 220} rd

© 200 |- ///ight oil //// " Kerosene

£+

=

E 180 '/,/7

(] -

E-' 160 '-73 o

A e

w0 140 * /

5 / /

o 120 < ‘/O Gasoline

M o

1009 / s
8o ./ - ~
/
L o
60 //o/
kof-f
20f
0 L1 1 I U IS R SR |
0 20 4o £0 8o 100
( Vol % )

Fig. 11 The example of distillation curves of
wax and oil products from catalytic
decomposition of PE at 460°C

50

=
o
I

o

w
o
T

Primary reactor

Residence time ( min )
n
(o]
—

0r
i . Secondary reactor
s} l————___?———-_h—fﬁ_“-“*l
Lzo 430 440 450 450 470

Temp. of primary and secondary reactor (°¢ )

Fig. 12 Correlations of residence time of sam-
ples with the decomposition tempera-
ture for each reactor

%72, 2 ROMEOFRERM (min)
HTEEL T2,

RO &

(v.~3) <10
PTF 2.4 23

M”60 273
rre,

V, ! 2 REFEFERE (ml) 35,000

W RELIRBEYA 74 POER (g) 26,000

d I FELIRKAREA T4 POEE (g /cc) 2.19

F Z¥of#aE (g/min)

M 1 RGEERED SRR L TR A (A -
R O TE (g /mol)

tIARREE (O

T OREEREPHI2CR L, 2 ROMERE
430~460°Clz & V) 2 ¥ B IERIZ2 . 55~0. 765> &
272,

DEW, 1RGERENCERETRALZP ERR
BIOREEHELTRZ, 1 ROMEEICFIEL T
W DR E OEREN S ERT 5 &, R OE
317 L WXL T18.7 8 DZEBEREN H 5, BEfik
SRR ORI OEE I2IE1E0.875 g fec kR S h
50T, MEEEOERARIC D 2R 08I
B.2~ 2l 5% BELEHaAND > THEIND
TZAFy 7 iAECIE UIoIREET, B Ok
BIZR->TwRnbDOEEZ HNLL,

R, AT v 7 OSBRI
X, TSNS CHERAENTHE M, %ﬁfﬁ
DU~V DEREDRHEL <, »2h —R 340z
%ﬁ%%«@ﬂ—#/7h77wt&@ﬁ@ﬁm
H2IEDHESNTHER, RERFETIRE
WD L 5 RETRIENET L T waizh, 73—
FUTNTTNE L ALK ESTRE L 2
Sl DEEZ NG,

3.4 DEERE

AEBRTE, 1 RSERN ORISR OB EEE
HACCUPICHBEL TEEL, B5FLER
FOHAEE NS B FRE TORAGE L %
Aol TD7w, HEORKINER, FEEHHS
BIOHT 5 2 Ko HO0ERy (VA « £
W) BET 5 EHRHEDZDT, A1 REE
EEZ, RBWIDERL -,

b (55)

NRU=K-——=
RU=E+5-=

I,

41 —



K ! RIG#HEER (hr?)
V I 1 RSERFEORIERE NI L8 5 Z2HAR (18.7
2)

F, i AR OMIEHE (kg/hr)

X @ K%

721U, 1 RSN O RER O R D%
Ex0.875g /cck Lize 1, 1I/1—-x) £V/F,DE]
FRERLBZR LU PERBERSIELINTH S,
ORER » K2R TE141z Arrhenfus 71w b %
LTz, CHED, B ALF 2RO S &,
54.0 Keal/mol & 72 0, & OfED &R EREBIC L

% 2 BRPEOEAS R, KGHEETHL EHFZS
nb,

4.o
i 430-430
60-460 207150 o puo
~13.0
B
1
—
.5 2.0
=]
o
1.0
NRU = K+ (V/F) = Ln  [1/(1-x]]
0. 1 1 1 1 1 1 1 L 1
0 2.0 4.0 6.0 8.0 10.0
Mean residence time V/F ( hr )
Fig.13 Relation between In[l/(I—x)] and V/F
2.0
— L ]
£ E = 54.0 Keal / mol
fat OP
~ L 2
ZofE \
= 0 6'— L)
. _
< 0.4
4 (]
/3]
2 -
O
[&]
o 0,2
4
o
o
0.1 R SRS NN NN SV B
1.36 1.38 1.40 1.42 1.4k

103/T ( 1/K )

Fig. 14 Arrhenius plot of PE decomposition
reaction

3.5 1R, 2RABFOBINZ
Hefh M BIE EE450°C, RURMALEEEY . 8kg  hr D35

HICBIT B 1 ROENE, 2 RGEEOBIN &R

AR LT, 1RO 2 RO HEEE OIMEA

%”.WEGC ‘is tT?HﬂElU%ﬁ | —5’ - %{iﬁﬁ 1/71::0

1 K453 EM D AE, HMBGELITo®Y wEHEL
72o

AH

(1) fmEvikkl o ##E (Keal/hr) =T O E S
B (10400Kcal/ke) X BABEE (ke/hr)

(2) ZROEH =R FHILE (0.32Kcal/
mt.°C) X 28R & (m/hr) X { (L OBRE) —
(EHERE) } (°O)

tH#R

) EEoSE-AicE Y 2 2E (keal/hr) =
SOy N — (Keal/ke) X FENOUEE
& (kg/hr)
M)mﬁ%%ﬁxwﬁ%ﬁ“—%ﬁ%ﬁxwﬁ
EFEEV(0. 32K cal/m C) Xﬁ}\‘ﬁ%if}iﬁ
(m/hr)x{(%i?X(me:) HEIREE)

(5) A%%%%E%%%ﬁ%@ﬁ%ﬁg~
{H+@ B+ @}

2 RGO AZL, LEILAT 0D

776

Fb, 2 ROFREOMNEE L LS EER E—
5 — TM@W,%WC®%ﬁmﬁ%%mNHE%%
BEBET 2, COEABENE2RME D O
WEMET 5 &hiD,Z%ﬁﬁg@@%%iE
2L EWTED, DDOWT, 1RSEMERLD
FEMERY % 2 RO RS ¥, FEERHE
mOERAENEYEET 5, COFERENERR
R OBECERLIL DR ARL L,

AEL

(6) 2 WA iE¥E DIEEBE R UFRERD D
ByE, B ET 38 (Keal/hr) =B
Wy ESEEREEE (KWH) x860Kcal

HiEL

T, 1RGSR S DES mim%u #

LZFRT IO, Ty 7 AT ADETHSTE

PEHLTCEY, ERAR AR L REL T,
FI, 1 RAME»SERL, 2 RO READ
(350°C) ~A B EZARE RS O LEBE I, Y U v
D350°CoLEE (1.4 Kcal/n? .°C) 2 Wz,

(1) HEREFEM % 2 ROBEOREREXT

(e ?i(m w4 % #h & (Kcal/hr) = th £

REL

49—



(Keal/m'."C)XBEIREKOF &
() X { (2 RoTFEORERE) — (2 Ry
B A OETIREROBRE) } C)

2 R E OIRREGE = 2 R & il
OWRME Y OFHEHEEKWH) X860
Kcal

WEHICET 28E=6)—{(7T)+®)}

Table 4. Heat balance of primary and secondary reactor

Feed rete of PE: 4.8 kg/hr
Enthalpy of PE: 414 Kcal/kg

450°C Wax product : 4.05 kg/hr, 84.4 %, Mw: 300.0, Mn: 236.0

primary reactor {Gas product : 0.47 kg/hr, 9.9 %, Mn: 31.0
Cabon product : 0.17 kg/hr, 3.5 %

450—450°C Oil product : 3.60 kg/hr, 75.0 %, Mw: 152, Mn: 120

Seconday reactor{Gas product : 0.96 kg/hr, 20.0 %, Mn: 36.1
Carbon product : 0.24 kg/hr, 5.0%

1) Heat balance of primary reactor

Kcal/hr %

Heat input  Heat output  Heat input  Heat output

(1) Heat of combus-

tion of fuel 10557.6 99.1
(2} Sensible heat of air 94.8 0.9
(3) Enthalpy of PE 1987.2 18.6
(4) Heat of spent gas 1744.8 16.4
(5) Heat loss 6920.4 65.0

2) Heat balance of secondary reactor

Kcal/hr %
Heat input  Heat output  Heat input  Heat output

(6) Heat supplied 2436.0 100.0
(7) Heat needed to

increase the temp. 101.4 4.2

of vapor
{8) Heat loss 815.2 33.4
(9) Heat of reforming 1519.4 62.4

Gas Product (Secondary reactor)
Hn=2570 H,+8570(C,) +14850(C,) +21725(C,) +28400(C,) +33000 (Cs)
=18230 Kcal/Nm® 18230 Kcal/Nm?®x0.64 Nm?*/hr=11667.2 Kcal/hr

Primary and Secondary (Heat output) =13088.4 Kcal/hr
11667.2/13088.4100=89.1 %
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Abstract

Oil Recovery from Polyethylene Waste by
Two-Stage Catalytic Decomposition

Kiyoshi SAITO

Experiments were carried out on the liquefaction of polyethylene waste by the two-stage

catalytic decomposition using a natural zeorite as catalyst.

The purpose of this study was to obtain the more lighter oil than the waxy one at room

temperature obtained by pyrolysis.

For the temperature range from 430 °C to 460 °C, the effects of operating conditions on the

decomposition rate and on the characteristics of the products were examined as well as the

effectiveness of the two-stage catalytic decomposition process. The basic data for designing

the process such as the residence time of the reactants in both reactor and heat balance data

were obtained. The resaults obtained from experiments were as followes :

1.
1)

2)

3

2.
D

2)

Catalytic decomposition in the primary stage

By using the natural zeolite in the primary vessel, the polyethylene liquefaction
capacity was increased which compared with pyrolysis.

The products of catalytic thermal decomposition of polyethylene were gas and wax
and carbonecious residue. The content ratios of each product were change by reaction
temperature such as 0.9-1.3, 8.8-8.3, 0.3-0.4 by weight, respectively. The gaseous
product was composed of H, and C,-Cs hydrocarbons and content of H, was higher
than that in pyrolysis. The waxy product was composed of Cs-Cy hydrocarbons,
which contained n-paraffins, 1-oleffines and isomers, in the ratio of 3: 2: 5 by weight,
respectively.

Average residence time of reactants was estimated as 32 to 44.5 minutes in this
experimental conditions. No carbon deposition was observed on the surface of the
vessel. The state of the catalyst bed was estimated not to be in the liquid phase.

Catalytic decomposition in the secondary stage

The waxy product from the primary stage reactor can be converted into oil by the
catalytic decomposition in the secondary stage. This oil was kept as liguid phase at
5 °C and higher.

The oil obtained was composed of Cs-Ca, hydrocarbons, which contains kerosene
fraction of 66 % by volume.

The activation energy of the two-stage catalytic decomposition reaction of polyethy-
lene was 54.0 kcal/mol, calculated on the basis of NRU relation.

The representative example showed that total heat required for two-stage catalytic
decomposition was 13090 kcal/hr for the feed rate of 4.8kg/hr at 450 °C. The gas
produced simultaneously can be used as an auxiliary heat source, because it has the
high calorific value corresponding to the 909% of the above required reaction heat.
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IMPROVEMENT OF THE SEASONAL PERFORMANCE
FACTOR OF VARIABLE COMPRESSION HEAT PUMP
SYSTEM FOR COLD REGIONS

Isamu Tamura®, Hiroshi Taniguchi?,
Kazuhiko Kudo? and Sogo Sayama®

Abstract

The values of the SPF (Seasonal Performance Factor) for the cold regions in Japan were
estimated for three types of heating systems : a heating system with a conventional constant-
compression heat pump and a sub-heater, a variable compression heat pump system, and a
variable-compression heat pump system with a two-phase flow screw expander for power
recovery. The result showed that the SPF of a variable-compression heat pump system was
about twice as high as that of a conventional constant-heat pump system. By incorporating
the two-phase flow screw expander, the SPF value increased by more than 20 per cent. And
with a five-degree decrease in the temperature difference at the evaporator, SPF value

increased by twenty per cent.

1 Introduction

The SPF of a air-to-air and air-to-water heat pump system for the cold regions can be
improved by incorporating a two-phase flow screw compressor, of which the extent of the
compression is adjustable according to the ambient air temperature, and a two-phase flow
screw expander. The estimation is done by a simulation program written by FORTRAN to
predict the COP (Coefficient Of Performance) and SPF by specifying system operating
conditions, refrigerant, the type of heat exchanger, heating characteristics of buildings,
heating systems, the extent of sub-cool and super-heat and others. As for the ambient
temperature, the data of meteorological report for every three hours were used. The two-
phase flow screw compressor and expander are considered for the simulation, because the
expansion through the throttling valve of heat pump can be recovered by replacing the
process by an isentropic expansion. The simulation was carried out for various conditions
in some places of Hokkaido, Japan, and the results were summarized for the daily, monthly,
and seasonal bases. The result of the simulation shows that the SPF of the system, in which
the compression ratio of the compressor is adjustable, much improved comparing with the
systems, in which the compressing ratio is fixed. And the SPF of the heat pump system for
heating of the private house in Sapporo city is more than 3.0 for certain conditions.

1) Government Industrial Development Laboratory, Hokkaido
2) Hokkaido University, Sapporo
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2 Simulation Model
2-1 Simulation model

The flow of the simulation model is shown in Figure 1. Each part of the model is
developed to be a rather independent module in order to utilize each part for other specific
purposes. By using the simulation program, the effect of the installation of the variable
compression-ratio and the two-phase flow expander on the SPF were analyzed by simulation
program to show the feasibility of the heat pump system for the cold region in Japan. In this
model, the SPF is defined as follows:

SPF= [vearly heat consumption]
[yearly power consumption]

where, if a two-phase flow screw expander is installed,

Start )

' /Input of Thermal Characteristics of Builing and Heating System/
Y
‘ Input of Place and Metorological DataJ

Y

Input of Component and Characteristics of Heat Pump Systenm
. Type and Characteristics of Heat Exchanger
. Characteristics of Compressor and Expander
. Extent of Sub-cool and Super-heat
- Using Refrigerant

. Operating Conditions

. Y
Estimation of Thermodynamic Properties of Refrigerant

and Heat Pump Cycle

Simulation of Heatig Operation by Heat Pump System

for Heating Season

//balculation of COP and SPF /

y

Qutput l

Figure 1 The OQutline of Heat Pump Simulation Program for Cold
Regions
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Lyearly power consumption] = [power consumption of compressor] — [recovered power]

The simulation program was coded in FORTRAN 77.

2-2 Thermal Characteristics of Building

A model building, in which a heat pump was installed, was a private house with 100 square
meters of floor area and has the typical thermal characteristics (heat resistance factor ; total
heat loss from the house per unit floor area and unit temperature difference is 11.72kJ/m?*K)
of Japanese houses built in cold regions. The heat from sunlight, human body, electric and
gas appliance were also evaluated. The simulation was carried out to obtain the SPF value
in order to maintain a room temperature of 293.15K.
2-3 Place and Meteorological Data

The simulation was carried out for five places in Hokkaido, Japan. Due to the cold
current, cities in Hokkaido have a colder climate in winter than other foreign places located
in the same northern latitude. Figure 2 shows the seasonal change of the ambient tempera-
ture in Sapporo and the heating load of a private house, which was obtained by applying the
ambient temperature to the characteristics of the house. Figure 3 shows the histogram of the
ambient temperature in Sapporo. The simulations were carried out for the five places in
Hokkaido, Japan shown in Figure 4.
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9
8 9
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Figure 2 Seasonal Change of Heating Load and Ambient Temperature
in Sapporo (1982-1983)
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2-4 Characteristics of Heat Pump Systems

Screw compressor and expander : A screw type compressor and expander can be expected
to operate without erosion and slip losses between the liquid and vapor under two-phase fluid
conditions, since they operate on the principle of volumetric compression or expansion under
an isentropic expansion.

The components and the operation of a screw expander are illustrated in Figure 5. The
counter rotating male and female rotors mesh like parallel mounted helical gears. The
power is produced by the expansion of the fluid contained in V-shaped volumes between the
lobes of both rotors and the casing.

Taniguchi et al.V investigated the effect of internal leakage on the efficiency of the screw
type expanders and the compressor. Leakage flow rates through the different paths were
determined from a computer program developed to evaluate machine performance. The
changes in the internal efficiency of the compressor and the expander were calculated from
the increase in the pressure ratio Pc/Pe, where, Pc; pressure in condenser, Pe ; pressure in
evaporator (Pc=0.847 MPa, Pe=0.100~0.309 MPa, Pc/Pe=2.74~8.43, rotor speed=23,000



rpm). The results were shown in Figure 6. These values of efficiencies were used in the

simulation program.
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rpm). The results were shown in Figure 6. These values of efficiencies were used in the
simulation program.
2-5 Thermodynamic properties of refrigerant

The thermodynamic properties were calculated using the equations by Downing?®.

R12 and R22 were used for the simulation.

3 Results and Discussion

Figure 7 shows the values of the SPF of conventional constant-compression heat pump
systems with a subheater for the temperature difference between the refrigerant and the
ambient in the evaporator (AT=5K). When the ambient temperature falls below the lowest
operating temperature of the heat pump, the heat pump stops its operation and the subheater

5‘0 T T T
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m . — o —
o 3.0 B o) o
o g o
W 20> # & 4 A -
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260 265 270 gure 7 SPF of Convent[on.al
The lowest operating temperature Constant-Compression Heat Pump

of heai pump [K] Systems with a Subheater
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takes over. In this case, the SPF takes a maximum value at a certain temperature. Though
the peak value of the SPF of Muroran exceeds 3.0, the SPF values of such a system are less
than 3.0 under most conditions.

Figure 8 shows the SPF of the variable-compression heat pump system. The values of
SPF are nearly twice as high as the SPF of the conventional constant-compression ratio
system. The SPF in Kitamiesashi and Asahikawa are more than 3.10~3.24 for a AT less
than 10K. These are lower than the values in other cities (3.60~-3.80}, due to the colder
climate. The values of the SPF becomes higher as the AT decreases, and a twenty percent
increase in the SPF value is obtained for the reduction of the five-degree decrease in the
temperature difference. Accordingly, for obtaining higher SPF, it is necessary to use heat
‘exchangers which are able to absorb heat from ambient air of a similar temperature. Table
1 shows the yearly change of SPF in Sapporo over three years. Little variation is ohserved
among the values for the three years.

6-0 ;

5.0r .
8
2
= 40 2 P
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1. :
OO 5 10

Temperature Difference Between Ambient

and Refrigerant in Evaporater AT [ XK ]

Figure 8 SPF of Variable-Compression Heat Pump System

Table 1 Seasonal Change of SPF of Variable-Compression
Heat Pump System

Year/AT 2.5 5.0 7.5 10.0

1980—1981 4.65 4.39 3.92 3.08
1981—1982 4.567 4.33 3.85 3.501
1982—1983 4.67 4.39 3.94 3.60

Figure 9 shows the SPF of a variable-compression heat pump system with a two-phase
flow screw expander for power recovery. In this case, values of the SPF increase by more
than 20 per cent compared with the variable-compression heat pump system, due to the power

recovery, and a maximum SPF value of around five to six is obtained.
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4 Conclusions

The values of the SPF for the cold regions in Japan were estimated for three types of
heating systems: a heat pump system with a conventional constant-compression heat pump
and a subheater, a variable-compression heat pump system, and a variable compression heat
pump system with a two-phase flow screw expander for power recovery. The results are
obtained as follows;

(1) The SPF of the variable-compression heat pump system is about twice as high as the
SPF of a conventional constant-compression heat pump system.

(2) When the two-phase flow screw expander is incorporated into the variable compression
systern, the SPF value increases by more than 20 per cent.

The maximum SPF value of around five to six is obtained for the variable-compression
heat pump system with a two-phase flow expander.

(3) For obtaining a higher SPF, it is important to reduce the temperature difference at the
evaporator between the refrigerant and the ambient air for heat absorption. A twenty
per cent of increase in the SPF value is obtained for a five-degree decrease in the
temperature difference at the evaporator.
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Formation of Ti-Ni Intermetallic Compound
by Exothermic Fusion Reaction

Yoshikazu Suzuki, Katsuyoshi Shimokawa, Hidero Unuma
and Yoshinobu Ueda

The SHS process (Self-propagating High-temperature Synthesis) occurs as an exothermic
fusion reaction with a great amount of heat released during a very short period in the sinter
processing of intermetallic compounds. In this report, the conditions necessary for an
exothermic fusion reaction to take place such as the mixing ratio of Ni and Ti powder,
atmospheric or vacuum pressure prevailing during heating and the heating rate required for
homogeneous and purified Ti-Ni intermetallic compound were examined.

1. INTRODUCTION

Recently, SHS processes have been applied to the synthesis of ceramics and intermetallic
compounds. The technique is characterized by a large amount of heat emitted within very
short time interval of the sistering reaction.

One SHS process éccompanying melting by an exothermic reaction was observed, and that
was during quick heating of a Ni-Ti compact containing 50 atomic percent of Ti under a low
pressure."* As soon as gas release from the compact was observed during heating, it was
fused to form an alloy. These phenomena are favorable for the purification of the alloy,
because the impurities in the compact were liberated as gases by evaporation during the
reaction. The application of this technology can simplify the manufacturing process and
facilitate quality control for the product. The authors investigated the effects for SHS
process in terms of heating rates, vacuum range and gaseous atmosphere as well as the
adequate exothermic fusion reaction conditions of Ni-Ti powder compacts to form a uniform
alloy, to purify the alloy by evolving gases and vaporizing impurites from the compact, and
the results of such investigations are presented in this paper.

2. EXPERIMENTAL METHQOD
2.1. Powders

The materials used in the experiment comprise the commercially available nickel and
titanium powders with chemical composition and average particle size as shown in Table 1.
2. 2. Apparatus and Preparation

Both metal powders, shown in Table 1, were mixed together to give a uniform powdery
blend containing the percentage of 30~77 atomic range of Ni and Ti in residual quantity.
The powder mixture was shaped by compression molding under a pressure of 3 tons/cm? into
green compacts of a pellet-like form having a diameter of 12.8 mm and a height of about 4
mm.

The green compacts were set in a vacuum furnace and heated under a pressure of 1 X103
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~4 Pa at a heating rate of 30~60°C/min.
2. 3. Observation of Structure

Shape changing of a powder compact during exothermic fusion reaction was recorded by
the use of an 8 m/m camera.

After cooling, the sclidified body was taken out of the mold and was polished by emery
papers (~#3000) and by alumina powder (0.3 xm). The structure of the polished surface was
examined by observation with an optical microscope and a scanning electron microscope
(SEM) as well.

2. 4. Analysis of Alloy and Gases

The alloy formed by the exothermic reaction was examined by X-Ray diffractometry
(XRD) and electron microprobe analysis (EPMA).

The gas evolved from the compact during the reaction was analyzed by gas chromatogra-
phy. Otherwise, residual gas components were extracted from the sample in a carbon
crucible by heating in Ar stream and analyzed by the Rapid-automatic gas analyzer of
KOKUSAI ELECTRIC CO., LTD.

Vaporized components from Ni-Ti compact during the exothermic reaction were deposited
on the surface of Cu or Ni sheets. The surface of sheets were analyzed by the Scanning Auger
Microanalyzer (SAM) of JEOL CO., LTD.

3. EXPERIMENTAL RESULTS AND DISCUSSION
3. 1. Conditions of Exothermic Fusion Reaction

When a green compact of powder mixtures 509 Ni-50%T1 was heated under a pressure of
10-3Pa at a heating rate of 61°C/min, an explosive reaction took place between both the metal
particles leading to fusion and to alloying of the component metals at a temperature which
is 430°C lower than the corresponding eutectic point of the alloy.

Photo. 1 shows the exothermic reaction image taken by high speed camera. The green
compact in (1) changes to a white color in (2) with elevating a temperature. The explosive
reaction, as shown in (3) after heating the compact in (2) for 0.1 second, occurs at a furnace
temperature of 818°C. The compact fuses to form an alloy immediately in (4).

Furnace . .
temp, :750 C, 818 C
Sample .
temp,:750 T, 865 C
Time : 0 secC 68 sec 68,1 sec 68,3 sec

Photo.1 Exothermic fusion reaction images with high speed camera.
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Table 1 Chemical composition of metal powders.

Composition, wt% Diameter,
Sample - -
S C Fe Ni Ti um
Ni 0.001 0.03~0.08 0.01 Bal. — 2.2
Ti — — — — 99> 55>

Fig. 1(a) and (b) show the effect of heating rate on the exothermic reaction of the compact.
As shown in (a), two big peaks indicating pressure change by gas evolution appear at about
350°C and about 700°C in the case of heating rate of 30°C/min. As shown in (b), the largest
peak in three gas evolution was observed at 820°C with a heating rate of 35°C/min, and rapid
temperature elevation was observed at the largest peak. The results show that the exother-
mic fusion reaction of a Ni-Ti compact was initiated at the heating rate of 35°C/min in

vacuuin.
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Fig. 1 Temperature and pressure change with exothermic reaction by
different heating rates;
(a) heating rate: 30 “C/min,
(b) heating rate: 35 ‘C/min.
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Fig. 2(a) and (b) show a comparison of the effect of vacuum level on the exothermic fusion
reaction. The third peak corresponding to the gas evolution at about 820°C appears in both
cases. This fact signifies that the pressure of the range between 10~* Pa and 4 Pa in vacuum
makes no difference of the exothermic fusion reaction.

(a) {b)
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Time, min Time, min

Fig.2 Temperature and pressure change with exothermic reaction in
different pressure ranges;
(a) high vacuum: 107%Pa, heating rate: 40 *C/min,
(b) low vacuum: 4 Pa, heating rate: 40 "C/min.

Photos 2(a, b, c) show SEM images on a compact heated quickly up to 805°C in different
gas(N,, Ar and H,) atmosphere. In this case, a shape of the compact did no change to fuse
by exothermic reaction. A uniform solid solution of Ti-Ni alloy was not observed in photos
2. The results showed that gas atmospheres were no effective for the exothermic fusion
reaction but vacuum pressure was a necessary condition for the reaction even at low level ;
~4 Pa. Moreover, the mixing ratio of the powders of Ni and Ti was examined to determine
the effect on fusion and alloying. As soon as the furnace temperature rose to 820°C, the
sample temperature rose to 1120°C or 1220°C. Upper solid circles in Fig. 30 show that fused
alloys of Ti-Ni were obtained when the mixing ratio was in the range of atomic ratio of 48 :
52 to 56 - 44. Outside this range, the phenomenon of fusion and uniform alloying did not occur
in the compact, and this is attributed to the reduction in the amount of heat released by the
following exothermic reaction; Ti+Ni—TiNi+15.9 kcal/mol---(1).
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Fig.3 Relationship between composition and

measured temperature of Ni-Ti compact
heated with exothermic fusion reaction.

Photo. 2 Influence of gas atmospheres on
exothermic reaction ;
(a) inNg; (b) inAr, (c) in H,.
Table 2 Residual hydrogen and oxygen in Ni-Ti powders and compacts with
or without treatment.
Sample Heat-treatment H. Content (ppm) 0O, Content (ppm)
Ni powder no-treatment 64 640
Ti powder no-treatment 684 1600
Ni-Ti compact 850°C, 8 min in H, 1618 10
Ni-Ti compact 850°C, 8 min in N, 532 92
Ni-Ti compact 850°C, 8 min in vac. 3
Ni-Ti compact 850°C, 8 min in Ar 72 51
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3. 2. Reaction Products

Ti-Ni alloys obtained by the exothermic reaction were examined by X-ray
diffractometry(XRD). The XRD results of the Ti-Ni alloy in the atomic ratios of 52: 48, 50:
50 and 44 : 56 are shown in Fig. 4. The peak intensity of the TiNi phase was higher at the
atomic ratio of 50: 50 in Fig. 4(b) than that of the other ratios. Scanning electron micro-
graphs of fused alloys at atomic ratios of 52 : 48, 50: 50 and 44 : 56 are shown in photos 3(a,
b, ¢). It was found from the results of X-ray diffraction pattern that the matrix in photos 3(b)
is TiNi phase and the precipitates in the matrix are Ti,Ni.

(G) TizNi

.—1

iNi +TiNi4

(b)

Ti Ni+TiNi

Intensity

TiNi

© TiNi+TiNi3

§ I g ] § i i

40 50 , 60
Diffraction Angle, 20

Fig.4 Results of X-ray diffraction of Ni-Ti compacts melted with
exothermic fusion reaction.
(@) Ti: 52at%, Ni: 48at%,
(b) Ti: 50at%, Ni: 50at%,
(c) Ti: 44at%, Ni: 56at%.

— B0 —



Photo.3 SEM images and structural compounds characterized by
Auger analysis in Ti-Ni alloys;
(@) Ti: 52at%, Ni: 48at%,
(b) Ti: b0at%, Ni: 50at%,
(c) Ti: 44at%, Ni: 56at%.
(A: Ti,Ni, B: TiNi, C: TiNij)

In order to examine the process of exothermic fusion reaction, cross sections of Ni-Ti
powder compacts obtained after the reaction were analyzed by electron probe microanalysis.
This analysis was also carried out at various stages of the compact before fusion reaction at
the atomic ratios of 30: 70 and 77 : 23 which were heated to 850°C, and at the atomic ratio
of 50 : 50 which was heated to 805°C.

Photos 4(a, b) show compositional images and the results of line and spot analysis of Ni-
Ti compact heated quickly to 805°C in vacuum. Photos 5(a) and (b) show the results of line
analysis of a Ni-Ti(30-70) compact and a Ni-Ti(77-23) compact heated quickly up to 850°C
in vacuum, respectively. Theses compacts shown in Photos 4 and Photos 5, as previously
shown in Photos 2 failed to be brought into uniform alloys due to the deficiency in the amount
of heat released by the exothermic reaction. From the results, it is estimated that the
exothermic fusion reaction between Ti and Ni particles happens in the three stages of
liquid(L} formation process; 2Ti+Ni—Ti,Ni(L), Ti;Ni(L)-+Ni—2TiNi(L), TiNi(L)+2Ni—
TiNiz(L). When the amount of heat released by the exothermic reaction was enough to fuse
the compact, a uniform TiNi phase was formed in the alloy as shown in Photos 3(b).

Photo. 4 Compositional image and EPMA analysis of Ni-Ti compact
heated quickly to 805 °C in vacuum;
(a) result of line analysis,
(b) result of spot analysis.
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3. 3. Gas Evolution during Reaction and Reaction Residue

The gas evolved from the Ni-Ti compact during heating in 'Vacuum was analysed by gas
chromatography. The result is shown in Fig. 5. The gas evolved at 820°C, as shown in Fig.
1(b), is H,, and no other kind of gas could be detected: On the other hand, when the
exothermic fusion reaction occurs, a few elements deposit on the surface of the inside wall
near the compact set in a silica tube was observed. Deposits on an Ni plate inserted along
the inside wall ﬁear the compact were analysed with Scanning Auger Microanalyzer(SAM)
to examine the vaporized matter. The deposits consisted of two kind of matter. One was a
white film on the Ni plate, the other comprised some precipitated fine particles on the same
plate. Fig.6 shows two Auger spectra by spot analysis; (a) an Auger spectrum of the film,
(b) an Auger spectrum of the particle. Na and O peaks were found in (a) and Na and Cl peaks
in (b). It is said that minor elements of Na and Cl were residual in Ti powder during
manufacturing process. It is assumed from the results that the exothermic fusion reaction of
Ni-Ti compact is accompanied by other exothermic reactions ;

1/4 TiCl,+Na—1/4 Ti+NaCl+98.6 kcal/mol---(2)

2Na+1/2 0,—>Na,0+99.2 kcal/mol------------meee-- 3)

Moreover, these minor clements might be evaporated from the compact as gases in
vacuum, as shown in Fig. 1(b). It is considered that the gas evolution promotes the purifica-
tion of Ti-Ni alloy. An analysis of residual gas in Ti-Ni alloys formed by exothermic
reactions was carried out by means of an extraction method (Rapid-automatic gas analyzer),
where the evolved gases are detected by heating directly in a carbon crucible with current in
Ar stream. The results are shown in Tahble 2. The sample, which showed the largest peak
of evolved gas in Fig 1(b), after exothermic fusion reaction in vacuum, obviously contains

much less amount of gas than other samples heated in N, or H, atmospheres.

(1
Ha

Intensity

|

L_L—l._—l—

01 2 3
Time,min

Fig.5 Gas chromatogram of H, obtained using a Molecular sieve 5A.
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Fig.6 Auger spectra of deposits after evaporating from Ni-Ti com-
pact;

(a) result of spot analysis on deposited surface,
(b) result of spot analysis of precipitated particles.

% —Tiko
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13 15.0k0  X1,500 18re
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Photo.5 Compositicnal image and EPMA analysis of Ni-Ti compact
heated quickly to 850 °C in vacuum;
(a) 30at9%Ni-70at9%T],
(b) 77at%Ni-23at%Ti.
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4. CONCLUSION
The exothermic fusion reaction for forming a Ti-Ni alloy was examined by changing the
gas atmosphere and the vacuum level in the furnace as well as the heating speed and the
mixing ratio of Ni and Ti powders.
The results obtained were summarized as follows;
(1) An exothermic fusion reaction of Ni-Ti compacts occured at about 820°C by heating at
a rate greater than 35°C/min under a pressure of 4~107° Pa.
(2) The mixing ratio of Ti and Ni powders necessary for the exothermic fusion reaction was
in the range of 52: 48 to 44: 56 in Ti: Ni atomic ratio.
(3) Some minor elements such as O, H, Na and Cl contained in the Ni-Ti compact evolved
during the exothermic fusion reaction.
The purification of the Ti-Ni alloy was promoted by the evolution gas during the reaction.
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Fig.3 Photoacoustic IR spectra of the surfaces of the Nafion and Teflon films.

Side A of Nafion 901 before (1) and after (2) irradiated with UV beam in pure water
for 20 hrs. Side B of the Nafion before (3) and after (4) the irradiation.
(5) Teflon film surface.
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Abstract

Generation of Electromotive Force in
Nafion-water System by Ultraviolet Beam Irradiation

Tomiki TAKAHASHI, Mikio MORITA
and Masao HINO

A noteworthy phenomenon was observed in Nafion-water system irradiated with ultra-
violet beam, i. e. generation of electromotive force between the aqueous phases devided with
the film and alternation in pH of those phases. Aspects of the phenomenon were minutely
investigated, and chemical analyses of the system were carrird out with a view to elucidate
the phenomoenon. The e. m. f. appeared simultanecusly with the irradiation begining. After
increased up to the maximum value of 0.35V it decreased gradually down and disappeared by
16 hrs of the irradiation. IR-PAS spectra showed that there exist sulfo groups (1315, 1015 and
815 cm™) only on one side of the surfaces of the film, which are decomposed by UV beam to
release SO, After the prolenged irradiation, whowever, SO, ion was found in both of the
aqueous phases. From these results generation of the e. m.f. was considered to be caused
from the SO; release and the characteristics of the ion-exchange membrane.
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Fig.1 Northern blot analysis of mRNA from 3
-methyicholanthrene-induced mouse
liver fractionated by sucrose density gra-
dient centrifugation. Aliquots of
fractionated mRNA were separated on an
agarose gel containing formamide and then
transferred to a nitrocellulose filter. Frac-
tion numbers are indicated.
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Fig.2 Plaque hybridization of mouse liver cDNA
library using ADahl. Black dots demon-
strate existence of phage containing P450
cDNA.

B
M1234567N

Fig. 3 Identification of P450 cDNA inserted in 1 phage DNA. (A)
Agarose gel electrophoresis of Eco Rl-digested 1 phage
DNA(lane 1-7; MSc3-9) followed by visualization with eth-
idium bromide. (B) Southern blot analysis of Eco Rl-digested
1 phage DNA. Lane M is DNA marker.
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Fig.4 Restriction map and sequencing strategy of MSc5. Thick line
indicates the coding region of MSc5h, and thin lines are 5'- and
3'-non coding regions. The restriction sites used for sequenc-

ing are indicated.

The arrows represent the directions and

distances of sequencing analyses.



CCCTAGGGTCCTAGAGAACACTCTTCACTTCAGTCCCTCCTTACAGCCCAAGCAGCCACCTAGATCATGCCTTCC

ATGTATGGACTTCCAGCCTTCGTGTCAGCCACAGAGCTGCTCCTGGCTGTCACCGTATTCTGCCTTGGATTCTGGGTGGTCAGAGCCACA
WetTyrGiyleuProdlaPheValSerAlaThrGluleuleuleudlaValThrValPheCysleuGlyPheTrpValVaidArgdlaThr

AGAACCTGGGTTCCCAAAGGCCTGAAGACTCCACCAGGGCCCTGGGGCTTGCCCTTCATTGGTCACATGCTGACTGTGGGGAAGAACCCA
ArgThrTrp¥alProlysGlyLeulysThrProProGiyProTrpGiyleuProPhelleGlylisNetLeuThr¥alGlylysdsnPro

CATCTGTCACTGACACGGCTGAGTCAGCAGTATGGGGACGTGCTGCAGATCCGCATCGGCTCCACTCCTGTGGTGGTGCTGAGCGGCCTG
HisleuSerleuThrArgleuSerGInGInTyrGlyAspValleuGinlleArglleGlySerThrPro¥alVaiValleuSerGlyleu

AACACCATCAAGCAGGCCCTGETGAGGCAGGGAGATGACTTCAAGGGCCGGCCAGACCTCTACAGCTTCACACTTATCACTAATGGCAAG
AsaThrIlelysGindiaLeuVaiArgGInGlyAspAspPhelysGlydrgProdspleuTyrSerPheThrienlleThriAsnGiylys

AGCATGACTTTTAACCCAGACTCTGGACCCGTGTGGGCTGCCCGCCGGLGCCTGGCCCAGAATGCCCTGAAGAGCTTCTCCATAGCCTCG
SerNetThrPhedsnProdspSerGiyProValTrpAladladrgArgdrglevdlaGindsndlaleulysSerPheSeriledlaSer

GACCCGACGTCAGCATCCTCTTGCTACTTGGAGGAGCACGTGAGCAAGGAGGCTAACTATCTCGTCAGCAAACTTCAGAAGGTGATGGCA
AspProThrSerdlaSerSerCysTyrieuGluGiulisValSerlysGludladsalyrleuValSerlysleuGinlysValKetd]la

GAGGTTGGCCACTTTGACCCTTACAAGTATTTGGTCGTGTCAGTAGCCAATGTCATCTGTGCCATATGCTTTGGCCAACGTTATGACCAT
GluValGlyHisPiacAspProTyrlysTyrleu¥alValSerValAladsnVallleCysAlalleCysPheGlyGlnArgTyrdsplis

GATGACCAAGAGCTGCTCAGCATAGTCAATCTGAGCAATGAGTTTGGGGAGGTTACTGGCTCTGGATACCCAGCTGACTTCATTCCTETC
AspAspGInG]uLeuLeuSerlIeValAsnLeuSerAsnGIuPheG]yGluValThrGlySerGlyTerraAlaAspPheIleProVal

CTCCGTTACCTGCCTAACTCTTCCCTGGATGCCTTCAAGGACTTGAATGATAAGTTCTACAGCTTCATGAAGAAGT TAATCAAAGAGCAC
LeuArJTereuFraAsnSbrSerLeuAspAlaPheLysAspLeuAsnAspLysPheTyrSerPheHetLysLysLeuI]eLysG]uﬂis

TACAGGACATTTGAGAAGGGCCACATCCGGGACATCACAGACAGCCTCATTGAGCATTGTCAGGACAGGAAGCTGGACGAGAATGCCAAT
TyrArgTbrPheGluLysGly”isIleArgAsp]leTbrAspSerLeuIIeGluﬂisCysGlnAspArgLysLeuAspGluAsnAIaﬂsn

GTCCAGCTGTCAGATGATAAGGTCATCACGATTGTTTTGGACCTCTTTGGAGCTGGGTTTGACACAGTCACAACTGCTATCTCGTGGAGC
ValGlnLeuSerAspAspLysVa]IIeTbrI]eVa]LeuAspLeuPheGlyAIaGIbeeAspThrValThrThrA]a]leSerTrpSer

CTCATGTACCTGGTAACCAACCCTAGGGTACAGAGAAAGATCCAGGAGGAACTAGACACAGTGATTGGCAGAGATCGGCAGCCCCGGCTT
LeuﬁetTereuVa]ThsznProArgVaIGlnArgLysI]eGlnGluGluLeuAsprrVaIIleGIyArgAspArgG]nFraArgLeu

TCTGACAGACCTCAGCTGCCCTATCTGGAGGCCTTCATTCTGGAGACCTTCCGGCATTCATCCTTCGTCCCCTTCACCATCCCCCACAGE
SerAspArgProGlnLeuPraTereuGluAlzPheIleLeuGluTbrPheArgﬂfsSerSerPheVaIPraPheThrIIePraﬂisSer

ACCACAAGAGATACAAGTCTGAATGGCTTCTATATCCCCAAGGGGTGCTGTGTCTTTGTGAACCAGTGGCAGGTTAACCATGACCGGGAA
ThrThrArgAspTbrSerLeuAsnGlyPheTyrIlePraLysGlyCysCysVa]PheValAsnG]nTrpG]nValAsnﬂTsAspArgGlu

CTGTGGGGTGACCCAAACGAGTTCCGGCCTGAAAGGTTTCTCACCCCCAGCGGCACTCTGGACAAGCGCTTGAGTGAGAAGGTCACTCTC
LeuTrpG]yAspPraAsnG]uPbeArgPraGluAr[PheLeuThrProSerGlyTbrLeuAspLysArgLeuSerGluLysValThrLeu

TTTGGTTTGGGCAAGCGAAAGTGCATCGGAGAGACCATTGGCCGATCGGAGGTCTTTCTCTTCCTGGCCATCTTGCTGCAGCAAATAGAA
PheGlyLeuGlyLysArgLysCysIleG]yGluTbrIleGlyArgSerGluValeeLeuPheLeuA]a[leLeuLeuGlnGlnIleGlu

TTTAAGGTGTCTCCAGGGGAGAAGGTGGATATGACTCCTACCTATGGGCTGACTTTAAAACACGCCCGCTGTGAACACTTCCAAGTGCAG
PheLysValSerPraGlyGluLysVa]Aspﬁe!ThrPraTbrTyrGlyLeuThrLeuLysﬂfsAlaArgCysGluHisteG]nVaIGln

ATGCGGTCTTCTGGTCCTCAGCATCTTCAGGCTTAGACTGTCCAGGATGCTCACCAGACCAGGTGGCTGTTCCTGTGATTCAACTTTAGC
NetdrgSerSerGlyProGinHisleuGlnAla

CAGAAACACAGATCCTGGGACATTGTGCCTGCCTCCTACTTTGGACTTGTTTCTCTATATGCTGAACACACACTGGGCACAGCAGAGGCC
CACAGGAACCTCAGATCCTTCTCAATTTCAGCATCAACTAGGAGATCTGAAAGGGTTAGGAGATACCTGGGCCTCAGAGAACTCCTGAAG
AGTGCTCTGGRTRCTCCAGTGGCTAACTGAT TTGAAAAATACTGCAGGTTATAGCAGGATGTGTCTGGTTACTTTGACAAGTGGGAGCTG
CCCAGAATGGAGGGAGAAGACAGCTTAAAATTCTGGCACAGAGGTGCTCTTGCCACCTGCTGAGGCTAAACAGCCTTCCCAAATGGTTTA
TGACACTGCATGTGGGGGGCACCTCTGTTCACCCTACATAGAAACAAACAGGGTGCTCCTGTCCTTGCATGTCCATGTTTCTCTTCAGGA
AGGGTTGAGACTTGTGTCTAGAAAGACCCAAGAACAGAGGGAGAGATTCTCTGGGCNETAAAACCAGGTCTAGAGTAAAGGAATGACTTT
TGAGACAGAGTCTTGTGTAGCCCAGGCTGACTCTGAACTTGCTACCAAAGGAGGCCTTGGACTCCTTTTTGTTGTTGTTGTTCTTACTAC
CTTACCAAGTGCTAGGATACAGTCATAGACTACTGCATCAGCTCTTGGTCTCTCTTCTTTACTGTATAAAATGTTTTTCTTAGAAAATGT
TTGTGCCATAAGAGCTTTGTATTATGGACTGTATTTTGCTTATGCATTTGTATTAGTTATACCTTAAGAGATTTAGATAATTTGCTAGTG
TAACAAAGAAGATTCTAACTCAAGTATTCAGAAATATATATAGAAAAACCCTACCTGAACTAAATAAAAATATTACCTGGAAAAAAAAAA
AAAA

Fig.5 Nucleotide and deduced amino acid sequences of MSc5. The
conserved sequence in the HR2 region in cytochrome P450 is
underlined.  The different nuclectide from the reported
sequence of mouse P,-450 is boxed.
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UT NP NG UT NP MC

Fig. 6

B
CSTBLIGN 4

UT NP MC UT NP NC

- 208

Northern blot analysis of total RNA from livers in the

C57BL/6N and ddY mouse strain which were treated with

naphthalene, 3-methylcholanthrene and none.

Twenty

micrograms of total RNA from untreated-livers(UT) and livers
treated with naphthalene(NP) and 3-methylcholanthrene(MC)
were subjected to Northern blot analysis using the coding
region(A) and the 3'-non coding region(B) of MSc5 as probes.
The positions of 208 and 23S were estimated by comparing
mobilities with those of rfRNA in the mouse livers.
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Table.I Percent Similarities of Deduced Amino Acid

‘ Sequences among P450IA1 ¢cDNA Clones
from Various Species.

Mouse  Human Dog Rabbit Rat

MSchH 100 80 78 77 93

TIVYTHEEINLHLEI DOV THER
B~ A THiEL712,Fig. 637 OFBRTH 543,
20823805 2BOREE D/ F (mRNAD
FERZRT) BPREshiz, i, P450IA1D
mRNA & P450IA20OmRN A IZFEE 12 “HHEE IS
Wiz, PASOIALIDCDNA R 7 a— 7z {fi- T
W7 h, P4S0IAIOMRNAD #7255 F, P4501A2
OmMRNALBHENTLEI D EFEZHND,
& 51z, PAS0IAIOmMRNA T2, 6005 ED, P450
TA20mRNA L, 800EED Tho I &hb, &
ZICRBND2DDNVEDYE, HFEOKE
777 (238) D3 R IP450IA1OmMRNA %, 43 F
BoO/NE R (208) O3 FHP450IAZOMRNA
ERLTWwBEEEZOND, INHDI L ZHHE
B 5 728, PASOIAL & PASOTA2 0] CHERITE Dt
WHMEWER TH 23 -FEa— FEEE2 o -7k
L TR KB 21T - 72 (Fig. 6B) . % D&ER, 23
SO FIFALT & S kil & hizhs, 2080/

Bk s e kD, 238028y R ASPAS0IALD
mRNA, 208D/ FHP450IA20mRNA & 55
BNl U EOEREE DS ETablelID & 512
# %, Tablel1X b, P450IALICDWTRD L 5 7%
Z Lo, PASUIALRA 5 L Tl
B ORI IR L B IE L A ETFEELRVS,
FAFNAT ALY EEREEIND I EICLDCET
BL/6NFR~ ¥ XA T3 { FF 3, REWHEES
nz, LhL,ddYR<w A TIECSTBL/6ENFR < 7
A HE LU CHEERPRH/ P ol £, F775
Ly DR STROWTRORMTHPAS0IALEFEE S
Nin-oie,

Nebert 52 & Kouri %% (368D~ 7 A T3~
AFNAT AV L BEEERRELTWS,
KEFFE TRV IddY R <7 A 1E, FN0 OXERFE O
2 AR ITEFTh TR, SHEOER
WD, PUFEEEERTRRIISETS I
XL EEZHND, ke, BE, 3AFNVAT
YAV YD D REBREERIEEC L 5 PA0IAL
DFEFWOVTIE, FTHRAIRVAENTES
BEERLESDBHEN OSEAER LSS

AT, Ahlv 2 7% — (Aromatic hydrocarbon
receptor) HEG L, RWT I OEEHSZITBT
L TDNAK#EE L, P4507 ¥ O@in T #EM b3
LEEZSNT 2, ZORH TR, FEEOE
EPIEFF I, FWMEFRLEYM L ORBEOEE N
FORMOAWN Ty =T L > THERR LD LR
HHShTWw5, AFEOHEE Z ORBICE Tt
w5 e, ddYR= 7 ADOAhV ¥ 7% —i13C57BL/6
NFZw ADAhV & 7 ¥ — 12 ERT, ZHRAFE
L& ~OERENE L, 20RO ERAEREL
EW X AFEPF O TRV EHESRS,
F 7z, Ahv & 7% —~OFMENER cRWEIR
FEELEY, TCDD (bW 544+ )
W3- AFNa T AV BRELTHPIALOS
MDD 6 WDBA/2NFR T 7 AW P450IAL %75
HEXEZZETHONTEYY, AdAYRYTY R
TCDDOE 51 X D PASOIALI DT ZHE D pin D 2
LIATHEERD,

— 74, P450TA2 A O ORETHRIBIFS
nNTBY, - RAFLATALOREICEST
ddYF% <7 A,C57BL/6NFZ Y7 A DLW IFhDRE
bELFEEIN, L, 7751V 0B5E
P450IA2 %A & ¥ Tz,

Tong 5% ZC57TBL/6]J R~ 7 RZF 75 v ok
BET 5 &, fiTiRP4H0DBERIFEEIEA T 527,
IR D PAS0 DEE S 3 E N EHE LT
w5, UL, SEOERKCEWTDNAVY~LVT
FOEEICTNB 2 Ik D, FHIRT H P4501A2D
WABHEeNE ZERHLRER 5T,

5. #& &%

SEER S e KB LT 2R L EETFL
MM SBICAET LI L RERERNELT, <
A k) BREFFRLEDOKRKBRILICEE L T
5P450 (P450IA1) DcDNAD 7 0 —=> 7 %{T
ST F DD AFNT T AV REAY F#
< ZOFFE L D cDNAS A 75 V—%2{ER L, P450
IA1DcDNA, MSc5% BBt L 72, %7z, MSchDH
HERH S THRET S I ko T, RIUEYE



Table. II Induction of P450IA1 and P450IA2 in the C57BL/6N

and ddY Mouse Strain by 3-

Methylcholanthrene and

Naphthalene.
C57BL/6N ddyY
UTe NP® MCe UT NP MC
P450IA1 —d — ++++ — — + -+
P450IA2 + - ++ - — ++
duntreated

*naphthalene-treated
¢3-methylcholanthrene-treated
“not detectable
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Abstract

Structural analysis of cytochrome P450 cDNA
in the Cyp1A1l from the ddY mouse strain:
sequence similarity to P,-450 cDNA and induction
by 3-methylcholanthrene and naphthalene

Satoru OHGIYA, Kan HAMABUCHI, Kozo ISHIZAKI
and Nariko SHINRIKI

A full-length clone of P450IA1 ¢cDNA was isolated from the ddY mouse
strain and sequenced. The nucleotide sequence was identical to the reported
sequence of the mouse P,;-450 ¢cDNA except for a nucleotide in the 3’-non
coding region. From a sequencing analysis of a cDNA clone isolated from the
C57BL/6N strain in parallel, it was shown that the discrepancy was not due to
the differece in the strains but allelic variants. Northern hybridization analysis
of total RNA from livers of the ddY and C57BL/6N strains which were treated
with 3-methylcholanthrene, naphthalene and none, demonstrated that the
CyplAl gene in the ddY strain was weakly induced by 3-methylcholanthrene
comparing with that in the C57BL/6N strain, and naphthalene did not induce
the CyplAl gene even in livers in the C57BL/6N strain but potentiated to
depress the CyplA2 gene in the mouse livers.
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