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Experimental Investigation of Carbon Dioxide Proecss (II)

Masachika Naito and Kazuyuki Kikuchi

Abstract

In the pt'évious paper, some experimental results were reported on thé general
properties of Carbon Dioxide Process of Moulds. In this paper, investigations were
carried out on the relation between the amount of contained water and the compres-
sive strength of moulds, and further the effective quantity of carbon dioxide
contained within moulds was measured by the chemical reaction.
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Extraction from Rare Minerals associated with Pyrite (Part I)
On the Chloridizing Roasting of Horobetsunite

Keizo Nishida, Akihiko Tanaka, Hiroshi Oikawa
and Shinichi Kawamura

Abstract

The pyrite from Horobetsu mine in Hokkaido is associated with rare mineral
named “Horobetsunite”, which is said to consist of Sb-sulfide and Bi-sulfide in solid
solution.

We picked up this mineral in tiny sizes from pyrite blocks crashed, and chlorid-
ized them under passing chlorine gas (80 ce per min.) at various temperatures.

From these experiments, the follwing details were found.

These mineral pieces (—20~ +-32 mesh, about 0.8 gm) evaporate out in 10min. at
350°C, and 45 min. at 300°C. At lower temperature they reduce their weight rapidly
at first, and then movre slowly with linear velocity. At 100°C, especially their weight
increases at initial period of test, then decreases gradually.

Above observation indicates that these mineral pieces are chloridized at first into
each chloride, and the Sb-chloride evaporates very rapidly, and at next period Bi-
chloride follows, because of difference of these vapor pressures.

Accordingly, if we chloridize the Horobetsunite at proper temperature, we can
separate the constituents from each other in the form of chloride, and under optimum
condition probably extract them from pyrite.
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Investigations of Pots Corroded on Sulfur Smelting (Part II)
On the Cast Iron Pot

Keizo Nishida and Hiroshi Oikawa

Abstract

Examining some test pieces out of cast iron pots used for sulfur smelting, we
investigated the process of corrosion and the change of mechahical properity.

The results found are as follows:

(1) The inner wall of the pot seems to harden a little, but in the course of
corrosion the decomposition of cementite occurs. The outer wall, on the other hand,
is decarburized.

(2) Even thz mottled cast iron changes into grey structure, and the graphite in
it becomes coarsz in the long use. Incidentally it so much accelerates the sulfur
attack and the decrease of mechanieal strength as well, that results the failure in
a short time.

Consequently it is much desired that the effective alloying clements are added
to protect the cast iron from the graphitsization at the same time sulfur attack.
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An Analysis of Over-Compensated
Series Capacitor Systems

Goro Miura

Abstract

Analyses for under compensation have been reached by the present writer on
several kinds of transients.

This paper makes the complexity of over-compensated problems remarkably
simple by applying Van der Pol’s solutions. The writer obtaing general expressions
of rush currents and charges in the system, frequencies of higher harmonics,
quantitative characteristics of pole-saliency, and sufficient conditions of stable and
unstable regions.
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Air Catalytic and Non-catalytic Oxidation of Quinaldine

Fujio Komatsu

Abstract

Quinaldinic acid was synthesized from quinaldine, one of the high temperature
tar base, for determination of microquantities of copper, and quinoline aldehyde was
obtained as by-product. The synthesis was carried out by non-catalytic and catalytic
air oxidation at 350~600°C, under the presence of vanadium pentoxide, mixtures of
vanadium pentoxide and molybdenum trioxide, and calcium and cadmium metavanadate
with pumice stone as carrier. It determined the amounts of reaction temperature,
space velocity, mole ratio of their mixtures, in relation to yields of the product and
by-product. Consequently, each maximum yield was 6% for no catalyst at 450°C,
602 for vanadium pentoxide using steam at 410°C, 37% for their mixtures using
steam at 400~410°C, 20% for Cd(VOs), at 400°C and 11% for Ca(VOs), at 405°C.

Furthermore utilizing Nernst’s approximation equation, calculated the equilib-
rium constant K» and the author showed the selective partial oxidation of this
reaction thermodynamically to be possible.
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(m) 28 % O==0 Qo=
(m 7.0 4% G==@ G-

—

7l
i
7
[
FER
o 4
R~
¥ 8 g
% o
2
o e =
o A
1 e o oo L2 AR % o
K .A_-__-o e —
L/ £ S—
CH y s 2 A s e ' A
Y o 400 7
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DrE, Tihbb 28 HpETR, FUREE 370°C DL &, AN HEVBONRIRETHD, T
DEBETFNF e FOERBEFCESTH Y, 420°C CFNF }@ﬁlﬁjq,xzz;m?@» P za e
TR A & T, @*m‘o%%fas.ow-;fz@ag&, VK Y BRO B IR R R T UG IRE 3 iR
CRBEL, §450°CHER TS 5, Ui LERZEREL 7.0 L T, jy/unf‘/@@%%}m$7g
TR 420°C 27 VR T T 5, #E0 THGN %?%kbﬁJOuLf BEERREILE AL
BF, oA S S TRECT 2 W RIEAD D, ErBET AR FCEE R LEL TS
k@&ibﬁ%mfﬁﬁmcik?wrtrié?%%kaﬁm&ébimbﬁmcaﬁ%o
726
(n) V.0, g

#2710 mesh FEE 0 & 0 2.74 g 1@ V.0, 3.0 g HiiF S /e b D& M7, BAEdEDHE
DD B DT, F— VRO b ORI ITE 2 UL AME T3 2 o ¢, 10 mesh J52 D O
BHWIZbT T D,

22 o B /A IS R 2% LO~T.0 (5 IR, 22 SR BE 320 ~2500 [T & TD b DWW TET

e o8

BRESE 79 B B
(e} 364 1750~ 2800
m so~704 200~700
(1) L5~ L7 4% 320~932
(W) (k%) 5.04% 600 o o
. B KU
O ]
] - (7 2778 - VaOs 302) 5 A raver

Jv-

%) BEOSGoN

wAg V0. Miticis 1) AR L FUSRE
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46 N B OE B

ol R B AR OM Th 5, ZCREI LT, SRIME 320 0o EomL, B
B0 EEIE R 600°C I TR 20% O B v E VB OB EIREE, 958% 0T vF e ¥
DA R L IH), RRZEREEA L, NREMURH 430°Creiy, THEETHIVR
VEBDBKINE 32%, FNF e PR ANVEVBRFEREAD & SCR/MNREELRL, E10AT
B AR L D), v E v EBORIFEGOENE L, B 2 0fEaK 14.2% o CO, 155
% DCO BIUN, DM THD, ANVHEVEE, TNVFe FOFEIMI LT &AL, 12
T, ZOWLWHRBIEE AELRLE LBRARRE 2T 2, (IV) o, AV FEYERO
ik 60% BEC, 7VFe FOIRE 7~8% HHEo & 0t bh, I WiERERLTWw,
C OB TTELS E, KER (ki) 014458 410°C [T b h, CO, #59.0%,
CO230% Th 2, o TAREXK LY, —~COOH OFMMNEIEI N T2 DRURIET S L,
% 7o R—COH 044 R—HA4-CO 0 SN AT ST 2 DRG0,
(o%) REMIEE (MoO,/V.0.=%)

KERTR R EE R AN 2.2~85 1, [ 800~1800 o FEf T, EHMA L L TE,
ARG MoQ,: V,0,=264:34:28 (gkh) Db D%V, FVKYBEIUOTVT L FOR
e FISRE 2 OBREE 5 FITRT, $5MTHsm, ERE/Ns44 AL <ld, 7w
F e FOERDOEN AV R VEBOER X b AT 400°C a8 Wi S S BRE R L, #H A

_mmaL
MR o Rt
(1) 85 i 800
{11) 4.0 2100
(1) 2.2~2.8 (% 1000~ 1200

( 127 1 MoO, : V-:Os)
264g:34g:28g

W
T i Qo= »rHEUE

ol A== 7 g
EE
o
5
(=42
KRR
)
i 20 %
®
%

10

@ (g}
P 5 -\\
Do oSl m=cae Woreewns o Puacnd monsssnasnovsnana ., D (15)
0 . P oeommnoe gasmonaflapa({l) . N
%0 400 ) ) 500 o00

— R I & K (°C)

% 5 @ ﬂ%ﬁﬂi%ﬂﬁtﬁmﬁﬁ (MOOs/Vz(.—)s#%)
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i CO,10.0%, CO183% wRLTnw5a, Lo LIERENLRE AT IIConT, (II) oy,
LB 40 T, T0CCHETANV EYEORENRELERD (§13%), D & v L &3
BWARL, 7rvFe FodlRidde ey, HAagitoiERs M) k&L, CO,89%, CO
235% oin, —COOH o4& iEMksn, —COH OSMA AL Tnwd, F 72858 8.0
DM KIC L, TERERE 2 RIS, VR RO BT (19 15%) R 400~410°C
WS BE T 528 To7e PR AN X v s Eb ek, #28b CO,54%, CO22.1
7 B ILE 5, 1620, BEBMC L OTCHEREY 4~8 g, ISERERMETL, 7
VERYVEBOREN LA INTL 5T ea3ioi,
(=) MoQ,/V,0, tk& i

TREME (N OB L D, 4~95 FEE T, e 1700~2800, JTIGEE 390~410°C
MO OFIP T M0O,: VO, DE VB A 2 T ok iR, ToIVKYBEIOTVFEF
DI 2 MoO,/V,0, ® & v Hh & BB A8 6 iz R,

O AN (L) AV) e Fh & AE R A 725 0 A =20:02 DE&THRML2HEF T IR,
MoO;/V,04 BT o v K VRO BARFE R L T 5, 0L O REREMMEL K 258
T, MoO,/V,.0; 73 0~% # TORRZABICH R L Tninlnzs, flio 10, 110D, (IV)TiE, *%
DENVIEDHEIRCHLIC N0, SR IVEVEBORREROLE, 7TVF e PN
MO RDIRE R LT n D, $607T MoO,:V,0,=2:3 ¢, REXBMOHBEC, HNVKEY
BOGEEIEL, 7VFe FOGEOBALTWIC Ed, cOXE D 7250 CO,75%,
CO 2559, DR L 53072,

&~

AR

HREmx EHaE B i & K
(1) 95 % 1700 400~416°C
(m) 40 & 1700 390°C
(m) 40 #% 2800 400°C

I (air: kK =20£:02¢)
(W) 7~9 ff 1700~2000 370°C

Q——0 »rErBONE

A=\ 7W7r FOIRB

i R A
(%) HE‘SBSJ_&‘;& —

{1)

O ()

(my

. ’“-“___2(1\7)
533 :iaifv\w-*s_s&ﬁc:-ﬁ:;;;g .
10 15

— MoOyfVeOs = & i
%6 MoOy/V:0s I & U %

“n



48 VNN A

(k) Cd(VO,), # %

TR 4.0~6.0 B X CORBETEMOEE, ZERIHE 550~1900 O@FE O BEIT s\ T
CA(VO,), il il 7o 8 O RUTIRE & R 2 ORI 8 7 RICR ¥, BHERH-TF, HER
10mesh ® $ DFFHW, cORERIEHEEYHWEES 2BEY — VRO 4 D%

EHAH G T 5720, MREOSORHWER»DHk, Z0HEOQIDAD Wik, v EY
AR TEANES

BRI EE 400~420°C T 5 < &, F o (HI) B AR X B HIN L 78

AT,
W£V@%JU7W?Ek®$&%@ﬂDi@%%bf##Kﬁf&5

o A AGHTORER

CO. (60) (afE)
(1} 13.3% 21.4%
(1) 10.22 22.7%
(1) 85% 20.0%
ML OB LAV R YEBOFREE LD EN S BTN 5
EREER ‘
HRERE EHARE
(1) 45 & 550~66C

(1) 60 &% 800~ 1000
() 40 & 1800~ 1500
(KD air: KEEZ
=20¢:0.15¢

10

) RO Guate —

— K5 # E {0

g7 Cd(VO), M SIS & I

(~) Ca(VO,, fid 1

HEEY T, 10mesh BEORE I LT\, Ca(VO,), i o154

&, ERE L 2.8~7.0
JeRAHE 1980~2370 o 4H I <,

ANVEVEE, TNTe FORELRIGEELOBRBIZDWT
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B8 TRING,

Tes b (28 42) oBa Dk, » Vv EYBOREEL, & 1% P C SSE R
4%~MWCT%D,it?WftF@%%2%6%ﬁ?°%ﬁ%ﬁk%k,%m,ﬂWﬁV@
DREREAL, FVFe FRRPL, *oREROBGRA ) o & ADI) OHf & o
TR B4, FORFRINEE Sz 5 RKIGHER 400°0C IR Chb b 2 3T 56, LAL,
V,0, MithtiE, V,0, % Lot MoO, RGEECIE L, AV K YBMORRIRGED L DE
HAGITRERDL D b

CO; Co
(1} 30.02 25%

CO, BIFEI AL, —RCOOH 04 fia L Twa o 2nvid b, Tiabb CalVO,), B
V,0,+Ca0 iz ko, V,0, 1% R—CHSP—Z}R—-COOH oYL, CaO i3 R—COOH—
R—H+CO, FAZHHEL TH 2RICHEREIN D,

EREE R -
ERERE LR
(1} 5.5 3 1625~ 1950
() 108 2000
(1) 28 & 2370
A
4 “w
z ,* Ses
'.0 ‘...A..
o I 4,
" QQ
T
s
7H ,é *
Wi Ed Quen(} arwom pa
7# 16 J .,
L= rd Qoem s, 77 F o,
FE K N
2w s (1)
id 1 K
= Fd
— g "
:,/: 12 7
a O
105 \
o]

\
\
|
/

B \@ ‘Q(I)

5 / 7 \~. \
e L (11}
o .- AAV& A ﬁ\.~ ..... A (s
4 & -
x/ \(E)

commarntnucnnowenis () cscrcary | .

a (‘—"p, P N N N . ' .

300 400 R
— K5 & & 0

B8 CalVOy) MIRRGIRE & U

[4] RISHE @GNPHER)
ﬁ@ﬁ%i@VﬁpVﬂﬁﬁhQ,f?ﬂ%?HPﬁ%ﬁKié%%w9v®§ﬁ%%@
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50 N OB OB

i, BeofdEthaZz, BIRFBLC X 2T, FF VU VBRI Y v-2-7 ¥ F L Fi
BohRhicoT, cnboRnoid 5 k%, Nernst OFELIRIC X o TREEES A EHE L,
RL7,

¥ v-2-7 T FORLREGE

(1) ©©—0H3+02 = @@-COH-%HZO AH s = —96100 cal/mol
N N

+96.1 keal/mol

PV VEOBLREGE

() @@—CH;H—%OZ = </\’©_COOH+HZO AH fs = —165900 cal/mol
N N
-1-165.9 keal/mol

¥/ ) voRLRLYE

() @ —CH;+30, = @@»z-coz-%Hzo 4HS, = —154300 cal/mol
N N
-+154.3 keal/mol
st ftoBs
(av) ©©'—0H3+’302 = 10C0+ N2+ 3 H:0 A4H s = —1277100 cal/mol
N

--1277.1 keal/mol

log Kp = — {0k 4175 52 nylog T+ Xn,C

[KP : SI;‘%‘[\E%C AHZDQS . %%Q/E’\E: an : );JE&% k}jﬁ% e D mol g‘&@;‘g}
T:HSRE  Cp WIRMRER

R GWCEREER S RE 2 0fFRE2 R

(1) logKp= 4ol 1073, 1@:§Z§3
m)bﬂﬂ=£%%%4mm@fwm lgzig%%%

(1) bgA}::7§¥%%2+0851%;T+254 K}::fg%g%%ég;z
(1v) wgﬁ}=:%é¥%%3+394mgzt+1az Kp = “%%ﬁgfiggﬁffpwﬂ

Lied, PREJEXRL, FPEL0WEEEL, QD: rrvyvy, QL ¥/ ) v,
QA: /7y v7FrFer, QC: ¥ F vy vBE Bkt 3,
(50
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SEMTER A THENE 2R FRRHICH WO N AREERH R 2L, BlELk 2,

g 1 =%
— . —— [ Tﬂ - S
log K7 300 | 400 ‘ 500 L 600 L 700 % 800 ’ 900
(1) 70.7 53.7 ‘ 26 | 387 | s07 | s | 240
(1r) 118.1 88.2 69.9 57.8 ) 48.8 [ 420 | 303
() 116.6 89.0 ] 72.3 61.3 | 523 472 | 435
(Iv) 957.9 725.4 } 565.8 492.1 ‘ 1264 | 3766 ‘ 336.8

CDFETEHEIL, log Kp i 300~900 K FEEDFE CIE (+) TTHFRTH Y, cORIE
NENZREC R TH L &3 F 5, L VERECHEMERIEI R 250, —FRIGHEEN
INETR D DT, TORKDWTE, BEBoOEEELE TERIMEY A CHE L 2 EE
T 5 2RI T & L HEZTEIN 5,

F e VO, BEH & LTk, V,0, Mg 1% 400°C [0 TR R LT FF VUV ER
LT, PHVFE PEICTA VK VEBMEDPRNRLHREL E2B L Th, ROZERFEET S
horEzbhb

V.0, T2 V,0,+40,

EioAZARAFF— PHEEDODWTY, 2221 CatEaplic s 3 2

Ca(VO,), —>» Ca0-V,0, > Ca0-V,0,+40,
ThDLERINL,

(8] #& B

(U fmfiici, svEyBOAEKBIFEAE 420~450°C, EHRTERED 5~T %, T
F b FORFEFEEEE, 420°0C KR, Migex g 28 fHEETh 5,

2) V,0, fin B

Uy AR VERIZ 410°C T, ARER X AV, BEHRZKREO D ERE, ZSHEE 600 o
GRRIFRERY S 2 5,

(@) 420°C I Lo cld, BHRETREDO T~8EThoTdh, TVF FAHMAkT 20

(3) MoO, = V,0, » D&k

W) 400°C M5, HMBRLEREO 2EREECE, 7rvie VERAKRTL L,

(@) 400°C F3T, FIERE 8B TR, ANV K YBOERNKTE S,

(4) MoO,/V,0,=% ®lh, 25%:7Kk=20:02, 410~400°C DB, 7V K vERZ BRI
GO



52 N OB B3

|

b

75.’ 24
5) CA(VO,), it 410°C Wi, Zofisipe 1800 B R B4 o2 &, ANV K VEOD
WRARF T 5,

6) CalVO,), TlZ, (4)ZHRBNTR, 7VF e FER 400C BT CRETHY, NV

el

Py

o

RyYBE/ ks, (0)BRERTIE, FOBERED, (D) BHCERERTHIE, #VE
VBB OGS ER R,

0y BIEGICF IV YOBBICEOT, ¥/ Vv, FFNMFTeF, FFNMYVEER
DI EET B T NG B,
BB 2 2B R T AR NEEE, BRALELR, EHo ey
Lhﬁﬁa:ﬁmﬁﬁmﬁéﬁb,ﬁ%mxﬁ%mo%%%@h%ﬁwtgiﬁ%ﬁ%%xﬁ
ReBEREEBHOBEET,

(HEFn 32 4 4 A HAR g a4 2 23 )
(FA%0 33 424 A 30 H32H)
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54 R A
— =
. _ | ) | ~COOH 4
FFov - i HE D KOKZER) o e | B A e . ,
wra | B W) BT | PUSRE | oo og ~’EF”?M’Z @ﬁ%‘ﬁ%@
i c.c. ok
{g/hr) (hr) ‘(%»ﬂﬂ (e.e.) (c.c./hr) C) 2/hr) mﬂkxj\ﬂi ERE
1 3.4 1| Me0::Vi0s g - 370 50 625 12,50
2 6.2 1| MoOuiViOs 4y — 400 67.5 575 8.85
3 48 1 MoOeiViOs 1057 — 400 40 378 7.08
4 11.0 1 M°O§f§205 30.9 - 450 30 969 2.32
5 11.8 1 M°OSfV205 31.0 - 410 40 1290 2.76
V205 4., 14g 1 .
6 7.4 1| g es s 460 65 472 747
; V.05 4.14g -
7 5.3 R g} 138 425 40 289 6.42
8 7.8 1 }éz% 2:325}' 59.0 — 410 55 932 5.99 |
V.0; 2.3621 _
9 1.1 1| g2 eils0 600 20 g0 | 152
V,05 2.05¢)
10 46 1| e ieles | 100 410 30 602 5.50
V205 0. 46g o
24 5.1 1| gl 49g}14.3 480 25 1750 416
V.0 04621 - .
25 10.0 1| %l 49g} 370 40 2800 3.50
V205 0.46g} _—
26 10.4 1 HL 0.49¢ 14.3 400 40 2800 3.28
V,05 1.352
4 a6 1| R 1EBlasa | 100 380 27.8 612 5.00
V05 1.35¢
42 46 1| Y013 }45.4 98 480 27.8 612 5.00
V.05 2. 30@} B
43 1.1 1| e 2N0elsg e 550 20 340 1.52
. V05 2.30g .
i 11.0 1|y Z.OOg%58.8 620 20 340 1.52
V.05 0.372 _
45 5.1 1| g2 oareles 525 216 1756 3.60
VzOs 2.31g] S 5
46 7.8 1| e siigiseo 390 55 92 | 5%
V205 0.37g‘
59 46 1| g0 4Sg}ms 200 370 20 1620 9.48
15 5.3 1| MOVl 54 908 390 25 1620 4.00
|
16 1.8 1 M°Oz3§;’205 154 | 174 370 20 1620 9.48
17 8.4 1| MoOu¥iOs 158 | 184 380 25 1815 | 253

(54)




F v o DR IE L 55
== No. 1.
| | .
—COH 4 ~COOH | _~oop | —COH | o (30 73 %%)
RICHT 5 | REGEY | (*7 v safamaey | Y ey [ "
apnEi (57 4) otz 50 W TR 0o, | g0 | M %
S e B !
LR (g) (%) @ 1 (= | (% (%) e
% 4 19.36(g)
18.70 0 0.206 4.80 0.024 0.64 15 65 | MoQ; 252(g)
V0,  2.09(g)
B A 27.60(g)
13.25 0 0.338 420 0.015 0.24 2.5 15 | MoOs; 3.46 (g)
V0, 2.86(g)
B’ o 264 (g
10.62 0.050 0.890 15.00 0.005 0.95 5.4 22,1 | MoO; 3.46(g)
V0s  2.86(g)
! % &5 5.32(g)
3.47 0.080 0.252 1.90 1.551 12.90 75 16 | MoOs 0.70(g)
VzOs 0.577 (g)
®a 532(g)
4.32 0.396 0.874 6.10 3.723 28.90 8.5 15 | MoO; 0.70(g)
| V05 0577 (g)
11.20 0.041 0.209 2.30 4,119 31.80 8.05 20.0
9.60 0.035 2.100 32.80 0.294 5.05 10 20
9.00 0.962 1.350 14.30 0.947 11.20 14.2 15.5
2.30 1.236 2.710 20.20 6300 | 5220 15.4 11.6
8.35 0.035 3.290 59.30 0.385 7.60 9.0 23.0
6.25 0.050 0.720 11.70 0.020 1.76 6.7 20.0
5.10 0.020 0.430 3.97 0.010 0.09 705 | 1850
490 | 0010 0.540 4.64 i 0.020 | 017 9.0 13.5
7.72 trace 2780 5000 | 0379 | 750 1.0 | 175
7.72 trace 2.920 52.50 0.374 7.40 14.0 10.0
2.30 trace 2.090 15.50 4,870 40.00 14.7 1¢.0
2.32 trace 2.180 18.00 5.680 47.00 10.0 12,5
5.40 trace 0.680 11.00 0.140 2.50 12.5 10.0
8.94 0 0.230 2.50 0.420 5.10 75 12.5
14.15 trace 0.550 10.00 0.302 6.00 7.5 15.0
‘ A 3.32(g)
6.05 0.070 0.354 5.40 0233 | 4.00 7.0 195 | MoO; 1.52(g)
i V205 1.40 (g)
B A AT ()
14.20 0.023 0.748 34.40 0.002 0.10 65 215 | MoO;  1.07(2)
Vzos 2.05 (g)
B A 237
3.80 0.104 0.192 1,50 0.042 0.46 8.0 200 | MoO; 1.07(g)
l V0, 1.02(g)

(55)




56 N I
-~ &
| (z/hr) (he) | (evH) (e.cl) {e.c./hr) °C) (¢/hr) (hrfe.c.)!

20 | 211 1| MoOsiViOs 4y 5 — 400 84 5880 3.40
21 7.9 1| MoOn¥0s 445 — 470 30 2100 3.22
22 3.3 1| MoOu¥ 05 159 — 370 30 1880 7.72
23 2.4 1| MoO:¥0s 45 — 370 25 2030 8.5
47 11.8 1 MoOa¥0 510 — 375 40 1290 2.76
48 7.9 1| MoOuV0s 4y — 410 30 2100 3.22
49 7.9 1| Mo0aiViOs 4y 9 — 470 30 2100 3.22
50 7.9 1| MoO:v0s 449 — 550 30 2100 3.22
51 11.8 1 MOO;;XZOS 310 — 400 40 1290 2.76
52 11.0 1| Mo0ai¥a0s g0 — 450 30 969 2.32
53 1.8 1| MoOui¥eOs 155 | 200 400 20 1620 9.8
54 1.8 1 MoOu¥:Os g9 1 200 370 20 1620 9.48
55 5.3 1| MoOu¥Vi0s g9 | 250 400 25 2800 3.28
56 5.3 1| MoOu¥aOs y5q | 250 390 25 1620 400
57 79 | 1| MoOa¥Osyu5 | 300 400 30 2100 3.2
12 8.1 1 W — 370 25 — 2.62
13 8.1 1 M B — 420 25 — 2.62
14 99 | 1 WO - 470 25 — 2.15
27 3.2 1 AR B — 450 20 — 5.32
28 35 1 oM - 380 20 — 485
29 6.6 1 EUID L S — 300 25 — 3.22
30 45 1 B I — 530 25 — 472
37 35 1 oM — 380 28.8 — 7.00

(56)




F oV o DM 57
= No. 2.
_COH £ —COOH | _ | ~com | _ (30 534%)
o e 21 PP W oco, | CO i 5
I 20 g A B
Ha=ESE (g (&) (%) @ (%) (%) | (2)
B A 237
498 0.050 1.420 5.58 0.140 0.59 6.1 203 | MoO; 1.07(g)
V.05 1.02(g)
485 0.010 1.240 13.00 0.020 0.23 6.6 225
11.55 trace 0.240 6.00 0.150 426 6.0 24.0
13.25 trace 0.320 11.00 0.160 6.18 7.5 16.0
412 0 0.640 450 1.615 12.50 7.0 115
481 0.010 0.700 7.50 0.216 2.50 9.0 195
481 0.020 1.240 13.00 0.217 2,50 65 20.0
481 0.010 0.860 9.00 0.226 2.60 9.0 215
4.12 0.030 0.855 6.00 3.640 28.00 8.0 18.0
3.46 0.020 0.331 2.50 1.510 12,50 7.5 17.0
B A 4.75(g)
14.15 0.010 0.817 37.50 0.049 2,50 6.5 200 | MoO, 1.07(g)
V0s 2.05 (g)
14.15 trace 0.739 34.00 0.039 2.00 7.0 25.5
4.64 trace 1.666 26.00 0.116 2.00 8.0 26.5
B A 237 (g)
5.65 trace 0.641 10.00 0.232 4.00 85 175 | MoO; 1.07 (2)
V.05 1.022(g)
481 trace 0.76 8.00 0.867 .00 | 10.0 18.4
3.95 0.158 0.298 3.30 0.319 3.80 8.0 20.0
|
3.95 2.319 0.272 2.76 0.537 417 8.5 21.0
321 1.718 0 0 0.192 177 7.0 195
7.95 0.010 0.23 5.95 0.04 1.21 7.1 27.9
7.26 0.010 0.17 4.02 0.02 0.53 6.0 24.5
4.85 0.020 0.20 2.50 0.03 0.41 5.4 18.1
7.10 trace 0.03 0.56 0.01 0.21 5.4 21.6
10.80 trace 0.217 5.00 0.040 1.20 85 19.0

D




58 N BB
- %
ke | —COOH %
F YU e o fl 1ot 1 /K(K?é%%) ; 5 i g R S T V7
wias |FM mm omm | mbag | DSRE g g g  EHEER | RO S
: c.c./ ﬁtf%gifﬁéﬁé
(g/tr) | (br) | (208 (ee) {cenr) | Q) (¢/hr) (hr)c.c) | AR
38 8.1 1 O I — 420 68.5 — 7.00
39 8.0 1 moomh B — 460 67.8 — 7.00
40 3.5 1 &AL — 340 21.2 — 5.00
11 64 | 1 | G0VOk q50 1 15 400 30 1875 3.98
. t=1
34 5.2 1| (‘;053;‘5 455 — 340 25 550 482
35 6.1 1 | Cd (‘g%)g% 455 — 500 30 660 418
36 4.1 1 | ¢ @992 37.8 - 410 30 795 6.21
5g
60 6.4 p | ©d %%325 16.0 115 340 30 1875 3.98
i =
61 6.4 1 Cd (‘;%3;; 16.0 115 500 30 1875 3.98
62 4.1 1 Gd (‘g%a)gz 37.8 — 340 30 795 6.21
63 4.1 1 Cd “gsgz%f 37.8 — 500 30 795 6.21
64 5.2 1 | @ (‘205325 455 — 440 25 550 4.82
65 11.0 1 | CalVOde 4o, — 320 35 2370 2.61
72¢g
66 11.0 1| @ (‘;%3;’5 15.4 — 520 35 2370 2.51
67 5.0 1 | CalVOdz 4, — 320 25 1625 5.50
50g
68 5.0 1 | Ca (‘;3825 13.7 — 320 7.4 2000 7.00
69 5.0 1 | Ca (YSOOSg 137 — 400 27.4 2000 7.00
70 5.0 1 | Ca (‘200325, 13.7 — 490 27.4 2000 7.90
19 11.0 1 Ca(ViOl 45,4 — 400 35 2370 2.61
72g
31 5.0 1 Ca(xg%a)z 15.4 — 300 25 1625 4.25
6g
32 42 1 | Ca (‘g%s)z 15.4 — 400 30 1950 6.08
£g
33 4.4 1 CalVOsl 45, — 510 | 30 1950 5.80
6.4¢g |
18 5.9 1 Cu(\;(?;g 15.4 - 430 35 2370 5.05
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= No. 3
RSt | RS | —coon | PO | —com | G0
= (o ‘/Fﬁ) BORER) o B R) co, | Co P

HAESE (g (g) (26) (2 2 | ) | (%)
10.80 trace | 0.568 5.80 0.143 1.60 90 | 165
10.80 trace | 0.446 4,60 0.114 1.30 35 100
772 trace | 0.020 0.60 0.057 0.5 | 100 | 142
6.00 01089 | 2.170 28.00 1343 19.70 85 | 230
6.13 0.010 0.24 3.82 0.050 0.88 80 | 182
6.27 trace | 0.36 4.90 0.020 030 | 103 | 156
9.30 trace | 0.41 8.28 0.220 491 74 | 182
5.64 trace | 0.526 12.00 0.562 2.00 80 | 195
5.64 0.010 0.930 12.00 1.120 16.00 77 . 200
8.80 0.510 0.298 5.00 0.090 2.00 70 | 175
8.80 trace | 0.347 7.00 0.090 2.00 70 | 180
6.80 trace | 0.378 6.00 0.119 2.10 75 | 145
3.69 0010 | trace — 1.330 11.00 2.9 5.0
3.69 trace trace - 1.800 15.00 12,5 15.2
7.80 trace | 0.394 6.50 0.209 380 | 100 | 185
9.90 trace = 0.30 5.0 0.109 2.0 105 | 19.0
[ 990 trace 053 8.8 0.385 7.0 70 | 175
9.90 trace : 0.39 65 0.219 40 100 150
4.05 05012 | 0.055 0.41 2.804 2320 | 300 2.5
6.37 trace | 0.290 4.80 0.150 276 | 103 | 186
9.10 trace |  0.540 10,70 0.260 5.41 85 | 162
8.70 trace | 0.399 7.32 0.240 5.02 74 | 186
7.18 0.1670 | 0.061 0.87 0.010 0.15 — -
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On the Air Vapor Phase Oxidation of Isoguinoline

Fujio Komatsu

Abstract

In relation to the air catalytic vapor phase oxidation of Quinoline, to utilize
the high temperature tar bases, the air vapor phase oxidation of isoquinoline with-
out or with catalysts was carried out. The main- and by-products were cinchome-
ronic acid as the materials of isonicotinic acid, and phthalic acid or pyridine. In
general, in non eatalytic oxidation, maximum yield of cinchomeronic acid was 349,
and in catalytic oxidation, vanadium pentoxide and molybdenum trioxide with pumice
stone as carrier were not so catalytic. Mixtures of vanadium pentoxide and mol-
ybdenum trioxide with pumice stone ag carrier were effective to produce pyridine,
maximum yield of pyridine was 48% in optimum conditions which space velocity
was 42000 c.c/c.chr and air theoretical flow velocity, 9 at 400°C, and so catalytic that
decarboxylation of cinchomeronic acid had happened. Mixtures of vanadium pen-
toxide and tin dioxide catalyst with pumice stone were more effective to produce
cinchomeronie acid than other catalysts had carried out, maximum yield, 47% at
400°C, by air theoretical flow velocity, 6, space velocity, 21000~28000, and for reac-
tion time 1~2 hr.

Furthermore, calculated the equilibrium constant, using the Nernst’s approximate
equation and free energy, to produce those from isoquinoline by oxidation, it was
showed for this reaction to be possible thermo-dynamically.
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1) Francis E. Cislak and Wm. R. Wheeler: US,, 2,396,457, Mar. 12 (1946); Max B. Mueller :
U.S., 2,436,660, Feb. 24 (1948); Max B. Mueller: U.S., 2,449,906, Sept. 21 (1948); Wilhelm
Mathes: Chem. Ber. 84, 452 (1951); /NRBEE : BILADHR, F 1%, £ 35, 337 (1952); Max
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(1955); Gene Nowlin: U.S., 2,749,350, June 5 (1956).

61)



62 AN O

FABFFRIC DT A T, FC o b OBLFH OmMZEE, T OmAaRI® 2%\
R wEOTE, FOWMRAE AT bR, O TAERTE, By — Vi
HORMAO e LT, RECERLE-F /I vOREBIY I3 ) vy $ield=aF VB
(B4 73 vy BERTFHME ofik: 0B TR, T CREHEy — VIEEEMS X v
FHE LBk 4 v 2 ) ) vOLETEILC LI 0T, R LTA Y =aF vBEOFE F03
T/ —evyatuar{d viEEY OFBELTCOY Yy 2 vEEERRE Y vy ERE
NETHEDLDOBEOTKR, 350~550°C 0o UGIRERME T, W\MEXTE, MEE LD
ST RN O ThD, RV Yy I AT VYEBOEE? RELS B0, WFRLEHEEEN
FC, TEOFE TR TuiWERES 2, 4V & /7Y Y OBHEBAY w2 TRET
Tl T B0, HBL2OEENELN TR, EFRAMBRMOLTE, BT hbiT
Wiel, SETT b ivic AL TR, Sn(VO,),+39n0, BEMB A B LIS X b 0%
o7 8as, MR L D42/ vy vy 2 Aa vBBOERY AL, %% Mo0,+V,0, &
e BROCHEIeLbOTE, I vrekrabaARTs o2 lilcoT, Bao
A AV e BE S L O REAEMC B0 2\ TEAEN, FOSERE, S0 TRE, BS
Fil7 YolRF s L TR E R~ 2 L e, oMl Tl, vvyato v, T8 -
VR, BV VY QRO TH D C Lk, Nernst's O BIRD, WO hERET AV X~ X

2) Stix and Bulgalsch: Ber. 65, B 11 (1932); Wood Ward, Badgett and Kaufman: LE.C., 36,
544 (1944); Francis E. Cislak and Wm. R. Wheeler (to Reily Tar & Chem. Corp.): U.S.,
2,396,457, Mar. 12 (1946); Max B. Mueller: U.S., 2,436,660, Feb. 24 (1948); Max B. Mueller :
US., 2,448, 906, Sept. 21 (1948); Elderfield : Heterocyclic Compounds, 397-616 (1950); Edwin
Plazek and Helena Kozdrojowna : Rocezniki Chem., 25, 509-13 (1951); Max B. Mueller: U.S,,
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7) Jamuna D. Tewari: J. Chem. Soc. 1642 (1929); Mayer: Monat. 13, 350; Ahrens: Ber. 29,
2997, Oechsner de Coninck: A. Ch. [5], 27, 491; Hoogewerfl, Van Dorf : Rec. 4, 285 (Ree.
trav. chim.); Weidel V. Schmidt: Ber. 12, 1152; Hoogewerff, V.D.: Rec. trav. chim. 2,
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DRDIPHIEI Kp 2056, BUFEHCHETHE L E2R<3,

I. = % o &

1. EREE
M 7= &

MICERL TR IEdhioT, 4/#/)va?“ak@méé@m%?@ﬁ@5t®m
EREEFEIX O 2H T, FREEECST 2882 0hr) 2 4 V%7 ) vy OERE (gr/hr)
a@%%%%%mmx@t®ﬁ%1§umf%o<, IRIEEDTCAVF 7 v EERBED
BEHILZREL -
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1ig=

Ed
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—— EEBEEE @h
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hm

AEBROEEIWIN @RI ARIE, &, deAhic=oar<yi3 s x)
VIR I DTTEER, WML D Ry B ADTL ARG Lk, RISE~%bRE, K
IE RIS A GHERCAD, —RArFy Y FR L, HRAGFIN, B
15% BRI 2 AN To I AR Y, WM 22, BEREEYEeT o0k, B
R ARTCRBER D A, RBIEEA AL L TETOLRE, ARSI #25cm, BX
1m oREELRMERL,
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55
5%
A

5
o

RS
R

7
R

=
K

L B 4

A B =
& ¢ H H
A S K& D ryz)vi G B I oAug
B Vog—jy—y E RiEaE H % W (H2S04 i)
C & # Py

T oo R
EIR @ X B & B

2 R B

U] AEBRICHWRA Y * /) vid, ELESGEME/ENTICE W TEEIRLL DT, ¥4
20~-241°C iy Db O AW B LCFHSHY Licb oL, FRARBLOZH DL OEH
Wiz,

(=) i 25 B Ok

(i) Sn(VO,),+3Sn0,

AIAFUVEETvEY, HABEIZGEIRFRL120 =050 b, 200cc OEBEKIZ
VIR X b D% 5~10 mesh OEUF 100 cc (23.8 2) W fif 7 & 4, ZFEAME L 727% 450°C T2
RAHRDTC, ZRHHL THET 5,

(i) Sn(VO,),+Sn0,

AZAF VBT vEY, BILEZGE N FR 1200 =0, 1400 =50 b, 200 ce
DFHERWRC IR X2, 5~10mesh A 10cc(24 ) WIZE S 2, 43 (1) 084 L BT ik
ThET B,

(i) MoO,+V,0,

AZRFOVBT vV, ~TIE)TTFVBMTvEVEENEFNLL0g S DL b, 500cc
DEWACERL, 10~20mesh 0B F 18 g #inx, FEFEWIEL, 450°C -z L T NH,,
H,O i Ciig+ 3,

{iv) MoO,

~TEEYTFVEET v EY R 20g L, 500cc DEBEAKCEML, 10~20 mesh O#F
Bgainz, FAFEELMEL Ik, 450°C Tl L Thl4 2,

(v) V.0,

(64)



4 VR LOESEMN 65

AIRF VT vevE20gr b, BT 0v) E R A FETlT 3,

3. 4 W H &
GRTTRARELIRCRIN TR LD, RTERPREEY —2 10X b, Zos B
WL, B olEHehEaELR RECHRL, ERERELLS FOMKYy pH3.6
~3BHHED LThb, 60~70°CIifed, R 60~T70°C i if o & i - HEES 4R A TV %
T2 5, COMBEUCILEE, vy a Ao vBEHE 75— VEBEHTHLY, ChiyiEE

5 1 =
B R Y
l»7wwuﬂﬁ,%ﬁﬁ4
{ T
B Y FRIAN
"z = L e
lr B R
<t DS
4 uxEsyy)
{ o4
w W W (R
PH 3.6~3.8 iC %
(g1 A
\ i [ N
(R RTPa)
i 7K
77777 Bifb 7GR
) 1
wOW oo
i I
el ] 1 \
ieﬁ & il B’
. (75 B L ail
iﬁ m s ' ———
(v>2 20 i) lé Gl o 8
N 8.387% (Ber) i b
C7H504N [ . ¥
N 8.02% (Gef) l A
%%ﬁﬁ

(viraxw o8B

(C 57.83 H 3.64 (Ber)
|C 58.07 H 3.66 (Gef)

11) Max B. Mueller: U.S, 2,513,099, June 27 (1950).
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TELLE, WARTNZ THEMIE, HRELYEL CHAAL BRI S CENT 2, ToR
WE—EBEI RS, WAL CEBL, vy a o vBEhBre: LThviatg, EE
wWlE, BREBELCIT S~ VBT, —FRS e MO TFIChL 75— vBR, vV 3
AU YERHEE SN T E07T, TGy C7 5~ vk RiHL, To%k, 4%
EEOMBHERY ML T vy aiavBemBl, TREFNBEREEL (B8R T2,
VyaiuyBREylt T BOMEORBEY 10% BRI TS, B EELLIREEL
T, §4 A VDT DB AT AT O, 4% BECREA A VB THITRBAY
BEND N LRG0T, B, T8 ~NEE, VY a2 Ao vEBBOTNESNERLHEE LA

EES IR,

L. = B & &

AR TIAFILC, Iehidie L OSBRI GR 3,

Lo 9% mh i BR 4k
HERENBRL vy 2 i u BB L 0T 5~ vBOWHE L OFHERLICOTH 2N TH
%, 350°C, 400°C, 450°C 1o &M THE, 2~4dghr T2 & /2 DT, D HT
EBEERIERCE O TERR L1,

T R Bt
(g/hr) ()
1 3.6~4.0 350
@) 2 400
{3 3.6~4.
0@ & 4.0 450
Caumem () oo an P23 0y
[ 30 §° Amzsmenpy 55 5 WO
%
. . \f)
5 LY o]
"%
= ey}
20 g CY (1)
N .
LS A
(%) £
g - %o 2
® o
LY
. b2 By,
8 (3
0 ) [N 3 g ' Yy el
4 5 8 7 8 9 10

— A@EEL

s 2 bRy o 2 n VR T & — VBN & BRI K R
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[—E#* No. I]

T " P — i . | |
(ghr) | (br) | O | (@) mEsE AR (%) | () | (g/r) | (g/he)
1 ‘ 3.6 1 | 350 r 140.5 10.0 ’ 1.24 17.5 ‘ 8.0 0.820 0.372
2 3.5 i 330 126.2 9.0 6.51 205 10.5 0.960 1 0.487
*3 3.6 1 330 81.4 5.8 4.20 168.5 22.0 0.774 1.220
4 3.8 1 350 71.0 4.8 3.47 15.5 5.5 0.7656 0.271
5 4.0 1 350 60.7 3.9 2.82 14.0 10.0 0.726 0.515
6 2.0 1 400 79.5 10.2 7.37 25.0 | 125 0.650 0.322
7 2.0 1 400 69.5 8.9 65.43 ; 29.0 21.5 0.705 {0.655
8 2.0 i ! 490 59.2 | 7.6 5.50 . 325 ‘ 315 0.845 0.812
*9 2.0 1 400 50.7 6.5 470 245 | 255 0.637 0.677
10 20 1 400 35.0 4.5 3.26 17.0 10.0 0.442 0.253
11 2.0 J 1 400 30.4 3.9 2.82 155 50 | 0.420 0.129
*12 3.6 l i 450 106.8 7.5 5.50 7.5 11.0 0.350 0.510
*13 4.0 ’ 1 450 95.2 6.1 4.52 22.0 17.5 1.142 0.905
14 3.6 1 450 53.0 4.5 3.26 20.0 24.5 1.040 1.155
15 3.8 1 450 ' 579 3.9 2.82 17.5 18.5 0.865 0.905
16 4.0 i 450 54.5 3.5 2.53 125 15.0 0.650 0.775
17 1.0 1 400 29.5 7.6 5.50 32.5 ‘ 31.0 0.423 0.400
18 3.0 1 400 89.0 7.6 5.50 31.8 30.0 1.240 1.160
*19 4.2 1 400 124.8 7.5 5.50 315 29.5 1.740 1.595
20 5.9 1 400 174.8 7.6 5.50 31.2 29.5 2320 2.240
21 1.5 1 350 | 27.5 4,7 : 3.40 14.5 9.5 0.283 0.184
22 2.6 1 350 47.2 4.7 3.40 14.0 9.5 0.473 0.350
23 3.0 1 350 53.0 4.7 3.40 13.5 9.0 0.527 0.347
24 5.0 i 350 91.5 4.7 3.40 13.0 9.0 0.845 0.580
25 5.9 i 350 107.0 4,7 3.40 13.0 8.8 0.998 0.670
26 1.0 i 450 23.8 6.1 4,42 18.0 16.0 0.234 0.206
27 2.0 1 459 47.6 6.1 4.42 18.5 16.5 0.480 0.425
28 3.0 1 450 71.5 6.1 4.42 20.0 17.0 0.730 0.656
29 4.25 1 450 110.0 6.1 4.42 22.0 18.0 1.220 0.986
*30 50 1 450 119.0 6.1 4,42 220 18.5 1.430 0.190
31 5.385 1 450 | 139.0 6.1 4,42 | 22.0 585 | 1.670 i 1.390
¥ AT T,
€0, (22) CO (%) 0, (%) CO, (26) CO (%) 0. (%)

*3 7.5 3.6 15.9 *13 5.0 1.0 13.0

*9 5.6 [4] 16.4 *19 10.0 2.0 8.0

*12 8.0 1.2 11.0 *30 5.0 1.0 13.0

67>



68 AN A

ZOXTH S LB, 4000C CREHETBEL AL OBANBEORELRL, G TRE
2g/r), 350°C <13 MERETELY, FETHES6 ~40ghr) 0L &, REFAREES, 450°C
TREGRETENL 6.2 GHTHEE 3.6~40g/hr) 0 & &, BFNRZRT, HoCRELENE
BEHEERERBIE TR ENR400°C, 75 ChH by, BERENY ThB, 75—~ VBOWRIIR
WRTRINR ML, vvain vBOERE REBETHE, BRBEERDTIVEIER L2
25 ORI ZOMICRIRELbbR T3, b, 400°C QHAIIT M & L2,
BOCTlE, vvatovig 75— VEBORESREYFEL, MHUTBHREFINFENRY 57
XA0C T, Zhth62, 45Tha, EREETHEY LIF 2B REENH ) LE L
BERBEREBHDETI CER L BN, ERCE, #SAEELERELD

7obh, BET
HRENEENAZ Litic 3,

COOH
. " coon
OOn+30— 0 +H,0+2C0, (1)
N
13 COOH 1 1
@@N*Z”@_”<3 + 5 HO+CO0; 4, Ny (2)
\CooH

Ky v alavBORBRCE LIS TH TEEOSELRLEONEIHTDH B

il & OE (°0)

1) 7.6 400
) 4.7 350
0 @ 6.1 - 450
o
o o) o) Qo
I 30 g
14
20 B o————— Owme=O C 3
£ o._——-o‘——-__
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(%) Qean( o [o] 0
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4 V&Y OELEL 69

FHEZERE IOCEE—EC L cgd, TOEREBC VT, B OW T RS
CHEIETHY 303, MoBE2OMRER L Y Rz & Th 5B, ORI 350°C, 400°C
50°CDENRFROBEECR T, eV IECHLTEED S 2 %2R, (1)(2) 13 350°C,
400CTc2ghr LT OMTHEETE, RERX—FTH22, TR EEATL, BEERD
T2 Thbb, TOEETEHE FEENZ2ghr D ETR, IVKVEBOERBRTEETHS
&AL, EF@) 7T, H0CT, RmEESEL, 2T U, O Xy FEERT,
4~6 ghr T, WEEL—-FTHAH2, HTHEENL~3g/hr DL HNTHE, BRI hv
RYBPATHLTLEDRRE BEREITELELLNL, 2 TH TEEDOPFRCE LiE

BEL LT, MR CRFTEEI], BBROER TR TERENRTH LRI
SIcEbNL, AEBRTHE, vv oA vEBOBEBSEY RTEETE, 400°C, HiHaE
76, PEoTH VHMEE 2g/hr TH 3B,

}E‘Jﬂ

2. @b BROfE

U) MoOy, fil /8 111 38 1) 2 PR & RS i3
e id, 10~20 mesh DA IC MoO, ZIfiE @icd DT, K& 1.48 g MoO,/5 cc %
DEEREO L ONHGBRI, VY2l yBORFEL HISRE & 0BRyte0fkfeo

HFRE | BOEE | moweny
g/hr ce/hreee

(1) 2.65~3.25 33000 1.42

(@ 2.7~4.2 43300~ 45300 1.42
(3) 0.7~0.75 33200~ 36600 6.14~6.54
(4) 0.35 33000 13.15
(5) 0.35 33000 15.0

15 = - /- \ o Prum——, | vvain LB

# \O Asmmems 75— VB

'y \
o & \

Q omwomm—
sk Oy 0\
le) ‘_\ o (3
) o/ o
0 5
350 450 00 o

-— R & 8 % (0
% 4 @ MoO ﬁ&lﬁ&’é/ﬁ?ﬂ‘_w 5] 6&$C}i}157§1f»‘2
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[—Ez= No. 2]
MoOy/# A (0.6 g/5 ce) {10~20 mesh)

. DPEREIEEEY
%mfm?ﬁ@M%mﬁﬁim&ﬁﬁ@Jiﬁg 7% e ;%?%gg%&gg;&;’f} Al
FHE ’ ‘ | i o s/ fﬁ% /:iﬂéﬁ‘”m* i

| {gthre) | (ee) | (br) . (°C) | (/hr) |{c.e/hr.co) S RESAE 1 (%) | (%)
s2 | 265 | o6 | 1 | 400 | 147 | 33000 | 142 | 102 | 42 | 30
33 | 265 | 0.46 1 450 ¢ 147 33000 142 | 102 64 43
34 | 825 | 054 | 1 500 | 18.0 33000 1.42 1.02 55 3.8
3% | 270 | 034 | 1 350 150 43300 1.42 1.02 2.0 14
36 270 | 034 | 1 400 1 150 43300 | 142 102 3.0 2.0
37 | 270 | 034 1 450 | 15.0 43300 142 1.02 5.0 35
38 | 420 | o051 1 480 | 232 45300 w42 102 4.0 3.0
39 | 270 | 034 1 520 | 15.0 45300 1.42 1.02 2.0 15
40 | 070 | 050 1 550 | 16.7 33200 654 | 442 5.6 4.0
41 | 075 | 054 1 525 | 17.9 33200 654 442 0.7 7.8
*2 | 075 | 052 1 500 | 19.2 36600 654 442 | 137 | 120
73 | 070 | 0536 | 1 1 450 | 17.8 33200 654 442 139 7.9
%4 | 070 | 053 1 1 400 | 17.8 33200 6.54 442 6.6 0.7
5 | 070 | 0536 | 1 | 310 | 178 36600 6.54 4.42 15 | 06
46 | 035 | 054 1 530 | 18.0 33000 13.15 9.49 | 13.0 8.0
47 | 035 | 054 1 485 180 33000 13.15 9.49 | 155 | 10.0
48 | 035 | 054 1 40 130 33000 . 13.15 949 | 145 9.0
49 | 035 | 054 1 350 | 180 | 33000 13.15 9.49 5.0 6.0
50 | 035 | 0618 | 1 540 | 204 33000 15.00 1080 | 135 8.0
51 | 035 | 0618 | 1 490 | 204 33000 15.00 10.80 . 205 125
52 0.35 0.518 | 1 450 20.4 33000 1500 | 10.80 20.0 12.0
53 | 035 | 0618 | 1 400 | 204 33000 | 1500 ; 1080 | 17.0 | i1.0
54 | 035 | 0618 | 1 350 | 20.4 33000 } 1500 10.80 9.7 7.0
: ! I - —
B8 ARG BT 01
CO. (22)  CO (%) O (%)
49 6.4 0 14.8
#43 8.0 0 10.8
44 8.3 13.2 12.9

WTRL I DR AT B,

S OEBTIZ, 75T 035~4.2 g/hr, 29[ 33000~43300 B, MIUCRE H; 1.42
~15.0 DHF T2l b O Th 528, Fim2EXEL 1IB.0EE T, RISREH 500°C HHEAA R
SRR LT3, ¥R RERER 450~5000C Th 5, LaL, HTEE, mipx
ARLB XICMSEEOHMERK L 2TR, EREBER EFbh3 & Ebh sy, EMERL

(70)



400 F 2 Y v OREER 71

CHEL, &0 FuiEReRl, vvaAdovEBoRmicaE 219 figchn, T3 -
NVERD ERTIEE L T AR,
(o) VORI R 3R & RN EE
BRI 1.3 g/3 ce R 5 ¢ 10~20 mesh OB A V72, BHROKRF IFZHETRR
BB, F=iRDLORANE LMBEOERCBENS B 0T, ORI RS,
AEBTIE, W TR 1.25~7.3 g/hr, SRR 23200~32800 By AR th 15~4.8 FLE
DN T T eDie, WREFIGEE & OBfE2RelEsXe k3,

DEPFDOLATE, —RICENER, BEIEE R TRUSRE R 550°C Tovis b B
THD, MEHEBALOELOEED L &, (4), BEELG) OBE L T2 L, g
CoFins, v aiuyBORHEL LT RIC T, RISRED 00CEERE kD, 20
BT A ) BOREZ RS0, Lo LARERARRMATIE, CORERES LDLS
2 BENBA, SEROERCESNE -, HoTyY YT Ao vEBOBSINEE 19% BETH
b BRAEIR 2 e

(10~20mesh)  (1.3g/3ce)

T wrar | m@EK | memews
glhe ec/hrce

w .25~1.35 32800 4.0
1y 1.25~1.3 23200 1.0
@ 3.4~4.1 32800 1.5

20 O (3) 6.4~7.3 23200 4.8
(4) 6.0~7.0 et 4.5

RN
T J—
i Q O\

I / Sy
Q [o ke 1o BV I Y. 1
% (o) o= \
(%) ) 0\ 0(3) S Ammmmed 75— VTR
10 B G

\O( 1
Q
(2)
5
J V(a)
0 V 8 3 B 2
350 400 450 500 550 600

- R o@m B ro

B5HE VORI ANERE NGRS

e
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[=ER No. 3]
V O/ A (L.3g/3ce)
- . vraxul7 g~ v . _
RE T MRk ig,ﬁmm&éﬁﬁz o P g%g%@gfggggé%é;;mﬁ
BB | SEEa gl Wi Eol N
(ghy) | fee) | (he) | Q) | (@hy) |(cc/hr.co) MBMESRESE | (%) (%)
55 1.25 0.595 1 575 19.5 32800 4.0 2.88 8.0 5.6°
56 1.25 0.595 1 b65 19.5 32800 4.0 2.88 10.0 6.2
57 1.25 0.595 1 550 19.5 32800 4.0 2.88 114 75
58 1.25 0.585 1 500 19.5 32800 4.0 2.88 7.0 4.0
59 1.35 0.647 1 400 21.2 32800 4.0 2.88 3.0 2.0
60 1.35 0.647 1 300 21.2 32800 4.0 2.838 1.0 0.5
61 3.40 0.592 1 575 19.4 32800 1.5 1.08 6.6 2.0
62 3.40 0.592 1 565 19.4 32800 1.5 1.03 8.0 4.0
63 2.40 0.592 1 550 19.4 32800 1.5 1.08 8.8 4.2
64 3.40 0.592 1 500 19.4 32800 1.5 1.03 79 3.0
65 3.40 0.592 1 410 19.4 32300 1.5 1.08 5.5 1.5
66 4,10 0.732 1 300 24.0 32890 1.5 1.08 2.0 1.0
67 6.40 5.170 1 580 120.0 23200 4.8 3.45 11.0 1.8
68 6.40 5.170 1 570 120.0 23200 4.8 3.45 13.0 2.1
69 6.40 5.170 1 550 120.0 23200 4.8 345 14.0 3.0
70 6.40 5.170 1 500 120.0 23200 4.8 3.45 13.5 4.0
71 6.40 5.170 1 400 120.0 23200 4.8 i 3.45 9.0 2.0
72 7.30 5.87 1 350 136.5 23200 4.8 3.45 6.0 0.2
78 1.25 0.842 1 575 19.5 23200 4.0 2.88 14.0 2.8
79 1.25 0.842 1 550 195 23200 4.0 2.88 16.0 3.0
80 1.25 0.842 1 500 195 23200 4.0 2.88 15.0 4.5
81 1.30 0.8342 1 400 19.5 23200 4.0 2.88 12.0 3.2

¢y1. MoO,+V,0, /i A st 2 K » HH2E X E

il BEicid 10~20 mesh OB R AL L, HFEE 13g832cc Db O EFE L L THW
bBivte, fFinof4ctk i3k 3.8~11.1 g/hr, FUSHRE 3560~450°C, Z2Ri g 38000~42000 ©
Hd, ERERELEWEL OBREYE 6 KL R®T,

COERTRY Y IA0VYBORAIN K VBGOSR ERLLL, BEFERATHELE
TV WCERERL, W), @IHEL, »i ) BRLLERTHL, ThHbEISRER TR
i 350°C, 400°C, 450°C i3, ERZEXBELIO L FI0 ) v Y ORRWEN LN ENER
BEXRL, TNOLOFES BIFTRERZ470% Chh, 20 dovvaloviks i w
T = BBEERENE~T% MTIREDT3, (HD

)
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{10~20mesh) (1.34g/32 cc)
g/t °C celhrece
1) 3.8 350 42000
(2 8.0 400 38000
@ 111 450 42000
@ 3.8 100 42000
50 g
K== s
x/xthx @ Kumcomso X, 4 o o
::::I“=:::::: X X (2
I 40 B PR / \ A soE@
X(l) y &
——— 3 Ve
8 "’—,,-—--X °
« 30 B A -.-\\
X X
X
1% g0 f X
Vd X
X
10
aaﬂf——‘s’“aO""--_--_-"0"--__---
N ol
R “ ——2(1)
B R [l 2 B 2 '3
2 3 4 5 6 7 8 9 10
— BEREALL
% 6 MOOs“f“VzOs @iﬁ/ﬁﬁii IS U’ 5 W;ﬁ,{g & ﬁ?ﬁﬁ@iﬁﬁkﬁ
[—EF* No. 4]
MoOQ;-+V0s/# 7 (10~20 mesh) (1.34 g/3.2 cc)
DERE
e B A IR DY T P P R
R e mmmn  RSEE mpgpr | CEER L Dpmmman
i R T By % E e
®E ke S
(g/hr) (ce) (hr) C) (¢/hr)  |lec/hr.ce) | BRESE| (%) | (%) (2)
82 3.8 3.52 1 350 148.0 42000 10.0 1.0 — 36.0
83 3.8 3.24 1 350 136.0 42000 9.2 1.6 1.0 41.0
84 3.8 2.45 1 350 103.5 42000 7.0 2.8 1.2 37.5
85 3.8 1L.14 1 350 48.8 42000 3.3 5.5 1.5 26.0
86 3.8 0.705 1 350 29.6 42000 2.0 1.0 0.5 12.0
87 8.9 - 9.07 1 400 346.0 33000 10.0 0.5 — 41.5
88 8.9 8.10 1 460 308.0 38000 8.9 0.5 — 45.0
89 8.9 6.12 1 400 232.0 38000 6.7 1.0 — 42.5
a0 8.9 3.63 1 400 138.5 38000 4.0 1.0 — 42,0
91 8.9 1.82 1 400 69.4 38000 2.0 3.0 1.0 20.0
92 11.1 10.25 1 450 430.0 42000 10.0 4.5 3.0 275
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&
O uj
HF

‘ w PP )
. | B | | & | a7 sy
M et o o ©, | s | JB2ER = Cma@
) i3] HmRE RN B % | EE Ve
- | {g/hr) (ee) ‘ (hr) Q) (¢/nr)  {ce/hr.ce) |BFRESRE] (%) (%6) ! (%)
93 | 111 92 | 1 | 450 | 3800 | a2000 | 90 50 | 40 | 325
94 1:.1 7.22 !‘ 1 450 303.0 ‘ 42000 7.0 5.5 5.0 29.0
a5 itd 412 11 450 173.0 42000 4,0 4.0 3.0 16.0
‘ 1 :
25 - 111 312 1 450 131.0 42000 } 3.3 2.0 2.5 : 12.5
‘ i
g7 3.8 } 3.52 1 400 148.0 | 42000 10.0 — 45.0
98 38 | 314 | 1 | 400 132.0 | 42000 ;| 89 — 47.0
90 | 33 | 253 | 1 | 400 | 1065 | 42000 | 72 15 | 07 | 460
100 3.8 1.40 1 | 400 59.2 42000 ‘ 4.0 1.0 0.5 ; 39.0
101 38 | 070 i , 400 29.6 i A42G00 2.0 : 0.5 — ‘ 20.0
| | | j |

by 2. MoO,+V,0, M/ B R 2 B0% & FUSIRRE
YU YERYTRERET AL D, RISRE400°C, HinaTEh9 ik 3.8 g/hr, RER]

FEPBE 42000 ce/har.ce) D E FN LR LD, KISBE LR OEBEREEE TR
%
50

%

[ 10 % kS 7 5o @ |
/e
" ) 8.9 3.9 42000
= 12 2.8 9.1 42000
30 R
X ()
%) v 5
{7) *® o ¢ rruAnyl
: Ey4
! X e X
3 £, amememms 7 Xl
X {1;

"

10fe
s A% (1
1
[1] J“Q \ 5 o L : P— Y . RS
350 400 450

— KB @& B (0

BTE  MoO+ V.0s M/ A s 1T 2 H: RIGEE & MG

= L Sn(VO,),+3Sn0,/# FiC kit 2 BlEgZe s B b & In=k
fE R Y LC 5~10mesh @ 4, @, i & X 0.43~0.38g/hr/3.9~4.1
CTHWE, fTichR S E g, 350~450°C, 3T 3.7~5.1g/hr, 2

.....

BEYEELL
(i 20000~

r;&w

(74



4Ry OERERE ™

30300 c.c/hr.c.cTHh B, FRIHTLH, IR OEFREYE 8 MR,
| R\TH 5 L g, 350°C, 400°C, 450 Crkitr 3 oRkEmLy rTHHETRE
Bz, —RBO6METh 3, TRREASEBER A00°C Th 3, o CEEERL BRI £4

LT, MUSIEE 400°C, FIUSEE L 5.8 (ZeR i 21000~28000, % T iR 3.7 g/hr) T,
TOHEORERZ Y v aAa vEELT%, T5—VEE2T%, FEEO 2B ZHAMECH B
DL LTWBZ 2l b, BT ORUETI, ﬁumDxﬁ%@m%%fﬁf?ﬁc@%mw\y
WL TH L - 2B,

REWE | R g co | w0 o
°C ghre
{1) 350 4.7 0.43/4.1 20000~ 28000
(2 400 3.7 0.38/3.9 J  21000~23000 |
508 (3) 450 5.1 0.41/4.0 21000~ 30300
I 408 [o P i T R R ]
Prd &\ smmmmera £ 7 — SR
30 e
(%) 2
(2)
204>
3 A
O]
10 -
13)
A
i b L] I £ .1 - ]
3 4 5 6 T 8 9 10
mAT LR L —
%8 8 E Sn(V0s)+3Sn0y/fA I 1T 5 EmE LB, & UE
[—E® No. 5]
Sn (VO,) +35n0,/iA  (5~10 mesh)
Sn(VOy)s: SnQx=1:3 (= v)/IEH (5~10 mesh)
< | E : RIS e BB s Beank AR Ry
;é | BRI R EWﬂ‘mF”v%ﬁi”Hﬁ L - mamma
7 ‘ g/hr ' (gfee) (ce) ( ¥) ‘ {¢/hx) l(ce/hree (26)
| | T
02| 47 | oayjal | 825 ‘ 1| 380 ‘ 1650 | 20000 | 00 | &8 | 70 | 100
| i ! |
‘ ‘ 0.43/4.1 510 ¢ 1 . 350 , 143.0 28000 7.8 5.51 ‘ 15.0 16.5
|
104 ‘ 0.43/4.1 “ 4,35 \ i “ 350 ‘ 112.0 28000 6.1 4,40 1 22.0 19.5
105 | 47 \ 04341 |« 379 | 1 . 350 ‘ 1065 | 22000 | 58 | 4.8 ‘ 250 | 190
106 4.7 ‘ 0.43/4.1 3.35 ‘ 1 “ 350 | 93.6 28000 5.1 i 3.67 | 130 7.5
! I i i




76 N

L e e e
£ B 2 IE QE% ;j{g”ﬁe% R I R

(g/hr)| (g/ec) {ee) | (hr) | (°C) | (¢/hr) |(ce/hree)[E s (22) (28)
107 47 | oazal | ses | 1 a0 | 735 | 20000 | 40 | 288 7.0 ‘ 120
108 | 37 | 03839 | 688 | 1 400 | 1445 21000 | 100 | 7.20 | 23.0 ‘ 18.0
109 | 37 | 03839 | 412 | 1 400 | 1153 | 28000 | 80 | 576 | 340 | 250
110 | 3.7 | 03839 | 294 | 1 400 | 824 | 28000 57 | 411 | 470 | 280
11| a7 | 0.38/39 | 262 | 1 | 400 | 737 | 28000 | 51 | 368 | 25.0 “ 20.0
112 | 37 | 03839 | 254 | 1 400 | 7.0 | 28000 | 49 | 352 | 200 ‘ 16.0
13| 37 " 03839 | 275 | 1 400 | 579 | 21000 | 40 | 288 | 120 | 100
114 | 5.1 ‘ 0.41/4.0 | 851 | 1 450 | 1700 | 21000 | 9.0 | 648 ’ 15.0 ‘ 5.0
15| 51| 041/40 | 5325 - 450 | 159.0 | 30300 | 80 | 576 = 175 100
116 | 51 | 0.41/40 | 459 | 1 450 | 1392 | 30300 | 7.0 | 4.03 ’ 210 | 160
17| 51| 04140 | 409 | 1 450 | 1243 | 30300 | 625| 450 | 350 | 180
118 | 51 | 04140 | 344 | 1 am0 | 1043 | 30300 | 52 | 374 | 170 | 200
119 | 51 | 0.41/40 | 3.29 ‘ 1 450 | 695 | 21000 | 35 | 252 85 | 100
120 | 41 | 1.37/40 | 369 | 1 400 | o945 | 25600 | 59 | 425 | 200 | 170
*121 | 41 | 1.37/40 | 369 | 1 400 | 945 | 25600 | 59 | 425 | 300 | 17.0
*122{ 41 | 137/40 | 3.69 ’ 11 400 | o5 2600 | 59 | 425 445 | 175
%193 | 4.1 ‘ 1.37/40 | 369 1 400 | 945 | 25600 | 5.9 \ 450 | 225
*124l 42 | 137/40 | 370 . 1 400 | 970 | 2520 | 59 | 425 ’ 30.0 | 27.5
LOF ARSI,

CO: (%) CO (%) 0: (%)

*121 7.8 1.2 132

*122 71 3.2 12.3

*123 8.0 3.0 13.0

#1924 7.6 2.8 115

= 2. Sn(VO,),+5Sn0, i, Mmikific i 2 ¥ L JUSRE
9 [E Sn(VO,), : SnO, @ & v A, JAKOSHE & OWEW W EINRE & OB #
%R T,
R E L 0.45~6.17 2R, 3 T#E 31~52 g/hr THRAZHUI B EE KT 2
o LR FUSEE 400°C 0 Ba iy B L, 400°C e\~ TiE Sn(VO,), : SnO, &
M 1:35 101, EEEOICKENRDTEORT 5, 2 Tois b Sn(VO,),+3Sn0, fi
BEARRER v R Y BIGCEIRATH D 2 L2,
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P ENR YL

by
B
=

i

WG/ M ce] Sn(VO, kSN0, | Frmve sy | EMRE | @TTAE | OB 4k
n cc/hr-ce {(g/he) (mesh)
(1) 1.37/4 1:3 5.98 20300 3.1 A~10
2) non _— 6.17 ——— 3.1
{3 0.279/3.3 1:1 5.45 33300 5.2 5~10
50 r
C
Oy o0 40 L
I 40 B Awwmmmze . 7 5 — v
O
= 0
() O
A\
20 B [e) /’ s
o A
A
OH0N
108 /
A

I
ZR
s

00 450
- -2 v - SV

HE 9K Sn(VOy,+35n0, fililfss & o MEMIBLIT 357 2 INE & FIGIEE & OB&K

[—~%z% WNo. 6]
Sn(VOy)s: Sn0,=1:1 (= V)/E&A (5~10 mesh)

P | 7R AN 2=
s T | ] 28 mome ®, 0 e Foiai 5058 D anmani
g | 2 KT . G Riona 9025 RILE %
(hr) °C) (¢/nr) |lec/hree) [® R (%) (%)

|
(g/hr)| (glee) (ec) |
125 | 5.2 | 0.279/3.2 3.2 L 1 455 110.2[ 33300 | 5.45 3.92 21.0 20.5

126 | 52 | 0279/3.2 | 32 425 110.2 33300 5.45 3.92 29.5 27.0
127 | 52 | 0279/3.2 3.2 400 : 1102 33300 5.45 3.92 37.0 | 301
128 | 5.2 | 0.279/3.2 3.2 360 110.2 33300 5.45 3.92 31.0 25.0
129 | 52 | 0.279/3.2 3.2 350 110.2 33300 5.45 392 | 200 11.0

[#]

(=23, Sn(VO,),+3Sn0, i/ Ficdsld 2 SR L IRE L OBF
BLERVWCEBREY LT GEd04ta Al 27-0onE 10[Yth 3,
vyvaiovEBosgid lhr 2 CcRABc EF L, (45% IR), 1~2hr ¥ CRE—
Frieh, RHNTABCE DU (30% BR), 3hr B, EhhnbimdTs, 29%), 74
~ VG 05 hr FTRAFICHAL (28%), hnllthiEd L lhr Cik 22%, 2hr o —%
Lle b 17% gk, PEOCTRICKRMEREBRELH#F/F T 2R 1~2hr BETH L0,  #BEE
an
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s | W TR | P P ‘
(gihr) {cc/he-ce) (g/ce) (mesh)
0
5.9 4.1~4.2 25600~ 26260 1.37/4.0 5~10.
I 508" ['s) QO vydro JB
o] ——B—m-n-.'o A pessemmseen £ 7 g — VR
e
109
B3
()
P O ‘Wmm@
--u\m~¢§n~m-amn--.,__~
& 'Y
" 5 2 N .
0 05 1.9 15 2.0 2.5 0 35 40
— R B @ (ki)
B10 Sn(VO0:),+3Sn0, BT 30 17 5 UG E &R & O HE %

W Tk 5 &3, ShrBl ke 30% S rloRR bR i LI 3

IV. BANZERER

F ) vOEERBILCIOTE ) vy i3 =aF vBOERTAZ Lo TORT %
HRECHEEL, TOEEERTELIA VX /) vORTBIRL 2 vy Eky vyailay
B X078~ VERORRE 5 & & REIEA L B e OBIfR L D oRT L, Nernst O
PRI LT, HLRCFINB LI, EYVYOERIGR*C) 25, €Y vy oEmeE
BES AR B &, 400~1000 K OHFH T logKp 13 @ THEL, EThBEHEIAIVE~I
hROI-RZ L 2T, vvota vEBOERRIGEK *QL), 75~ vEBOERKISRH2) b+
NENROEFED FHEK LS 2 L, 400~1000°K Ol logKp iz O TH L 2 L gD
oo WDTAY X/ ) v b, EREPCCITENHREORE CIE, E5BlictoTE Y v
v, vvaiuvig, T7¥-VBEERTAZEOWRELILBETEICL ELTETH B
ZENT B,
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4V F 20 rOESEBL 79
FL2k IHEHIBELZOHR
(‘OOH
°(1) C@ — 0y —> @—COOH +H0+2C0; +447,992 cal/mol
2 (0, + *4* 0:—> ) doom + 5 HZO+COZ+ N2+345 060 cal/mol
w5 O+ O _>© +4C0,+ HyO+£64,300 cal/mol
1 7 ;
#(4) <\>\— 0, == ¢C0s+ ;- Nyt -, Hi0-+1122,300 cal/mol
#(5) (1 100, —> 900, + NH,+2H,0-+1033,250 cal/mol
i 77777 - B 77 (OK) o
| log K 400 ‘ 500 1 600 | 700 ‘ 800 900 ‘ 1000
W | logK, 0364 | 1874 | 1548 ‘ 1314 1138 1002 | 89.2
) | log K. 179.0 [ 141.6 115.8 98.5 84.8 41 . 657
#(3) log K 2572 | 2080 | 174.0 ‘ 150.0 1320 120.0 101.0
#(4) log K 628.0 506.0 4240 1 3860 | 35220 288.0 245.0
(5) log K ‘ 577.0 464.0 ’ 389.0 | 8350 | 205.0 2640 | 239.0
I J
Nernst’s equation
<log Kp = 4'2272 T +175log TS s+ ny C’j)
((1 s Kpr= — 4Gr ) <AG9Y* dHY? — T(457 )) )
; 0 BPr =T 5T ) v eHr =7
5 .
L (ASP — 4836 _Q 4C% dT), <AH% = AH%gs-I—S 403 dT)
w2°8 298
Sy HERREFERLDO=VEOE
Qr: X 5 #
Cs: j %A OYEOEE LR
7. fEdEE CK)
4Gr: TK TS HEH v ¥ —Efb
AHr: TR TG 2235BOEE
ASy: TR ILBIHxr boE—~HR
ACy : {B[E P i3 2 8ER DL
FRoMBEERE LR, drrv vy ol %) voBAED Rk, V.0, Tl
V,0, =2 V0, +0 (1)
OFWHIAETE b DL HFZ bR, ¥ Sn(VO,), Tid
Sn(V0,), — Sn0,+2V,0, — SnOZ—l- 2V,0,420
SnO—i—ZV ,0,-30 (2)

(79
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WENL BEBOBEABLEACLTAY, TOBEORSZEERIC I DTHAINRT
FERARYTA2L0EELLRS, Tihbb, 340°C 7z —nd Sn0, 1 X 38ALERD
DEHE, SnO, A VX /) ORGSR IO TCETARFCIVHETLIN TSSO 72 b,
SnO AEFRIC L VB IN T Sn0, LR 2RISR I NG LB b, A00°CHRE A .0
LT, EEAFETELOL Bbh 3, #E2TEED X Sn(V0,),+35n0, 4 Lo (1), 2)
OMERCIDTCHHAIN L B2 B,

5

Y. &

=10

1) mAERACIE SRR 400°C, HWEmTERERT6, WrEE2ghror &, vva
A YEBOWERNEE YR L, 75— VB EREEICRER L,

2) MR AL TS TR 0 e b RIS E R ks LIS T,

3) V,0, MoQ, Mifafit/@r ik, vva o vBoHEE & h 7 R 500~550°C,
450~500°C i s\ C RIFCH B, FEEEIT L oCRR 508, EMEB B L, 50 RE
B CTe < V.0, R F 2RO EM TR,

4) V,0,+MoG, AR/ A Tk, FISIE 400°C, s 7eX B Ih 9, YeRidiE 42000,
HTFEESSghror &, €I v voRBRFEELRL, vvyaiavik 735-VEBOKERZ
BT, WAV R YBROMERED, R LRT b Cninun o 2 %R,

5) Sn(VO,), & SnO, & OEAMBTE, RISEE 400°CH T2 X <, &7 400°C <
Sn(VQ,),:Sn0, = MR 1:3>101 > B OlECIEMET T2, ¥725n(V0,),-F35n0, @
B4, 400°C, R 20300, PR Slghr 0k & it, BENZEU6%) AT L, &
TREERIE 1~2hr 25— 21 X s,

6) # 1 400~1000 K o ®iPCi, ¥l vy, vy aiuavEs, 75— vEof
BRE[REIR D 2 L3 5B

oYy, RERCR\TERDR PR, GBS, RRERTIRLCENOEY
%bb,ikﬁ?%ﬁKObfﬁy%IK ML EEE W I A= O BRI E A
L, BB EL2 LEMEEEL R W B ARSI BRSO EYF T,

(EA {{jff‘z\ﬁs_[‘ LI, A
(A1 32454 H 30 B&m)

i2) Mailhe: Chem. Ztg., 33, 30 (1909).
T. W. Mellor: Compre. Treat. Inorg. & Theor. Chem; VII, 401 (1927).
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Fundamental Studies on the Deflection
Theory of Beam (III)

Sakutaro Nakamura

Abstract

The author with his former research® induced in general a differential equation
on the assumption that the axile forces act on any height of the beam, at the same
time under consideration of the height and changes of deflection curves of the beamn
as well as the effect of microhorizontal displacements at the supporting points.

He solved also those equations by means of the exhaustive theory of transcen-
dental function eoncerned with the beam, and calculated minutely the deflection
angles ¢, ¢; and the axile force X.

In this thesis, the author calculated the deflection of beam with the assumption
that the axile force X will effect the central axis, & 24 line from the central axis,
the bottom line and the surface line of the beam, in which the both ends were not
presupposed to have the effects of the moments as in the former research.

Next he found the deflection of beam exceedingly less, when the concentrated
loads W, and W, are on both ends and a concentrated load P is at any point of the
beam, than when the P oaly is at any point of the beam; and he clarified after
repeated calculation, the main causal forces of the diminution of deflection are the
bending moments caused by the inertia of the concentrated loads W, and W, acted
at the supported ends.

WU AEA TR, ZEORETEZLR TV EREECT, (1), BMIrREoTEOH
SRVERAT 3, (2, ROoSsOBERIEET S, 3) BlRofiE 02/ L A RFEHU
ERNEFLBETLZ LI Z00REYROERY S FERCAN, BB X 2 BRI

I T o R BT A TS A RS oW, BRI R OB IS BT 2 AR
FINEECTRNICEZAHTHY, W X OFAMEYEA LGOI X L 5EA ¢,

1) Sakutaro Nakamura :Fundamental Studies on the Deflection Theory of Beam (II), Memoirs
of the Muroran University of Engineering Vol. 2, No. 3, 1957.
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82 HORfE R AR

O, DEEHEL TR TREOTH B2, ALk, B, chbOEOREHALH
TIEED S DBEL R EHEFECE S THEL, ¥, ZARKOMERD X 28HAHEEL K
sk, AL OO L L HEERE L ARHEL, ROERIEEY LT, ZEHE
AT, WK, HEARCETHENE LGSO ORIENED TR VE (e RR
BN, MEHM LOERHE W=10ke, TEAOHEFHE P=020ke, ZHEI=40cm®
JNBLREL R D R T, R E O WEBER N, 820~45% o@mdEr R SR, X
ORRYELEZE B, WS LR EFHEO D, ROFERMENAEMATH TS
Ry 7o 27200 L X EORBE £ UBEA LR I 25 R KR, Z0ZRORE
B s 7 SEBWE W, W, DEMICIBZEOMT2— AV (B, KIoEBEic
IAEOHmFTE~A v bELLNRE) —Widn, —Wdxe, CL3EIHDLERDI, X
T, IRBLHAORBEE du, dr, FECKTAHEFEE W, W, CXiA0HFE~A
v R BB A MO ERR S, SRR T B SR O R .

1L &EERIC & DHEHIHERX
1. KEFHIC & DBEAFEX

333 A
Jj/_
== LEE=B
£ ho_ X
B 2
S
fe— N Wil
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0 0 0 0
017 = 40 0.0017872 0.0010347 = (0.0017872M 4-+0.0010347M )
020= 80 0.0030100 0.0020067 — (0.0030100M 4 +0.0020067 M 7)
0.31 = 12.0 0.0037311 0.0028532 — (0.0037311M 4+0.0028532 M 5)
0.41 = 16.0 0.0040133 0.0035116 — (0.0040133 M 4+0.0035116 M p)
0.5 = 20.0 0.0039192 0.0039192 — (0.0039192M 1 -+0.0039192M )
0.67 = 24.0 0.0035116 0.0040133 — {0.0035116 M 4--0.0040133M B)
077 = 28.0 0.0028532 0.0037311 — (0.0028532 M 4+0.0037311 M 5)
0.87 = 32.0 0.0020067 0.0030100 — (0.0020067 M 4--0.0030100M 5)
0.97 = 36.0 0.0010347 0.0017872 — (0.0010347M 4+0.0017872 M 5)
107 = 40.0 0 0 0
B3R HBEOBLES (Y
© (em) w({l—2) (2l—w) x(l—a) [+ (em)
‘ 6LET 6LET Y2
0 0 0 0

0.10= 4.0 0.0303620 0.0175780 -~ (0.0303620M 4 +0.0175780.M z)
021 = 80 0.0511361 0.0340907 — (0.0511361 M 4+0.0340907 M 1)
0.37 = 12.0 0.0633874 0.0484727 — (0.0633874 M 4+ 0.0484727TM B)
041 = 16.0 0.0681814 0.0596587 — (0.0681814 M 4 +0.0596587 M 5)
051 = 20.0 0.0665834 0.0665834 — (0.0665834 M 4-0.0665834 M )
0.61 = 24.0 ‘ 0.0596587 0.0681814 — (0.0596587M 4+ 0.0681814 M B)
0.71 = 28.0 0.0484727 0.0633874 — (0.0484727M 4-+0.0633874M )
0.8 = 32.0 0.0340907 0.0511361 — {0.0340907 M 4-+-0.0511361M B)
0.97 = 36.0 0.0175780 0.0303620 — (0.0175780M 4-+0.0303620M 1)
1.07 = 40.0 0 0 0
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EIREK DBRMBOWDESL ()

o (om) ell—w)@—) | w2t e (cm)
6LET 6LET

0 0 0 0
0.17 =40 0.0324094 0.0187633 — (0.0324094 M 4--0.0187633M B)
027 =80 0.0545842 0.0363895 — (0.0545842 M 44-0.0363895 M 5)
0.3 =12.0 0.0676617 0.0517413 — (0.0676617M 4+-0.0517413 M B)
0417 = 16.0 0.0727790 0.0636816 — (0.0727790M 4+-0.0636816 M B)
057 = 20.0 0.0710732 0.0710732 - (0.0710732M 4+0.0710732M 5)
0.61 = 24.0 0.0636816 0.0727790 — {0.0636816 M 4--0.0727790 M 1)
0.71 = 28.0 0.0517413 0.0676617 — (0.0517413M 4--0.0676617M 5)
0.87 = 32.0 0.0363895 0.0545842 — (0.0363895 M 4-+0.0545842M )
097 = 36.0 0.0187633 0.0324094 — (0.0187633M 4+0.0324094 M )
1.0 = 40.0 0 0 0

iz, MES R zEhnEY, W.=W,=10kg, FEOACEIH B hHEL
P=020kg * L, WWERG 3 Mo Ms RO dz, da, O ETRICET BT — 2 v
FOMICE LW EREL THETIVEROLIL 5 (5 33 KA,

K, BEa BRONTE M EOML 05,

LEED a OFERA, du, v, BHFETHIEE B EABONG,

%33% dwy, 4, ok Ma, Mz GD{E

HEOME 0.11=4.0 0.2[=8.0 0.37=12.0 ; 0.47=16.0 0.57=20.0
4z, (em) 0.648 af 1.024 ol 1.176 al 1.152 al 1.0al
dx; (em) 0.072 ol 0.256 al 0.504 al 0.768 al 1.0al
M4 (kg-em) 25.92 a 40.96 « 47.04a 46.08 o 40«
Mz (kg-cm) 2.88 a 10.24 a 20.16 « 30.72 « 40 a

HEROME 0.61=24.0 0.71=23.0 0.87=32.0 0.91=36.0

[ i
4y (em) i 0.768al | 05044l 0.256 al 0.072 al
4w, (cm) 1.152 ol 1.176 al 1.024 al 0.648 al
M4 (kg-cm) 30.72 20.16 a 10.24 a 2.88
Mz (kg-cm) 46.08a  47.04a 40.96 a 25.92 a
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i, My My i, day, de, i@ W, W, RTFRIEEBIERESE, 5, Hoe Wi=W,
=10kg 2 3hiE, BIBRKETE e, do, OBMIIBEAELT B2, kgem &g, oD
FF Ma, Mp DFELLTHVAERHES,

V. & Ei
h o h h h

B3R~ AT BT 3 E3H @%%,mﬁv&w%ﬁ,mzagﬁ\g,—x,—j
@Wﬁ%%bf,mﬂﬁlK%#ﬁﬁ&ék%@%k%&@iféﬁkaT,%&@%@ﬁ
A e B RFER L, IR OVERT AR R ERMO T NERAT2% BERE L, HMEIO
YER T 2R BRT 05% T, BHRMEOFHREL, il ERMEAEFC LIEEL T
HREEAE LR, BREEAROBRIICE S EMEST, “OERD, WRAkE < moOTH
T =01 kB PHESIFCRRLD, Z0EA, HEfioFRAERMEL D b REFLE
WTREL D THED, BERAOEHEGREVATIC ST, Fl0% BEERBEOFHRE
»ote, ¥, a,=017, 02/, 037, 047, 05/ MhofMBEMNBCHLTCIWMEIO/ER T
BEEOHFNEETOIER T2 ¥ X0 L MHME L EHEMEEL L TV 2HBEO %KL
Bz EHCETAELES, W, AR, ZFEMER TR, WEREOHACHERE X

EREOEIE, BHKEROTOEH, RED, WENOEATE b=, » ont

OHHMEN DIIT B =0, — 2, T 00 & 1) L M A TR 3 DI AT L

TR B, I, BT RCEGTE, WEREBHER G CHEREN ERIECI <, MEID
Wm?éhm:%,g~m%bf,@ 051 B ENH 2 HHE, AE EBED
FA L (B 6.0% FREE) K& vHa bnE, EREoF 3 #0r (B 3.0% R
HhbD, THRBERELERLOEABSEILL V2B ERT S, R s T, £,
DOBEKE BOTNT, MENORFTS ha=", B casuT, Tl 10% KGR
OHMAEL > 5, BERE, TFEMEE rothoFHBEMERDWTRLE, TR
WIZE S wtyy, TOENMTRE L 2mMeSs D, a=011 KETHED 2HE, EHRMHEO
FHrEmEL b, Y (EFEMRCEY 5%, HBET, ¥iy20% B K& D Twn
B, WMEICHENESSEERENREL 2D R LRI MBEROFECHELU TV 5, 2y
E A1, SR, AR, BENRofic X 59, ik, MEOME AT 2t B,
WHETOFRT 2550 FNEENOEH T2 e & X0 b, HWHE: ZREIHEBEL V3
D EHETREREFOEROK, MENSEIL, OISR, b= 2 ppmc
FHET LD THIELAHT IO TH B, T, AFHE GBI L 2245 lA b
BLTR2 &, BEHINEAT 3841, 2, 30842 RE, KMk, RBEHLLLS
BRSO T NETAREI I 2T d, ChicRL, BMEDOERT2881E, WEEr T
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i, FEZBOFVERER LD SHB T RS VEREELRL, ABE, ZFETROBER, &K
HAMOFRAEML U /I ARSI 0T 5, Bie i, XMW, ANHERC X 2L HE
i, ZARROHERC X 28R (HL, ) X3, A3, ARERC L3 LA
T5,) LHBLTHS &, RERRVOT, B X OHER, FER, HEREGH OB
DTRD, TOREEY, Wil EEe 5 ZARBOBEGRRCRAT2EIC IO THEO Py
ELLELENHEE LD, ZAEB L 2EHROMH Y, BERROERFEHELLT,
AP Y HER R A LB, Wi, WX A RCHEFRE W, W, 20, R
—HhEE P AR EEE, BEAERML D WICEHEL T oiER, BB R THL
#tm<,%&@ﬁ%ﬁ@%%ﬁma%ﬁbiﬁ@ﬁ%ﬁ%(&v@ﬁﬁ®&%ﬁ§k%%k
bind) dx, dx, i3, @WEFTE T, BAOMicm, HEERC, 0620cm, TEMR TR
0942cm k7 b, FM1=400cm 0 xnFh, 001117, 001557, 002367 » 7+ 5, Hib, %
ROBPBECHES S WE G LBl 2 B8R AE W, W, 0% I 2808 TFE~- A} (R
Wi, ROOHERENC L 2ADOHMFE—~A v P 3E2bN5) —Msy, —Mpic X2 CHX
NELLBED &2 bh, e, “NMEOHBERIEGNCIE T 2 BRI (D K8\ CHREE I W
é%xﬁf(%%~%%®ﬁ&$)&%xh@®aMﬁ?5$ﬁ&%50ﬁ%m,A (= i)
OB MImc B3 5 Az (D, (1) ORI 2 HEe i3 5.
(B4 33 424 F 30 H2 )
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A Cubic Solution on Girder Elastically Fixed and an Applied
Calculation on Lattice Plate Girder Bridge

Sakutaro Nakamura

Abstract

The author induced some formulae for the cubic theory on the ends elastically
fixed girder having a concentrated load at any point, and applied the same formulae
to the calculation on the lattice plate girder in railway bridge.

I #

3

EEOHFME D> Ctials QIERT AR —FAENEVWECHEORECD 5 T# P,
P, Py B—=20YHCERT 2030, FOFAAR, BABZEROER 2, v,
ZREDOTEDLNE, M, M,, M, %3I>T, ¢, ¥y, zIhcBE3+2 P, P, Py Eor-
S PO¥h%yE—AyiwFEL, X, Y, Z&#oTP o=, y, 2 FEOSHEET
bOr TRENFHOTOR R\ TE, 6HOBESENE DM.=0, 2M,=0, ZM.=0;
2X=0, 2V=0, 2Z=0 p\pBHOXRGFIBEHTH L. &, —2OHNFHMICE - ThS
o d LeEEmcEE R R, oSk, Waky A, i 2kEe—-A4 v e
Boiffte—Avix J. 2L, ZOMAHMEOLDCVFEHOEMNE R, LA 7%, W
O EOEREDELZNTLEN, Oea, 0oz Oyar Oyn Octy Conr Omar Cmp FOBEEHE UL T
3, EZY, COBELEMLOBMOBBRICOWT, £ LTRITIEERYERD, Er
WEEOE T, EOIEHEOHEL L BHC AN CILANO —~BEGHMRN B e, ¥, W
WX R B EORCHHFORA, WEXH RCHELL, LrdAResl 2 X802 RE
ZH/EDOMRIL ERERD, HIBOIRIHE LT b O@ERRL Lo, Titkhh, AR

1) NFEMNAEMF: ey 7BHONE, B, T, 1942,
H. Miiller-Breslau: Die Neueren der Festigkeitslehre, 1924.
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LU, Mo MR EE S o TENTSER 2 KS-18 (E 2 20 2 i 20 T, Th
LOARE M, BB HEYEAI, TORKR OV HEOBEMTRIC X 2 giidks
REAE OV ZBh T U RE DM SREAG O RS L iR L, SRR X B RE AR
A, BIAOMRIAHE, L& EERILL, #hUnsged~as T35,

IL. SEMRYFSREEHT O AR ERREIC K DR

FLMNCRFTmL, AcB, 1o 2 HVEREE NN B B oxyz DA O WX QAN A, &
B, Wi Lieiliiob s, HEOTMOME P, +0 A, WMiITHE Wi, B, WMicHE Ws
BEDY, BEONENERELRD, A 3 A, BBRBrZERLLb e T5, T7bb,
%ZEK%MT,XmAﬁK%Hﬁw%ﬁW®%ﬂ
Xp: B Jicsl 3 x A0, Ya Zat A i v
BBy RO 2 WEFOWIT % £ L, ERER f
O OEDFRIZE 5 S OFE LT 5, Ys Zs:B e
RIEBT B y R z fiFmoNhrxRbL, ZThE Wa
RoOWMOBDHMECH > LD ELT 2, Py, Py A . 5
Bz i FRCFRT 2 BB HERYEDLL, & ]
BORPEE POy RO 2 Biim~05T12 452 ;
bbb, TNZNOMOEDTICND & D% T &7
Bo  Peay Pyay PoatABRETB 2O OFER
BERC Yy, 2 HORYOAEEDLL, fiildEFhEn
DO IED FEI > C R FRCEE T 5 54
EET B, Y, Py, Pop:B QBT 2 2HOH YO
FrARRy 28iOoMYOAEEDLL, MhiFh
DD IEOHFEICHE > TR Fhc i3 2 5 (b HEER (REEOBA)

BREET By Gosy Syuy Goa: A BIC IV 2 WH L BLIR HOWE & KK

LD 2, ¥ KX 2 BHFEOFEEFEDL, b TR ENROEHOIED FEAEM LG LE
EF B, Meay, Mysy Mea: A SET2 2 HOMY DR £~ A PRy, 2 8O/ D O
Em AV I EEDL, ERLROHOEOFZH O TRIBHE Y DL DHIEE T3, M,
Myp, M.p:B B33 2 s $iOMIORI E~A v Py, 2HiOF b OWE—~ 2 v | %
FbL, TNLTROHOIEDQHFHICHE2>TRIEHMO Db DORIEEL T 5, kixOHD DR
DRMEREL 1, Loy RO 2 MBI A MR O K E~ A v b, Qua Qure: AB Fik Hil
WEBLIRONME Py, by Ie W X BHIUEBINT T, Qs Qes: ABNIZMINTL B2 oL &
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DEE P, p. 2 X 2GR, Cpa, Cuu: ABWHHFHEREHLELIZL EOHE P P2
BRERCLBWE~AY T, Cu Con:ABMERHTHI L BL oL EORE P, p, It E 12X 3
YT~ AV Y, Wya, Wiyn; Wea, WeptA, BUGIE B 5HE Wa, W O y R 2 7
BIOGT, &3, ROWEHRD nFEebns, ’

ki
/ Mza .
AN
Xa ! A Yo, M
4 X7 ) — ‘.’4"' A
e Y X 5 Yzl "y
(3] / B L 5 T
SyA |< &
/ / Syn s \
R B /M:» > Zn X JE Y vin Sya
A O N
~k \\
e
Bad lap—(Bea+8en) &3 2 i Mz [*~ Q
BlA4
Lag 828824} 824
{b) B
lap e}
Sz (2%
A l B »
N\ \
Mya \\
g
% &z4, \\ %{ 4 \
' A7) @ya P 8:8
X" 5
X
Z4 VB \\ BV B
Myn
3 Zn
Wea &
2
Wer
(d)

F2H HouLkmEMR

2) FRAMEARER: WOEATE RN O AN RS, SARRILES PR R R TR,
1956.

FRATEREE : EROWERRY 5 —~RHTROZ R T 3 EPWERC O0WT, 84 HGHD¥EE
FHHECP N T8I, 1954,

WOREIAS - HHMEH . I~ A CRUBIRY ®— X PEEN T, EARERE, H38%, #1057
1953,

[EEEEY . FEHRHTER, 1929.
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A st

Mea= B (eimt.n) = Wa B sin e,

My, = Zb;] £ {2¢QA+¢Z,B+3(—0“Z%M7}+CZ,A+ Wea »f‘i sin @,4
Mo = 2B {20, b0, —3 Cua 0}y, ot
vi=—Bl o o, 2 (ayA—ayB)}JerL H(CaCus)

[I/V,JA SN Pou— Wyni 5= sin .54 0,4 — 0, 5) tan %B}}

6
Za= =Lt 0yt 2000 Quit L (Crum )

1 . h, .
+ T [WM ~h27 Sin Yy 4— We.n {72" Sin ¢y p+(d.4—0.5) tan %B}]

X, = [;41 (S dex—!-s dex> ]Al (S M..dz

+ S:‘gﬁ szdx>

B ST

kﬁ”g (Car—Pos)+ W;,B{ hy

MxB: - P

} (6yA_6yB) tan (ﬂx];}

2E z z z _»
M, = 2l {044t20,4-3 0ea—0:0) A =Con—Wes {h? sin ¢,

+ ((B‘M—ﬁz;g) tan WQ,B}

2E1

le} = = l z {qozA_l—Z(ﬂzB'—S&é—;‘oqﬂi +CZB+ WZ/B {% Sin (sz
-+ (8yA—67/B) tan sz}
2 S 1 1
Yz= 6622[ {¢2B+ Pea— ‘?‘(syA_OyB)}+Qy1f— N (Cea—Ci5)
_ %[WM 13 sin ¢4 — WZ,B{ ]/;j in ¢.p+(0,4—0y5) tan %3}]
ZB = — GEI‘ZI {(ﬂyA‘l‘goJB'l‘ l zA zB }—I"sz’ l (CZIA“CZIB)

- —}f [szl h2 sin ¥,4— Wz {'ZL sin ¢, p-+(9.4—d.5) tan %BH

Xp=— { Ijlol* (S:_z yxdx—I—S dex>+ —A«< -% M, .dx

T S:% szdx>}
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My, My: BEOECR T2 y i, 280D OMFE— A b, E30E, KRY X
hFEbLTHEIAMES,

My, = R;’A sinh re— M, 4 cosh 74—, 7K1, sinh 172 ------ 0=a=a
My = L?B sinh 7 (| —)— My cosh 7 (| —2)— ¢,57K1, sinh 7 (I —)
...... asxs l
M., = Al—e—;i‘—sinh 72— M, 4 cosh 12— C.TKI, sinh v ------ O=x=a $ (3)
M., = 2% sinh v (I —x)— M. cosh 7 ({ —x)—¢.z7KI. sinh 1 (I —x)
...... asa= l
X
T = , 0 = ,\
‘/" () & o
_ P.ab-+b) l ) _ b .
Pya = GIE -+ 6E11/ [— WzAhz SIN Yy 4 WzB{ 5 sin @,
+ (Bea— 3.5) tan %B}]
P.ab(l+a) ) [ .
C,p = — + Went B, sin @512 (0,u—0.5) tan®
vB 6IEL, 6EI, B{ w2 (04— 928) W,}
+ Wea hT sin coyA]
(4)
_ Pyab{l+b) l o . o [ Ry
Poa = 6lET, + 6ET, [ Wy ahy sin @4 WyB{ 5 sin @5
+(6ya—0yp) tan ¢7z3}:|
P,ab(l+a l . o
on = — VHJGTIFE‘I,‘, ) + GEL [Ww{ hysin @,5-+2 (04— 0yp) tan %B}
+ Wya -};i sin @, A]

WK‘—; gﬂxA, gﬂaer &i, j‘ﬁ&b T /.[‘ 3 U PO, SiIl gﬁzA_%@zA; Sin sﬂach‘—::gﬂacB) tan ¢1A$¢xA,
tan Yap=%es & L, MUSHERRCES S & B2 HEY RomL k2,

3) FNERER: WROEAMEMCET s EZBIE 0, QD). SW T AsemERds, #2255, B35,
1956, 1957.
Sakutaro Nakamura: The Theoretical Studies on Elastic Deflection of Beam. Proceeding
of the 3rd Japan National Congress for Applied Mechanies, 1953.
4) WWMREASRIF : T4 e ShBEE LS 1941
F. Bleich: Theorie und Brechnung der eisernen Briicken, 1924.
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