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On the High-Temperature Corrosion of Cast
Iron in Sulfur Vapor (Part II)

The Change of Structure and Its Hardness during Corrosion

Keizo Nishida

Abstract

The mechanical properties of cast iron are very important as well as its resist-
ance to corrosion in the practical use at high temperature and in sulfiding atmos-
phere. But there has been, so far, few reports on the structural change of cast
iron during corrosion.

So, we investigated the structure and its hardness on the sections of test pieces
of two kinds of cast iron (mottled one and the other bearing 3.62% Al) which were
corroded in sulfur vapor (1atm.) at various temperatures(600-900°C) and in various
durations (to 12hrs.),

The results are summarized as follows:

1} For the mottled cast iron, no significant change was observed up to 700°C,
but at higher temperature fine pearlite structure appeared in the substrate and
began to harden. For the Al-cast iron, on the other hand, the structure changed
rapidly at 700°C, and indicated only ferrite and graphite at 800°C, resulting to re-
markable softening. At 900°C, however, it suffered another change in appearence,
and its hardness did not fall so much as that of lower temperature corrosion.

2) The above observations were explained on the basis of the heating effect of
cast iron and the effect of enrichment of dissolved carbon in substrate during cor-
rosion. Namely, these two effects operate alternately on each of two kinds of cast
iron and many different structures are observed.

Consequently, we must pay more attention to the selection of Al-content, and
specifically for the practical use of Al-cast iron at high temperature and in sulfur-
atmosphere.
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On the Line-to-Neutral Short Circuits of a Salient-pole
Synchronous Machine in Series Capacitor Systems

Goro Miura

Abstract

The theories for line-to-neutral short circuits of series capacitor systems con-
sisting a salient-pole synchronous machine have been successfully developed in this
paper. The process of calculation and the individual results are somewhat different
from the previous analyses reached by the author for line-to-line short circuits.

The results given in the paper are summarized as follows:

(1) Both steady and transient components of sudden short ecircuit currents are
derived in analytical solutions.

{2) The values of higher harmonic frequencies in the system are obtained.

(3) As to a transient voltage across the series capacitor, the maximum peak
value is expressed by an approximation formula.

(4) The transient current in a field winding of the machine are derived.
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Thermodynamics of Vapor-phase Oxidation of HEthylene

Hisao Kano

Abstract

Besides the formation of ethylene oxide, various side reactions are involved in
the vapor-phase oxidation of ethylene, among which the following two are important
——the direct oxidation of ethylene to carbon dioxide and water, and the deep oxida-
tion of ethylene oxide to form carbon dioxide and water. It is necessary to find
conditions more favorable for partial oxidation than the above-mentioned undesirable
sider eactions. Thermodynamic calculation has shown that each of these reactions
proceeds almost to completeness below 600°K and 1000 atm when equilibrium is es-
tablished. Therefore, the vital point is to find the catalyst of high selectivity so that
the direct oxidation method may prove to be an industrial success.

1. #&

il

AL BN T T vy OFMHBIRIS TRICHEEINZHBOIGOE M H R4 1T
5, BET 203 =F VY OWFEICX 2= F v v i &9 4 F ORREE
CH,+1/20,=CH,0 (1)
THLH, cnEETEERBTRNC TN ENTIRRREEEC S, 2F Vv 4334 FORE
C,H,+30, = 2C0,-+2H,0 (2)
C,H,0+5/20, = 2C0O,+2H,0 (3)
AR TELBINCEL DICRZOEREMOBIFIGE D AR S L 5 FUSFHZ#EE
TBHCEICH B0, AL EIGERIEICD b ERKISRICHT 2 B 270, RRELEo
THORESBECRHFTEIPEZRLPICT AL EDNETH S,

2. C2H4+13/2 Og - CQHAO (g) OZF?%
-l F & EH
RHG T #E
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DREATEDLT LEBEMSHBMUBERE = A v ¥ -ZlBEIThEn

AH p=dH{ +4a T+12 ABT*+1/3 47 T (4)
AFr=AH g —da Tln T—1,2 A48 T*~1/6 4v T*+IT (5)

£, fox LTRERTS 3,
25°C DIFMELE B -y, FRELAFHB T ANV X - dF; BE U a, B, T OEEHE LRICR
T (ARICIFIFUTOHBICLETYRICHET 2HEELFT TBOR),

¥ 13X 4H7, 4FF RO Cyp

4H 7 (298.2 K} \ F74(2982°K)" « 8% 10° TX10°

keal mol-? keal mol—! cal ’K-* mol—!| eal °K~2 mol~*| cal °K~2 mol~*
C:H, 12.496 16.282 2.706 29.16 | —9.059®
O 0 0 6.148 3.102 —0.923%
C.H,O —16.1 — 694 0.626 38.88 —8.395%
CO; —94.052 —94.260 6.369 10.100 —3.405%
H0 —57.7979 —54.6351 7.219 2.374 0.267»
CH,CHO —39.72 —31.16 ‘ 7.422 29,029 —8.742%

ST 1FEO dH; OEEZHNT 25°C 0EERGE#ERD 5 &
4H 3., = — 28596 cal
X da=-5144cal’K-'mol~!, 45=8.169x103cal°K-?mol 7}, 47=1.126x10"*cal “K~*mol*
LB o @) ickD
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WiT AFf DEH 5
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HEOHREMEE Q) IRALTIZED S &
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LicBE2TO)REKDL SIS,
AdF7 = —27435+-11.847 T'log T—4.085 x 1072 T*—0.188 x 10-¢ T°*—13.95 T (6)
BSOSO ERE K &35 &

4Fy

log Ki= = 5303 R
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_ 599628

T —2.589 log T'+0.8927 x 1072 T +0.0411 x 10—* T*+3.05 (7)

a0 TIZxd 5 log K1 QAR 2 RICORT,

B23%xk MHerzoT KT logKI

298.2

I )
log Ky ’ 702 | 1391 11.67 ’ 902 | 851

350 400 ‘ 450 ’ 500 ‘ 600
’ |
i
|

‘ 6.40
| i

2-2. REELEBEETEHORE
Lo, v EERAWPO CH, 02 ZHEeVE RO T 2 K7 4 —B%
Ny Yyt WU Oy DENVERT 2 VT 4 —1R5
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T RIEROEH
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x, = 2006—2252 TN
n, =45x ENv
n, = 7544 & v
@ IcRALT
2 K

=% (20.06—2.25 &7 (100— 225607 ~ K, " (9)
. ] . o
BRABOMEREZRIXROTY TH 5,
T, P,
C.H,» 282.9°K 50.9 atm
0. 154.4 49.7
C,H,0" 468.4 71
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B3k 500K RCEEzOFENCKSTB 70y 71 — R

. N v
x, atm | 100 “ 200 E 500 1000
C.H, 0.92 { 087 | o7 114
0. 2 | 1.10 124 1.50
C:H,0 062 | 041 027 | 027
! :

5 Ky BEBIB DD, LEnoT II({I T EHHT 3 EEAROREEES, 9) 0T
BeL)BREVEERTHE, HHERBAIRCRLLIOICaDORE 2B EREE B,
LD TRHEIERICLEFREZF Uy 4 54 4 FAOEHBEHRENE O, UL BFHEH
LEOBETENOOHAUE OO TRTHE00, BELZF UYL FF A FOBEHIHEI
E R

. 4 K
4 E 500K LOHADIENCH TS Ky RO 7(1— /2

VT
\ Ki
7, atm Xi Ky, K., xl/2
100 ! 0.67 4.84510°
200 | 0.45 10.20 % 10°
500 } 0.28 16.10 X 10°
1000 ‘ 0.19 53.92.% 10°

3. CoHy+30, = 2C0,+2H0 (g) OF%&
1. T H F B
H1EOF—sEHNTZORIED 25°C QR E#AERKD 5 &
AH s, = — 316100 cal
7 da=6.026cal°’K-'mol~}, 4= —13518%x10*cal’K-?mol~, 4r:=5552x10~*cal ’K~*mol~*
ERDE@WITLD
4H; == — 317441 cal
WIS AFy DEP S AFes. 223K D
AF3 5, = — 314072 cal
BlEogfEz G) IRA LT I 2Rk
I = —43.46
Licii>T
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dF7 = —317441 —13878 T'log T+6.759 % 102 T7+1.851 x 16— T° +43.46 T (10)

69370.84

log KH = - T

+3.033 log T—1.477x 1072 T—0.405x 10~ T*—950  (11)
A ic k2> TE2 O T Imxd 2 log Ku &RV S ROMREHI.

B5F%F EB4xoTHI5logKn

7, °K 298.2 400 } 500 600

o T 1 ¢
log Ku i 230.19 g 171.17 ’ 136.59 113.51

3-2. RISEICEEETENOHE
Sy, v EEESYTO CH, 02 NEFNENVETLC T = Y57 4 —B%
By vt WU O, QENERIT o Ho/ T 4 —B%L
Ny vi: B CO, DRNERDT o A7 4 — 153
Ny v FUL HO OENVERDT 2 Hy 7 4 — 155
\ Ny RIEWEH 2 DTN
n: FIEROEH

&L, ie=K, &3,
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22 DBAERMUAMBROER A 2100 EvE LD, CH, 75 CO, ~olE#Rit v &3 1ITE
TR & DAL,
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n, = 2006 1352 E v

#n, =9x NV

n, = 9x F NV
n, = 7544 & v
EMR B (A2)ITfRAL,
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TG PC
CO,» 304.1°K 72.9 atm
H,09 647.3 218.2

2-2 LR ICEHER & LT 500K 2ED,

a2

XY B v D% RDE 6 RDOKRE

B, HIRROHE6BOMAEMNT Koy 250, D0T Kuf/Kyy ZHEHT 5 L5 TROM

ErfBons,
E6XK S0KRFEAOFENCITS7anv i —FH
—— ¥ —
z atm 100 | 200 \ 500 \ 1000
O, 0.93 0.87 0.79 0.90
H,0 0.67 | 0.4 ‘ 0.19 l 0.11

(13) O Z301F =(<KL) ARIEBFKR LT B,

XAEWDMEIETROERP S n BRIL B AT

Hb, LIt o2TEREI2>ToF vy OREBMRISEIHT 2 L3 RTETH S, >
FERDTOEFCBNT AL ERRNICKIS5EET 3,
K
7 xR 500°K ROFELDENCIY B KUH&O\’TH
YIr
Kt
7, atm Ky TVH
100 0.40 9,73 3¢ 1013
200 0.127 30,63 101%
500 0.0136 286,03 X 101%
1000 0.00255 1526.49 % 1013

4. CHO+5/20, = 2C0,+2H,0 (g) OF &
1. F & & &
CH,+120, = CHO
CH,+ 30, =2C0,+2H,0
C,H,0+5/20, = 2C0,+2H,0
FO3RIED 4F° RO K % zhZi dFt, 4Fn, 4Fm RO Ky, Ko Km &9 5 &,
— dFir = — AFg+4Fr
LicisDT
log K = log Ki—log K3
e OBREICET 3 log Kmr OEERD 2 EH8EOHREBBONS,

42)
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B8 Hx BxOTrxd s log Ko

i
| |

log K l 213.17 159.50 i 128.08 i 107.11

4-2. EREICERETEHOME ,
ny vt EERRESYh o CHO 02 NENEMERD T 2 v 7 4 — R
Ny vyt DS O, OENHRES T = H/ 7 4 — R
Ny, vy: WU CO, DENUBTT 2 HvF 4 ~1BK

{ |
T, °K { 208.2 1 400 J 500 600
1

o vt U HO OBVERG T 2 H v 7 4 —FE
ng: AREMH 2D E VW
n: DRHROEIL

TN

[ | % "ok, (14)
1, 11,7)° R R N R ) it

i

™

Ky = il
100 = v FR A 22 &, CGHO4S5 £, 0,2006 v, N,7544 = mEK5 E L, K
NS E @ & FIIEEEE S O MR
n, = 45—45x =
n, == 2006 —11.25 2 = v
n, = 9 TNV
n,=9%x N
B e (4 IcfRAL

(Qaf Q) x© [ ﬂ,{_g_}l/a X
(45 -45%)(20.06— 112522 v | 10072952 | ~ M
L3> T
1458 2° (100 +2.25 x)/2 K 1

(1) 20.06—11.252)" (100/x+2.25) ~ Ky, wF 15

(A5) iz X NIT @ MRS AFEATIOMA K EW, 2-2 B 3-2 04 & FkE T=500K 284 7T
BaDriZsd 3 Koy, RO KmlKyym'* OfEERYD 2 SHIERORKREBBELNS,

W ORI BNT SO CHO oBEL AL S Lvscesis, L
LBREDOHAETE W) OAFERBOTREVEEL 205, FEHEcE CHO BHA & 5%e
WL TLE S C &ML T W3,

43)
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BIE b0 KERUBLADOHENCITSE Ky K0 Kny Ky g, o2

) K 1
@, atm Koy m rif2
100 0.596 0.201 X 1028
200 0.282 0.301>10'#
500 0.0487 1.102 x 108
1009 0.0132 2.878 108

Twigg® LN =F vy OFFEASIC E D TER L =F vy A 594 Fid 7 2 b
TFrFe PR tEBCL, o7 e FPREGICBETAMERS 205, OB
AR TE A2 EEBERTAROEZF Uy A F 44 FOmMUTIBREFCCENTX S
EHTHD,

51 F @& & B
1RO AH; OE4 T 25°C O FSEARD 5 &,
AHz5.2 = — 23620 cal
H 4a=6.796cal°’K*mol~!, 4= —9.851x 10 3cal’Kmol ?, 47r= —0.347x 10" °cal*K-*mo!~*
LB MITRD
A4H; = — 25206 cal
Wi AF; O 5
AF5., = — 24520 cal
PlEoBEZEZ OICRALTIARD S &
I =3956
Lo T6) i
AF5 = —25206—15.651 T'log T+4.926 x10~* T24-0.058 x 10-° T°+39.56 T  (16)
WO E e e Ky &35 &
log Kty = 5508.3/T"-+3.4210og T'—1.0765 % 10~> T'—0.0127 x 10~° T —8.65 a7
2D T T 5 log Ky OfEZReH 10 ZROBREE/,

%10?—% @/’z@ Tbcj(‘j‘j—é 10gKV1“

T, °K eos2 | 400 | 500 | 600

log Ky 16.84 ‘ 13.59 ‘ 11.06 l 9.38

(44)
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5-2. RSEICRIETENOHE
n, vi: PERAYHO CHO 02 FNe v RO T v T 4 —4R3K
#y v,0 HIUL CHLCHO O VR RO T o Hv T 4 —1R¥
Nyt REEHF 2 DTNV
Trof A

&L VZ/VI——_:KUJ\' E B,

7, T '
e (18)

wdHo CHO oevisd lerd L, CH,CHO ~ofE#HEr x &~ 41T
n, =1—a &)W
N, = X T

&2, chE A8 IK{RAL,

X K17
T2~ Ko 19)

CH,CHO olgiiEs® 1x

T.=4547°K, P, =63.2atm
500K U fE 2 D n o4 2 v i skwnig 1l ok s 8,
EIFERUE I FOMAEANT Ky K0, 20T K/Kyp ZEINT A L5 12 F05R
BERONE, WHBRKw/K, = BRIZARAENLLZ00 1D IC X2 T a0 k% 2 21
BRERH CHO 0 AMESE D I W EBE A D, 2=1000atm 0BEAETH 2/l—2 F

Bl S00°KEUGHAOFENEsr5 CHLCHO © 7 = §v 7 1 —R#

% atm | 100 | 200 500 ’ 1000

v | 0.60 | 0.43 0.31 | 0.46

F12x S00KROHEAQENCBT B Kypy MO Kvi/Kuy

“ KIV
7, atm l Ky —
) ] B Koo
100 i 0.97 1.19x 104
200 1.05 1.09< 10"
500 1.11 1.04 X 10
1000 1.70 0.68 < 101

45)
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0 EEOE &2 a1 ER D EARETRIBEEENCREMENEET 2 & ici 5,
flF ki k> T — H CH,CHO 24559 1id O, ODFAICHE DT E OBEEISS fi o T
PDICBC AT EBHEDONTEDY, FZRLHAROBEOMED b &I H & O ERARZ MT
LTI ~ i Re e, 41 U 51 o i®Es B 500 °K i 3 CH,CHO o f%
BN T 2P MEHE LT log K=117.02 S0 S REWVERBLNEDL S, CORKLERLN
WCTRRET B, SHMTICEDTIEEAESEELTT 50 EMNE0,

S

6. &

PEOFER L L 300~600°K OEMEE TR =T LV Yy O TEBitick 2T vyt &4
FOER, =27 vyAXxIAFO7 2 7T F~OREE RO =T v v O EE
FEBUSINE TN ERE VLR ER AL, XMEOEEIC O O TH LR, Eho
HMc E>T LEEH S OEEOME 2 EBHSTEL O EBHLEL DI, Lihn>T
EE G L H Y & 3 2 B LR S A A RIS T B SRR LSV, TS B S A
THCELICEDTET VA d 94 FOEFOREZRIICRE S Lo, BIRRANHT S C
EDMRARNERTH L &N D

(FBF1 34 4 4 A 30 F )

x Ak
1) J. H. Perry: “Chem. Engrs’. Handbook”, 3rd ed. McGraw-Hill, N. Y., 1950, p. 236.
2) H. M. Spencer, G. N. Flannagan: J.A.C.S., 64, 2511 (1942).
3) H. M. Spencer: J.A.C.S, 67, 1859 (1945).
4) C. J. Waters, J. M. Smith: Chem. Eng. Progr. 48, 337 (1952).
5) H. M. Spencer: Ind. Eng. Chem., 40, 2152 (1948).
6) J. H. Perry: “Chem. Engrs’. Handbook”, 3rd ed. McGraw-Hill, N. Y., 1950, p. 204.
7) L. G. Hess, V. V. Tilton: Ind. Eng. Chem., 42, 1251 (1950).
8) G. H. Twigg: Proc. Roy. Soc. (London), A 188, 92 (1946).

0

) R. E. Kirk, D. F. Othmer: Encyclopedia of Chemical Technology. Interscience Inc., N. Y,
Vol. 1, p. 34.
10) Io#h, &% . T4h, 61, 1157 (1958).
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Liquid Film Coefficients for 10 mm Ceramic Raschig ring

—— (as Absorption in a Packed Column ——

Hajime Kimura and Hiroshi Oka

Abstract

Experiments on gas absorption of pure carbon dioxide by water were carried
out in several towers packed with 10 mm ceramic Raschig ring: in order to obtain
liquid film coefficients directly, and investigated the effects of the following variables
on the coefficients : — rate of liquid flow, gas velocity, end effect, height of packing,
tower diameter.

We obtained the following experimental results. When the temperature was
reduced to 15°C.

1) The coefficient was independent of gas velocity. This conclusion agreed with

the results achieved by previous investigators.

2) kra at above 6000, of liquid rate was proportionate to 0.82 power of this, while

at below 6000, the coefficient was proportionate to L!-%2

3) kra was inversely proportional to the pipe diameter.

4) Conspiquous difference was obserbed with the data of other researchs in the

height of packing on

kra < Z~058
5) Following experimental equations were:

kza _ <,,.£ ) (»»u;ﬂ)ms L >3000  a=5400 n=0.82
Dr oDz < 3000 a=310 n=1.22

/‘If

Range of Experiments

Gas velocity 40~ 2,500 kg/m?-hr
Rate of liquid flow 400~20,000.kg/m?-hr
Tower diameter 0.02~0.10 m
Height of packing. 0.3 ~0.8 m

L 5

WHRIC X B AR AR T % LEET, ROMELEA LTINS, £& L THE
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B

IR DOFET, MERISRE R DRI 20 TR, BEfThbh 226 405, ZOHIEMD TH
B, HLRAERD OBLHES S, BT van Krevelen®?, Sherwood”, REEE®, Pig-
ford”, Himmelblau® %O RHAMEIIZSE S, FICHKBH ZAOTETVH Y, KT ~,
Ve, P DES T EERICE BRI, BER OO T ARG TH D,
FEHEOWE, AES ~VIECROTHHONTNE S ~VERPD S ~ VBT 5 ~ VERY ~
FELUTHHL, FICKEEAN ATy ~VEEE L THMIEIT 2 TRUC D0 T DLW IRE A
BICBZE L TR DS, 2 OB EIEIC D0 T ES T IR R R T D o R i

— IR TR EE A R T 2 550 RBEEOHF I, (L EERD odfR~kml,
FARHIRGREL kea, koa ZYEEIR X D R, RBINOEE OISR B % f=X/tanhX
(X=VRA.Drk) & 0 3 HTRY, VKea=1/kea+1/Hpka L 0 GHRIEY Kea %137
z=Nu/Kea-(4P)In X O IEE ZRD 2 K4, (2)Wilson plot #:, 3) BHicHlEG S Tcii#H O
FRNEEA T2 HELHE2H 20, 2 OFEFBROBICHIERS D, AoRFER®ETEN
BT LIn0 E3RESE L, Q) 0FEbEAERSY, EEIso/EM, FHA 0B,
PEEHPS IR TRE R ERICEEA L THEZMICZ UL, &, & - AR e
EHEATOAEOHNRE 2, DOFESELGERMEOB G 2FEEBZ N5,

LT, EEONZARPERIE RN TE, —BiCik— 7 2 B ol i imigis L o
HAARRSFEL, TOM2 OBENEEA 20BEICH LEREZRL, £olEFEERO®
DRBGRE A LR T 5 B 0NTOS, 0 OB (d % 0¥ 8oEERE) ot
THWB LN APGE, REHOFR - ik T OMIK, HROYEMHEL S OFERT B
MBI DICHERE L ORBAHRESThh T 5,

FTRADD, HABBARE kea 1CBIL TIE, % OERIMIE S 22 BHMCEERRICH
SERICROB O NI NEBHS NABE, BeEHEE RSN 5 Shulman, Surosky, Dodge %
DORIEZITEMEAN 2 PICER SIS THMOBEIRAE 72T 5 FEE b, RNTHRBELART Y
OGS ELCHEIME ¥ il T3 FEBTONT NS, i, a OEEL L HMOH LS 3 M
T OIMCEEMIRD, van Krevelen” DB E & I o EBRLFAT 20, ROEOMTEA
LT Haiic kaa OEDPT—ITH 513 Lynch & Wilke 2 LD THL A TH 2, AEERIC
BOTsHEoRi0EZ T, IENEREFOEAMRBEOMEL L BHK, van Krevelen
OEBRREZOE TIHA L THEROFEOHEEIC M LT,

F e —7, WEBRRICEE T A28 & L Tid, Sherwood-Holloway'® o0 Eass R 8 & (2
Mz, »ho0EREEE UTHME L 23 2000 kg/m*-hr DL EOBF TR0
ThD, BEREY, EHEED $BAFUEMERL TS, Lo L Deed 5™ 3 L 735000
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MTTMmﬁUhﬁSmmmﬁ%®ﬁ@5ﬁ%?é&W5%%§%Tm&

WIHBAR A R 2 BB FEE LTI, K, BER, BB ASORBEC IV 2%

ZER D O ANCHRIR S 22, K b BRI E ST, 85 N B R IBR EUS I R
B E UTHRAT 2 FEBS—BICEASNTO S, ChALDFEOPLDIC, TMELT
FEBEE N Z2OA O CNERIRSE 25 EE ENEH 2 ICEEE T 2 0GB,
HABBTIRE 0D E LTI DS, BoNREEFRMIBEEDCKRELE DRESII W
R O RO IEL D —HHOMIENETH 5,

FHHEOEBAAEN DTS THIKEEY ~ & R MEO % TR20R] o—# & LTHRE
& BALSRRIR OV R T, SFRE 5 2 oRIcH T 2% IR4A 10 mm Raschig ring % %
B & LT, WBIRRECE IR L, chic T A A A B LU, EE, AEEE, &
WEORE L LS N, BROGRIMEICE L TRED TRVHFE S TERET D, $70bh bl
RO, WHKROBED ke L OCERNOIERE §2RDOALLETLHDTH 2,

AL, BT~ 2482 10 mm Raschig ring 041704 BHTX 20T, XEBHO
BRRESOBELMDIIDILR, O SHOEENEND I EHEOFERMMBLETH 2,

-,_u

2. RREBEBLVEME

RO o EE OB A LRICRT, $oMA L EE oY, RIkEo—HiE

Fllkom Th B, KA A4 v HEBHRE AR L 2 ZBAEH D, chi ekl s meg
AL LIRS AER AR L CREY LIS Uk, AR S AV EBROTOWmEE AL
ZENANTAF FNERTRICI D~ H AT ARIC TR SN, BRERENT 2 EMRICHT
UHET#HroE S, Mo BREREEED, ENORIION L TRIEE LTL
BTHE AR A —EME (AIEB T O KR oik,

REEAZZ Ry 2ho=— FUANT, R, WEHEELR, BT XALEE
PO LA, COBRARBET AREBNTORREL D M2BENCED C OBRGIEH 2
WO L 7o T 2 B T B & LTI LYo, £ 3WOFE 2 RRELL FiciE> T R4
P DIEHDBAZH N,

EBROMAEAR, ARERETHT, ETHMBEIC A 2ORBEERICHETL, —EiKi
RICEFREBICEE L, ®AZORE, WEEZHWEL, BEOSIET >k, BHTFEE
B S DWEHEE I0ml o2y P TEEWR LY, Cie N0 KB Y U 280 &
BADIEAT I 2 IWICAN, BRIOREMGAD T 4% NAO HERERE CrhRfEes Lk,
BORNT I 2~3 EHREC L 72728, FTRERIRA 1% DN T X~k L, FEE~OEK
RO o7, A2 IZEHE, EEHIC Orsat dETHIT Ui,

(49)
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S

#:1@WM X B OE

(50)

® g% B 7 iR ® HMEMNGHE @ %= KM@

® g ® v WA B HAA— 5~

©® FREFRIATHER O BEs oo B

Blx £ B
o = | B E L wsam
(m) m) | (%)

B 0.037 0.8 | 65.9 nozzle
B: 0.037 0.8 65.9 Open
Cy 0.024 0.8 69.8 nozzle
C: 0.024 0.5 69.9 nozzle
Cs 0.024 0.3 70.2 nozzle
D, 0.0547 0.8 61.8 Open
D, 0.0547 0.5 61.3 Open
D. 0.0547 0.3 60.2 Open
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3. REEAHOEH

AEBTEAMEE L TEMBORBFAEZHN 20 A A X3 5EAEZ L, D
C, R EB U T—EE TN, HEERK ka ZC}GJ‘Lf?ﬂibefﬁfﬁZ’L%o

k a =

‘ASQ dc L. C—C
Nz

6 C—C ~ oz P eTe, (1)
oA C BELEEERBUT—E, THLLEES~ELRELTEINLLDOTH S
D, I A A BIRITEIET AR R, CORWERD FEA R THNDSH B, T
LT, WEHANRBAADMERED/ NSV LOTREAREL DI, BEREBDO LT
FHMUT—ETHDEARLTEIANLL, ERMICHED LN, WOEROEAZ, H0O
R D8, WRPSEEOG &R A XA EEOBEALT T T A 2 /X 0 HM~FE 20 BB
o, WHEBIEOWRENRG 6CCIGELL, (DRO G A2 —8 & A0 THESHIRE,
HETOREEETO G OREICK 2 EMEERN & A58, i (G—0) oL kz
WUTOFHMEE LTHEALS JCEHIICRY 2 EONEFYEAEREE S, 377005

kg = - ; (2)

(GO, —(C—0), (3)
- In [Co—c)l/(csﬁc)z}

(Cs - C)av

Wolao G ofal LTk, REE, HBWRERE, BB XOCEKEEICHT 2@%
LCT. L O RDEMHICH L, BEAERIBICECRIMULEICET 2AKEY — & iEiC
i%&ﬁ&k%?é%%ﬁ%é@f,ﬁﬁ%@%?i@ﬁc@mmwﬁ,%%%KOMT@&
BOML BEeB D7, FRETOEBIRE LENBEOLOBREMHEE L TR, —mil
oo D, QO)RLbxkdr kca Sherwood-Holloway' iz 72 &t k& ic L 0

kra oc e (4)

15°C oIz H#R L7,

1 ZERERBLUER
a. HAFEORE: WHRIERBICHT 27 2AMEOEE 4, WiE 16+:15°C o,
FEEE 03 m, H57%0.037m, JCRHER 65.9% D5 AL 720~20,000 kg/m?-hr O RO &
nicx L, A 2ii% 30~3000 kg/m*-hr D#PICAERE R TEBEFT DR, M H AR
HGCOEELTE, BADBXCEHROOMORENFEEEH 2,
)
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i

ERRHREHEZMICRT, chig G= 10
300 Ll LOBMERBERERS A L. -
BORENBML, G kua IC BB A L:ﬁ:;: i = i
T, COHBIAEO B PHEEA A *
% N T 7o BEAE D B8 009 il “?T N T
DEBERE &K LTS, LiesD
TIEEE O H ARBUEUZ BOE B /2 © Loa-
ding velocity ITOH AWEHEH B L O
ﬁ?ﬁ'OJ?ﬁiiﬁii"‘E%ﬁ@féi, TEHDORIR, T
B, REERORD, WEAAOEHEEE S ot
OMAERDLT G iE ke 1CPEE S
DELS — R EREAEROB AL % TG gmeen
TR »ERE, W2E AFAHEORE
b, EREDHE: kaltWT A LOBELLLNLEMNT, G=1285kg/m*-hr off
DB H AR AT, L % 500~20,000 ke/m’-hr (¢ 2k & & CEHEF 7,
P2RICERSE, B3 RICHEREO 8%, B3N, F4DCES - HRENTT
s BoREKROWTERAAGHEREID OREEN AHEER L BFIFHRIC K 5 RE H 2 R i
ORW—HERLICSDEER, BEOBESKHEBICOWTER L, T HaiEmimigaeic
DOWTRBEEY ZE0HkICED Liawy, vs. afa, LD KD 7o, F8H L7 Frahse 157
(DTkDV (kraypo % DHRc kO IBC I LU BET, chEHRd 5 & 210% o%H
THEIHOERLIZEREIN S, COSIDVBROHBICHV e LTHEIHIDRD
7o HDTH 5,

1=

- 2300 ++

kva [U/hr]

B

Ao me

B2k HE B £ M

#0002 w® & 40~2,500 kg/m?-hr
"’ ¥ bud 400~ 20,000 kg/m?-hr
HOORA B K 95~99.5 2%
oA | 17~20 °C

# i B 7.5~25.0 °C
Bo| B # 0.02~0.10 m
FKHEEEES 0.3~0.8 m

(52)
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w3k = B 5 ES
Mean : Liguor Cone.
I?\if. %‘gﬁg I%;Cée (Re)z, Sec. area | Height . equil. Outlet a. atilc/i%(j}
t['C] kg/m*hr [m?] [m] lkg/kg H,0] 1| Tkg/kg H.0]
BLOL | 2475 519{ 197 | 13.82x10°%| 08 1521%1072 | 0.651%10-% | 3271 0293
02 | 2475 | 1623 | 408 1.521 0.887 494 | 12
03 | 240 3243 | 652 1.542 0921 50.8 | 2.75
04 | 2375| 5450 | 905 1.561 L0817 | 22| 42
05 | 2125 | 12050 ‘ 155.2 1.669 0.934 : 884 | 80
B2o1 | 120 825 | 211 J 1382x10~¢ | 08 22055103 | 1470%10°* | 348 | 1.8
02 8.0 1670 | 31.4 | | 2.537 1.728 432 | 265
03 9.65 | 5780 | 74.9 ‘ 2375 1.759 65.2 | 10.2
04 90 | 11420 | 1187 | 2.442 1715 796 | 17.5
05 75 | 16720 | 1517 | 2.580 1.672 | 882! 248
¢.01  17.0 1780 386!  571x10-4 | 08 1.890%10-% | 0.888X10°| 475 | 1.5
02 . 17.0 3990 65.6 1.890 1.048 618 | 3.8
03 155 | 13440 = 1490 1.976 1152 Logr2 ! 140
04 150 = 17500  18L0 2.015 1.129 942 | 175
C.01 | 190 2350 484 | 571104 | 05 1782107 | 077ax10-2 | 23| 26
02 | 190 3760 - 64.7 1.782 - 0851 618 | 4.4
03 | 185 8820 | 1180 1.807 0.925 788 | 127
04 | 160 | 2030 2044 | 1.948 0.935 %9 252
C,;01 165 | 1780 i 37.6 | 571%107¢| 0.3 188810~ | 0.919x10~° |  47.5| 3.0
02 | 165 3810 } 63.9 | 1.948 0.946 | 608, 80
03 | 170 7980 | 113.0 1.890 0.956 | 720 173
04 . 160 | 18100 " 187.0 1.948 0.894 96.0 | 348
Dioi | 140 | 8% 229 30.15X10-¢ | 0.8 2.075X1072 | 1285X10~° 367 0.9
02| 140 | 1235| 280 2,075 1.145 L oas ] 1
03 | 120 2110 38.4 2.208 1.380 490 | 245
04 | 115 6620 | 845 2.241 1.194 69.0 | 6.75
D01 | 115 718 . 190 30.15x107*| 05 2244103 1J58X10’3% 334 | 102
02 | 130 1095 | 256 2.120 1.166 390 | 170
03 | 110 2990 | 49.1 2277 1252 532 | 5.4
04 80 | 4930 | 165 ‘ 2537 ‘ 1.314 | 620 ‘ 8.0
Ds 01 | 125 876 | 222 | 30.15x10-%| 0.3 2172%10-% | 1.145x10~* | 355 | 185
02 9.7 1542 | 305 2.382  1.099 26| 335
03 9.2 4230 | 648 2.422 | 0943 61.6 | 8.2
04! 85 7580 | 87.9 2482 1.292 70.7 | 18.2

(53)
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HEIXE DS s 54m < L>5000
DT TEHHEF082 DEMRTEHE B 1
L<3000 045 TR 2 OEM L OREEL
kra & L O & Fickik L2z )
LT 7 2, oOBTIic >0 T ok
DEAZZ DRI &1,
WD L8 2 fELLF TR DB
DIEITHEO RO IIIE R O 7 LWy
VT R N B e A IR b A
<120, HRIBAER @ OB RNEER
TAHE5THD, LB DOTHICERD
WD RIFEAREETH LOo—EER
T TR ke QRIS FE DD HNTH
&, KO#EZ 2 Shulman'™, Hikita'®
LOFATHHEH SN TG
X Sherwood &z Xid Lips o ¥
VYT DREIICIDTEZEHD,
O&E10mm Vv ZicH L T4 IC
REN LML,

k
MO o Ly

THEDLEN, BEOEBICHLETEHL
WTEHBD, Vv TDRINC DB
CHERUISFRA L 06~082 DIE AR L T
W3,
KICTBIE R 2 0 E B Bk
R ICBIZTHEOHELH S T
T BRI, ki® L, 0, 4, Di, a, g DH
BEUTRIMEN A0, (SHAScy-s 3
(Re)r 7z Fifit 7 X 88 5 Mo il 72
%, FREEO (Re)r & U TRIERBED
BBHN SN T A, 2513 Sher-

(ks ays

(kz a/Dp)

—H
102 — . ——
T T
b I 1 h
Dy ||
S )
i 2T
e
I Dy
A A l
g / /Bl
- L b/ J,/
10— ’/ Z4 4 -
0] 2T
o] p5 /L _
o YAV Ve 1
5 ///, %
£ 7 i
; yAWA ]
— 4 " ]
7724 T
- /
,1// / /] ]
/] /
- M );/ A | BE | mn | BART
4 / By | 0037 | 08 nozzle
3‘ ,l ‘,I [
:o v/ /T | Bz ” 13 open
D, | 0085 | "
- Ds| 05 "
p A -
A Ds ” 03 ”
) I N
103 2 104
L [kg/m2 hr]
B3R Wm0 EE
107, T ;
: (B2 Dy L |
/ i ]
[ // DL
: < 7 /‘/B‘ 0
L / Yoo A
A A
A v
- A% VLA e
(A 9%
106 / s P
of Va 717
7 ARV AV,
8 A AR A O
" A
VI
7 ,l 7 7
. 74' P V/, ///7
” / 7 /,/ ; ///
L. /
/
2 '1 ! /] /4 ,1/
% /]
2 4
/
109 l
i — 2P
i
s 1 EERTER RN
102 3 STET 59153 2 T8 910
Line

%4 Sherwood-Holloway D & @ i
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10,

T T 1T 11 —T 7
[ I

- /T
19 ' 1/

Z
v.4
. A
ﬂli @ 7 -
£ E el
- ®
— & e
S //ﬂ Y
£ 74
EX — /i
& 2| Ve
& 171
i F %ﬁ/
1—6 No.f % % 2
o e, © | CoHO | ® & W& 20
Ok £ 1 O-H0 | % 3 3% (1) 10
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T (Re)y DRIEDBHHETHBFOMAMICHA2EKT 2, HEOBOIHFZHLTH6 Fic
HHPT 2 L0 EAGRERRE DN, ZRESAROEE (8 3Rt Nozle &
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TEIMILONONTIND, BLRARERE® N7V H VERICE 2 EPEER S 2 ORI IRT
Ked = C‘d"c'9

E BRSO O FREMERE S E RO 09 I A L THET 2 2R Uk, ZEEL1X
Rra [CHT 2EFOMEL LTEZE 0.024~0.067m [0 DU THEFE L 7o 55858 8 i < 45 7%

MR BICHONT kra AL, ROBEBANED N,
kra = Cd-%
L:sooo\
1 \ -
\\
P N
N
- L=2000 N
) N
= \‘
B \_ ™ E
& N
N
\\
N
N, It
N
N
100y o o iy il sl :
¢-2 3 10-1
D [m]

B8E ko ¥ D

7272, IR GHMEHE open OB DB DEIRL, nozzle FHIERK 216 4T UL D%, X
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NWHIVERICELZRKBH A ORINT Kea W2 kra IKWHE LA ~F —%2 R T 85 X0, ka
WERICR 2 ¥ T 2 EFOHERETE LN S,
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HA, SEMATPNCNT 5 kra 7~ FERXOETOCORTEREL TS

(58)



10 mm Raschig ring TP ic 89 2 WHEEGEH 279

kra (LN pn R
Broelm) "G
FEHZBD O —HREAAZHAOTR—REEAT T2 ERICN L THE 3 E£OR#EIC End
effect OFEEAFTF o, 15°CurlE, FizBEe 03m oL« L=3000 ki< EYid
L2ROEMBTHEODENSL, THUDLDE
L>3000

kra _ <£ “2< . >°'5
B = 5400 M) S

L <3000

kra - /L \1.22 /~ 2 _>0.5
p, 0 > (0.0,
L7 LBk Sherwood-Holloway 02 HWTTh 5k, Fujita™, van Krevelen® 45
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- B— @ OuXHmES
= 7/ /) AEREZOERE
L ‘/’
lm 1 | ! o i L ] ! I 1 L L ‘4 | 9105
L [kg/m2-hr]
FBIE ko § L
E 4 =
| Bxperimental . i [
! Liq. Rate . Temp \ .
i formulas Experimental | Packing Tower DX Z
Authors % Converted % Rangg Method Range | used
into 15°C{ ~ (m/hy) tC | {mm)
I
Sherwood _ ) - CO.H.0 Ceramic
1 Holloway kra=10.0L0 7~50 abs. & desorp. 15 3/8” ring 52305
5 Sherwood Lor Ceramic
Holloway “ ring
, | Deeds »Ceramic
8 Drew 12 ring
~ A 132,
4| Seutelo o u—sssre | 10~70 | 10 257 0rHO | 7.9 Glass 91 860
5| Hikita | kza=5.07L0% |  6~60 €0z .0 7~12 oI 505 (100-330)
Simmors —0 807014 - 8~25% CO~H,0 N 18 mm
6 | Osborn kza=2.39L 15~40 vy T~18 | Glass sphere | <815
Sherwood _ 88 - CO.~HO: - Carbon
7 Ruckmann kra=1384L° 4~45 desorp. 17~20 ring 250 < 1400
i _ 0.75 N 987 CO~H,0 N " 10 mm o
8 | Hatta | kzg=3.30L0.7 3~28 absorp 7~19 Glass 50 X500
_ - 982 C,0-H.0 N 10 mm
8 | Hatta kra=456L°7° 3~28 absorp 7~19 Glass 50 X500
9 | Koch kra=
_ a2 - 9825 CO-H,0 - 10 mm
10 | Authors kra=1.821°% 1~22 absorp 5~25 Rasching 54 <X 800
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FHICERE SN B RO S 5 7 — # DEREBIORO koa 12 FUZ T 5 O EIRE R 0 B
R EEREEEELLNG,

B AFPFRICHL, RBEBREOLCHAEEERO T ERARERE UOoREOHGE,
RLUIERICH T SNICKRRER, LWEE=ZRN T LICEJEHOBEERTHEETHY

(W1 32 28 10 A AA b &dbifERRS (7 §I), AR 3454 5 HRMEREXFERFED 1]
(MHF0 34 45 4 5 30 H 523)

H B £ 5
a: ) BRI R [m?/m?]
C: KRB A A BE [kg/kg 7k]
D: &% | & & [m]
De: # A LER K [m?/hr]
Dr: ® #h 8% K [m?/hr]
g: W om ok E [m/h?]
G: HIEWHES YOy 2 HEEEY [kg/m?® hr]
L. WAEWEEY Y OREREE [kg/m® hr]
kro: OB B F O [1/ar]
t: W R [C]
(Re): v 4 2 v Xgr=4Llar [—]
(Se)r: vy s¥=pro;Ds [—]
(Shy: vv—9 v F#=kr(u?lerg)D. {—1
Z: mWHEREA [m]
LR T 1 [kg/m?}
RN [kg/m-hr]

1, 2, s A, HA, @EREERLT,

L [y

1) J\H: b, 31, 869 (1928); 32, 809 (1929); 35, 1389 (1932); Tech. Rep. Tohoku Imp. Univ,, 10,
613 (1932).

van Krevelen & Hoftijzer: Chem. Eng. Progress, 44, 529 (1948).
Sherwood & Pigford: Absorption and Extraction 2nd Ed.

B, AR, L5, 2, P BT, 18, 73 (1954).

Pigford & Wendel: A. 1. Ch. E. J. 4, 249 (1958).

Himmelblaw & Babb: A I Ch. E. J. 4, 143 (1958).

B, P feeETsg, 18, 216 (1954).

BEH, FTH RSB, 16, 399 (1952).

van Krevelen, Hoftijzer & van Hooren: Rec. frav. chim., 66, 513 (1947).
Sherwood & Holloway: Trans. Amm. Inst. Chem. Engrs., 36, 39 (1940).
e, 210 T, 20, 113 (1956).
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Molstad, Abbeyete: Trans. Am. Inst. Chem. Engr. 38, 410 (1942).
Vivan & Whitney: C. E. P. 43, 691 (1947).

B, AR fT, 18, 64 (1954).

Shulman, Ullrich, Proulx Z. Zimmerman: A. I C. E. J., 1, 247, 253, 259 (1955).
BEF . kSRR, 11, 36 (1947).

B (LB RS#I, 1963 11 .

Simmons & Osborn: I. E. C, 26, 529 (1934).

JAH, N LT, 18, 484 (1954).

RhE : fEEEBER, 13, 198 (1949).

Higbie: T. A. L C. K., 31, 365 (1935).

¥ RHTREWPFEDO— (1952).

RAR, FerkK, N, FF: LI, 18, 13 (1954).

Cantelo & Simmons: I E. C., 39, 766 (1947).
Sherwood-Ruckman : ibd 29, 282 {(1937)

Stephan & Morris: C. E. P., 44, 529 (1948).
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Koch, Stuzmann, Blum, Autchings: C. E. P. 45, 977 (1949).

NN DN b e ke ek el i e
BRENBESs=2Ss388

W oM N N
SLxrIaas

w
ey
= =

(62)



¥ 2 00 v O 72K ok @&E2H
(B — VIR R LR FIC B 5 BT%E (35 6 3]

AN A - .

Air Catalytic and Non Catalytic Oxidation of Quinoline (II)

Fujio Komatsu

Abstract

In the previous reports, in order to synthesize pyridine from quinoline, the air
catalytic oxydation had been carried out with catalyst, V.05, Sn(VOj)s, Fe(VOs)s, KVOs,,
AgVO; between 450°C and 550°C. A purpose of this experiment was to manufacture
nicotinic acid rather than pyridine in its utilization by change of the conditions of
the oxydation between 300°C and 500°C.

Further-more non catalytic air oxydation using quartz as a reaction pipe was
done. The following results obtained:

1) In best conditions of non catalytic air oxydation, maximum yields of nicotinic
acid were 14% at 430°C.

2) In air catalytic oxydation with SnO. catalyst, maximum yield of pyridine
was 50% at 400°C, the theoretical air volume ratio 9.9. Its reaction proceeded
violently to produce pyridine from nicotinic acid. By the effect of chlorine, the
yield was extremely decreased.

3) In the compound catalysts of Sn(VO:), and SnO,, in general, the yields of
nicotinic acid decreased in order by decreasing the mole ratio of the latter to the
former. Maximum yield of (1:1) mole ratio of these was 65.5% in the conditions of
reaction temperature 450°C, space velocity 33300, reaction time over 1.5hr and sample
velocity 3 g/hr, maximum yield of (1:3) mole ratio was 75%, in the best conditions
of 400°C, space velocity 33300, theoretical air volume ratio 3.8-4.0, 10 mesh size and
4.3-4.5 ce volume of pumice stone as carrier.

4) In study on material balance, these analyses had 3.5% error at maximum.

5) Thermodynamically, production of nicotinie acid was possible.

I f

m

ATERY IR T AgVO,, TEBELEHAE, Fe(VO,), Sn(VOy), V,0, KVO, ZfilfitdL 3 %
/) v OETERBACOWT —HREELLY, finbd/ I v IDEEY ) Vv E2AKT
ZHEZL T ik, TofFRehenko@EE TR, HLAMARE DHEANSI
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S5, /Y vORFHBIICLOTR, FHAEENLCERIDEY ¥y ERO—IENICK
TEHT A Eicxb, =aFvBESIc ) ) vBEBLC L3R TH S, IBT 153
v Bt U TR L ST =aF vEBESRICEET 5 ERMES L ETHD,
B = 29 v I S T3 RE T AE A 1200 R, FRETIE 170 T, & LTCHEEE, B
FEOMBE UTEBEPSHALDDS 5, HOTHAGELTEY vy RUMNC=a7 vilRe
BARMAENTHONSRAORBORETH 5, =37 vROGRER, DEIvyorE
Uy ANE YBr=aF et Vv =aF vER GEM), 2)A-€ T Y v O WATERRLS,
2 AFN—5 2 F Y vy ORMEEALD, 4 =27 v ORERILS, BREL, =T v
=oFvat Y= F VY, 5)F ) Y OEBRL Y SRS, ARHTE G, G)
) OFRBREFOETHHH, L, =aF vEBOEHFEEL ORELHETANEIN,
SEE S~ VEFIOFHES R Y v ([P — v R AL ) EE S L
T, HRBLIC L B = o F VB TENAREN—FEE LTHNLNL, SEEHMLEORE
VY, R AR AR LR OIS BT ENIC 0 72 Sn(VO,), 1T SnO, ZBifEiE -9 4 1 o, SnO, B
fritic o X, HACEREER, Bal2%0S, FUSHRE 300~5000C, 2R, R
SRR, Sn(VO,),:Sn0, o & v AL, FUNKRE, BodE AR, HE, WHIG OB E
o, MHEDOROERICOVTEET &, ¥/ Vv EDE vy, =aF vEBERT
BT 5 ¢ & ABITEMICEIRERIc X DRL, * /) YBARIC DN TR, ERICRD S
NN T ERTICRFRIC X DTy~ VFRFAEFLNL LD, Tild DRI 20 TE
~N5,

O =R %3

BF1E # [E

Ax B # E -rsvs#f I#% B8 34 MK K& B QW ¥ R
B # & Frixyols J =vreaf NREEHOGE R »¥25HER
C vn—s—s— G & B}OKE B F O HEBRKRIUK
DE H & HE F F LMK #E Pn A H
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MO EBEHE LIRS B, BTEICRY 288 ERTHIHNE, HBERD ALK
BETHO, MR TEFETEE LRV, SEIZERORAIC I >TC—EOEREDO

T HAARBTREETHD, RINEH— TR LY B SICEITTH 5, OTRTHIBIN
IR EDTRONF /U vy BRAEEREIC LD TRISE (£ 25cm, B 1m) Kb
BRI A SO B BB AL SATIE , BUR AR O R BUS ¥ 1d (20~10%) BRER I S R U
REGEHEBORIC I TER L, FICEERICE D TR ELITRYE, BEAA R IR H 24
B 2218 RIS T ICHE Uiz,

2 = B & #

W B ERERRAEEO 95% £ U v A BESIC X DT 238~238.2°C W
OB OIFR LI b DA FH L, 238°C 14 9% BEEOMNEDF /7 ) vaEBRICHER L~
B, MROERE /Y vEHOREAEBILICRTE, BEELTOBEERLTOIOT,
PR ORED & D&, (> TRl ORICERBEECESOBE2HNE THER
WP OT, BB Ric Lok,

(=) Al B B L2 Sn(VO,),+3Sn0,, Sn(VO,),+Sn0,, SnO, Tk 1, Sn(VO,),
SnO, R 2 XOFikic > THIEL 7,

#1D Sn(VO,, - f

AR DWAVE"$ 12g % 200 cc @mf‘”ﬂ(éﬁ%ﬁibf:iﬁi{&&c 08045 7Y VBT VE
w7 500cc OWIEAICHEM L LBREEINZ, BTN ORGEIIBO TR OBEEICLS
BRICimA, BEEICHELRT 2 57 v vBRE 84 200 oF A XoTkEEEL, 100°C
T L, 5~20mesh i L THL 7,

(#1°2) SnO, - fik

MAKDEAE SN EE & D, ZICEEAE L, RaEELET, NH, KemA,
FOoHRRL, WICBEAEZESERNL, T2 NHC OERESTE2ERE LY, BRICR
PN TR T % KB E & 2 70 THle B L, 12T 400~450°C #ipH © 1 SER L X+,
45 A1 SnOLMETE A 100°C T4 8 T 5,

3) DB ERVZ OB

5 2 OB BRI IRE I 30% NaOH i ¢ — R L, BZs7va Vo LT,
MW E v Ry E % I ROTTERIcaE L, - EkiE Widmer 58245 H 0 2 2,
HARIC DT Y v v GECICE 7 ) GG LG5, €0 v v g REEc
UTEIRYT 2, MfMTHREERBEcERESTICERLLY, SERERCT Vv Y THM, LB
% BrCN F v Benzidine " i 1 2 ®e 2 FH L, JeBIEEr (520 ma) 10 THH L
AR A Hi k) vyl s HRIC TR 2-Quinoline+2HCI+ZnCl, o EIRIC I h EES
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1302 NaOH - 7 v 4 v ¥
i A BT
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B R T E R
|7 | o PoNOS,
7 — (s9mte) (i)
Y oo Es EWAR IRV R E| {Ew - - —Pb-nicotinate
| BCI0, “ pH 3.8~4.0 (70~80°C),
¥y o BE R | «—CulCHCOO0),
J,7}Dﬁ1)ﬁ§” l OPSIR O
LERo Y v Bé¥  Cu-nicotinate
(BRON ) HS
‘Benzidine I X
I (520 ma) Y2
CuS(PbS.) nicotinic acid 7&K
| mammg
| nicotinie_acid |
@ *.9 L Ey . p. 237°C
@ ©
(50,5 | K HgSCN), | 411 ; —CoH;N-Hg (SCN),
L 02~04g \80 m¢ 0.1N —»‘ 2KSCN + excess K.Hg (SCN), ‘
GV
BgO e l‘___f! 50 m{ - (pick up)
9) LKSCN l—— 102 KOH

I dil HNO, Btk
;30mz 0.1 N AgNO,

‘ i&gSCN +excess AgNQ ’

0.1 N KSCN T back titrate
| Fe-Alum

| AZSON+ENO, |

P e LR

Cd
N

a = (SCN);gr, c=(SCN):gr
b = (SCN) gr , d: TEW ml 5

3 v v v v

2H,NR
()+BroN—)—Br " )—NHR+H,N-CN
N N N
\ V4N
CN R HBr

PH7~8HH#] ~ v v (2g/100ce) T4 7 —v 25mf

"0.01~0.2 p.p.m standard )

10.02~0.001 mg/mg. sample/ 55450 37°C Eige U — 4 (15%), BrON 5ml
|

Fet (Fig)
2@ 45 M
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WC &2 TR 7o d3, KHgSCON), 1o & 28 LA iE™ KRB 2 A TEETITIC X D7,
XPBREPRICE D EMERO RS, COEKE pH33~4.0 3% L, RRITIMARE
Jm T Cu-nicotinate & L TEIR L, 2~ & nicotinic acid 122280 I, IREE KD, ¥
i H,S i &£ O nicotinic acid B E 2 Y, EMACEE L, m.p.237°C @ nicotinic
acid 3o e, HFL Co BOERZEIZEHLL, BZoRFLH 5D, s —Kk—ESd
b, AEBRTHOEBALBFEEETEROPHICEL D TEREIET I, BELoWMBELDELSN
% nicotinic acid X130 Cu R ABRO L OBHBONFN R TH 20, HZEIR% 13T
ZETH D, WK TRBHOFIICE>TERE & 5714, pH38~4.0 1 LzE4ic Cu iz By
Rt adr, FLEDL X ORI EED LIS ART D, BB EMAE & Do DEIpE
O T Na-nicotinate & =M EDORAED T TEESNELIFENTLD, THAED R #E
TiE, n-butanol IC XD TR = % / ~wEHWT Na #i % Gk % ORI E M T~ & FEs
o, X nicotinic acid @ EIRICE Cu HBAMCERESHIICE Pb-1E BRI TH B, 20
BEd i & D RSB T Pb(NO,), & A\, Pb-nicotinate & LTEIN & 472728, Culf&iz
BREUEREIRT CENT D7,

. = & & &

AEBZ R L OB e g o “HBIc S 0 o s,
I #EAhEEE
FEHOAEE (EFE26cm, B3 1m) 2U8EE LTHO R, BETE~NE, ZHARE
BLX2OPBEZILOTHSH, AFHES, TEHo 02N LAL0T, oRicE
EHES DB S D EB~OIE, ZDEETIE 300~500°C o SR @R U iF 3 E
22420~58155, 285 % 7 UV v O E L, 905~478.0, FINEM 1SS LTH ORI L
FTIFREN 5,
KIERE & =37 v BOWHEEOBERE R 57051, MR 22420, 38700, i (48RE8/
F /¥ ) 905, 365.0 ol TIATILE 430°C HRERRTH D, S00°CC Tk =27 v D
WAL T B R TTIRN B LB, B%ICHDT 3, EKE/% /7Y v OBE 1560 ©—
HDIBAOBSEE SR E OGS BT, 430°C 1o BT i Sk i 38770 ik o U A i,
(EErFE S 251, 254, 255) SLOES /% /) v DR 365.0 DI ETIHE RO BES L, (ERF
40, 43, 4), O THRBEBAPSTEINZEEORE SPHEERIERL LD L0T, 1
G U T2 ENRITTIE S 180,
1(m) EAERE REBICLIE
T OB I A &3 AT BRUE i BiEL4s Mullite (5% 3ALO, -2Si0,)
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BLXR WM BEBMLE BEBCLD)

1 = ~
g | PUSTE | RS ‘ R ’ Gk | Ay | s | ﬁ&:ﬂ%f
Lo | (ghe) i @hr) | (em/hr) ‘ (=) | ) | HEE,%):,,,
25 350 1 7.0 ’ 110.0 22420 90.5 1 5.5
26 375 7.0 110.0 22420 ) 90.5 1 6.0
27 405 7.0 110.0 22420 90.5 1 7.6
28 430 7.0 i 110.0 22420 %0.5 1 10.0
29 470 7.0 ‘ 110.0 22420 90.5 1 5.0
30 500 7.0 110.0 22420 90.5 1 3.0
31 330 5.0 | 190.0 38770 219.0 1 2.0
32 350 5.0 190.0 38770 219.0 1 5.8
33 385 5.0 190.0 38770 219.0 1 8.5
34 430 5.0 190.0 38770 219.0 1 12.0
35 i 470 5.0 190.0 38770 219.0 1 7.0
36 505 5.0 190.0 38770 219.0 1 4.0
37 350 3.0 190.0 38770 365.0 1 6.5
38 370 3.0 190.0 38770 365.0 1 8.0
39 395 3.0 190.0 38770 365.0 1 9.3
40 430 3.0 120.0 38770 365.0 1 14.0
41 470 3.0 190.0 38770 365.0 1 7.5
42 500 3.0 1€0.0 38770 365.0 1 5.0
43 435 2.5 1€0.0 38770 439.3 1 14.3
44 i 430 2.2 190.0 38770 478.0 1 14.1
251 430 7.0 196.0 38770 156.0 1 10.3
252 405 7.0 190.0 38770 156.0 1 7.9
253 350 7.0 190.0 38770 156.0 1 5.5
254 430 3.5 9.50 19385 156.0 1 9.5
255 ‘ 435 ‘ 10.5 “ 285.0 58155 \ 156.0 1 7.0
2 //'A\\ (cm/hr)
i 10l: i ,t%_ = “\Qx (I) 22420 90.5
B 51 =0 o (X) 38770 219.0
‘g; o Am 7 & (1) 38770 365.0
(%) 350 400 450 500

— G E (O
EIE M@ (RRE
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F2HR BHETC LB B
(&, AEY s L) (Mullite; 3A1,05-28i0,) i Fe0: 3% % &ir,

aﬁﬁﬁzﬁx m,ﬁﬂ%é‘ R o | Aie/s o) o | RISE géj%?
R o) | (eaE) | W |G
1 0 | 72 | 1158 23600 820 1 34.6
2 | a0 | 72 | 1158 23600 82.0 1 417
3 | 450 7.2 115.8 23600 82.0 1 445
s | s00 7.2 115.8 23600 | 820 1 25.9
5 350 8.0 156.8 31930 113.5 1 28.3
6 . 400 8.0 156.8 31930 113.5 1 41.2
7 450 8.0 156.8 31930 118.5 1 49,0
8 500 8.0 156.8 31930 1185 1 30.7
9 350 80 | 21L2 43014 137.0 1 305
10 400 80 | 2112 43014 137.0 1 42.3
11 450 80 | 2112 43014 137.0 1 46.8
12 500 8o | 2112 43014 137.0 1 32.1
13 350 55 . 189.2 38431 199.0 1 38.7
14 400 55 189.2 38431 199.0 1 47.8
15 450 55 189.2 38431 199.0 1 51.3
16 500 55 . 189.2 38431 199.0 1 274
17 . 350 32 | 1814 36945 3425 1 45.4
18 400 3.2 181.4 36945 3425 1 49.7
19 450 . 32 181.4 36045 342.5 1 22.5
20 500 32 181.4 36945 3425 1 15.9
21 50 | 28 1814 36945 372.8 1 205
22 w00 | 25 181.4 36045 4191 1 19.5
23 450 | 40 1056 . 21507 137.0 1 47.0
24 50| 120 3168 64511 137.0 1 38

ObOEMER L, CREBREMEITOMRE, it Fe,0,3% BIEREALTRED, H3RE
ERVIGEREHRINE, BoRIORTM, Mt L TREYEA SIS0, FREICE
REEIC X DMIER & LTHA~ON B 0T, EEICFe,O, ZRAICAHE LD EANTS
IS 20~30% 0= F vBRERL LS, WEEORENS L EPEREI NI,
KR 23600~43014, FUSIE R 350~500°C, X EHfiE 25~80g/hr, ZEXE/ ¥/ Vv O
TV 82.0~419.L, FUSHKHE L2 @R & LTI o RE, HARICRTR SN AHIC
RS 7Y v 3425 DL EARUE, MNOBEEICR TS, 450°C I T=a s v
WEBRRIRTHD (¥4, I~1V), 3425 DLEoZRE/& /) v 2 VTR, =3F vBIED
BARG B RIGRRR W00C BT 5 C s (M4 V), REM—EOBE, EAE
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290 N B OB

Py
S

R FERCHY j—
8
AN

\ N\
/

Z/

(o]

|3\
[

Qady
-

10

<
g

400 7 450 500
— Rk & E (O
W OB OETEE Mg ERER/FV U

SERME gme) bl & ok
( T ) 1 115.8 7.2 4.8 82
(1) 1 156.8 8.0 5.0 113.5
[0119) 1 211.2 8.0 6.7 137.0
(IV) 1 189.2 5.5 9.6 199.0
( V) 1 181.4 3.2 15.0 342.5

#a SRR (L O RS IR & R (R & 2 8

¥ U VBERATIE, 350~400°C 10T, =aF vEBOWEEZBAL, 450~500°C 28T

W, FRIc=0F vBBOWEOW K-S A LT A ERMSHIM, BAOD, PO T 2R

ERLUMGD 2 ETHD (B2F, EREF 13, 14, 15, 16, 17, 18, 19, 20), LERE/* /Y

VENEETIE, SR OEER 21507~38431 TR, —EOBRFERTR, TNRETE

—aFvEBONERETY 5, XiE—E B IEEoRE T (£13,17; 19, 21), 350, 450
AT AN S &, EIR450°C Tl = F vEROIERIZ T MEAR S RICHA L, iR 350

°Crid 2 OIERIAE TRENE I AT 2 EERLTV S, COBBRBHOI Y 5/ Y
v ORI OEE LT 5,

I iR

C OEBT IR FINE R R EHGEE 2RO 2, Sn0, % 8A TN L 72 BRE TN Sn(VO,),
+38n0, % BF IC IS U 7018 A %0 Sn(VO,), +5Sn0, - il & ML b, MRS (h 28 2 H
WA I L TED cmaF vEEORER FRT AL, FRUCEOTE I VY ORES, R
R A G B =0T ORGP UBIO RS HEDREED ), EHLTS

%%KODT&®@<%HT%
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) L OELEA (BTH) 201
¥ 3% SnO;filiit (0.08g/ce) (5~10mesh)
; - ! | — | SOC
Ve o gy @by lee/nrjee)| (=i | (hy) %) (22) [E4)
45 330 315 § 9 175 38890 1124 1 18.0 00 | 4
46 350 325 9 175 38890 112.4 1 10.0 605 | 2
47 370 342 9 175 38390 112.4 1 14.0 55.0 11
48 400 370 9 175 33890 1124 1 26.0 40.0 19
49 420 380 9 175 38890 112.4 1 25.5 36.0 25
50 450 395 9 175 38890 112.4 1 25.0 32.0 32
51 500 495 9 175 38890 1124 1 7.0 25.0 61
52 330 300 5 195 33000 225.0 1 20.1 195 45
53 355 310 5 195 33000 225.0 1 28.6 285 6.0
54 375 325 5 195 33000 225.0 1 28.8 40.0 6.0
55 | 400 345 5 195 33000 225.0 1 29.0 55.0 8.0
56 | 425 350 5 195 33000 225.0 1 29.0 52.0 12,0
57 \ 450 390 5 195 33000 2250 1 12.8 50.0 31.0
58 480 415 | 5 195 33000 225.0 1 6.0 485 40.0
59 500 ; 430 | 5 | 195 | 33000 225.0 1 9.0 30.0 (eréﬁi%?é)
60 | 350 | 315 3 195 33000 375.0 1 29.5 28.0
61 400 | 350 3 195 33000 375.0 1 30.5 54.5 —
62 450 - 390 3 195 33000 375.0 1 115 50.5
63 500 440 3 195 33000 375.0 1 5.0 i 33.0 —
o l?\ O——o =2 F L I
% \ o——c % KI5 | B —
20 A——d e ) Ty
=
60 / \
5 5 \ /] =
= \/ T~
mi s 30 /D\ A\A
LNV S e
10 L///_\\%—»—”;,;\““*‘T‘~—-g \\\\>ﬁ
O¢ Qo 00 A) —5%0
— It H E (O
&5 SnO, fli/®A (Cly 75 L) (0.35 g/4.5 ce #7) (5~10 mesh)
ARV, Y Yy, REIGHOREE RIGRE

(HMmES RN 4.97, HTHE 9gr/hr)

€4))



292 N OB

11 &) SnO, /@A (0.35 g/4.5 c¢) (5~10 mesh)

COFERBTERMFETHRE GO & 3~9ghr icfBE L7, B%H 10g/hr DLEXIZ 22 BITT
@, MERREIRDT 2, MERIEE (E%25cm) oI ICHERE 23 L, %
FTRERAICHEIZEEL , T ICREEE R 90D, B, 18D T 2R3 33000~38890
ORHC TR E 175~195 (/hr OFWR T, H TR 9 g/hr, FLHIEREILA507 D44
T, ISREE =2 F vEBIREOBARER AL S, 3%, 5o, 400~425°C [
C=aF YBOWEOBRRKENRROND, L, =37 vEEORES sz gL, &
SMTHFED EFLIEVOE, FHO=3F vEARNESHO DI, SBEBERY, U vy
NREREBALT 2 LB SN, Ty BIRTH» ML, SREEHE 8%, =oF vBIU
YUYy DIREEHRET 66% ZRTAMS, WROEIEHEESNTHERERS,S, BB
DOBE R 30CICHRTE ) v vy OBFRORRGEHEBRENLTH %, fFL, 350°C & b & 450°C
DG VBEEBBORLZHEIRENTOE, X=aF vBRUE ) vy ORBREBOKINT 350
CoFMKTHY, FREND, €Iy eRthed 5051, 350°C AR & EADN
B, PEDTARKIGYE 300°C X 0GR 500°C i B 2 1o ptv, B L, 5% BEICKI LTEE,
PELEOWMTRES Sghr (08 LDt e, HRANTAEL (a7 vEsBons &5
NIBED) 99 OBAE, BT EERARIEHO %REE R EICRP LT A, 2aFy
B D IR 350~425°C [ & TR— B W ER R L, ¥ v v O 400°C 28R4 &
LTREN, MRENE LORE & ICEPFESRDT 5, COFRERF 6 HMTRINBHIC
HSME L THO pCHIE NS 5, HIBES TR BOICICNT, ¥ vy BRATS

100

% \ O——0 = 2 Vi
Aemm A 2 ) ¥ U
% \\ ook K
T
Jz % \‘u S
50 ™ 2 = a—,
T, pd \
B2V “ ;>/\9 i o \A
g\@; 20 == AN
N o~

xe

goo

— Rt & E (O
6K SnO, #ig (Cl: 7z L) (0.35 g/4.5 ec) (5~10 mesh)
AR VB, €Y vy, REGHONEERIGRE
(FIERE B 99, M R 5gr/hy)
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* oy L OEREL (B 293

PR EB/E Y VEESCOEEORSICHY LT ELLTH DL, FHO6XORE
0, ZOWRENHN2HENOESICE, ¥/ ) vOBREOESDRY), HILERICL 3R
OF Loy, 350°C CREBEEIRIE S BB L T B0, =37 YERETERE
b, EVvvEa#EiEdol, @RBRESFEEIO, JEL, BREORFICED, HD TRK
JEMREND, 400°C ZRTE Y vy BRREERTICES, HOM, 26 XM b
D% FRE L7 EHICHAT 5, X 3g/hr OFF THET, ZREHE 33000 ¢, i 195 f/hr T
W, BWORNCHEEL, £/ U vEBEMSTLDNCELD, TOBEORDITOENE 3R
THREND, HMEREFEORxs 5~10mesh 0b DI DT TH A, 20mesh L, 5
mesh DIF TR, HZEREBIETEATZS, Bhrnb, ERICRESTHD, BER
FEBE RV ICHDL, WRIEMTEPT 20T, WLTREHWK L, WHELOERTE
=aF vBORELIDDL, ©Y v rvIREHEAE L,

11 (o) SnO, ahiE /T (0.077 g/cc BA) (10 mesh) (Cl, ®E2EE)

0.077¢g SnOz/cc A OEBEOMEBIC, EROIGEEL R g Liciowic, 0.005g/ke @
Cl- 28F LcESE, M2 SnO, ity 28840 & W70 D BIS DR USRI E R L o,
WAE, FTRCRT &,

B4 FE  SnO, il (Ch ©E%) (0.077 g/ec B 1H) (10 mesh)

B | gsar | v o6 28 i | R (Al EE %15% 1044

S e (o | (g | @) |leehr/ed) | (=ai) | m |G | ()
64 350 325 9 70 33000 45.2 1 20.0 5.0
65 400 375 9 70 33000 45.2 1 16.0 7.5
66 450 400 9 70 33000 45.2 1 15.0 8.0
67 500 435 9 70 33000 45.2 1 10.0 5.5
68 350 330 9 140 33000 90.4 1 6.5 10.0
69 400 380 9 140 33000 90.4 1 11.6 9.5
50 450 415 9 140 33000 90.4 1 13.0 15.0
51 500 445 9 140 33000 90.4 1 7.0 6.0
52 \ 350 320 5 195 33000 224 1 6.9 9.5
53 400 375 5 195 33000 224 1 12.8 9.0
54 450 415 5 195 33000 224 1 14.0 13.1
55 500 440 5 195 33000 224 1 7.5 5.5
56 350 325 3 195 33000 375 1 10.0 10.2
57 400 378 3 195 33000 375 1 15.0 9.5
58 450 423 3 195 33000 375 i 17.0 13.5
59 500 450 3 195 33000 375 1 9.0 5.9
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294 N OB OB OB

T
|
' o—w—o:nym
o, A A ) Uy
£ ,

| /// \\>\\\<I —i
%,, 10 A 4/ // 7><":

0 1 2 3 ) 5 6 7 8 9 10
—BaEABK
g7 SnO, A/ (0,005 g/ce @ Cl™ &) (0.07g SnOy/ce #7) (10 mesh)
ZovE CE, ¥Y U rORE (350~450°C) & BIFHE SR
(HTFEE 5~9g/hr, ZERIEE 33000 cc/hr/cc)

75 T B 13 5~9g/hr, ZefEEE 33000 cc/hr/cc OEPTIT D/ RER T, ZHRE/F/ Vv
452 TiE, 350°C, 400°C, 450°C lElc =25 vEE IR L, ¥V v v idsfic 450°C Ak S
ELTENUFOBEETR®RPT 2, DE0ERERRL2OBETH 2 (EBES 64~67),
B L, BHTEREREKCI D, IbLEREREIL 4 K2 ICRT, #iEEL, 350°C, 400°C,
450°C Dlic =2 F vEBOWEDERYT 5, €V vy 460°C SEAEE 3T, Hib M
BEHADETRBAE COMEPELS, %/ ) v OEEICX 2 HBENER30°CTR#EL L,
BEICONT, 2OBBHLCOBEAR=F VBOWROETRIIE L, LI vyl
B 350°C, 460°C 1o, ¥/ Y vBEORERE {, 400°C It TEDEEZ DB,
e L, Cr 0aH =07 vERUE ) vy OREEZEEICES>TRP S 5EEL
Tk 5, X 3ghr OFTREDOHEGEKRTH 528, MOLBREETHART 204TH
% (JTEEDD D),

IL¢Y Sn(VO,),+SnO, il (0.36 g/4.4 cc BR)

BISRIC T Sn(VOy,), Itk ko ILPO,, Na,CO, £t s+, HAELZ BRIV 3
DOBIERE LIS, fhbe V oy 2XEHME L TOCCRHETRENIIEDRVE, R
HPO, i 0E&ICE, =3F vEBOEE>E Vv v ~OB A VK v B I 0 ik #4753
Lo 8, & AR 300°C HH & 1 iR 500°C Wi o &I >0 T, Sn0, % Sn(VO,), IKik
TU, B & v ELOIRBICE C 5 & LTHORbDTH 5, ZOEREH 5 KICRT,

W5 RICTF SN BRI, ZeRlEEE 7000~43300 O KU B 3~10 g/hr, R E
70~195 g/hr D P Iz DV THF D7, 150 f/hr YRR, 33300 OZSHME T, e
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F 00 vORESEE (BoR) 295

®5 XK Sn(VOy+SnO, MilE (0.36 g/4.4 cc 1EM)

g | USEE | 0 R | EAUER | CEIHE [Airis ) rmﬁﬁﬁ\ﬁiﬁﬂf

C) G (ghr) | hr) | (ce/hr/ee) | (= i) (hr) {22)
60 350 340 10 | 150 33300 ‘ 86.4 1 54.6
61 400 370 10 ‘ 150 33300 | 864 1 55.2
62 450 400 10 | 150 33300 ‘ 86.4 1 63.4
63 500 465 10 | 150 33300 | 864 1 46.4
64 300 300 3 | 180 33300 288.3 1 —
65 320 310 3 ‘ 150 33300 2883 1 15.0
66 350 330 3 150 33300 288.3 1 59.0
67 380 350 3| 150 33300 J 288.3 1 60.5
68 | 400 375 3 | 150 33300 | 2883 1 62.6
69 | 450 400 3 | 150 33300 | 2883 1 65.5
70 \ 500 460 3 | 150 33300 288.3 1 39.0
7L 320 305 5 195 43300 224.8 1 10.0
72 | 380 330 | 5 ‘ 195 43300 224.8 1 47.0
73 . 380 355 5 | 19 43300 2248 | 1 50.5
74 l 400 370 5 | 195 | 43300 224.8 1 7.5
75 450 405 1 5 195 | 43300 224.8 1 60.4
76 500 450 | 5 195 43300 224.8 1 40.5
77 \ 380 345 3 90 | 20000 173.1 i 585
78 | 400 370 3 ‘ 9 | 20000 173.1 1 610
79 450 410 3 % ‘ 20000 173.1 1 63.0
80 475 a5 | 3 | 90 | 20000 173.1 1 55.0
81 380 340 3 70 7000 | 1344 . 1 60.0
82 400 365 3 “ 70 } 7000 134.4 1 625
83 450 405 3 . 70 | 7000 134.4 1 64.0
84 480 425 3 | 70 | 7000 134.4 1 60.5
8 450 408 3 9 | 9000 1731 1 63.8
130 | 450 405 3 | 150 | 33300 288.3 3/4 50.0
131 450 405 3 150 | 33300 288.3 1/2 35.0
132 450 405 3 | 150 | 33300 288.3 1/4 18.0
133 455 400 3 | 180 | 33300 288.3 2 62.0
134 450 395 3 | 150 | 33300 288.3 3/2 64.0
135 450 38 | 3 | 150 ‘ 33300 288.3 3 60.0

MBRRE/ X ) v RNVEORE DG e RIC=2F vEORFEHRL, 450°CItRNT

ZOWREIFERTH 5, 450°C LLETE, BEBEIOE Y v v OB 7o DI PERIZ T 18
DEPTHHDEZALLNE (ERES 60~T70), BN E3ghr —F, @ik 45cc —
T, ZEHIMEDMMRE R 575512, 33300 B ADRHAE R T (400~450°C), k78 10cc

WML 72BEE =0 F YEBOBRMBE AT 3 (EEES 81~84; 77~80; 64~70), X ZDK
TG & W & OB A R, LEHPDATRIREEL, P2 1HEHM ENETH S

(75



296 Nom B

EILMicR#aNn3,) (HEFD 130~134), Mh s RKISEE 450°C #EEE s, 0B
RiF 655% (EBRFEE69) ThHb, fiL, 350°C LD =05 vEEOUUE R AT 2 51T,
Sn(VO,), Bt L 2 28 Th 3,

(= 8Sn(VO,),+38n0, fibfE (0.5 g/4.4 cc 827R) (10 mesh)

Sn(VO,), ic Sn0, OFEMIC LS THE D =3 F vERDR & /v K v LA 350~450°C 12
WTHLIIH SN, Sn(V0,),:Sn0, 0 E vkt 1:3 B A 3 &ick b, —BxHEay
BRAFOLTHEY, ZOBI%H6 FITRT,

COROEREFES 86~91 T4 58I, Sn(V0,),:5n0,=1:1 oS LD =25 vEBO

B 63X Sn(V0y,+3Sn0, i (0.53 g/4.4 ce) (10 mesh)

g PUGTIE | 16 B (SRR 72 RO I | Air/es s RERE e o
() ¢C g/hr) | (e/hr) | (ec/hr/ec)| (evih) | (hr) (%)
86 | 300 300 | 95 | 150 | 33300 | 908 | 1 — |
87 | 320 | 310 | 95 150 | 33300 | 908 | 1 150
88 | 350 | 330 | 95 150 | 33300 | 90 1 693 || AR
80 | 400 | 365 | 95 | 150 | 33300 | 908 1 74.0 45ce
9 | 450 | 415 | 95 | 150 | 33300 | 90.8 1 65.2
91 | 500 | 455 | 95 | 150 | 33300 | 90 1 50.4
92 | 350 | 3% | 7.0 | 110 | 36600 | 905 1 65.7
93 | 400 | 380 | 7.0 | 110 | 36600 | 905 1 720 | l
o4 | 450 | 425 | 70 | 110 | 36600 | 905 1 58.2 f see
9 | 500 | 475 | 70 | 110 | 36600 | 905 1 46.3
9% | 400 875 | 105 | 110 | 73300 | 603 1 452 15cc
97 | 400 | 365 | 98 | 110 | 39300 | 646 1 528 | 28ce
98 | 400 360 | 95 | 110 | 25300 | 667 1 672 43ce
99 | 400 30 101 110 | 21500 | 627 1 65.2 5.1ce
100 | 400 370 | 51 50 | 41700 | 564 1 40.7 12ce
101 | 400 370 | 48 66 | 42600 | 790 1| s32 15 ce
102 | 400 370 | 98 | 110 | 40700 | 646 1 60.2 27 ce
103 | 400 | 370 | 98 | 150 | 32600 @ 881 1 740 45 ce
104 | 400 370 | 102 | 182 | 29900 | 1027 1 605 | 60ce
105 | 400 370 | 98 | 150 | s2700 | 881 | 273 504 |
106 | 400 | 370 | 98 | 150 | 32700 | 881 | 1 74.0
107 | 400 370 | 98 | 150 | 32700 | 881 | 32 | 700 || REHH
108 | 400 310 | 98 | 150 | 32700 | 881 2 | 698 | zom
109 | 400 370 | 98 | 150 | 32m0 | 881 3 68.0
110 | 400 | 370 | 98 | 150 | 32700 | 881 5 67.0
126 | 400 375 | 105 | 110 | 15710 | 603 1 655 = Tdece
127 | 400 370 | 80 | 130 | 65000 | 892 | 1 550 | 20ce
128 | 405 | 370 | 80 | 130 | 21666 | 892 | 1 735 6.0 ce
120 | 400 570 | 98 | 150 | 32100 | 881 | 13 30.2
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0 L OESERL GBS 297

D3 350~500°C DAREICES>T IR LTINS, LA0C it TRANREZRLTNS
Brd, 20EVE1:3 OFBEMICEBICROTAERN T, 111 v HOoEA DR RE#H%
T 450°C IC I L, FUSEENRTH %, C O¥E&=aF v EE R US4 M 0 6 510 558
s, I UvYRBAEELTNEY, CHEER 350~450°C o<, =5 v#ElEo
FOREE D Sn(VO,, Bt TR & D RTINS, SnVO,),+5Sn0; I I > THIGHEDOHEK
LD, RFEE D, SnO, £V HOBAR SN, BRAWSFRENEIC 450°C X b 400°C i i
fTLrebo&EBLLNE, FFLED, BANVK B DRISRERIAA EDBVEEDF &
A BND (HEEEE 86~91; 60~63) (45 8 [N H4),

RICZTRE % 7 ) v e, 13E—E (908~905), FREFOFELRITOE, Fik
BICo0T, 33300 10 36600 [ EMRE A AT 5 C LIcd D, WEREDPT S (RRES
86~95), i (%% /) v) T v 60.3~66.7, 21500~73300 o 28K E O Z LD B A
His, i s—mic L, HEEESEA B4, 25500 Oeflm il bl AA & 43cc @
Bans, 4000C O FISREICKROT, BE—FE0=aF vBOBIERERT, 2> THRETO
FRTEERELRL, R ETERA S —ERHENL L, ZOMEEORE XE 10 mesh Th
% (EEHRE 96~99, 126; 89, 93, 127, 128)

CORTH B, 400°C Tk 43 cc PLEHAARBSEAL THEERRIBR LI, &iE
HEPTAET 5 LI 5, s RUSER 1B, 3§ T3 70~105ghr 0fiFTH 2,
KB Jekefd & s & OBIfRIZ 400°C O SUSILE TR, RISRIKHEARETHD, TNETA
WO RRT 2, PP L 1 EBRRSB TN ES uxfpmayb, SRR ICIE T4% X0 67

80 - T
70 O O{I1)
/ 0 o(T)
60 7
= 2 -0
o 50
F =0
L 40
A
A
20—
(%)
10
S R | -
1 2 3 4 5 6 7 3

RN N i ()

FISERE ®B M T IFE““?‘“

°C (hr) (g/hr) RELL

(1) 400 1 9.5~105 2.8~2.6
(1) 400 1 7.6~95 4.0

#I0® Sn(VOy)+3Sn0; %&L@/%E (0.53 g/4.4 ce) (10 mesh)
NEECHABR L O K

7D



298 OB OH

%0
% ()
O T
70 a —¢ ° P
60 i ; — @
| - i)
2 50 °/"/
7 L
V4
i 7
30 o
% v/
(%) 2 /Qs'
10 /
0 15 30 5 50 75 90 105 120 1% 150 165

— KI5 B H 4
Sn (VO SnO;  MUBEE K RSRE ﬁ! e

E N - 4 (glee) (ee/hr/ee) °C) e
(1) 1:3 0.53/4.4 32700 400 3.8~4.0
(11} 1:1 0.36/4.4 33300 450 4.0

F1 Tl B R ftic 45 0 B BUG R ] & Y 2R

PlTikA Uy Sn(VO,),:Sn0,=1:1 ([ ]l LFARIITH 5, £ OBFAE 11 iR,

ff U MBRA BE0R 0 5 1#ﬂ;@@Zé’%ﬁoﬂﬁﬂ‘ai%n@u\—‘c@“mli“, 1T IR B & SO %
RET HLEND 5, EHRHFS 100~104 IRELCITHAEELE 2 HIBAETH A, Hk
AR ASce MEMNBEORKREAR LTV AL LSS, MLOERIIZIZ—HT 5,

P 81 (VO,),+3Sn0, it (053 g/4.4 co) It AR EORMEDOEBEIZL DN CIZET
EZom, FREICDOTHRE L, ZERIHEE 33300, e 150 ¢/hr, e5E/ 2 Y v
90.8 ©—EL IO T T, 350°C [T 20, 10, 5 mesh o iz 400°C i BT i 20, 10,

>\1
ON

B 7% Sn(V0y),+3Sn0, il (0.53 g/4.4 ce) KiE O BB

B B | | BB Ry A KO 5 CoR 00, | RRISH
P = R ‘ VIR T B M e 7‘:%@@5; error
%% e | o | g/hr (a/h) (eefhrfec) (= v ) fmesh) | ) (%) s o0 (5T
11 | 325 | 310 95 . 150 33300 908 | 20 | 1 | 155 52 | 790 (03
12 | 355 | 330 95 150 33300 | 90.8 | 20 | 1 | 698 7.1 | 221 (1.0)
113 | 407 @ 35 . 95 150 33300 | 908 | 20 | 1 | 745 = 105 | 130 (20
114 | 450 @ 415 © 95 & 150 33300 . 90.8 | 20 1 650 | 200 | 12.0 (3.0)
15 | 505 | 455 95 | 150 33300 908 | 20 1 | 495 | 410 | 85 (10
116 | 320 | 310 | 95 150 « 33300 908 | 5 | 1 | 140 | 30 | 80.0 (3.)
117 | 350 | 330 : 95 | 150 33300 |, 908 | 5 1 | 675 51 | 251 (2.3)
118 | 400 | 365 | 95 150 33300 908 | 5 | 1 | 725 | 74 | 181 (20)
19 | 452 | 415 | 95 | 150 83300 908 | 5 1 | 635 159 | 175 (31)
120 | 495 | 450 95 | 150 33300 908 | 5 | 1 | 465 & 350 155 (30)
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5 mesh O g

’

450°C ci31i3

Yy L OESBL

AT

117; 113, 89, 118; 115, 90, 119),
PEDTHAEDR = 213 20 mesh 235 R AR,

5,

W0, HBICIREEE R

O & FRRiC

WU Sn(VO,),+3Sn0, il 0 L% B

=

)

Tk BE IR 178 B
T, WEOTAHAERETIE

BOBMRBRERUICBAVBESETH 2.

299

=aFVEORER KD T S (RRET 112, 88,

e r S N
10 mesh TR REF &)

bz,

8 8% Sn(V0:),+3Sn0, il (0.32 g/4.4 ce) (10 mesh)

. = P ] . .= F e
B RS | o | OB R en Air/x |HED | K S| Do O, | REIEH
H 5 e " wE ) R EIRE VoiREE | M %ﬁ?ﬁ%% AP error

{°C) (°C) | (g/hr) | (¢/hv) Vee/hr/ee)(= v ) (mesh) | (br) | (%) (H#Z%) (%>< % )
121 7320 | 310 | 95 150 | 33300 | 90.8 10 1 13.0 35 | 80.0 (3.5)
122 | 350 | 335 9.5 150 | 33300 | 90.8 10 1 65.0 6.2 | 305 (2.3)
123 400 365 9.5 150 | 33300 93.8 10 1 70.5 8.4 19.5 (1.6)
124 | 450 | 415 9.5 150 | 33300 : 90.8 10 1 61.2 | 182 17.5 (3.1)
125 | 490 | 445 9.5 150 | 33300 | 90.8 10 1 485 39.2 | 20.7 (L8)
. ,
B4 6 RICHWRIBELD b, MBS/ L4 (032 g/4dce) TE, 33300 @

YRR, TERE/F 0V v 908, TEEE 150 g/hr oA, ETREMITT AL ETH A
(BB 121~125; 86~91), Ljifr @M%QOQgMMmuLCm@ 1o, WARTSE
BN OTH 20, WEBELHLL, coBE kY, Mt s, 400°C o s
90 |
20 QO = 2 F VFE |
° b——a ) ¥ Y
70 0’/’ o ]
&0 /,] < !\
. 4 — = .
S0 g < ’ 11Ty
2 0 /y/ B _ (i
S ,’W j """"""" S
T %7 ,/ﬁ*‘*‘—“\% """""""" A CV;
. O
B/ ———
| | )
]
5% 350 00 50 500
—K it & B (O
g Y [ my  ETHEE
Sn (VO3),/SnO, (/ca) (cc/hr/co) T F e AR B (g/}lﬁ')i
(1) 1/3 0.53/4.4 33300 3.8~4.0 9.5
(11} 1/3 0.32/4.4 33300 3.8~4.0 95
(mr) 1/1 0.36/4.4 33300 3.8 10.0
SnO
(v} (Cl % ém 0.07/4.4 33300 4.0 9.0
(V) SnO;(pure) 0.35/4.5 38890 497 9.0
=8 Sn{VO;), & SnO; ©® mol Zfhic3sF 5 K ISIEE & 1K
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300 N W

BICRO TSR RAMELERT,
I Sn(VO,), & Sn0O, &DBILLEILICHT 3 RIGHE & RE
BEIC Sn(VO,), SnO, fiffic > &R~ 23, ZABHET 5 &, B8XITRaN3,
fri & 300°C fi$55, 500°C Bl LTl =27 vEMRERE 478023, 350~450°C O R IRIRE T
BRL2CODENEOROGEHZ &> THEd 5 &, ZUEHEE 33300, EpEsEk4~5, BT
B 9~10 g/hr KO TROIER T =2 F v EE DR BE DT 2,
1Sn(VO,),-3Sn0,(0.36 g/4.4 cc £ F)>1Sn(VO,),-3Sn0,(0.33 g/4.4 cc #F)
>15n(VO,),-15n0,-(0.36 g/4.4 cc #&)>Sn0,/ix 77 (0.35 g/4.5 cc pure)
>Sn0,/8 45 (0.35 g/4.5 cc (Cl, % 3 < 13))
L 30°C It T Sn0, e Y v v BB AREAERT OPBRTH 5, X=aF VO WK
5 350~450°C 12 >, OB AT ODOIES Sn(VO,), & SnO, 0EAMETH 3, i
HWSHWEETH 2 C iR Esn 3,
Il SRR U ERE TR B RUNEE & N3
RIEEICS @I b NI B R O i Y B R A SUSTRES &R & OB TR T

80 ] 1
70 I \l\

0, o0 = 2 F
60 / S ba—AC Y ¥ oy

I RN
50 / // i/—\°\\ \Eg;) T

=]

HEFE U D

N |
35 30 375 400 4% 450 4B 500 5% 550 55/ 600
— N )

}i}/bﬂj\);ﬁﬁ fB:uHE T X %tb
(T) Sn{VOs4+3Sn0, 0.53g/4.4 cc 79 33300 1 4.0
(II) Sn(VOy:+Sn0; 0.36 g/4.4 ce ” 33300 1 4.0
() BEE L5 S o 23600 1 4.0
(Iv)  SnO, (pure) 0.35 g/4.4 cc YE SR E 33300 1 4.0
(V) Sn{VOs). 5g/28c¢cc ” 33300 1 3.8
(Vi) Sn(VOs), 5g/2.8 ce+H;PO,5.6 ce ” 33300 1 3.8
(V1) AEEr X 5 EmE B E 22420 1 4.0

%9 B AR ORI LG E L & R

(80
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, BINCs 5,

5 8 BT TREIC Sn(VO,), BT SnO, 1z DTl 7o 43, WAL & 4 T, A
PEIT & B IR L T, 330°C B & D RS L, AU 10% (430°C 12 A T) TR
22420, HEZEREIL 40 TRINT, BMEICX D (iRl ik Fe0, £ 0%
BICLD, RREBICI 2RI D SWREHART 5, chazEficLThobEE, |
HOHD S

15n(V0,),-35n0,>18n(VO,),- 1Sn0,> (BHLE I1c & 5 Ml 1)
>5n0, (pure)>Sn0, (Cl, % 3. < 5)> (T34 1 & 3 i b

{1, Sn(VO,),+H,PO,, Sn(VO,), 12 500°C Bl LT ¥ & v A& L, 550°C BEAMEAERT,
$#2T Sn(VO,),-3Sn0, Al ic i L TR R 2319, MinoBad Sn(Vo,), ¥
Jefmig e bR, 350°C XU AW IR R L, 450°C DL IR T, £ o BV Ik
DSESTE B,

I HERZOBRET

Sn (VO,),+3 Sn0, Afkdt (0.53 g'4.4 co BF) 12D TEHCHEINE A 8E Ui, 875,
M (032g/Mhdce) OBEDLOTIE, BO8FITEINL, HIL GEsSeEnvsd2L)

<D+ 2 0,-900,+ 3 N+ +HO

(alr)

C@ +20, ©'_CO°"+3 CO,+H,0

(alr)
NS DEBITRNT, =aF v, TERBEOEA

(CO+CO,) =] -3 (=2 F VEEE V)
o - 9S '

ML, =39 VBN C Y vy BRI RITBON2ES, Romd Ealibi%tEb

©® +%02 :© +4C0,+H,0
N N

90
SEARBEE V%

_[CO+CO, =) —3(=aF vYREME 4T vvEVE
- T BT

FELLBERTE )V Y EREBREDOATHNIE,

EERAEE TV 0 = x 100

x 100

e 3 KRS e
e T %) — [(CO+C02)%»§11954(E Yy v < 100

fMhbEN%THLhT, XCO,BHAFNEE2RMEMELD, X CO b CO, HRE L
TEET 2, ERES 111~120; 121~125 T b, REGHOERESHEMICHKEL,
@®n
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100

%0
| > :

o]
a M\ T ~y
2 / T
iy 60 iNg
% \/ ©
50
SN A\ >
P &
' /N S
N e 5. N
—X
306‘::::‘——x 3%0 400 450 500

—= K% E (O

SRR o HEHEEE  BEOKRNE SRR
g/hr ¢/he {ce/nr/ce) (mesh) (hr)
9.5 150 33300 20 1

F 12 B Sn(VOs)+3Sn0, MgLILE O M
ﬁ%&%@§§@<ﬁaucmuﬁx%ﬁm%wéwﬁﬁﬁ@WEémeﬁme<5&@@
Na, Xx 7 ) vREKICYOEBIMPOMESEIFLHV > BEE2 00D, LI AS
DWW TR EREIC iﬁ17m747774wiédﬁa%zEMéo’VBM:Z@%EW
HaRT

IV. 8N 2pHER
ATERICHI DT F 7 ) v R D €Y v v EROEE O FEIERERE L, BU20cBaR
OVEEMEFRI LA, SEEZOHHBREE LTo=0F vBOBIEMTHRERS % Y
VEED ERICB L TR T ~ S I L O RD TR B,
LD %7 5vor vk
©$+. 0, (>+40)+HO+%4%mMmd

2) %0 vo=aF vEERK
—~COOH
<K>4_g_02:<) +3C0,+H,0+448.7 keal/mol
N N

@) * U voEaliE

1

C +__0_4m0+ LN, + o H,0+11223 keal /mol

@ %) vk ) VEER
9 —CO0H
<I>4~?_02: | oon + 2C0, +H,0 + 4479 keal/mol
N N

(82)



ey

(2)

(4)

) rOELRy (B4R

D v AR OSBRI & BOSIREE
T°K 300 400 500 600 700
log K p» 343 257 208 174 150

. 464300 \
o <Iog Ky = 2430 +087510g T +3.31)

=37 v B FAENDE & SR
K 298 300 400 500 600

(—4Hzr) 44873 448741 448724 448800 449173
(=487 11157 11055  11.027 113013  11.589
(—4G7) — 445425 444313 443150 442218
log K 3245 2427 1936  161.09
SRR B PR & SOSRE
7°K 200 300 400 500 600
log Kp 1241 832 628 506 424

1122300 _ ..
O (log Kp = 1122300 4 o 1075 log T +0. )
O (og » 4.573T+ 1875 log 7' +9.3

U v BREER O P IEE & PUCTRE
T°K 298 300 400 500 600
(—4H7) 447992 447987 447833 447974 448316

(—4S7) 38.672 38.653 37.984 38.374 38.704
(—4Gr) 436491 432639 428787 425094
log K 318.2 236.4 1874 154.8
(1), (3) wfh & Nernst's equation
(log Ky= 7315%’5’7 +1.75log T2\ n;+ an0j>

FORD, X2), DRBERICLDRD,

_ (=4Gy)
4575 1
s T
2ny: HERREFEREDOENVRDE
Qr: F G #
T: fxiiRE (K
AdGr: T KR 2 B8 A v ¥ ~240
dHr: T°KICRY 28 E5E8OE
4Sr: T°Kictg sz b o ~24L
4C,: L p IR ABE RO E

<10g K, =

<AS,°Y~,_43§% = S

800
132

700
449257
12.532
440526
137.5

700
366

700
448886
40.000
420886
131.4

> . (dG§ = 4H3—T(4S)

Ve

2

900
120

800
449573
12.436
439624
120.1

800
322

800
449672
41.104
416789
113.8

dT>, <AH;:AH2%8+S AC;dT)
98

1000
101

900
449979
12.523
438709
106.5

900
288

900
450922
42.254
412902
100.2

303

1000
450424
15.057
435363
95.1

1000
245

1800
452032
43.604
408428
89.2

) v ED=aF vEREROTRERE, PEERD 200~1000 °K FiE 0 ERE T A

(83)
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PEEORETRHO MW THS, @ RIDENE, XNIKHEEDOTHEEHRED, BV
IKE Y v VRO RRICEAZCETHS, LT/ ) vEBRICDVTE, B3N K, 12 @
THY, GRTETH S0, AEERT Skraup Test™ NI 5 AERE —# D /R ER T LTt
ELROAZD, Dt a- VK VEBBOLKNECOBESEF /Y VB (a, B~ IV E v
BE) OERDEEITOERGOTH S, HEOTER™ 10 2 MEBBERILOB & & O RE
AL, 300°C LLEORETIE, */ ) vBRERSNLELTS, #FHMOLwIc=0aF V&
ANATT B A, XEFEICEEBICH DTSR TR A E 0, MEIN L2 mnn,
COARBSBOMEBERTH 2, NEEEHCELTE, 2Frov™, 47 %) ORI
[EiEES
Sn (VO,), > Sn0,+2 V,0, & Sn0,+2V,0,+20

%)
SnO-+2V,0,+30

WIN D REBOMBEORITEBER L, Z0OBFEORZEEHICIOTCHRLEINT, Bl
BRI ENTIFLC D EFZ oN D, 340°C 1B 57 v 2 — D S0, I X B LR Ok
WEHZRTEICHEZ NS, 62T V0, SM%@%W@@%ﬁbt%%T%mW%ﬁﬁ
DNBZFITHL T S

V. &%

1) femifEst (FBEHAEEEIZES TR, =32 F vEERTE S FE, SRR
38770 cm/hr, Zs% i 190 ¢/hr, ERE/ X /U v B VEE 365.0~4780 FEE T, KGR
SR L 1, 430°C [T 14% =2 F v BRI A 739,

2) BRI (REAEIC X 28S) Ti, BRI, BEEEUSICA S B, FeO, H ol

EICR T B GO 720 DBEEERLN S 350~500°C ic i T x 5 &, X Fe,0, DAHICLTH
20~30% DUFERT, %M ; 450°C, #GERE 384.3Lcm/br, WEE 189.2 (/hr, 24
B/% Vv 21990 ©513% 0= v BINEA R, XEHkEREL IS ET =
a5 v EE OB E I 400°C 10 84T T B,

3) SnO, KA (0.08 g/cc) (5~10 mesh) FAFIE N H DT =2 F v EEOPERE —##iC
DI, TRRHLTE Y v v AR b= 27 vEOBMSH I E BN 3I°C I L b5 ¢
L. HRZEDRELYY, HTHMEATIZACHTICE ) vy B&EPHED% 2Ry, =aF v
Bl 30% Mbmic ik g 2.

4) SnO, sl CL it X A%HICL 2T, =2 F vBRUOE Y vyOERSEIIHES
1, FTEE 5~9g/hr, JsilEE 33000 TR, HHpERELZOLE, =aF VEBORFEIR
s (20%, 16%, 15%) #7%, 350°C, 400°C, 450°C DIFHICLT L, B rmhA s iz, &
BICBP L, €I vy BEEICERL, BRHER4I4EZHES LT 8L 5 (10%, 94%, 146%),

B
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5) Sn(VO,),+5Sn0, filfit/ &5 (0.36 g/4.4 cc) (10 mesh) Tz, KISIRE 450°C psm i g
T, ZEfRE 33300, BOCKR 15 BRELL B, W 3 g/hr 0BG, REBCK (= F v
Ry, 450°C LLE Tl =27 vEOBILET b 3,

6) Sn(VO,),+3Sn0, g/ (053 g/4.4 ce) (10 mesh) T,

Kl SnO, ©ENVEOTRINELITEERABIRT 5 (=2 F vEE), 400°C IO TRERE
33300, PR E 3.8~4.0 THREINK (=aF v E) 5% %279, O EEHZEE N & iy
BT 5, UWRT 350~450°C & T, HHIK#ET 2 &,

o) W 20 mesh DA RICT 2793, L2 T2E5101E 10 mesh Lz &,

by RICKRE TR ELETH S (—EEE D 5),

=) HEARGE 3~45cc) AREE L, ZNELERPEREFRA ALY,

) BEINETER 35% ORENDL T E, FBIIR A 7u< y I 74 2ERT

7)) R & AL T I M B S BRI I E DT, = aF v B ORI E S
WRTHBCE, [HUMBENRAOBAR TR DEEIRICI OO K &,
=) Sn(VO,), & Sn0, & i L 2 BWAMETIE, Sn(VO,),:Sn0,=1:3>1:1>B1E 1c
FAEHEE>0:1(1:0)> oI c=aF YBBOWRENSETT 2, HL SnO, 13V v v a2t
FETEHCE, RUERTSn(VO,), Bods e Vv v a2 as &,
'& BORMIC = 2 F vBBERETTRETH B, %/J/mwﬁﬁﬁn”méé,ﬁﬁﬁ@
RENTRESINRLLDLORESRICL 25D &5

N

AEBR TR EEMEE TS O ER L ERARBRICE L BHORE R, LEREE
Wrsdvsonm g, oL, RIEE—, ME#, &RFZ0RTELICRH0FEELET., X

AEBORBE DN TRE LEGER2EGE) oF+HL3T obh L, ENFEATHEE EBEETR
KRB TEHOBAHRT, AAREBRO—IE B EIZE I K> TR S hi-S2 g
75,
(B b, G TARTHE— EWE LN RE. 8347 A)
(R34 4 A 30 A

x [y

oy

IMBEER . a—v s — v Hi4REE, 6, 49 (1954).

C.F. Woodward, C.0. Badgett and Jerome, G. Kaufman: Ind. Eng. Chem. 36, 202 (1896).
Dr. F. Raschig, G. mb. u. Brit. 710, 192, June. 9 {1954).

C.F. Woodward, C. 0. Badgett, and J.J. Willaman: J. Ind. Eng. Chem. 36, 540 {1944).
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Craver (to Barrett), u. s. Patent, 1, 489, 741 {1924),
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=
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Theoretical and Experimental Studies in the Buckling
Load of Beams with Reference to their Depth

Sakutaro Nakamura

Abstract

The present writer induced and solved fundamental differential equations about
the buckling load of deep beams having unit concentrated load on any point, sup-
ported in some different conditions.

He strictly calculated the least buckling load on any point of these deep beams
and compared the buckling state of each beam.

Then, the writer made experiment in the buckling or breaking load of small
model beams of bamboo having various different ratios of width and depth in ree-
tangular section and discussed the comparison of these experimental values and the
calculating results obtained by his applying the above theoretical equation of
buckling load and the formula of bending breaking load.

I

mh

MO WBER- ICidE 4 b 58, %i*iﬁé%%"ﬁ%ﬁém*0)}%t§ﬁ§m%§?%ﬂ%
EEBROWEAIT DI, TRDDL, ZOBEIHIC OV T, WS ICIE OO FETERT I O 2
FREOLRREBIH 2HEERP, ERCELTE, BEIENEORNS O, BICHk~E
TONINSOREFBEONEREOTREICONT, WE, BEEREIIT O, BTk,
TE OB TR O i, AFRECET 2T ORESBEEREICHT 2T OMELD S
ZFLAKRTHZ2»,0, BEMEELRILES, COMESFIRE CQOEE, BT OFEN
TROBEEALTLBADE N, Likl, REFESBRARECLD, HIBEEZHEET 3

BIZIEAED Z 0RO T OERD ST ICBE T 5, < OB, Zodub i H ik
FOFEPLINLE ERDBEAGBL 25, RRMTONMOALS TR OIS F/2RE
ZEWESEOHENEICE 3, oo, L Prandtl, A.G. M. Michell, H. Reissner,
J. Prescott, S. Timoshenko, A.Koroboff, A.N. Dinnik, K. Federhofer, Dr. Fritz Stussi
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OHRICEDTHIRINI LI ATH A, TOWRIMNERIF WG L IcEs, FEE, T
HOBM-BOHELZT 2HEOE, bbb, WIHEMZELE (MW TRREREREMMIC
ﬂb@%ﬁ%%ﬁmﬁﬁﬂ&ﬁ%ghlﬂbﬁm,?Eﬁﬁmﬂbfd £, i v 7
(M T B RSP RERZEM IO LEE) oBA&2ERHy, BERREED TR0 AMGFH
BEROFRIOMHAEL, RIMNUEWELZSZ 285E, B ﬁﬁ@@%}kﬂ THbb
ISR O A & EN RO, BEA URERIC X 2B FRER ORI MR &
ORI XD TERD e, Wi, FRIWBEREOERLT 2120, MTo/NEEMECEEL,
FOhRICERETEEARKENT 2BICEOTZOME, WENEL, T0& X0EA{ET
EERRDI, Thbbh, RBEEMZLE TR, ZFEMToEFTIcTEYEY 25 oR, HHE,
1=17.70 cm, 30 A& 0 52O LHWFE, 8 0.661cm x & & 0501 cm (3% T4, 22 A0
ZOEGETHE, W 0.604cmxEE 0479 cm (325 M), 15 A0HBRE O 4NE, 0431 cm
X & 0545 cm (F L ME) Woric, E—-0RBRE, 1E040lcmx B X 0624 cm, K UE 0.306
cmXFHE0702ecm O b D% 3 AT O (AN &EZME) O b REKEVCEME R & 2 & &,
FREAE, 30K, 22K, 15 ROBESE AN bMmEMER, H—RHRE6 ROV THE,
BB ORI 2 H02KT DI OVT, HHBHZRE, WPy, Mo =80 0xiRg
WOWTEREG DR, FRICAWLER, tRol<, Bicl~msoflahsndol,
BICHANESOEIARENSORH DD, TOHLICDNT, FEOMBHMEMAML I
HIEARR LI Z > TEHE LERME OB EHK A, W, ZFEMCBALTE, —HoER
HIFFZE 2T, BOFFICHECYERMREEZRAG L Ldf, o, HEELHRED L
B DD T L RERANBROML TH 2, BICHNEEREORENFEICODNTIE, #
FZOBEBERAL I OTRO LR PDEEHEDOEIIME 4 HBRME LT 55, BICHGE 0
SVECOOTRES, UREARICEI > TROLHEEEOE L LT 2EMO b 2% %
RE Ul

IL. BosWiTRo#REICET BRI

1. EXPFDHFEXOHFE

BN TOBEO—20REKECE S, TOR GRS Z 8, AT Xgh e
ZYud TN, BEABEICEKAWTERR YZ JFHNCROTES, OB, AREahcx
T 5T O ER ICH T 2T OREIC L TE LS RTHANERAFEICEST 53T
BWFE O S PLEOBEIGEYD 2/ &0, S8 1R, BB LR PR EEX
TRLIEDDET S, —HHGo—FOoUBSFIC T IERE, —BIhe—#ElET
DT, oENZ, M, M, XU M. D= o@%%ﬁ&fﬁb‘f%a5$b>f7¥\ 5, &L TIC
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X I 5 HR ORI R B 5 BRI 30 SRS 300

CDREBLEDOFEIIOHIE 20T, GG, DL EEZ D &
(M.+dM,)— M. cos d¢+ M, sin d¢ = 0 (1)

030 ANE LA G ¥ I
cosdy =1, sin dy = d¢
Jo M+ M,dy =0
Mz
FHhs, el
M. _ . v (2) HIE MR 2ROHN
dZ “dZ 1
KRB
ax .,  dv  &X
qz S v=9 s e
M, a*x )
iz Mgz (3)

@) Rid, GG, DTNt 2 FHE LUK 10 BB A EH LT
Kol dboTHE, GHRICHY ZROMBTINTS 258 2 Ric it
T ML GRXPFEZIBEL, Ho, 0 KTFHELNTWA, cOXK
U d O, WDXBMTH LMD, cost==1, sinf=0 %, %E)
BROPMTH OB REE, 2, ¥y ETHE

X =zcosd+ysintd =z+yt )

(4)
Y=ycosf@—axsinf ==y— x-0 §

L O L, 2@, y BT AEDO " RE~Av P EL, & E R
kIR TaiiiFE— A vt A2RKDH B L
M, = Mxcos ! —Mysin 0 == Mx—0M, ]

5
M, = Mysin @+ Mycos 8 = 6Mx+ My | %)
yz B zx AT RN T
Elﬁdfvz’ =M, = My—6My
- (6)
Bl 5 = M, =0Mx+My
x, yO/OIC, X, YEAVSE, @RickDd
B dX dx do dy
X =z+y0, T dz Ty Ydz +0-2 dz
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42 | 06105 0.4860 ” 7.900 1.60 1.60 ”
43 : 0.7025 05255 |~ 1000 | 160 1.60 p

(119)



340 FRORS R OROERR
TR \ ESIG (m@m @ memsme Oazmr @ 5 om
BB (em) (cm) {em) (i) (em) fem) |
No. 44 |  0.6955 0.6060 17.70 12.800 1.50 1.50 \Wﬁif%%‘

45 | 06815 0.4955 ” 9.300 1.50 150 |

46 0.4795 0.4990 ” 5.300 1.50 150 | ”

47 0.3855 0.4960 ” 4,200 1.60 1.60 \ "

A8 | 0.4965 0.4175 P 4.800 180 | 180 | p

49 | 0.6950 0.4820 ” 9.500 1.50 §:1 B

50 0.5925 0.3855 ” 4.800 250 250 | 7

51 0.5550 0.5050 ” 7.500 1.70 o

52 0.6495 0.4245 ” 7.300 2.20 220 | #

53 0.6565 0.4490 ” 7.000 170 | o~
#0600 | 04790 N I X7 1.81 w6 |
FEREROEAR, HHFEEE SEREEOMICHAEZEDRVEDH 2TV, ol

W, BERTHEOE X ICHANPEREEE S BRERELE U DISVFIGER LT 3,
£ 6 =
aﬁﬂl WO EE W | zZm o0 WEW@G%W@%&N&%%%E(MIﬁ =
# 5 (em) | (em) | (em) (kg) (cm) fem) | o
No. 54 ‘ 0.4255 0.7466 17.70 17.800 3.40 3.00 i‘mjggﬁ%*?

55 | 0.5045 0.6265 ” 11700 3.00 280 ”

56 | 0.4345 0.4570 v 6.000 1.70 170 | 7

57 | 0.4960 0.6310 ” 9.200 150 150 |

58 | 0.4005 0.6235 % 10.700 3.00 300 | ”

59 \ 0.3745 0.4115 ” 4100 2.80 280 |~

60 | 0.3625 0.5030 p 9.100 3.20 200 | ”

61 \ 0.3770 0.5625 ” 10.800 2.10 160 | ”

62 | 0.4990 0.6260 p 16.400 3.10 240 ”

63 0.3950 0.4055 ” 6.400 2.40 240 | ”

64 0.4535 0.5610 V2 8.000 1.40 140 | //

65 | 0.4825 0.5255 p 11.800 2.40 240 | 7

66 f 0.4095 0.4900 7 12.500 3.60 300 w

67 | 0.3635 0.3845 ” 10:200 2.00 200 | 7

68 | 0.4845 0.5260 " 4700 | 2.00 200 | 7

69 |  0.4320 0.6330 p 7600 | 150 wo |
o 0.4310 0.5445 ” 9810 |  2.444 2250 |«

FEEAHOBSS, WEHE S SEEFO=REFRT D Ehoe, T, EEREHEO
&=, mADBEISGPIVEIERLTY 3,

(1200



(12D

IR EERY BHROMIENECRT 5 ERUM I R 341
B 7
B \ & 0 Zs ] () ‘}&%mg Q) mmsE ©)|aBEE ) %l 7
5 em) fers) | fem) |  [em) {crn) )
: ' ! % T U Bl 32
No. 70 0.401 ! 0.624 \ 17.70 10.700 2.43 | 2.40 \ et
71 0.306 ‘ 0702 | 17.70 10.620 250 | 245 % ”
I - - ] ——— S
(b) T VIR 2 D PR S Bk
%
BB | @D \ RGN 4 U w@@ l@sz;mr;z @ 20w o=
) FF L (em) L em) ‘ {em) (cm) ]
‘ t \ T Vi B
No. 72 ‘ 0.401 \ 0.624 17.70 19.220 Lo4 | 194 ‘ iy
73 1 0306 0702 17.70 12.430 1.90 i 1.88 “ ”
i 1 .
(c) ﬁhm@ﬁf/ﬁ@jﬁjﬁrﬁigﬁ
g 9 =%
RET | 0 ‘ AE () | MO0 MEEE QREBEE O|GEE ¢ 4
B em | fem) om) | g | (em (em) | :
! ‘ TG it [ 7
No. 74 E 0.401 i 0.624 17.70 28750 | 150 1.50 ‘ ig)g‘ﬂuﬁﬁ
75 ‘ 0:306 | 0702 17.70 ‘ 18.250 ‘ 1.28 1.28 " ”
4y oW, MRAYEHIEES
FEET, MOV THEEOYE, BRNWERLIT O, FEHHEICLE - B2 EEI 00
52502, 3 NE, #10,11, 120 TH 2
F10X mEMOMTBERE (kg/cm?)
# i 2 FH | ENEG EiBZ{EH‘LFﬁ vy
Bk #® 2234 l 1374 2001 1900
& bl 1607 1 951 1543 1367
B F #® 1560 ‘ 926 ; 1496 1327
_ i
FllEx IZFERUOHMERTOEMER (kg/em?)
% ;#‘fﬁsﬁ;*‘,nmﬁﬁﬁ OB | R B
T bill (%HZ‘FEI‘) (B2 i) (2 ) (R i ) (3 K¢ D) fof B D i
No. 1~ No. 30\No 31~ No. 53No. 54~ No. 69 No. 70, 72, 74| No. 71, 73, 75
I S 38033 84747 79798 629466 577789 [RGB T
BH MR | 41650 41650 41650 41650 41650 P
() FUNRRBEEBRcH Iz OT, HELEDTOR



342 oA R R RB

10, 112, MEEBRICAVAREBRZLIORDEDTH D, 1L EOHTMLRE
CROBIMEFEOHER, HFEAERLIOLDERLAZEOTHY, FEHECECHN T
LEAB,

HI2FR FEMOMME, @R (kg/em?)

|
P B W B ‘ #o 1 o N # )
‘ L .
5| JR g 403563 353900 | 437840 398434 BT, FRERRD TN
| — it pird= P T
Y T 167638 171050 i 169275 169321 if;j‘;"ﬁ’ BT, R
|
RO B ER 77730 1; 71500 ‘ 81835 77022 FH, TIEERD T
1

) MH, &b

F12R T, BOTREQOH (B, ZEM, B L, MEOHEE I/ IEOLHEEIC >
TYMER AT OO TZOMGIFEITE L,

FRBICE 5 £ TOME—BEA RS XICH T, BTROMLBE, Fi, HEDD
SOHIFHOME 2B, FEOWIERL Wiy 7 ) & 2 oig A7 A5
i,

2. REFEAR AR AR RS
D EisEME R (No. 1~ No. 30
e R T RN N %2 (No. 31~N 3
P SLRE SO RO SRR =1 T?J%;iijrﬁ E\IZ o Zsili
7k T & oL g st ZHE (No. 70)
AT, R le I I T
bl \HMIHIHHHIIH‘]HHH‘\J\I‘
7z A 1 s o k85 R (No. 7)) HE
Q - 71L’fi? I/E;WQ - 4 s dih: B #4452 0o 1) 3
(=93 g I “'TIirl"ul‘;;i!"gl%ﬁ‘,;‘%{‘(kfo'ﬁ%;"za};«;"‘-“‘
(133) = } : T, i @ e No T8 s
| y il | il
511y - i SRR ’““I\Q I
sy, mEEERCCR, Bl o sl
VLT Q 1% i i, N et
I f “al sy
_ ot =3 N O:
Q— Yu(1+2) VELC 2 AP el
% - . 1o 07
( ST ST o
(134 SIS o Tt
g WY LA B
Thb, Ccic, B gk L /<0 M:‘G
i
. - . T il
B (kgfena’), I, y BHIZBIT 51 ARV ARRARRO VY L
4
MepE (emY), C: ROMS = ’ s e
o b e o
1-0.630- G: ki WTE E5Y% GFELR) OBEHECES
3

PO R —EA B ON
FEAR S <kgxcm), u=SE (11 o TRRD R 2R MR OK

Lo AW, I FW (cm), b: EWEOR (cm), h: BEHOR S (cm), §: AX A KD #

122



A S WRO BRI 5 MR RRY DI 343

M EQIELEBO TR T AR (1, 2, 3FHHE),
3. HFEEGEAFRSDY
M BRERmE AN E LTE, AV a3 ROARE AT,

Ip = % (135)

C oz, M:hge— A v (kgem), Wi BFERH cm’), (135) XD XOXBES N5,

3Qu1
25 136

O‘B =
C T, Qp: WEMORKAGE (ke), /@ LM (cm), b: BEEOE cm), k: ZEEO

E X (cm),
Monnin KiZfK % &, FREREOTOE EHOMEICTHBEREFEROMELF L TOS
BRAZ L, MR WL TR, 20EEO25MBICGE U THKDOLIHDICEETREL L0D2TH

Z)u

kﬁm%%@.%~%,@@mﬁ&a@@,%~§,%,%@@kﬁ%m%@_g~§
T, WTREREE, L 15~20 BT 02 L MBS HORBER D B EREND, £
OAE L TS 5, Baumann 124k 5 1*40@ﬁﬁx@Mqua@ﬂ@amtﬁ
ﬂﬁyi:ﬂo@%®@W%%£ﬁ%ﬁfﬁém5&m01w6
:
T = i :le (137)

TTT, BEY, MABEORE THERTICHLUTE, BN558, b OBRE g

wEh, AR,
g 29 3@l (138)
2bH° 20K

(138) A kb,

.
Qs= "% (th ) (139)
EBA T, Qs 05 b, b, IR EROBOTH S
4. BBEHFERUVHIHETFECHE

wAMBERMER, (133), (BHXRUHET, 2, 3RLAY, dpaEmER, 139 NE2HL
TEHEAT D, ORI I3 RZITRT,

(123)



344 B PR R BR

B3k B/ EBREWE
X e | jil 1w H i 3z e ]
o or om0 N Nt | No dieNo s o 7o
Qe (i) [ 14.378 7.340 9.810 10,700
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On Elastic Behavior along Simply Supported
Edges of Recrangular Plates

Sumio Nomachi

Abstract

In this paper, the three-dimensional stress problems concerning the rectangular
plate with two of the opposite edges simply supported and the other two edges
hinged, are dealt with. In order to criticise Kirchhoff’s assumption!~? concerning
the boundary of the plate, the variations of the shearing forces in the vicinity of
the simply supported edge are presented here. Along the simply supported edge,
both the bending moments and the shearing forces acting on the cross section
paralell to the same edge, always vanish by means of the thin plate theory. The
results obtained here, however, indicate that they still remain at the edge.

Introduction

In an elastic body subjected to given forces the tractions specified by
X,, Y, Z, where v denotes the normal to the boundary surfaces, have
prescribed values at every point of those surfaces. The equilibrium of
the forces at the boundary takes the following forms

lo,+me, +nr,, = X, ,
logy +mo,+ne, =Y, , (1)
le,e +me,,+ 00, = 2, ,

where ¢,, 0,, and o, denote normal stresses by z, y, and z axes respectively ;
and c,,, 7., and r, denote shearing stresses. And [, m, and »n are the
direction cosine of the normal to the boundary. It shows us that
three boundary conditions should be necessary at each point of surfaces
bounding the elastic body. When the plates is thin, the actual distribu-
tion of the tractions applied to the edge regarded as a parabolic surface
is no practical importance. We represent therefore the tractions applied
to the edges by their force and couple-resultants, estimated per unit of
length of the edge-line. Let T, S, N denote the components of force, H,
G those of the couple: T is a tension, S and N are shearing force tangen-
tial and normal to the middle plane, G is a flexial couple, and H a tor-
sional couple.
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We zlso let the stress-resultants and stfess-couples belonging to a curve
parallel to the edge-line, be denoted 7, S, N and G, H. The statical
equivalence at the edge-line is expressed as

T=T7, S=8, N=N, H=H, G=4g. (2)

When the distribution of the stresses by 7', S are antisymmetrical*
with respect to the middle plane by its thickness, the five conditions
mentioned above, are diminished to the three conditions:

N=N,
H=H, (3)
G = G.

This represents the case where the plate is subjected by the equal trac-
tions normal to its upper and lower surface respectively.

In this case a system of two boundary conditions was obtained by
Kirchhoff, who set out from a special assumption as to the nature of the
strain within the plate, and proceeded by the method of variation of the
energy-function. The couple on any finite length might be applied by
means of tractions directed at right angles to force- and couple-resultant,
estimated per unit of length of the edge-line, would be equivalent to a

distribution of shearing force of type NN instead of torsional couple of the

type H. The required shearing force is easily found to be —3{{—, in
as
which s denotes the length along the edge. The boundary conditions are

thus found to be

N_2H _x_2H
38 38 (4)
G=G.

These conditions are generally adopted in the theory of plate and shell.

* If the stresses by 7, S are symmentrical with respect to the middle plane the plate would
be in the state of plane stress.
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Components of Stress and Displacement from
Three-Dimensional Stress Problems
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From the equilibrium condition applied to a cubical element of the
elastic medium, equations for the statical equivalence of forces take the

well-known forms

Tz 4 Ofwy 4 9% . Y

2 3Y Az

arw_+ 8(73,7+ BTye _ Y,

ax 3y a2
e Biye y 3% _ gy
ax e a2

J

(5)

where X, Y, Z denote the components of the body force per unit volume

in z, y, z directions respectively.

The stresses are related to the displacements u, », and w

0y = Qu+ )% 1380 4 2
o EY, 2
6, = 12% + @u+ )Y 41 2%
a1 2y B
0, =22 4 2 4 @u+ 2
T 2y 52
Tay = M <‘% + jz{) ,
w | sw
rz/z — /u <—_“ + \ y
224 3y /
z-zx:/j<ﬂ,+ﬂ>,
5 e

’

’

’

(6)

where u, v, w are the components of displacement in z, y, z directions

respectively ; and g, 1 are Lame’s constants.

As the author have already described in the previous paper®, Eq. (5)
and Eq. (6) by means of finite Fourier transforms, yield the results without

the body forces X, Y, and Z, as follows:
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The dilatation is, therefore, written in the form:
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< I(l— /IT/ Cﬂ (2) Tmn ’HJFA (1% IT@ T:m
| Qu+i b, > ? S 2ui b, C)

x cos L g. COS——AZ}-{—Z}E—i D,mf(lﬂ pra C”L,,)
o b w207, | | pti A,

L . 2 2
X GO ) — LA M g m(rmc)1 + D, (1~ ptd o em
2u+2 o, l 2 +A4 &,

p+i cm?
2pu+4 o,

e ¢(2) (Tmns) —

L e (Tmnc)] J cos M7 g.cos Ty
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+ 22 zn [Anr (———“”’ ¢O>(an7 ) + ﬁ[l +Z wﬁl)( 7”6)1
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a wmr
x ¢2(B 7) cos " 5 x cos Tz — V3 p B fy (14 97
me / a C e Z l nr ( bz ilr

x ¢, &)+ J,., (1 + e >¢<2>(an,¢) cos-—— Y +COS- —; 2

+ B
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C

j
b [ 1 /" + A D/ } .
?LU[ gt 8 ) 0 B
pta M

o @ U+ Ay N mm a
X L2 + ~¢P(B,.07) + Dt ] (B Jcos a~+;}j

Al g8+ LT gog ) 44,
[ | 2n +l¢( 9 2,+x = )J | 24 +)

B gy, s ]] 3 mb I W
+ /4 0 Hm0 mo
2(1+A (@ )J ¢ S b y Z # (B

+ H, 9 (Bm&?)} cos n(f,,x — ? /1__ l S s (a,0%) + fno</> Qo2 >JI

¢( & ( 7LOs

x cos% y+ 2 (8 D (707) + Dinp® (T0r?)] cos%"'— Y

4 |
-2 ,IJ’ {Ju 6 (Bo) + J0,¢“>(50,7/)} cos Tz 2l
X {Fm()g‘(n (rmOC> + I‘(—”);LOVJ)(Z)(TWL(J:)} n;;n- ¢ l 0 ‘>((X0)»E>
a ) ] T 1
~+ H07.¢ (ao,‘f) cos—z2 + —(Hoo + Joo) )
J c 4
where
Q" (a,,¢)) _ coshra,, (1 —&)+coshra,,E
Q2(a,5) coshra,,+1 ’
PP (a,,&)) _ #a,{€sinhna,(l1—&)+(1 —&)sinhra, s}
PP (g, &) coshra,, 1 ’
¢ (a,,8) | __ sinbra, (1 —&)Fsinhra,,é
P (4,,8) ) coshza,,+1 '
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YO (a,,8) | _ a,,{€ coshra,(1—&)F(1—E)coshra,é
¥D (q, £) coshra,, 1 '
2 2
afl:i»’nz—F ad r, E:l;
b ¢ a

QY (Bm)) _ coshzp,,(1—y) F-coshrf,, 7

Q¥ (... 7)) coshzf,,, +1
P® (@B, _ 7fn{7sinhzp,, (1—7)+ (1 D)Slnhﬁﬂmv}
P (B, 1) coshnf,,,+
o (B } _ A/Sinhn'?m(l 7/)—|—Slnh7rﬁ,m7; L (18)
¢<2) (er*/}) J COSh?T‘B,,L, + ’
D (B,,7)] _ 7B, {ncoshzf,,,. (1 —7/) F (L—7) coshzf,..n}
P2 () coshrp,,. k1 ’
R

QY (r.,2)) _ coshat,,(1-—¢)Fcoshat .2

Q(2> (r mn\>1 B COSthTmni 1 '
PO(r mnC) TTT,,m{g sinha?,,,,(1—)+ (1—0) sinha7,.,.&}
P 7,0 coshn?,,,+1 ’
¢ (rmm) _ sinbhz7,,,(1—¢)Fsinhar,,.¢ (19)
(”>( i) coshn?,,,+1 ’
O T onl)) . AT wn{l cOShAT,, (1—2) F (1 —¢) coshat .z }
e (r m,f) cosha?,,,+1
2 2
Tfnn — m2+.2gn2’ C — i.
2 bz e

Letting the suffix m, n, r involve zero respectively, eighteen unknown
values A4,,, A, B,.., B, Dpny Dipey By By Fors Flrsy Gy Gy H,w H
T Ty Kow Kooy denote the finite Fourier transformations relating to both
the components of stress and displacement at the boundary, as follows:

e = sl AT | Sl e, 20)
roel = [ Sl )de T | Sulle), de @1
) = 8,00 FS.C A, (22
Thr ) = 8.0, 00, ) TS, . (23
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Dol [ Sl e [ S, (e, -
Th) =[S0 da T [ Sulle-ddw. 25)
Zg::} = CoSul(tedeme] F CoSul(7eencl )
lezm} = 8, Cul(t)- ] F 8uCol(z,)mo] - o
1) = |mdda, T [, 0dA., o)
5} = j( y=)dA, T (u, A, , -
A T D, N
i;} = j Cﬂ[vmjdz:j:c;[vz:g]dz, an
Hy = 1ot E [0 lu, gae o
el = ema= | e i, -
i} = 0041 FC.0 . ”
5"} = C,C.[v.. JFC.C,[v.-o] a5
g} 8.8, [, ] F .S, [w,-], -
2;”} S,.S,[w,- ] FS,.S,[w,-d], an
K] = S [0 ) F .8, a8

Boundary Conditions for a Special Case

To investigate the state of stress in a bent plate, in particular in the
neighborhood of the simply supported edge, we will choose the case where
the plate is supported at its opposite two edges and is hinged at the re-
mainning edges. Set the Cartesian rectangular co-ordinate, which is
refered to the plate, as Fig. 2.
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Y
Simply Supported

Hinged
Hinged

a

=y
8

Simply Supported

Fig. 2

The boundary conditions in this case, are satisfied by

w =10 =0, z=aqa)), (39)
v=20 =0, z=ua), (40)
G, = 0 =0, z=a. (41)

which correspond to that the edge-lines =0 and x=—=a are hinge,
and

w =0 w=0, y=0b, (42)
7, =0 (y=0, wy=b), (43)
Tay — 0 (flj =0, Y = b)r (44)

which coincide with the simply supported edges are on y=0 and y=b.
The above conditions (39). (40), (41), (42), and (43) are identical with the
relations

A, =4,=0, B,=B,=0, E,=FE,=0,
Gmr = G;n,r = 0 4 Jn7- = J,,;,. = 0 ’

where the suffix m, n, and 7 include zero in itself.

When the loads act normally to the surfaces made by 2=0 and z=g¢,
and distribute symmetrically with respect to the middle plane z=¢/2, some
remaining unknown values are eliminated, that is

Dmn: D;nn:DOn:D(;n: O! Fm"l.:F///L’)L:FWLU:F'I;LO:O’ K7;bn :{)7
and
HmO - 7;0 == Hon - -Ho/o =0.

Adding, hereon, one more restriction that the loads are also symmetrical
with respect to both the center lines r=a/2, and y=56/2, then we find that

H, =0, H,=H,=0.
After all, the components of displacement are written in the forms

(145)
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w=nxn_omn. cm [

(1) 7N + [II + A qf(l) LT
w ' 20T, mnl 2 —l—k g P t) 2+ A 4 C)f

x cos 7 g sm-lTy + ZZ HW 1RV (Bam)
a[ e r

_opti 1 (mb ) PO@,, ) cos M gecos 'z,

20+ 2 ﬁfm / I a c
_ [ w(r pta o
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22 2b‘rmn 1 2 S O) 2u+ 1 v
Hmr r——‘{{—' O mr7
2 2a5 {2,1+z¢ ()

fI+A ng) ] mr
Dt (BW??)J p P

W = — K,,m{ R (g ”JM PO 1 gin ™7 4. sm‘——y
22 lQ o) Z‘u%—l )J o b

a2 b”” 1A, PO, p)sin T g sin T g,
m zacﬁmr 2{1‘%‘2 a C

m, n,r=1,3, 5, - .

The components of stress are expressed by

g, — 2 2 [ mn {< /1 C m + All N mn> ¢(1) (Tmns) ,ng_ﬂi:fl ¢ ‘nz"

2u+i @y,  2u+i 2/‘ T4 AT,
A (Tww k) sin —fx Sln —_— y Z Z — Hmr ‘ I — ( Q(D (B”“‘r)
f a b @ L 2p
/’[ +4 ) P® Sln
2u+ (B v)f a

_ [ o A @
O'7 — N - + —L Tmn * Tmn;:
BRI B JRAA ¥

_ L(‘U + /‘) an’ lﬁ(1>< )} Sj_ngm'z,x.sin Z&TE. Y
a h -~

2u+A b7 |
— e £t d) L H,,,POg,.7)sin ™" z.cos Tz,
mo b 2p42 o ¢
e |90 0n) + 00 0 Lcﬂ
m 2‘U+ j
nr f 1
sin-—— Sl T —'Hmr Q ’ mr
><1nax Ny - 2 \2+A (Be)

_ﬂ" M pPo (Bmy/)} sin ,;;1;. cos re. z,
B, 2p+2 a c
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. = — 00 rle+i) K,.PO(,,,z)sin i

m o b 2pi

2,
+ Z Z IU 7',? mr
o 200B,,,

x-cosj;iy

H,, { 2#’1“ $° (B,7) (51)

+ Z(ji) o3, )l sin ™ gosin I 2,
2p+i f a ¢

To = — 21D om. M KmnPW(TmnC)cos iz x-8in . Y
m n 2[1 + A a b

; ar { A 2(u+1) mb* D ]

- _'—f]mr mrlf) T T Pey mr

BB B @B = ) P0G &
x cos M pasin T 2,

a c
= ¢ mn [ 7 o
wy T T 20l Mo ) mn Tmn
’ 2Ry Ton | 2p+2 P00
M + 4 F7Le) ] mr nr .

+ L OF,,,0)! cos—x-co8 - 4

2+ ( )f @ b Y (53)
—22 P H,, < I+ M) B (ﬁm,,r/)cos@—x-cosff z,

m 2 azﬁfw a Cc )

The remaining unknown values K,, and H,, should be determined to
satisfy the boundary conditions at 2=0, and y=0, respectively.

Determination of K, and H,,

At first, to avoid the complexities of further evaluations, we will adopt
the well-known assumption of “plane-conservation” for (w),., and (), ,, then
we may write as H,, =—H,/r* in which r denotes odd integer. As for the
usual plate, the results estimated through the above assumption, seem to
be practically the same as theose through the rigorous theory. Let the
loads act normally to the surfaces z=0 and z=¢, and be also expressed as

Qey = Z;Zn R, sin % x-sin 7;;? Y. (54)

Then the boundary conditions at z=0 and z—e¢, become

0 )s = —q DA R, sin = x-sinpb—’"i Y, (55)

a

which by virtue of Eq.(50), yields
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uK,, = 2042 q-R,,
T T {8 e0) + V(T ,,,00)
4, mmb <c )2 TI2AT s+ p 3" (71,0) + (e + )7 ,,,,0)
p+i a \b Tt A 1nl) + 707,00} '

(56)

One more boundary condition is Eq.(44): «r, vanishs along the edge-
line y=—0 and y=>5b. Since the thickness of the plate is alwase considerably
small comparing with the side-lengths @ or b, so instead of KEq.(44) we ecan
adopt the following relation

c

j a0 22)d7 = 0 =0, y=1b. (57)

This means that the resultant couples due to r,, vanishs along the edge-lines
y=0 and y=b. Thus obtained result is written in the following equation

/Z 7 3 +2A N/ 1+A y
Kmn L‘ ma f_T_Tmn {l @ fmno - 'L_* Z}‘(D Tmno ]
PQIJ ab 73, 12 2u+ 2 #0n0) 20+ 2 ( )1
+ N uH, B (1+ ﬂ”-) 69 (B,,0) = 0 . (58)
- 2,},.4 202

Now, introducing new abbreviations

ﬁmn — ¢(1)(Tmn0> + W(l)(rmno) ,
T A 2

pmn = — *'Tmn + - . (1) mno + yf() Tmno
2 pti p—{*ly 70) ( )
gpmn — 1— 3/1+2A ¢U) mmn )_ ‘u+z QI(U Tmno) (59)
2 20+ A 2p+2
b*m?
k) + (1> HV‘O
o= D (1 g, )96,
and eliminating K, between Eqgs.(56) and (68), we easily find that
2 %an gpmn
D1t 2 b 2 O ,
pH, =72, S . (60)
p+i o o, +2< ¢ > Eonn* Conn_
2b2 mn len
From Eq.(56) we have at once
2+ 2 MLy [ C
Kmn = R —
‘!1 #+Z [ mn 7ll7l ‘r:/zﬁmn < ab >
ms's.spms
- ? ﬁms'T:ns
X — (61)
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Numerical Example

Let the loads ¢,, be a sinusoidal shape shown as

Qoy = q-SiI’} T:: Sin% . (62)

Then suffix m in those formulas ought to indicate number one only. Fur-
thermore we make both the side-length o and b be equal, and also let

C(,?:b::loc, /‘1:1.5/1*y

where ¢ denote the thickness of the plate. The plate now considered, is
apparently belonging to “thin plate”. After computing as above, we find
necessary values for determinating K, and H,, which are given in Table 1.

Table 1.

7 O1n n 017, t n ' @in

1 0.007 028 4 1 0.009 181 6 1 --0.001 436 6

3 0.067 709 3 3 0.090 024 3 --0.011 174

5 0.216 235 5 0.298 40 5 —0.017 530

7 0.411 696 7 0.595 68 7 0.012 590

9 0.593 367 9 0.913 06 9 0.108 97
11 0.736 529 11 1.213 76 11 0.269 28
13 0.835 894 13 1.484 30 13 0.483 60
15 0.899 648 15 172711 5 0.736 50
17 0.937 680 17 195163 LT 1.020 14
19 0.965 457 o190 2.161 61 L19 1.30397
21 0.979 124 o221 | 2.363 35 21 1.606 02
w; = 52023 .

Now substituting the above results into Eq.(68), we have
pH, = —q x 14308,
by which the values of K, are obtained in Table 2.

Table 2. Values of 4Ky,

n ‘ 2K ip ‘ n ‘ #Kin
1 —1458.64 13| — 0.1
3| — 572 15 — 0.08
5| — 221 7o — 0.06
7 ! — 058 19 — 0.05
9 | — 029 21 | — 0.04

mo - 017 [

* 1In this case Poisson’s ratio of the plate is assumed to be 0.3.
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To illustrate the variation in stress along the center line x=0a/2, the

shearing force S, was calculated by means of the following equation

S, = SC .07,

S, = — o pet ) g 2 [goq 0+ 5Ogr,,0)
y Zm}é b 2/1—*——;( mn n-Tmn ¢ ( mn ) ( mn )J
92”~?/+ZZ.‘ #Hm£~~m—

mor ar ‘8 o

x sin-"" x.cos R (B
a 7? l 2;1-!— A

+ M_ yw (‘BW-//)‘ sin T .
2u+ 4 J a

(63)

that is vertical shear per unit of length acting on a cross-section of the
plate normal to the y axis. In a same way, vertical shear per unit of
length acting on a cross-section of the plate normal to the x axis, is denoted

by S, as follows:

S, = em ppt4) K, 20 fson oyq wo, o)l
;L%} a 2/1'!-*2 Fid . ¢ (mn) ( " )j
M7 pesinTy—n3 w2 H, L [Q“)(ﬁmﬂ))

a b m 7T r? l

X €08

2(p+2) mb 5, | e, T
— 2 2 Y POB,, ) eos -z,
Qi+ @R, ) § a

(64)

The values of S, are shown in Fig. 8 by a real line, and another curve by
dotted line presents the same force estimated according to the thin plate

theory®.

0.5 gb [

04 gb | |
% |
- [\'\

0.2 gb

~
~
B

0 015 02b 035 04 b 05 b
Fig. 3 Sy along the center line x=}a

\T
T

Sy

The edge-reaction at y=0, in virtue of this theory, is written in

R, = —0.3915-qa-sin "%,
a

while the same reaction acquired by the thin plate theory, is given as

R, = —0.4297-qa-sin ™%,
a
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The variation of the edge-reactions along =0 with y is shown in Fig. 4
in which the real line and the dotted line present the results according
to Formula (64), and to the thin plate theory, respectively.

06 gh

05 qb
0.4 o \
0.3 gb

0.2 gb \‘\
0.1 gb

sl Lo \ 01b 02b 035 04b 055
e
\\
~
01 gb
020 \
2 gf
\\\\\
03 b =T —

Fig. 4 Si along the edge-line =0

The prompt rise of the curved full line in the vicinity of the origin,
is supposed to be the concentrated reaction at the corner of the plate,
And the shearing force S, and the bending moment 3, remain at the
edge-line y—0, as follows:

Sy = Jr dz), -, = —0.5619+gb-sin =%,
0 a

M), = Jcnx(c—flz)dz)y:o = 0.07560-gb*-sin %,
a

o

respectively. While S, and M, at the simply supported edge y=0 always
vanish according to the thin plate theory. (Received April 30, 1959)
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On the Mechanical Properties of Steels at
Low Temperatures (I)

Masachika Naito and Kazuyuki Kikuchi

Abstract

For the purpose of examining the mechanical properties of steels at low tem-

peratures, fundamental experiments were carried out. The Young’s modulus, tensile

strength, yielding point, elongation, and the percentage of contraction were measured
at temperature of —183°C by the cold tensile test.
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BUR mE-HEN H12E WE-RERN B OE C TREESRET A, RO, kb3
BT No.8 —1850) (BT No-4 1850 Cpp i v BRI £ R (T LI,
KL &), Ui >TBREIHD s obnihrol, Y 7REREKETOHREEE
EAEESFIEN UHEER LI,

®
OB OF | RBERE B R A Jllmsms W @ b | rvsRE
#4m (0 13% C) °C § kg/mm? |  kg/mm? | % % 1% 0° kg/em
No. 1 W (0) | 236 | 402 | 203 69.6 2.0
No. 2 s 239 ‘ 39.9 208 69.8 2.0
No. 3 | (% (-—183) | - ‘ 67.8 25 38 2.0
No. 4 ” { - e 28 | 5.6 2.0

BOICAHFIZIEERENEL OB 22T TH 2D THY, REBFEIL>HTIR

BHSEMEUETORB 2R T2, $AEROERICE D TR EZBERE L S CICHEE, Tl
WBEICAD L AZ bbETRBOELET S

(PR 34 48 4 B 28 HZH)

1) Hadfied: IRON & STEEL INST (1905).
2) NlH - BiE: &/ 28, 597 (1958).
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The Potentiometric Determination of Free
Cyanide and Argenticyanide

Kozo Ueno and Tetsuhei Tachikawa

Abstract

In the previous paper, the potentiometric titration of halides with silver nitrate
solution has been investigated by our use of four bimetallic electrodes, Pt-Ni, Pt-Ag,
Pt-W, and Pt-Sb.

In this paper, the determinations of free cyanide and argenticyanide with silver
nitrate solution are carried out in the concentration range of N/10 and N/50, by our
use of bimetallic electrodes, Pt-Ni, Pt-Ag, Pt-W, and Pt-Pd. The titration curves
and the changes of potential at the end point (4E/4V) have been obtained at the
same time.

The results obtained are summarised as follows;

(1) Each of the four couples has the two distinet sudden changes in the potential
during the titration. The first change coincides with the appearance of turbidity.
The second fluctuation in potential ocecurs when the silver cyanide is completely
precipitated. Accordingly, both ions can be determined by the same run of the buret
with silver nitrate solution in the case of both N/10 and N/50.

(2) For Pt-W, the potential increases rapidly at the two end points; on the other
hand, each of the three others dacreases rapidly and forms the reverse S-shaped
titration curve.

L #

o

BAEMERIC L 2 v 7 v B LUy 7 v o ERICEAL TR E OB Thh
Tk, T84 5B, R M Wick” & L E-Miller & H. Lauterbach® %3 H o 7 @1
) r O THET 5 & DO FEAAELETE, TabD, RWOBEREL
BEDLOEFTEHE—EL, F/, BLOBEMEMRINEOREEEL—HL, COMER
H—OBRENOMEOEOMICH B, £, CORTOBNEIG vV 7/ SEH (FHE)
PRI L, F4 4 VvBEEPIFCHNGT 2729, HEROLBISHENT 20505 &

¥ ORABMEMELRCSY 5EE (NEE) ORRC >N TOHETHE TS,
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BT D

H.J. Read & C. P. Read” %53 14— 4 v 7 27 v O AL EROTHY 7 vt ose
Bxata, F1, J.N Gregory & R. R. Hughan® & i2gafit o v BB —SBMEHHTY 7
vtk SCRy T ArEER L, W, B, Txov7 OB EERESTO L, B

LaL, WeBEBRAOBMRIEI AT LDAMOATOHRLOT, HEBY K& TxH4 s =
TN, B, YT ATy BEYD AT YT ADAMEDEAENTEND OWEMBE LI
BRIy 2BEERC O THRE, BRFELILOTHET 5,

. = 54
1 % =
BRI 1T 13 B K2 AU A A R a b R F L
2 ® ®m

FREBEOTEEI s EBDTH S,
B4y 091x15, = & v: 075x18, #i: 143x17, s v 7 =27y :052x20, SFyva:
035x8 (2721, EExEX Hfi: mm),
@ # &
TSR B L OHEBR Y Vi LY (Bl 2203 3HAL, ®EOXDICOIN BX
D O00ZN FEHIcE s ndBl U, 70k, MEHRREET ) v ABERRIC X D EE
L7,
(4) BEhrile B
WA R MENIC T A Y — iR 05~0/6 TELHIEL Th o2y vy v Tk, AT
FEOfk, BMUEEHEI > EOLEEDTHE, THHLE, 200ms U—F— &K 25 ml %
Bty FTRPADIERY, KTHEICHE LA, CNICEHEERL O Bk (BH) & Ah,
BMEER B 1Iml & &I1g, EEIBTICBL TR 0.02~01ml T &R EHIE LK,
T, EBREHIE 20+2°C) vfo7, 1 EOMEEEREE 30~40 4 Th > 71z,

III. ERERLLTER

TR SRR 2 TR 0 U IR BiIN T 6 &, DEOMIGRD T & S KGR HETT 5,
AgNO,+2KCN = KNO,+KAg(CN), (1)
AgNO,+KAg(CN), = KNO,+Ag[Ag(CN),] (2)
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01N BLU 002N HEs 7 U HEH A 01N 5L 0.02 N BB SIER THEST o7,

Pt-W, Pt-Ag, Pt-Pd 540U Pt-Ni o & #A4bE 2O iElmERT &, F1, 2,
FINMBLUELANDE LD TH B,

MEb42 k30, @EMMOEE P-Pd, Pt-Ag & X0 Pt-Ni 83 S =BARL, —
FH, PCW QABERL DR LU, 72720, Pt-Pd B XU Pt-Ag 12 Pt-Ni L2720, 82
MEBRE D ICEBME ER Uk,

E1BEUE2REICBY 2BMEE Pt-Pd, Pt-Ag X0 Pt-Ni g TL, —7F,
P-WR EHL7Z, L»L, PEWoilsdbEIcHTiE H J. Read & C. P. Read® & #E 8
EMEEL T, F780%, W2HREIENCHE TEMLLAFL, BRSO TRAHEET
ZIRLTZERRNTVED, BEHEOOANEREIBLBIUVE 2R ACENT EA BT OMEN
ZaRU, TOLRHABERLE Dk, BB LRAICE0TIZ 002N &, %77, #2848
BOTEOIN BXU 02N FRCIT N OO DI EROBMAEED LT, BE¥ECD LD
HREROHENE L P DO TR ERLTFEER S ENTHRY, LaL, fiH” oco
HabegzHnl#d oy v OEBEOSGI b KEEERE UTBIREEMRD LH-BT
DB AL oNTHED, F/, HIKRIOWOWDOE (WRICX D) EEABEM LN
SR L aBA5bEs L, COBNRLEASEZE]L $H2 OREETIORINE
Bo, o, BUEDKHEROFERIC DO TEER FIC W) oMENRLZCEEE2 5N,
i, Pt BLXO W OOREBEERE, WEBICHEREEZ 20 5%RE, & 2RISR T
REICHET 2, Lipl, ERFEFEREIGED 10D, CORBICHERELTO R EF
LAY, SHRIOMBICHE L TREREmICEE A 0,

DEW, AMALEEANTA LN 0OIN BXU 002N BHEEDSE L, 2K SBT3 E
frZ&AL LE/AV) 233 B L EDEBYTH S,

B 1= (BLAL: mV)
E Z
Pt-W ‘ Pt-Ag | Pt-Pd Pt-Ni
w1 | w2 | w1 w2 | w1 me | m1| omoe
0.1N 30~40 ‘! 50~70 90~120 | 10~20 8()~100‘ 10~20 50~70 \ 30~50
0.02N 20~30 ‘ 30~70 30~50 10mf1# 1 20~40 1087 30~40 10~20

ks, V7 VIO EEDEA,
EH N,
BEMA LS & Liebig vkic X %
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1) R.M. Wick: Bur. Standards J. Research., 7, 913 (1931).

) E. Miller & H. Lauterbach: Z.anorg. Chem.,, 121, 178 (1922).
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