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Catalytic Liquid Phase Oxidation of Isoquinoline
[Oxidation and Utilization of the High Temperature Tar Bases (7)]

Fujio Komatsu, Toshio Yahata and Kunio Saito

Abstract

The authors attempted to synthesize cinchomeronic acid from isoquinoline, one of the high tem-
perature tar bases for the use of red dyestuff. The synthesis was carried out by oxidation of
isoquinoline with sulfuric acid in the presence of catalysts such as mercuric sulfate and vanadium
pentoxide. Furthermore, non catalytic oxidation was carried out.

They determined the amount of oxidizing agents and catalysts to be used, contact times or reac-
tion times, and reaction temperatures in relation to yields of the product. Maximum yield was 302

for mercuric sulfate, 202 for vanadium pentoxide and 18% for no catalyst.
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. . a  Three neck reaction flask
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b e Electric heater
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g Slide rheostat
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WHEBIC X OBRRSRICIIE T 2 v v o A u v EIRY 3,

HI. £ B & 8
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fo, TORBREBEZFEILRINSG,

B2ER OB M X B &

g | TR 05%) | B OB | RS EE | SR L aan 20 s
€ | (g /T S 2 B R N N 75
s 1 127 J 16 200~210 0.5 } 12.65 ‘ 9.85 8.73
no2 127 16 200~205 10 1600 | 1035 8.73
AR 127 16 L 200~210 15 12.03 9.49 8.73
A 127 16 200~206 2.0 742 842 8.73
A=5 127 16 198~208 3.0 6.29 5.84 8.73
h-6 121 16 190~210 1.0 10.86 | 7.60 9.13
n= T 60.5 16 185~208 1.0 260 2.58 16.72
L—- 8 80.9 16 190~207 1.0 4.50 440 13.05
L= 9 127 16 215~225 1.0 16.50 15.90 8.73
4-10 127 16 230~240 1.0 18.0 17.50 8.73
a-11 127 16 250~255 1.0 17.0 16.80 8.73
A-12 127 16 230~240 2.5 9.0 8.50 8.73
5-13 127 16 230~240 5.0 6.5 6.25 8.73
&-14 130 16 230~240 1.0 18.1 17.40 8.55
4-15 130 16 200~205 1.0 16.2 10.40 8.55
4£-16 127 16 230~240 0.5 10.0 10.50 8.55
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WHERERREST L, (EBRES s-1~24-0)
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20 | 20, 127¢
16
B 1B 2300-240°C
WEE95%) 127g 8.73 mol%
=10 Er“ﬁ% iﬁhg— £ 9
(%) ' ! (%) SN
Txﬁﬂu—/x 873 mol/ 70 o | I
T g : o—-olz//:r)lu/f% T O——OH;;iiﬂz‘/@
U~"Tgp 200 210 220 230 240 250 260 270 Y 2 3 ! 5
— i B OE (%0 — =R & &M (o
g4 FUSERE & IE (SRR ) 85 BISR ) & R (A Eg 1b)
(@), (b), (c)DFEE, KISHEE 230~240°C, EHFHEE 8.73 £ 1%, HIGKEM1EBHIcEL

Ty vaotoYBOREREERT, HoTEEERATE, vy aioyBEEORSIZ 18
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2. mhEEE b
HgSO, sitEefid 28 3 &, V,0, fiFEshid & 4 RioRd,
#3%x HegSO, i i
P = g | =] - :‘ﬁu*.: g 5;1! Ny iraxau| 7 E—VEE
g R (95%) B A | RUGHE | RERE 8RR | SEN g el Thep
@ | g | o l(ewz) g | k) (| (%)
Hg- 1 127 16 - 192~200 8.73 2 1 712 3.00
Hg- 2 127 16 | 200~205 8.73 3 1 8.34 4.61
Hg- 3 127 16 200~205 8.73 6 1 16.31 9.14
Hg- 4 127 16 215~220 8.73 5 1 31.39 13.80
Hg- 5 127 16 197 ~203 8.73 5 1 30.61 15.58
Hg- 6 127 16 198 ~202 8.73 4 1 18.26 13.38
Hg~ 7 127 16 200~205 8.73 7 1 11.48 9.83
Hg- 8 127 16 198~202 8.73 8 1 6.91 2.96
Hg- 9 127 16 200 ~2050 8.73 5 2 18.62 9.59
Hg-10 127 16 192 ~206 8.73 4 2 9.89 7.61
Hg-11 127 16 200~206 8.73 5 3 16.22 9.58
Hg-12 127 16 195~210 8.73 4 3 7.69 5.86
Hg-13 127 16 200~205 873 6 2 9.65 9.25
Hg-14 127 16 200~205 8.73 6 3 7.33 1.51
Hg-15 100 16 200~205 10.83 5 1 27.50 12.50
Hg-16 60 16 200 ~205 16.84 5 1 6.70 5.65
Hg-17 130 16 200~205 7.98 5 1 31.50 13.90
Hg-18 127 16 180~190 8.73 5 1 8.50 5.00
Hg-19 127 16 225~235 8.73 5 1 32.50 14.00
Hg-20 127 . 16 250 ~255 8.73 5 1 19.42 17.00
Hg-21 127 16 198 ~205 8.73 5 05 20.05 19.20
Hg-22 127 16 198 ~205 8.73 4 0.5 9.10 10.00
w4k V.0, Mo
N y e T L peag |V AR 2 VIR
%&%%‘ %@ (954) ;E{: *L{' fimlmfgl rﬁ*’{‘ﬁﬁ ;‘ ﬁ[ﬂ L&E == ﬁmﬂﬁﬁﬂ ?@ Iﬂi%ﬁﬂ’ ?) (Iﬁ?ﬁéﬁ $)
_ (g) (g) (C) (zv2) | (g) (hr) (%) (%)
V-1 127 16 205~ 208 8.73 5 1 8.24 2.59
V-2 127 16 205~207 8.73 10 1 15.76 13.24
V-3 127 16 205~208 8.73 15 1 18.66 13.10
V-4 127 . 16 206 ~208 8.73 20 1 13.43 8.77
V-5 127 | 16 205~208 8.73 25 1 7.85 5.04
V-6 127 | 16 206 ~207 8.73 2 1 6.50 2.20
V-7 127 16 205~207 8.73 5 2 7.70 2.58
V-8 127 16 205~207 8.73 10 2 11.59 8.18
V-9 127 16 205~ 207 8.73 15 2 15.89 9.54
V-10 127 16 205 ~207 8.73 20 2 10.42 717
V-11 127 16 205~210 8.73 25 2 7.24 4.72
V-12 127 16 205~ 208 8.73 5 3 6.17 4.21
V13 127 16 205~ 208 | 8.73 10 3 8.17 272
V-14 127 16 205~210 8.73 15 3 12.59 11.43
V-15 127 16 206 ~208 8.73 20 3 | 7.37 4.46
V-16 127 16 205~209 8.73 25 3 7.01 4.66
v-17 127 16 215~225 8.73 15 1 20.00 12.50
V-18 127 16 240 ~250 8.73 15 1 22.50 13.00
V-19 127 16 185~190 8.73 15 1 10.51 7.50
V-20 130 16 240 ~250 7.98 15 1 22.70 13.50
V21 80 16 238~245 13.18 15 1 15.00 10.20
V-22 60 16 240 ~248 16.84 15 1 9.52 7.60
V-23 127 16 205~ 207 8.73 15 0.5 11.50 6.9
V-24 127 16 250~ 256 8.73 15 1 19.50 13.0
)i
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Air Catalytic Oxidation of Quinoline (IIT)
[Oxidation and Utilization of the High Temperature Tar Bases (8)]

Fujio Komatsu, Gorou Ito and Kiichi Hozaka

Abstract

In the previous reports, in order to synthesize nicotinic acid with quinoline, by means of the air
oxidation, experiments using catalysts mizxed with Sn (VO,), and SnO,, and no catalyst, had been
carried out. But the life of catalysts was rather short, though the yield was considerably great. It
was difficult and not so effective to recover mnicotinic acid by using sulfuric acid solution as the
absorbing solution.

A purpose of this experiment was to make its recovery effective by use of water in place of
sulfuric acid solution as the absorbing solution and to manufacture nicotinic acid using V,0s and
MoQ; as catalysts to increase the yield for industrial purpose. Furthermore, by research into
carrier, mole ratio of V,0;/MoQ,;, adhered quantities of catalysts for carrier, quinoline velocity,
length of catalyst layer and grain of carrier, the present writer found for yield the optimum
condition of reaction temperature to be 450°C; space velocity, 5000; below 1 moleZ of quinoline

concentration and less than 3g/hr. of quinoline flow velocity in a reaction tube with 2.5 cm diameter.

L &

i

B2R IR TE, * /) v O MERE GIC 3 v Y BURBR T X 2 2RI 12 o
T, ;:%y@aﬁmzit)uv@é@:&@T@@Em%%ﬁ%c&% BT, REIC Sn-
(VO,), BT, "R D RRFEO=aF vBEB 50, MEFGICEMESRESBE D, &
HBTHE, —RICHEAKEZ OO TEMNTHEBIMICAN SN, FHOEY V,0,-MoO, R
BieonT?, =aF vBEREO LRAEBEO L, [$RTERTERILARD 720 O R 7
—F QBRI IROBERICEE LT, HREHEEBRE Lk, BBER=aF vBOEI
WiE 10~20% BESE R O Tokeds, ER, KRk >TE&HA, hinick 2 BEIRERE
ZER U AICH B, Fic, Mgk, V,0,-+MoO, &V, BUEREE, %V VvEE,
ROREL, HMMEORE, MERE, MEREcE LTy, RIFS&EEEL, 205
IR TR 3,
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II. % B O &
A E B E B
FHREEREZHFICHOLEREZOTTHVE, BlMaicRgins,

T R Q EYER

T hugAgR R B (ERAE)

K F&H% S COz 77 R43HT
L)L BUSEE T CO # AW

M S U O # AGH

N BUGH VOB %

O WllH (nAERE) 50 (k) W AB

P s

RO TERIEELER FEHORELHL (EE25cm, Exln) ROGBIN-Z
FEER Y VEREE V0, MoO, SEEICE L, RISERMECRISHE, 668, 20~
10% BRERYEMRIC K 2 TRIREIR S T2, SEEBHEACRNTER L, FicEERIC LD
THELFEICThY, BERAN AR AASMEBECEE L, SORELTET -,

B. £ B ® #

) o B 28CHWAT0% /Y vEHNE, Iy —ER: ) v S 4R
/9 v TR, COBGRBASEBICCEEESIZABONDT, ¥~k /) vERO,

H) o B8 A, BEELICELT, —E0HEAED V,0, & MoO, D EAWEE ¢
e UTHER Uz, COBIBOENER, AZAFV VB vEov AL TFVvEB TP v T
=T LAERAEROKICHERSY, BRLULVEEDEAICE, ETOBBETNT 3,
COFEIICHEEZAN, MEGERE S, R, 450°C 1T 3 g, R e TR L
ToL Dk, ZOMREGICHEESE 1 RICRT, HEOLMERY, KALR OHE R

*OEM: ETEERRE p 32 (HE254)
#OEA: WABTE p 36 (A 18 4)
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F Y v OEKEMRL 399
WY IR K27,
El1x A MK KT 5P

. N ~ Y 5 T T
i | ?»&Q(g)?:—/% ;3}%&3 x ]ﬁaﬁx@ag 27| mm | %?Laf&i ce | ViOSMOOs
A 14.29 \ 10.77 1,000 | Bsr | 10 | 045 | 020 f 100 1:1
B 1429 | 10.77 1,000 | i Ei 10 | 040 | 060 | 100 1:1
c ‘ 15.4 — 1,500 i@ E‘ 10 | 045 | 060 ‘ 00 | 1:0
C. & ¥ H &

W2 e AR =27 vEIZ pH38~40 o@RIc L, T0~80°CIiTimiE L/ED, BEER
SRR (BRI e A, el & UCEIR L, € QX DEDEREHED L, MFREZRD I,

IIl. EBERICICER

1 MEBEECOOT

B OBRBESR E , RENESHTHY, MEORHENSIHL, Ho, SMEEES X
< BRREFOEAEE RS BETTITE D/,

BLIRICPEODTRENIEROIEEL IO TR ZT OB 4 D& B RO RER 2 Ric

B]2x V.0, +MoOs R OHKICEE T 5 T

s | OsEE | mag 570D wans | wmwe 577 JRewn 5300 8

Q) ¢ (g/hr) | (¢/hr) fee/hrfee) |[(ev2)| (hr) (7)
A-1 350 330 6 936 | 4680 11 2 350
A= 2 350 335 9 70.2 3,510 2.1 2 235
A-3 350 320 3 46.8 2,340 1.1 2 60.7
A-4 400 375 6 93.6 4,680 |2 455
A-5 405 380 9 702 3,510 2.1 2 403
A-6 405 385 3 46.8 2,340 1.1 2 67.5
A-7 450 435 6 936 4,680 11 2 50.4
A~ 8 450 430 9 70.2 3,510 2.1 2 41.5
A-9 450 425 3 4638 2,340 11 2 703
A-10 410 385 3 46.8 1,560 1.1 2 69.0
B-1 350 318 6 93.6 4,680 11 2 440
B-2 350 320 9 70.2 3,510 2.1 2 25.5
B-3 355 315 3 1468 2,340 11 2 73.0
B-4 380 345 6 93.6 ! 4,680 1.1 2 47.0
B-5 380 335 3 46.8 ‘ 2,340 1.1 2 75.8
B- 6 400 355 6 93.6 4,680 L1 2 510
B-7 405 368 9 702 3,510 2.1 2 360

as



INARED - PRRR(ILAR ¢ RRIREE—

A L X O DY (cm)
BIKDb MIEREMNEED ST RE

19

%%‘f RUSEE J w1705 weonm | ma 570 pemen ooy B
(°C}) °C) {g/hr) {¢/hr) {ce/hrjee) J(=v2s)|  (hr) (%)
B-8 405 350 3 46.8 2,340 11 2 795
B- 9 425 385 6 93.6 4,680 1.1 2 53.5
B-10 428 375 3 468 2,340 11 2 80.4
B-11 440 380 3 463 2,340 11 2 81.0
B-12 450 400 6 936 4,680 11 2 55.9
B-13 450 405 9 70.2 3,510 21 2 35.0
B-14 450 385 3 46.8 2,340 11 2 82.0
B-15 480 420 6 93.6 4,680 11 2 50.2
B-16 490 485 3 463 2,340 11 2 705
B-81 450 380 3 | 1470 4,900 0352 2 80.0
C-1 350 315 6 93.6 4,680 .1 2 42,0
Cc-2 350 310 3 46.8 2,340 11 2 70.0
Cc-3 400 352 6 93.6 4,680 11 2 40.0
C-4 408 350 3 468 2,340 11 2 713
Cc-5 402 365 9 70.2 3,510 21 2 334
C-6 425 383 6 93.6 4,680 11 2 42.0
Cc-7 425 375 3 46.8 2,340 o2 72.0
C- 8 450 400 6 93.6 4,680 112 45.8
C-9 450 382 3 | 46.8 2,340 o2 72.5
C-10 450 402 9 70.2 3,510 21 | 2 35.3
C-12 480 418 6 93.6 4,680 o2 35.0
c-13 490 30 |8 468 230 | 11 2 45.0
500,
450 ,/"‘@*
2
_'5 1 Lo
& 400 &—OA 11
B —®13-8]
{0
350r/r/$/’/‘P‘.\(: 1
3005 1 7 3 i 5 6 7 8 5
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F Y rOESEME L 401

TEMFEROVEEOMBEBRORBESfIcD &, —FE2E 1™ bICRYT, HW2HTH
AR, BELHEATE, ROEREEBEREOZR LRSS , MEEICGRE S MR IC
AL, XBEFERFEA ERVD, WEIETETT S, £hickkl, BHERGREIREED
ERBBHRT, WOCL L RSHENS 2HE, R, HEOREIENED D ZENKR
BThs, BELED, WRILTHELOBALIV L EHT 2, HIEBEBERINRLEFCLER
HEOMACERT 28N 5, MEBERTRETE, MLLREND 543, BROMEERIC
FRLUTEREFERT 2 &ICLE,

2. MUEHEEONRIGICRIZTEHE

HEE LTERAEREBEORIVBEALALOT, ZE2EHL, —HBICHOWLINTHL S V,0+
MoO, RRIEIC DNTITF D, I AE TR V,0,/M00, & VAT 2 RSO B8 % i
Ze L7z,

Al I

V.0, MoO, DBEICH T 2WEDHEI, T, KR 2200 OBEKRENSTER
WHEMLIZNOT, B3EROML, HHRIEEIN, IHEBICLOT, BAREIEAL,
BOICHT 2HERBDORD —~BOMARRROBELRTH 20, BEBOKIRITHT 2 ESELDH
D527, BREBAEERNLULL D, b=V~ voEEEick 2Rk~ rvd v%
BEOBAICE, V.0, it MoO, AL R4 21, MEEREDO YD, BEMERW T, 55,
4 ERsE2EmMERED, X, BT S~ VEERETIE, MEEMEASSSET S 2
EREELZZOMRBESEMTH S, H>THEL R ZzoBEES D, BB, FIFE
IR BREIC V,0,/M00, v i 1:1, 1:0, 1:2, 2:1 &L THIE DR,

B3 &R A BEEROISC KT T B
ARARFUOUB] NT a2 E Y T

% % 7oy v | FUBmTvEY x 1 HEES | 0. Zzoi/ivlo?é
@ | (e (cc)
B 14.39 1077 | 100 | 100 10 | 1:1
C 15.40 0 | 1,000 |- 100 10 1:0
D 591 893 1,500 ! 100 10 1:2
E 10.41 3.23 1,000 | 100 10 2:1

B, ER&HLEE
FEOmAEE R 4 200 cc AV, ZSRIMEE 2,340 —ic L, RISEEEZMI TR O
FEED, H4HE, B2MERENE, MELDEAHLHEHI, KISREICHT 2REDD
P—EOREHEE NS 2, X V0, BOZVE, KRICE DR EHEEST NS, £0FL,
V,0,/M00, Exh=1:1 XD EHICKTH DTS, PTH2Th, WREEIT 2EMER
(15



402 INMRERE - RRELAD - FRIREE—

T, 11 ENIRIERG 2205 VEMIUGRO B 4 —E 1T B BT 390~470°C TE| &I A
WRICESTWA, #2T, W, REMMSEORELY, V,0,/Mo0, & v kot
U7z

4] O T e TS PR R FIS N S
300 350 400 450 500 550
—— S R E (PO

EH2R MEERORBSCRIETED

Ak V.0, +MoO, Bl (Ao ERORIS 4 2 HE)

s | SO0EE |70 G mmne | zmar | 5705 SRR lwewm 577 V8

e (g/hr) {¢/hr) (ce/hrfec) | (=) (¢/g) {J (hr) | (25)
B-18 350 25 468 2,340 0.93 187 | 2 68.5
B- 3 355 3.0 468 2,340 1.1 156 2 70.0
B-5 380 30 | 468 2,340 11 156 2 758
B-8 | 405 3.0 468 | 2310 11 156 2 795
B-10 428 3.0 468 2,340 11 156 2 80.4
B-11 440 3.0 468 2,340 1.1 156 2 81.0
B-14 450 3.0 468 2,340 11 15.6 2 82.0
B-16 490 3.0 4638 2,340 1.1 156 2 705
B-17 490 6.0 46.8 2,340 2.1 78 2 405
C-2 350 3.0 468 2,340 1.1 15.6 2 64.0
C- 4 405 3.0 468 2,340 1.1 156 2 70.3
c-7 425 3.0 46.8 2,340 11 156 2 710
C-9 450 3.0 4638 2,340 11 156 2 715
Cc-12 490 3.0 4638 2,340 11 156 2 450

(16



F Y v OTESEMER L 403
gy | OERE 570 g s | ommam | 570 2| BRE e 77 08

°C) | (g/hr) | (¢/hy) (cc/hr/ee) | (= v 2) (¢/g) (hr) (28)
C-13 385 3.0 468 " 2,340 11 156 2 703
C-14 470 3.0 46.8 2,340 11 156 2 60.5
C-15 500 3.0 468 2,340 11 156 2 38.0
C-16 340 3.0 46.8 2,340 11 156 | 2 60.5
D-1 350 | 30 46.8 2,340 11 156 | 2 67.0
D- 2 355 28 46.8 2,340 1.02 167 | 2 66.5
D- 3 350 3.2 46.8 2,340 1.17 146 { 2 66.7
D- 4 385 3.0 46.8 2,340 11 156 2 68.5
D-5 400 3.0 46.8 2,340 11 156 2 70.0
D-6 425 3.0 468 2,340 11 156 2 71.0
D-7 450 3.0 468 2,340 11 156 2 71.0
D- 8 470 3.0 46.8 2,340 11 156 2 715
D-9 490 3.0 4638 2,340 11, 156 2 67.0
D-10 520 3.0 4638 2,340 11 15.6 2 375
D-11 335 3.0 468 2,340 11 156 2 30.0
E-1 335 3.0 468 2,340 11 156 2 450
E-2 350 3.0 46.8 2,340 11 156 2 69.0
E-3 380 3.0 46.8 2,340 11 156 | 2 70.0
E-4 | 405 3.0 46.8 2,340 11 156 2 715
E-5 | 425 3.0 468 2,340 11 15.6 2 725
E- 6 448 3.0 46.8 2,340 11 156 2 735
E-7 470 3.0 46.8 2,340 11 156 2 72,0
E- 8 490 3.0 46.8 2,340 11 156 2 69.0
E- 9 510 3.0 468 2,340 11 156 2 63.5
E-10 520 3.0 468 2,340 11 156 2 34.0
E-11 520 40 16.8 2,340 146 117 2 342
E-12 520 35 | 468 | 2340 1.28 133 2 34.0

3. MEOBALCHTIHNBEED

AR LRI BB OB RICE DT, HISKd 3

=AY

e

B3R
R

AT, KT AR

REBHLC L, TNEMATZICHE, BBERAVINETHAM, BEICk2HTFELER

U, ®WOERDEEICIED X,

A il

ﬁyk‘

5 ETHBRIC, BRBEIC OV TE, %9 EEENE AREEZAD, V,0,/Mo0,
TMH11ELT, H—ER 100 co g &7 3 V,0,+MoO, O EVEE LS ¥ THIZ

D7,

an



404 ANESBREE - PRRELED  RRIREE—

EHs5R B A M E (WERoR)

BB | By v o éi%ié K BERE | VOO VAR
fg) (g) L o) [ (co) | 29 (& v fec)

B 14.29 10.77 | 1,000 100 | 10 1:1 0.1229/100
B-b 11.90 8.96 1,000 100 10 ‘ 1:1 0.1022/100
B-c¢ 3.47 2.69 1,000 100 ‘ 10 1:1 0.0316/100
B-d 9.30 7.00 1,000 100 10 | 1:1 0.0798/100

B, EBL&HELEE

e DRIELE 20 cc AAHF L, ISREMEEF 2,340 cc/hr/ec B2 L LT, KISEEAEE
BT, TOMFREO=aF VEBBOWRBRICRIETBE LR/, TOMBELEEIN, H6FEITR
ED

100,

80 M—T)"O‘Q\

HEBEBOYU R
2
T
%
S

=

%) T
20 o—0—0 B
S~——A Bb
Oo—O0—3 Be
X—xX==X  Bd
i L i i I3 pl 1 1 1 L L L L 1 I
o 30 o0 P — 500 550

B i B (°C)

B3R MEWMEREORKNEN T RHE

RELDS» BRI, WERBOBMIICED, ZORBHSRIL, TOWBEEN 14 KD
LTs, MT#EE3ghr 0TI, 350~450°C IKfRET 2 &, FHLT D% EEH» S 60%
BEICRBRETI 204 TH 5, MENEEOMARE=F YBOWSEEA S ¥ 3 EAIC

#5BOLOESHBUA L.

)



&0y v oS EmEL 405

B6XR MENERORIGCKT 2 HE (B AMEE 20 c)

sisEE | 50 E g | s Jg”; A 5 L\H#Fbﬁg;ﬁﬁ“%
°C) (g/hr) {¢/hr) | (cc/hr/cc) ‘ (=nv2) | (bg) (hr) ‘ (24)
350 3.0 46.8 ‘ 2,340 11 15.6 \ 2 1 760
380 3.0 4638 2,340 11 15.6 2 7558
405 3.0 468 2,340 11 156 2 795
428 3.0 468 2,340 11 15.6 ‘ 2 80.4
440 3.0 468 2,340 11 156 1 81.0
450 3.0 468 2,340 11 15.6 ‘ 1 82.0
490 5.0 46.8 2,340 11 15.6 1 705
350 3.0 468 2,340 11 | 156 2 68.5
380 3.0 468 2,340 11 156 | 2 72.0
400 3.0 4638 2,340 11 15.6 ‘ 2 75.0
425 3.0 46,8 2,340 11 156 1 775
440 | 3.0 46.8 2,340 1.1 156 1 79.3
460 3.0 468 2,340 1.1 156 1 785
480 3.0 4658 2,340 11 156 1 70.0
500 25 | 468 2,340 1.1 15.6 1 59.5
500 3.0 468 2310 | 093 18.7 1 56.0
40 1 60 1638 2340 | 2l 78 1 54.0
450 9.0 738 3,690 21 | 82 2 39.0
350 3.0 468 2,340 11 15.6 2 615
380 3.0 46.8 2,340 11 15.6 2 64.3
405 3.0 468 2,340 11 156 2 65.5
428 30 | 468 2,340 11, 156 2 | 664
440 3.0 468 2,340 L1 15.6 5 | 675
450 3.0 16.8 2,340 11 15.6 2 68.0
490 3.0 468 2,340 1.1 15.6 2 45.0
450 6.0 468 2340 | 21 78 2 50.0
480 9.0 73.8 3,690 2.1 8.2 2 | 300
350 9.0 73.8 3,690 2.1 8.2 2 350
400 9.0 738 3,690 2.1 82 2 36.0
350 3.0 468 2340 11 15.6 2 67.0
380 3.0 468 | 2340 | 11 156 2 715
400 3.0 46.8 2,340 1.1 156 2 735
425 3.0 468 2,340 11 15.6 2 75.0
450 3.0 4658 2,340 11 156 2 805
480 3.0 468 2,340 11 156 | 2 69.0
500 | 3.0 46.8 2,340 11 156 : 2 60.0

€5))



406 INATESS - BHERALAR - BRIEE—

BT1H% /799 oBEEfhcks88

wgmn | ORE | 5702wk | wmar | 5705 | CRE) L e 5
Y {g/hr) | (¢/hr) (ecthrfee) | (v %) {/g) thry 5 (%)
B-20 350 | 3.0 98.6 9,860 0.801 3286 | 2 386
B-21 350 60 93.6 9,860 1.580 16.43 2 238
B-22 350 90 | 986 9,860 2.350 1095 2 22.9
B-23 350 25 | 986 9,860 0.425 39.44 2 38.3
B-24 350 3.5 98.6 9,860 0.935 28.10 2 365
B-25 350 40 98.6 9,860 1.069 24.65 2 305
B-26 350 5.0 49.2 9,860 1.333 19.72 2 275
B-27 400 3.0 492 2,460 1.040 16.40 2 80.1
B-28 400 | 20 49.2 2,460 0.707 24.60 2 80.4
B-29 400 35 492 | 2,460 1220 1405 2 75.0
B-30 400 4.0 492 2,460 1.390 12.30 2 59.0
B-31 400 5.0 49.2 2460 | 1.690 9.84 2 50.4
B-32 400 6.0 92 | 2460 2,080 8.32 2 42.0
B-33 450 2.7 492 2,460 0.940 18.20 2 | 83
B-34 450 3.0 492 2,460 1.040 16.40 2 87.0
B-35 450 35 49.2 2460 | 1.220 14.20 2 85.0
B-36 450 41 492 2,460 1.430 12.00 2 79.0
B-37 450 45 492 2,460 1.560 10.93 2 68.5
B-38 450 5.0 49.2 2,460 1.690 8.32 2 61.0
B-39 350 25 492 | 2460 | 0870 19.68 2 65.0
B-40 350 3.0 492 2460 1040 16.40 2 66.0
B-41 350 35 49.2 2,460 1.220 14.05 2 57.0
B-42 350 40 49.2 2,460 1.390 12.30 2 54.0
c-2 350 3.0 4638 2,340 1.090 15.60 2 64.0
C-20 350 3.0 98.6 9,860 0.801 32.86 2 473
c-a1 350 2.5 98.6 9860 | 0425 34.44 2 49.0
Cc-22 350 35 98.6 9860 | 0935 28.10 2 9.1
Cc-23 350 40 98.6 9,860 1.069 24.65 2 405
Cc-24 | 350 6.0 98.6 9,860 1.580 16.43 2 229
C-25 | 350 9.0 98.6 9,860 2.350 10.95 2 20.9
D-1 350 30 | 468 2,340 1.090 15.60 2 67.0
D- 2 350 2.8 1 46.8 2,340 1.020 16.71 2 66.5
D-3 | 350 3.2 46.8 2,340 1.170 14.62 2 56.9
D-20 350 40 468 2,340 1.460 11.70 2 60.5
E-19 350 3.0 986 9860 |  0.801 32.86 2 38.0
E-20 350 2.5 98.6 9860 | 0425 39.40 2 345
E-21 350 35 98.6 9,860 0.935 28.10 2 34.8
E-22 350 40 98.6 9860 | 1.069 24.65 2 29.0
E-23 | 350 5.0 98.6 9860 | 1333 19.72 2 25.0

(20)



F /Y v OZESEREE 407

4. EibEHEO®KRS

A RO TARISICEE MR 2 & B4 o BREELZ A, £E LT V,0/M0, O
kI EROBEEHE W, HEEEDLDIC, £oErikil:2, 2:1, 1:0, OHAK
S Th, Lil e icE L TERETRY, XEAOXRE SR, BEBOFEBEREZEEL
FELTIW Ay 20b0FHNE, =aF vEINE ®%/J/mﬁgmcié%ﬁ,ﬁﬁ
FERCICSERE, MEEE, BARECLZBER SV THREZTE D/,

A, XV VvBEODE _

B, C, D, E(E3%) Lo, FNFNEMEE 23405 9,860, RIKEE 350~
A50°C T, % 7 Y VBEE 0425~235 £ v % O TEMIETREETL DL, TOKRER
7%, BAMREIND,

100 N "I‘—‘“‘_ O—0—0 B (3507, 400°, 450°C, ZERi# BY 2460)
LA C (350°C, 2SR 9860)
——0 ) X——X—X D (350°C,. Z¢[H;@ 5 2340)
o—0—0 E (350°C, Z¢[:# R 9860)
&—9—8 B (350°C, =R 9860)

- :

F \Y

Lo RN N’ 450°C (B)
, 350°C

: N |

o0 .— '\O\\O 1
E S k 400°C (B)
12) h\\&\ l
i, o ————————-350°C (B1)
20 350" ) !
\\}BSO'C ©)
- |
1
0 ] Il H L1 ! 1 L Il L L i 1 L ‘\ 1 L L L
0.5 10 15 20 25 3.0
= ) v BE (2

B4R 0 vBEOESE

27 FITHOT, 350°C IR T, EEBES B-20~B-26; B-39~B-42; C-20~C-25;
D-1, D-2, D-3, D-20; E-19~E-23; 400°C ic A TiE, B-27~B-32, 450°C jicjt Tk
B-33~B-38 T&% 5.

COERTHIBIC, ¥/ ) vOREEOBAIC=aT YBINERHBAL—ET, BREL
AL, BEFRIEHERL UL, WEREYT 2, COFR V,0,/Mo0, OFRE VIRELICH
L ZEmMARL, XN, KSEE400°C, 450°C icftitd, 350°C oty 5 & RIRRIEAS
BAERLTWVS, Z2BESDORBRAB LR OBBRTRT &, HOBICRING,

@D



408 NRERS - (RERIED « FRINEE—

100 QRMUE R (O
| Q 1 B, 2460 350
90 ? | | B, 9860 350
T D“b\a\L B, 2460 400
80 — Ao B, 2460 450
| ‘ \i ‘h\ C, 9860 350
70 e 1 ‘ j
—T‘O"’O\* ! \ |
- 60— 1 — R L\B e N
o ; ‘ B,
7 50 XX N ]
Y [ : \‘ B,
I 1 }N i R
" a0 ; } 1 ‘
(¢4) . \[‘5\0\ ‘
| ‘ —— S—
20) | | —g— 5
: | | ‘ G
| I
10 ‘ | i
o L
1 2 4 4 5 6 7 8 9 1o
¥ /Y Y EAR  (ghr)

B5E 9 R AROEE

BWOEME D, SEREEREEFREL, V,O0/Mo0, skl lodx, 0 vEAR
3ghr Db 2L, =aF VEROREPEHITET LTL 2, L, V.0,/Mo0, = v LZAk
o7, 35ghr Ehs, TORFEORTT2EELH 5, mIIEEEEIC X 2 FNEE
DEZIVETZ2HOEZEZ SN, DT, HORKBEEIROTIE, C@ﬁ%f;%ﬁi%if
B, TEMERICROTE, BEEEE L, MEESKOBAICE, BTEEOBKER
EOTL B EEDbN S,

B. RnBEOBE

LEDEEX DT RE 3~2.5 g/hr, XM E 49.2~98 (/hr OERICHRNT, B
DINT, FaIERIRE 2,460, 4,920, 9,800 cc/hr/cc & LT, FISIEE 345~510°C O TEAL
SET, RISEEORBICRIZTHELT I, TOHEFE8E, HO6XIRT,

FEEiE S B-20, B-46, B-47, B-48, B-49, B-50, B-51; B-40, B-53, B-27, B-35,
B-56, B-57, B-58, B-59; B-60, B-61, B-62, B-63, B-64, B-65; B-66, B-67, B-68,
B-69, B-710 T 2%,

FBERPL S5 L1, ZefE 4,900, ZeR e 98 o/hr; WFEE REE 2,460, Tok
WE4920/hr 0L &, FNFNO=aF YEROIIE T 400~460°C O KSEEICHED T4 —
EZRL, #980% TH 5,

(22)



* Y v ISR BEE L 409
B8R KRISEBEK LT X > @5
L — ¥
spms | SwE | 5705 | mwns | mmar | 5705 | BN sl T
°C) {g/h1) (¢/hr) {ecc/hr/ec) | (envge) | (4/g) () (25)
| |
B-20 350 3.0 98 9,800 L 0801 3286 | 2 385
B-46 330 3.0 98 9,800 0.801 3286 | 2 405
B-47 405 3.0 98 9,800 0.801 32.86 2 45.0
B-48 425 25 98 9.800 0.441 3920 2 465
B-—49 450 25 98 9.800 0.441 3020 | 2 50.3
B-50 480 2.5 98 9,800 0.441 39.20 2 473
B-51 510 2.5 98 9,800 0.441 39.20 2 40.2
B-40 345 3.0 492 2,460 1.050 16.40 2 65.0
B-53 380 3.0 492 2,460 1.050 16.40 3 75.8
B-27 400 3.0 49.2 2.460 1.050 16.40 2 80.1
B-55 423 3.0 49.2 2,460 1.050 16.40 3 80.2
B-56 455 3.0 49.2 2,460 1.050 16.40 1 81.5
B-57 470 3.0 49.2 2,460 1.050 16.40 1 75.5
B-58 490 3.0 492 2,460 1.050 16.40 1 705
B-59 500 3.0 492 2,460 1.050 16.40 1 58.1
B-60 350 3.0 49.9 4,920 1.050 16.40 1 37.5
B-61 380 3.0 49.2 4,920 1.050 16.40 1 39.0
B-62 405 3.0 49.2 4,920 1.050 16.40 1 43.2
B-63 440 3.0 49.2 4,920 1.050 1640 | 1 47.0
B-64 475 3.0 492 4,920 1.050 1640 | 1 445
B-65 490 3.0 49.2 4,920 1.050 1640 | 1 40.0
B-66 400 3.0 98 4,900 0.801 32.86 1 775
B-67 430 30 98 4,900 0.801 32.86 1 80.5
B-68 450 3.0 98 4,900 0.801 32.86 1 82.0
B-69 470 3.0 98 4,900 0.801 32.86 1 745
B-70 380 3.0 98 4,900 0.801 32.86 1 76.0
B-71 350 3.0 98 3,000 1.740 1000 @ 1 20.0
i |
100,
’h{H]JbL ;{ 2% xwluﬁé
| 9800 98
4900 93
80 4920 49.2
2460 49.2
2; 60,
>
v _
#
B4
@) | |
} 200 \
[1] S S T W L LI T SUR SR ‘ |
300 350 400 450 500 550
B IS & & {0
6K KB EEFrR & % &8

@3



410 NMREESS ¢ PRERERD « FRIUBE—

BOXR = M & E o B B

| . J . = .|
2o BEE GG R menm | emer | 370% | ERE | EE It
em) | €O | (o) | hn) | (eohred) | (z=n20 | 0 | b |
B-49 3 450 2.5 98 9,800 0.441 ‘ 39.20 [ 2 50.3
B-72 3 450 3.0 147 14,700 0.352 “ 65.33 2 52.0
B-73 3 450 3.0 49.2 4,920 1.050 16.40 2 48.0
B-74 3 455 i 3.0 49.2 4,920 1.050 16.40 2 46.5
B-75 3 440 3.0 49.2 | 4,920 1.050 16.40 2 47.0
B-76 6 440 2.5 93 ‘ 4,920 0.441 39.20 2 80.5
B-68 6 450 ! 2.5 98 4,920 0.441 39.20 2 82.0
B-77 [ 455 | 2.5 98 4,920 | 0.441 39.20 2 781
B-78 6 450 3.0 147 7,350 0.352 49,00 2 82.3
B-79 6 460 3.0 147 7,350 0.352 49.00 2 77.2
B-80 6 445 3.0 70 3,500 0.739 23.33 2 65.0
B-81 9 450 3.0 147 4,900 0.352 49.00 ‘ 2 80.0
B-82 | 9 | 460 3.0 147 4,900 0352 | 4900 | 2 76.5
B-83 12 450 3.0 196.8 4,920 0.263 65.60 2 795
B-84 9 450 3.0 220.5 7,350 0.235 73.50 2 80.0
B-85 9 450 3.0 75 2,500 0.688 25.00 2 69.0
100 (IS 450°C) 4 4
| B Bl &t 10cc
b | ; L L Do xx—x e b HER —
o } . f - *VB.;‘ B; 0—0—C  30cc
) ‘ ! Lm 000 R
Y | L
/ L ~
g Y
o™ |
|
20 } -
\
!
L S R [/ B S U U S F S v v

—> M co/hrjeex 103

BTR ZH & B o B &

24




F 0 v OEEEMER L 411

C. TEEEFODE

i B e, BE 10ce, 20cc, 30ce, 40cc DB/ DS, Rao—Fio Lo & &,
BIROBRL D, WO L ORIGREE 450°C i icitn T, BREORic k> T, 22
O=aF YEPRRIC K TEELRE N, RRE—E, bR E 147 ¢/hr & LT, i
ZE 10cc, 20cc, 30cc, 40cc EBMME B AT EICE DT, BUERED=0F vERRZTIC KT
BETHEN, ChooiERE, W9E, BIMCRENE, BIRCHNTE, B9,
B-72, B-73; B-68, B-78, B-80; B-81, B-84, B-85; B-72, B-78, B-8l 0TS 3,

Mg s —E & LcEe, BMEELSENT21Co0T, =o0F vBBOoRELE ML, %
38 B 5,000 ce/hr/ec BB TMHEIFI—E LT 5. WB—E MEEBLZEMLLLBEATE,
BEBEAIIT, IEREGBAL, ABEEEEN & ki, WERBEAL, ZER%E 7,00~5,000
DOREIICIRNT, FRAZIRERIZENL LT, COHRE, AEENEED D < MEEA ) 5
45em iDL ATREREERLTVADT, RN OBPSTRBAET LTINE EE
Zbh, HEELZ--BICTNE, MEBERS~BomBEETE, =27 vEBOWRICKRAE
BACHIE B & B A B NG, |

D, #mEEOBE

B B AV, RIGEE 450°C HEEIC T, SliE—E0EBREEL SR LT, Hk
ElmERLEOFEMick D, ZSMEEE 4,920~4,900, 2T —FI LT 2 ZBEER, 8
9%6@‘6‘0\’(%37&%0 FEFES B-74, B-77, B-82TCH 3, COBRIESHIREIN D,

100

O O (450°C)

80k K , :
X T T X (455~460°C)

60 i
C//
b
- I
iRt

(4920 ~4900)

i L i
—— 10 20 30 40 50

— 3 6 9 12 15
ER Mm% E R O %
(25)




412 NRERSS « CRERMLAD ¢ FRIER—

HMEX OIS, MAAERE 10ce XD 20cc itk &k =2 F VEROERR I
F52, f62T20cc Dl ETR, HBASEREIRD EH LY, BEOMGE, MEAELH
KE¥, BEOMBABAIEA2ERIZHEELLDR, L, BEEOBE I ORI, =
aF VBOBEICETRBING LFEZL OSN3,

E. fapnEoBE

FHAERE S 10 BRI U,

EI0k A OB MEoBERNEORE

RS ?‘%577 \/ %/j ;/7?«{57{4/1){—3} K EEaH A % Vo EVZOS/MOOS Vl\%o%ﬁ%ﬁ{z{:
g (g) ; {ce) (cc) | (EH) (= vfec)

B 14.29 10.77 1,000 100 l 10~12 ‘ 1:1 0.1220/100

BA 14.29 10.77 1 1,000 100 20~18 1:1 0.1220/100

BC 14.29 10.77 1,000 100 ‘ 5~ 17 1:1 01.220/100

His, %910, 20, 5 Ay v a0 RE SOHEMEER D, FISIKRG 2 RSRICmfTic s
Wd BipaBE Lice X, ZORREFILFE, BIRCRT, i b BRI E 7,350 cc/hr/ce
—REIC LT, HIBZ5E%E 147 /hr —g, SCHEFEBIIHRICRN T 20ce NEHEETREFAL S
DT, 20ccEH e,

Blx MmMEHKRETORSOBH

wppn | CORE %/U;i?%ﬁiJ w5 0% | S G S

O | e | (o | fecihrjee) | (=rvzg) | (e | () (%)

B-86 350 2.5 147 7,350 ‘ 0.293 58.80 2 68.0
B-87 400 3.0 147 7350 0.352 49.00 2 77.6
B-88 450 2.5 147 7,350 0.293 58.80 2 81.5
B-89 480 3.0 147 7,350 0.352 49.00 2 70.5
B-90 450 3.0 200 10,000 0.259 66.66 2 81.8
BA-1 350 25 147 7,350 0.293 58.80 2 60.0
BA- 2 400 | 3.0 147 7,350 0.352 49.00 2 75.5
BA-3 445 ‘ 3.0 147 7,350 0.352 49.00 2 83.5
BA- 4 475 3.2 147 7,350 0.376 |  49.00 2 75.6
BA-5 490 3.0 147 7,350 0.352 49.00 2 68.3
BC-1 350 3.0 147 7,350 0.352 49.00 2 64.0
BC-2 400 3.0 147 7,350 0.352 49.00 2 70.2
BC-3 450 3.0 147 7,350 0.352 49.00 2 69.5
BC-4 480 3.0 147 7,350 0.352 ‘ 49.00 2 52.0
BC-5 500 3.0 147 7,350 0352 | 49.00 2 1 401
BC-6 425 3.0 147 7,350 0.352 49.00 2 72.5
BC-7 | 380 ' 3.0 147 7,350 0.352 49.00 2 67.2

(26)



* Y OESHEMEE L 413

100 1
{ B O—0—0 (10 mesh) }

XJ\ BA X—x—X (20 mesh) |
30— BC &—a—=a { 5mesh) |

- ;;;%Zﬁi:*‘w\\\\x
BA
60

HEH U
T
o)
O

.——_——%&
b
] j=)

[ T S Lo 11 L L1 L Pt L | S S N

350 400 450 500 550

G
BOK M OE N K OB ®

— BRI BEEICEDT, BBLEZESIE, 20 4 v 2 DBAH 445~475°C B 10 R TIR
HR—FIL, WAy va, S§AvvaEMET L, BAMKE 350~400°C Hx ik, 10 #
¥ a, bAvva, 204y vV aDERKETLTNS, #O2T—FRBO HVIEE 45~
475°C TR, BEOMOCEABEINITNE S, ESLL O TCERMICREELRT LT
5, ZT0RD, KRTELIWRDOINWI0 F v vV 20REARATHRIOEREL D,

IV. BHmeEE

=5 YBO AR EBERCR TN, BEXUMERMICR TREH RN TH D
foo DT, COBEID, BT, BLcS2ATE, BRAOBELFC V0,0
B P h 2B EOWMEBICLAEREBE Lo B, HIE
® /9 v +0,(5H) — =2 F VR
Vz(giﬁ%ﬁ\%o‘, + 30,

XBBORREEDBDIT, * /9 vE VO, LICBERLICELTS, #ELED, =
DFVBEERTACETH B, ZEHEOEER, tv=yo V0, Ml LT, EREG LI
SNBBAD P, 7T YOREEETBRETILC, BRI~ VEBEBBOLNAHD, Xx
Fyy OBED OB & E S HERT B,

oD ORTICE DT, =aF vBOGRAUREBBEOKISHBHFIINICEETN S
EEZOND, CNODHIIBICONTIE, BA4RMICRRETFETH 5,

@n



414 INARET « BHERILS « BRIREE—

V. #& B

1L WHEOHLDERELLIVEFSHEEE LTRIEFTSH 3,

2. V,0,/Mo0, i m cld, 400~460°C @ FUSEEICHNT, BOFN—EME R
ORI TH B,

3. MEMEERATAE, WMATIH, WERKHEINZ, ToORARR01229g/
100 cc B TH 5,

4. F Y VBEERFEBEEAENZE, 1% ETE, BESERICETT 2, 111
WIS O R T E, 08~13 B BENRFE TS 3,

5. ¥/ Y YRARE, COEETHE, HE—F (2460), 350~450°C N T, 3g/
hr DLETRIRBESBEICETT 5,

6. ZERHMREEE SUSIEEE 450°C, L EiEa# &R Tid, 5,000 i THERB—ET 5,

7. RSIEEE 400~460°C D EFIC RN T, PRI 4 —FEITE NS 5,

8 MHEROEEICOVTE, FHEE—EOTTE, BisE, WREEMATIE, WHE

OEENRH 5,

9. HEREICDVTE, 350°C, 450°C T, e 10 Ay v =, 20 4 vy 2 RIPER
DOEHIORIFTH 5,

10. BFE LT, BUSHPE 450°C, ZE[MEE 5,000, %/ Y vEELEV% T, */0 v
ME3ghr T ThHs &, CokE (BEF25cm, B 1mISE) KHT 2454 EEL
SN 5, (AARMLES, WL, JEEZE, AARSWES, BILZE, eSS, BHEX
i, ®oTate, BEALSBICCREE, MM344E10 B (FhEke)

BERICHEET I DEBRAXREFRICRHOoEE2EDLT.

(JEF135 425 B 12 A% H)

X K

1) /NBEEE: a-—v 2 —vigadEk 6, 49 (1954)
ANREER : BmTOAWE 3, 283 (1959)

2) A, BH, Wi 2—viaER 9, 57 (1957)
FAA, HAH, G 2—visEE 9, 123 166 (1957)

3) NABE: ZIABI 2, 669 (1957)

4) mE: s EETE F25 204 5 ((kERA)
5) IRMHEE: A (LEETE 25 189 H (L®EA)
6) WEEHER: MRS LFEETE F258 189FH (kERA)
7). EAEESE : BT AW 3, 5L (1958)

8) NABEE: 23— —iREk 10, 575 (1958)

(28)
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Air Catalytic Oxidation of Isoquinoline (IT)

[Oxidation and Utilization of the High Temperature Tar Bases (9)]

Fujio Komatsu, Zempo Kozono, Hideo Komori and Kazutoshi Sakurai

Abstract

.

In the previous reports, in order to synthesize pyridine or cinchomeronic acid using isoquinoline,
by means of air oxidation, experiments using catalysts mixed with V,O5 and MoQs, or catalysts mixed
with Sn(VO;); and SnO,, had been carried out.

But in using sulfuric acid solution as the absorbing reagent, the recovery of these was incom-
plete and it was difficult to calculate these material balance.

A purpose of this experiment was to make the recovery more effective by use of water in place
of sulfuric acid solution as the absorbing solution and to investigate the analytical method and the
material balance. From the results, by the most active catalysts mixed with Sn(VO;); and 3SnO,,
the present writer found that it was best to manufacture pyridine monocarboxylic acid by oxidation.

He also investigated the optimum reaction condition for yield of cinchomeronic acid or pyridine
monocarboxylic acid. Furthermore, he discovered that the manufacture of pyridine monocarboxylic

acid from isoquinoline was possible thermodynamically by calculation of the equilibrium constant.
i

1. &

E

RIS 10N T, & LT MoO,+V,0, RfERT Sn(VO,),+3Sn0, fFHic DT D
SEICCELTRE LD, MERENTER, €V vvd, B 0T, vvyaAiaovg
ZEELE LT, RNEHERDD, SEREBEBZCRNT, MEFmORFTIO02RHEL,
ZNoICDNT, BACERETZ Dk, 8, RIEPOEBUCDINTIE, 10~20% RERER A
Aot d, R oBRIC R ENEr20T, KCL3ERIZE2THRREL, Th
KWL TR ICEREZORF 27 2T, BT, vy aiaevBISe, FHIcR
WTREREIN T 0B DAV=aF v, =aF YBEDE /) VK yBOERSNh
5C&%ﬁ0k0%01,4y::%v@,::?V@%@EDVV%/wW£V@%£%&
TP, RZVyaAnvyBORKEI VY FINEVvBEIZERLTEINICE2T, 20K

(29



416 ANEREREE < DEERR o NERSER - R

SHEOBEN L ERMDl, EBEERFEOT, vy IAnVEBICOWT, KinGEOHREEIT
TR0, BRI T BERGE R, BEPUSER, REsCRNEE, SR, MuSMRkiE, fk
BFgric o0 TR, X, R, EIvvRINVKVEBBICOWTORISEEOREETT
WV, REERNEE, BRESRE BOIEEENREIC DV TRY ., BRicA V=aF Y
B, =aF vl AVF /) vyoRick2>THRREENZ C &E, vyaiavBOER
R, B vy AR R, BTENICTRTS 5T EelNg,

2. E B O®

A) EBREE

EEEX /Y VBLOEAD, MHIKROTHOZ O L& AKRTRL 2 A3, MR
WEE S R EBR B DT 28 TH S5, HORKGERITBRALLEE (F25cm,
F&80cm) =R T 5,
B =BEHMH

) #® ¥

AEBICHN A Y 27 ) v 2UICOREELTTLHOT, =A=-su<t sy 7%
WEDTERLUAMRE98%BEOLOT, HEGH S~ VEERIOEEBECLT, =¥
= VOBEREEDAFALTHE LD TH B,

i) fi 8

AFRBICH O T B — BRI REICH A S iz SaVO,)+38n0, BFIZ>0T T H 5,

W&&O@ﬁiﬁlicméﬂan

glx # A M B (MENEGROBE

v 3 i3
ol N I PO DUy oy Py . T
7 (g) (g) (ec) | (ec) | (i) | (g/ec)
wC 5.453 4797 1000 | B [ 10 ' 0.40 0.45 100 1/3 0.1025
Wb 2128 | 1.872 1000 | & A 10 0.40 0.45 100 1/3 0.0407
We 4.256 | 3.744 1000 | & & 10 0.40 0.45 100 1/3 0.0800
Wwd 8.512 | 7.488 1000 | & @ 10 0.40 0.45 100 1/3 0.1600

iii) 48 [ES
BRIC® 7 U v ORMERIC IO T, ELBREES, MSEESFOEBTRHENED, K
BRELRREOENEL LWREEZEBEL, WROEL DEEFLLE, BEEHVLHD

¥ OBAERCHEOTIE
(EV)



AVE Y v OERERMBL UE 28 417

BRIEOT, AEED, JUEOTEEZEAES LTREL, fioBHBIC >0V TRTEEZLD
726
C) SAWRVENAEOBRE

) ¥ =

FRHOEBRIBATHICROTIE 4 V320 v by vy atavBolRs2ks LT
Dt dd, WHIRFEORN AT OTOREI DN, WHIREERNT 28NS, BERWMICS
WSRO EREEERAT 3 LENE D, ABTE, vy aia v, 74— v
KB EN TR DR EI VYR ANKVEE (MY =aF YBRU=aF vER) it T
B, OWEERZ TR D,

i) ZAERAL A O 1SR 7T

TR EERICHINS 208 OICEIRG R, EURICE U BRI RBERTH 505, o
ROOF NI YLK ZHEMBECZ KB L TR 2 BALER O R E TR ICHEEEE
72 L, WHBEMENT, B LOLEGHBRCERD AR L X EBs D, SRREOR
%%%?55%%%(,ﬁﬁﬁ%ﬁi%ﬁ%iﬁfﬁﬁtg%@@MﬁUKﬁﬁ®ﬁ%$%ﬂ
B,

© vvaiuvEBORKICRESSERMA LK,

@ I~ nB, BV YESANKYBRORICKRY AEBEEZTML, BRI >THE
B, WL

® 4V=aFvE, =aFVYBROTZ~-VBEIERICROT, WEEEIC L DR
ELT, 74~ VBIOWTED, 4V =aF vEE =oF vERRE S,

@® AV=aFvE =aFvEd, pH38~41° 7T, 80~90°C T 1BMmMEL, WH
DEEEREE HIC X DT, SERICEIRICIE D TIIRT B,

® @ DRE, WEOMHELSHIMABCLODTHYIEL, V=aF VEE, =aF vEBOD
#8112 BrCN ¥ p-methyl aminophenol® sulphate ®, % @334 5 Konig reaction (€
IOTHEAIRBLILbDERE 0 mpe T T, 43000k OU <Y 7= vi) i) T,
=aFvBEEELT, @ OKELDOHREFBDEICHE LRITED, =a7F vEREET]
WrhbDNRA V= FVBERD, HEDTHBICA Y=aF vBEERT 5, fMhd I/ION
DY — BB THE L THIA LREDT,

® vyvyainvBIcOWTERFEICpHLS~20 THEEICI>THE L TERD -,

@ AV=aFvE, =oFvYBOERIIE, EBOSHTOKELEEL, XEREKZ
NOPHEZDT, KR 2EBEZRMAL, REICROTE, fOESTHY, HELR
L, =aF vBOBBRERA V=27 vBOFNLD SEARSELZLL, FRHiKoNT

GD



418 VAR - DEZBR  DRER  RHAE

ERUEREEFH L, B

"OE Q) =07 UIRIARE  (g/100 cc) 4 V= as vBIERE (g/100 co)
98 12.8 2.4
90 10.5 2.1
80 8.2 1.8
70 6.8 14

XMEEEMEICSD, BEAMERATEL 7500, ROPERITOOT, HEHERE
kD, ROHUOBEEREMEL, HKB80~9°CIckD, HENTVE=0F YEROMAE
WETIRECITRET 2L, FRAEA ) =aF YROLICHSET 2858585603,

AFBTEANO 22 2L LTHY, BRLUTHONLA Y 237 YROBSE,

B2% 4 W R O B R &

@HCEHSZ%
i

7J< 7w
W B
. 5w
(7 5 — rr B, )
-y = ® , )
Vovs s RIS
a x Vi
& — ORI o 0. 266G T2 2)
WA 3BT B
+TME {5 + Pb (NO,), SR K +Cu (CH,COO), 8l M
° e 100° ° ~00°C, pH|38~4.1
lﬂ . (0°~10°C) (80° ~90°C, p leg )
e, 72— BH PRIERVEWE PEST. ¥
116°C 242°C (FEHE 7 4T} (WA 5THT)
(b.p} (b.p) o
H,0
l HiS H:S
Yy (7 5 —w Bl ) v 1
gy oy AVELY (42038, =07 BiEW CuS
e
W W
25— 8 wo M
BrCN, (TR LTS
]Berzt(hne
\s2ome  J
» i s t ﬁulph e
SEET Y. SRR 73 1 BrCN p-methyl aminopheno!
HTL T (A7=57 /B) e B B0 7 1400 s )
pH 38~4.1
(CH;CO0),Cu
pH38~4.1
(CH,COO)Cu
PRS- § ]
(At 53 47
29 7 W
(B R 53 47)

* BrCN, p-methyl aminophenol Sulphate @k % =235 VBOERZSWH» 5, OBOHETIKEKD
FHEL VENN S LT, BukEHV S, #0C, BKERZOBC L VRS, CORERREIREY,
**% Harold J. Fister: Manual of Standardized Procedures for Spectrophotometric Chemistry.

€



AV E Y L OESEMEBL (525) 419
Omp. LRAFALTEY, HRMLTY, mp OETEEI B, DR, GBL719C B TR

2) X, =aFVBRRAKIZHHBEFELERZEL, mp.237Cos04%E7k, chbicD
WTORLRATERIBIROML TH B,

= o F v B 4 v =aF g
Nz Nz
CeHO.N  (Gef.) 11.20 CeH;O,N  (Gef.) 11.10
(Ber.) 11.38 (Ber.) 11.38

NI EE R 2 RICRT,

KRSHERPEBR SN Y v vigail, —8, ZBL, bpoEX0SY, 1V F)
VREBIEC LU TEEBANT N E A~ a7 VT TR OERET %,

RAZZHR T HRETEBRE@AROTETIT 27, ARTH, ROBBICL2HEEICELDT
BEUR RO SHTIC REFISRERE 5 2 7, '

3. XBR#ER SnV0,), ki)

BRiC P ERICRNT, vy odovyBIREOELD, Sn(VO,),+35n0,/:E4%, (WC);
Sn(VO,),+SnO,/4tk, (WD); (BB 3 %) B#IEMTH 2 EBHDHDT, WHEOMEAEFTI
W, TRIEDEREFETFTLDL,

(1) b AR D B, (i) RN S B o B, (i) ALK E O B8, (iv) BUsHRE, (v K
&R CUSEE, BREE, HMHEMEDRE), (vi)BHEB,

g3k #£ B M B

' ‘ il S
LAY = : i
%@%%hy@%%“% Kol mlevonl mas mmm | BB QO mang
@ | (@ | (o | | | ; | (e | (er) | (g/eq)
wC 5.453 4797 ’ 1000 | & A ‘ 10 0.4 0.45 100 1/3 0.1025

WD 6.736 1.974

1000 | ¥ E’ 10 0.4 0.44 100 1/1 0.0871

1) MEERORE

BEiz (Sn(VO,),, SnO, k4 QHLEE TR, * ./ U vERUAR, BEEL, $EE, 20
BEEBBICDONTITR 2D TH 5, T OREELE 4T ICRT,

a) WDiH>»T

1) BUSREE Y Y oo vBIEE 0BG

ZEREHEE 33300 — %, ZEE e 1102 g/hr —%F, FEHIEHE L 545 —&, FPEE 0812
ENY%D I, BREERE R T KIRRE 3 400°C, v v o vERNSR 37%, 78~ VIR

(33)



420 ANRBETS « NI - NREER - RERIR
Baxk = v MR o ¥ B
e w g ow|nonle a g onm ?ﬁuwr'nﬁ“”‘””f”ig%*é .
WOE|w B % R | B E o R Bemm g | OB
EF B AR o i
(C) | (g/hr) | (¢/hy) (=v2)) (cefhr/ee) (22 (22} | (z) (22) | (%)
WD 1 350 ‘ 5.2 110.2 | 0.812 l 545 | ‘ 33300 ‘ 20.0 ‘ 11.0 | 2.0 | 2.0 35.0
WD 2 360 5.2 110.2 0.812 545 | 33300 , 31.0 25.0 25 3.5 62.0
WD 3 380 5.2 110.2 ‘ 0.812 5.45 | 33300 315 25.0 3.0 45 . 635
WD 4 400 5.2 1102 | 0812 5.45 | 33300 3701 300 3.6 5.1 75.7
WD b 425 5.2 110.2 0.812 5.45 | 33300 29.5 27.0 4.0 19.0 79.5
WD 6 455 5.2 110.2 0.812 5.45 | 33300 21.01’ 20.5 4.5 35.0 81.0
WD 7 485 5.2 110.2 0.812 545 | 33300 18.0 | 16.5 j 4.0 ;. 450 83.5
WD 8 400 5.2 60.0 1.480 2.95 6000 9.5 9.2 3.0 | 3.8 205
WD 9 400 52 80.0 1.110 3.93 8000 10.0 9.5 25 1 5.0 27.0
WD 10 405 5.2 110.2 1 0.812 545 8000 385 31.0 3.5 i 6.0 79.0
WD 11 405 3.0 110.2 | 0.470 942 | 33300 23.5 214 5.8 35.0 85.7
WD 12 400 3.0 1102 1 0470 9.42 8000 24.0 21.0 5.0 37.0 87.0
WD 13 405 521 1102 0.812 5.45 6000 ' 38.7 31.2 34 6.5 79.8
WD 14 450 ‘ 5.2 110.2 0.812 545 8000 ; 255 23.2 ‘ 5.6 37.0 91.3
WD 15 352 | 52 110.2 0812 ; 545, 8000 | 245 134 | 3.7 | 4.5 46.1
WwWC 6 352 47 73.5 1.080 4.0 20000 7.0 12.0 8.0 | 12 28.2
wWC 5 356 4.7 93.0 0.86 5.1 28000 13.0 75| 120 2.0 34.5
WC 4 355 4.7 106.0 0.76 58 28000 25.0 19.0 ! 11.0 2.3 57.3
wWC 1 355 4.7 165.0 0.49 9.0 20000 | 7.0 10.0 6.8 | 32.5 56.3
WCO04 | 355 4.7 106.0 0.76 5.8 8000 274 20.5 | 12.5 10.0 70.4
WC 12 400 3.7 57.9 1.09 4.0 21000 12.0 100 ' 7.0 4.0 33.0
wC1l 400 3.7 71.0 0.89 49 28000 20.0 | 1601 110 5.1 52.1
WC 10 400 3.7 73.7 0.86 5.1 28000 25.0 20.0 15.5 55 66.0
WC 9 405 3.7 82.4 0.77 5.7 28000 47.0 28.0 8.1 . 5.0 88.1
wcC 7 405 3.7 144.5 ‘ 0.44 10.0 21600 | 23.0 18.0 60| 390 86.0
WC 24 400 3.7 824 0.77 5.7 8240 ! 475 294 9.0 6.0 91.9
WC 25, 400 3.7 824 0.77 5.7 4120 50.0 29.0 | 9.5 6.5 95.0
WC18 453 5.1 69.5 1.25 3.5 21000 8.5 10.0 5.5 13.2 38.2
WwWC17 450 5.1 104.3 0.84 52 30300 | 17.0 20.0 8.1 12.0 57.1
WC 16 458 K 5.1 124.3 0.70 6.25 | 30300 35.0 18.0 7.0 215 87.5
WC13 454 5.1 179.0 0.49 9.0 21000 15.0 . 5.0 20 66.5 88.5
WC 013 450 51 104.3 0.84 5.2 8000 205 24.0 | 11.0 23.0 78.5
i i i !
RIT% 2R, LISHETDI% Th b, (ERES WD1I~WD7), 20#HEE 1XICR
D

G4
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(2) BREELVYaiovBREEOER

il in BL 400°C —5g, ZERGME 8000 —5&, B A R T EEEENEE 12 0812 % (V)
TH 2, LB ETELSAS [CHYT 5, BEREIB5%, 74— vERRE3L0%, €U
YEJNKEYEE3SY%, TDRnHET9.0% TH 5, (EHES WDI, WD10, WD12), o

PREE | e | G B
ik | oy | EEEE ro) C—0-0 voornom
DA T 2 —VER
WD 3.0~5.2 8000 400 o n ey .
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422 INBBES « DEEL o DEREER - RIS

WREE2RICREN B,

(3) eREMiEE L v v o A u yEEERE OBR

DLEORBE XD, RISEE 400°C, FmZemgH 545 GBS 0812 £ v%), FERME
110.2 g/hr O, v/ v 2 2 v v BRI O FE %R T EEME L 6000 TH 545, FhA L 80000
BALARENL L, FOWERE, 2hEN385%, 38.7% Th 5, it T EMZEMHEE I 8000
~6000 ETH 5, (EEBEE WD4, WDI0, WD13), =ik 3RIcRT,

g |OPE | ESOER | RUGEE | s |8 || O OveT e VB
(g/he) | (O/hr) | €O | (zum) |EREE|| 227~ VR ‘
- O—deyvvrespodE /B
WD | 52 110.2 400 0.812 5.45 % a4 CO.CO,
50,
9 o———— o
—©
"
30 m— -
=
(%) 20— _—
1
Koo X o]
o—_— oy %
L ! : L J L ﬁ L L i 1 | 1, L
0 10000 20000 30000 40000
’éﬁ 3 X l Sn(VOs)e+SnO; Al
ZE R L AR

WD ity v a2 A u vEBORESIFE 8L T, tOBRRMI IEIERELT, 7y ~n
B 310%, U vyvEAINEYEISN T, RIERT9.0% %2517,

(b)) WCiz2nT

1) FEJoEE 28000~30300, F&—iE, NEEKE 0.86~084 T 9% KU 077 £ v %, Fxa
—iE, RN E 824~106 ¢/hr OFP T, REPFLRTSEERMNS 4000CTH D,
vyvaiuavE, 75—V, EYUYESANEVBORREE, K&, 25%, 20%, 155%
FIn%66.0% ; (EBEFS WC3, WC10, WC17; WC4, WC9, WCI16, WC17;) o
RRBATITREIN S,

(2 FREELORKREOHER

ZeREEE 28000~21000 7—iE, BHEEE—E, R#l
BR D B A TR T EORNE LR 0.77 = v % FI 6 B2,
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20
10f
0 350 400 450 500
—= KB K Q)
=4 Sn(VOs),+3 SnO, it
FGRE &R
e | EBLEEE | SEE | (OO TOv R e rR
g | ZZR L (g/hr) (*C) DD ANT g — VR
- i — . t“ 1 S = N_,_\ N
we | 28000 37 400 OOy vo=rnvx o
~21000 KX — X AR CO+CO,
60 T 1 I r
—_— WA
50 00 5751491 40
40

\L

BN

(25) 20 rd \&
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X
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0 0z 04 06 08 10 1z 14
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424 ANABET « DEER - DTSER - RIEA

BRINZ 47.0%, 75—~ vEE280%, v v 81% Kk 881% Th s, (ERESH WCI2
WC11, WC10, WC9, WC7) 2RI ELSHITRENS,

(3 EMHE RS ORBER

WEOTH EORER, &#EL&EEZRY, FISHEE 400°C, B2 i 5.7 GURRRE 0.77 <
N %), BRME3TghrDt %, vyainvBOREREL R EENMEMER 4120 TH
b, vVvaiuvE, TJ75—-nEE YIvvEHEvVEE RIEEE, £, 500%, 29.0
%, 95%, 95% jziz 3, (WC9, WC24, WC25), cnoD&HEEIEOITRENE,

g SRR |22 S 0 | B R | B Bz O—Ovraxo B
(2v2%) | (6/hr) (*C) |mEKH AT R

wC 0.77 82.4 400 5.7 -y vves s vE B
x—x FEanE CO+CO,

50
—0
40
i
30
3;
(%) 20
1 T :
P Qe S —d
X
o o000 T 000 30000

———> R
6 Sn(VO3ly+3 SnO, fillig
ZERIRAE & ALK
(c) o ®: fr 5

DEoERERFEAT 2L, WD, WCEMANGRBRTEE R 400°C ¢, XEBEERHEA
B, KR4 b545; 5.7; EEBELTV S, Kl s S E 1 8000~4100 oich %, fE2TC
O&ITHRET 2L, WCOAM, vYaiavBoRRRER XL, FAE»STNE, o
vaguvEl T&— Vg VYUY E)HNEVEBORIEIEER885% ORHMBED S DA
B, WD R 73% IchE¥Ed 2, cofirb, WCHTS, &Woa%BmLKEW&Lfi%%ﬁ
Wi,

i) MERESORE

Ao iR E LRCRINE D TH S, Sn(V0,),/Sn0,=1:3 BRIBOEEOEL D

BEFTHOHLDOT, ZEOOTEAICHET 2 BOREER U, FL, MEEE/EE (g/cc)

EﬁiT
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4V R ) U OEREMBN (52 8) 425

MBOI6 LI 20T, FISOREBOE» S, FUBERRVEID, ZORBRIED, E
BRRRES RiCREh s, XBTH, #8M, #IX, 10X, HIIK icHHEIN 3,

Bk MpHSEOoRSE

o . 9y3ﬁ7&—?£3ziﬂﬁ &
M ORISR SRR SN | RAR R L by Tl | H0#
am AL ERIL Hea o=
| O (gh) | (o) (e v0)] teothree) | (o2 | e [TiE ] e | e
WC 04 355 3.7 82.4 0.77 28000 25.5 19.3 10.5 2.5 57.8
wC 9 405 3.7 82.4 0.77 28000 47.0 28.0 8.1 5.0 88.1
W C 019 450 3.7 82.4 0.77 28000 30.5 205 6.7 325 90.6
WC 19 378 3.7 82.4 0.77 28000 29.5 21.0 15.0 4.2 69.7
WC 21 424 3.7 82.4 0.77 28000 39.5 254 8.4 15.0 88.3
WC 22 485 3.7 82.4 0.77 28000 25.1 21.0 4.5 41.0 91.6
W C 026 405 3.7 82.4 0.77 3000 50.5 28.0 9.5 6.7 94.7
W C 027 405 ‘ 5.0 82.4 1.47 3000 40.0 : 205 8.9 7.0 76.4
WC 028 405 . 2.0 82.4 041 3000 30.5 17.0 4.0 28.5 80.0
Wb 1 350 3.6 82.4 0.75 28000 214 155 5.0 1.5 43.4
Wb 2 400 3.6 824 0.75 28000 30.9 21.8 3.2 3.7 59.6
Wb 9 455 3.6 82.4 0.75 28000 25.0 16.0 2.0 26.0 69.0
Wb 4 370+ 35 82.4 0.73 28000 24.5 17.0 9.0 3.2 53.7
Wb 5 1 425 ¢ 35 824 073 28000 28.0 19.6 5.1 19.0 71.6
Wb 6 480 ' 35 824 0.73 23000 22.0 20.5 15 30.0 74.0
Wb 7 400 3.5 82.4 073 | 3000 33.1 ; 19.0 4.2 5.0 61.3
Wb 8 405 | 20 | 824 | 041 3000 | 240 | 130 22 | 250 | 642
We 1 355 35 | 84 073 | 28000 | 233 | 170 7.2 20 | 495
We 2 405 3.5 ‘ 82.4 0.73 28000 35.5 25.5 6.0 4.2 71.2
We 3 | 45 35 824 | 073 | 28000 | 289 | 185 45 | 300 | 819
We 4 | 375 3.5 ‘ 82.4 073 1 28000 255 19.0 13.1 3.5 81.1
We 5 425 36 | 824 075 | 28000 | 821 | 222 | 70 | 130 | 743
We 6 475 1 3.6 824 0.75 28000 23.7 21.0 35 35.5 83.7
We 7 400 , 3.6 82.4 0.75 3000 40.1 23.5 6.0 6.0 75.6
We 3 405 2.0 82.4 041 3000 275 16.5 3.0 27.0 74.0
Wwd 1 350 3.7 ‘ 82.4 077 28000 25.0 195 | 101 3.0 57.6
Wd 2 400 3.7 82.4 077 | 28000 . 475 | 29.0 8.0 5.1 89.6
Wd 3 450 3.7 82.4 0.77 23000 31.0 } 20.0 7.0 319 89.9
WwWd 4 370 3.5 82.4 0.73 28000 30.0 22.0 145 4.5 71.0
Wwd 5 420 3.5 82.4 0.73 28000 40.5 25.0 8.5 155 89.5
WwWd 6 470 3.5 824 | 073 | 28000 26.0 20.9 5.0 40.0 91.9
wd 7 400 ! 3.5 82.4 073 | 3000 50.0 290 | 92 7.0 95.2
Wwd 8 400 ‘! 2.0 | 824 0.41 3000 | 315 15.8 5.5 27.0 79.8

(39)



426 IMBEESH ¢ DNEER DIRER - BHRCE

iR | SUSE L T | EmEE | T
N 3.7 82.4 28000 0.77
wh | 36~35| 824 28000 10.75~0.73
We | 36~351 824 28000 {0.75~0.73
Wd | 37~35| 824 28000 [0.77~0.73
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AV R v OESEMBL (528) 427

Al i | 70 A7 i 2P ] e O’O:/“/j){u‘/@
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428 NS - DEBR - DBER - BRI

T » rry O—OQvrasto @
SR ZE L R e AAHRE
ﬁgﬁ. (g/hr) (é’/hr) gﬁﬁﬁg ({_ )L'%) PA VAN 74 b4 —;b@ .
Wd |35~37| 824 | 28000 [0-73 077 O—OevorzesavErmg
- X—x7T257%CO,CO,

501 T
L1 / R
30) < —
} //«/\4 D
{26) 9 — -
(D\ x/
10 ] :
4 X |
| |
0 350 400 450 500

— s # B (0
%11 Sn(VOg),+3Sn0, filit Wd)
R & s
(B E RO BE)
LD OIS 3 RISHEE & IR & O BRI X5 TR L,
RS, WC, Wb, We, Wd Silic >0, Ra s 35~3.7 g/hr, 2843
2 82.4 ¢/hr, JERGEEE 28000 —iE, #E0T, BNERE 0.73~077 ORI T DR,
& FUSILEE A00°C HBE X WE M 5 D7z, £ OhWC, WAy v ot o vEso R i35k
ACEBEL, BEPEERT, EOTHERSREIBMALT, WREBAT S, Mk
BEE0I025 BIRELEZ NG, TNHETRERVHRNTREILNC 05 ho7, (EBE
FWC04, WC9, WC019, WC19, WC21, WC22; Wb1, Wb2, Wh3, Whb4, Wh5, Wh,
Wb7, Wb8; Wel, We2, We3, Wed, We5, We6; Wdl, Wd2, Wd 3, Wd4, Wd5, Wd6),
iii) MuEHREREORE
BRI L 723 AT ORE R, RS B RSB 01025 2 —s & LB &%, %
BE5~7, 10, 20 2 v v/ aicD&4F 07, 20 RTR, RISRIESTH B, D HoOF
G EBBS DR, BRICEEREE R L0 TIkD, X, 54 vy akbkTiR, I
ROWIHIET T, L ZOARIC DN TRIFIRIS Ao,
{EH U 7o BB 55 6 RiTRd,
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4V v ORERBEMERY (5 2 W) 429
F|o6R H M M OB HENEORSE

. ‘Xﬁ/\:”l “ } # ; a3 T

MRS ‘/7@@5‘ I 7‘J< ‘ B Ry mas! hM yttle 4
g (g) (cc) | {ce) [(=vH)| (glce)

WA 5453 | 4.797 ‘ 1000 | & 7 ‘ 20 ‘ 040 | 045 ‘ ‘ 0.1025
WB 5453 | 4797 © 1000 ‘ W A | 5~7 . 040 ‘ 045 | ‘ 1/3 ‘ 01025
WC 5453 | 4797 | 1000 | W& 10 ‘ 0.40 ‘ 045 | 100 ‘ 1/3 \ 0.1025

COEBERRIETRICRING
B 7T =
! s =R |

mign SUSEIEERME SRR ’ﬁ’“fi %jﬁ%gﬁé}ﬁ% v | B
€0 | (/) ffv/‘ (ce/hr/ec) | (g/hr) (22) (22) IR(%) !TAJ (¢2) 1 (%)

WA 1 \ 350 \ 824 | 077 \ 8000 | 37 | 258 w0 | 98 | 35 | 501
WA 2 380 | 824 | 077 28000 37 | 299 | 215 . 158 45 | 717
WA 3 400 | 824 & 077 28000 37 | 468 289 8.5 50 | 892
WA 4 428 824 | 077 & 28000 37 | 398 | 260 87 | 170 | 915
WA 5 450 | 824 | 077 | 28000 37 | 315 | 220 | 60 | 310 | 905
WA 6 475 | 824 | 0.7 28000 37 | 255 = 230 40 | 400 | 925
WA 7 400 | 824 | 077 28000 37 1 500 | 290 | 100 61 | 951
WB 1 355 . 824 | 077 28000 37 | 200 @ 165 6.5 20 | 450
WB 2 375 | 824 | 077 28000 37 | 235 | 182 9.8 40 | 550
WB 3 | 405 | 824 | 077 | 28000 37 | 400 = 225 7.2 55 | 752
WB 4 425 | 824 | 077 28000 37 | 360 205 68 | 109 | 742
WB 5 455 | 824 , 077 28000 37 | 250 17.5 50 | 295 | 770
WB 6 | 478 | 824 | 077 28000 37 | 207 200 38 | 375 | 820
WB 7 | 400 | 824 | 0.7 28000 37 | 405 | 230 7.0 50 | 755
WC 04 355 | 824 | 077 28000 37 | 255 19.3 105 25 | 578
WC 19 378 824 | 077 28000 37 | 295 © 210 150 42 | 697
WC 9 405 | 824 | 077 28000 37 | 470 | 280 8.1 50 | 881
WC 21 424 | 824 | 077 28000 37 | 395 | 254 84 | 150 | 883
W C 019 450 | 824 | 077 ‘ 28000 37 | 305 | 205 67 | 325 1 906
WC 22 ‘ 485 | 824 \ 077 |, 28000 37 | 251 | 210 45 | 410 | 916
WC026 | 405 ‘ 824 | 077 28000 i 37 | 505 | 280 9.5 67 | 947

RG4S, FUSREE 350~485°C, BURMHREE 3.7 g/hr, ZEME 824 ¢/hr, FHFRHEE

0.77 = v %, 2EEEE 28000 T 5,

(43



430

BRAERDESL T, KINRE 00°C IR THRERRE (Vv ato vEg) Z2RT,
ORERBORI LBV EEZBEL, #YHEEoREEE, 10

ANVREET - DEZR - DRIER - IR

SHAE | ANEE
P | ey | Emmm
WA 3.7 0.77 28000
WB 3.7 0.77 28000
we | 37 0.77 28000

Eor/y:rx::ﬁnj

50

j

z
o]
% w0 / S\
N
: = X
WA
2
WB
] 10F
0 350 400 450 K
—_— R R E (O

FI12K

B8 12 Mic it Ta 5 ml,

DO LT ED I ULTHT
valﬁiﬁkf%‘;i'}m&
WB6; WC04, WC19, WC21, WCO019, WC22;),

iv) RICEHOEE

0

KGR EE &K
(A ok [ © B 28)

Sn(VO3),+3Sn0, filillg

0

2nEN20, 10 1y v a0 WA, WCRIREBOTE» 512

w>T, =

(EEES WAL WA2, WA3, WA4, WAS5 WA6; WB1~

SRR TR U BRI O 8 FRITR T,

B8E M B M o FEREoRE
SR NG A i
mgEs v RE Rt * B O® 0. X i ZE =R ' M S/HS(XOO:)4 ﬁ%ﬁf/
(g) (g) (ce) | (cc) (=i} (gfec)
wC 5.453 4797 | 1000 #% A 10 0.40 0.45 100 1/3 0.1025
We 13.221 | 16.027 | 1000 B A 5~10 0.40 0.45 100 1/3 0.3425

MR OMBEORGERIRELLTHHLOT, FHOEVLONEE LD, &
D EEMORER, BEOHE BRI LD, TOEEAEIIY, F14K, FIEITRT,
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40|
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432 INBEET  INEER  PNREER - RbRE
B9k RIEHEHMB & IRRXE
B E 3*4‘ e Eﬁikljgi ss— 507 4
MEs | M| kR F s B e mme men E R gns rmm| D0 L
| i | BICE Cp
[ (°C \(g/hr) | (¢/hr) (=n2)l (25) (fccthrfee) (hr) | () = (%) | (%) | (%) | (%)

WC2-1| 405| 37| s24| o077| 571 4120] 05 “ 355 | 300 ‘ 50| 50| 755
WC262| 400| 37| 84| 077| 57| 4120 10! 50| 200! 95, 65| 950
WC26-3| 400| 37| 824| 077 57| 4120| 20| 505 288 95| 60| 948
WC26-4| 400 87| 824| 077 57, 4120| 30! 497 | 285| 90| 65| 937
WC26-5 | 405 | 37| 824 077| 57| 4120, 50| 490| 200 92 68| 940
We 120 400 | 41| 945 074 51| 28600 | 40| 200| 10| —| — | —
We 121 400 | 41| 945 074| 51| 25600 | 30! 300 170 — -—| —
We 122 400 | 41| 945 074 | 51| 25600 20| 445| 175, — | —  —
We 123 400 | 41| 945 074 51| 25600 | 10| 450 225| —| —| —
We 124 400 | 41| 945| 074 51| 28600 05| 300| 25| —| — -

EBith; FIGEE 400°C, #ORHEE 3.7~4.1 g/hr, Z8RI# EF 4120, 25600, #0RHEE 0.77,

074 Tk 5,

il R E IR B
Rz s,

BHZEE L LT, b, B L, 4EERICE, 29%, 2Bl BRAE

T <,

@ 0.1025 X r 0.3425 @ 2 f@ifg, WC, We (fih MFEHES) &%
We i3 WC LA EESNBERART EEZ SN,
104y v 20RELUEDEANERCHBHEEOREEE 2 8070, BRI RISREL 2

BB MR /IR T, WEBRDS—RTRL, BE
BHMWBHEELI DT BRRLEFELOND, DT, H30% T

LWL, TOREZBEL THLI0 Ay v aTHRE
1HEsTRARICERL,

L, We 04

35 R0

—EELIED

DO—WABEHHELID, Xy v 2DKRE

RO PR THBEER T 5 C
VR (D) 0.1025 TAT D/ FR T,
50% OWFRERL, FAALOKETS 49% METHD, KA L

BPREREIETLEVCEERH U, Z2EHWTEENICTIEERLT S LItk DT, 50% It
BREEELEEZ 50 5,
We 120, We 121, We 122, We 123, We 124 ; ),

v)

RISt DR

(EBRES WC26-1, WC26-2, WC26-3, WC26-4, WC26-5;

Sn(VO,),+3Sn0, i ic 5T, vy adu vBINROEmS1EE LT, Mflict>TE
LNIHERP D, ity vy aia vBINEHOECWNHE L TELFHOE»PLERDH 2L Y v
b EREEE M%) KD

VB ANEYEBOBEOEE, FNEE, 7€

WTHRE L, FICHEIEORE S,
TORERIEI0E, BILE, 512 H 105,
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AU %) v OREREMERL (5B 29H) 433
BIER  Sn(VO,),+3 Sn0, KIGEMA DK (1) INEORKE)
o i v Z—| eyoy =
wog B g | BRES AN |me RIS | vyaa | Jam | 81570 % &l oo
e AE PRIdE GE e ‘ Hi(c% ¥ IRy P Tt Ly
Yo | (G (g/hr) ‘ {¢/hr) (—‘ﬁ V%), SR ‘ hrice) (hr) | @p | (%) | ep  (2) | (%)
WC 1| 355 337 47 165 | 049 90l zo000 1 | 70 100 68 325 563
WC 2 353 340 47 143 056 7.8 28000 1 150 165 70 165 550
WC 3 355 34 47 112 072 61 28000 1 220 195 85 40 545
WC 4 355 343 47 106 . 076 58 28000 1 250, 190 110 23 573
WC 5 356 240 47 93 086 51 28000 1 130 75 120 20 345
WC 6 352 938 47 735 108 40| 20000 1 70, 120 80 12 282
WC 7 405 381 37 1445 044 100 21000 1 230 180 60 390 860
WC 8! 401 385 57 1153 055 81! 28000 1 310, 250 7.5 195 860
WC 9 405 387 37 824 077, 57 28000 1 470, 280 81 50 881
WC10. 400 385 37 737 086 51 28000 1 950, 200 155 55  66.0
WC1l 402 388 87 710 089 49 | 28000, 1 200 160/ 110, 51 521
WC12| 400 380 37 579 100 40| 210000 1 120, 1000 70 40 330
WC13| 454 412 51 1790 049 90| 21000 1 150, 50 20 665 885
WC14| 450 415 51| 1500 055 80| 30300 1 175 100 5. 550 862
WC15| 451 425 51 1302 063 7.0 | 30300 1 210 160 58 420 848
WC 16| 458 425 51 1243 070, 625 30300 1 350 180 70 275 875
WC17| 450 420 51 1043 084 52| 30300 1 170 200 81 120 571
WC18| 453 424 51 695 125 35| 21000 1 8.5 10.0‘ 65 131 382
BUxE &ﬂ@4+%ﬂ%ﬁ5%@®ﬁﬁ(ﬂ N3 D)
. . TRyl e

E- % K . i A HE iz} ?;, }irh e 2 =7 Hn TG 4 s KK 2 2
o o W PR FiE= e ‘Ixu J%F&ﬁwﬁgw@ﬂg S s TISE gy | B

70| 0o lghn) (@fhy) cenen| ® ‘hr/cc ol 22| oo Mo o | 2 | o | (o)

H [
wc19 378 351 37 824 077 57 28000 1‘ 295 250 150 42 697 300 (=03
WC20 390 367 37 824 077 57 28000, 1, 405 262 105 49 819 165 (—16)
WC21 424 390 87 824 077 57 28000‘ 1 395 254 84 150 830 101 (—L6
WC 22 485 435 37 824 077 57 28000 1‘ 251 210 45 410 916 54 (—30)
WC23 550 480 37| 824 077 57 28000 1 105 40 — 820/ 965 0 (—35)
WC2 4000 —| 37 824 077 57 8240 1 475 294 90 60 919  — = (—)
WC5 405  —| 37 824 077 57 4120 1 500 290 95 65 950 — ()
WC26 1 401 | 37 824 077 57 2746 1 505 280/ 98 67 950 — (=)
WC27 340 | 37 824 077 5728000 1 7.0 80 50 20 220 760 (—20)
WC28 335  —| 37 s24 077 572800 1 10 20 — 10 40— [~)
125k Sn(VO:u+3Sn0, RIGH&M O (3) (22 #E)
(€9 vres nve s BEEE T 5)
: N //:1)67&_)*\:“)9‘/ = 4

TSR A R R et B W o e Yoo vl BT | RISK
€C) | (g/hr)  (ghr) |(=rog) [T 7(CC/hr/CC) 2 | ) | (% (%) (%)
WC29 350 3 60 0858 51| 28000 123 71 121 19 336
W C 30 350 6 60 1702 255 28000 55 45 55 100 165
WC 31 350 9 60 2533 17! 28000 15 R — 15
WC 32 350 3 60 0858 51| 6000 138 140 211 | 10 499
W 33 350 3 60 0858 51| 3000 150 156 205 12 523
W C 34 350 3. 60 088 51| 2000 145 150 193 13 506
WC 35 100 31 60 0858 51 28000 25 197 150 50 648
W C 36 400 3 60 0858 51| 6000 280 180 2525 7.5 787
WC 37 400 3 60 0858 51| 3000 285 175 3756 80 895
WC 38 400 3 60 0858 51| 2000 287 160, 380 95 922
W C 39 450 3 60 0858 51| 28000 165 2056 75 155 600
W C 40 450 3 60 085 51 6000 180 175 165| 280  80.0
WC 4l 450 3 60 0858 51| 3000 185 180 155 300,  8L0
W C 42 450 3 60 085 51| 2000 190 175 140 310  8L5

40



434 MBS NEER - NHRER - BRI

a) FRHREZREE 0BG

A L WC siES) Th 3, )

OGS EEHPE 350~450°C, SRl 3.7~5.1g/hr, 28X 57.9~179 ¢/hr, Zefiskns
20000~30300 o % pH C4T o 72,

BRICER 5 I JAn T, BUSIEEE 400°C 1z D TiR~vgz 23, Bz 350°C, 400°C, 450°C 12>

&, ZERIIE 28000~30800, BB 3.7~51 g/hr (2o &40 e
FOREAE 15 MR
RIGEE] | AeEE
| ey | EHAE T D] 29 v 5% o
wlwel 350 | 28000 47 (=05 VB4 /=37 UE)
(2) | WC 400 28000 3.7
(3) WC 450 28000 5.1 N
FEEL
U 30, -
=Y
s
% |
x e

RN
[
=

P
- 1 (3)
(Z2) 10 ﬁ =
M - et bﬂ____‘{__ﬂ
1 Dn-_Dﬂ 1 . L
0 0.2 04 016 038 10 12

—= A M B E (1%

EI5E  Sn(VOs+3Sn0O, fillst
HEBEECY o =s ) p R UBIE

B#BME O, vy ai A—
Ro%A X 55 16 [ & 55 He RO [ R e ] e |
vYBOBE, BRI W] 350 | 28000 | 47 WC vyatave|
o ¢ 3 . @ 400 28000 3.7 WC //1 \/ :
LTHEZEE, HFEREIBNT ot o o e fif B E ML)
EYOYVE)HINVEYERD B s -
BB 0B4~086(e 5 N
NVOYWER B Yy o Au v o / N \
v
HBO 0 O BRHELRLSL B VY § p
W & 15 5, o 70’(’ @
&) .
—7, vvailaovBEn TIO o B M
WA R 3 B 1 0.70~ 0 02 04 T 06 T o — 1?6
— H M B B (® 1 9)
077, PHTIRE 57
MERELOTHIE & BI6E  Sn(VOy),+3Sn0, i
35, (EEESTWCI~WC6; HEEEE vy a2 e L BITR
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g | e s 2R | (@) e muw
()} wcC | 28000 | 60 0.858 PRI
@ we | 60 | 60 osss | |E D 5w
e 10
Y
J
v
= 80
/
e
Pl
£ 60
o
.
$ 4
(%)
A ool
0 350 700 50 5
——E 5 R g  (C)

=17 Sn(VOg)y+-3Sn0; filj
FIGEE L Y vrE s b vE v BRI G R

ZER R E | REEE | HISRE
BEES \ " | (02| (O |
1! we 60 0.858 400
2| WC 60 0.858 350
B8)] Wwc 60 0.858 450 | {000
— ey orE s
5 ' BV E
o 50
v
”
40
W
N,
i
Zg S g I g SOR o, I
(%) 20
&ﬂ—{H_\f\\\\\\\\\\\\\\ﬂm
. T o)
)
0 o000 T T IO000 30000

—_— EREE

IS Sn(VO,),+3SnO, Ml
ZEERIE L €Y v s F VERIER
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MRS ¢ PEIZR - NFRIER - RS

EEME | ZERE | RomE
BRES ke | Teron | O
L] WC 60 0.858 400 0—0
21 we 60 0.858 350 oo
(3| wc 60 0.858 450 oL
@1 wc 82.4 0.77 400
6 {
i/ I
Vs SO’AD 1 T
- 4)
A i
= 1
v 40
[
o |
5 30— %o—g : |
0
1
# 0 l .
O\O ‘/ 0
10) — ; {2)——
— 1 L . [ ! L L R ~
0 10000 20000 30000

—> EH#EK

19 Sn(VO,),+3Sn0, filig:
TEHERE L VY0 4w L RITER

WC7~WC12; WC14~WC18;),

b) FISEE & IE LS ORR

Z ORERZH LT IR,

EIvyEe/ANVKYBRREZELHNE LTER LES, Bifickd, s@mags
FEILSLOHEICR, FUSRE 400°C It T, 2 0REERIES T3, (HBREE WC 29,
WC 35, WC39; WC30, WC36, WC40;),
TEREHM L & R

(@), (b) DRER, EHHAEOBEATE N2 120, FUSIEE 350°C, 400°C, 450°C 2> %,
FURHREL 3 g/hr, 28 60 £/hr, (FURHEEE 0.858 £ v%) —%, HABORMICLOT, 24
MREEZZ 7, TORRZEIB™, #19 Micaishi,

HIBEH I8 KT T, SR e 400°C ic Tk, #3000 028 puE% 2322 o1
%, (JER#HF WC29, WC32, WC33, WC34, WC35, WC36, WC37, WC38: WC39, WC
40, WC 41, WC42), ft>CHikmE 20ce 1B YEEZ LNh 5, Hb10c, 20ce, 30cc &
BRTBCLICEY, B/ HVKVEEORRT B4, 20cc#BIELE L, ZHLEFTRRBAS

€l

i)

c)
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EHFLEY,

IR E ISz T 2 vy a2 o vBORRIZODNWTTH 55, EMEE 400°C T
i3, 6000~2000 QEEEMET, PERICBEIROIL L, BIFREZ 52 5, 0BG, 38% ©
T A NERVBERERT,

d) RISEHFOBEICHT 55%

a)b) o) DREE, £ ANKYBESEELCBAICHRY 2 (BlELEICRT ) 4 Y =aF
VERORE, TO® ANF VEREORERE LT, 20% EDb0NELNG ¢ i1l
3, COBARICHE, SBRTRIGRZ22% TH3, T0HE, FAHEE LT, #82% OFREK
SEIRL, O, EV v rYEERETIBSORENL, vyaiav®, 4V =aF VEE,
=aF VEBOAOKRE66.7% T, vvatuvBEHGRLT, BiaaF B, (1 V=aF
VEIZT B L. WBUEEDA Y = aF vIBELERTER LIS,

HyvaioyBIREEZAL L TOLNE LTHE, HERHREREMST FBEE0TT £
W%L%%HEMWCK%DT,%ﬁﬁﬁﬂ%~ﬂ%ﬁﬁ&ﬁ@,%%@VVﬂ}UV@W
RERYT, TOHAICHWMET 288002 ANS &, 83% THY, Tomh, ¥IvvigE
HT LW 0% ThHbH, XZeORERIT81% 2R_d, H>TvvaiavBeBsrcis
FHETED, AV =2 aF vBAERLICEAERETELICLIDTEAHREEEOMENLDT
{ %,

BEL7E D, Sn(VO,),+3%n0, iicid, 4 V=09 vBEROBAILR, —FKTFI~-V
LIS, 4 Y =aFvEBOsE B L LRREET, BTy vl vBENET 5. /0T
4V =aF vEBEEDAEBEICANS L, BUIKE>TELNZ Y Y3t u YEROBEDH
SR kO TEING 5 &iT A, HELSY Y I VEREZEE T IEMBICROTE, &
SNAE850% oV v a Aa vBOREEDA Y =2aF vEBROT S ANVEVEEE LTEIE L
RWADA Y =aFviEORHEIN30% THD, NAV=aFvBEEREE LTOLHKC
BT, §933% BiBOBRRTH Y, MdbRUBESLT S,

P TR B £ DT, VY 2 AT YBRREA Y =0 F vEOM L DRAE S
Zipld, REO2 0B ALEICHRNTHREINSED, 4 V=aF vREEOE, L, Lk
HD2ODORBBELEDMNTS, 4 V=07 YBIZEE L2BRBIRAEEST, BORE
HETS b, TR0 rOBBRNERBADTL 21T TH 5,

vi) $HEINE DK

Sn(VO,),+3Sn0, fiiflt WC 12D &, ERSHT O, MERZLET D,

FEERLHEIEE R E 3.7 g/hr, 280N E 824 0/hr, GED THEPHEE 0.77 £ V%, ZER
FREE 28000 DAL DE, ZHIEEEWHEEOMBEE 20X, FI0F, FIURIORINL,

GO
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T TrEE @8 ®RXiCY
23 ‘E(TE’E s RHEE] 50 00 S ok
g/hr) (& V%)
DN A=A T 7 —
wC 3.7 28000 0.77 O—{—Odgivvxr/nrx ik
X — X —XZ 254 CO+COz

100, ‘\\

8 - X
X e
60 et
éf_ B .

40 hd el
T 20 ///, e’

X7
Y 350 400 450 500 550

=R 5 R E ()

ZE  Sn(VO:)+3Sn0; MRS G OB (INZORE)

(EEEE WCI19~WC 23, WC27),

B (LA R E RORE S OWERE AR LTA 2 L, &Em3D% EIBHONE, ik
OFRKESC & 5 RISHERY OERMER S ORBBEZ b E, X CO, CO DG OHELD
R BERRORREYOEBOEDPBEAZOBRICRRT 200 L BbN 2, & 20 BICR
TN DEIIEY % 2 100% X0 FSHEEIE T ERBLE LTRD L,

FZWRFROML FEb L, HLUERZXOAME S,

COOH

!
@ O0+9/20, = (" +H,0+2CO0,
N

@ Q0,+9/20, =) +4C0,+HO0

N
@ Q0 +13/40, = (=688 + 12 H,0+CO,+1/2 N,
@ Q0 +9/20, = {JP"+ H0+3C0,
N
?OOH
6 (0+920, ={) +H,0+3CO,
N
(6) @©N+43/4 0, = 9C0,+1/2N,+7/2IL,O

yvad U*/@O)—T:/l‘/%z %1009
A4 7% ) vDENE

Ul vryoEvE
4% 7 ) YDENE

L vvaoiovEBEGIE eV =

2) v vyERRE(EN) = *100%
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T = VEBD T IVEL

3 —_ ,EA brxd 0/ — 1009

@) 7~ mBREFRIRE (BN %) = — = e < 100%

WD+GB) VI vvEHNVE VBRI (R VY%)
:(47:3?v@+:3?ﬂ%@%wﬁ>dm%

AF 79 vDEVE
MoO,-+V,0, HE LTI, KISERY, vy aAavEs 75~V €Yoy, CO,
CO, H,O, N, Th 203, BEISHE(%) ZMOWIEL LD 5,

6) Sl A (2 v %) '
(CO+CO, =¥ —2(v a4 m v V)

—(7 g — VBT VH—-4(CY v ELE) % 1009

9%x(4 &/ I vDELNE °

Sn(VO,),+-35n0, il cid, RSARYE, vy aiao v, 75—~ VE, vivy
EJANKVE (maxFvB+{ V=aFvE), CO, CO, HO, N, Tk, *0EED
SEESBREIROmML EDT,

6) sedssrBRaR (= %)

(CCH+CO, eNE)—2(vrata v V) —(7 &4 — V< LE)
—SAVv=aF e vE+t=aF UEBRE VE)

- IX(4 V& /Y vYDENE) %100%

PEDTYRE 100% 13 2i10id, [HEOHAA I u< b} 75 741X 20 RY, EHME
PR OBERICINT 25HRELRAT 3 C &, XRABOGBESH L ICERYO FETITIC
HELTODNZ RO, —RCOoBREIKIED I,

4. ROPHER

BTRICINNT, BRicA Y % /7 ) vOERBILICE 2T, BEETE, vyaiavE, R
o, TF~wEE, V,0,+MoO, BiETid, 2ELT, EVvy, EbEBoyyain vy
T~ VERER, TNOOERBOBNEMICHRTH L el AERICKROWTHE,
Sn(VO,),+3Sn0, filfir L >7T, vIvYRESyvyatoyBohBEThiE I VYR A
NEVEE (MY maFvBt=aFvE) &, vyadnvig, 78~ VEBDUNMCIKEIET B,
BT, CI VT INKVBOEBRSENFENICTETS 5 & 2R ERTFEER LR
X OBRICEOTRT,

RORISRDEILT 5 & T,

Q0 +9/20, = () 0+ H,0+3CO0,

oToon 448743 cal/mol
Q0 +920, = (J+H,0+3C0,

N
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TORID, RLOEHROFEHEREZED mAVF~BLE DR 2 HE ILLDT,
400~1000 K ic#ifIC SN T, log K i3 (F) TH D, BIHEMICHEETH 5,

EiI3%k vvvrE,avRrBERCETAEERN S —4

TR | g 400 500 600 700 800 900 1000
o T~ i !
— 4Hr 573 | asgiza | agssoo | aaor7s | asoost | adosts | asoor9 | asosns
457 11157 | 11027 | 11301 | 11589 | 12532 | 12436 12523 | 15067
— 4Gz — | 444313 | 443150 | 442218 ' 440526 . 439624 | 438700 | 435363
log Kp — | o427 | 1936 | 1611 | 1375 | 1201 1065 | 9.1
! i ! ! ) . !
4C, = 4172—-12663 %1073 T+3.4915x 10" T**
HUL
log Ky, = 5 o, 4G = 4H3—T(4S7
e r
AS9— 4S5 = S SFEAT,  AHG = AH;98+SMAcng
T: #xEE (K
AGr: TK e 2450 = A v ¥ —% 40
AHr: T°KIiCRg 285807 M
4Sr: TK iR 2y o —#xK
4Cy: [HIE p Ic 3R EB D%
B4R vroolVBOARORIENF—4
w‘ 298 400 500 600 ‘ 700 * 800 \ 900 1000
, . | | | |
— 4Hy 19 | 447833 | a4T97a | aas316 | adsese | 449672 ‘ ss0022 | 452082
—4Sr 38672 | 37984 | 38374 | 38704 |  40.00 | 104 | 42252 | 430
—4Gr | 432630 | 428787 | 425004 - 420886 | 416789 ‘ 412902 | 408428
log Kp — | W4 4| sS4 u3s | 1002 | 02

AC, = 11.724—32.08 x10~* T'+7.86 x10-° T"*

*OKEE, VeBE, W TEMFEHE (B%) 35 H (FHF 30 4E)
Kun, Li: J. Prak. Chem. 61, 782 (1957)
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| “ |

T°K

298 ‘ 200 | 500 } 600 700 800 900 1000

L ! \ 1 ‘ )
—4Hr 840560 | 342120 { 343957 \ 844058 | 348400 | 356523 | 350875 “ 355128
—4Sr 31283 | 5793 | 59886 | 43613 | 47.033 | 50.118 l 52.853 = 34.813
—4Gr — ‘ 327703 ‘ 324014 | 317879 ‘ 315477 | 310429 ‘ 305305 ‘ 300247
log Kp | — 179.0 1416 ‘ 115.8 | 3154 84.8 ‘ 74.1 | 65.7

4C, = —0.026—55.97 x 10~* T+33.756 x 10-° T**
WOTAIF /Y &, EHFELC K TENFECRT 2 EEHETE
DT, Blvy, vvaiavil T75~VE, ROV YR INVEVEESERINS
ERENBHETERTH I B0 5

5. =
@ EIEEE LTERBEOR D ICERICE DT,
T LN, WEIRERENLBICE D,
@ Sn(VO,),+3Sn0, i ic >INT, Vv altavBIEROELD,
a) XA IMAICH T 25 R 01025 g/cc L ECTRIRED LHEFEA D00,
(WC i)
b) EERISAER 400°C ©h 3, (WC i)
c) mEBFEREER 07T 2 v% (PHERERST IS T %) (WC S
d) fEEIEAREZ 10 A v v 2 (WC i)
e) EHUEMEE 4120 (WC Sl — Bk (50% v > =2t v v/ )
f) MEHGIE S BN EERFEL S 5,
CNLDOREHTY vy atavBdly, 75— VEE28%, ©V YT HvE V8%,
SEEMER 5% LR,
@ Sn(VO,),+35n0, e 2T, YIvyE ) 3V EYBOREDOE S,
a) FHAENEER 0.84~086 e % (v vy atu vEREE O 7 O EinEA g1
A% )
b) SR 400°C TH 3,
c) BoEZEREEE 1T 3000~4000 TH 2,
CHEDEETR38% O/ A NVEVER (ROH, 4V =aF vERZH20%), €I
W B4y 66.7%, FSH 92.2% %717,

o

OFEE, ABEOBREICXD, ERA
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NIRRT - DR - PRZER - BEIERIE

@ WHREZOMHICXD, BE35% EHALN B,
® EYvYEIANKYENAYF )Y ORI X DTERS N2 B &2

R LT,

AERBNCE U BEHO— M 3 F LA NS RE (BETD Kk 5 C L2

T 5, (BAMES, B, d0BESE, BARASV RS, WIREZE, LR 2B,
& TR RA I TREE (FRARE) M1 34 42 10 A,

—

LIRS
L o

(FAF354E5 B 12 H22)

X B

NS . BT KB 3, 61 (1958)
INREETE : o —v & — ek 10, 525 (1958)

ANVRBET : EIREH 2, 151 (1957)

Robert W. Lewis and Oliver W. Brown: Ind. Eng. Chem. 86, 890 (1944)

Max B. Mueller: U.S. 251309, June 27 (1950)

G. Kaufman, C. F. Woodward, C. O. Badgett and Jerome: Ind. Eng. Chem. 3§ 544 (1944)
C. F. Woodward, C. O. Badgett and J. J. Willaman: Ind. Eng. Chem. 86 540 (1954)
Harold J. Fister: Manual of Standard Procedures of Spectrophotometric Chemistry, No. 10, 11
= a7 UIBOE

Max B. Mueller: U.S. 2513599, June 27 (1950)

NBEER: HERLEXCHEETE (AF3BHETH)
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On the Improvements in Manufacturing of Alginic Acid (6)
Study of Viscosity Deterioration of Free Alginic Acid by Heating

Hisatsugu Sato, Mutsuo Morita and Kozo Ishimaru

Abstract

The viscosity deteriorations of free alginic acid by heating in either a dry or wet state were
studied experimentally at various temperatures and times.

In comparison with the viscosity deteriorations of sodium alginate by heating, which the present
writers had already published, they reached the following conclusions:

(1) Between the tendencies of viscosity deterioration of alginic acid and of sodium alginate, these
two similarities were found. The first of them was that in both cases sufficient water caused more
drastic viscosity deterioration than in a dry state; the sedond was that the above tendency was
especially marked in the relatively low temperature region of (60-70°C).

(2) Among the four cases, ie. sodium salt in states of powder, and in aqueous solution and
free acid in either dry or wet states, the viscosity deterioration was most drastic in the wet free
acid. Following the wet free acid comes the dry free acid and then the aqueous solution of sodium
salt as regards thermal deterioration. The sodium alginate in a powder state revealed the highest

resistance to heating.

L # B

FBEOREFIWCO TN YRR ~ T ORE, EKEECERTIPELZSZ 2H]TO—&
LT, ZOEBTEMCEY 2MANS2EFECHEE L, RESICKHEERELAICELZET
MELBE, OHARIZHEETEZETPIC O TRRENE D, TOERT VEVERRY ~
SAMAEORETIMELTH, FRORETHAL TS, &HICTHM LOFUWEERT M
EAERARHL, SHETVREVERY ~ 7285 T 5 0D I3 EEDS S OH IR, B0
BRIELEIKOD2ZIOEBNLETH L EERB LT,

FROESCESSOERB I NVNEVEEY S 2 HWRELLEDTEDOITTL, RER
RBREOFHREELTY ~FETREL, HHEFVEVBERREL, SS0EROHA LRI
RS IURERBO T TRES LUBHEEZE O ICAMSIETNHAL, TOMREDHER
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444 VEHEADR « BREER - AAE

TEREELLLDOTH B,

HEOTVFEVERY ~ B TRPICENT, B v vBORRBTHRAER T S &
BHRTH A% &0V —SHEOMBOHREIHET 2L, 7ME VB TOREEE
HBET D EPOLIERHICHERS 2L A LB ONIOTARERETRODLRETH 2,

Il = B

1. #RE7ILFUBOSE

FEL UTEEIBECERCARTHN, SEZFELEOORELLFE KL >TET
BRI TV E VERY ~ S OB ER D, DEWCNICET Va2~ v ORBFEWELEDN S
PETOmMA, WHERO T VEF YEEY S AN HE LY, CHERAEICSTEOTELIE
B, D THEBREDRTNEVEEY ~F 2 THRD80% Fa~ vl pmEE, BUIE
FELUAERS INERARBREE 2T TPRET DA, BB 30 SEBEEE>DFTTVE
VEREFRICERY LY 3, OT7ZVE vERAEMA RICST EOEL LR s, REUTOE
D 80% 7o~ RIS LY 30 SHEE L BIHL, BALiKadEDE LTS, 20
BEEBBAERVBLUTENT 2EBAETEX21E20E 002, BERicd0C TcHIEH G
L, BICLABBERSBABEDLLDEEDTREFVE VEEET 5,

BLRICOIDRK LTEBONLEBEHATZVE YEIIC DT, RO 2 THRRBFET,
V=D 1% REFHEEDLD, TOMERWELLKEETDH 2,

Blkx HAZTVIIVROBE

BopE S 1

2 § 3 } 4

\
pi B (cs) 'x‘ 141.6 387.3 115.0 ‘ 306.0

2. PLEUBMEERKETIRULSE

HETVEVEELTREREE 13020802 0, ARBN12g 2B Y
ey, —ERECBAIERBT AL, EBAE 05, 1.0, 1.5, 2.0, 2.5 Ko &K
CLI02gnEBEELOHL, oL UDERLAREE YRIIEL, Fv7—3dicdy
2R HE LB T 5. 2&iIcan b omEdlicE, &Rmicy ~SE0 1% Bk L2
BEDIC BTHMA NS INH®RY —SEBEOBEFBREICANTHE SN LBORZINA
TI~3 BT oS5 PRCETIERRELD 10% 2o BFE O INE%Y — S ER
TMA L% QTN VY ~ S RBEETRYT 2, T OBRMBREE—BHERET 2D

* HMETERPTCT AN UBSVORKYBRECT A OMBT S b 50, B VVEBERT %
D EETIIOREBELEV AL,

(58
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Studies in Decomposition Column of Tar Acid Solution

— (Physical Properties for Analysis.) —

Hajime Kimura and Kokichi Miyagi

Abstract

The object of this study was to find expermentally the exact physical properties of the above
meintioned system. The kind of physical properties observed are the density, viscosity, surface
tension of sodium phenolate solutions, and the electromotive force, reaction heat of sodium phenolate-
carbon dioxide systems, whose data are useful for the analysis of the above mentioned absorption
kinetics and equipment designs. Diffusion coefficient are calculated, using such data obtained as
above. The data are presented in Table to 2 and Figures to 8. Furthermore, some discussions

are thermodynamically made on electromotive force or reaction heat.
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A Structural Study of the Baltimore Truss
Bridge of Aluminium Alloy

Sakutaro Nakamura

Abstract

The deflection of aluminium alloyed bridge is far larger than that of steel bridge, because the
modulus .of elasticity of aluminium alloy is very small in comparison with that of steel. Therefore,
the present writer chose the baltimore truss bridge, considering economical and structural conditions,
in designing aluminium alloyed bridge that is railway bridge of simple track with span 30 meters and
living load KS-18.

He calculated the secondary stress and the deflection of the above-mentioned baltimore truss
bridge of aluminium alloy, assuming that every panel point of truss is elastically fixed. He also
found that its secondary stress is a little larger than that of steel bridge and the deflection is
considerably decreased by the elastic fixity of panel point of truss and is slightly increased by the
influence of the secondary stress of every member. The deflection influenced by the- secondary
stress, however, proved to be negligibly small in comparison with that of the fixed condition of

panel point.
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o THOBZNI =V AEEOEFERIIE, MITHAH 2 ERE L & OO IR LR
HAEIMDENTD, EEAPRKEIND, ZKIEHTRORELNEZIBDETEINLZDT,
HERERICHE Th oM, BASEERICID, M- v itk 3 xshERD, B

Z, METREBALBFREOHF R I DTRD LT A, 0,=11486cm 73D, RSk
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ENDT, HESCLIHNIOHECEZERT L LRELTEATE 2FIAN =, Hih%
BEFELFELT, SHEICHERERUAREL, APSHEL L b02ALE, $12H
BRie, ZIETDOBELSEBRICANTEEAZEHE L EE, diiEs 6,=8539cm &30,
EBOHARICHSN, FLWERLORIEZR, chidie: LT, BiEEERKICESY A
RTHY, ZRBHICE2>TR, EpLl6% BEPEINIICEE T, MbBEARZCRICXD
BT 2EMETENE, UTIHEEEDTZOREMARN S,

2. FIZIZDAEENILFETEBBEORHADY DT

[ 30 m OKS-18 fE A L1 5 HEE Yo oM

U= 2 N . — —— 7
BETARYD, T =T AEEMERD, E}_ V=100 30" =300"

P P - , , ’ ; ' -
TARREREE LTRE, Fri=vad SR 70 T T T
2 L PO PR

SOREREE, FA¥ ML, oWl Tk U % now e T

£
b, 724000kglem THOT, WHOE g AT RIS
Qr I &
é&é%%ﬁi’iﬁﬁ?{‘%& LTz, %@gﬁé%lj\éi?é ~ 72 és ZANY AN oa| /28) /32 3?34; ¥,

/4] /4 /8 22 26 30 34

e IR L, RIS LD tew=son 60 .0 — /807 284
EEBELT, AvFETHEEAL B1NE o= 0 @ 50 =300

R ,

), e Ly L Lh 1 Uy Ly Ly Ly Ly Ly L

A. BREER i L, L L L, Ls L L Ly Lo Th
TE  KS-18, %/ : 30.0m, HES : 3.9m, T V=100 =2500"

N N %1 N i e 7R [X
R LRI 25m, MR M LER A BT e T RS BN

FE 7 MR 720 444 14S-T 6 CREMBEEGS (ASTM) 0 B 22149 T
(CS41), B211-49T (CS41) B Xer, B209-49T (Clad CS41) tbhoNTH b, BifE LT
it 3) Alclad 14S-T6 % 10, R301-T6 (Bk4F) A 17 S-T 3 GRIE i #5415, 61S-
T 43 (ZL[HIT8b A 532~565°C) 72 &, B Hik: 7V =7 A5 &EHA", HHRAHFEF X
ERARSRLERET VY =9 A4GEEEIRIE ROREIC ST 2 MEEEHRITRHE,
B. XBOKEH
BLEOmMEAVFETRICONT, REELS, BHERSH, EESHERD, TA5
EZARTHEE1IEOL S IR B,
C. BEOIEH
HIRICHNT, LHHE, THREBICERYT 2 MR SREBR R i B s 3 HEL,
ZNENZHM =10 @30m=30m, /=6@30m=18m & LT, WHEIERDNI, 52
F, W3IFEOT LB,
(75)



462 R fE RS

Flx ~"rFETEBMO—RISHE

%‘%Mf&‘%&ﬁ[@wﬁgﬂg‘%ﬁﬂ E‘%ﬁﬁzi%bjﬁ

() | ] ) | L ()
23 ‘ 3941 | — 89,600 . | 1014 ‘ 30434 +134 670‘ ( 13—18 | 26—31 | +76,320
3— 53739 | — 89,600 1418 | 2630 | +208980 | 17-93 | 22-95 | 56970
£ 5—7|35-37| —156,510 1822 2226 +187,440} | 3—4 3940 | —22,800
7— 9| 3335 —156,510“?>‘W 12|44z, | 119,832 flg 7— 8| 3536 —22800
w 9L | 3133 | —199,11% # | 5—6|37-38 — 9010 fgj 1112 | 3132 | —22,800
113 2931 ~199,110 L | 910|354 ~1090%0] L 3516 | 2728 22,800
1315 2729 | 212500 13142030 | — 80060 | 19-20 | 23—24 | —22,800
B | 15-17 | 2527 | —212500 # | 1718 | 25-26 — 58230 | 8- 93336 14380
17-19 | 23—25  —225,160, 21-22 41,110 f% 12-13 | 29-32 | 414,380
| 19-21 2123 225,160, ‘7 o 44041 | +129,024| E 11617 | 2528 | +14,380
14| 4022 0 ‘ 2| 4—5 ‘ 3740 +104,1401 20-21 | 21—24 | +14,380
"l 3840 | 140590 510 | 3437 ? +107,899iw;$ T
B | 6—10 8438 +140,890‘i ¥ ‘ 9—14 30—-33 ‘ +102,770“ (=)eee e FEHE S
2R LLHEREBMIENDER HEAR
wis | B P s | 89| mus } B g | B8
e I ke) | (lg)
Us U; ~ 14,580 \ Us Uy | 416,200 Us Us —13,500 | U, U 7,776
U U; 27000 | U, U +14,580 UL U —12,150 U, U +5,875
U; Us —33075 | U, | 420000 | U Us —~ 9504 | U Us +4,311
U; UL 38,880 UsU. | 433075 | U U 1 — 6912 U, U +2,540
U, U; | —40500 | UL UL 138,880 U, U; —~ 4131 | U U; +1,415
‘ U, Us — 2,700 }

HOO-FR, O MEEAKNOL 21k, AL, ATOREESIR#Z S,
B3k THEHBHILINE FANE

apm | B | R g | B 0| g | 5D
o ke \'W ke | T I (i)
L L, — 4870 “ L. Ly | + 580 | LiL — 4,870 } LiLy | 46320
LiyL; — 7,830 i‘ Ly L, + 4,870 L L, —4,050 ! L;L, +3,300
L;L; ‘ —17,500 ;‘ Ly Ls i + 17,500 i Ly L, —2,550 L Ls ‘ +1,890

& G BlIRA, O--FEH)); BRHEARNOL Xk, BL, BFOEMEHIRBE 2.
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464 R PR R BB

Bll, #1E~FI3RC I 2B IUEEOEMIETLD, OoBEELLE
HERETNE, F2H, FINDOL > REHHBELNS,
D. PIZZOLBRFCAVIERETILEIDLEE14S-T6, Alclad14S-T6, A17S
T3, 61S-T437/xEDEHE
i, 14S-T6 Ofb2zpksr
$H--4.4%, BHHz--08%, <vHv-08%, <wITAVIL04%, FNI=T L
93.6%,
145-T 6 O YymeythE
Bl 3B R EE.-.. 4,200%~4,900 kg/cm®
I e~ G 280,00Q kg/cm®
B R 3 OB 3,700% ~4,200 kg/cm®
BT v e 1/3
5 OW ok E----2,900% kg/cm®

L THr

=

ii.

{E{El [0 T 9~13%
X v 4B B T24,000 kg /om?
& £ ....-2,900 kg/cm®

T Y ANVEEE 120~130
IR R %+ +-0.0000216/°C
i Vxy VHZVI =T A5 OHE

WhEx v~v bEHALITSTS, 61S-T43 OB

9 v MTHONAS y v bHTH ) v TEOHES %ﬁﬁfﬁfﬁ“
g/cm’
Al7S-T4 bl 5] A17S-T3 2,300
61S-T4 532~565°C 61 S-T 43 1,700

v RIS A

MICHF BHEISTIE, Jy PERVPICHTE2E0EKE, TNTI4S-T62HRE
LT3,

a) MGG 1,550 kg/cm®

b) R 3B, HiEXOBENEOK RIS 1,550 kg/em?

*  ASCE 775 % OB /MA L R T
# gy MTROBRIMREREE (ke/om?) 25T,

a8
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<) BAATRRES

d) B AR B, WIS X URERETE OB RS

e) M, EHEBIU T T OIMERE I

) eromginl 2,400 kg/cm?

g) BB IT Y =T Oy

h) AL7S-T3%MTH Y <y b OBWFISH 700 kg/em?

i) 61S-T43 &I L I < v | OBIIG T 560 kg/cm?

i) 24S-T4 # i Ko b ©35kiIE Jr 840 kg/em®

k) ¥y OBk 1,120 kg/cm?®

1y ©yoFEml 2,100 kg/cm?

m) WHEHSFREBMBITB I~y b, #EE, V-3 LAeRICBG 2 EF RV T,
= OMBEEL S ICB Y X EET 2,500 kg/em®

3. ERBOZRIEHEBEHCET BEHERTTE

TWI=UAGEANTETBREORAE, EFATHI00, EVEgiRITVETH
4, BigEEEoRMBEAEZL TR, ZOEECESE, BROKRE, HEOHEENL L
WEDBKRODTERZ DT THE, TV =T AH5eBRBORLE, HEEFOETNICILY, F
LARENDE, BIMEEEIITABERLL R DTS, HERLIKLTTBERFHGE ST 2T &L
TLLDHFTHZH, BEOBWLENS, BEFRRODIVWTNVI =T A52FELTHE, X
WHOBHRAERS L OTRIAEREAOREEEZL SNDT, BEICOWAELRLA. =
VUSROS, e, Manderla, Miiller-Breslau, Ritter, Mohr OEIC L D RENT
Bh, RECBOLTER, ISERD, ZESZE, DEBZEY, EMERTED, WHEHES
OBERICIODTHEESRESN TV S, RitERE, EBERLOBEASEED X2
LFEEEARVA LI DIFRREEBED I, TROE, HEQEFEREE, —XIEHO
ST, WITHE B L ORE kT~ A, BIR K, i=200K,), BASER r=K/,
%ﬁﬁﬁEdzhﬁzﬁwhm,%ﬁ¢,ﬁﬁ%~fyb,:mmﬁ@ﬁm&ﬁ&

DIFRD A REE, HMEE—Av 1t (M) OREKEL, FHIAXR~HEIHOI LI
5,

CNEOMME~AY P OBERERA L, HFBPHOBRROMUWE~ A ¥ P 27 L,

o,=M/TyRickb, ZIEHIEEHE TN, F6ROT LS,

e CRELAFERGERET V=T 4 5RBEBEYRTEYY R
a9
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T =Y AEENVF e 7 EBCET S BN 467
Be6xR NrFErHBBO—K SRIGHERE
| & ow | BE= o nka | EX5D
Wiig | mah | KT PG T RIS v §§%
2 a1 g j e
Sikg) | (kg/em?) oz (kg/cm?) (kgfem? | f (kgfem? | (29)
o3| — 89600 | — 447 | +827, —850 | —109, +283 | —1,207 | —1,530(—1,760) | 8~66
35| — 89,600 | — 447 | —134, 4349 | +208, —541 | — 088 ” 14~55
£ 57| 156510 | — 781 | +200, —756 | —286, +743 | —1,537 ” 9~35
79| —156510 | — 781 | —200, +543 | +236, —614 | —1,395 ” 15~45
gﬁ‘ 9—11 | —199,110 | — 993 | 205, —532 | —244, +634 | —1,525 " 13~42
11-13 | —199,110 | — 993 | —194, +505 | +153, —398 | —1,301 p 11~36
1315 | —212,500 | —1,060  -+128, —325 | —195, +508 | —1,385 p 937
g | 1517 | —212500 | —1,000 —201, 522 +150, —391 | —Ld51 p | 10~36
1719 | —225160 | —1123 — 83, +215 —163, +425 —1286 » 633
1921 | —225160 | —1,123 | —159, -+413 | -+ 81, ~212 | —1335 ” j 6~31
14 o | o +636 T662 T 662 | +1,550(+1,783) | 96~100
T 4- 6| +140800 | + 868 F193 4326 | +1,194 ” 16~27
” 6—10 | +140,890 | + 868 : + 99 T 96 |+ 967 | ” 10
10—14 | +134170 | + 830 4231 357 +1,187 ” 20~30
g 1418 | 208980 | +1287 T135 T196 11,483 ” 9~13
18-922 | +187,440 | +1,155 +8 | F B +1,248 | ” T~ 8
1— 2, —119832 | — 598 | —261, +679 | +326, —848 | —1,446 | —1,475(—1,696) | 18~59
/| 561 — 9010 | — 119 +519 F497 - 638 ” 78~81
| 9-10| —109,050 | — 916 4269 Fo07 ~1,185 ” 18~23
B s 14| — 80060 | — 673 4217 T178 — 890 ” 20 ~24
4 | 17-18 | — 58,230 | — 489 +156 T126 ~ 645 | ” 20~ 24
21-22 | — 41,110 | — 345 T 29 + 23 — 314 ” 6~ 8
2— 4| +120024 | +1372 + 30 T 98 +1,470 | +1,550(-+1,783) | 10~35
#11 4— 5| +104140 , +1,108 F359 4411 +1,519 P Com 7
| 510 | +107.899 | #1322 | 214, F350 | 439, F416 | +1761 v 1225
914 | 102,770 | -+1,093 | F131, T339 | 341, £370 | -+1,463 » 9~25
W | 1318 | + 76320 | + 812 | 136, F282 4281, +279 | +1,094 p 13~26
17-22 | + 56970 | + 606 | £100, F216 | F138, % 74| + 822 p 9~26
34| — 2280 | — 300] 4367 |  F364 — 667 | —1,445(—1,662) | 55
Eg 78| — 22800 | — 300 T 20 +£246 — 546 ” VT
#1112 | — 22800 | — 300 T 56 +214 — 514 ” 11~42
11516 | — 22800 | — 300 F150 | £200 | — 500 " 30 ~40
1920 | — 22,800 | — 300 F188 | F 48 —~ 458 p 10~35
| 8—9' 4+ 1438  + 318 7218 £267 + 585 | +1,550(+1,783) | 37~46
,if% 1213 © -+ 14,380 | + 318 T189 4120 + 507 ” 2U~37
B\ 16-17 © + 14380 | + 318 T 08 +147 + 465 ” | 21~32
Hloo—2 + 14380 |+ a8 T476 97 |+ 794 " | 12~60

B OBFRED e CHRIAOKER, SRGAC I 28 UENEEs0ThH S,

(80



468 SN S (S N

HBORXODELECLL, BEPHOZIRRIR, —RISHTIKUATRDIRE L, ZohR
2, 100% Z 88T 2 S OHEH O, 30~60% FBEO D& D, Thld, Trvi=
T AAERENCIEN, FOBENEASZPESODIC, HMERENZE LIV EDTHLES
WmEizot, $3bhBb, #f, 5—8, 8—10 »1+1,672kg/cm?, +1,761kg/cm? L5 0, fi=
+1,550 kg/em® % 8% B L 00 149 #8358 L, =7z, L34k, 5—7 231—1537kg/em? &5 0, f,=
—1530 kg/em® ZENICHEE LTV A C ERFRICET 2, FL, ZREHEEREE 2843,
RIS, fo fo % 10% REEEBE LT HE, FICRIBERL KMk 2, i, ZEAREO8EA
FEHEL, TNV AEEANVT ETBEORIEEM®RL TR S,

P ADOHESRERRGEETHL PIBECHEELF T 5546,  ZAOEBKAIC
B 2EEAE, HIEBED I R ERBETREHEED P 7 AL OPEICFEL, LirbZ0h
HERHIAOHENEEEICE LI EZEINIIDEEL S, HRO T I RICBY 8L
B, COMEBEORENEEELZEM LTV A0RBMCAREETH L, BT, Frvi=TA
BEBBOIOK, WERBICHL, FLLARNIBABERTRRBIBOLTE, TORBEN,
EEZ, COHEOHEENEHEELEBRICANT I ZAFORARREZRDOT ELEET 5,
W, EEETERI BT, RERE Pi=1 310, EEEBRELINE, BEOLL
CRBY 2HLO—HRE

7

E-A

yeSs

E-I

1.0 = 1SS MM S+ Q0 é;l —f—Z}g-s-lf'ﬂ-s—!—Zﬁ/js%ps (1)

WX 2TRENL D, BEZMEEA T, O R@RoTELR35,

B & M°S — Y+S — A+S
1-0: = DSS S + D MM 55 + e D QQ-Fr @)

@) KicsHT

EUWHE (EAEEE (cm)

TN =T AELOBIERI = 724,000 (kg/cm?) % 7213, 724 (t/em?)

S ORI (cm®)

B O EME— 1 >~} (cm?)

WHoEED ke) 72 t)

I P=1kg (F/i3 t) PMERT 2 & 2 0BHMOFEET ke 3

7213 (1)

M: #@RICET 2WHBOMMEE~ A~ b (kg-cm) %7213 (t-cm)

M: i it P=1kg($7i3t) BERT 2 L 2 OKEOHBEET XY ¢ @)
b (kg-cm) /i3 (t-cm)

“ho~ ey

(%]

(825



TN ey AEENVF e 7 BT 3 BERNPE

Q: WHOEWT (kg) 7213 ()
Q: i G P=1kg (3413t MPMEHT 3 & 20 HOFEEY T ke) %

foid (t)
G: TwI=TU AE55OEHREMERK = 280,000 (kg/cm®) £ 7213 280 (t/
cm?)

a, vy A BT OB E E R = 0.5~1.0
£ BT TE R OB
se: HERIEHE (cm)
g7, BMIROBMMEEERE 4 v A ZERTE2RBROCELELLCLBHRES,
L WEIcEIIoAERT 256 0 mMEEREERY «
a) WL EZT 2L &

SHHE s=/ﬁﬁ,/%f=1.ssﬂ E_?@m)

BEHEHE so=n /L ~ 06335 (cm)
V P,

4)
=22 = 063 (f52)
W, Pp: BEBEBEEEY ke
b) EhFEEAEZ L E X
BHEDE S = - <s+/ /EI> = 0.817s (cm)
(5)
p= 2t = 0817 (fR52)
i) #phicHme~ Ay, IR EERT2B60MEREERK v, 4
WHHE 5. =7/ Cl (om)
/c
WA, Lot BFRIOBOMAMEE — A > b (cm?) (6)
My: MO ICHT 2~ Ay P 220 254 0O
E— v} (kgcm)
v, A= SGhmv‘n/%ﬁ%w#amo¢ﬁﬁ), )

ProRzeH, "vFe7BROXBEhRAOESIZRONTROTLELTEH 2,

(&%)

469
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MR 7E R BB

BTXR 7rvi=viagdoovres7 @5 @SrEEE) OXHMPAREOWMD Stk sEAR
T
i WER | B M s | s 5 s 5 S
whe | A EpE | A s o S S84
Al (em?) | sefem?) | (Iem) (1) (t/cm) 0 (t2/cm)
i ! i
2— 3 200.48 94.950 0473 ;| —0.385 -0.182 — 89.600 + 16.307
s 3— 5 ” Vs Vs —0.385 —0.182 — 89.600 + 16.307
5— 7 7 /7 Vs —0.769 —0.364 —156.510 + 56.970
7— 9 ” ” ” —0.769 —0.364 —156.510 + 56.970
% 9—11 ” ” Vi —1.156 —0.547 —199.110 +108.913
11—13 7 ” ” —1.156 —0.547 -—199.110 +108.913
13—15 ” 7 ” —1.538 —0.727 —212.500 +154.488
o 15—17 ” ” ” —1.538 —0.727 —212.500 +154.488
17—19 V4 ” ” —1.923 —0.910 —225.160 +204.896
19—21 ” ; ” ” —1.923 —0.910 —225.160 -+204.896
“ _
¥ 1— 4 210.46 125.818 0.598 0 0 0 0
4— 6 ” ” ” +0.629 = +0.376 +140.890 + 52975
% 6—10 V4 251.636 1.195 +0.629 | 40.752 +140.890 +105.949
10—14 V4 245,100 1.164 +0.769 +0.895 +134.670 -+120.530
# 14—18 7 Vi V4 +1.156 +1.346 +208.980 +281.287
18—22 ” " ” +1.538 -+1.790 +187.440 +335.518
| 1 : | i
P 1— 2 20048 ' 126904 | 0.410 i —0.500 —0.205 —119.832 -+ 24.556
B 56 | 7600 | 48108 | 2.165 0 0 — 79,010 0
e 9—10 119.02 75.340 2.074 —0.500 —1.037 ~109.050 +113.085
B 1314 ” ” ” —0.500 —1.037 — 80.060 + 83.022
W 17—18 ” ” ” —0.500 —1.037 — 58.230 + 60.385
~ 21—22 ” ‘ ” ” —1.000 —2.074 — 41.110 -+ 85.262
2— 4 119.12 200,982 | 1.687 +0.631 +1.064 +129.024 +137.282
2 4— 5 ” 7 ” —0.526 —0.887 +104.140 — 92.372
r 5-8 ” ” ” +0.526 +0.887 +107.899 + 95.706
8—10 ” ” 7 +0.526 +0.887 +107.899 4- 95.706
9—12 ” ” 7" +0.631 +1.064 +102.770 +109.347
12—14 ” ” ” <4 0.631 +1.064 +102.770 +109.347
13—16 ” ” ” +0.631 +1.064 + 76.320 + 81.204
¥ 16—18 ” ” ” +0.631 +1.064 -+ 76.320 + 81.204
17—20 ” ” ” +0.631 +1.064 + 56.970 + 60.616
20—22 ” 7 ‘ v +0.631 +1.064 + 56.970 + 60.616
o i \
‘ ‘ ! i
& 3— 4 760 | 123435 } 1.624 0 i 0 — 22.800 0
=N 77— 8 ” ” oy 0 0 - 22.800 0
i 11—12 ” ” ” 0 0 — 22.800 0
] 15—16 V2 / ! 7 0 0 - 22400 0
# 19—20 ” ” ‘ V3 0 0 — 22:800 0
|
al 83— 9 76.0 1 200.982 [ 2.600 0 | 0 + 14.380 0
Fail 12—13 773 ” 7 0 0 + 14.330 0
Rl 16—17 ” i 7 ” 0 0 + 14.380 0
) 20—21 7 ‘ ” ” ; 0 0 + 14.380 0
| )] J 1
HEORTER FPIAOHEYHERELRELLER TS, 3 +3,084.383
S-S ji = 2x3,084.383—85.262 = 6,083.504 (t*/cm)
N = Se 6,083.504
Om = 205+ AE 74 8.403 cm

(849
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@5

F8Ek TriI=vabErVFETTEEOREOREC XS CARREORAR
- \ St O A LR 2 52 0 5 B & ORI | BHOBmARRE RS HE
E H BUIAHEE— 2 Pk 58S On (cm) @ﬁﬂij]SVCJ:7*{$)~ 3m (cm)
%ﬁﬁ’ﬁﬂJ T 373 W= { x
o M=% | M=3% _ e 2 M \ -
A S Myt (Munt | M- | M-FESE W@F S |55 555
% - & 1 M ks I ; A A A
wml 2 A s nm)‘ M nom) ‘ s | A 1
| iI{cm*)| (cm)| (1/cm®)| (t-cm) | (t-cm) (t?-cm?) {t?/cm) l(em) (c (l/Cm) (t/cm) | (t*/cm)
[ | |
2~ 3145,799; 112.5] 0.00246| —600.02] — 2.48 |+ 1,488.05 | + 3.661 150, 200.48 0748‘ —0. 288‘ + 25.805
3-5 7 ” 7 | —202.38) + 4.23 |— 856.07 | — 2.106 VAR v —0.288 + 25.805
E| 57 # v # | — 1363 + 074 |— 10.09 | — 0.0248 VAR 7 | —0.675 + 89.993
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On One Method of Solving Stress Problems in
Cylindrical Co-ordinates by Means of Finite

Fourier Hankel Transforms (Part 1)

Sumio G. Nomachi

Abstract

The purpose of this paper is first to present the general solutions according to the finite Fourier
Hankel transforms of the three-dimensional stress problems concerning a cylindrical body submitted
to forces on its boundaries, Then making use of the solutions, stress problems of a hollow cylinder
having uniform pressure on its inner and outer surfaces are analyzed, and cylinders with axialsym-

metrical deformation are dealt with.

1. Introduction

Many problems in stress analysis which are of practical importance are con-
cerned with a solid of revolution. For problems of this kind it is often convenient
to use cylindrical co-ordinates. By means of Galerkin’s vector” or Love’s strain
function” described in cylindrical co-ordinates, interesting problems have been solved.
The procedure herein proposed is a kind of operator calculs. First of all we make
the integral transforms with respect to the three components of forces around an
element of solid by the kernel L. Then integrating by parts we get the integral
transforms of stresses, and after making use of Hook’s law, again integrating by
parts we can obtain the integral transforms regarding three components of the
displacement. Here if we choose an adequate function for L, we can easily find
finite Fourier Hankel transforms of the components of displacement. The inversion
theorems yield the components of displacement from which the six components of
stresses are reduced.

2. Equations of Equilibrium of Forces
and Green’s Formulas

The stresses acting on six sides of a cubic element of an elastic medium are
expressed by three normal stresses o,, 0,, and ¢, ; and three shearing stresses z,,,
%o, and z,,. Then the equations of equilibrium of forces may be written in the
well-known forms

0o, 4 0 _f_iﬁrﬂ_r_l_ Jr,.

or r r o0 e = Ko (1)

én
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07,0 27,4
or r
i ao'g 6729
t 00 + oz K
(2)
0T,e | Tre
or r
L @ng + aO'z — Kz,
7

where K,, K, K, denote com-
ponents of body forces in 7, 4, =
directions, respectively.

~ If we let u, v, and w be the
components of the displacement in
7, 0, and z directions, respectively ;
and let ¢,, ¢, and e, be the direct
strain, and 7y, 7.., and 7,, be the
three tangential strains respectively,
we have the relations

— ou oy v = 0w
T T E”—r_l—raﬁ’ == oz
poo— Ou ,0v U
. 700 or r

(4)

r, = ou 0w
= 0z ar ’
7 - Ov  dw
” oz 700’

By makinguse of the abo{7e, Hook’s law is expressed as

_ ou u dv ow
7= k) gl (U ) A

0022-%+(2/,5+2)<i+ ov >+2

or r 790 ’ ) (5)
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Tro —

ou v
# (5o + 5~ )
where g, 2 are the Lamé’s elastic constants.

Multiplying the left side of Eq. (1) by L which is a function differentiatable
two times with respect to 7, 8, and 2z, and integrating by parts, we have

lo, L dA, + Ve, oL dA,+ V2., L e dA,
J J J
_[f oL, L, oL,
j % < or 7

> +0,—— 15 + o5, 00 + o

oL,
9z |

AV = jKLdV (7)

where

J Sr6=z) drdfdz = {f(n‘)z) av,

L ' Uroz) didz = j flro2) dA,
JJ.r

j j Flro2) drdd = j flroz) dA., .

(rf2) dzdr — E Jlroz) dA,,

Putting herein the relations (4) and agin integrating by parts, we finally get

j[arLl}bdAr—kj[rﬁ Lr deAg-Fﬂjz'ﬂLleAz
(T oL, . L, } oL, oL,
Jaul@y—#l) 2pu— a0 o adA,,
(T, {; 9L L) v
j_v lz ror +2 J+#u dA” _
(oo ?Ly o 0L (8)
VJ_Z or + az JodAz
( &L, oL,
+ju l(2#+2)< ort r&r) ‘u< 2602 >
( *L, oL, ) j a j
+jv (et2) 55+ 2 Zaa;dw (4 Awo-d 2= dV =K LAV

Similary, Egs. (2) and (3) yield the following formulas
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b L 4 ¢
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where each of I, and L, are a function which can be differentiated two times with

respect to 7, 8, and 2.

3. Symbolic Notations

A. TFourier Transforms and Inversion Theorem

If flx) satisfies Dirichlet’s conditions in the intervla (0, @) and if for that range

its finite sine and cosine transform are defined to he

(94)
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S, [fla)] = ffm sin i”al zdx,

Calflzll = | fla) cos Tz dx, (11)

0

where m =1,2,3, ---,

then, at each point of (0, a) at which f{x) is continuous

fla) = 2 8, flaflsin 75z,
o (1 (o v (12)
fa) = 25 [ Ay det T Colfla)-cos 2

which can be extended to functions of two or three variables.
B. Hankel Transforms and Inversion Theorems.
If f{x) satisfies Dirichlet’s condition in the interval (0, a) and if for that range
its finite Hankel transform is defined to be

LIAa] = | fla) 2.6 2) d, (13)

Jo
then, at each point of (0, @) at which f{x) is continuous

J,(x&)

2
Sflx) = 7 ; Ju[f(x>] W (14)
in which &; is a root of the transcendental equation
J(a&) =0, (15)
or
— _2_ & J, (xfz) 16
fiel =GR LA L ) el (16)
\ a
in which &, is a root of the transcendental equation
Ein{(Eia)_'_th(Eia) = 0. _ (17)

If f{x) satisfies Dirichlet’s condition in the interval (@, oo) and if for that range
its finite Hankel transform is defined as

YAl = | fla) @ Vilea) de (18)
where
Yieia) = 7 (cosvm i) — () (19)
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then, at each point of (a, co} at which f{x) is continuous

_ 2 y Y, (& x)
in which & is a root of the transcendental equation
Y,(&a) =0, (21)
or
— ¥2; &Y, [flx] Y, (&) 29
a2

in which &; is a root of the transcendental equation
&Y [(ga)+hY, (6a) =0. (23)

If f(x) satisfies Dirichlet’s condition in the interval (a, b) and if for that range its
finite Hankel transform is defined as

/] = | fla) 2 HL ) (25)

a
where

H(&x)=J&2) Y, (&;a)—J,(8:a) Y, (&) (25)

then, at each point of (a, b) at which f{x) is continuous

_ 5 28065 B/
R e o 20

in which & is a root of the transcendental equation

J(68) N(ga)—J.(eua) Y.(65) = 0, 1)
or
_ 281 HL [ fla))-H (.2
S &= 5 e e b HE e b)— v EE D) 28]

where &, is in this case a root of the transcendental equation

EH(E0)+h 1, (5,0) = 0. (29)

4. Fourier Hankel Transforms of w, v, and

Now we locate the cylindrical co-ordinates as shown in Fig. 2 and let
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then with the abbreviations M=% N=7"F|

o c
Eq. (8) yields

for m=n=0

{[o.&] dA,.+j[ M—_] dA,+([=.R| aA.

e T
{8 v
|2 ar {wzc w.o| A+ (2 A u( LR
~|K.RaV,

for m 2 n=0

©n

T

483

(30)



484 Sumio Nomachi

Jie

-+

w8 Recs—Collo), I R, dA,

-
Lol =led] da [ featied—Culie..) ar

dr

]
0

—\ C,lew,. b]I2ﬁ+2)<dR >r b-—2y R’b:bldz

dr a |

J
J

[ udt s o) B des [Cutudf2pe A(OF) —2pfee e
-,

pM S Lo, ) o de— (2 2 B 1o )

—[UH:O]JdAE j Z}T {c [, ,]—C [0, _0]} dr

(5 e
2, R
r

—(as.e1 (2L

l dAH:JC [K,] RdA,

for nxm=0
{ - Vars ("L lc e
|, (el Res=Cullo sl Roca 0+ | €T
—~C, i) R ([ (=17 i)~ [1,0..) | R
‘F[C"[“] (2uta ax —2ﬂ~] + NS, [w] RJ

IZ{XTHP‘* [C. [, ]—C. . O]J r
J f;f I ) [wz="]_[wz=:o]j dAz

FR dR\_ rnp)
+an[u]{2p+2)<dr2 = pN°R) dA.

—[S.elur AN D A, = [,k RAA,,
for m, nx0
CoCollo) ) Rees=ColCallo -l Rt | Rl (=11, (2,0,
—Cullend-d} drt | Rf(—17Culle, e = Culfendl| dr
dR

[c C,[] {(2ﬂ+z)d_~2yR}—,_¢_s C, [v]R— yNCmSn[w]R-Jb

(98)
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J /2**'* — +2 {( l)mcn [v0=¢]_cn [v5=°]} dr

L ‘C‘:,ff G, [w. ] — C.u [0 0]}dr
+j CCa ] f(@ﬂ)(if _ f£>-y MR -—yNzR} ar

o
jS C. [‘U]{y—i—l)——-FZ R}dr

J C.S, [w](y+z>N‘fiR dr ~j C..C,IK.1Rdr.

Eq. (9) yields

for n=0

jz{sm[(rra»:b]zz,.:b—sm [l Ry 2
+ | R{Salle)d =Sl ) dr

2‘u+,4 { 1)”“(1,<,:¢~—°z)g=01l dr

[ys [v] ( M—zﬁ)HMcm[u]_]bdz

C, [u]M ()R o242 }dA@

rdr

J
-1,
—[2 R Mk [0, .]—C,, [w_o]Jdr
-,
+]

" dZR dR . R\
+|S.l0] {# (LR B pr e R Rl aa,

- jc (K,1RdA, .

for nx0
S C [(T -6 b]Rr ] S C [( rﬂ)rvt]R =a
14

)
Rr!
+j l( ) S. [(T” ) =c]_Sm [(TOz z=b]J dr

j 2ﬂ+’2 —1"C, ['Uﬁ=sa]——cn[vo=o]} dr

—[l3Bm -{(—1>"cm[wz:c]—cm[wz=o]} dr

——[gSan[“U] <% —2§> +2MC,.C,[u] i}}:

(99)
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+| et /J-Iw?M B s R M] dr

+['s.c. [v]f (4R fg ~N'R)— (2,u+2)M2—§—} dr
j C,.S, [w](p+ ) NME dr_j S, C.IK] R dr.
10) yields
m =70
j‘: (8. ] Recs— S, Roo
+j:f {S[ =S, [ 0]} dr
sl verse]
Jb c [0p_,]—C [0, o]} dr
jzﬂﬂ RNf "o, — 0. } dA,
+Jy+2 JNC, [u]I d(f)} dA,
+js [w] (CR 4R R <2ﬂ+z)N2R} dA.
- jsn [K.RdA., .
for m 0
C.S. (7,0, ]l R, .s—C.S. [zl R
+ [ Rl vrs =8, e dr
~[ecs el G- 2| aveconr]
I B (G TR (OB RGN O | P
j(zwz RNf 1 Co[w...]— C,, [, 0]} dr
[ R\
+(/z+2)j NC,.C, [u]l = <—~>Jdr
(y+z)j NMS,.C, [v]——dr—i—j .S, ['w]{ dR _ R

+ ;I;—MZ%)—@/M‘—Z)NZR} dr :j C.S.[K.R dr.

(100)
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5. Axially symmetrical Stress Distribution in
a Solid of Revolution

In this case, the components of the displacement vector and of the stress tensor
will all be independent of the angle #, and the operator 3/38 will be a null operator.
The formulas corresponding to the above are Eq. (30), Eq. (32), and Eq. (36). Eq.
(30) presents the two-dimensional axially symmetrical stress distribution, and tribu-
tion, and Egs. (32) and (36) show the three-dimensional axially symmetrical stress
distribution.

A. The Two-dimensional Stress Distribution

The stress distribution is, in this case, not only independent of the angle #
but also of the length 2, so we have

T = To = 0,

Vpey

= Uﬂ:ﬁ 2
wz:(, = Wywo»
Eq. (30) accordingly yields

(Ro—0)(0,)res—(R2a)(0,)ra

dR R
[t G —2e |, (38)
1] 2 3
+(2y+2)jau<%§~%>dr:"aKerr.

Choosing R as
R = rIl(&7) = r{Ji(&r)Yilg.a)— J (&) Y&},
in which &, is a root of the transcendental equation
Ji(&b) Yi(ga)— i (6a) Y, (&b) = 0,
then we have

Hful = == :, Cpt e

where
b
H, [«] :j u-H (&;7)rdr.

By making use of the relations

oD
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ehom[E o] HGH

@ o & (40)
“b-HPﬁ_” __H&ao
b Tl b 1 & ’
where
Hu (Ez b) = O >

the displacement is expressed by

a x b\l ab
{ b<a‘"‘x">+““<7‘“z>fﬁb7 ] (41)
o3 B Henen, 6= Hid)- & Hika). |

This result may be adopted to represent the stress distribution in a hollow cylinder
submitted to uniform pressure on the inner and outer surfaces (Fig. 3). Let p,
and p, be the uniform internal and external pressures,
then the boundary conditions are

Oplpe (2#-!—2)%2-1-27‘) =P,
; (42)
u P —
)t = (2 #+Z)T + 27>r:b =P,

When the body force is absent, that is K, =0, Eq. (42)
yields

. 2 p2
ub{kirrr(#+2)+2/x§;}+2ua%<2#+2> == aab ]

(43)

2 by _ _, &=b
?(#+2)+2/171— 22 A

1 f
2, > (2y+2)+ual

from which we have

Oy = —

The above mentioned solution is the same as the solution due to Lamé®.

B. Three-dimensional Stress Distribution

In this case, the stress distributions are independent of the angle 6, so
Tor — O H

(102)



On One Method of Solving Stress Problems in Cylindrical Co-ordinates

Vy_

o = Upo .

Eq. (32) and Eq. (36) are accordingly expressed by

Cullo) sl Rems—Cullo sl Recoct | (=10 )

—{frrt |Rtr=[ €L {2+ 9 L —20 B ]

NS, [wlR] = [ 2R 1w )~ lew | dr

+feutaiera (G5 )

_ J S, [w0] (1 + ) N_fgri dA, = jc,l [K.]RdA.

- yNzR} A,

and

S l(trarco] R — S [(zrads—al Ry | g2 S, [w ]{dR Rl]b

ANC,[u]- R] j (2p+ ) NR {(—1)Pt0,..—ww,_} dA,

+\| (p+2ANC,[u] r—<~—>}

+

dr e dr
LK Rdr .

| I

ol
J.
j S, [w]I + B 2ur )R
J.s

Letting

b

(Part IT) 489

) (45)

¢ (46)

I = [ Ao erirdr, LA = [ A Hiler) rdr,

H,(&r) = J(&n)Y)(&a)—J.(&a) Yi(&7)
H(&;7) = Jo(&7) Yi(&a)— J (& a) Yo (&i7)

in which £, is a root of the transcendental equation

H1(§zb) = O >
we find, from Eq. (45) and Eq. (46), that

(—1)*Hi[(z,2)-o]l —Hi[(z,2). =]
— 2+ D& { H(&,0)-Coltrs] — H,(8,0)-C,u [, -]}
(1) H [0, ]~ H [10,]

—H,C,[u] 2+ A&+ N}
—H,S, [w](p+ ) N& = HC, K],

(103)
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and

S, l(ee)r o] i (6:0)—S,[(7,.), - o ()
—ANC, [t ) HL(£0)+ ANC, [u, .  H (&)
—(2p+ AN{(— 1) Ho[w.. ]~ Hu[ww.o1} (48)
—H,C,[u] 1+ A NE,
—H,S, [w] g+ (2p+ AN} = HS,[K.].

Putting for convenience sake

Culty ] = 5 Au, Cult,-] = 5 AL
S.1(z2)ns] = 5~ NB, , S, [(e)r-a] = - NB;
Holw,.] = - D+ D) H,[w...] = - (D—D)
HlCnh-d = 5 &EAE)  Hledd =2 &lE—F)

into Egs. (47) and (48), and solving them simultaneously, we find the Fourier Hankel
transformations regarding # and w as

HC[]= — 5 pAH b —adi )| e o+ Sl ST

c e Nelutd
— 5 {PBEL b —aBUIL G| | oo i
O D (14 DL 1)) [ 2l D) N
g | DA 1)+ DI (=1 a2 ot (49)
A &\ _Cpa (—1pe Bl (=1 1
2u+i N+&( 2 (Fel (= (L 1))2y+2 N+ &
742 Nt )

p2p+2) (N + &7

2 N
20+1 N°+&

HLS, [w] = — & flenHo(@b)—aA;Ho (Eia)} {
_ 2(et+d)  N& ) cf TN B A
) )+ 4 (0B Hch —aBH )

1 1 pt2 & | s (50
“NZura Nrg " plpra ey °0)

b* | w1 a1yl [N 20p+2) &N
o D=1 DU (1) g+ B e
b 1Y N (— 1 (y2+ 2) NE,
g { B (=P B (1)) o BT

. (1049
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According to the inversion theorem
w4 Hl&r) 1
= ; FARTA j Ju] dz -+ Z cos Nz-H,C, [u]J
=25 SosinNe If(f} OHS, ]+ 2 smNzL wa[}“jz‘fr ,
u and w are written as
u Z b 16,1 lHo(&b)Ao A0 O(S.La)J
H, (&) [ 1
IRIPI cosNz[b (—ALH(EH)+ - AHi(a)]
W& 2(p+A&N* 12 @ o |
lNZ"‘EZ + (2#+2) (N2+fi)zj b anHo(Szb) b BnHo(Eza)I L -
__Mﬂvfi#] 2 DA —(— 1 DL (— 1)
(#+2)N2§i _ 2 ]_«_( —(—1)
Cu+ (N +87 e+ (N +&)] c |
v 1y 1 I & ( Z)Ng, .
+ B 0 Lot e (v e
and
H\(&r) [2 f a 4, 1
= 33 sin Ne R [b | —AH(0)+ AL Hilza)]
f AN 2(p+ANEG 1, 2|
NTrr A ra  Rar vy o (P
@ el N (pt- >N$L !
b B A (NS T aer ) (VT ) o
2D (=1 D1 (—1) Y 2{p+ A NE;
2 (1) , _n]‘[_ 2ab
+ - lIQ(I (=1 + Ej(1+(—1) )“ 57 2 ZsmNz
[ 4 (A, ALy, 1 &.__BL |
A\ Zur2 <Na Nb>+ 2p+2 <Na Nb)f'
By the aid of the following formulas :
2 Hi&r) &  _ _ R{P(Nr)
; ?Ifo(szb) @3 N2+ S’zb - W ’ (53)
e a H,(&a)H, (&7) & - R§?<N7')
o {6,}* Ne & RP(Na)’

(105)
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>4y H,y(2,0) H\(&r)  Ne,  _ RPN {bR (Nb)—aRSy (Nb)}
T b e (N*+é&y {RY(ND)}
_ RO (Nb) R (Nr)—aR (Nr)}
{R (ND)}* ’
51 42 H,(¢a)H (&7)  N&;  _ RP(Nr){aRi(Na)—bR? (Naj}
7 b {0} (N*+&) {Ri? (Na)}*
_ R®(Na) {rR?(Nr)—bR} (Nr)}
{ R (Na)}? ’
where
RY(Nr) = L(Nr)K,(Na)—I,(Na) K, (Nr)*,
R (Nr) = L(Nr)K,(Na)+ I,(Na)K,(N7) ,
RP(Nr) = L(Nr)K,(Na)+ I,(Na) K, (Nr) ,
R®(Nr) = [,{(Nr) K, (Nb)—1,{Nb)K,(Nr),
R?(Nr) = L(Nr)K,(Nb)+ I,(Nb)K,(Nr),
RP(Nr) = L(Nr)K,(Nb)+ 1,(Nb) K, (Nr) .
H, (&7 N  RP(Nr 2b
5 e G e = R T
5 2a H,(&a)H, (&) N :__Rg)( Nr) 2a
Foey  NtE T RINg  @—N
4 H, (&7 : 2RP (Nr
T Phed) TR e = R
_ RP(Nr) {bR$Y (Nb)—aRP (Nb)} —RY (Nb) {rRY (Nr)— aR§ (Nr)}
(R (Nb)}?
5 da HEaHen & __ KON
{0.}* (N*+ &) NR:?(Na)
. RO(N){aRS (Na)— bR )Na)) —RP(Na) {rR (Nr)—bRS (Nr)}
{R% (Naj}?
where
R (Nr) = 1I,(Nr)K,(Na)—I,(Na) K,(Nr),
RE(Nr) = I,(Nr) K, (Nb)—1,(Nb) K,(Nr) .
Z;(1~—(~~1)") cos Nz _ ¢ [¢P(Exz)
S (1) NE 2 e
—(—=1) N* c W(g2)—T D (5,2
e L ol A

* K, (Na) and I, (Na) denote the modified Bessel functions.

(106)
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SZS(D(Eiz)] — sh Ez(c_z>$5h 54
P (&:2)f chéex1 ’

TOlR) . &ile—z)ch&zTzch(c—z)}
T (e2)f chéetl ’
(I—(=1") N g (O™ (&,2)

21y (1) Ny NS 5 Qe
(1—(=1)" N _ ¢ [PP&R)

214 (—1p) rEr T g o),

Q(D(Siz)l — ché(c—=)chéxz

0@ (52)f ch&c*l

POz _ &{zsh&(c—z)F(c—z)sh Ezz}

P@gz)f ch&ect1

e e P

a r r/) a—b

+ Z cos Nz {An IG‘1> (Nr)+ ———2# ’:'22 F® (Nr)} + A {G@)(l\fr)

P
+ ;;l J; 22 FO(Nr )} — T@%T) {Bn-F*'” (N#) + BLF® (Nr)}]
— 5 B8N [ D[ (0 e) 16— A g )
D { D trzx (92— ()~ (&) }
~E, {m—¢<‘> T e GG AR
Bl sar 97 ﬁi—m@s@(é 2) =T 52>H
w = sin Nz[—An{ 2#1 LN %(xm (Nr)— ™ (NF))
— A {m 19 (Nr)— ﬁ—?z‘ (1) — <Nr)>}
+B, { TS X“’(Nr)»—kzﬂ’(’;;i J (2 (Nr)— 1 Nr>}
+ B, {Tlﬂ 29 (Nr)— ﬂféﬁ (0 (N7 <2>(Nr)>ﬂ
+ 0 2D [ D006+ AL Poleal] +D1 {076

F‘+2 @ (= L+2d g poie N BPOE 1}
+ 2#+2P (£:2) + Tt d) (62)+ K (&Z)j ,

107
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where
. RS (Nr) 2 R (Nr).
o — >
COND = Rowey TN = RNy
FO(Ny)
N
 RP(NA){bR (Nb)—aR$ (Nb)} —RY (ND) {rRSY (Nr)—aRp (Nr)}
o {R®(Nb)}*? ’
F@(Nr)
N
_ RP(Nr){aR®(Na)—bR{Y(Na)} —RY (Na) {rR,?(Nr)—bR® (Nr)} -
- (RENa) ’
R§P(Nr) R (Nr) (65)
@ . 01 @ — 01
AP (Nr) = “RO(NB) 29 (Nr) RO (Na) ’
X (Nr)+ o (Nr)
N
_ RNy (bR (NB)—aRS (NB)} — R (NB) { R (Nr)—aRS (N}
- (ROTVEF ) |
19 (Nr)+ «® (Nr)
N
_ RPN {aRs (Na)—bR(Na)} — RS (Na) {rR (Nr)— bR (N7}
- (RTNa) '
So that the dilatation is expressed by
ou |, u | dw __ Zb /
R e
_2p { I 7@ |
+ G %}cos Nz lNAHX (Nr)+ NALX (Nr)J
f o ) 1
4 o +2 ;COSN% lNBJC (N7)+ NBX (]\77”)I Yy (66)

_____w~__ f‘_(l)'z _((2)_1

gt ;H(a >{siEi¢<1>(5iz>+siE;¢<2><a~z>}.

The components of the stress are now obtained as follows :

o i () A )

o
—Ao<-b~—%)}+2 cosNz[NA fz/“‘( J;) (£9(N7) + 0 (N7

(108)
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_ 2uGU(Nr) _ 2p(p+2) FO(N))
Nr 21+ Nr " 2p+i

b (N ) 2UCON _ 2t ) PO _ g f ek

x (10 Nr)— 0 () — L0 ) 1 ;((5:& 2 ()]

rf et @ @ _ F®(Nr) AHp+2) @ (N
—NBL £ 2(% (Nr)— o (Nr)— £ )+ pome

— gtk [DZ {%‘Jﬂ (69 )~ <a-z>}— S 50 )|

7 ©; + 2 2p+2

+ NAy [P (o)

Nr 2p+2 Nr " 2u+2

(Part I)

&l

f pu+2 : s 1 1 e+
Ez\m<¢()($zz) IS (%z))‘*‘ 2 +Z 925()(5; )[—i-E \2#4_2
x (#6a—U0 )+ g o) |+ me TR B,

x (D (e + Dig ) — (Eg® 62 + Eg (&z))}

2+2
= (Al )
Ll A2

A’2a ] co sNz ;
(e 2 3 [An{zyGO(Nr)

2ple+2) ro . 2p e 1 1 {0, o
+ 2L P — 2 Nt (N + A {2460V

g

e

_.}_

+ 2D po (N — 2 Nrao (N =B, L L o

2/1—0—2 2p+2 | "l2

Nr- X“’(Nr)} —B [ A2 o N+

+ \2pta 2ﬂ

2y+2

- H.(¢r) [Dg-j 2p(p+2) <¢<x) (€.2) __g/‘(x)(éiz)>_ 2;:2 FP(&2)

7 Orr L 2p+2 2p+2

/IZ‘U( +/2) 2) e _ 2/1/2 (2 ]

B L (e

|
J
/| 2# @ p©+ A 2 2 |
Bl o LA (976 10 )| |

— 3, G 22 Do) + Digoles)

Eg® (fiz>+E;¢<2><siz>‘] ,

A

* 2p+2 1

f

(109)

Nr hak (Nr)}:l

|
J
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(A2 | Al2a)
| b*—a? * a,—b, |

G, = A

+ 3 cos Nz [Mﬁl \NA, (19 (NF)— o (Ni) )+ NA, (1 (N7

2p+2 |\

— o (Nr>>} +NB, {# (0 (N =20 (N + 2 (N }

+ NB, {% (09 (N — 22 (NP )+ 20 (Nr)”

— 3 Aholer) [2" D oD, (5 (62 + U0 62)) + DI ($7(6)

RCE 2u+24 |

4 (1)
\ 2t 2 ? < 2+

§o = JE (3R 1)) |,

+ ¥z } +&L f
2

|
+ &k | 2u+2

2p+2

¢, = X Nsin Nz{M [ A F®(NF)+ AL F (N7 j+ +B S (o

+2 X , 2 o utA 2 1
-t FoNr) |+ B, [ G2 (Nr) £ FO(Nr)J

__Z g, ( 7) [2#(/«‘+2> [DP(”(Sz)—l-D’Pm(Ez ]—i—E fQ(n (&:2)

)

— ot 1 milQo e fo ot |

2u+2 1

6. Annular thick Plate having unegqual
Displacement between inner and
outer fixed Boundaries

* must

To solve the stress problem, three conditions
be always satisfied at each boundary belonging to the
‘elastic medium under consideration. The condition that
a circumference is fixed, is denoted by the three cases

as follows:

sl S (0 ea) —rolen)|

(i) w=0, u=0;

o -

{) w=0, %”:0;
Ou_ _
or

(i) w=0,

Z

Fig. 4.

* Because of the axially symmetrical stress distribution, a condition among the three which denote

that a circumference is fixed: that is v=0, can be satisfied in itself.
the three: (i), (i), and (iii), there is given two conditions.

(110

So in each condition of
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The first case denotes all the points at the boundary can not displace, and the second
denotes the well-known condition, the so called “fixed boundary”. We will choose
the condition of the first case for satisfying that the inner and outer boundaries are
fixed, and one more condition we must consider is that there act no force on both
of the surfaces 2==0 and 2=c. Ience

Upnp — 0 5 Upiqg — 0 5
(Trz)zzo = O > (Trz)z:c = O >
which yield
A, =A,=0, E, =E =0.

The difference of the deflections between inner and outer circumferences relate
to a pair of shearing forces which act along the inner and outer circumferences,
$0 u and w can be described by the boundary shear 7. Accordingly the shearing
forces per unit of length along both circumferences become 77/2ar and T72bz. If
the distributions of the shearing tractions applied to the edges are regarded as a
parabolic surface, we may assume

(c,.) _ £ 2(c—=2)
Lreir=a rac c? 2 71
(o) = 3T z(c—=z) (71)
=t T rbe ¢
Hence
_ 3T (1—(=1)")
Sn [(Trz)z:a] - n'a63 N3 H (72)
R
_ 67T (1—(—1)) . 67 (1—(=1)")
B.N = rabct N? ’ BN = ab*c* N? - (@)
‘We therefore have
o 67 (p+4) (1—(—=1),) {FPNr _ F®(Nr))
u = ; cos Nz 27 NG 2pt g | b - o
-p st p [ (¢“‘<s¢z>-¥f<“<siz>)— =)}
- Z sin Nz — b 4N4 [{b(2y+2) X()(NT) 26/,[(2‘[,!—%2)
1 I 1 2 _#—H_
< =KW+ Gy PN g ™
<w<2> =22 ()| |+ AR Do)+ S Pt

2p+2
(111
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— 6T(1—(—1) p+2 DNy D _
6, = X cos Nemm ool o <w (N7)— 29 (N7)

Ap+2) L . pta e ) — F®(Nr)
oty = +z)< @ NA =1 (N — 77 )
A{

+ Aty — B¢, [2HEED (4000 (e)

Fny

2R o ) ]_ _I_Io(fz) 2p2 DD (e
L gole) — m EREIL 2Ee Dgo (e,

g, = — Z cos Nz-0 gbc“(N 1y) {b g:il <w<”(Nr)—X<” (Nr))

Lo — 2 <w<2> (NP — 1 <Nr)> - % 1® (Nr)} (77)

% al2p+2)

g A EALaD, (016 + O )

e 2T (1 oy
Ty = %,'smNz EN G@(Nr) b(Z,u—{—Z)F (N7)

+ g T o p, 2ule D) poyey)

] (78)
5 e p+a

_lgo I
-GN + AL oy

The constant of integration D, will now be calculated from the boundary condition.
As the plate is free from any force on the surface =0 and z=c¢, then we have

Oc)omo = 0. (79)

Before the above calculation can be performed, it is better to transform the first
term in Eq. (52), as follows:
The first Term

= Zﬂ] cos Nz TN {bé‘u—{—l) <a)”(Nr) x¢ (Nr)>

1.6 . ptA @ _y® e 1
+ 1O (N7 rioEy) (w (N#)— 2 (Nr)) g Lo
with the aid of Eqgs. (66), (56), and (57)

The first term

. 6T(1—(—=1)) _H,(&7)
=~ 23l cos Ne L a {Ho(a-b)

\f p+2 4N 2N )
Jl2p+2 (N*+E&P  Nité '

+ H,(¢;a)

*. The first term

(112)
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—y BTH&) (py (e ol
N Gl ARl

s P gy~ LA 2 0]

| & 2p+i 2u+a & |’
where
&N _ €—2z2 __L_ W (e
Q(I) (ézz) — ¢<1) (Eiz)+gj‘(1) (Ezz) A
Accordingly, Eq. (80) yields
b, — 6T | H(ED—H(ea)bla (4p+32 _00) _ 1 ) g
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7. Numerical Example

As an example, we consider a Véry thick plate the radius of the inner and
outer portion of which are a=c and b=2¢, where ¢ denotes the thickness of the
plate. In this case we have the values of the coefficients as shown in the following
tables:

Table 1.
o v ] '$
7 ‘ Eic ‘ shé&c | ché;e
1 3.19 ‘ 121236 12.1648 <
2 631 | 274557 | 274559
3 9.44 6290.86 |  6290.86 -
4 12.58 | 145343. ‘ 145343. 1 -
Table 2. ] “
il | rO | e 1
1 092091 | 024231 ‘ 0.02077
2 0.99634 i 002309 1 0.00859
3 099984 | 000150 | 0.00441
41 099999 | 000009 ‘ 0.00266
o o T
Table 3. l ' —
] [ \ *$ © J B 7
i £2(0) OO 20)] 1/ N Z ;
! B A, R R zZh
1| 068860 | 0.03016 ‘ 0.03081 c \*“ z2c 7'; e "2
|
2 97 L 0.00882 0.00398 <
‘ ousot ‘ oot | % T ~R ;_/?
3 099831 000442 |  0.00119 N 4 -
4| 099990 | 0.00266 ‘

0.00050
— Fig. 5.
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Let the Poisson’s ratio be 0.3, then

A=15p, Aptor 17,

Hence the values of D, are calculated from Eq. (58) as follows :

Table 4.
i Esa-DiH,y (E:D) i D;H, (&:0)
1 0.04685 \ 0.00937
2 0.03275 ' 0.00330
3 0.01877 | 0.00127
4 0.01205 | 0.00060
1
5 0.00801 ! 0.00032

On the other hand the values of H,(&7)/H,(&b) are given in the following table

Table 5.
Values of Ho(§:7)/Ho(E:0)
i r=a r=(b-+4a)/5 ‘ re(2b43a)5 | r=(3b+2a)5 | r=(4b+a)s r=b
1 ~13360 | —1.0043 —0.4779 0.2148 0.7557 1.0000
2 1.4105 0.4818 —0.9203 —0.9315 0.2793 1.0000
3 —1.4100 0.3410 10000 | —0.8744 —0.3619 1.0000
4 1.4134 —1.0195 03324 | —04022 —0.6676 1.0000
5 ~13964 | 12759 —1.1812 1.1044 0.0105 1.0000

By virtue of the above results we can obtain the values of w and ¢, ; the varia-
tion of w and ¢, with » and 2=0, and the variation of ¢, with = and r=a, b

are shown in the following tables and figure.

Table 6.
The variation of w with » (2=0). Tb*Ec?

r=a r=12a r=14a ‘ r=16a r=18a r=2a
0.0214 : 0.0165 ‘ 0.0111 ‘ 0.0020 [ 0.0030 0.0000

\ | , i

The variation of a, with r (2=0). 7T7c?
r=a r=12a ‘ r=14a ‘ r=16a ‘ r=18a r=2a
| ‘ - -

—0.407 | —0.159 ‘ —0.046 % 0.024 ’ 0.122 0.245
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Table 7.

The variation of ¢, with =z. T/¢?

r \ z=0 ‘ z=¢/8 z=c/4 ‘ z=3c/4 z2="7c/8 z=c
,,,,, — — — .
a —0407 | —0.228 ‘ —0.140 0.140 0.228 | 0.407
“ 0.245 ‘ 0.136 | 0.083 —0.083 —0.136  —0245
-
“ Ry
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On the Properties of CO, Process at Elevated Temperatures

Takeshi Miyamoto and Kazuyuki Kikuchi

Abstract

In this study, the authors reported the results of the experiment which was carried out to in-
vestigate elevated temperature properties and the reclamation of sand in the CQO; process.

Above the temperatures of 600°C, the hot strength of CO; process sand decreases greatly down
to less than 2kg/cm? Contrary to the above mentioned result, the retained strength of the CO,
process sand increases greatly and poorer collapsibility results.

Furthermore, the authors tried to find out the percentage of sodium contained in the CO,
process sand which can be separated by washing with water and obtained the result that about 45~
502 of vitrified alkali was separated from the sand in the CO; process by washing with hot water
at 50°C temperature.
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On the Magnetic Property of the Sulfide Scale grown on
the Inside Wall of Sulfur-Smelting Pots.

Keizo Nishida and Hiroshi Oikawa

Abstract

The present writers have reported the changes of each constituent (Fe and S) and of lattice
parameter of the thick sulfide scale grown on the inside wall of two kinds of sulfur-smelting pots
(cast iron and stainless steel).

In this paper they report the measurement of the relative magnetization of these powdered scales
by the silica-spring method.

The results obtained are as follows:

1) The relative magnetization of these two scales decreases rapidly in the inner layer. In the
outer layer it is higher on those of stainless steel pots than on those of cast iron pots.

2) The change of this property seems to be due to the sulfur content of ferrous sulfide in the
scale and corresponds qualitatively to the concentration of sulfur in each part of the scale described
in the previous papers. The concentration of sulfur was obtained by referring to the composition-
magnetic susceptibility relation of iron sulfide proposed by Haraldsen.

Accordingly, these results also confirm that both of the scales consist of two layers, and will be

important phenomena in the consideration of the growth of sulfide scale.
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On the Cause of the Errosion and Deformation of
the Blast Furnace Lining (II)

Some Observations on the Lining of the Shaft Part near
the Furnace Top in the Blown-out Blast Furnace

Akihiko Tanaka

Abstract

In the first paper of this report, the author stated his examination of the lining of the shaft and
velley parts in the blown-out blast furnace by means of the microscopic and X-ray diffraction methods
which resulted in getting some valuable data. The author surveyed for the second time by the same
methods on the same blast furnace blown-out after the succeeding operation and gained some new
data. These results were divided into three parts for convenience, and he reported only on those
concerned with the upper part of the furnace shaft in this paper.

The shaft part’s lining near the furnace top was consumed, of course, by the friction and im-
pact action of the furnace charge. The author, however, found that as a supplementary action the
errosion of the brick material by the alkali vapour, carbon monoxide gas, zinc oxide fumes and
other furnace dust were significant. He also found that the abnormal expansion of the lining which -
was resulted from the deposition of carbon, zinc, zinc oxide and others were significant. Accordingly,

the author examined precisely this part of the lining and clarified the mechanism of these actions.
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Formulas of Frenet for a Vector Field in a Finsler Space

Yukiyoshi Nagata

Abstract

T. K. Pan® demonstrated the generalized formulas of Frenet for a vector field in a subspace of
a Riemannian space. This paper extends his investigation to a hypersurface and a subspace of a

Finsler space.

1. Formulas of Frenet for a Vector Field in a Hypersurface.

Let F,_, be a hypersurface given by the set of equations x'=2z' (&', u?, ---,
w") (=1, ---,n) in a Finsler space F, the fundamental quadratic form of which
is ds’=g,, (x, 2")dx’dx". F,_, to which the element of support is tangential has
the fundamental quadratic form ds*="g,du'du®. Let v' be an arbitrary but fixed
unit vector field defined at every point of F,_, such that v*=v"B., ’g.,vv’=1.
Let C: u*=u"(s) (a=1,---,n—1) be a curve on F,_, and let N* be a unit vector
normal to F,_,.. We define n vectors along C by the following equations :

7](1)2 — ,,01’ W(Z)x = kaZ 3 "7
Bou? = Droilds (7= 2,-,n—1),

where k=g, N'Dv"/ds and Dv"*>"® denotes the absolute differential along C of the
vector field v* at P of C. When 55" (8=1,---, n) are linearly independent, the
following 7z vectors o, (p=1,---,n) which are expressed linearly with the com-
ponents 75" for 7=1,---,p form a set of mutually orthogonal vectors :

(1.1)

O'(iﬂ)/I = < f;) >TZ7](T)1F17; (7> €= 1> :P) (1 2)
Jo-s
where
So=1, fi=1, fo=If],
SE=11= guae'ne” s S E =65
Putting
D .
_'ggfp_ya(p)):aqp (P; q = l)"':”)? (1 3>

from ¢p,00,° =07 we have
T Qgp = Qpg s (1. 4)
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DU(p\‘u

ds = %1 Apglig)” (1. 5)

From (1.1) and (1. 2) it follows that Dgs/ds is at most a linear expression in
P’ st s Ppery” and therefore in owf , -+, 0¢.0"  Consequently, a,,=0 (k+1<A).
Combining this result with (1. 4), we have

Appt1 = ~~ Aprip — 'qu

(1.6)
(qu:O <q#Pi1)>

where ,K, is defined by the first of these equations. Hence equations (1.5) are
reduced to

Do "

ds — o Kp-10p-r + B0 psn)'s (p=2,---,n—1), (1.7)

where K, for p=1,---,n—1 are called, respectively, the associate curvatures of
order 1,---,n—1 of the vector field v for the curve C. (1.7) may be considered
as a generalization of the Frenet formulas for a curve and hold except the case
p=1. And (1.7) apply to the case p=n with the understanding that ,K,=0. We
call these the formulas of Frenet of the second kind for v along C in F,.

In the following, we shall derive the formulas of Frenet of the first kind for
v along C in F,. We put

' =", E' = DE@)VCZS = Kw', -, (1.8)
5\74—1)1 = DE(r)Z/dS s
where K is the absolute curvature of v at P with respect to C and the sense of
w is chosen in such a way as to make ,K>>0. If these vectors £," (a=1,---,7n)
are assumed to be linearly independent, the following linear combinations of them
for p=1,---,n form a set of n mutually orthogonal vectors :

p(z’)z = < Ye >§§(T)ZY; (r: € = 1) >P) (1 9)

p1
where

vo=1, y,=I95], o =v9l=gb " ¥Y =5.
And we have p'=1v, po'=w’
Putting (Dpes,/ds) py’=Bar (A, k=1, -+, n), from pos.paw’ =05 we have

Bin = — Pz (1. 10)
Qyﬁi = Z ‘Bkhﬂ(h)y . (1- 11)
ds 7
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{1.11) are reduced to

Dy’

A oLiosptery + oLt s k=2, n—1) (1.12)

Where va:ﬁ/ck_H: _‘B/c+1k .

(1.12) apply to the case k=1 with the understanding that ,L,=0 and ,L,=,K.
Also, we have (1.12) for k=n with the understanding that ,L,=0. ,L, (k=1,
---,n—1) are called, respectively, the associate curvatures of order 1,---,7n—1 of
the vector field v for the curve C. We call (1.12) the formulas of Frenet of
the first kind for v along C in F,.

2. Extension.

We consider a subspace F,, (m<n) given by ’=2" (u', -, u™) (A=1, ---, n)
in a Finsler space F,,. The element of support is tangential to #,,. ILet N} (p=
m-+1,--+,n) be n—m mutually orthogonal unit vectors normal to F,, with respect
to the metric of F,. Let v" be an arbitrary but fixed unit vector field defined at
every point of F,, such that v'=vB}, 'guv0’=1 and C: wu"=u"(s) (a=1, -, m)
be a curve on F,,.

We denote the absolute differential of v* with respect to C at P by Dv* and
define the following vectors :

J I F - 2
Nay = U, N2y — vkqu:'“:

Dry'

(2.1)
v+12_ R — 7’———2,"-,”—«1 >
Ne+1 I ( )

where k=g, NiDv"/ds.

If 5, (=1, -+, n) are linearly independent, the following linear combinations of

them for p=1, --,7n form a set of # mutually orthogonal vectors :
0-(19‘1 - < f‘” >§7](T)2F£ (Ta €= 1> >P) (2 2)
So-s
where

So=1, A=1, fi=If,
f;& = ﬁ = glyyj(r)ln(@#’ f;‘GF; = 5;
Therefore putting (Do /ds) 6, = ayp, We have

Do,

dS = p‘lo-(li‘l)‘”_*_vao-(p—H)ﬂ (P = 2> T 71_1) > (2' 3)

where K, =ay, 1 =—0ap 1p-
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We call (2.3) the jformulas of Frenet of the second kind for v along C in F,.
&K, (p=1,---,n—1) are called, respectively, the associate curvatures of order 1,---,

n—1 of the vector field v for the curve C. (2.3) hold except the case p=1 and
apply to the case p=n with the understanding that ,K,=0.

While, the formulas of Frenet of the first kind for v along C in F, may be
derived in the same way as is mentioned in 1.

(Received Jan. 26, 1960)
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Measure-theoretical Decomposition of a Set

Yoshio Kinokuniya*

Abstract

If a set M is posited accompanied with the (non-negative) value defined by

(M) = @Srp,
PEM

some important singularities are found when a decomposition applied to devide M. The notion of
overflow and that of a quantitative metamorphosis are defined to analyse the set M in a clearer

aspect.

1. Simple and Singular Decomposition

In this paper the applicaton 7, (the measure quantity given to the point P)
is supposed non-negative and # oo, and the normal system g** is given as the
standard scale to be compared with any application system ; the points and the sets
are restricted to be observed in a finite-dimensional Euclidian space E. 7, is called
non-negative when

Tp = © = empty null”,
and positive when
>0,

therefore 7, may be infinitesimal even when it is called as positive; but, when a
quantity f is expressed as

S=0,

then f is destined as a positive real number, which is of the same notion as in
the classical analysis.

*OESE R
**% In case of a normal system &, if #p is the measure of the point P, then

#p = po = ¢ for all the points P, Q,
and the measure

m{M) = & up

gives the same value as the Euclidian volume-value, whenever M is measurable in the Euclidian
volume-theory.
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When there exists at least one sequence of sets {M,} such that
(i} M,NM; = void whenever &+ ;
(i) M=2 M,
(iii) 7(M,) = €7p<oo for each k=1, 2, -,
rPeM
then M is said to be of a simple decomposition in respect to the system {7} or
briefly to be simple in respect to ¥. When there exists no such sequence of sets

as the above-stated, then M is said to be of a singular decomposition or briefly
to be singular in respect to ©. Let E,, be the aggregation of the points for which

7/P/ﬂ = 0

then it is easily verified that
E.NM=#*void

when M is singular, though in general this cannot make a sufficient condition for
the singularity. When it is observed for each point P that '

0<)Tp/p<oo

then {7»} is sald to make a regular system.

2. Overflow

To study about a singular set in respect to 7, we find it appropriate to intro-
duce the following notion to build up a clearer aspect on a decomposition of a
set. If a set V contains the point P as its inner point, then V is called a neigh-
borhood of P. If it is observed for any neighborhood V of a fixed point P that

(V)= oo,

then P is called a point of overflow, and the aggregation of all the points of
overflow in E is called the overflow in respect to 7.

Proposition L.—If a set M be singular in respect to T, the aggregation of
the points of overflow contained in M has a power stricily larger than enumera-
bility.

Demonstration. Suppose the points of overfiow contained in M are exhausted

by
£21, £22,"'
and M* = M— 3 {Q,}
then, if PcM?*, there exists a neighborhood V(P) of P such that
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T(V(P) < o0

{because the point P is not a point of overflow). = Therefore, by the covering theo-
rem of Lindeloef, there exists a sequence of points {P,} = M?¥*, such that

M*< 3 V(P
and T(V(P) < co.
Then M= 2 V(P)+ 21{Q.}

- so that the set M is discovered as of a simple decomposition. But this is contra-
dictory to the assumption that M is singular. ]|
Proposition 2.—Any inner point of E. is a point of overflow.
Demonstration. Let P be an inner point of £, and V be a neighborhood
of P, then there exists another neighborhood U of P such that

VoU and E.DU.
It is evident that

0<inl = € pp (e = 1),
Pev

so that, by the definition of E., we see

FV)Z27(U)=>nU-c0 = oo .
As V may be an arbitrary neighborhood of P, this induces that the point P is a
point of overflow. |
Moreover, the following fact is directly gained from the definition :
Proposition 3.—7The overflow is a closed set.
3. Integral and the Singularity

Let f(P) be a non-negative function of a point P and define the integral

T(f, M) = €1, f(P),
reM
‘then, if we denote it as

M, = M (f) = {P/PGM, _/l;<f(P)<—k—_—1—}%

we have U M)}Z—;{'—?(Mk)

#* The symbol {P/P} indicates the aggregation of the points P which satisfy the property D.
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Therefore, if T(f, M) < o0
and M(f) = {P| Pe M, filP)>0},

the sequence {M,} gives a simple decomposition of Mx.(f); so, we have:
Proposition 4.—Let M be a singular set in respect to 7 and f(P) be a non-
negative (real-valued) function jfor which it is observed that

7(f, M) < oo,
then Myp(f) is simple, so that the set
M—M.(f) = {F| Pe M, /{P) = 0}

must be singular in respect to 7.
A point of overflow is not to be generally excepted from the supporting domain
of the above-stated integration. For instance: for a fixed point Q, let’s write as

_ipl 1 _ip_pjo L) 1o
M, lP/ o siP-<] (k=1,2,--)

and define the 7-values such as

= 1

f(MQ,ic) = z
or rather Moo Pp7n =4 /772 (M)
and To= O,

then Q is found as a point of overflow in respect to this 7. In this case may be
found many pairs of a nonnegative function ¢ and a neighborhood V(Q) of Q
such as

P(Q)#0 and 7(9, V(Q))<oo.
It is, however, to be noticed that the system {7,} defined above, makes a regular
system (say, 7p/ps=co).
4, Singular System and Singularity
Let the sets E, and S, (£=1, 2, ---) be defined by
E, = {P| k—1<7p[u<Fk}

and S, = {P1P|<k),
then, if 7, are regular everywhere in E, any set M in E has a simple decomposition
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by the enumerable ensemble of the sets
M, ;= MNEN(S;—S;..) (k=1,2,--; 7=2,3,--+)
and M,,=MNENS.

Therefore :

Proposition 5.—If there exists a singular set in respect to 7, {Tp} cannot
be a regular system.

Now let’s denote it as

ER:E'—EOO,

then, by a slightly modified application of Prop. 5, it may be verified that E, cannot
be a singular set. Moreover, since the aggregation E, of the isolated points of E..
is at most enumerable, the set

ER+EI: ER (4, 1)

must be simple in respect to 7. So, we consequently see:

Proposition 6.—If E is singular in respect to 7, the set E., (the derived set
Jrom E.) must be of a power larger than enumerability. The set E, defined
by (4,1) is in any case a simple set in respect to 7.

By this theorem we have a necessary condition for E to be singular in respect
to 7; but, to tell the truth, this is not a sufficient one. To reach a clearer aspect
on the singular sets, the notion of overflow may serve as an indispensable medium ;
in effect, in the previous sections we have to some extent realized several interesting
relations between this notion and E.. However, it seems what is waiting for us
is a discovery of an essential chaos. It is similar to what has been destined to
the theory of sets. For instance, where

Tfp = oo
an inversion number n” which satisfies the relation
O<nt-T<<oo
may be an object set beyond the scale of our decision. This is the first gape for
our logic.
5. Quantitative Metamorphosis

In case of an a priori measure %#” applied in an Euclidian space E of finite
dimensions, E is treated as a simple set in respect to #, because E may be then
devided into an enumerable ensemble of rectangles of finite diagonal. From the
physical viewpoint, we may posit the space I as being filled up with a sort of
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homogeneous medium and interpret the 7i-value of a set M % (M) as the weight-
measure of this medium filled in M. This interpretation is not a new one, but,
for instance, in a part of the ergodicity theory several authors used this type of
expression.

Now let’s suppose a quantitative transition of the medium, which may not
necessarily be continuous. After such a transition is to be found a new repartition:
of the medium; in other words, we shall then find each point in a different dis-
tribution of the medium-mass from the first homogeneous one.  So, if we denote:
the new share-value for a point P as zp, these make together a non-negative ap-
plication system. In addition, such a transition causes a quantitative transmutation
of the space E; so we call this transmutation a quantitative metamorphosis of the
space F.

Ultimately, we may understand the mass-value 7, as the mass of the medium
filled in the point-occupation® ((P)) of the size p.  The case 7p=o00 is excluded
according to the promise at the beginning of this paper. When z,=0), the occu-
pation ((P)} is naturally understood as being left vacant. ILet the space E transmuted
by a metamorphosis be denoted by E. and let it be accomodated with the share-value:

FM) =€,
reM
to measure the medium-mass filled in a set M.
Proposition 7.—If there is a family of sets {M.}..; in the space E such that

F(M)>0 for all rel,

the indices’ set I must be enumerable.

Demonstration. Devide £ into an enumerable ensemble of rectangles {R,}
of the same form and of the same (finite) size, and search for the former position
of the medium filled in M, in which it was to be found before the metamorphosis.
Then, as easily verified, there must be found at least one R, in which the former
mass of the medium of M, was measured as strictly positive before the metamor-
phosis.  In addition, the number of M, thus corresponding to the same K, is at
most enumerable, because positive numbers can make by summation a finite positive
number only in case of at most enumerable density. So, putting the two enumera-
bilities together, the density of I is concluded as to be also of enumerability. |

6. Repartition Postulate

I being transmuted to E, by a metamorphosis, there exists at least one reparti-
tion {E.}..; such that

ENE = void for r+#«,
E: UEz‘
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and 0 <#(E)< oo for all 7. (6,1)

If we merely demand such conditions, there may be no other way than to posit
some postulate which gives them as satisfied. But, when

zp < oo for all P, (6, 2)
these conditions are satisfied if we define it as
E,= {P}land I = E,
except the alteration of (6,1) by
0<7(E,) < .
Since, if there can be no such set that
0<7(M) < oo, (6, 3)
the condition (6, 2) induces that
(F(E)=)* %(E)=0,

there must exist such a set M as described in (6,3). This being so, it may not
be a big venture to assert a disjoint repartition {FE.} as existent in such a manner
as described in (6,1); in effect there may be found no positive standpoint to deny
this assertion. Ultimately, we may regard the abovestated postulate about the
repartition of £ as collateral to the condition (6,2), which is assumed throughout
this paper.

It is remarkable that, when E, is provided with a disjoint repartition {E.}
satisfying the condition (6, 1), E, is simple in respect to #; the demonstration can
be directly gained from Prop. 7. So, with regard to the above-stated collateral
relation between (6, 2) and (6,1), we may believe that, if {z,} makes an applica-
tion system (with the restriction given in Section 1: say, finite and non-negative),
then E, is simple in respect to 7.

7. Constructive Aspect

In case of a regular system {7}, it is specially distinguishable that we may
then have an enumerable decomposition of E by the sets

E, = {P/k_1<ﬁ:<k> (k=1,2-;
7

*

E and E; may be identified in point that E is the occupation of E.
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in effect, when it is combined with the spherical decomposition given by
Se = {Plk—1<|P--Q| <k) (k=1,2,-+)
Q being a fixed point, the space E may be found in a very concise construction.

In case of K, the repartition {£,} given in the previous section as to satisfy
(6, 1), gives us an effectual method to analyse the frontier circumstance of oo, which
is denoted as

(Jool)
in the theory of a priori measure®. Let an increasing sequence of sets be defined by
Ek:UE] (k:172>)5
i<k

then the medium filled in £ may be exhausted by the process
lim (E—E,).

This being so, it must be confessed that we are assuming the part (Joo[) is either
vacant or holding an invariant state of the medium. However, if we renounce the
standard restriction

@ Lrp <L 0O
and allow the case
Tp = OO

as possible, the part (Joo[) must be the source of this pile of the medium; so the
above-mentioned invariant state must be broken. This is the second gape for our
logic.

8. Stochastic Metamorphosis

In the theory of a priori measure the occupation of a point is posited as pro-
vided with a geometric shape ; in case of the rectangular coordinates it is elucidated
as an infinitesimal parallelogram and so on. Therefore, when a quantitative trans-
mutation is assumed to be realized by a metamorphosis, it may need some distortion
if the direction of transition of the medium does not accord with any direction of
the axes. In such a case, it is appropriate to apply the notion of a distribution of
the theory of probability ; in other words, the transmutation caused by a metamor-
phosis can be understood as a change of the distribution of the medium, the formula
of which may be given as follows:

aplp = AP)
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A(P) indicating the density of the distribution of the medium.

Conversely, the notion of a metamorphosis may be utilized in the probabilistic
theory of distributions. For this purpose, the total mass of the medium should
naturally be considered equal to 1. It is critic that the starting stage of the dis-
tribution is then to be given as homogeneous, whereas it is generally believed in
the classical analysis that the homogeneous (probabilistic) distribution is impossible.
Hence, at the starting stage, the measure of probability at the point P

Tp
is to make a non-negative homogeneous application system on condition that
1=%FE =€ . (8,1)
L being a finite-dimensional Euclidian space, if there exists a metamorphosis
Tp—> Wp (8, 2)
true fo our expectance, it shall be a singular one, because then, if

(M) = S wp>0 (8, 3)

PeM

for a set M of a finite measure (say, 0 <<#(M)< o), it may be directly induced
that at least at one point P we have

(l)p/ﬂp = CO .

Despite of such a condition, we cannot deny the metamorphosis as impossible,
because, if we admit both of (8,1) and (8,3) as simultaneously existent, there may
be no other physical way than to admit the metamorphosis (8,2) to make an in-
termediation between the two states.

To permit the metamorphosis (8, 2), we have only to remark that the principal
part on this transportation is (Joo[). It may be better understood by way of the
calculation on the state (8, 1) itself. In effect, if

#(F)>0
it must be that
#(F) = #(FN(Jool))s
because, on denoting it as
E.={PPl<n} (=12,
we have
0<Z(FNE,)<7(E) =0
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for all n, so that
#(F) = lim #(F N (E—E).

Besides, the inlaying of the medium of F into the set M may be interpreted as a
transmutation of the point-measures

Tp ™ Wp .

7-measurability is realized when the upper- and lower- destinations for the value
of 7(M) are found to be equal. When the two destinations give different values,
the distribution share of the points of M is taken to be indeterminate in total.
This will be the most characteristic difference of our view from the classical one.
In our analysis, the indeterminate 7-value for a set M is regarded as oscillating

between its upper- and lower-destinations.
(Received Apr. 16, 1960)
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On the Selection of Bimetallic Electrodes for Potentiometric
Titration in Reductimetry (X).

Kozo Ueno and Tetsuhei Tachikawa

Abstract

In this paper, the potentiometric titrations of potassium permanganate, ceric sulfate and potassium
bichromate with ferrous sulfate have been carried out in the concentration range of N/10 and N/100
by use of five bimetallic electrodes, Pt—-W, Pt—-Ag, Pt-Ni, Pt—Au, and Pt-Pd. The titration curves
and the changes of potential at the end point (4E/4V) have been obtained, and the effect of acidity
of solution on them has been investigated at the same time.

Pt-Au indicated the titration curves with a peak. Pt~W was slightly similar to Pt-Au, with the
exception of reduction of potassium bichromate. The three others represented the reverse S-shaped
titration curves.

The values of 4E/4V at the end point in both IN/10 and N/100 solutions, did not become greater
as the acidity of solution increased. The end point for Pt-Ag appeared before that obtained by the
indicator method. For Pt-Au, the sudden change in potential did not occur at the end point in the

case of N/100 potassium bichromate solution.
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E L7,

) N0 BIUNIOE- v HVERY Y 7 AR

NAOE~ > H BN Y U AERITFEO L S ICHEE 3.3 g 2R L, K100 md I FEMR,
IS SREPICEE L, FRICASBBR2HEERKE Lz, 20T, #3274 w5~ No. 4 T

MU, N0 v 2 v BEHETEE L, N10B~< > Hv8y 0 v AR N/I0E< v H vk

KV T ARG EF DEAECEE Lz, (N/10: 1.0382 N, N/100: 1.0457 N)

i) N0 B LU NI E 7 o 288 Y 7 AR

NIOEIZ/oAB AV 2BKIEZ LB ) 7 A0S % 140~150°C 14y 30 4r 5
BT, FO49035 g ZREFEL, AICHEM, 10 &Lk, NIOEZ w28y ) ¥ AKKE
N/AOE 7 m Al Y 7 28 AE 10 BICHR L,

ifi) N/10 35 & 0 N/L0O BRERSE — % U 7 AV

NIOGEEEE 2 U 7 AWK EEME — vV v 4 (Ce HSO),, G. Frederick Smith Chemi-
cal Co.) ¥yF# 25 g AHEe (FhD 1.84) $y 14 mg # 7Kk 250 mf i n 2 72 iR VG I T MA%, 500 my
IR L7z, N/AOO BAEREE — & U 7 AWTIZ N/IOBERE Z v U v A% 10 2 10K L iz,
BEE V2B Y SRR TIRREL LT o-T=F v I o) vERNTHE Dk, (N/10, f:
0.759, N/100, £: 0.7707)

iv) N/10 35 1 0 N/10O HrBR A — Skt H vk ik

N/10 B 35— SR ES ik 13 RSB — 8% 7 v = = 7 & (NH,),SO,-FeSO,-6H,0) % 39.3 g &
L, WRAERZR HHLUAK200me cEEL, ChICHERER (WE: 184) 75 ms =i
Ak, kEmAT 1L & U7z, N/100 BiBs s — kv i3 N/1O BREs 38 — kA & [/ U EH TH
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M, BEREHCSIKEY HYBA ) 7 ABKICE VTR,
2) BRABEELULCEE
AEBRICHFEH U BEEBONBEETHROEBYTH S, (2L, BEEXES, mm)
Pt: 09x15, Ag: 14x17, Pd: 0.3x8, W: 05x20, Au: 0.4x11, Ni: 05x11
¥EE B K-2 s mEs it
3) AWEHRLPUVICENMAEES
B HAYBERI VA, BEI0sBT YA FEBE_ ) V2A0ELHEI T NTHE
BRI YR T AT D, DB, B YN VYEL ) YV ABKOWMEDS ISN BLU 3N
FRERERE - L, BEZ0BAR0SNBLIUIEN &L, B v AVEI Y LADOHEDAL
A A Z BERRODEDOLE BV TE S, THbE, 05N H 203 INmERI:THEL
Fek 2B, BEEBERS N, TR TLOREP ICE OB Y A vBOERICL S &F
Zbha,
2KMnO, -+ 10FeS0, 4+ 8 H,SO, = K,SO, -+ 2MnS0O, +5Fe, (S0,),+ 8 H,0
2KMnO, +11MnSO0,+14 H,0 = 5 Mn(HMnO,),-+2K,SO, +9 H,S0,

CORBEEHETRELZE TUEED, S sy, EEBEPELS, EoT, &
DICBEEE SN LS/ ¢ A, EROUWBDERBIEL DN LTH 5,

W ERRERSmL £200ml v —F—ick D, CHICHEE L UKE ML TRERR
BEICL, o, @FB60mLIcB2L M L, COFERICHHARMEI S IR
(EBHR) # AN, EftokEs b, EMETICIOEMLIMY, KEHHIICE LT 0.02~01
meB T EICEMREEE Lz, Bk, BEREE e ) —#056~0/6 THIEL, v
EYTHY, SOWRKTSAE &2k, 1EOMEIERE I EHR 20 4 TER 2022C) T
37321,

. RRERBIUCER

NAOHE~< v HYEEH ) T A, BI/uABH ) 7 A, BBET ) 7 A0E%EK N/10 57
B — S TIE L, %7, NI 04 bF CERTANY, MEEHEEDR, e
ARIO BRI A A DE TN O —ETHE L, FmV 5 10~50 mV BEOE/MMBH D7,
L L, WEMBBROBMNIZOEIGLTEML, BAOBRIEFREBHNTIEREIC
FORDFBEEEILS T Lk, BeHoSBEROARYTEOENETBY A VEBL Y 7 A
OFECBOT, NAO B LU NI OWFhbiREA-ER, E7oaBh ) v A0@ES

Ay AOBRTRHER THEELE X 5%
¥ Eyo LK YV LOBILHEER ILEEE & 5.
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BN TE, N0 O B Ea>Baoikt, N1 oM BEE->EBLASRETHE D, £
7o, BBE ) VA0 EFICENTNIO BIONIOBER TN EE>BETH DI,
S5#EaLRICENT, Ptz ], HBIUUIHEEICBEBNTTINT+ (77 2A) icgians,

1) BEd®
I UsX0IEEO NI LU NI FERD b Mesbdic X bRy Shi #eiigs

Ex RS, LrL, MEBEERZEALTH, SHeaOEOBE BRI DR ONIHEMEOR
BRI XML IO DOT (W, BAMICRERET D), IHE0ES, 16N, ILkLU
I w5z o0&, 0.5 N RERERI: Ok O E R IC DWW THM T 2,

i) Pt-W

oAb L URD O B X0 e N/10, N/I00 %k 05 & 2 R
T&, BINBIUE2HOEEBDTH S,

0.IN j
600 f 600 _‘7<?—1.5‘N  SESSTO XY [P I N Y
15N 1550, j&' i Ce (SO
| : NP ~—0—KMn(Q);
500 w 500 f——- *'”i*X*KJCr,()?*"
0.5N H2804 R EP.: End point
} B 1
. 400 { S 400
;>E ]—A——- Ce (SO4p2 [
= O KMaOs
—X— KsCr07
w W0 \J( i = 300
s
e OSNH50, \\;\ 0.5N HS04
AR .. Xty | , - EP.
i | 1 @ | %y | (5.02)
200 E.P.: End point N L 00 EP. # X
T (r (3.70 \
EP. s X
EP
o | ¢
. EP. ]
(5.22]7 K A\[ 1
{ \%\_x 4 J
0 1 2 3 4 5 6 0 [ 2 3 4 5 6
~—> FeSO:1 i T &  (ml) —> FeSO4 % F & (ml)
21 Pt-W i 72 i 57 %2 Pe-W i e dh

BIMBLOEZHORT LS, iFResnT, N0 B L0 N/I00 g ' b5
TEHME EHICBREETL, RAEKBOTRERBMETER Uk, WHEHHREY S Fas
ot Fih, IBXCIIHEECSNTRIIFEEERS>REmER L, $10bh5, N/O,
N/I0O I BT, BRIBUH TEENE L HRET>LAELT, b 3BEEMIC
i, HOKRTUTERAICELR, LhL, E—70aEIE N0 Bl o 55 N/100 %k 1ok

* BT v AOBEER HIERE &5,
(174)



BNEHEEC LY 2BE (WLE) 0BRE 2V T—RTHEE (81031 561

L, 8ThD7,

i) Pt-Pd

CoOEbeEHNTZ LN, X C U FEED N/0 5 Lo N/100 FE O e i ig
ERTE, BIPBLIUEARDEBDTH B,

900
900 0N | 0.0IN
| o] o
A\A ] NP 05N HuS0y
~ |_oro—o 800 S—nzgy -
800 :c 2 =g t S —B s 15N HS04
T A, O-—-0——0
0.5NH,
EN 700 [ 1 ‘i
700 \ -LA— Ce (SOujz a
Co (S P - 0= KMnO4 \
e gi}sg‘“ .. 600 X KeCrOr
< 600 g 04 > :
% X KOy E EP.: End point
- |
500 -
500 |———— E.P.: End point EP. <k ED.
&= 3.7 5.02,
Ee! EP (3,/}0) (5.02)
2 400 ! o
400 = 19 = 0.5N H2804 VIR
w oBNHSOL |y be N 42 i2 R ¥ i
‘ e i e \
T R S T 300 e —]
300 LP.
\ (4.80) %
00 EP. /\[ & 200 oy —
(3.91) EPL 4
‘\(5.22) * 100
100 i
0 1 2 3 4 5 6
0 1 2 3 4 5 6
—% PFeSOs i T &  (m}
.~ FeSOs H T & (mb meo=
[ 5 g o
g3 Pt-Pd s 24 Pt-Pd i dh i

FEIMBIUEAR P55 L5100, P-W SEFERIC LT3, IHgEo N/10, N/100
WHEKIZENT, BEMEFTERNE Sk, HTR4mi 2 BSEREEL
TRBEIRET, BRSO TEREBRTELR U, 2T, BAKEERAITV, #SF
MEEDl, MFECENTE, EMEIHeEERK BTEEEDICEAL, cOoOLFEIR
HMOMImEFiE o, DBREMEERTL, REKELL, HIHESENTE NI X
U NI FEHE T HOBE LS FRERE D,

iii) Pt-Ni

COMELEDO NI BLIONI0FHEDL I BICIEEOHEHHEES MBIY
BFLOHDERBDTH B,

EORMBIUEO6NEIO S 2 L5, COMGLEOMEMFEOBIMEHOEMDER
HEH, B L7 Pt-Pd oG L2 0EEmER U TH D7,

iv) Pt-Au

CORADLRICEDRD Sz N/10 3 X0 N/100 7A@ 1, 1T 35 X0 TIL 3558 O 3 58 B 4R
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600 A = oo <X
1) A(\W‘ L
A\
500
1 2 1 5 [
—> FeSO1 ity F &  (m)
g5 Pt-Ni 5 g
600 , {
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EFTE, BINBIUESEOLEDTH S, 77 L, L o N/100 5o 50Tk
KB AU EMROBEMSLS §, > THEHGERD Lhizhok,

COMAHEDHEHRIMO 4 HAbE EEEERIC LT, Cm28AR L, COL
FEBIE 2T PEW OMADEERNT, BRAAELE Y A YBH Y 7 AR EEFFS
DRBOMEMKER L TH S, Lal, HEMBOBRE TV SR, KADERTIME
BEZY, PeW OBRTEET, COMALEORIEALAETHIEOL2IED, B
DEBBETHSR S, (W, BILEBTOB NS S)

v) Pt-Ag

COMADICI DR BN N0 3550 N %o I, 1 35 & 08 XL 38 0 i i il s
T e, BIMBIUHEIOHMOEELTH 3,

O.AN I ’ 0.01N
900 | !
900 [ i
\ 0 Hea A
SN Hss0, 15N H2804 ] m
200 i 8000,—,0——\1« |
—A— Ce {SO4)2 % Q}
700 | ; 700 p——— ~—0— KMnQy4 ?
—A— CelSOu: & = —=X—KsCr:07 A
—0— KMnO4 E EP.: End point
500 e X KoCo =600
= g | A
= E.P.: End point
b o | EP,
500 500 (1.82
=
= @ EP.
400 400 A/"!(3,7())
QAN B SOAX'/X—/X IV E St T A AR W L
X
§ 0P x [ 300 =4 ¥
G P A\ E‘P"ﬂ\i
5.24 .
200 i ‘ EP.&J 2 200 I 7O)X
Alt502) & ’ i)\x
100 = 100
i
1 2 3 4 5 6 0 1 2 3 4 5 6
—> FeSOs 45 F & (ml) -—> FeSO4 i T & {mi}
BIE DPrAg EEHR %10 Pt-Ag 1#7E fh#g

¢ OMAOHEEHEIZARO Pt-Pd & 21012 PeNi O s BROBEO RS 525, 1212
MUTH2, LPL, OHADEEHET 28R KAORRTIMENERTHicLsmE
(D5, O 4EEDHICK BRBOMNE) KO FHICH DR, Tabb, NI FHROBE,
L OsXU0HUIFEICBNT, 33%, 38% BLU23%, —7, NI BEKDES, 1810
IHRICEOT, 4% BLU2% S 2nZRECEbNe, UL, TIERICED TRERD
ThRELNT IO,
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569 kB == RTDINER

PDIEOREREEZEEDEE, BRARINTAMREMETICXOREN, L IIXUIIT
WEICHBVT, Pt-Ni, Pt-Ag 5 XU Pt-Pd Oi§EiiiR OB HEMOBEMRDOERZH 22, &
LAEREBTHD, WS ERICE Ok, BICIIFHEicB 0 TiE 3 Hah BRI S 7
iR & 3D 7e,

—%, Pt-Au 3 I, I BXOHIFEEICENTE — 78k E 27, LHL, HFED
N/100 %I OB 4, WElHiiz oniehDt, P-W i3 IiEEo N/10 #0543 Pt-Au
ERUCE~7RERDH, T, UHEEZROVBMOBEOBEEGIE~IBMEEITREZLL
S, WML IED, XXIBLELIBYHVEEY Y U AKX 2E—EEOLIEES Pt-Ni,
Pt-Ag 3 XU Pt-W O#lE&HLE LAV THERWVD, ZORA DN/ MEEMRE LT LEREBL
BB SHEpD, COBARBASEY BLEAA, MOBBERMOEILS 2 W IEETRIGHIC
RN A REMCEEREOZER, OV TRIHEHORKEIME OPHBET TORKMODE,
B X UBMAGRITCRER S I IET R TH 5 LBbh 3,

Hostetter'” 5 3B 7 o af 7V vV Al & 5 BB E—#oR L2 oy Bl as, 4,
RIV T LADMAEDLEERHOTEMEREETROEC S, HavEBR—F VT AEFHKA
Bl EBID >N hD, D%, Willard 8 L U Fenwick™ 23 &-_7 v v a2 HW i
LDCARBDIBTENS DI EDOMEND M, FEHEOLOTB O KBHEE LIWETED
5705, [FAROKFEELD, BEICBT22WMEEMBEME LTI S FROHEEHBZESZ S
4y

2) BRALCHEITZERMZEE

5#aberHNTL I BXU U FEEETE DO N/10 35 Xk 8 N/ 100 7 745K O #& 54

KB B EMEA AE/MV) #RT &, BlLEBIUE2RDEBVTH S,

B1x KECSYBENEM, N/10 (4E/4V: mV, 4V : 0,03 m{)

.. wwo | B A
MwEw | mRD | |
| PeW | PePd | PeNi | PeAu | PtAg
FESSE T L ! ! ST ! 7(, i
| | |
| 05N | 380~400 370~400 380~400 | 340~450 |  350~400
Ce (SO, |
15N 380 ~400 380 ~400 BO~400 | 340~400 350~ 400
| ‘ | | T
| 15N | 400~450 400~450 450~500 | 450~500 |  470~520
KMnO, | \ \ i
| 3 N | 400~450 400~450 350~400 | 450~500 | 420~450
| | | o | !
[
| 05N 150~170 60~100 60~120 100~130 | 100~150
K,Cr,0O, | i
| 15N 150~180 150~170 180~180 | 150~200 | 170~200
| | |
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£ 2% KEHcl)sBEMENK N/100 (4E/4V: mV, 4V: 0.03 md)

B gmo s z
' ® E Pt-W PePd | PeNi | PrAu | PrAg
B r | i g [
( ) | 05N 190~220 ; 140~180 | 160~200 : 170~210 ( 150~180
Ce (SO |
v { 15N | 140~170 | 140~180 | 150~190 | 150~180 | 150~180
| | | | o | | -
| | | i
15N 160~ 200 z 130~160 | 150~170 “ 150~170 “ 190~230
KMnO, ‘ i
3 N 120~150 i 100~150 1 150~170 } 120~150 130~160
e — ; ‘ " G——
‘05N 40~ 60 i M~601‘ 39~ 50 { —_ i 40~ 60
chr207 I | J | | |
i 15N ; 40~ 60 ‘ 40~ 60 | 30~ 50 | —_ ; 50~ 70
! 1 I

BIRBIOEZRORT LS, NIOEEDES, SllesbroREick T 3B MEL
DOR&EXIF, BIZ, BevAvEA) va (HE)>HBRE_2) Vs UIFHE)>E v A8
H YU s (LTEE OIEFTH D/, —F, NAWWFERKDOEE, B v HvEEL Y 7 4 LHERE
Z)VLARABEOREITHY, B/ o LB ) VAR IOV, RBEZ2Y VA,
WYY AVBAY VABIUEI v By ) v 2OBERETEMNIT-161, —151 XU
~133 KNV TH B, 62T, 5fADED N/I0 B LT N/100 kI B 5 dE/AV DK &
LRAZHEIC DO TREMEETEMNOIETR VD, 121F, TOECHEX5TH 5,

Pt-Ag 3R EOHERPMUOME L OKEIRI VO PIICH D, DL ITHERRAPBEN
T, ELVREEREBPOEFEICOMELEEZRVLKICE(HE D, T1b5,
WO OB HYBEL Y U AKX DB —SOMILHEE, HI2VREI/ LBy ) VALK
5 RACR—Z OB EDE A, HiE O NI0OFERICENT0.9% OikFgo&ENyd D, N/100
BN TREEBRD SN LD, —F, BEOEA, N/10 5 LU N/100 BFKICHENT,
04% B LTV 08% DENMNEDLNI, 62T, FWEDHE, REEEBENLTHEICFHILTDLD
FREDLDNAENTEING, HBROKE, THEED, NIOBKOEA I, TBXUIILH
EICBWT, 3.3%, 38% X1 23%, —7, NI HEHEOES, I, HFEICBNT, 4% B
KU2% L zhZhREBFELEbNL, CcOBEARIFEBHERT LICER S L BLHEEEE
HICRELTOROODT, HAEICTE N, 2¥0LHKEILNE, LB

Fe™ = Fe'**+e” E,= —0.771 (1)
2Ag+S0O;~ = Ag,SO+2e” E, = —0.643 (2)

WAL, bL, MBMEBMBRICHBEBLOBE DT 2 LETNE, ERO D) BLU Q)R
v, REICEKRSINERICE OFEEMICBRI N Fe™ 4 4 vidiiibic Fe'™™ 4 4 Vi
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BN, CUBRBTTICICH TIN50, MBRE—SROEERBPITO, Tbb, KAN
FLELNB, LU, HLEED NI FRICBDTHREDTUBELN L LD F T ER
FEEL, REBED Fe™r OBTTHER SICHART 20 E8boN %, CoOMBEICEALTRS%
X LICETRACERNCHE L2,

Pt-Ni@B~ v AvBI Y VAR 2TBE —#DOELIKENT, Pt-Ag FFRBICKED
BOAMNEL, UL, FIFECBOTRESOTNMNEDNILI LD, 82T, B Y Hv
Beh Y v aic otZ>@w&é\%—azéﬁ@@mﬁ@ai@iﬂﬂﬁé@&i&—_afﬁwﬁ, W E GEITIHE) I
BHEATETH S, COBRRLIDEBETDRZNFNHERECT >LEHEICIDEEDhTOE T
EBHEZ N5,

TRERER MR S e B A BN B IC B X 2T BELBE T &, NIOBEOEA, 15
FOHIHEICENTRERETZOBEEOHBFATE, BIRSTBELREST, 3
AERRBETH I, L, HBELLBNTE, BBEEoEmc & bR ESCBIT 5840
ZLHRELIEOTNE, —H, NI FEROSEA, I 5L U UL HEIcE 0 TEBEEOR N
FEBICRBICEDT S EMNEMEDAEXLLKED, IIFHBECBNTRELEAEEBEDLNL LD
feo T, BHETEROBEORIICESUODTRIABY ZEMEMOR TS REI LT,

L IBXUUGHECBENT, SHGLTORMICEBY 2BMBMORE SR MET S &,
ERE R RO BRI ot L, Pt-Au 2 I iEe0 N/ 10 BEOE4E, HHATRETH
D707T, HHICHOT, EEEAETS

1V, #

il

PLEORBEEERNT R E, DEDEBDTE 5,

(1) 5#4b+ (Pt-Au, Pt-W, Pt-Pd, Pt-Ag, Pt-Ni) W31 & #A B0 TARR
EBRETATR LA, HEBROBE Pt-Au OB L~ 780, —7, P-W 0k
o 3 MALEIIZZY S FHER LA D/, I0bS, P-W L HEo N0 #FEo
Ba, Pt-Au BEM TRV, 20, FUHREmRER L,

2 I, I BXU I EED N/I0 & XU NI @RI BT 5 5 labe DR oBEME
{6, 4E/AV DRSS IARET AL, NIOBHICBOTR, IHE>ILHE>UEECIHTH
Dt, —F, NI HE@HoEA, 1#Hes ML EELE, 212, AEET, IHEERIRITH
iz, Fi, SHADERE EﬂJ’%f JFou R hot, ,

() EMEEFOKEICBY ARRAMICELIEITESR, NIOBHROBEE, BEEOLF
LT U EETRENZORE SOBRRD OBV, IIHETRAE IR,
—7%, NIOZE®IcHENTE, I, HIFHETRZORE MR, IL#FETE, BIX

(180)



BAEHERC ST 3 B8R (WERE) OBRC >V C—BTEE (105 567

SRR EED LT h2R,
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N/100 D I, M MEDHE, 4%, 2% LT NZTNREAPELEbNl, 2T ofleb
LOWRRHE TV, ¥/, PrAu @ I E® N/100 FE0 B AR SRS 5N HD
7o
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The Separation of Inorganic Phosphate Mixtures
by Paper Chromatography (Part I)

Kozo Ueno

Abstract

In this paper the separation of inorganic phosphate mixtures by paper chromatography is studied
as to how it influences on the variety of filter papers and the solvents. The papers used were No.
50, 51, 51 A, 52, 53 and 54 (Toyo Roshi Co., Chromatographic paper). The solvent systems used
were : Solvent A) Iso-propyl alcohol-water-formic acid (Berg’s solvent); Solvent system B) Aceton-
water-20%4 trichloroacetic acid (Bernhart & Chess’ solvent system). The time of run was 6 hours
at 20°C. for solvent A, and 4 hours at 10°C. and 3 hours at 20°C. for solvent system B.

The following are the results obtained with paper No. 53:

1. Paper No. 53 gave the best result of separation and No. 51 came next, and No. 54 gave the
worst result on both Berg’s and Bernhart & Chess’ solvents.

2. The Ry-values of ortho- and pyrophosphates were 0.67, 0.34 and 0.79, 0.65, respectively, on
Berg’s and Bernhart & Chess’ solvents.

3. On the solvent system B, the solvent, mixed aceton 70, water 5 and 202 trichloroacetic
acid 25 mé., gave the best result.

4. With this solvent, ortho-, pyro-, tri- and metaphosphates were separated successfully.

1 %
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¢ CHEMOMAONE, SMOMAY YERAS X UERY VIERANO S HICE
R A= uT VST T4~ R EBOVRGEATH 2 EBHRD,I™OOD T B0
VY AFTVOGECS =R Tu2 Y T Z 74 ~PEICFHAZINTE D, BET
@AM ERMFEOSHRLEAADT &, B, B, B, ARTEZOME
FHEHTIUBRAINTNE, LrL, TORFEORIESHICABNEREEZETLICLET
b5, OTHEELEL ST ABMICET 3RMEERT 2 EAHME LT, BESIT
CHEOBIROWFENE LB INTNS, #l21E G G Berg® 34 V7 u VP ua—v—Kk-%
BROBEAEY, 7 D.N. Bernhart & W. B. Chess® 37 % } v-&K-1} J) 7 0 oA R %A
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By, =A—ou<w bt 7774 X35 BREBY vEREAY D S EEE ity E
TRIEOTN S, BB FEORMBEHERC LB~ A7 u2 ) 75T 4 —ABERTZEL Y
T, BLHEYT uKEREY, BEOBEMERARET 2B TAERETII DL,

2. HH, BEHBIU#ERE

s O —AEEY VEF Y A (Na,HPO,) 3100y vy + Y 74 (NaP,0)
&b, BEMEOHRREORBRICZF VT VI~ VENZTERRL, 105°~110°C T
WKLz, PU U YEEFT D TA NaPOyp) MBS ITHE, A5 ) vEFrt I va
(NaPOs)) i BB RO ERREENThb 2O E TAVRS

BOE 2O0FERA BERVL.

) BHA (A TaevPua—v-k-5XERP

4V Taeryra—rvThBml, K20mg, FEOSmE, EFvE=F7R01miEEA
L, VY oo TpH14 T Lk,

i) HHMRB (Fe bt v-&-t ) 7o ofBRpP

FE P 60~70mg, KI15~5mf, 20% YV 7 o oEER 20g 2 KICENL, BTV
o7k ldml 2 miAT10mE 42205l A RS LAELDE, Frlv6E5~T70

mf, K15~10mg, 20% } V 7 oo FrEE 20ml 2 BE L b orHnk, HEOL DI

P b 70mg, &b5mf, 20% +V s oS ml ARSLAEODTH B MDD

D,

EYTFUBTUESYLRKY WL 10g 4200 ml ORICHE S U, HEEE (B
d) 10mi & 729 BHEFEE (k&) 50ml &2z, KTH>THT1L T 5,

BIEE—XXBAR® FHEEAE- 2 (B 8 g £ BIER (kM) 3ml icHE» L
RODOEFEREEL, BFHBCCO 1I~274% 02k c20ml & L, EHEEIZI0BH
TR E T RS 2,

# FE 4Ocomsgooit: dicm B, —#H» 5 9em OFi% start line & L, fiou
WCHI ZABEDFTESDET S, EEPBERER- - a2} ST THIIZeERY I T
&£V, startline DRICHBRRSERMRERCHIEL, ERBEILPEBRRSE, 0
LD LUTHERDORME MR S 7k, HEofBE A~ A~ a< /7 IH%ECERN
Boofi#dicellE o2 L, EECRIVBOEEE AN, HEOREIC-EEL T ol
BEER TR Y, BEEEOmL 2 CEEWNED o~ oA, 10°% 7043 20°C (& &
w+1°C) Ik —E % &, wikEEE S SEHH LT m SICTRIR & A RIS BIC A D 1 C B,

FINOREPCKERE» CEFRET S KB RIS B,
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Wd D, BBEBRITUVITFVEET vES D ARKERAT UV~ L, 80°~90°C O AR THEALT
W ABREEENI BT B &, DXICEME— A SR E ATV~ L, BU80°~90°C DK
[T LT AEBRBNIZ A~ SBNTHRESE S,

3. ERBIUBE

R R m2 VT F T 4~ TREEAESICESC L OBBEEERT D T LD
SEERE A & L LA BERTER R A SR T A LICHERICRYTA B, £ T o i m B o~
— A= uw b} 7578 No. 50, 51, 51A, 52, 53 Bk 54; wite LTk G.G. Berg OF
WD, TRDLEMA L, BEAB o> % DN Bernhart & W. B. Chess OFH?, T70b
57 % byv65mg, 7&10mg, 20% t Y oo 2sndl o b o HYy, NaHdPO, 8XU
Na,P,0, (& 1 5/P) BIUHEZOEAW 1:1) 0 20°+1°C it 2~ R=7 0T T 7T
T4 =T, EEEZ R A DT 6 R, Bernhart & Chess OBFEIC DT 3

sar /‘/‘]'W B ThH D, TOME, WHERELIC
) No. 53 73— H#T, No. 51 8 hicD
4 ¥, No.bd B ARy P EEICERY—
‘ 0 T FHARELTH D7, No.53 ZHEE

DYUBEAIC X B Am Am 2 } 7T A

1 RELKCORTED T, FLOBOE
e @ 10 BIUOY DY vEEO R, IR 1 FiC
TRTHOTH 5,

e Eo ) VRIED Rr

ELEE
A } B c Jl? cm

; ] Bl% UEERCKY BT L

5 \ ( Bernhart
£BIK TEhrovey v BED & Chess
A - R N - A |
A: Na,HPO,, B: NaP,0;, C: Na;HPO,+ Na,HPO, | 0.67 ‘ 0.79
Na,P;O;, ¥t : G. G. Berg, EE: 20°+1°C Na,P.0, \ 0.34 w 0.65

[ : 6 hrs.

BIEDPOHOPE LI, EBXCERY vEBEOLOAEETIE, BEAZROZHM
RMBEDOEMRKTHZDOLDHEITH 25, ol vBBXDLISKEXRD Y VLT
FETYVEREDAS Y VEBEOSMOBAEEEZ 2L, DLAEDY YEED R ENEL S
PULREVEEDADPEE UL, WOTEEDORF LTV E2O0HBHRTE, 711 v-&k=-
VY R ROBRBEOLEBE LTS EELN G, O FRESRBSEN T, KSR
EA—EIREPT VRS20 T, RERBEHEHTLCEICLT,
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D. N. Bernhart & W. B. Chess® /3, WHELTT 2 v65ml, &10meg, 20% + 9 7
v o FEER 25 mi DR A%, w#tE LT Carl Schleicher & Schuell Co. @ No. 589 (orange
ﬂmm%%w,T%%Kiofwwf@3%%,$ﬁfd2%ﬁf,%Eﬁ%ﬂyﬂﬁﬁé
Wo<—nReru<t sz, —ICK LA OTNADT, BEHERALBRTEBETHD
kﬁﬁﬂﬁ@&~ﬂ~7u7}7?7mwﬁNa%%%W,%ﬁ%B@ﬁ@%QiC%%%
HO20CTEBLT ) vEEF + U 9 a0 FlEIC LOMEETTIZ D, Tibb, 20%
Y 7o oEEEEAE 25 ml L L, 7t ¥ i7k%&60:15, 65:10, 70:5, 73:2, 75:0 & L#i8
BE, P 7unEREAE20mL &L, Pt vikE65:15, 70:10 & LB D0 THER
T D0, FOBRYY 7o UHEERIE 25 Ml E LB A0 A 20ml E LAEA L DGR
BEL, 727 % v08iE T0my HTFToAEBI T Edbmoi,

CLTEY Z7oufioBEs 25m) - L, 7% bF>¥:R%E60:15, 65:10, 70:5 & U ¥
B, E, vw, 1y BLUAZT Y VEEF V) 7 ADOEEIER (VTR 57P) iz2»
<, NT,4@@;%@,3%@®%@f?%&w;5&~ﬂ~7uv}7?74~%ﬁﬁm
HDVEIEO R EENE L, 2 0%EAE 2 EIrTT,

HEZEDREOHT, Y Y vBEIC OV THADETRLT DEER Y vERED

Start

- ' —‘—.{ T»— - 0

1
s

s W ]

A B c D E F G H

— 30 cm
%2 E, o, PIBIPAEY) VBEDOR—~— S ow b T A
A NaHPO,, B: Na,P;0;, C: NazP;05, D: (NaPOs),, E: Na,HPO, +Na,P,0,,
F: Na,HPO,+Na;P;0,, G: Na,P,0; +NasP;0,, H: Na HPO, +Na,P,0;+Na P30,
B 72 b 70, K5, 20% LY s a v FEER 25 ms, |E : 10°+1°C
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EE2HEE 2ATEHELMELIK, F, €o, TV YEEOEMCL YA, TETA
Y VBRELRALTVELDEEL NS, ENTARBOERAEERNL TN 328, M
IS DT, ED2TAS Y VERIED R HEIRIE LIS D7,

F2RICHLNBEESIE, Y/ unBROBS—EOBAE, T2t vORBPL,
DTROEBBZVERE, £Y VBIEO R EZDOSORRSVY, %Y vEEED R ORI
72t YOBOEZEVHEOEPARE LB, TRMADESICT 2t v 70ml Pl ETHER
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2>ml 2BEELIELDE L,

CORBOFEBAER Y, vk No. 53 ©10°C, 4EMOLHETTREICLDTE, v,
PIBIOAFZ Y YERT P ) U AOEBEEE (WThe 5P, BLUE+Ew, E+LHT,
o+t Y, E+ETF Y VERF T Y7 ARESER (B YBEROINE5TP) O=— 8
~7uR YT T T4 ~EFIDN, FORENFE2ETH S,

Wk, 20°C, BKMOBADOTHBEILIZ A~~~ v 1 /I 4B8L0RER, T
b 10°C, 4REOBALIZEALE L TH DT,

Bernhart & Chess OER & BT 2 &, ZTEOBAITERELE10°C, 20°0C 0BAL b
1EMEL, BEO7 2 v EKDEEDSEDTOABICAENS 275, SEIBET XD
DOTHDoi,

E. Karl-Kroupa® {1 &V vEMEO A " RCIcE > TH 2 TH D, 7, D. N
Bernhart & W.B. Chess® 3 F v ¢/ } A —F —ZFNT R~ A~ ux } 7T 200 vEE
DEBZFTEDOTNLIDT, FHRSHRIOLEMAELEENTINLOEERFILTAEEEDT
&5,

4. ¥
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