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Study on the Stretcher Strain Markings Appeared
in Aluminium Alloy. (Rep. 2)

Effect of Heat Treatment on the Appearance of Stretcher
Strain Markings.

by Eiichi Hata, Shiro Terai and Yoshio Baba

Experiments have been carried out about the stretcher strain markings appeared in the
aluminium alloy. In the first report, the authers described the relation between the
stretcher strain markings appeared in aluminium-magnesium binary alloy and magnesium
contents, the third added elements, anisotropy in annealed sheets or grain size. This paper
dealt with the effect of heat treatment on the appearance of stretche,, strain markings in
Al1-3% Mg and 5052 alloys. The results obtained were as follows.

(1) Cold rolled Al-39%Mg alloy, followed by an annealing treatment did not show
“Random Markings” or yield point on the stress-strain curves until it had recrystallized
about 80%.

(2) Al-39%Mg alloy water-quenched from about 400°C was free from “Random Mar-
kings”, but these markings appeared in air-cooled, oil-quenched or boiling water-quenched
specimens. “Random Markings” free specimens produced by water quenching showed again
these markings after aging for 3 weeks at room temperature.

(8) The yield point of 5052 annealed sheet could be eliminated by testing imme-
diately after stretching to about 1.29;, but it returned with re-annealing above 150°C. It
is a noticeable fact that the returned yield point appeared, this phenomenon is different
from steel, with lower stress than that of the initial yield point.

However, 5052 alloy which was stretched to more than 3% did not show the returned
yield point even when its mechanical properties had recovered completely.

(4) The yield point or “Random Markings” in 5052 annealed sheets could also be
eliminated by testing immediately after cold rolling to 29 reduction, as pointed out earlier,
but it had tendency to return with re-annealing above 350°C. 5052 alloy which was rolled
to more than 5% reduction did not show the yield point even when recovery was almost
complete but not recrystallized.

(5) By summarizing the result of previous and this paper the most practical methods
for eliminating stretcher strain markings in aluminium-magnesium system, especially 5052
alloy are;

5-1. Cold rolling to 4~79% reduction, followed by a non-recrystallizing anneal at 350
to 400°C,

5-2. Control of grain size above 0.055~0.060mm so far as “Orange Peel” free sheet can
be produced.
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Table 1 Chemical composition of Al- 3% Mg

and 5052 alloys.

Chemical compositions, %
Alloys
CuiFe[Si\MgtMnlznlu Al
Al-3%Mg | 0.06 | 0.07 | 0.08 3.00 0.01 0.021 Tr R
5052 0.02| 0.24 | 0.08 2.44 0.02 Tr 1 0.27 R

2-2 RAPREER

Al-39sMg 4413 2kg OWAF VEET (30%180X180
mm) TS L, SRRk, BRIRE 750°C, $5AR
g 720°C, $EMEE 100°C, $HEFANE 1L HTH D,
COSBWATE 25mm FORKE Lok, dSmm ZEH
FESE (BNHERERE 420°C) L., Hegt (300°CX30min)
BEEEEC Imm i Fd 7,

50524 Sl et X b #ifE L7z Smm KIE V) #%
AT, BT 10~809% wZ{t Uiz lmm FEifa
W Uteo BEEIALENT 3T 300°CX30min BB TH 5,

2-3 REKHEK

Eikomn< L@ s Imm B SR 2 BE L,

As  roli 240°C X 30min 260°C X 30min 280°C X 30min  400°C X 30min
(_/‘\ annealed annealed annealed annealed
28
op kg/mm?® 29.2 22.8 20.5 19.0 16.5
) % 3 15 20 23 28

241~ G.5. mm - - 0.022 0.030 0.18
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Fig. 1 Relation between annealing temperature and stress-strain curve for Al- 3 % Mg alloys.
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Relation between annealing time and stress-strain curve for 5052 alloys.
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Table 2 Effect of annealing time at 400°C on
the markings appeared in Al-3% Mg alloys

Test pieces were air cooled.

No.2 (5sec.)

No. 4 (12sec.)

Ll
]
Htoilrg;ng Tensile | Elong- ‘stselzic'zg& Stress-strain :%
No. irt:astilt strength; atic/m, gxi";én Markings curve
sec \ kg/mm? % mm :
1 3 26.9 8 — P Serrate
2 5 25.8 11 0.011 P Serrate a
3 7 23.6 14 0.019 P Serrate 'é
L
4 12 20.8 20 0.022 R—P |Yield-Serrate 2
Bl MR S DA X Xk — BB T T IUE, Bk
DRESPELEIED BESURSIIIC L TR A LB S IUTx Photo. 2 Effect of annealing time at 400°c on the
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Fig. 4 |3 Al-39 Mg
JEFETHHNEEDORE

HEEWEO e X IEBEORER K
FIAD frabic, 410°C DI T

1SR B, Wk, WAk KO h~BEA N 72 b D
CDOWTEEARE SIS IR AT 5 e B E DR TH

micro-structure of Al-3% Mg alloys which
were rolled to 80% reduction. x100x%
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Fig. 8 Relation between the temperature of solution treatment and

stress-strain curve for Al-3% Mg alloys.
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Quenched in Boiling Water Oil Bath (19°C)
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Fig. 4 Relation between cooling rate and stress-strain curve of Al- 3% Mg
alloys heated at 410°C for 12 sec.
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Fig. 5 [Effect of the annealing treatment on the stress-strain curve of Al- 3% Mg

alloys water-quenched after heating at 410°C for 12 sec.
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Fig. 6 Effect of the re-annealing treatment on the stress-strain curve of
5052 alloys stretched about 1.2 95 after annealing at 300°C.
Immediately 150°C X Thr 150°C% 100he  200°C X 300hr 350°CX 30min  400°C X 30min
annealed annealed annealed annealed annealed
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Fig. 7 Effect of the re-annealing treatment on the stress-strain curve of

5052 alloys stretched 3% after annealing at 300°C.
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Fig. 8 [Effect of the re-annealing treatment on the stress-strain curve of
5052 alloys stretched 79 after annealing at 300°C.
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Fig. 9 Effect of the re-annealing treatment on the stress-strain curve of

5052 alloys stretched 159 after annealing at 300°C.
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Fig. 10 Effect of the re-annealing treatment on the stress-strain curve of
5052 alloys cold rolled 2 9; after annealing at 300°C.
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Fig. 11 Effect of the re-annealing treatment on the stress-strain curve of
5052 alloys cold rolled 5% after annealing at 300°C.
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Immediately 300°C X 30min 350°C X 30min 400°C X 30min
annealed annealed annealed
oB kg/mm? 23.0 20.6 20.4
24 1~ 5 % 15 22 23
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Fig. 12 Effect of the re-annealing treatment on the stress-strain curve of

5052 alloys cold rolled 15% after annealing at 300°C.
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rolling
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30 min after rolling

Photo. 3 Micro-structure and X-ray diffraction pattern
of 5052 alloys which were cold rolled to 5%
or 1569 reduction, followed by annealing at
400°¢.
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Part of Random Marking.

Annealed sheet before
stretching to the yield
point.

Part of Random Marking followed
by annealing at 300°c.

Photo. 4 X-ray diffraction patterns of 5052 alloys which
were stretched to the yield point, or followed

by annealing at 300°c.

Table 3 Effect of the re-annealing treatment below 400°C on the re-yielding
phenomena, recovery and recrystallization of 5052 alloys stretched
or cold rolled after annealing at 300°C,
Stretched Cold rolled
1.2% 3% % | 15% 2% 5% 15%
Re-yielding O [ ] [ ] [ © [ O
Annealing temp.,°C 150~400 350 400
Re-Random Marking O ® ® [ J [ J ® O
Annealing temp.,°C <400 400
Recovery AN A A AN A o AN
Annealing temp.,°C 150 350 400 400 350 400 400
Recrystallization n [ ] n ] u ] ]
Annealing temp.,°C 400 400
Grain size <0.040 <0.035 <0.035 >1.0 <0.035 <0.040 <0.040
Annealing temp.,°C 400

@] Re—yielding or Random Marking was appeared
© Appeared, very faintly
@®  Not appeared

oy
(e

mno>oe

Completely recovered
Almost recovered
Recrystallized

Not recrystallized
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(1) 4~T9%wTAEES 350~400°C CHEBEHT 5

(4)

(@) fEfkEA  0.005~0.060mm Lk, PL7 v L7\
RECHRET 5
2HED b EAH LE L Do
5 #& £

Al-395 Mg 4&¥ L0 5052 &A&D5EMT v X 38
BROFELE I JIETEILE OB OV LI is R

(i) Al-3% Mg A&AMEEMIL, BEHEESL D
SRS A ZEME Le B a ., WThLd 80% RREER
52T Lok U ¢ Random Marking &y
EH—e 23 ghig EOMREE R Ui,

(i) Al-3% Mg &&% 400°C LL LA SukEEA L
7= 4 ok Random Marking % F4: Un\as, 224
WD &, TS D W KPP CBEA Lz LD
it Random Marking 2354 Utc, 7KBEA LC—
H Random Marking 2334 Uil ol b Db
B SHEHEME LT EHUEIWEHLDNS L 5Kk
AN -7%6

(ii) 5052 & & BEsti A MRS ONE T B RN
E¥CEEMTIL, MEEXT LCBEDEIIE b
DRGSR b vy, 160°C BlEoRET
B L7 b DI H UMK S b iz,
ZDHE 2 EROBREN, o IR, B
MOBEREL D SEWENTB-TWAZ LIXERT
NREFFRTH Do —F 3 %L EBEEMT Lz b
IR CHEH LB SRS EE LT3 bbb
PTEUER SEXEb N o7,

(iv) 5052 B&BEMiilA 2 %HMEIE L 72 & O 1L,
Random Marking & fk & i B \Was, &
A 850°C DL ooif e HEEET Lis & DI B O
HARTEBSS oo 5% BEL LOMTAHL
Fob O, BRI CIRRA FEE LT L EREL L
W D BOBREART S S o,

11

(v) SHEORBRMERLEH BLlE 2BETHL,
Al-Mg A &ic 5052 44 0FERMI v = 3 Bk
Ftw TR IET 25K L LOX

V-1 4~T% DBMFEERE 350~400°C CHEEMY 5

v-il fE SR E % 0.055~0.060mm Bl L7 v Ui Wig

BT %
2HENBROELE LB L BN D,
X [
R. Chadwick, W.H.L. Hooper: J. Inst. Metals, 80(1951
~52),17.
W.H.L. Hooper: J. Inst. Metals, 81(1952~563),563.
V.A. Phillips : Sheet Metal Industries, 30(1953),977,1048.
L SRR SRR S ¥R 1(1960),1.
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On the Texture and Anisotropy of Annealed
Aluminium Sheets. [Rep.1)

On the Effect of Preheating Conditions on the Recrystallization
Texture and Anisotropic Properties of Annealed Aluminium Sheets.

by Toshio Amitani

The problem of the anisotropic properties of aluminium sheets is regarded as of great
importance to makers of the earing phenomena which occor during deep drawing. Expe-
riments were carried out to study the effect of preheating ingots on the anisotropy and
recrystallization texture of the annealed aluminium sheets. By the present investigation
the following results were obtained;

(1) In the aluminium sheet which was hot-and cold-rolled from the ingot without
any intermadiate annealing treatment, the recrystallization texture and the anisotropy of
the annealed sheet depend on the preheating temperature and time before rolling.

(2) The above effect of the preheating was not observed in high purity aluminium
ingots, but in commercial aluminium. This implies that the effects are concerned with
the impurity elements in the aluminium ingots.

(8) When a commercial purity aluminium ingot was preheated and rolled the re-
crystallization texture of the annealed sheet retained most of main component of the
rolling texture (123) (121), and this results in a 45° earing by deep drawing. When the
ingots was not preheated, the second orientation (100)(001) appeared and a 90° earing was
observed.

(4) It was revealed by microscopic observation and electric resistance measurement
that the precipitation of impurities was introduced by the preheating treatment of the
ingot. It may be possible to conclude that the changes in the anisotropy and the re-
crystallization texture are induced by the precipitation of the impurities when the ingot is
preheated.

1. #&

TAE =Y AEOBFESMRESMBRR & o TR
cciﬁ&/plﬁbn%é}}iﬁg&w:bﬁ R HBNIERTH o
W21 Aust, Morral |iEE Y O B iﬁ_w"(é SHy
(earing) DFE4ARIN & %AMWDM%&%IM1@¢%
%ﬁﬂbmbfbéoXLV&ﬂﬁﬂﬁﬁ@&&&&b/
V2= LR O TG Fh AR (110)-(112), (123)
~(1213 & (100)-[001) DFH it BECHHET5L0T
bé+%mbto/W\:vAw@b@L@éﬁwﬁf%
C DRI S A MR OB M- o SV 5%
B Db DTHDN D DEAMRRO LR 4 284 5
$Mﬁ®fﬁﬁﬁ$f%b\Xﬁbm%%%b%@ﬁ&ao
COEFBBERALLY L35 bonElic

*U[}L‘l

it

Burgers

(5)(6)
X »TE 2 Bt “Oriented nucleation” %i2 Beck

BT Y 5 THREXINTCNS “Oriented growth” sy
Do BIEEERRBIOTRIL S S BIEE LiclioRiic
Lo THEEIND EEIZLF THBEFEE Lol
IR Rk b 570 b O Th B MR X o TS
TEEMMTObND ERBIEZ T ThH Do T OMNIOME
TR L & 5 M4 DRRA L SN TN D58 Sk 5
FRIEOHTE b ¥ b CHA MBI R B o
BREIRE A & LIREBR B %0 & ORI TS S EE & AR
O Az B HERE 2SR RS BB X 7 B b — R A3 R &
S TWBDTHD D o D HE BTS2 I CHREW
TR ERBR A AT o 7285858 1 3Gl ftEslens S iy it X
TN ARl D 5) & TGS EARBOBERE DL
T olebDTh b,
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7V 3 =Y A OFSERME G & BT oW (117)
2. B A &
g1
A
Btk 99.5% BEOMEAETH7 VI =y WO L
S ETFE - 1o 200kg (750 250X 396mm) D#FEHE, ¢
FL099.0%, 99.9% BEOMEAETHTVI=Y nk /]
BT o T 5 7289 2kg(150X170X27mm) o il Q\
A L7z, Table 1 wEEOSMEART, 200kg © N AN
c
N
Table 1 Chemical composition of specimens. :Z \/\
L1
\\No.]cu13iiFe§Zn\Mg1Mn1T11A1 L:; = ﬁ:
C.C.P. 1 | o0.018 0.161 0.37 ] 0.014] 0.001 0.01| 0.01{ 99.4 4 ;; > /:
P.M. 2 | 0.027 0.17| 0.59 | 0.014 0.004 0.01| Tr. | 9.1 L T o ?
‘P.M. 3 | 0.002] 0.06] 0.004) 0.009] 0.006f Tr.| Tr. | 99.97 i é\\ \~// D
LA >>
RS EERIC X o TE - e85l ik Fig. 1 R38R //// / e
BEAHCEE A B L 100X 200X 25mm <} & DA E A | Punch d; || 17.3mm
E Specimen do 19.0mm
_C_“ Holder Ip 4.0mm
D Die Td 4.0mm

Direction of casting

a:100mm
b 25mm
c: 200mm

Fig. 1 Extraction method of specimen.

W Lioe SAUHOFEmIEEILTH 20mm & L Table 2
TR IR L ORI A T o — B IRIC 22 E L

Table 2 Preheation condition of aluminium ingot.

‘ Temperature 400° 450° 500° 550° 600°

j Time 0 8 24 96.

oG 400°C & hpdh U2 Ol B T 10mm yZFE5Em
T Ufco RACHERIT 287  BUTHIR THEZE LT 1mm
ORI fee 5ERL L7z 7 v § = AEIER A 350°C
< 1hr gt Uizt X e X - TRERAER L2 0#S
WO & 1T W, Fot%k Fig. 2 TRIAHY A4 2
(Conical dies) T & - CHER Y BREY LTHSE2 S » 77
D iM% Photo. 1 @iRd, X Fig. 3 R4 BRICELS
v LT 45°, 185°, sk 0f 225°, 315° D4 s DHE %
etk Utc bk 45° BIDE &L L, —770°, 90°, 180°, %
O 270° DAy DEAFEE Lich Dk 90° O & Uiz
RO LTk Fig 4 WRIELHFETH Y%
HisE Lo OFEEEEY b o> CTRFHEOMIF L Uiz,

Fig. 2 Cupping tester with conical dies.

it

Photo. 1 Appearence of cup drawn by the conical
dies.

\

45°" earing

90° earing

Rolling direction of specimens

Fig. 3 Appearance of cups which are drawn
from anisotropic materials.

Fig. 4 Measurement of earing.

3. £ B & B
1EaD V FE SELL BT 00 ~F R B S A B AR D EE S AR & SR

FUEC I LIS BB DWW THEL{T -7 Fig. b
SNk A R, Ml S5 A FEAE LI AT InEh U 2o iR B
Th D, MEEMTIEMERLUTE D, MEMVERES LEHD
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(118) *F R #
4
o °
<
2
g !
&
-0
I
|
ui ) :‘,_!L'.—._‘"___.
5 + —
& apy !
4 \No' p:yraheu?odl 1

400° 450° 500° 550°
Preheating temperature, °C
Fig. 5 Earing of annealed commercial purity aluminium
sheet, showing effect of preheating temperature.
Continuous casting ingot.

400°C iwm#t UCFEZ LT 10mm & UL E CEREL
T Imm ORI R, [ANOHE bRROBEMIEE
13 850°C G lhr A LCh %o D BIE %1 500°C 1L
OB CHM A MET BEIL X 5T 45° RIDF AFE4T
HERT IR B, Fig6id 500°C Cssfimsd 53ic L »C

3
/"——L
o
| 2 H
E
£ 1
: 0
T Commercial-purity
w ! (c.c.ry
# Commercial-purit
5l 2 My
] ® High-purity (C. M)
& i
3 b .
0

1 hr 2 hr 8 hr 24 br 96 hr
Preheating time at 500°C, hr

Fig. 6 Earing of annealed high and commercial-purity

aluminium shuts, showing effect of preheating

time at 500°C.

90° FUCFa4: UIc B A 45° e B b4 B v i3 & D Th
bo BWMETNVI=v nLIANIH Shr Bl Eoin#h T 45°
WOEREET DT D, CORCTMA T4 5%
TRED 7 v 3 =Y 5 BEFAR O STV FERELL AT 0D §5 5 0>
FRMBNC X » THEAZ 28 N 52 i - 1o,
Photo. 2 kB BN/ v 7ONEERT, ZOBICES

Photo. 2 17mm dia cups drawn brom 40mm blanks,

showing 45°-earing (left) and 90°-earing

(right).
WREDRIBRINDO 7V 3 = v NBESIIR O TS e
B DTSRRI 5 b D EHEEIND DT, RICEH
FlamEc X 5B EAMMOEN 2 RE Lz, Fig 7,
8,9 K LU0, LG BN ERIRLTh B, Fig. 7 &

R.D

560~-640
640~800

Fig. 7. (111) pole figure of 90 per cent rolled
aluminium sheet made from the ingot
preheated at 520°C in 8thr. The positions
of (123),(1713 are indicated by A

0~470
470~560

Fig. 8 (111) pole figure of 90 per cent rolled
aluminium sheet made from the ingot
not preheated. The positions of (123),
(1213 are indicated by A

LU Fig 81X 53 O TMBL A AT 5 72 & DIFb e\ d
D B1E BB BT DIRT O IR BB T B 3 DR &5,
BTH Do MRS BTl E OESHML A @
A DOREE & » THEMEE S A U LT\ b, T
P IEBEH L OB SNBSS Fig. 9 k
L OVODTRI BRI 2 DA B3 %, Bl S5 T m
Bl BTz b DIE DTS dh A MRS S-S FH T
LU TS —FFRMBA T\ THICH B, s
LTEBLNLHITEH S LW 2 O HANEZ L TANDHH
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(119)

R.D

A

ql_',‘-'--

Fig. 9 (111) pole figure of made annealed aluminium
sheet made from the ingot preheated at 520°C
in 8 hr. The positions of (123), [121) are
indicated by A and (100), (001] are indicat

ed by []

640~800

Fig. 10 (111) pole figure of annealed aluminium sheet

made from the ingot not preheated. The

positions of (123), (121) are indicated by A
and (100), (001) are indicated by []

I (100 [001) AL VWFTEE “Cube texture” &
7o TN D EDE D B BT h 5 Bl $53 T s &
HBESIIT &~ TH B UL FE4 55 2 03 60(100)(001)
DFEFEA T EREE AR T O % £ R EEE L
BENRD D HENWE - T2

4 % =

B O SRBR DA% R EFSR O T M MBNE TG RS MO 4
PR AR T 2 BB RNT Th HFEN M o 7o ADIEE

T i D0 BN BRI DA IR E 5 X DD TH A
5o T Z THRDCE 270 1 N 7o Bin W RSRIE M
TNV I =y AL TFRME O RS LM T H S
(Fig. 6 B8 ZhR L ->T7r =y s 48X
NTNBARRY OZEZ T e s EERR1RLD LD L
i XNBe Bl 7 v 3 =9 LA ORH O K 5r1E Fe,
Si THBEMIBINLOBETNREELESHEMN S I 7 i
BRhEELZHEDTES D O S EYIETT BB TR
BT & BB ORM O a5 B 8 TR 2 .
Photo. 3,4,5,6 5L U7 TEBNIZERENLTLTH D,

.

(a) Not preheated x100x%

(b)520°C, 1hr x100x3 (¢) 520C°, 8hr x100x 3
Photo 3 Microstructure of high-purity aluminium ingot
(chill cast)preheated at 520°C in various time.

a) Not preheated x100x3

(b) 520C°, 1hr x100x%
Photo. 4 Microstructure of commercial-purity aluminium
ingot (chill cast) preheated at 520C° in various

time

(c) 520°C, 5hr x100x %

CTHBEDBEMSHBLNTHLLNEBMEDO 7V I=Y A
BB B E { I AR ONRIAMELL LT WD, —
FEMET NI =v AEITITEL ZOBLREZT B
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(b) 520°C, 1Thr x100x% (c) 520°C, 8hr x100x2
Photo. 5 Microstructure of commercial-purity aluminium
ingot (contineous casting) preheated at 520C°
in various time.

Photoe. 6 Microstructure of commercial-purity aluminium
ingot (chill casting). Not preheated x500

i

Photo. 7 Microstructure of commercial-purity aluminium
ingot (chill casting). Preheated at 520°C in 8

hr. x500
3.2

= a1 Commerclal-purity aluminiym
= Lingot (99.4%) |
= E
50 3ofl—0M e e L0y - 1 _ . e°
521 ]
az § 1

e o ¥ ‘
T = g o] ——0
o8 28}—8— - <)
EE High purity aluminium ingot (99.9%)
8 27 I
2 -

Not prehoated 400° 500° 640*
Preheating temperature in 24 hr, ©
Fig. 11 The effect of preheating on the electrical

resistivity of aluminium ingot (chill cast).
Specimens are quenched in water from
each temperature and then measured.

45°

E. H. mm

90°

e\ ZOBEATRFUC T DR U T OA# ¢
BB BB EIROREE CHEE S TR O Fr
HCH B0 a5 CESENOFE L2z L, Fig
NEEBSNIFERINRLTH B, S L 5 & 500° e

WAL O 7 v 2 = v & EROLTERIEBED LT
BIEMNMED B3 FUI A - OELE THH Lic b o & HE
EINDo HIC SBA/ARE 7V 2 =9 LR DARHA DR
ok Fe & SiCh A, Si o OBEOLE E CLiik
e B#E 2 T, ZORETHHT 2 L1335 2 B,
ﬂ%Fe%?w%%fm/W::vh$V%&tmﬁbk
WA, IRIRREE U E B AL g8 Tk Roth Hofrnann
C X oT7 VI =y n R EETOIRE CHE 3D 2N
HEINTWD, T BB L THIBO TN X - T
EHEAHYRO Fe BXTH LizbDEE2BNB, £LT
co Fen7nvi=y adhoif 28 UTORE TR
SR AR D & R BIR T 5 K& T Th HELR
ol Fig IR U TH HERIT 640°C Thi#EA Licb DD
xnfiwm BOBALTWBEL, Ziuuk 640°CicjirT Fe
DEEE IS 5 AHEBEE N ER LB L DD,
CIERPLA M 5 U 7o BOR O S SR A% 4 Photo. 8 iR L

5

. : B
(b) 520°C, 24hr %100
Photo. 8 Microstructure of commercial-purity alum-

(c) 630°C, 24hr x100

ininm ingot, showing change by preheating.

7oy, 520°C D & DT bl LTHT
l HERRD LT BI R 2 35
435 4 Nhe X B 500°C & 10X 600°C
]
3 % 3 TF A AT - 7285 38 2 B 2
2 -9 2 UTHE B BERR o0 B 05 VE4 39
DTV P LR Fig 12605 LA,
0 =t 0 ~Qr
_L Fig. 12 Earing of annealed com-
T 1 Py mercial - purity alumin-
2 + 2 ium  sheet, showing
3 4 3 effect of preheating te-
mperature. (a) are pre-
AT 4 heated at 500°C, 96 hr.
a b (b) are preheated at

600°C, 96 hr.
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600°C CFMMEA T o 7o b O OFIIE L £ H 0P
WEHARLT WS, BLEESNIHRERIC LD OiEs

iz C##T 5 & Table 3 OEICA %,

Table 3 Change of physical and anisotropic properties by preheating condition.

orchenting | Mierostructure | Blectrie resistance|  goliing texture | FOOTSIIANON | paring
Al B B ~650 Not change Not change (128)C131) (100)£0013 90°
Commercial- purity ~400 Not change Not change (123)r121) (100)C0013 90°
aluminium 450~550 Precipitate Decrease Q23)(121) (123)(121) 45°
(99.0%) 550~650 Resolute Increase (1230130 82232% 90° +45°

5. #& &

7=y RERIE T AT 5 CE OB O T
B L BT JIETHHLME L, RO

(1) rPRBEsE A 1T 5 v < 8550 B M5 I OV TH]
FEAEX Uiz 7 v 3 = 7 BAROBEFLE O T ik dh EE SRR X
UYSRFPE, FERERT O S8 fNEAE B 5 L OV i 3215
EMNb,

@ FEMEBOMBIEMET VI =Y AW TER
DENTWEME 7V I =Y ACRTHRDBND, TOH
BTN 7 v 3 = v KBS B R o0
Zq) L RS B A ERT Do

(3) BEMESIOMZE s L OESIEMOMWEORR, ST
fisinEie X - C Fe 2T 2288 0 Z 0@ 24 LT
D Fe (LB OB M & B g8 5
LD LEBbis,

(4) WAL 7 v =y 2T A N B &

F ORI OEAMML, BB RiEk % B
TR AR D, TOMKER 45° T E A B ) INTTERTE 4 T
DRI Bo LT ML Thls Wi & ik, B2 0H
(100)C001) A N0 B B4 Fd: T 5,

AAA
® =2 &

X iy
K. T. Aust and F.R. Morral: J. of Metals, 3(1953), 431.

R. Hill: Proc. Royol Soc., 193(1948), 281.

MW, P H ek, 18(1954), 371.

W.G. Burgers and P.C. Lowwerse: Z. Phys. 67(1931),
605.

P.A. Beck, P. R. Sperry and H.Hu: J. of Applid Phys.
21(1950)420.

P.A. Beck and H.Hu : J. of Metals, 1(1949), 627.

A.Roth : Z. Metalkde, 31(1939), 299.

G. Falkengen and W. Hofmann: Z. Metalkde, 43(1952), 69.
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On Bulging-Drawing Combined Formability. (Rep.)
by Koichi Yoshii

In these continuous papers the auther is studying for the purpose of establishing the
testing methods for pressformability of sheet metal.

Based on the classification of sheet metal press-forming process introduced by Yoshida,
the auther has attempted to find the quantity which is able to put bulging-drawing

combined pressforming in order.

By applying the mathematical analysis carried out by Fukui, Yuri and Yoshida on
deep drawing to the case of axially symmetrical forming in general, the justifiable
quantity was found as the first approximation, namely ;

(a) Using two mean values of tangential logarithmic strain distributed in shrink
and stretch flanging parts, bulging-drawing combinations for axially symmetrical press
forming can be expressed quantitatively as general idea. These two mean tangential
strains are named+eim (for bulging) and —esm (for drawing) respectively.

(b) Use of the rectangular coordinate of +em coefficient (bulging coefficient) and

—eom coefficient (drawing coefficient)
bulging-drawing in press-forming.

1. #

1960 4E/< V) iIZ 5\~ CRAM X7z International Deep
Drawing Research Group (% L D.D.R.G.) D& 2
ElAZ COAETFREOMEFR LR, BLUEART

il

Ps

L 1
Sheet holder

i
/ Ty +d0'r Gy

[~ AR — Vr‘d

Die

Ro

Fig. 1. Symbols for tools and blank dimensions and
acting stresses in faces of a sector element.

* prgeEs

is convenient to express the combination of

OEBOHE.LD.D.R.G. 3HI & LTWAHFILRBO
R D 7" v A B RIE D RESL O fo DI 1k — 8 O EL T Y
EROVENRT#H I NI, TODERLETREEE L
THBRBEDOBFZEOE I 7° v AEZE DTS, ¥ - 0 Wt %
. HHENES TRSE Ui 77 v A BB & Ot & 6
XD LB BT bivie,
ZZTHFRENR TR /7 v A E MO 4D
5B Y LR Y By B OMICERET 2E. B
M2 BHE, BB LEY By SRR e ES
ENTHFEND WD BEER ) —IR Y s A% )
DR S » TEE D DFE— I C X 2 ORF R
DK S X D I BARD DAL ET I 5720
7 v ARTRK S D BFRRO— LA B T 505
AT BT TR T AR X A RRERD 7
VAR ED, BEETER I VBB ND, WIBOBE
HMemz bNbichBs L0 e X 3 05 MHkEEARD, Zh
% BN CHEE Y & A R I BE TR 5 D@ & b D
BREAESNZO T ZEBET 5,

2. TURBFEERFEEORS

3. ZOWEOEEE o TWAFHEKR L » T
b@FTVXﬁ%&W%%wz%KOVT¢&TAa%k
Vo

FHE UL S7° v 2SI I 53 O LT 3
75 v IVEW, MY T 7y IEREBOWCIZIERD 3
DEWBEENSH > Thby & DFRBTT b T %,
ey Ty IVERL, F2ERIROSA AHLECHD 7
YD ELEBEFART 6 X o TEHET 5 2 RNk
MEHEISS oo MRS T 7~ SENHEAF Mk
EDEWM Th D, MY 7 7 v VERIIE LEOK v 7 FK
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WCROND Z L & 2RNLBEFMEIES 0o HEIRIET
THEFAREOLERE Do ZD2ODKR LM E
FOMERIT X DB RIROBEATT b %o
#3277 vy IVEROER A ZE T HSHFIIRET R
RT3 % e c, My 7 7 v YERREE A RREAY
% BWWITEE Do PIZIXERVIIFEL LTHI 7 7 v
BEWAFIR U TR AT 5 HHkTHRE Y REUTERY v F
AT 2FEH OBET T 7Rbb a Wi TEE 5o B
J& D P BT OB BRI DB =97 DRk BRI OB T
BBo INDOWEIDIZ T BT b B Do
7' v AR B B R R L O a b I X
DELIRRTIEL ZVARFE, KV, RY Hiy,
€77 yY, AbUcsr D4 BORBICKSEND,
Table 1 Classification of pressforming and
formability. (by. K.Yoshida)

Deformation
Shrink Stretch X
Bending
Limiting flanging flanging
factor
Deep drawing Bulging
a-rupture (deep d _
p draw iys
ability) (bulgeability)
Stretch flanging
ﬁ—rupture (stretch
flangeability)
Bending
Bending rupture
(bendability)

FLTENDOREE 5 BB O 7 v AR b EAR
ik 7 v AR EE LCRIBTAER &, MUEXE
HTFOMEDLBE L > THELTHEZ HLERS B, T/
bbb, Blk () TRIZSLLSHEINS,

D EERE R A B B A iR BRI 0 B R TR
Bilcdicld, WYl F v F LA AOME b LYK
TR ENEFNORHBEY FOMEREN L T HELE
B LTI T 5 &L DABETCH Do Bl2IE, BERY
HEFRRE LCEEEO Ry F 2R Lz v 777 2 P %&{T
EWNRFE ) K, BAHCEERE ) Ak, BRI H v
HBRE LCRAER 72 FA L, 80K L TORELY
TRy Ey#RODZEC L D REND,

HED 7 v AR B RO MIREZ L, ohb
AT 4 DOEBIREOEAEMHE TH D EHELD
T EMTE D, HH TR O B H T DA ORI RN
B BB EDBE b S o Wb AR & /s Do

3. BERFELEAMTEH

B Y LR Wy DA OB AL, BER Y7
CEHBIVBHTE Do BMEMZ BNDEMHHE R >
FEMECRFT e T ARSRhEWIRIFT R X 5
B Y MIOE A B IR0 A+ > 7 BN 23 P K
YFOEE LB LUTYRWERE R ¥ 7 OB TSR FD
A DFIRISTINARE LI D, KRERMHE 7 5 v IEH,
TibbRIE Y MIER) 5o 2O L 5 REREMNGOR

FATGRR Y LRV Yy OBHARKO 1ETSH D, Lichis
TERERYFTOH v ¥y 77 2 F OkERITERER 15D
HARHNEARDT EHEZTL

X BIEHERBMEC DT 2 At B fo D I TRt
BRER DR S 2BOWPCDWTHEL TR I S0

HERHT 125 IBEROBO—FME L # 2 52 LT
X BN nO/PNZ IR E WHRHC U CT—RITIR D
HI U, —HfEI 7 7 Y YERORZ 5T 5
A A _EEEOE ) R HRBRIC 4 BAEE 72V XN
HETCRAEWHERELTHES 7 7 Y YERBEDO VIt
REET /bbb NI SE S Z &L b IvTinD,

BERY 7 LDERIVREEIO 2HECMEZ S L n
DINEWEBHL A ¥ F & OEME SR o WERHC Y
BRCET DHRERCI D, 2R Y By g BN
ZEMNSnORE NI TERE ) IXFELUJET
T 5

BRIEA v i & BYER ) B 21T 5 2 ORA R
BROSRTRE Y By EBERRER LE—ER & Xk b
L BYBBROEENRBSY ZENTR Y, BB EE
B LR R e LEARBSEIFEAETHEE TR
WTHAH,

CORCEAREMEL., FO 7 Vv ARESESBOER
DERATARHTHE LI L 0, EERIEEOHES b
ThHBEHWTHZ ENTE D, L UEED 7 VAR
HATEMAEARH TH 205, BHEEDHIENT I B
WO EHETHES LTV WEERE N,

T UAZHISIHREE T O T OB O AK 23R C
DAL, B4 OEERBITT L TOEERBIERE Sz
CHELTHNDEEZLDFNEXETEAS Do BT EWIL
YRR L OB Y v iR & 2 bR EEN TR
D, 7VARERFA Y ED S 1 2ORFTH D e I
SN I BRI X AR B NEENCEET B &
SREZBND, Uil Tliyr il & thoEM o
BiEH L LIERCEESR Uil binv, —i i
EREOLENTND 7 Vv ARBI BT RO &
o & & BRI D EENR R FERIETE 0 X A
BRI, & B WEBTERIRC A b o AR Ch 5,
L LINbd AEEBOREARICHS 52 2340
LARBETHHDT, TENEREN S TEY A=A
HI7R 7R CHER M OEARIYEA &1 ) = EE~ T IE#1
BEBHTEDFERLE LW LE MR TH D, FOK
DI HEEREOEEEIEA DT B SO FEILE L
fi@f%z)o

HHED 7' v AREBR SRE, %08 CHAE—OE
ERFORREERLUUICB, BT HO~TEE T A
R~ AWM TOE L KIICREAERELX L - T
WS oD A A FROER %% 2 oA B &
JEXRD & RFEEERBANET B,

BIZIEITATRRO L D FC L D REMRE S TRDZ &



April 1961

TR & &2 &

O (124)

WEREBEEH DI L Th D0 LESRYORENELIE
BB R T TRE LA E 2L DN D, & ORI
D BIEA TIN5 B D PRI 24587 DAIAE
EaHE UIEARBERRSE 2 bive 3 g b
Wo TORDTITEERMOES X MEL L&D THET
BERNDIE L I 5Tk b

4 RUHV—ERVYEERTED
BEEORTELRRE

BEBHOBEEEXBENCRLTRLDE 5L LCE
H & Y & BRI Y AU DA T & MR T B X 2R #R
FRDIRY v | FII B Y INTIE /€ 5 Th oMot

EPENFRIPR DR Y s & 7R Y BRI B 53
Mk, Ry FRAROEARMIC AT 5B E 4 L OB
b BERCTHRET D1, FM~TEE Ry FHBIREEL
S Fe—H D WSRO D O BT % f#hT L
7o

4-1 EROHEFR

BRGOBCERCKZ2MAS AL X3, EEHhe
I, WEFAeXIHRDBIDIZ TGIF#E& YN w
frwﬁbtﬁﬁéﬂﬁbf%»%ﬁoto?&b% %
TEAE 2 R D 5 T E L CE K - 70

(1) Ro>R=Rs

FA ASFEEOWE 7 7 ¥ VE TR DOHERR BV
b X3 OEBEORIILITO®BY Th b,

dw, RD)_, 7

........................... (1
dgo ____(1_659 "“E,) )
dR R

2) Rs =R =Ry

FA ATHHECHE LT B TR X OB OBIRRA

BLITOHEY Th be
d(U'dRT) —ay - T(s1na+pcosa)Rd ]
@ +po,RT -(2)
Z‘Z" ———E (sina—ef® —&7)
B RiezR= Ra
Whp HAIBETH D03, S AR T 5720 SIRE
DPHERFECHEBNCELLTWD? s {EELTHEL
770

4 Rs=R=R,

By FEBARRICEL TN
BISTT e X I BREEF o T\ B,

6) R = R

E2Hh5 R0 DIREETH W ISR L0 e X 31k 2 OfH
THIHETH Do VER, BRER ¥+ TCOMT T - O%E
W,

BEDENE v X1 offfics e X330k 5
Kérber-Einchinger o4 g LU

Eo :K5m{0'o “‘(Ur‘l‘o't) /2}}

#HoTK @ TERbEh

& =Ko"{o,—(a14+069) |3}
ZK&’"{O't—(U'o +0'r)/2}

R, FAIST o EFY e X3 E oIt
c=C(E)"
o=y (00 2+0,2+0:2—0y 0,
E=02(80 24E,246,2) 3

RH—FKIBARAR S B EE Lice it C B,
nASHB O T E 2RI <2 Th b,

FKEECBEF AT AR Y 5Tk, vy vl he b &
TR U, EREME. 0,=0, oo =
ClUn (Ro]re)d" & LT (1) RAxM7ze R=Rs »5
(1) XTRDBNEREEA AT Q) R 7o,
— R Y FHET DEOTEHE (5) 0% 2 3 3R A
HefzE L, M @) © R=Ry TR HBEREM o=
0, or=00 HAWT @ KREBNTHL o £ AEEMEBE
R FENES & AR SN B, WES DAL
WEELY, (RTo,)r=r,=(RTo,)r=r, ThH) LA A
BHE, By AERANOBEMA a NELWEEET S
L. 120D A4 ABMERIC DT 0 1 v F AR A3
BHENDo EDOHNBMUEBHORRNTETh 5544
MR S B —MNE BN D,

BRI O D Sk

gr=0=C (nfe)*

& LT ¢ BERANBOERTH D,

4-2 BEERTROES

R Y MY R RETHERIINGI 7 7 v VEHTH D,
RY YA RETBERIIME 7 7 v YBHTH 5,
R Z TRy BERAE L RN+ H LT 7 7 v VB
BEENENDOEHBE AR TINEE L D, FLF 4
W7 7 ¥ YERBEEEAF R < 8 2 KV L0, 7+
M EDRIERDELCLVRMENT WD D ThH 5 Hh
by HATRe XIS b o Tl 7 7 v YHuXBI4
BILEEBTHEASD, LichoT, W) —E Y My
AREOESIMAS M e X 3 4FEHEL LB TELEIT
PFEOENFIBTECENTHS D, MI2IE, EBITIIR
DRTWRES e X I AERCT D ERE - & b EF
REEZEZBNDH, FFETCHRETE A BHRE S
ZIAF TR 7 7 ¥ VBORBNETE i\

FREL, WENRETH RS, Fhroksk
DERD D F o TREOHIN T H B3R B O gt o B
T TR B,

AR e <3 & 2 MITH O FERER L & 5
L, & DHHEPAEDLND, 2T & &ffioT, EDM
V7T YIS EROMI 7 T v VA A — R Heigd
BN A DITENE 2 b, EFHM7 7 v YEHOEH
BT 2003 & 2 FENFR, FORFTRES L&
DL TWBM, MESEOEENRE LS STFNEI LT
BEAEET D, T TNFNOBAME, BUE RGN
W, BERAFELTEENR, M7 7 v yficd th Tk
BN, AR RGBT B E N0 B,

BUEETHEARIA LeBAT L B8 LD, 51X SEHD

—0,0t— 00 )} (4)



:_k%fi(il/\ —&om c‘:a)j:tjd-fc‘:/)fc‘@é%’zfi)\ %3-2@

(125) Y Y R A BB DWW T Vol. 2 No. 2
£ — FEROBES L., FOHMEDKE S ->TH & K &
orer0.067 B L5 Ui,
Eom=0.370 T e 23 DR TS Ui, 2 ORFADE
A=, BAL Gl o 2R T, FND & ENENA+Eom (Y7
‘”m{ ‘ 7Y VERE) BLU—&m (W77 YERE) LW
, | FTHZEET Do
- ‘ i FEm MY T 7 v VERE, Thbbillir BN EE 2
—02 | \\ | TR Y R DA EFD LTWBM D, 5 8-1 i
‘ : : TR REIC ) T SR Y HLS I T b R v IR
~tom | \ | PRSI S B 7 DB Y B2 < TR ot
_ N
—0.4

0 0.2 0.4 0.6 0.8 1.0
R/ro

Fig. 2. Relation of Z4£em to a distribution of circu
mferential logarithmic strainge.

W EO—EHE T E s RO E T e X 2570
DOIEDTS WY 7 7 v YEHE) B IOAROHS GF 2
75 vIERE) OFNFNOFEEe Xk b TEN

+<E0m
o //

0.10 V4
r,_/ro:0.25// /

0.09 v
t1/r6=0.5
0.08 /’

0.07 g

0.06
0 0.2 0.4 0.6 0.8 1.0

ryfre=0.5
—&m
0.3
0.2
0.1

r1fre :.: 0.25

o !
T 0.2 0.4 0.6 0.8 1.0

"P/’x
Fig. 3. Relation of +€&em to punch profile for deep
drawing (r1/ro=0.5) and bulging (r1/re=0.25).

DR —Eom V1A ¥ FIARDENR S F D FENR D IR

VY BENRS L EENTESHZ LIRS,

4-3 £ [ &

BIZE +€om,  (FEm+|—Em|)X100% & LTEb
Uic AR CHARY % 2 5 ik, BIEHHT 7
bt tEem MIEFFIT/N X WEDRHT REE R 72 5
BEVEM D ot D, AEA B OWARE 4% 2 HEERT
HrZ & MHHOT, EARMAEFRDLTRELE LT £Em
DIDID B 2 /< UL B IR\,

e m T FIVEIURMNL & LB AR THRBOE Sz
LR OKARBEAR ., FO =& m HIGT H— L TEDLT
TENTE, BRALGAKERLE O T HEOERL
FORHYOEEELATLT L ENTETEMTH %,

+ Egm =

Axis for bulging

Axis for drawing

—EQm T
.+-> Forming punch stroke, ~——> Blank size increase.

Fig. 4. Model figure of 4¢eopm coordinate.

A PN hEem MHEC—EHOIER XD FEREY
XTI T AT s o e 8 W O—HOBEENIM A FbT
BERTH Bo MBITRBIEDRER Y RDL L TR DX
s O—A B Y B OB OEERE O R T,
B O— A e VIRA CORETH D, Ei0—B
I ARE Y Y T B CrE BB SR & B R
BRI HBHE EAhRT, Lo THRE O—A kY
ATy TR ENREAEDL L, F O-B ik
F OO ) IS (v FH) AREEIC L B O



April 1961

T &K 8&

® B B R (126)

BExEbL, O—B o s LT B-Cikig ) H s B
ROWBEER L TWbH, ZDE I +Em PEETHE SR
DRCIGER TOEANY 45252 L b TEH L, #H
MORRICHEIR COEEIF % 2 R b T o &0 TE
%0

5 PRSI BlERt L ac AT /e o 7o, n=0.5 OBPE&
BV R L OUE Y Iy B Ul O A RIELS & v 7%

W 7pfry BT A2 T LT, HEom B TH L
LDTH b

ERCSEER v F LD ERER v F O 0EE ) Ky o
WML TRY, Ry dE—77 v 7 &k (7o)
HURNEL B LR Y By I OEIE RS < FR & LT
Do ZOFRCE TR Y v BO¥ &R Y BV A ERE LT
F DA WIGIRBED LI RTIEE T H Do

0.2 n==0.5
L =0.14
A—B—C:  rp/[r; =095
A —B'—C': rplr,=0.10
+Eom
C
- o - A

N

0.1
/ ryfro =025

t1fra=0.6

Fig. 5.

5 ¥& B

i B T B FR TR ORE U 1 o — R Y A BRI DWT
BEEOBENERERS I

TORER AT Do

D ir B W a i Licig v s —3 v A8 08
GEERMCY 7 vy IHEMEI 7 7 v T ENERON A
FREMNEE 2 2 2BOYH Uil £8m &b o CTHRRT
BHIEMRTE I,

2) WEHEEAm e X SE £&m AN & oo E
ZEHEEIC X D R Y BB BAR Y v BB E D — DK
BROBERWE B L CRALBEET DL LN TE D,

~0.3 ~éom

A group of bulging drawing combined forming expressed on the &pm coordinate.

ZONFEOEKOEBY THLEENIBOBEE L, B
P & OB TRBEEIE DT OEILE 2 e UTHRET
HFETH bDo

B oftgeic & LS Ze B BvE I THT e, HEEA
W2 B, & SO, FEBFRHENTZE B R E) I lFaE & e il
W Efe—iiE, RS TS LB 00 hite
L2 oo BB TR T 2R TH B,

3 ik
1) K Yoshida : Sci. Pap. I. P. C. R. 1514 Vol 53 (1959)
126.
2) S. Fukui et al : Rep. Aero. Res. Inst., Univ. of Tokyo
No 332 (1958) 43.



P
I%a%rinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS vo1. 2, No. 2. APR., 1961

BvE R DSt KRR 5T va » 7oy —
T L ABKRBEOEBERE wiw

K #2 K & -

R BE&E L XKL &



[T U T

A 3L

R T TN

B RIS RREBAIICR T LET va T oy~
I X pPKREGSE OB ERE ®m2w

X & R OB Kk B O£ B
Corrosion Testing on Condenser Tubes

by Model Condenser at Osaka Power Station (Rep.2)
by Takemichi Otsu and Shiro Sato

Using model condenser, a corrosion test has been conducted on condenser tubes since
March 1958 in cooperation with Kansai Electric Company.

In this report the test results obtained from September 1959 until September 1960
are reported.

Following procedures were taken;

1) In September 1959, 20 tubes which included Albrac, Alumi-Brass, 70-30 cupronickel
and aluminium bronze were set in model condenser.

2) To equalize the corrosive condition of model condenser with that of power plant,
brackish water used in model condenser was taken from cooling water pipe of No. 1 unit
which pumped up the cooling water from estuary of the Kizu River near Osaka Bay.

3) Chlorination to cooling water was performed to obtain the residual chlorine of 1
ppm in six times a day for 1 hour.

4) On September 1960, 10 tubes were taken out and tested.

5) Duration of this test were 6,161 hours.

6) During this period the analysis of water were performed.

Following results were obtained ;

1) By the analysis of brackish water:

a) The concentration of sea water was 60-80%.

b) Pollution due to NHs, Fe++ + Fet++, Cu*+, 5-—and organic substance was
prominent, especially in summer and when the mixing ratio of river water was high
enough.

¢) In this period, degree of pollution of water increased compared with that in
previous period (reported in the Rep.l)

2) By the inspection of tubes:

a) Each tubes were covered with slimy scale which mainly consisted of Cu, Fe,
S and organic substances.

b) Each tubes of Albrac, Alumi-Brass and aluminium bronze were suffered
from severe pitting type corrosion.

¢) 70-30 cupronickel alloy tubes were free from pitting corrosion and suffered
from slight general corrosion.

3) As the conclusion, among the alloys known as condenser tube alloys, 70-30 cupro-
nickel is the most suitable one when highly polluted brackish water is used for cooling water.
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Table 1. Chemical composition of tubes.
Alloys Mark Ca | zn | Al As si | Te Pb | Ni Mn | Co [ Sb
(B-27) | 77.98 R 1.93 0.058 0.238 0.009 0.005 — — - 0.01
Albrac (B-57) | 78.07 R 1.96 0.057 0.234 0.014 0.005 - - — 0.01
(B-67) | 78.04 R 1.96 0.057 0.238 0.009 0.002 — — 0.01
(©-37) | 78.36 R 1.84 0.080 — 0.015 0.007 0.49 — - -
Alumi-Brass | (C-47) | 78.33 R 1.87 0.082 - 0.012 0.007 0.52 - - -
(C-67) | 78.36 R 1.85 0.083 - 0.014 0.007 0.51 - - -
) (E-17) | 67.60 0.57 - — 0.042 0.580 0.011 | 29.70 1.16 0.28 —
70-30 kel
cupronickel | p4ry | 67.48 0.50 - - 0.028 0.510 0.000 | 30.20 0.92 0.28
. (F-17) | 93.18 - 5.18 0.446 0.025 0.007 - - — —_
Al b
umnium bYonZe | ary | 03n1 - 6.30 0.462 - 0.027 0.007 — - - -
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Table 2. Chemical analysis of water used in model condenser.
\ Nov. 10,1959 Dec. 28,1959 Jan. 29,1960 Mar. 16,1960 | April. 26,1960 May. 18,1960 June. 24,1960 Aug. 16,1960
B !
T~ IEob|  |Food|EBb|  [Flood  [Flood] |Ebb | |Ebb|  [Flood|Ebb|  [Flood|  |Ebb | |Ebb|  |Flood
Water temp., °C | = = 113.0| — | 14.0 |11.0 | 11.0 11.0 14.0 | — {14.0 |16.0 | — | 18.0 [18.0 ]18.0 18.0 122.0 | — 122.0 |25.0 {25.0 | 25.0
Turbidity, Si0s 10,0 114.0 | 12.0 |18.0 [17.0 | 15.0 [22.0 | 23.0 [24.0 5.0 | — [24.0 26.0 | — | 25.0 27.0 [15.0 | 12.0 [14.0 | — [18.0 |23.0 [17.0| 17.0
pH 76176 7.617.3,73| 7.83\7.2]| 7.3|73|7.6| — |76]|7.1| —| 7.0|7.83|7.2] 72|72 — |74,7.4|75] 7.5
Cl-, % 1.46) 1.56] 1.50} 1.23| 1.20, 1.18 0.77] 1.19; 1.07, 1.4 | — 1.52] 0.77) — | 0.68] 1.48' 1.47| 1.48] 1.40} — | 1.30; 1.20} 1.48] 1.61
NH,*, ppm 0.06) —  — 0.30] 0.30, 0.30} 2.00] 0.75 1.70[ 0.09) — | 0.09] 0.50, —- | 0.70| 0.40 0.41 0.38 0.63 — | 1.60 0.35 0.08 0.07
$, ppm | —| —| — | 0.07 — | 0.09 0.12 0.12 0.11 0.05] -~ | 0.06) 0.12 — | 0.15/ 0.06 0.05 0.08| 0.07 — | 0.10, 0.05| 0.04] 0.04
Fe ppm 0.23; 0.31 0.72 0.22 0.16) 0.15 1.03, 0.71 0.91 0.65 — | 0.68 1.20, — | 1.50/ 0.75 0.87| 0.95 0.72, — | 0.45 2.50] 1.60| 0.40
Cu**, ppm 0.40{ 0.47, 0.80, — | — | — ]0.13 0.19{ 0.06| 0.02] —~— | 0.05] 0.15 -~ | 0.08] 0.60{ 0.20| 0.23 0.01] — 0.03) 1.20! 0.35] 0.05
Chiorine demand, |y g1 1.1| 1.0 |25 | 2.4| 2.8 27| 23|28 |24 | — |23 43| —| 45| —|23| — |12 — |23 58|5.0| 3.5
ggr);lgen demand, | 5.8\ 4.8 3.8 | 4.4 | 4.5 6.6|6.0| 6.0|6.0[1.0| — 120 7.0 —| 6.0 (7.2 6.9 6.7|7.0| — |7.4/10.0|9.5| 9.5
Dissolved oxygen,| __ | __ | _ N N b N _ . _ = b P T N
ppm ! 1.7 1.t 2.1 i
Table 3. Comparison of analysis of water used in model condenser
from March 1958 until August 1960.
Mar. 1958 Oct. 1958 ™ n
. 1058 g, 1059 [ Nov. 1959~Aug. 1950
! Range | Range ] Range Mean Medium
Turbidity, ppm as SiO, 3~23 3~30 12~27 19 —
pH. 7.1~7.9 7.1~8.0 7.0~7.7 7.4 7.3
P-alkalinity, ppm as CaCOQOg 0~8 0~25 — - -
M-alkalinity ppm as CaCOg 101~196 72~135 - — -
Total hardness, %102 ppmo as CaCOj 3.67~6.67 4.00~5.94 — = -
Evaporation residue, % 2.29~3.17 1.42~3.36 = = -
Suspension solid, ppm 5.6~130 Tr~124 — — -
Cr, % 1.22~1.77 0.80~1.94 0.61~1.61 1.19 1.50
5047, % 0.20~0.67 0.1~0.7 — - —
S, ppmt — — 0.05~0.15 0.08 0.06
NO7s, ppm 0~1.0 0.1~1.0 — - -
NH4*, ppm 0~0.06 0~2.0 0.06~2.0 0.56 0.40
Fet++Fetrt, ppm 0.10~1.70 0.05~1.44 0.40~2.50 0.77 0.70
Cutt, X ppI 0.03~0.12 0.03~0.61 0.01~1.20 0.28 —
Chlorine demand, ppm 1.2~4.4 1.4~4.1 1.0~5.8 2.6 2.3
Oxygen demand, ppm 3.0~11.4 2.1~22.0 3.8~10.0 7.0 6.5
Dissolved oxygen, ppm - — 1.4~2.1 - -
Catr, ppm 310~440 260~480 - — —
Mg*t, % 0.083~0.14 0.82~1.32 — —

—not analysed.

4



ppm.

ST

Svide.

Vol. 2 No. 2

BRI e KRR ST e 7 v a v 7 v ¥ ~ i X K

AR O I R (1315

0.12

L J

0.10 ¥

N

i\\

0.08

0.06

R

NN
AN\
NN

40 50 60- 70

Mixing ratio. %

Fig. 4. Correlation between mixing ratio of sea water

and sulfide in brackish water.

% < 715 TV BHIEASED BN Do

5 & gk
&m~2mmm1f8ﬂm1ﬂ2025%mn&%bko
0.70ppm BIEOBENKRE LS

6) gAA A v

0.01~1.20ppm Th 5,

7y EERELRE

1.0~58ppm TH %, 8 Al 5.8ppm %7k L1z,
3) MEBAMME

3.8~10.0ppm ¢ 6.0ppm PR TH HES
9) W
14~21ppm Th b,
VBRI Ta v,
AH O KRR S B A 32 4F ~34 AED FN L T B
L T YE=Y AAG v, gk A4 Y AFEEIICE <
755 T&E TN b,

BHC 7 ve=v b A & ¥ OSEE LB INETFIK OB B
S BBLROERKER LT WD,

F KB EOBACE L Tt EET LI &
HFEECET 5o

AIROE E I W o1 DEETFRE DML 8 ppm B

S RN ATNS

HERE BT v Em e LT

ThHH 14~21ppm &WHIERC/NEREETH Do
6. & O B =&

61 HE®

354F 9 AT ARERINE A P A Uico PR - 721

TRHOIOATHNTFNL3M4EI ARE LWEATHTA LichD

ThH Do

W ) HAEE
O

TNT TG 7
HETINVIT
0% x o 7=y r g
T3 =y LERE F17, F2”
Tods RELEIE 5 b B6”, C6', C4" g
A S0 544 150mm A B5HR Uz
6-2 W/EFH=E
1T & A CRBEOFE LD #E L
FTHEORREI VEIRFEBRA 24N, &4
HEE Y LA D A7 — VAR A BREE Uiz, DWT AT
~ VA e L CERE VENE OB AR A B Ui,
REANOES, ARER, WO B35 M ORI 4 3
&L,
RN A 7 v
2o

6-3 REBEOIKA

(L) 775908

B2 #% (8 2 8

B5” & CRSES)

B6"” & (28 1 8

BIENEIIHOHOR - B O A r — Vit L D E
b T, Zokits Photo. 1 k4, Ay~ v
R LzBid Photo. 2 D & 5 Th -7z, B2 ClIB
B AENRE Z AL ZARZT BN, 2 biiunih
LA LR TR E I ST —Th oo SHEADE
BB I I T h o T2e

B BdETEL DR L & stk 2 5 1R
L TR DBEERFIICERC Lo o

BO” I DB UWMARSIE U TRV e A T
B HRBIC AT TR 7 /S 2R DB U WA RZT B,
AR o HioEo BFHRoWEkits Photo. 3
CiRTo EHENEAOE L& 2 ADNER L O
DR A Photo. 4 1Z7Rd s BRI FUCEIRIICAE U T
WABER S RZT B, Mok 020mm ik Le

il F
B5”,
C4”,
B4

i

B2,
C3”,
E17,

B6//
C6I/

4

A f’é‘:

PR

%77 YT 5 THRIUALRES T H T -

Z]:) 03 IL) ZPO D 711_0
2) HBE7NVIT T AE
Cs i (5 2 s
C4" % (85 1 @)
e 7 (56 1 i)

BEIO 2 = VSRS & OV A 7~ VBRERBR ORI
R EEL TNV 7y 7EORIMEIFEAERETH 70
Ca”, CO8” oA C3 FLDHML WL S Th D,

A OWHEL IR Photo. 5 @ X 5 T B I A
DE L& 2 AOWER LOHEO R A Photo. 6 ik
To 7TNVT T 2EERUL D GFENCM I 24T TR

D, BRANERNCEAESZTCWAHEA A DN, %
OBEYE 025mm BECRIELDOLH o1,

(8) 30% X7 w=vir Vg



April 1961

t KR &8 & B & #

(132)

'9TeOS AWI[S YIIM POIsa0d saqny JeIqlyY [

‘ejoyd

9d4y 3uimid

a3 Buimoys

‘areds Awls

JO JBAOWRI I9}jE

‘UOIS0II0D

soqn) oRIQIY g

‘eyoyd




Vol. 2 No. 2

SRR DEF v a v F vy~ T X BEARIE OR HEk (133)

Inlet Center Outlet

B-27

B-57

B-67

'“Uﬂ{
212(312/1412

Photo. 4 Corrosion
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Photo. 5 Longitudinal cross sections of Alumi-Brass
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c-37

Photo. 6 Corrosion of Alumi-Brass tubes and their longitudinal cross sections, showing the pitt

ing type corrosion.
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Photo. 7 70-30 Cupronickel tubes covered with slimy acale.
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E-17

E-47

Photo. 8 70-30 Cupronickel tubes after removal of slimy scale, showing the slight general corrosion.
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Photo. 9 Longitudinal cross sections of 70-30 cupronickel tubes.
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Photo. 10 Corrosion of 70-30 cupronickel tubes and their longitudinal cross sections,

showing the slight general corrosion.
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O
Ay

Photo. 11 Aluminium bronze tubes after removal of slimy scale, showing the

sharp pitting corrosion.
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Inlet Center Outlet

Phote. 12 Longitudinal cross sections of aluminium bronze tubes.

P-17

Photo. 13 Corrosion of aluminium bronze tubes and their longitudinal cross

sections, showing the sharp pitting corrosion.

6-4 BIEERER BAEDOFAIZIERY B L O Foiziia #BTunin,
BB DR Table 4 7T 65 HNEMENOH
Table 4. Results of tensile test on test tubes. KB ONENTED O SNTIESR % Table 5 1wk,
As prepared After the corrosion test O b0 HEIE A 30~40% TR E  AEERIRE OARE
Test ’g%?éiiéﬁzh Elongation Test ‘ T;i?:ggeth Elongation WD GHifERE—H LTS, b AHA, ZOFMIEOR
Mark o kg/mm?2| & % Mark ! o kg/mm?| 5 % ﬁl&ét%fj) BHE %X)_ r)?hz%)o
B-27 4.5 56 Fio S04 LD S MK 30% ¥ Tw=y r vERER
B 44.0 61 B-57 41.5 61 e S L L "y
e | a5l CEEE 22~85% & 0 BRTTIEKC & HISR O
c-37 38.0 63 LT 20
c 43.1 60 C-47 39.2 58 LAl 30% % = 7' m=v 7 vEIiL SOy LISt S it
C-67 38.2 65 o SRR N
1,205 % CClo o CTHOBELL D D7t
E-17 38.8 44
E 40.7 47 E-47 39.8 4 7 tepiEm
- s N F17 46.9 66 ’ -
) F2r 4.1 8t PlEoBMBRERE LD, BEEAMALDERDL IR
Table 5. Chemical composition of scales formed on the surface of tubes.
- N X S not belong| burmin -
Cu Fe Zn | Ni | ALO, | Si0. | CaO Mgo | S0, |totals [53otbel ming | y,0
B-27 38.46 4.10 2.156 — 0.24 3.10 0.60 0.48 3.62 4.45 3.26 19.96 4.46
B-57 36.76 4.65 2.25 — 0.55 3.04 0.76 0.58 3.09 3.73 2.71 19.98 4.85
B-67 40.26 4.05 3.05 - 2.39 3.09 0.50 0.43 2.98 3.41 2.43 24.81 5.65
c-37 38.66 5.80 2.50 — 2.29 3.00 0.50 0.55 3.83 4.76 3.50 19.54 4.88
C-47 37.90 4.10 3.50 - 2.78 2.89 0.60 0.46 2.45 3.81 3.00 18.26 4.50
C-67 39.20 4.05 3.10 - 0.60 2.29 0.50 0.40 3.56 4.30 3.13 19.54 5.54
E-17 32.20 5.75 — 8.65 1.23 1.7 0.70 0.53 3.29 2.20 1.11 23.98 5.98
E-47 32.28 5.70 — 8.94 2.44 1.98 0.64 0.55 3.95 2.47 1.17 22.59 4.62
F-17 83.12 5.80 0.25 — 4.23 4.43 0.85 0.46 5.41 4.00 2.21 25.35 5.61
F-27 34.76 6.35 Tr — 4.57 2.44 0.76 0.42 3.70 3.86 2.64 23.91 4.85
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1) H. A. Todhunten: Power Eng, 61 (1960), June 95.
2) U. R. Evans: Corrosion and Oxidation of Metals (1960).
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Studies on the Titanium Alloys
by Yutaka Kondo

To find useful wrought titanium alloys experimental studies were carried out on the
workability, mechanical properties and heat treatment characteristics of several binary
and ternary titanium alloy systems by making use of comparatively high purity commercial
sponge (BHN 110-120) generally used in our country.

This paper contains parts I and II of the above work; in part I the mechanisms of
heat treatments of titanium alloys are discussed and in part II results of experiments on
several binary alloy systems, summarized as follows, are described.

(1) Hot forgeability and rollability is generally good except high aluminum alloy.
(2) The degree of loss of cold rollability with alloying elements is in the following order;

Al>Cr>Ni>Fe, Cu>Mo, Mn

(3) In the case of annealed sheet, the degree of strengthenability and loss of ductility
with alloying elements is in the following order respectively;
strengthenability: Mn, Cr, Fe>Al>Mo>Cu, Ni

loss of ductility: Al, Cr, Fe>Ni, Cuy,

Mn>Mo

(Mechanical properties of annealed sheets are summarized in Fig. 27 and 28)

(4) Promising heat treatment characteristics were found in Ti-Mo system, but in other
alloy systems no remarkable results were obtained.

(5) It was found that maximum permissible content of iron as impurity in commercially
pure titanium was 0.5%. (to keep desirable ductility and non-heat-treatable chara-

cteristics)
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Fig. 1 Models of binary Ti-B stabilizer phase diagram
and section through ternary Ti-8 stabilizer-a
stabilizer phase diagram.
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Fig. 2 Effect of composition, heating temperature and
cooling rate on the structure of Ti alloys.
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Table 2 Chemical compositions and Brinell hardness of ingot.
Mark Chemical compositions, % Brinell Mark Chemical compositions, % Brinell
Alloy Alloy
Nominal\ s hardness Nominal s hardness
system /compo- / Alloy Impurities system <Cprppo~ ) Alloy Impurities
sition element | 1 o i c i H ‘Fe si 3T sition element | ‘ o ' c [ H | Fe rSi 31T
Ti — 0.010!0.06 0.02 | — |0.0210.02 120 Ti — 0.007/0.07 10.01 | — 0.09 {0.01 123
0.2Cr 0.16 0.009, — 1 — | —|0.020.01 124 0.2Mo 0.27 0.005f —| — | — |0.07 [0.01 134
0.5Cr 0.54 0.011 - | — 1 —10.0210.02 142 0.5Mo 0.55 0.007, — | — | — (0.07 0.01 151
1Cr 0.96 0.013f — | — | - 10.0310.02 162 1Mo 1.06 0.006, — | — | — 10.07 {0.01 166
Ti-Cr SN SN [E— — e
3Cr 2.70 0.010, — | — | — 10.04[0.04 213 3Mo 3.11 0.006] — | -] — 10.06 |0.01 205
RN PURRURSNY NSO, N N S R Ti-Mo S S PSR PUISUUN S
5Cr 4.92 0.018) — 1 — 1 —0.050.04 267 5Mo 5.19 0.006, — | — | — 10.06 [0.01 245
7Cr 6.92 0.010f — | — | - 10.050.05 316 Mo 7.37 0.006) — | — | - 10.07 }0.01 300
10Cr 10.16 0.011} — | — | - 10.06 !0.05 421 10Mo 10.19 0.006;, — | — 1| — |0.04 {0.01 407
Ti —_ 0.015/0.09 [0.01 |0.003/0.05 [0.03 139 20Mo 20.82 0.006) — | — | — [0.04 {0.02 229
1Mn 1.04 0.010| — | — [0.005/0.04 [0.02 181 30Mo 30.65 0.004) — | — | — 10.04 |0.02 254
3Mn 2.97 0.014 — | — 10.010;0.05 |0.04 241 Ti 0.05 0.007,0.006/0.01 | — | — 0.01 119
4Mn 3.94 0.013, — | — 10.007/0.05 0.03 257 0.2Fe 0.17 0.008] — | — | —| —[0.01 128
Ti-Mn | — [ ORI S S
5Mn 5.25 0.014 — | — 10.0060.06 0.03 274 0.3Fe 0.27 0.006, —| —| — —0.01 133
7Mn 6.67 0.015, — -~ 10.0070.05 0.02 346 0.4Fe 0.40 0.006f —| — | — | —[0.02 133
8Mn 8.36 0.010,0.09 |0 02 0.006/0.02 {0.02 376 0.6Fe 0.57 0.007] — | —1| — | — [0.02 149
9Mn 9.14  0.018] — | — 10.006/0.04 0.03 412 Ti-Fe 0.7Fe 0.74  [0.008f —| — | — | —[0.01 155
Ti — 0.06 10.08 |0.02 | — 10.02 |0.01 124 1Fe 1.00 0.006] - — ] — 1 —0.01 164
0.2Ni 0.20 0.07| — | — | —10.03 [0.01 133 3Fe 2.86 0.008f —| —| —1 —10.01 217
0.5N1i 0.53 007, —| — | — [0.030.01 140 5Fe 4.86 0.007} — | — | — | —10.02 267
INi 1.08 0.06 — | —  — [0.02]0.01 149 7.00 0.007 — | — 1| — | —0.02 325
Ti-Ni . S O N S N B— RPN SR PR W
3Ni 3.03 0.07 | —{ — | —10.03|0.01 181 10.5Fe 10.60 0.006p — | — | — | — 0.03 346
5Ni 4.82 0.06 | —| — - [0.040.01 203 Ti — 0.009,0.07 10.01 [0.009,0.02 |0.02 126
7Ni 7.10 0.06 — | — | —10.05[0.01 248 0.3A1 0.33 0.010] — | — ]0.008/0.02 {0.01 128
Ti — 0.0100.06 10.01 | — |0.03 {0.02 117 0.5A1 0.52 0.009) — | — 10.008/0.02 0.02 136
0.2Cu 0.21 0.011] — ] — | — 10.02 {0.01 124 1A1 1.03 0.009] — | — [0.012/0.02 [0.02 144
0.5Cu 0.52 0.009) —| — | --10.03 0.01 129 2A1 2.01 0.009, -- | — |0.011}0.02 |0.02 168
— O S - - Ti-Al SRR USSR PR S RS —
1Cu 0.89 0.008 — | —  — 0.0210.02 139 3A1 2.91 0.008 — | - [0.0120.02 {0.02 199
Ti-Cu B S SR RPN USROS SHUUS S S S— R O S U R e
3Cu 3.07 0.012} — -~ — 10.02 {0.02 173 5A1 4.77 0.0090 — | — 0.011j0.02 [0.01 231
5Cu 5.08 0.009) -1 — | -— |0.030.01 207 7A1 6.78 0.008 —  — | — 0.020.02 264
7Cu 7.26 0.0120 — | — | ~— |0.02 |0.02 259 9Al 8.92 0.008, —  — | — [0.02 0.02 265
10Cu 9.91 0.014 — | — | — 10.03(0.01 291 11A1 10.70 0.009, — | — 1 ~— 10.02 {0.02 290
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FEHLEN (F 2=y n—run%:114, #2=w n—
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EOENT Y RN a2 186 D ARy FhEH Ui, 48
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it Table 2 DR TH Y, Z D H Z 5 DIE & BICTRTHER
Wz (Fig. 8~12) rh~5% &, £FOEEIEHER
DI PFELFEL . AE&TFEEE G LDOBRICE 7 v 5,

W v 7y DERITIER L TUEIARETS /e
P SAEKE O R TR XN T WA BAMES Sk
BLin-TR Y, &, Br, 0 DINEAEHFEE S A CH{L
LTnbbDEFLBNS, i, Table 2 it L. 500< +
F =y n—x) 7FrROEBEML 10% €Y 7F DR T

BLILLTWBEL, IR DSOS DS L O
FEEFAE S A TNDHIDThAH D L#E 2 BIb,

2:3 WHXUEOEE, BBEES LURBEEM
BRI DONWT, LEEOBEASLROT R TR v # 1.5
mm DOREFI A RE Lo

B~ B REE >JEv # 20mm o JTAE F
Y vy b ->BAEEE B Lomm O
EAISESE AL S 850°C s, BARE A AL 1 700 300k
750°C 2 BEkA U, ICCRESE ok Dy 200°C F
EELTEND RRENT o2 bEMEART 5 L5 L,
BESIIRE VL 7 m T %R L0 109% D L% 670°C & Lz
by 700°C & U, wWsfvkiR 10~15 43, #8820 4,
BHTETHRE & Lice EROBMMITEER LY v
FAFREL Table 3 hiC/R LIRS T, ZOFER LD,
=y VR L OO\ b OUREIIN TR 4 i,
MBI THERIF L B2 D THA Do

2-4 SEEEMS KUESEE

B JE R U 72 JE v 49 L.Smm O % v RAELE L,
Y Vit BRA A RO -fE R 2 Table 3 diicig L7z,
W, FAEY h— Y HUREELDOWTIL, BT

Table 3. Workability of hot forging, hot rolling and cold rolling.
Hot forging Hot rolling Cold rolling
Alloy system Mark
Tempgrature, Workability Temperature, Workability %vii‘gijgi’;gciggﬁfi}f“

Ti~1Cr 850 @) 750 O >70
Ti-Cr 3Cr~7Cr 850 (@) 750 (0] 50
10Cr 850 O 750 (@] 40
Ti-Mn Ti~9Mn 850 O 700 O >70
Ti~3Ni 850 O 700 O >70
Ti-Ni 5Ni 850 O 700 O 50
7Ni 850 O 700 PN 60
Ti~3Cu 650 (@) 750 O >70
5Cu | 850 A 750 o =70

Ti-Cu
7Cu 850 A 750 e 60
10Cu 850 A 750 (@] 50
Ti-Mo Ti~30Mo 850 O 700 O >T70
Ti~3Fe 850 O 700 O >T70
Ti-Fe 5Fe 850 e} 700 A >70
7Fe, 10.5Fe 850 A 700 A 50
Ti 850 O 750 O >70
0.3A1 850 O 750 O >70
0.5A1 850 o) 750 o) >70
1Al 900 Q 800 O >70
AL 2A1 950 O 830 O >70
3A1 950 O 850 o} >70
5A1 1000 O 900 @) 70
7A1 1050 O 950 @) 10
9A1 1100 N 970 O <10
11A1 1100 X — — —
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Mark H 180° Bend radius
Ti 1.5t
IMn 2.0
3Mn 2.0
4Mn 2.0
5Mn 2.0
Mn 2.0
8Mn 2.0
9Mn 3.0
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roperties of heat treated Ti-Cu alloy sheets.
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Table 5 180° Bend radius of annealed Ti-Fe
alloy sheets.

Mark 180° Bend radius
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Fig. 13 Effect of cold rolling on mechanical properties of Ti-Fe alloy sheets.
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Fig. 16 Effect of aging on mechanical properties of Ti-Fe alloy sheets.
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Table 6 Chemical compositions of Ti sponges.

Analysis of impurities, %
Mark Grade ? ¢
N | c f Fe [ Si 1 Mg | a
v Commercial grade | o.00 | - ] o 0.02 | 0.02 | 0.04
A Ti 98% up 0.017 0.026 0.86 0.01 ) 0.003 0.02
Low
B Ti 98% under 0.015 0.023 0.82 0.02 0.01 0.05
S grade

c 20 mesh under 0.010 | 0.0 0.15 0.01 0.02 0.07
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Fig. 19 Partial phase diagrams of Ti-Al system.
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Table 7. Manufacturing process of Ti-Al alloy sheets.
] Ingot (110mme¢ x190mml, approx 8 kg)
| .
Hot forging
} Billet (20mmt) ![
Hot rolling
] 0.89 mmt 1 ‘ 1.15mmt ] ‘ 1.6 mmt } 1 2.7mmt l
Anne‘aling Anne\aling Annelaling Annealing
|
Cold rolling (10%) Cold rolling (30%5) Cold rolling (50%) Cold rolling (70%)
2 2 |

Note; annealing : 850°C < 15min.

4-2 #
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Fig. 21 Erichsen values of annealed Ti-Al alloy sheets.
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Methods for Analysis of Traces of Elements
in Aluminium (Rep. 1)

Determinations of Manganese, Titanium, Nickel, Vanadium,
and Tin in Aluminium

by Shikao Hashimoto, Sakae Kato, and Akinari Ichiryu

Recently the metallurgical researches on the traces of elements in aluminium are
being conducted because of their critical behaviour as a materials for atomic pile and for
electronics. Nothing is more important in the researches than the rapid, and precise
analysis of traces of elements in aluminium.

Methods have been developed for the determinations of traces of manganese, titanium,
nickel, vanadium, and tin in aluminium.

1. Manganese; The sample is dissolved in a mixture of sulfuric, hydrochloric, and
nitric acids, and the solution is evaporated until white fumes of sulfuric acid appears. In
the resulting 5N sulfuric acid solution added with phosphoric acid, manganese is oxidized
to permanganganate by the addition of potassium periodate on boiling. The solution is
allowed to cool to 10°C. (.7 ml of 0.10¢2; diphenylamine ethyl alcohol solution is added, the
solution is diluted to 100 ml with water and mixed well. The absorbance at 580 mu due
to oxidized diphenylamine is able to read as a function of the concentrations of manganese.
Beer’s law is obeyed up to 150 pg of manganese per 100 ml. The extinction coefficient is
0.5666 at this wave length, and the sensitivity of the method is about fourteen times that
by permanganate.

2. Titanium; The sample is dissolved in a mixture of sulfuric, hydrochloric, and ni-
tric acids, and the solution is evaporated to fumes of sulfuric acid. Clean-cut separation of
trace of titanium is obtained by the extractions with cupferron and chloroform from approx-
imately 3N sulfuric acid solution when EDTA is added. The extracts are evaporated to
destroy all organic matters after the addition of mixture of sulfuric, hydrochloric, and
nitric acids. If clear solution is obtained, it is allowed to cool to room temperature and is
transfered to a 25 ml volumetric flask. The complex developed on adding of thioglycolic
acid and sulfosalicylic acid solution, and on adjusting pH to 1.7-5.2 with sodium acetate
solution, is found to be stable for 24 hours at least. Beer’s law holds to the concentrations
up to 100 ug of titanium per 25 ml. The extinction coefficient at 390 mpu is 0.2500, and the
sensitivity of the method is about seventeen times that by hydrogen peroxide.

3. Nickel; After the dissolution of sample in a mixture of hydrochloric and nitric
acids, trace of nickel is separated from ammoniacal citrate solution at pH 8.0-9.5 by the
extractions with dimethylglyoxime and chloroform. The extracts is then treated with
dilute hydrochloric acid solution, and the aqueous layer is transfered to a 25 ml volume-
tric flask. Bromine and persulfate mixture are added, and the solution is diluted up to a
mark with a mixture of citric acid, dimethylglyoxime, and ammonium hydroxide. The
color is developed and is read at 440 mpu. Beer’s law holds to the concentrations up to
100 pg of nickel per 25 ml.

4. Vanadium; After dissolving the sample in a mixture of sulfuric, hydrochloric, and
nitric acids, vanadium is oxidized to vanadate in a medium of 6 to 8N sulfuric acid by
the addition of permanganate at room temperature. The excess of permanganate is de-
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stroyed by adding sodium nitrite solution, and then urea solution is added. Following to
the addition of sulfuric and phosphoric acids, solution is allowed to cool to 5-15°C. (.45
ml of 0.109 diphenylamine ethyl alcohol solution is added and the solution is diluted to
100 ml with water. The absorbance due to oxidized diphenylamine at 530 mp can be ob-
tained as a function of the concentrations of vanadium. Beer’s law is obeyed up to 300 ug
of vanadium per 100 ml. The extinction coefficient is 0.2040.

5. Tin; The sample is dissolved in nitric acid after the decomposition with sodium
hydroxide solution. Manganese nitrate and permanganate solutions are added, and the
solution is boiled. Trace of tin is completely carried down by manganese dioxide produced,
and the precipitates are dissolved in hot dilute hydrochloric acid with the aid of hydrogen
peroxide. The solution is adjusted to pH 2-3 and the slight excess of dilute hydrochloric
acid is provided. 5 ml of 0.25% gelatin and 30 ml of 0.19 oxidized hematoxylin solutions
are added to the solution which was transfered to a 100 ml volumetric flask, and the solu-
tion is diluted to a mark with water. The complex is developed by keeping in a water bath
at 30°C for 20 min. After cooling the solution to room temperature, the absorbance is read

April 1961

at 570 mu. Beer’s law holds to the concentrations up to 200 pg of tin per 100 ml.
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o6 ur \Q\‘“’l'y
D2z %\\:\
AL TN

3000

Curve A, B, C,and D:

Absorkance

0
460 500 540 580 620 660 700

Wave length, mu
Fig. 1 Absorption curves of oxidized diphenylamine
developed by the reaction with various amounts
of permanganate.

V7= vT Y OBILERKTH DY 7 2=y T
Y vEEDRBOWRE 580 mp WiEEH D, ZOEER
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OBIA R Utze BIBORRIL, 580 mp AR E
Bz

2-2-3 Wl -~ vy v OB

< v F YOS E LTk, THRE—EmR 7 v =
v agERLIOEE VERS Y YV AERBR-BENTH LT, &
ngwﬁ%%g%%%%iﬁ&%mvyﬁy@@k%%@
TTCCEFHELRE Ll & Th Do ABTIE, BIFL
DA SBa VEB Y Y A A ERLED I 8 O, 150 pg
HFo#i~ v 7 v OB{LEtr>WT, 7ri=v sl
g WIME < > F VB OA B R A TN U CIRE L 72 Bl
SUEAW & AT Y I CET OB 2l o
1 m W E

FRALIG OFRIS LI D\ TR Uefbst, 3~7 N ol
WC—sE LI BN DL, P < &b 2 ORIRBRE T
< VA Y BNDREIRICAT b D Z L b ol
FULTC, COWERERET, vV B 10 ml T, ¥
Rk 5 ml ¥ TR RO 5T, WL ¥ A Y
DAL E BT 2 D THETER .

(2) = vEEH Y Y LORIE

#Wa v RV Y A OIRMERDOWTHE L 72 #F R
01~04 g Dz vHERI ¥ v n kLT 20 5
RS B L ERECBLTE LN, B2 vREEY Y Y
D & BRI N BT O & TR E RS <
Y H Y ORI TEEGE Th olce TDOEE, Y YERATMN
Ui W T, 04g LlboBa vER» Y v axihz
TH1 30 HME T 5 0BENRS o700

BgoERE, 5308 1g wonThHiE (1+1)25 ml o
HETmaCEgE, v B A+DSml Zia v
Uy oa 0.2 ANz EHc 205 A L CEL b

2:2:4 Yy x=n7 I vOBAL USHBLE Yy =
73 VRO B

V7= 3 Y MR TR T B 2 %
OMALERATH D Y 7 2= vy F 9 SR BN B,
I OBILLISHIE D ED L D Th T, Y7 =17 3
VT T Em Ny F Y YO RSEIERTHS D, 7
R O - E X A Y L

6)
BThHHI ENMBENT 5D,

-_ H —_  -2H — H — —_H —
SNNST N I NN TN TN TN
2N T N KN
vrz=nT S v () T EENAYFT S (RE)
Tl 0.76 Volt
NN SN -
\‘/N—\:/—\__/“N\_/ +2H7+2e
eV T S 2C 1))

Uteio T, +0.76 vt Bl Lo (LEA Gk
FEME) kW, Fig. 1 WiRUBtE iy 52 5
2EBET D,

V71:W7£Vﬁiwy7lzw&y%yy@mmﬂ
T DM ERD TRE L FEREIRER Uiz 25°C oK
KR AT 7 =7 3 v OBEREE 003 g/l Th o1,

V7I:W7igmﬂwmﬁﬁ@%ﬂ<w%,wﬂm
FlATEFUKBEE L LTHWBNTWA, £2T, D
DOYEMR A TR U TR U fiR, WhoBsiEs v
THFEEPAFRAC—5E LI BAEAED 2 LN TE R
oo SZAUR, KELITHBBERCH T HY 7=y
F VY DERERNE L, FlodV 7 T vy F Y N
DOEALEE R D o0l bt b LD b D %
2 BN,

BLEOREEN D, KR K THRBEORE WS 7 2=
WT I Y OBEBICOWTH 4 BE A BT, FERROFER,
TFTa - EEY, 019y YT =7 I vImgv
TV - VA TR U CRIFRER Y B, fnk, =7
TV - AR 100 ml b 10 ml FCeEEA R
M otoe FtERO—fF% Table 1 iR Ui,

Table 1 On the solvent for diphenylamine

reagent.
Diphenylamine solution Manganese present, 50pg

added, ml/100ml Absorbance

0.1% (w/v) in concentrated 0.268

sulfuric acid. 0.70 0.258

0.280

Saturated aqueous 0.240

solution at 10°C. 25.0 0.284

0.266

0.1%(w/v) in 95% ethyl 0.284

" alcohol. 0.70 0.288

0.278
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2.9.5 Yy r=7 I YEBEEORNE
W~ v H BOBCBEAII IR L - TREN, F0OM0
{LEATE L KEA 4 Y BEOYBE R 5,
E=Eq+(0.059/5) log ({(MnO,~*) (H*J8/ (Mn"2))
18°C
e LisilER s 5 IM O < v 7 YROBR{LE
Bk, 12y E=Ey b #2 B2 MW TEAHADT, Y7 1=
V7R EDFISSE S T ABLEMT 114 K
i v 7 m= w7 2 YRIEORME O ¥ ENRE LN
7@)0

1

C EMEw v VR R T U CREL U A A Y
bf\v71:w757%ﬁ@%mﬁ@%@%ﬁﬁbho

KGR A Fig. 2 iRz, 0109 v 7 z=V7 3 ¥

1.0

T 1
Curve A, B, C, and D:
0, 50, 100, and C/*—O_é\c\\ D

0.81- 150ug Mn per 100ml \
respectively.
C

B
e S LS S S
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0 0.2 0.4 0.6 0.8 1.0 1.2

|
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Concentration of diphenylamine, ml of 0.19% solution/ 100 ml

Fig. 2 Relation between manganese as permanganate
and diphenylamine concentrations.

B OTRIMED 0.60~0.80 ml o & %, —5m LW
Bz < v 150 ug ¥ T Beer A L2 d 2 &8
bhole, Y7 xT=v7 3 YEWOGNEL 0380 ml [
LOWE T, WEERE L A D EREELEL L oty &
i, Yoo RyFyy I7 ol rFYVED
FUSHEHTH D, BILEME log (Ox)/(Red) it
Bl BLBBREED Y 7 2= v 7 I YORMT & » TS
SN I BIBACTEAINRY Uy Ecld & OB A uE L
7o & EREOMM R LA R e & LB REO/NE
WY T NI BRERCE WY T e v
F I VENEN SO I A AR T A LICX Db D
L#EZBND,
PLEDEERENS, V72T 2 YIBBORMME &
0.70ml & U7,

2:2-6 THIROLE Lt

Y7 Z= T S BRGNS LD ¥ COmWIR A AT
R LT, BLFEEEOWROREE L 22Et: & M3 L

770

EERiERO—Hl% Fig. 3 Wikl

104£1°C DBETHEAET H L X, V7oV rFdy
BIIRO 55 0% L D600 —2 LB ELY 5.2 72, Ly

I T
15019 Mn/100m!

Absorbance
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0.2 ' t T
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Blank i et
|_con——plm—
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|
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Fig. 3 Effect of temperature for color developments
and for the stability of the color.

L, a2 5°C & FEBAEIIE L HEE LB R
D, F7= 15°C TR E AR ORIE & 383 U < Hn
LD T, ZNHDOWIRTCHEETERWIZ LB b s o
Yo

2:2-7T HUERIOE2VERIY v LOPE
RO EIFTOBEMNDHETE 5 5, B
100 ml roFEE AR LR Table 2 iRk Lz &

Table 2 Amounts of many elements not in-
terfering with spectrophotometric
determination of trace of manganese

by the use of diphenylamine.

Amounts that did not interfere,
Element Added as mg/100 ml
Aluminium | Al2(804)s 1000
Cadmium CdS0y 1.0
Calcium Ca(NOj3)a 5 .

. 0.1 (Maximum amounts
Chromium Cra(S04)3 permissible)
Cobalt CoSO4 5
Copper CuS0, 50
Iron Fex(804)3 2 * Permissible amounts
Magnesium MgS0, 1000
Nickel NiSO4 10
Tin SnSOy4 1
Titanium Ti(S04)2 10

. 0.03 (Maximum amounts
Vanadium Na4V:0q permissible)
Zinc ZnS0O, 50

* Correction can be applied to the reading at 580mp, if much of
iron present is known, by subtracting the absorbance due to the
element; 3,5,7, and 10 mg of iron gives the same absorbance as
that of 1.5, 4.5, 7.5, and 12.04g manganese respectively.

5 VCX) %)O

FETTHEDO D B Ferd g, V) vBIc L o> Tk b 0T
2mg FCHRTE A, 3mg Ty 7=y 3
YERAL LT 3mg Fet3=1.5ug Mn, 5mgFet3=45.g
Mn, 7mg Fe*t3=75ug Mn, ¥ 1% 10mg Fet3==12, Oug
Mn I HE B A 5 2 2 O THIE Uini huE e b

W Cr¥8 X Or Vit & e/ 7 m= vy 2 vaBR{bL

THFES B25, Ak 100 pg $sfid 30 pg OAEE T
R T I
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feds, MLAIE LTSl a R D Vv 20—

TR L7\ THTE UIc B E O 8% s Lo, 50 mg
FTCHERTE DI ENbh T,

2:2-8 B & &

BHE < o 7 > PR O A TR & RN U CHRE U Ao S

BB A, T2+ 8 SWHES 1T Lich - T L
TR Uil s Fig 4 R Ui,

1.2 T T T
Photoelectric photometer
Filter.57 20-mm cel!
1.0
Spectrophotometer
580mp 10-mm cell | ]
0.8 yd

0.6

Absorbance
N
N

0.4

/7

4] 25 50 75 100 125 150
#g Mn/100 m}
Fig. 4 Calibration curves for manganese.

EPE 5880mp, 10-mm A HWT, 150 ug Mn/
100 ml ¥ Beer ORI Lichisiz,

V7T =T L VERIC X BRI HRE, ERS 1x 05666 ©
BHoT, B F ko END=0.0400 @ ol TR 14
FEDBENRD Do

2-3 SFH®

%W%1?&E~ﬁ-%f’%MM)KM#D&U\ﬁ
B (141D 25ml 4@ A+D10ml 3 ;2 OmE (1+1)
5ml &z ChEERES B,

5 196 & Nk U CRiR R 4 S ST
BN L fe Db ST AT B,

A 50 ml Admz CHIEA MBNER Licob, Bloy
— 71— (EE200mD I UbJ Bk T le 5 SAK
(5{;(5_{'&@“50

Yy ¥ A+D5ml &z ieDb, KEz T4
80ml i 53w, BRI U TH i3 5,

BB UIad e i, Wa vy vy~ 02g
QMKT%MOﬂ[ﬁ%khﬁfﬁ«/ﬂ/kk&ﬂ#éo

Wt 100ml 2 = 7 7@30’4’5&/ WA 10°C Vﬁ’
B, V7= 7 3 yEE 07T ml AN KRR FTH
THTIL S D EFETCHBIES, ©

m5%&:@@ﬂwzﬁ%wmtwm&b & 580
my FAE W B A AR L }mﬁwbtoffm%m
ﬁwf%amk@%\%b#bwwmbf&é&mﬁ&ﬂ
WT Y TG HRARET B,

Concentration of manganese,

g L OE

WEY (M~ v v iin 1580 pg LIFic s %

(*) 10£1°C DR CH/ES 5,

(%) ¥rm=nr7 3 vianE, [2-2-1] fiicu U o5,

) Y7z=n7 3 YIROHEINGHE, 07401ml 45,

C) ~wrvipn 50 pg LIF &SNS & Xicit,
TV E RS CHIE T B DAL,

(") RLLicy7z=pv_Ry s g, 10+£1°C OWET 60
RIRETH DA, WIROLIE S 2 R IR < 72 Il
HgET H DO L,

(") Biiud it~ > o o e O 45 I LA S TR L C e U 7o i
W T ARSI AR UAe i3 TR 56

(%) BEEEEL, R
<150 pg Mn /100 ml,
pug Mn/100ml ¢ %,
2-4 GHRER
BRE LTV I =y AhOWED~ vy Y AR

U7t o—@l% Table 3 1wk Uirs

LHEmD & B,

20—mm

580mp  10-mm AW L x

F 7z 20-mm A K FHG B L X <100

Table 3 Determination of trace of manganese
in aluminium by diphenylamine

photometric method.

Manganese | Average Coefficient Number

Sample added, mz}gﬁzrée,:se of of

ppm ppm variation,% |determination
5 5.2 28.4 5
15 15.0 10.5 5
30 30.8 7.4 5
50 49.6 4.8 5
100 99.6 3.1 5
150 152.0 2.3 5
Aluminium, 1099 14.4 7.9 5
Aluminium, 1080 24.0 5.1 5
Aluminium, 1050 58.8 4.3 5
Aluminium Grade 1* 22.6 5.0 5
Aluminium Grade 3* 131.6 2.2 5

* Standards sample manufactured by Keikinzoku Seilenkai;
Aluminium grade 1, certificate value 0.002% Mn.
Aluminium grade 3, certificate value 0.013% Mn.

2-5 #& B

I =T I OB FSEEE
Wig~ v 7 v OEEE M ARG Utz

S US B L7, BUaftcdsnwiy 7 == v
TR v e B BS UTCET BR L  v 7 =
SNy F Y EOWE 80 mu JhEOWIE L < b
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M EEMER Lo
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YN DE R BT AR A 8,

R O WIRRIFE 238 OIS B3, ¥ 7 =
73 VEOBERRELE < 7 RO O 14 £
5o

3. FIVDEESE

31 F
WD T 2~ DR TR A D7 =/ — LBk
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DAL EINTWR Y,
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EDMENT- DI WR D F 2 v OEBCEEY T\,

NIy REBERSIOT NI =Y LEERDFF VD
%%ﬁﬁmm\7%WUVXW$V@+FUWA%WV%
W%%ﬁﬁﬁﬂsmmﬁéﬂfméo:@@\§ﬂ§7
NMEi=w adhF R vhEs LUl E.Steuer et al. 2w
TV F VIR A FIN BRI EEN D B3, FKETEDOY
BY b - CRENCEESNRED BN D,

gy N SHOFEO I b, EELMEMIC L X
fe— Tl D ANV R VT VBBEABUHREE b L
CHETUTHMEAS®EL, ShuC 7 vy L7 muky
LT L DT Ay OWMEAEEEAHALT, T Ii= T L
DEED T £ v DER & AT,

3-2 EREA

321 EVoiE &R

A4 E e gt EPU-2 & 10-mm v

BEy s AHEE pH A ~-2~ GU-1 &

e 2 VYAWE M 99.8% Dl o &y # v~ 0.100g
HIEL 20 &0, Bii#g (1+450ml LRk (1+1)10
ml &z ChnEvamemEmg 1+ Iml 2516 Emn
U THBEES e X85, @Ik 2 TR #
L. SERASHEIEL C 1000ml & Ui, = 0¥E#E 50 ml
AL, #EE A+D20ml 2z o HIEL < 1000 ml
59T, 5pg Ti/ml OBMERR AR LI,

7y ta YEW (5%) T FERO DT LU,

VA =2 =5: IV N

EDTA %W (4%)

FF 7Y a~— Vg (10%,W/V)

ViR v VIR (509%)

EElR - T U v NEEWE (509)

3-2-2 WICCEBEOMSEN
(1 @m@@%ibaw%gmm

TR RS LU A BHE UCrE Lic D ¥ D

Curve B, C, and D:

1.0
D\

0.8 \ Complex from 25, 50,

)g‘Luo\c\ \E and 75 pg Ti per 25ml

respectively.

) \\\[\\
) | B W
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1 ]
Curve A: Reagent blank
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Wave length, myu.

Fig. 5 Absorption curves of colored complex of
sulfosalicylic acid with titanium.

BV Uit o TREGM A RES Lo

MEues 2 59 10ml % 25ml £ 27 5 A2 a4l
L. A+D1lml &4 27y 2~ 0.5ml kLU
AN RNV VR 25 ml ANz fcoh, EEER Y
v AEHA R CTERETCHITH LS D EETHBEYE
%ol

BT £ VB OATERE A OB U CHE Ul sx A
W, EEROEBEIC Lo THE X leDb, KE 340~
450 mp (T 3vt BN L AIE U CHERL L 7c MO EE R AR A
Fig. 5 wmx= L7z,

SEE DB E OWEE 360 mp LR ED HLb A, 380
my FHE L SR BRI b e o TR b &0 SBIEAH
YR NOT, PBOHRECE ZORBE YR TE 5
390 mp HEPEC Az
(2) Ftario pH

iz pH OPEL R Lickiilyd Fig 6 R Lo
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17 N
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Fig. 6 Effect of pH on complex formation.

gty pH=1.7~52 e\ THREZ L T—% LIcBtE
HE2HBOT, 20 pH fiFITEETE 22 L3 b 2 5
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Bt Bo FrCHBRNE B k@355 2 v, Yva=
VA EDd L, Iva=wn ik Zrl, Zr.l n B 280
BERA AT B Z BB T Wh, ZNHDEMND, FE
BEEDF Z VA & ¥ DEFMAA VRV F VER & D FIE
A 28 A 5 2 D% BE Uiz

Tk, (1) s 2 v ERE S UicE F OREE
(FFi+4), (i) s 2 vERCE&B= vy 7 v &
2T UrotkEE (Bl -3), (D s 2 v
BER LT AR T N2 Tl 2 YRR UIREED 3 BRI
e FHNCHEE Lok, Table 4 Wik Uik 5 Th b
(i) oNBA LBEETE (1) OBas L8 L7k
BAVMESNI=AS, MTEHE & ARy v F VR E O SIS &
25k, WEBERLE S 2EKMLLEC - T
Tiv8 & Tit* K@BLINAbD LB I,
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Table 4 Effect of valence of titanium on

the reaction with sulfosalicylic acid.

Table 5 Effect of temperature for the devel-

opment and stability of complex.

Titanium
Valence of titanium
Present, pg| Found,pg

Titanium sulfate solution: Ti** 25 25.0

50 49.5

75 75.5
Titanium sulfate solution was treated 25 24.0
with nickel metal for 30 min under the 50 48.5
conditions of carbon dioxide atmos- 75 73.5
phere: Ti*3
Titanium sulfate solution was treated 25 17.5
with 5ml of 3% hydrogen peroxide. 50 35.0
Then, excess of it was decomposed by 75 48.5
boiling : {Ti02(804)2)7?

UlehioC, WEEEOMMIET M +4 0F2 v A
AV EANFRINFANRBEDEC LB LD EH 2 D,
) ANFEYNF VERER OGN

AR A VI VERRIE OIRIMEC DWW TRRE Lo R %
Fig. 7 ik Uico

1.0
75 pg Ti
0.8 .
o 0.6 50 pg Ti
s L < J e W, __(L_
_g {o,()———o——(of 'Y " Y
g
£ 04
25 pug Ti
5 O O £, ¢ O)— -——(B—-
0.2
Blank
A A o 4 ‘\—-—‘_—=A=__
0 0.5 1.0 1.5 2.0 2.5 5.0

Concentration of sulfosalicylic acid, m! of 50% solution [25 ml

Fig. 7 Relation between titanium and sulfosalicylic
acid concentrations.

F £ v L DAVEERNEICE A RDHZ L TE Lo
o, Fa v Vi LT 104 LI EDTEREETAV Ry v
FAUMAEMZ S EE, EEULHEEIESELT—EL
W EH F & 70

BLEDFER D, ANV RV F VR ORINE L 2.5
ml &L, ZORHERTSF £ vy OREHAY 100 ug
LIF & Ufzo
(5) WIROFE L et

Fem Xk DR E CORREABICEL LT, FROKE
¥ ST RIROEE L etk d e Uiz,

SRR LR % Table 5 (TR Uize 5~50°C D~d
NOWRTEET S L&, BRII—ERREEY 5 23
@S ntI Db Ed 24 BHERETH T

Bl DR BEEROBIR Y BR & Lz,

6) FA4 7Y 1~ VEBROTEMEIR
ARy vF VL, ElcgkoEERIE L UTRL AW

FPUa Stand time, min
Temperature, Titanium
oc present, 5 | 60 | 180 | 6oxx:
rE Absorbance
5 25 0.250 0.250 0.248 0.251
15 25 0.248 0.252 0.252 0.252
30 25 0.248 0.248 0.250 0.248
50 25 0.251 0.252 0.250 0.250
5 75 0.748 0.750 0.752 0.753
15 75 0.750 0.750 0.753 0.753
30 75 0.752 0.752 0.750 0.751
50 75 0.750 0.748 0.752 0.752

BITWoDo T LT, F£ ¥ - ANy VI VIREERDF
59 % pHEEIC R\ T, $kb &7 7 F v iRtagsii
AR UL UTHiE S 5, Las L, OB EEEMEIE3M
DERA A EDFIETH Y, 2MOTKA 4 >~ & OFEHFILE
B TH DO T, WEHRETHOHRINC L » TEOFE 5
ST EMTE %o
4 BE Bl RF A 7Y 2 - VEBERED, TOHR
INENC X BB HE Lic, FEROER, B 25ml o
10% ¥we 25 ml ¥ THETEDH LBbhotfo
PRI, 747 ) 2 - VBEROR MR Y 0.5
ml & U7z,
(1) FREREOPE
HRROWELHE LR, v 25 ml oA
% Table 6 /R LIz Thotzo v L, BIEE O
Table 6 Amounts of many elements not in-
terfering with spectrophotometric

determination of trace of titanium

by the use of sulfosalicylic acid.

Amounts that did not interfer,
Element Added as
mg/25ml (8)* mg/100ml (E)*
Aluminium | Al2(SO4)s 70 1000
Bismuth BiCls 3 1
Boron H3BOs 1 1
Cadmium CdSO; 3 5
Calcium CaCl. 3 5
Chromium Cr2(S04)s 0.5 10
Cobalt CoS0O,4 Interfer 5
Copper CuS0; 3wk 50
Iron Fea(S04)s 1 10
Lead PbCle 1 1
Lithium LiCl1 3 3
Magnesium MgS0Oy 25 25
Manganese MnSOy 15 15
Nickel NiSOs 2.5 10
Tin SnSOy 1 1
Vanadium Na4V20q 0.2 1
Zinc ZnS04 25 25
* (8): Under the conditions of the spectrophotometric determin-
ation.

(E): Under the conditions of extraction by the use of cupferron
and chloroform in presence of EDTA, which is obtained
clean-cut separation of trace of titanium. )

** : 1f the precipitates is filtered off before absorbance measure-
ment, these elements in amounts up to 3mg may be permi-
ssible.

pH ¥ 35405 & Lz,
EIEHEDH b, Al FANVFY VT VIR L GRS UL
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Fig. 8 Calibration curve for titanium.
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lg igE s 2 v RIRA I U CREL U 7oA Bt v
T, hlHRS OFREREE B OB A G L

SRR O—F% Fig 9 R L,

W 2ml &7 vamd
o7 mvadR )V nE Y —H

Do /} [t

100 _"'-O—l)——-O-O—
"0‘0\‘)\
= 80
8
B
o
5 60
G
g
&
40
From the solution containing —o
25ug of titanium in 100ml.
20
0 2 4 6 8 10

Concentration of sulfuric acid, N
Fig. 9 Extraction of trace of titanium from sulfuric

acid solutions with cupferron and chloroform.

A+7~17) OFBEEBN D, WREOF 2 v A5l
HMUTERETESZ 2ot ZO&RMEREBWT, 7
VIz=voagk 1g/100ml OPREF T < BB DM

Slce LU, FEBIRES (1+4) OB T, AR
SR LI 5T,

BlEoERENS B3 lgeonwiomi 1+ &
4 26ml & Ui,
@ # M o=

FANET vy wm v EdEEO Ti (Cup)y 7o B4 4
W D0, 7y Sw YESRIE e N e R BT,
P XD TN 2 TR A B ED B,

TITT y e VEEORMEY 1~2ml L, /7w

RV A OEHEA SR LTI F 2 v ORISR A RS
Too FEEERO—H% Table 7 ik Lz
158°C DI Fowim<c, 7aeurva 5 ml 2% 16
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Table 7 Extractions per cent of various

amounts of titanium.

Concentration | Chloroform provided s

of titaniam. for extraction, ml Titanium extracted, %
#g/100ml 1st 2nd st ‘ 2nd } Total

5 9 96 96

5 5 94 10 104

5 10 98 98
25 5 96.0 95.0
25 3 5 95.5 6.5 102.0
25 Ly 98.5 98.5
50 5 94.0 94,0
50 5 5 94.0 4.8 98.8
50 10 98.5 98.5
10 5 98.0 2.5 100.5
100 10 94.5 9.5
100 10 5 96.0 5.5 101.5

aFjiilan{io N
VC[}W% chgﬁ_o

5~50 ug OF 2 & 949 L Eofh=R

Fio, TOHEOKBEBEE DN LG %4 3 & o &
F, 80~150ml DFEIH S I OB CHRTE 5 2
3:75-‘%9/)30%:0

DFFER S, EIEOMICIE 7 v 2w VR 2

rnl Ll wmuagovn 10ml A, 2L 7 v 2w v
B 1ml /7 ewrra 5 ml 2T AR
LS DFEEDLZ LT Uiz, ZOHMMIBEIFIC X 5T, #E
F 2 3w 1009 OIHERTABET X 1=,
(3) EDTA OHMzhik & #ETEDOHE
BEOTNVI=TLEBLIOTNVI=T LG LFIWC%'%?H%%
LHTLHEDOL L, ABELKAC AT ENAR V. L
To 3 o TAHEICLL, cﬂb”?ﬂ:% DILFE Licaic 2 v
O I JIUF T B & v &R X T hE
95 D SR DT @E%J’bf:o
KEROMER, EDTA HHEmMUCi{bd 5 &z, Cut2
¥ LU Fetd tc E L Ji?htrb\; é:/va/)sof:o %Cf‘

2 Tt Lko %.J‘Vz Table 6 hR Lo

FNIZT RAEBIOTNI =Y mESETE FN AT
DOEITLINC L BB D e 120 T LT, Cut? 1350
mg ¥ ¢, Bit3 1 1mg #¢, 7 Fet® 13 10mg &
THIH I NS DAFERTHIETE 1,

ok, EDTA Ewnd, ww 100ml & 20ml oM
ECEEEERD o,
4) BB B L &SR O pH D FE

T2 v Uie 7w oa ol ov s BB oD S A R L 7a il
B, e (1+1) 1ml &S ml & iz /-0b e 10
ml Az THENTIEN LT vom v #il S, 5
02 M UG 1 R A e S H Z LI X 5T
B AT SR LU TERER 352 LN TE T,

T, SREOFEITHED L pHIL, BEE TV U A
(B0%) H#EHIMT HZ L L 5o TREMCTRECTE /o, 33
ST R WTHREE T T Y v AR DEG 10 ml
D& EHIEO pH 1k 3~4 OFAICE X iz,

:ﬂ

3-3 ﬁ(?jﬁ?:‘ii

Ak lg Ae~»~ CGER 200mD idnn &Y, §
Mg (1+41) 26 ml &3EE (+1) 10 ml & Lo A+D
10 ml Ahnz CIMEARE U, 518 X sk U C o i i 4 5
EZ DB BT S,

i 30 ml A Inz CTHF A INENAIRERIL B & 2 Ublr
WTIE/R T U w 5 .8 A P9 %,

WA i — + (BH 150ml) i 1/7\3}2\) EDTA
B (49%) 10ml %z feobk TR 100 ml @ 54
Bo ®

W% 15°C BITicb, 7 o2w &K (59%) 2
ml 2z TEHYERLDDH, 7unkra 10ml &in
2T HME 50 T TN 5,

S/ kv ah -~ (R 100mD)
o @

O, KB 7 vy v ¥BK (5%) 1ml L7 nw
RS ml ANz TR AR DS Sk LA 7 woak
MEREHID 7 v a ko A AT b,

JumuRVakB LY —-h—~ig d4+1) 1ml &
g 5 ml Az /-obiEEE 10ml & mz, s
LT 7 v v v s RS 25 16 & s UCid 1 A RpERR
B R JEE S D, o

BEBIKRY 5 ml A nz THREBRE L. & 5 ml ok
HWT 25ml 2 A7 323 LAND,

WA BRECHEb, 47 UV a~vig (109%) 0.5ml &
ANy T VR (00%) 2.5 ml ANz icob, KE
Kﬁ—)‘ )Y AEBE M CTERETITOILDEET
ﬁﬁ*téo

0 DRI Z DBED—HE PR v & D, HE 390
mpy fHEOBICEANE L, SRz - Tl
RO TEE N, HHIAUDERLTH S “';(;ij:k)faf”j
WTF 2 v ERREPET Do

GEY (Y #2 vhs 100 pg LIF@ind & 5 @ikl aidnn &
Bo

(*) Z DL xOHIRILE, 256~45N &35

(*) Z OWUEIERO DL MY 5,

(") oL EHEBIEELTWD LXK, ¥R S5ml &gk 10
ml A CHl & RIS g U C A se e o Uikt & 3 %,

) zorxopwo pH kL, 1.7~52 35,

(°)  Baindgud b g 2 o P O 4 FRUE LA A3 I L ORI U Ao i
o AR R Ure 3o TR T S,

() HpEGEPHE. EE 390mpy 10-mm ek D & X
<100 pgTi/25ml T 5,

34 HHER

BIABE LU 7V =Y A QWD F 2 v ER L
JekE o —fj% Table 8 iR Lz,

35 # E

AR T R A DD I 2 v DG <
HUIBRE Lo 8B 7y RurbZuafVvialclb
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Table 8 Extraction and spectrophotometric
determination of trace of titamium

in aluminium.

Titanium Average Coefficient Number of
Sample added titanium of
’ found, varlgtlon, determination
ppm ppm %
5 5.7 8.2 5
19 10.3 7.1 5
30 30.2 5.8 5
50 49.8 2.6 5
70 70.8 2.2 5
100 101.0 1.8 5
Aluminium, 1099 5.2 7.8 5
Aluminium, 1080 16.8 6.2 5
Aluminium, 1100 25.1 3.7 5
Aluminium, 1100 56.0 3.0 5
Aluminium alloy, 5052 64.1 2.3 5
Wiy 2 v OSEEERA G LTS b L,
OIS HEREE B LT AV Ry v VERE RS EE

F 2 v DI EE A TES Ui,
ey Ui T ki Lici T, 7 3
DFF vEER L TCRIFRFEREE

4.

= LR O

—y TIVDEEFRE
4-1 ﬁ

W% m XELSAFNVITVAXY LT L D=y TV
DEFEHIEED 5 H, BEOR S I W LREREEIL DOWT
WE Llre FOHH, m=w X VY 2FNVT Y A Xy LG
% 7w ow RV sl A BT SRR R b LT U
LicD 6L FE 88 T3 5 HE,

TN =7 L

DOWE =y 7 VOEBEBCSEATHI ENTE B,

B U o L, mﬂ®@%ﬁ%%%mf\wm%@mm
[EZl s E S o Iﬁ ~ﬁbto%¥@&ﬁ&mzfﬁ
WihEalEsI L, 7Vicsy ndhOWEO= v 7 VEER

bf&%&%%&ﬁko

L7zdin T, BALFGBRIE DWW SO ER % U
T, DHTHFEDORE DD T LT Lz,

4-2 SAEER

4-2-1 FER
H 37768 »lijé = EPU-2 # 10-mm v

By 2B pH » — 2~ GU-1 7Y

T =y 7 VIR ¢ SHEEBEOME 99.9%
Plho&B=yrrv 05g %30 L0, f#E (1+1 20
ml A RES BRI HmEI L, IEL < 1000 ml » 9%,
COBBDO =y rvEFREY, —EERESILTI AFV
‘Uﬂ%yAﬁﬁ&mbkﬂon%?éoogm\:@
BHEOMMEESTW L TH 10, 5pgNijml ofElERE
R 5,

SEEATE L BERRO- T U v A 100 g & 400 ml o7k IR
U, BERR & KR LT + U v n B (20%) A HWT pH=
8.8~0.2 1ML 500 ml 1= 590 B,

FAFNVMT VARV RER (1%) 1Y AFVT V4%
valg w7~ 100ml g4 5,

AV

10

VA== VN

TR ERE  BER 7 v e= v MK (20%) S50ml k63
fEFEK 50ml #ER L THET S, & OEIEITATNT
FEL, 3HEMI S L SRET 2,

FemElIR 1 /T VERIATE (30%) 20ml X7 =K
50ml J O AFATS YA XY RER (1%) 6 ml %
BF L7k C 150 ml iz 5 9 5,

422(%@

HElg v -7~ CFE200mD idnrh e,
B (1+1) 20ml Zage (1+1) 10ml % i Cnehes i
L, BlEX M LTy 7 v 7RICHMET Do K30 ml %
I 2 C R A NENA IR T A - U IRk T L w
5 S ANCEEET Do

DWW 7 = vIERAW (30%) 15ml LT vE=
v APEWE (209%) 10ml %jnx, 20°C LUFw@Rl LT,
7 v E=yk g (1+2) #HwT pH=8.0~9.5 i
%3 5,

SHWiw~ + (FE 150ml) B UAN, BEEE 15
ml 22907 ) A%y A5 2 ml 2Nz THDEE
foDb, 7w u(zr)r\;v n 10ml iz T 1IAMELSED
FETHIE T 5o

BE U mukv REABOSEr - BT, B

O, KW 7w kv 10ml kj)ﬂzfﬁllkﬂﬁodm
Hi g DR

JmuR)VaERE LSRR — | Vi,m?[{& (1+20) 8 ml
&MKfﬁlﬁHi<$Uiﬁfm& HEELIc 7w
RV NEE DRE, m%mﬁ& %mlxz77zzwb

l\ll

Table 9. Amounts of many elements not
interfering with extraction and
spectrophotometric determination
of trace of nickel by the use of
dimethylglyoxim.

Amounts that did not interfer,
Element Added as
mg/100ml (E)* mg/25ml (S)*

Aluminium | AlICls 1000 10

Bismuth BiCls 1 1

Boron H;3BOs 1 1
Cadmium CdS0, 5 1

Calcium CaCls 5 1
Chromium Crz(S04)s 10 0.25 **
Cobalt CoSO0y 5 0.05 **
Copper CuS0y 50 ¥ 0.25 =*
Iron FeCly 10 0.25 **
Lead Ph(NO3)2 1 1

Lithium LiCl1 5 1
Magnesium | MgSO, 50 10
Manganese MnCl. 10 0.25 **
Tin SnClg 2 2
Titanium Ti(S04)2 10 2
Vanadium Na;sV:0r 3 1

ch ZnS0x 10 10

* (E) Under the conditions of the extraction.

(S) : Under the conditions of the spectrophotometric determi-

nation.

: Maximum amounts permissible.

: Copper contaminated nickel dimethylglyoxime complex,
but the amounts were within the permissible amount
under the conditions of the spectrophotometric determi-
nation.

Fok
EEES
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E 4-4 %

BiR BRI HED, BAFEE 2 ml 2Nz ThsD EEL %Vﬁ&bt//fw WA FY AL D=y T D
Db, FEERE 10ml ML TRTERET) TV L TIBIERO Db, =y VT AFMT ) IR S LG

SN FETHBIE Zao

SRRz 0)(@14‘0)"‘“/]57%:%”& LM E D, R 440
my fEOWICEAMIE L. SREChiz o “C%‘?:iﬁi“ﬁﬁé s
RO TEFIN2OH, HOHBUDIERLTHHHE %)H
W=y 7 VEEREIRET D,

1) (M=v i 100 pg LUF s & S eilklsidnrn &
Do

(%) Dl X OV tiks o0 3T

(®) 7w mds v ADSHENRR
ZLbithb,

(") FOSHHLD TIMLPICET 5,

C) =y rrGEHERMEO 7 VIR g DO BRIrOE -
71— (FE 200ml) ik & D, FoRLEME= v 7 VIR
ORI A N Z . BUFACSCREC U e o TR U -CiiEik U 7ok
Hrga Fig, 10 wiRUie,

DEEALELNY Table 9 iRk Uiz,
SETn & ik, ANE e R VLT

1.0 /
0.8
8 0.6
5
£
o
2 04
0.2
440mp 10-mm cell
0 20 40 60 80 100
Concentration of nickel, pg | 25 ml
Fig. 10 Calibration curve for nickel.
4-3 EHAER

=)

LREBB IO 7NV I =y nROWMEO = v 7 Vi ER

UiiEo—Fi% Table 10 R Ui,

Table 10 Extraction and spectrophotometric

determination of trace of nickel in

aluminium.
N;z;kzl A[\;ieglggle Coeﬂgcfient Number of
Sample added, UL
ppm fggrrgl, van%%fxon, determination
5 5.4 12.5 5
10 9.6 8.3 5
30 29.8 4.8 5
50 49.6 2.7 5
70 71.0 2.4 5
100 99.6 2.0 5
Aluminium, 1099 0.7 24.0 5
Aluminium, 1050 4.8 14.3 5
Aluminijum, 1100 13.3 5.1 5
Aluminium, 1100 16.0 7.7 5
Aluminium alloy, 5052 17.3 5.3 5

11

7w ow )V T S R R R IRIA Wk i L 7e DB
{LFHEXECERETHAFEL, BTOHRREZMATT VI
= L DOWER = v F VO SETHEERES U TR iR
151,

5, NFOUVDEERE
51 &

L
A+VV@w%%§ﬁmu\vwﬂV7%fVMﬁm
H14

y“71:ﬂ/7’£%}f<\ V7T =T I Y ANRYERF T
15) 16)
VA&\&VV4W7I:WKFH%%V?SV$‘»

CH1IDIY)
e < DFHEEDS B,

INBDFEDS &, Sdiho oY yomEirEL
el DTHLMN, FOHIBYI7IL=oNT I vksdy 7o
MTIYANMKYEBRT Y)Y AEIRES L CBRELES
e Z LB L L BT WA,

/W::WA$@yE@A$y/@iEV%LTm\
Y737V BEFELE 7 yRuerE/uaRva
@mmﬂf&/7I~W«/%// Eh e LTH—
&%@fﬁmﬁéﬁ&#%éﬂ WiEoD /<) Ty DERH
HE LTINS B

%%%m T =y A OBE I Y DERFEL

. —BATHEVFELREL LW EABY T =T

A

3 /éfﬂ W5 I&J‘é%}}(ia)jinj&u’\y}fuo
5-2 %%ﬁ@
52+

Bjﬁ%%%ﬁE%IWUam1mmm-mu
Hsr3e®meEsEr EPO-BAY 20-mm + v

e VYRR 2 500°C ¢ 30 A REERR U 7o APRAL /Y
> v VoOs HIEL< 01785 g kA0 & b, KE{LF

Uy A (109%) Az TmEMNER LicobEo b ml
ilBFcnz, BREGHBEL 1000ml & Ui, &
oW 1 ml ik, vy 100 pg 2 Ete, ZOBEED
—BEASTWLUTH 4, 10 pgV/ml OBHEREH A il
L/fCo

W HEESY v NREE (3%)

BEMSER -t Y v AT (3 %)

IRFETEH (20%)

YrT=)v7 I vEmw: (23 2-2-1 8 TREL G
LR UERE TR U O v,

5-2-2 BEOHBE L L E R

FFERE I & & D TSLE LicD & OEC Lici
- THAHERE Lico

[ ¥ B E B L, Biig (L+1) 15ml %)
ZIcOBIKTH A0ml b, B H@Bry v
LA AMZ THILEE L0 bBEI 2 Nt b, O
CHRESEE T T Y AR TR LGB~ v v B K 4y 1R
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L, 7o ShioREFW 5 ml &5 (1+1) 15ml k.
Gy vB S ml &Nz b, BlRERECMHEL, Yrr=
M7 I R 045 ml Az T X ERK 3 HREIE L
D 20°C DL T i ;i # T B, EHECHTOTLL
OJ

B RO AR R A ST U CRE Ui A
v, EIROBEC Ul 5 CTHRE X, HE 450~720
my Vn‘olf} DUICEE A UTERL L 7o W06 B b 5 %
Fig. 11 @ik Ltco

0.5 | l

BQLQ V/100ml
}/ 100pg V/100ml
0.2 / p\o\<
0.1 — \\>\
Blank \Q
0 a a ottt o o a

460 500 540 580 620 660 700

0.4

Absorbance

1

Wave length, mpu
Fig. 11 Absorption curves of oxidized diphenylamine

developed by the reaction with various
amounts of vanadate.
T L= Ry F Y VEOREOENE, 23 2-2.2

mjfutmmaﬂﬁLTSmemﬂme\:@ﬁ
ExEEFECH WS & & 300 ugV/100 ml % C Beer
DA R Ui

DGR, 5B mp AHEE IR o,
5-2-3 MLk L UFGaEOMBIEE
ﬁvyw/%wuvA1mw¢%Af Y ¥ DB O
0.5 T T T T
1. Oxidation times of vanadium by permanganate
0. L :
4 e X
/]
200pug V/100ml
0.3 ! L
g 0 2 4 6 8 10 12
S Concentration of sulfuric acid, N
o]
2 05 T T T T T
2. Oxidation times of diphenylamine by vanadate
L l 200pg V/100m!
> f,’———-(')——-——(
0.4} I 2
-0—0-" : Sulfuric acid
0.3 —8—@-, : Phosphoric acid

0 10 20 30

18N Sulfuric acid added (2nd addition), ml [ 100 ml
Phosphoric acid added, mi |/ 100 mi

Fig. 12 Effects of concentrations of sulfuric-, and
phosphoric acids.

R L Y 7 2= v 7 3 VERINME ORI L0V VR

BREE DR B E Lico

KERFER % Fig. 12 iR Ui,

NF Yt 3~11N BBSEc@i~y FyiEh ) v A

EERIC S U TREEL S, DD T (1+1)
0~30ml LY > 5~20ml 2 mLi-oby 7z
=TI VR AENA D EERBAFEE LY 7 =Xy
F I EIIRRE L T2 LR E R 5 2 7,

D CERARINU R & 2R EE L N T Y F A8k
/RN el

iﬁ\&ﬂﬂ“bﬁ//laW“/?//m DYEREME
BHOBHIR Y L O Y IREBENEWERIFTH - 720

ks, ORI BT, E M:r 5 ml ¢, F7-
ERRa~ > B Y v R ER A EET A 2 ml %
THEETE 1o

BlLEofEr b, B8 g monTrmm (1+1) 20 ml
M TEW L, BAR 60ml w4 T~y iy
B ) v REEWCCI(L R (141D 15ml &Y >~ 10
ml Ahiz, DOWTY 7 =07 3 VB EY N T
REBXEBHI LT Ui,

524 WY HIEEI VY MBI L B NRFY D
WEAb iRt

W= VRN Y T KRB L B3 Y v OB LR
CIRN O CPE bR ok 1 S RN ()
Gy IR E L RBETE ORI RA RS L.

REROER, 5~50°C DR TE~ v 7 Vv n
WA TR & T o T IR 2 n 2., F O/
AP 1 AMBL RIS L&, 7Y rasEa
LT B b ot,

NV VBB OREEDO R~ v H RIS Y
Y LEWE TR AR TE Do L L, TR
F ¥ YRR L TIHE LD T, ZOBBEGH 12D
IR AN Uz FUSAb L, Fig 13 il Lz &

0.5 T T
1. Effect of wrea solution
0.4 /fC = = =
200pg V/100m!
0.3 |
8 0 2 4 6 8 10
_g 20% Urea solution added, ml [ 100 ml
o
2 0.5 T T T
2. Influence of sodium nitrite solution
0.4 0——@—%—%(%\
200pg V and 5ml of 20%
urea solution per 100mi
0.3 L |
0 0.2 0.4 0.6 0.8 1.0

39 Sodium nitrite solution added with an excess, ml |/ 100 ml

Fig. 13 Effect of urea on the reduction of excess
of permanganate with sodium nitrite solution.
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2B B PHEEE NI

REBHEWY 5 mlfnd 5 & &, MR T Y v AWK
3 0.3 ml OBRE F CHETE Iy T, REREIL 10
ml FTCEEBLRD o700

LEDEREND, |BIRCHE~ v F B2 Y v AEHA N
AT B L UBTICK 2 Fia i, 1 5% iy -
P RERATEM LTl v BABITT L, oY b
JREHEW 5 ml Mz 52 & Uiz,

0:2:0 Y7 I =T I YWD L FOTRMNE

rz*JT@Nt&ﬁrﬂi//@iﬁrmbé/7z
ST I VERE, FAERE LTHW BN TS, @
ﬁ*%@%%@bf@ﬂbtm%\F2$2€4ﬁjﬁ@

NICERTIC L > TERBED ST Y X0k % TRIF Ik
BEB LN - fco
TIT, Y72=v7 I VOBBELTOT VI~ D
BRI Uk, R 100ml f 10 ml & ¢
Bl oloDT, 28] CTHWHERERED Y 7

IT=VT I YEFATND - VEELTAR L7

BHE ST & Y RO FZ BT A DI U T Uit A
AT, ¥72=v7 3 Y ERORMEDO B L
RhakbR st Fig 14 i Lo

0.6
0.5 P~
0.4 /é'—‘ -
. \ c
o
2
2 0.3 >
< Curve A,B,C, and D:
0, 100, 200, and 300ug V
00— N o b per 100ml respectively.
/5’// :
0.1
h—J\——l m
a . o
0 0.2 0.4 0.6 0.8 1.0

Concentration of diphenylamine, ml of 0.1 9 solution |/ 100 ml

Fig. 14 Relation between vanadium as vanadate and

diphenylamine concentrations.

V7 =T I YERIEOTRMNE 0.40~0.50ml o & x
BALFE Loy 7 mm v Ry 5 9 VRS LT“EL
ToWCEE A%, /39-2 > 300 ug ¥ ¢ Beer o kflic L
feiotce Y7207 2 YEROGINES 0.5 ml B -
DL Ziid, WOLEIIE S Btk b B L oo,

LlLEOfEEI S, Y7 227 3 BRI 4 0.45
ml & Uiz,

D%, 20% = F VTN~ NVEER LY 7 v
7 YEHEEACT, ATV Y RRBEL Rl L — |

13

9-2:6 WROPE L yEl:
V7T =T 3 YRR O WEIR 0 B
P U7ofh A Fig 156 iR Lize

B REM AR

0.5 l
,200eg V/100mi
N o A 0o
0.4 o P o ‘<>---—-)_~
&
0.3
3 Dipheylamine was added to the solutions
_§ at various femperatures . -O-, 5%t 15°C%
g o2 -D-, 20°t0 30°C; -@-, 40°t0 50°C.
2 . After standing at respective conditions for
about 3min, these solutions were allowed
to cool to 5° to 15°C and it was
0.1 maintained through all measurements.}
Blank.
olcom——are < (Il e |
10 20 30 40 50 60

Stand time, min

Fig. 15 Effect of temperature for color developments,
and for the stability of the color.

RALFEEROWIRL 20°C Ll ko & xicid, 5 LM
BLUTERETE WZ &% o e DT, BRI OWRIR 4
B ZI Ui T7lth, 10~50°C @Rty 7 = =
VT I PEBEAERIML, §3 S 5~15°C wBHIL T
BE U7 R, B OWHR AN E < In AR L < %2
EME LI I oo, 5~15°C DR CEMES B L X0t
WBTUT—% LB ELR 5 20 { & $455MEETh
726

PlEDfERN B, 5~15°C o #E I TEE LT, FMm5
%&JD%%MWKM%?%C&KLKO

B 3T COIRR B Al

B, I re=ba BLOEOEEC ONTHE L,
KERDOKEREER 100 ml s Mn*2 (3 10 mg ¢, Cr+6
100 pg FC, F7z Fe™ |k 8mg ¥ CHETX 2,
Fets X 3 mg Dlotxgidyryzmvy HEARAL
LT, 5 mgFet$=25ug V o244 50N a2 50
THIIE Ll uE 7 B,
FOfboEETHEL, Table 2 KR ULAHEBELY AT
X7,

5:2-8 Mk

THE ) & 2 VR DA TR R A W L O Ui &
TNE=9 s 1g CABIERT Y RO AT R AN L
THRE UGB & IV, 158 AT 1 Lizdio
TEIEL TR Uit Fig. 16 wiR Uiz,

AR 580 mpy 10-mm 2 v & FVT 300 pg V/100 ml
¥ T Beer oEANC Uiehiotz,
WARE, Edid, 0.2040 T e,

N
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12 (*) BRI ERE S > Y v AR OATIE R O LI U 7iE
' L W B, ASCRVRE LT Ao TR %,
Photoelectric photometer B N
Filter 57 20-mm cell / () JUsEmiEE. S 580 mp 10-mm 7ok 20-mmk
1.0 / N T <300 pgV/100 ml ¢H %,
/ 54 FGARR
0.8 / Afknﬁ/{,lrh ODI"’E( :T’ DRI Y Y Iv.ﬂ 1/7\_1 n/P D — 1&”
/ Table 11 R L7z,
g 0.6 v - Table 11 Determination of trace of vanadium
‘g / in aluminium by diphenylamine pho-
< / tometric method.
0.4 L ///
Vanadium Average |Coefficient
Bomt 10 oo Sample | saded, | R
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0 50 100 150 200 250 300 50 49.2 3.6 5
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Fig. 16 Calibration curves for vanadium. Aluminium, 1099 Less than 2%
Aluminium, 1100 Less than 2%
5-3 ﬁ”*ﬁjﬂ—if Aluminium alloy, 5052 L.ess than 2*
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diphenylamine photometric method.
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