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On the Embrittling Phenomenon of Copper Alloys During
Annealing Rep. 3)

Grain Size Dependence of Embrittling Phenomenon of Brass During Annealing

by Shiro Sato

In the previous paper (Rep. 2), the effect of some factors affecting the embrittling
phenomenon were shown and explained by the proposed mechanism for the cavitation
fracture in creep test. But as an exception, no explanation was made on the remarkable
effect of grain size.

This paper deals with the mechanism of the grain size effect on the susceptivility to
the embrittlement of « brass during annealing.

The creep and creep rupture tests were conducted at 300°C on cold roled specimens
of 70-30 brass of different grain size (0.03~0.50 mm) under different stress levels. The
relations between elongation during creep and grain size of ruptured and embrittled
specimens were examined.

The results obtained were as follows:

Elongation (&) in ruptured specimens or elongation (&) required to embrittle the
specimens decreased with grain size (L). The products of L and & or L and & showed
constant values in a wide range of grain size.

This can be explained by taking into account the relation that the length of grain
boundary sliding ( s s) is nearly proportional to grain size L under a constant elonga-
tion,

@

2

is=a-&-Licos 0

where a is the contribution of grain boundary sliding to the overall elongation, & is

the overall elongation, and 6 is the angle between the stressing direction and the

sliding direction.
(3) Same experiments were conducted on cold worked aluminium brass which is empirically
known to be sensitive to the embrittlement during annealing. The value of L-& or
L-&' of the aluminium brass was nearly 1/3 of that of 70-30 brass.
The application of these results to the phenomenon of embrittlement encountered in
the brass mill gives a satisfactory explanation for the remarkable effect of grain size
on this phenomenon.
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A(Grain size, L : 0.03mm)

E(Grain size, L : 0.50mm) (x100)
Photo. 1 Micro structure of 70-30 brass specimens A,

2. & i C and E before final rolling.
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CEBCRD X D IR L 72, Fig. 1 Specimen.
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Table 2 Average grain size of specimens annealed at BABIODRT BI5 (W8, Myl d O OM
various temperature for 1 hour before final rolling. %% Fig. 2 wmrd, £, FHER 7Y~ 7 s LT
Atloys 7030 brace Aminiom | EH U7 RERO—RENIE Fig. 3 it Fig 4 ki
& LT s 7y 20kg/mm? ¢ 30min MEE Lz Bak
Mark A B C D E A B C
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T i 15
Average grain size | 030,10 | 0.23 | 0.32 | 0.50 | 0.02 | 0.08 | 0.65 (19)
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Fig. 2 Stress-elongation curve at 300°C in 0~30 minutes
4' % ﬁ ﬁ?E % recorded by X-Y recorder.
R L1272 X XYva-2elsd) o—fsLTH (0),(5),(10),(15),(20),(25),(30) : keeping time in minutes
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Fig. 3 Creep curve of cold rolled 70-30 brass at 300°C.
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Fig. 4 Effect of grain size on the elengation of cold
rolled 70-30 brass in creep test at 300°C for 30
minutes under the constant stress of 20 kg/mm?.
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Fig. 5 Effect of grain size on the elongation of cold
rolled 70-30 brass and aluminium brass ruptured
in 10~30 minutes during creep test at 300°C.
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Fig. 6 Effect of grain size and elongation during creep
test on the embrittlement of cold rolled 70-30
brass and aluminium brass.

(a) () (x20)

Photo. 2 Fracture profile of tensile specimens of cold
rolled 70-30 brass showing the ductile and
brittle fracture.

Grain size: 0.50 mm,
(a) As prepared; (b) After creep test at
300°C for 30 minutes under the stress of
20kg/mm? in tension.
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DLBEOFNIDNHEETSH D, Tinbb, ik
AR BRI U OR RO CHEE BRI, ISk
EHEEDEDL MBI E D TOIBITE 72\,

(2) Fig. 5 1 300°Cic I\ THEMERGWT 4 5 % Tled Ui
&7V — e RSB ORI ON T T5 2 L &R
THLOTHY, HAMER LD s8R e
WAz &, DEVMILLLT N E, ZRLTW5,
Z OBAMRA X BICEERCRE 3T, ko AxEx (D)
LW DR Y (&) O, 70-30 SRk LU 7 v 3 =
v REESAIT D X FFi Table 3 0 & 51z (3) O BIEMN
BERAL L TWA X SR BI b,

Table 3 Relations between grain size and elongation

of cold rolled specimens ruptured in creep test.
(a) 70-30 brass

Mark Grai’rrlnii‘ze Elorex%,aozion Lxés
A4 0.03 11.00 0.33
B-3 0.10 3.50 0.35
C-3 0.23 1.11 0.25
D-2 0.32 1.17 0.38
E-1, E-2 0.50 0.70 0.35
(b) Aluminium brass
A-3 0.02 3.16 0.08
B-4 0.08 1.10 0.09
C-3 0.65 0.16 0.10
- LXé&.=constant 3

Thbb, T0-30 EFAK IO 7 I =y RO LXE D

5

B FN FAURE 0.35(mm X %) ¥ L8 0.1(mmX %) ©
bbe CDI LB T0-30 38 L 7 v 3 =7 2D
BER—THhIUE 7 v 3 = v & #8R1% 70-30 #sRD 1/3
D7)~ 7THETHEWTLHZ LAY S HbD BB
Bo TLT, ZOZLXTHBIERTLEHR (Thbb7 v
I = v nFESME 70/30 $58R L b % fire crack xR L
W) E—ELTD,
(3) Fig. 6 0Bl d Bcd @l E n 7 Y — 7 OfE
(D) 1 IAERRE OB A L L HIEP 2 2 &avbhh
Do MLOHEBT OWTEIUTALE - 2 BB O fokr 2
L) &7 ) —7 e OBFRE S BIckidiuE, Table 4
DZELTHY, LXE E—FHEARTAREERS D L5
Table. 4 Relations between grain size and critical
elongation of cold rolled specimens during creep
test on which none or little embrittlement was
detected by tensile test at room temperature

after creep test.

(a) 70-30 brass O no brittle O brittle
Mark Grain size Elongz;tion Lxe
L,mm &% no brittle~brittle

B-1 0.58 O
0.10 0.058~0.17

B-4 1.70 ¢

C-4 0.33 O
0.23 0.076~0.094

C-2 0.41 [¢]

D-3 0.14 O
0.32 0.045~0.058

D-4 0.18 €]

E-6 — O
0.50 ~0.060

E-5 0.12 [

(b) Aluminium brass

A-1 0.62 O
0.02 0.012~0.027

A-2 1.34 o

B-1 0.12 O
0.08 0.010~0.029

B-2 0.36 [

C-1 - O
0.65 ~0.065

Cc-2 0.10 [

Thbd, ZIZT & MDD LEERRE /NS Y~ 7
YDREXET D, Tibb, LXE OffE 70-30 R
DWTIREE 0.06(mm X %), 7iv I =9 LESICDOWT
X7~ 2R 5T B5HHNHE 0.02(mmX %) BE & 2
BB 7L, MELOBMOE EITHBHEL L - T
DI DRIE R & LI 2 T

@) 79—~ 7HBRRT D BHHEO voild oLz oun
T, RS jog NEETH B &5, REDRYOHE
EERTDHHOD, B L OEAGREENBETHD LT
B0 M ENRBDBA, FOWTNY AREHR Y (grain
boundary sliding) #WEDLEHEE LT 5B, LB X
U () T & Bz ElpgEse LX g, =const., kL LXE =
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o
WE, HOESEROSEREEEY L L, £U7kes
V- 7R E Y~ THEOR D HRRT D
DL a, [EHOHALMRATXDOFADKRTAEY
0 & FIUTRADBER AL & 5 (Fig. 7).
is.cosf=L-a-¢ a<l 4)
As=L-c-&[cosh (5)
Thbb, BATXY)OEIHEMNE L+ H &
LG, HEIRD 7Y - 7 HRBECKITSH @ DEI DNWT,
WG HSERENTUX DD, F OO R
FEA B ENT Wi, 272, 7=y n&&ikish
B a OB dABEREE 2 F L TWanE 5 ThH5BD
TY, LV h 2T, KHLTIE e DEE—EE LA LT
<o

Siressed
direction

As :length of grain boundary sliding

L ¢ average grain size

Fig. 7 Grain size and grain boundary sliding.

void Oz, Gifkins OFHT L IERIF O jog Avkrft
TAROEL o TCET oD ETHLOTHL &I NT N
BHo ZOIZEIEET Y ~ 7Y NR—BE LRI HITHES,
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EERBERBNTELD LD TH D, ZOBGEHGREBRER
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BT v =y ARSI Y vAE LD F
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036582/ ETHHI L E/AY, L OEKEECEHE

S, KEOHZEELE LT OEDENBESLND,

70-30%55H ; EF L>1.0mm
Melt L>0.2mm

7oul = RS ;O BT L>0.28mm

Vet L>0.06mm
6) ZDLIRBEINFZLERLDTEINENEIEDS
fodd, BINIER & UCHESY RIS Imm (0.84mm) s X
U8 0.32mm > 70-30%55R 7 5 UM ASSL R EE 2% 0.28mm 35 J:
U 0.08mm D7 v = a B A 30% 5 FEIER 4
2HTHWER Y L B EEEE CRREE (hEe
100mm) i HIAHC, Bt (3B (300°C X 1hr) # 5/
LTCdto, FDkEEI: Photo. 3 DX 5 Th-T, sk
EImmo70-30385f% L U 0.32mm D 7 v 3 = v A%

L ;: Gain size

Photo. 3 Brittle fracture of the specimens of large
grain size during annealing. Cold rolled 70-30
brass and aluminium brass were fixed on the
bending blocks and then annealed at 300°C
for 1 hour.
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Photo. 4 Micro structure of cold rolled specimens of large grain size fractured by annealing at 300°C under
bending stress, showing the existence of grain boundary sliding.
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Effect of Immersion Time for Polarization Phenomena of

Condenser Tube in the Flowing NaCl Solution

by Zen-ichi Tanabe.

When copper alloys are used for condenser tube in sea water, as we have already

seen, water velocity is about 2m/sec.

If condenser tubes have oxide film in contact with
the unpolluted sea water, corrosion is not too severe.

Therefore, effects of immersion

time for corrosion of condenser tube were studied with polarization measurement.
The alloys selected for experiment were Albrac, Cupro-nickel, Admiralty metal and

pure copper.

Potentiostatic polarization curves were obtained under the following condition.

Electrolyte,

Flowing rate of solution, 2m/sec
Temperature of solution, 35+1.5°C
Polarization rate, 0.1 V/min

39 NaCl sol. and 3% NaCl sol. contg. 5ppm NasS

Potentiostat (Gleichspannungsverstiarker) Response time, 103 sec

Input impedance, 10MQ
Max current, 10 mA

Immediate polarization curves after immersion illustrate only instantaneous corrosion

behavior.

But condenser tubes are used contineously for a long time, and their corrosion
rate decreases mostly with the increase of immersion time.

Therefore, even if immediate

corrosion rate after immersion is small, it is not always illustrated that the corrosion

resistance of condenser tube remains constant for a long time.

Effect of immersion

time for polarization curve of condenser tube alloy is important.
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Method for the Determination of Vanadium
in Aluminium and Aluminium Alloys
by Toshio Sawada, Sakae Kato and Hideo Aoki

To fulfil the need for the precise, rapid determination of vanadium in aluminium and
aluminium alloys, the spectrophotometric determination of vanadium by the use of N-
benzoyl-N-phenylhydroxylamine (BPHA)-benzene-extraction procedure has been developed
as the confirmatory tentative method for the quantometric production control analysis of
this element.

The method established is based on the following conditions: The sample containing
less than 200ug of vanadium is first dissolved in 15m! of 5N sodium hydroxide, then fol-
lowed with 16m/ of 18N sulfuric acid, 1ml of 16N nitric acid and 1g of urea. Interfering
element copper is separated by the extraction of the diethyldithiocarbamate with carbon-
tetrachloride from 3.5N sulfuric acid solution of the sample. The solution is treated by
the addition of 0.39; potassium permanganate until faint pink color persists, and then
made 3.5N in hydrochloric acid. The vanadium is then extracted with 20m/ of 0.043%
BPHA -benzene solution. Spectrophotometric measurement of the color is made at 525mp.

Under the conditions the color system shows that two molecules of the reagent are
combined with one atom of vanadium, and gives a maximum absorption at 525mp and a
molecular extinction coefficient of 4890. The benzene is reasonably accepted instead of
chloroform as the solvent for the reagent and the complex, because it allows the extrac-
tion of vanadium from 0.3-7N hydrochloric acid with the same color except for the in-
tensity. The reaction of the complex formation and the structure are postulated as given
by equation (2). Further, equation (3) and (2-1) are also postulated for the equilibrium
reactions, under the thermodynamic consideration, among specified chemical species. Thus,
the following equation (11) is derived :

D= Kex(HAZ,, o (@)1

1 +BKHAfIIA12wg (aH+) -1

where D is the benzene/aqueous apparent distribution ratio of VOu* as the complex HA,
VO,, K., is the apparent extraction constant of VO;* as HA,VO, as a function of the
concentration of HA and (¢H*), HA is the undissociated BPHA, (¢H*) is the activity of
hydrogen ion, B8 is the apparent formation constant of HAsVO,, Kua is the acid dissociation
constant of HA, and K, is the benzene/aqueous distribution constant of HA. Brackets
with a subscript org indicate benzene phase concentrations. By the evaluations of the
K., and B from the continuous variation method, equation (11) gives the K.,=101%% and
B=10205 respectively.

By the developed method, the coefficient of variation for the synthetic standard
samples with vanadium levels of 10~200ppm is given within 1.5 percent (#=5). The
average deviation of the differences between the analytical results of vanadium by the
developed method and quantometric production control analysis is caluculated to +0.00026
(percent) at 0.0013~0.0043 percent vanadium levels. Clearly, almost satisfactory results
have been obtained.

1. #

I

73 pH1.9~28 T/ v v a (V) L O A 4 X 4Tl
KB ERCH A2, BRI HERS - TR ISR

FAWAFERL DL, SNBLORIRD 5 H N- «/74/1/—

NDLIEED RN 0T, T DORBIELREHHE UCERE

N-Z7z=preFuexyry v IEQWE Shome . . 3 4
v B ° BIUKREAED CER L7 Ryan, Privadarshini et al
I OI|EI T B &, DPETLEHMB O F Y v 20

-1 —
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5
ERD B

5@ JIS «E@fﬂﬁ, if_}m‘ﬂéﬁfﬁlwiﬁ J, Z1LTC
AEEMBEHO NPV Y AOERL EODEDE L ZDHE
DWFRLR A S i

Lﬂb,L®ﬁ%%mm17w::vA%iU7ws:
PNl h@)/\ﬂ— YV LT ER LICREIRNED L AT
RN Tnis\, /o Z DFEOTMHIGE T /b bBEE o
B E R s L OB I oM, <Py n(V) &
DA L O 0 EE ISk JIE T M MERS
LHEHEHHTEHND,

FEDIL, 7TVIsY ARLIC T =Y LEETOM
BV RDONF ST L EEOZO BOBEET ST D /2
i, N-~_ovApu-N-7 = Fuexyry iy il
WD ZOHFEERE L, FOMES HF BEAHE L
Fro WEST LIn B L D 7S =y a7 v 3 =0 A
BEPOBE—VEONFY Y A RECEE LS EREL
TUHIRERER LB T COFHEIE E%)ﬁb‘i& L
TYL+AEATE %, 7, Sandell ODZQT/’y(i‘:LJ\ DA
BOREWR, 7VizgraRIU7vi=y La8aPhodss
FTY AODW#&JE&EE:&KBL\’C, RS D— ARE &
CHAE LY 7 =7 3 vkl Uiy 1/2 THBH
S DAz UM AT RIFTCH YD, F7 Biechler et al
CLBY v FRASTAF B ~F v w7 va— vl
R EE L D bBEXE S CRE L v, TR 20D
MR AR ET Do

2. EGHELKE

2.1 B

BE S BB L B Lihd00°C T304 sz L
FeRMAb T Y v 2V 0% IEL < 0.1785g 13 & D, K
Wit v v v s8R (10%) %06 L CmBigag Ui
Sml &Nz foDb, KTELLS00ml 25 4 Tlmlrhss
7Yy 2100pg A E T IERBHAYIME Uiz, Z OB

AR UTH 0 Iml diss v 220ug o & ol s
VU NEWE TR U THR W,

KERAL) PV v nEw (20%)

i (1+1), Wk, %

R (EHD

JIF T F A I Y LB (0.59%)
FEFNTFAANNSRE BT ) T R05E B EBALD
KEBIEF b Y v A ERCPHI~ 10 FRER L7z 7k100ml i
fleLtco CORITTBM I LicH L <RE L THV .
Li#ik DDC #i L WEER T 5,

EEHEALIRER R & i XA

W~y By Yy nEE (0.3%)

N-~Nv VA -N-TZ = Fue vy 3y« Ny
EUBEH  N- Ry A -N-7 s = Farxy iy
v (BRI ERRElR L OB LA T RV /e,
Lk BPHA smg3E35) 0.215g &~y €y (B 3K &

) L, ~Nv ¥y TE00ml 15 T 0.0459 (2
10-8M/l) BPHA - ~> @ v &R LTV, 20
BTSSR E L, SEHMZEH UCHR L, B
ik BPHA Bt & W53 5,

'C@{LUDHI&AKZL)j-/\T’jJ{&ifL ‘J‘%‘ H\/\fs_o
2-2 #E
Hsradtmxgst EPU-27 10-mm + v

A V%I{Mﬁy:r:~~iz~

3. RERERSLUBE

31 RBRFEBLICHAERROEE

(EE > ¥y MR R e L (BxE, 0,
3, 6, 9mD), FE (1+1) 1ml Zhz 720 HK T #35ml
5 T95, DERCE IRy Y v sEE (0.3%) &
U CHEBEA A S E Liz0bh, HEE 15ml Az Tk
D FE, WKRE L T20°C LT EHIY b, HEARM
&0 54BN BPHA B4 1E U< 20ml nzT# 3
ST LS D 5B, BB LTI EKERE £ D
TChH, Ny O —EENE F O LD, WE
525mp CHRHEEARES B,

BEBED T ¥ v RERER, TREROMG RIS
Ltim®%&ﬁ$kbt#of&ﬂb,M&Ltﬂ%v
v 2+ BPHA $8 (DIBITBICR & 54 %) DE
380~660mpy Izt 5 WA A E UTrER U 2B his
% Fig. 1 @R Lz,

1.2

0.8 //
0.6

A~
AN LA
]

Absorbance

}f j{f //

0.2 Lo

0
380 420 460 500 540 580 620 660
Wave length, mu

Curve A, B, and C are the complex from 60,120,and 180ug
of vandium (V) per 20 ml of benzene respectively.

Fig. 1 Absorption curves of the N-benzoyl-N-phenyl
hydroxylamine complex of vanadium.
SEA1E525mp (R E 52, ZOERCRT
BHEEORIE L T Y v 24 TEOBRITER TRIEN
oo Efo, ZOMEMIECI 2 BPHA BEEO RN/
XL T T E S, T ORERNSAEERIEL 525mpu &
Lzo
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Table 1 Extraction of vanadium with N-benzoyl-N-
phenylhydroxylamine-benzene solution from various
acid solutions.

(1) Extraction from single acid solution

Vanadium Sodium |Acid and its| Vanadium Blank,

added, chloride concentra- found,
added, tion,

pg/50mi £/50m! Acid N | absorbance | absorbance

100 HC1 1 0.131 0.005
2 0.352

3 0.470 0.005
4 0.479

5 0.482 0.000
6 0.482

7 0.428 0.000
8 0.210

HCIOy 1 0.007* 0.000

3 0.000* 0.000

5 0.000* 0.000

7 0.174* 0.000

8 0.290* 0.000

HeS04 1 0.032* 0.000

3 0.011* 0.000

5 0.004* 0.000

7 0.000* 0.000

9 0.000% 0.000

120 3.0 HC1 ) 1 0.372 0.000
2 0.545

3 0.578 0.000

4 0.587 0.002

6 0.578%* 0.002+*

8 0.337+* 0.000%*

10 0.272%* 0.003**

3.0 HeS04( 1 0.173 0.000

3 0.438 0.002

5 0.538 0.000

7 0.580 0.002

10 0.585 0.002

* Absorbance at 20 min after the extraction. (The developed
purple-color complexes in benzene were rapidly disap-
peared.)

** A part of sodium chloride was precipitated in these solu-

tion.

B BEHRTI, BBy v 2B TR L
e H4~6N HEg, 1ML+ Y v 4-3~6NHEE, k&
OIM (L + Y v 2-T~10N il & U - wh i L
Jo& &, $HRBEC—REOBRNELY 5 2 /-, 1~8NEH

B ¥ January 1967
(2) Extraction from mixed acid solution
Vanadi- | Sodium Acid and its Vanadi- | Blank,
um chloride concentration um
added, | added, found,
H250,, HNO;, | (NHp) | HCI,
2CO, absor- | absor-
ug/50m! | g/50mi lT5l(l){nl rr51[[){nl g/50m!; N bance* | bance
100 3 1 0.298 0.000
2 0.463
3 0.483 0.000
4 0.487
5 0.490 0.000
6 0.425
7 0.146 0.000
1 4) 0.482 0.000
2 0.483
3 0.480
4 0.482 0.004
5 0.482
6 0.480 0.000
7 0.468
8 0.452
9 0.391 0.000
10 0.369
3 1 0.5 4 0.494 0.012
1.0 0.490 0.004
1.5 0.486 0.000
3 2 { 0.5 4/ 0.509 0.032
1.0 0.502 0.018
2.0 0.488 0.004
3.0 0.482 0.002
3 3 / 0.5 \4 0.509 0.048
1.5 0.494 0.012
3.0 0.482 0.003
4.5 0.442%% | 0.000%*
120 ) 1.5 3 1 1.5 1 0.502 0.000
2 0.563
3 0.575 0.000
4 0.580
5 0.585 0.000
3.0 3 1 1.5 / 1 0.544 0.001
2 0.571
3 0.585 0.000
4 0.587
5 0.587#%*  0.000%**

*  Absorbance that did not subtracted blank value.
** A part of urea was precipitated.

** A part of sodium chloride was precipitated.

FlR d L UL~ONGRIRIE A Dk U788 o 213,

Hhtk Fig. 1 @R Loz L3 L 5 Th
oty BEMWERTZEDEL TTHLMTBEB LT,
7o 1~3N IBEFBE W DITIT & A EHH S o
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Too BEBBWERICDOWTHD E, 779 v AL 2N —
3~5Nfs, 0.7~4.3NpE — 4N HE O £ 51 H & BPHA
L L TERNICHIITTE T 5, R BPHA %%
LTy DA YIS Licsy, RE 38 x5
Z &I L o C2N g — AN SRR S0m] oh 3ml & CTHRE
T& o Elo, TOBBETHAT VY Y ax IM/I 45
& & BPHA 835 & UCEENRME AT X BERBE A
BRI B L C2~5N Lin o TTERIE 2N & THATE 72,

L EDO#ERY B, 7vi=y niB Akt U v o
BUWTHML, MBLWBENL CTHEELLOS, RELY
Mz, \B<>F By ) v AERCERLE2.0~3.5N 5%
3~AN AR & U TRIET B4R MR IE Lz,

3-3 RO

WALt LU VR & » TEE MR A TR L
Tro 72720, COERTIE2 -1 0 BB BT
BT S U< FHE Uiz 2X10-3M /] i <5 37 7 LYAWE
& 2X10-3M /[l BPHA ¥4 iV, IAIBFIE A~ > ¥~ & 5
mUCai 40ml & Uit Uleo BRI (LRI L AR
% Fig. 2 @ik Ui,

1.0

0.8

J LA
/N

0.2} — : A

Absorbance

0 {
0 0.2 0.4 0.6 0.8 1.0

[vl/ [vl1+[BPHA]

Solvent : benzene
Volume ratio of benzene to aqueous solution is 1 to 1.25.

Fig, 2 Continuous variation method for the complex
extracted from 3.5N hydrochloric acid solution.

R oW E VI (CVI+[BPHAD 7: 0.33 THE
BETAHZ LMD, Fi, TVLERCLAEEDL [BP
HAJ/[VI]=2 @A) x 5 athisik 52, 2~100HFE T
BO—E URBRE ErE 2l ZINDHO RN BT
[VI:[BPHAJ=1:2 O&NTHELL Y /5 2 &3 RERR
T&,

NF T LOEENSIETR D 2Dy, £0HH
g IS NS L5 EREED BPHA BB AE W%
DAL\ F2T0.043% BPHA RO EHARESY 20ml &
PeiE Lo

34 RFEDTLOMBRELHMEHEREOREOREN

WANWS IR & T T UTTRESR M2 2 b Lo 3o
VY LEBAERGT, NPy AR EA R Uik
Bo—@l% Table 2 iR Uiz, ¥l L0 ER
DA RE Ul R a Table 3 wiR Ui,

Table 2 Extraction of vanadium under various

conditions.
Conditions Absorbance of ben-
Solution Stand time after f;;e oiXxZiZtiiurfr?r
the addition of | ~ 'E ’
hydrochloric acid,
min Ist 2nd

(1) 50m! of 2N H.S04-3.5N <5 0.556
HCI solution containing 0.558
sodium chloride in IM

(2) As in(1), but added 1m! 0.000
of N/50 FeSO; before| 0.000
the addition of HCl

(3) As in (1), but added <5 0.578 0.002
KMnO; solution until a 0.58) 0.002
faint pink color was 10 0.585
persisted before the| 0.575
addition of HCL 15 0.582

0.578

(4) As in(3), but volumes <5 0.569 0.000
of the solution were 0.578 0.002
75m! without changing|
the acidities.

(5) As in(8), but volumes <5 0.578 0.002
of the solution were 0.575 0.000
150m! without changing
the acidities.

Vanadium was added in the quinquivalent state, and for the ex-
traction 20m!/ of 0.04;3% N-benzoyl-N-phenylhydroxylamine -

benzene solution was used.

Table 3 Stability of the color of complex in benzene.
(Solution kept in separatory funnel : 100ug of

vanadium in 20m! of benzene)

Stand time, min
Conditions <5 1 15 30 45 60
Absorbance
Darkness 0.480 0.480 0.484 0.484 0.484
Five metre 0.482 0.480 0.486 0.486 0.488
from window { 0.479 0.480 0.484 0.484 0.486

Table 2 H b, <+ v L@ 5EEA MY 7745 2
A F 9 v n SAGIEEL Ui i Biana &idb
Mo, COBITEEOBR~ 7By Y v LBEY AW
T%%Ké&f%hoﬂﬁiﬁA(V%ﬁﬁgﬁﬁ@%ﬁ
TR ENAERNRE D E Wb TWBR, BE Lk
ik 35N HEBER & LThBISH®E £ Tro 8L
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WT Xtz FlINBHDOLETIE, KIBEWEN 50~150m!
HEELTh BPHA p&HE 20ml % F 2% — B Dl iRiE
TREMCHI T 20T, ZoHBOKAREOE X
GO HTILIIE L A EFB LI D LA T I,
FhHY U7-883 o213 Table 3 7 BEEOEACE N
Tihie & HO0HZETH D &b b, FORE
L EBBAE DG T D OBM LT DAL, IR
OEFRCFERN LD L Bbhb, COBEOELITS &
S EREAER A HET A L o TR T A &
INTEDEEL Do
BLEOERMND, BREIGE~ v 7 v Br Y v NIRRT
AL, X 13.5N HEkER L LT 5 M BPHA &
wCHIH L, S0 DIl 3 A B E A HE Uz,

3-5 EEEFLIUEVBRHOXEFICLAFE, LU
O BERE

3-5-1 HITHEIk L OHUAIOHFIC L HEE

ol s DA ERE IR 2SR D X 5 7 3 BEFHD BUIRIE R A
THITEDOIKRTI HHE L LR Lz

A. 2N il —3.5N Hpans0ml dz JR3ELe L
TV

B. B (A) dicx bty v v ok IM/L &
AR

C. i (B) i birrvrvi=va @i s LT
Wi 1g & &L
kLA Table 4 AR Lo

Ti4+r Mod+ Fe3+£1mg ks k08 CrO42-, Cu?*4 0.1mg
FTCRIATE 2, iz s Tit s L0 CrO 21k
HEOEE KEEL THWE EELY 52, FA Mo,
Fed+ 35 L O Cul® 1339 ¥ v o O A KA Ui,
TR LT IM/L oL F F Y v s ke (B) T
13, Fed+ 13100mg 7 LT Cu2* 1 300mg % CHE TX
7oo LL7 3 =v o lg IETHEK (C) TiL,
Fe?* p#pEE1210mg % LTCul 0¥ fIL 0.10mg &
Frodne Ni2Z¥ 3 20mg F CRE LA WD & W ER L
Too FOMOITEECDONTHL, AghHRWT, FFEEIX
X< FBWIOER LRGN o1z, AgT OREEE
T Y R EESTEETIEIORE WS, TOUEL Fedt ks
Lo Cur AN & BT 12507 WEKREE 2 5 2
foo SIUDIFETLHE OFEEILTO FKFI L o T £0.005
DRI EER ETHEE TR L

Table 4 R L-ATTEOH AR, HFEA LOMBE LI
Cu?t OEAHL LR L > TRREND T LT Do
g, 7T oWd IM ¥R 1ml TR T ¥ 720% X
D&ED s T Yk X0 EDTA 11 0.1M %W 1m! oFm
BCE L AT VY OB AE Ui,

3-5-2 A SHESEE

ST F T FFH R - L RER LYY
v - A CRE R T DIROM I S A L iE Uice 3

Table 4 Amounts of many elements and salts not
interfering with specti‘ophotometric determina-

tion of vanadium.

Solution
¢Y] (2 [€)]
Group | Element | Added as
Amounts that did not interfer,
mg/50mi
TA Be BeSO, 10 16 10
Mg MgS0, 50 50 50
Ca CaCl, 10 10 10
VB Ti Ti(S04)2 1* 1* 1*
Zr Zr(804)e 10 10 10
B Cr Cre(S04)s 10 10 10
H:CrOy 0.1** 0.1%*
Mo Na:MoQ, 1 1* 1*
w Na; WO, 3 3 3
B Mn MnSOy4 30 30 30
i Fe Fea(504)s 1* 100 10
Co CoSO04 5 5 5
Ni NiSO4 100 100 20
1B Cu CuS0, 0. 1% 300 0.1%*
Ag AgNO; 3 0.5%
B Zn ZnS0,4 70 70 70
Cd CdSO4 10 10 10
A AL Alz(S04)s 1000 1000 1000
FA Si NasSiOs 10 10 10
Sn Sn(S04)2 20 20 20
Pb Pb(NOs)2 5 5 5
VA P KH:PO4 5 5 5
Sh SbClg 1 1 1
Bi Bi(NOg)s 10 10 10
NaCl 1M/t 1M/1
NasS04 1M/! 1M/

Solution : (1) 50m/ of 2N H.50,-3.5N HCI solution contained 1g of
urea.
(2) As in (1), but with 3.0g of sodium chloride added.
(3) As in(2), but with 1.0g of aluminium as sulfate added.
*  Permissible amount.

*  Maximum amount permissible.

BT v 3 =y 2lg B EnD D, Sy 2120ug
EHOAE BEAHRML, KB MV v s EE (209%)
15ml ComEmE (1+1) 16ml & RE 1ml %inz <
BAE L, WICRELg 2 THEE L0 650ml 53
DTHM Uz 2 DOHBEHFERIT L D -EnihtE B
I SREEE DI ATED DN 7D E THE - A<D
N2 LTl olcdb, BIF3- 108~y 7 vgh ) v &5
WA TAINT BIEEDN DT o Tos k¥ v nidl 2 & L
Fro 7oL, O ME 20ml ¥ Ui, ik 2
Table 5 &R U7z, 7ok, Table 6 kot ReE — kA
W— v ¥ R F R B8O ATRIC O WTHE L
fERAYR Ui,
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Table 5 Separation of copper from vanadium.

Solution

Separation Vanadium
Aluminium | Vanadium Copper of copper, found, ng
added, added, added, extraction
mg/50ml »g/50m! mg/50ml times
1000 { 0 1 (A) 122
1 7 A 115
3 18 (AD 88
5 30 (A) 20
0 0 0 1 (A 0
1000 120 0 (B-1) 122
1 (B-2) 119
3 (B-3) 119
5 (B-4) 118
0 0 0 (B-5) 0
1000 120 } 0 ) 121
1 < 103
3 (€] 100
5 ©) 102

(A With each 20m! of 0.012% dithizone-carbon tetrachloride
solution.

(B-1) With 2m! of 0.5% diethyldithyocarbamate+20m! of carbon
tetrachloride.

(B-2) Twice each with 2m! of 0.5% diethyldithyocarbamate +20m/
of carbon tetrachloride.

(B-3) Twice, first with 6m! of 0.5% diethyldithyocarbamate-+20m!
of carbon tetrachloride, and second with 2 ml of 0.5% di-
ethyldithyocarbamate-20 m/ of carbon tetrachloride.

(B-4) Twice, first with 10 m/ of 0.5% diethyldithyocarbamate +
20ml of carbon tetrachloride, and second with 2m! of 0.5%
diethyldithyocarbamate + 20m/ of carbon tetrachloride.

(B-5) As in (B-1).

(&) Did not separate copper.

Table 6 Distribution of the complex of vanadium with
N-benzoyl-N-phenylhydroxylamine among carbon-

tetrachloride-aquous-benzene phases at 18°C.

Solution Carbon | Reagent| Phase Vanadium found :
tet‘rachv benz?ne afte{ Absor- | ug/ App-| g
loride |solution| shaking, j

added, |used, bance |20m¢ [2TEnY

! mul-

m/ mi Number tiple
50m/ of 2NHo,- 0 20 2 (A) 0.575 | 120 | 1.00 | 120
S04-3.5N HCI 1 20 2 (A) 0.551 | 115 1.05 121
solution con- 5 20 2 (A) 0.467 98 1 1.26| 122
tained 120pg of 10 20 2 (A) 0.384 80 | 1.50 | 120
vanadium 15 20 2 (A) 0.330 69| 1.751 121
20 20 2 (B) 0.286 60 | 2.00 | 120

(A) Carbon tetrachloride dissolved into a benzene.

(B) Benzene dissolved into a carbon tetrachloride.

YmF T & IS R AL RIE A B\~ B R
XY, 57 1mg iy LT 0.59% DDC &% 2mi DEIET
B TS D EE BN, EE/ARE 20ml -5

DT 2 Ef I 45 2 itk o TR Smg ¥ TREEMNI
SEECETCAF VY A BEICERTE L, IhikxL
TYF Vv — EHEACREE TS RE OO A 1T 5
BB D, IBEEAF Yy nEREINEEY S 2 70,

Table 6 I DWTHB &, PEHRKRE - N>+ v ROF

HERBEGIERICRE {, BELAME/RE
=<1 1 TIREERBEN Y ¥ o, F/>1:17T
s F v A LR BARIC F N E AR L C 1 R AR
L7zo 2L TZ D EKEBIEA & QMO EBBE L, /3
TV Y A OMNERAERSDIFF NI CEMELTI WD
DEHBZBND, kil 2 ORABIEC b BRI s
B ADLH BT, FLEELABOEESZIT T
EDbn o,

Bl ED#ERH S, DDC @i & g LR % Vw5 R0
M EERE A e Ul S OB-E 0 - SR TEE
AT D KO EE LA UL B,

3-6 $HIEOSFWARE

BEBED ATV Y 2R ATEL, 4. 00 B L
Moo To3g- 9 WA&mmbfw%F%Mmb,%%&&A
7Y v SEIIEOBEREFEER LT Fig. 3 kiR L,

Ny
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Concentration of vanadium, ug V/20m! of benzene

Fig. 3 Calibration curve for vanadium.
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1 Sample Vanadium | Vanadium | Coefficient Number
added, found of of
average, variation, | determina-
ppm ppm % tion
Aluminium /l 0 0 0 3
(99.8%) 10 9.4 0.0 5
30 29.8 1.5 5
50 49.8 0.6 5
70 70.0 0.0 5
100 99.9 0.6 5
130 130.0 0.0 5
150 149.2 0.7 5
170 168.8 0.5 5
200 201.2 0.7 5
Aluminium A-1 5.6 6.2 5
alloy A-2 24.4 1.1 4
A-3 50.1 1.6 5
B-1 0 0 3
B-2 7.6 6.4 4
B-3 28.8 1.0 5
B-4 16.8 2.8 5
B-5 85.8 2.7 5
c-1 935 0.8 3
C-2 930 0.0 5
C-3 940 0.0 3
D-1 185 1.9 5
D-2 571 2.3 5
D-3 935 0.5 5
D-4 1844 1.6 5
D-5 3548 0.7 5

B D F Y K SHT LIk RO —B% Table 7 TR

L7ze
Table 7 Spectrophotometric determination of vanadium

in aluminium alloys.

FEsr Uie Tk i & 04 ek o 10~200ppm <
F v LEREIRE1.5% LT (n=5) THMTTE Iz, B
FHBIORA7VI=Y &8 G500 7Ty 2 SHTHE
5.6~8548ppm 12\~ Tl 6.4~0.79% (n=3~5) @ & &)
R T o7,

5-2 EFESWESR
RH7VI=Y A AEEBO Y P A -2 - L BRE
THOHTREED 5 br3d v b OAWTHEE LN Ui
L BHEOHESITFERD thigo—4§i% Table 8 kL
Too 7ok, B ¥ b A~ R —SlTEE Table QicR L7z &
5THY, BB IEESEO /Y Y A e ERITREST
LicFBIL L DREINIZEDTH B,

BV A B BHTER X D EEONTER LS Ui s
BRI L RSN R & 02D R, 0.0013~0.0043
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Table 8 Production control analysis of vanadium in
aluminium alloys by the quantometric method and

by the developed method.

Vanadium found, %
Sample By quantometric
° analysis By Difference
developed
ﬁlvrzgage °f  Range | method
Aluminium alloys E-1 0.0015 0.00091 0.0013 +0.0002
E-2 0.0014 0.00081 0.0013 +0.0001
E-3 0.0013 0.00047 0.0013 0

E-4 0.0012 0.00082 0.0013 —0.0001

E-5 0.0037 0.00040 0.0041 —0.0004

E-6 0.0039 0.00044 0.0043 —0.0005

E-7 0.0039 0.00076 0.0042 —0.0003

Mean of difference —0.00014

Standard deviation 4:0.00026

Table 9 Analytical conditions for the quantometric

analysis.

Apparatus Shimadzu Quanto Recorder

Method Low-voltage arc

Analytical line V 4379.2 A, Al 2568.0 A

Inductance, pH 360

g Capacitance, pF 60

E Resistance, o 50

§ Out-put voltage, V 960

.g Counter-electrode 120° cone, graphite(—)

;“: Rotary gap 30°

5 Spark gap, mm 3
Pre-sparking time, sec 5

Calibration The eight standard samples

with 0.0000~0.0050% vanadium
level standardized by the de-
veloped method were used

for the control analysis of

aluminium alloys series E.
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Fig. 4 Absorption curves of the N-benzoyl-N-phenyl
hydroxylamine complexes with vanadium (v)
extracted into 20m!/ of benzene from various
hydrochloric acid solutions containing 120pg of

vanadium respectively.
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Fig. b Absorption curves of the N-benzoyl-N-phenyl
hydroxylamine complexes with vanadium (v)
extracted into 20m! of chloroform from various
hydrochloric acid solutions containing 120ug of
vanadium respectively.
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Fig. 6 Continuous variation method for the complex
extracted from 0.1N hydrochloric acid solution.
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Table 10 Stability of N-benzoyl-N-phenylhydroxylamine

in benzene.

(At room temperature)

Experiment Lapsed Stability
day time relative,
%

April 19 30 min 100.0

{ 26 1 weeks 104.7

May 3 2 weeks 98.2

10 3 weeks 100.0

17 4 weeks 86.8

31 6 weeks 81.2

For each test 2.0m! of 0.043%(W/V) N-benzoyl-N-phenylhydroxy-
lamine was provided.
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Effect of Interstitial Elements and Iron on Corrosion Resistance
of Commercially Pure Titanium in Hydrochloric
Acid and Sulfuric Acid

by Shujiro Suzuki

An investigation was carried out to clarify the effect of interstitial elements and
iron on corrosion resistance of commercially pure titanium in hydrochloric acid and
sulfuric acid at room temperature and their boiling temperature.

The results obtained in this study were summarized as follows.

(1) Oxygen, nitrogen or carbom, up to 0.5%, improved the corrosion resistance of com-
mercially pure titanium in hydrochloric and sulfuric acid.
(2) Addition of iron to the specimens containing oxygen, nitrogen or carbon, showed a

tendency to decrease corrosion resistance.

(3) The specimen containing semi-transformed and grain grown structure was inferior
to equiaxed a structure as for corrosion resistance.
(4) Anodic polarization was measured in the hydrochloric acid by Gerischer type poten-

tiostat.
anodic polarization.
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Fig. 2 Effect of O, and Fe on the corrosion rate of titanium
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Fig. 8 Effect of O, on the corrosion current in 10%HCI
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Table 2. Corrosion rate of Ti-N, System.

. Natural corrosion|Estimated initial] Actual corrosion
Specimen | current density, | corrosion rate, [rate after testing,
mA/cm?2 mg/cm?/hr mg/cm2/hr
Ti—0.08 O: 0.13 0.077 0.011
Ti—0.17 O 0.113 0.066 0.010
Ti—0.32 Oz 0.098 0.058 0.0091
Ti—0.48 Oz 0.082 0.048 0.0088
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Fig. 10 Effect of N, and Fe on the corrosion rate of
titanium in H,SO,.
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Fig. 11 Effect of N, and Fe on the corrosion rate of
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Table 3. Corrosion rate of Ti-N, system.

R Natural corrosion Estimated initial| Actual corrosion
Specimen | current density.|corrosion rate. irate after testing.
mA/cm? mg/cm?*/hr mg/cm?2/hr
Ti—0.16 Ny 0.082 0.048 0.0082
Ti—0.32 N, 0.071 0.042 0.0065
Ti—0.49 N, 0.059 0.035 0.005
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Electron Microscope Observation of Recovery
and Recrystallization of Aluminum

by Eiichi Hirosawa

Direct observations of the process of recovery and recrystallization of aluminum
through transmission electron microscope were carried out. The sequence of process of
recovery and recrystallization is as follows.

At the early stage of annealing, cell structures formed by cold rolling undergo the
re-arrangements of dislocations, which induce the decrease of the dislocation density and
formation of dislocation network at cell boundaries, followed by the subgrain formation
at the middle stage of annealing.

Then, coalescence of subgrains takes place at more advanced stage of annealing as a
means of formation of recrystallized nuclei, and these recrystallized nuclei can grow
into the surrounding subgrain structures to form final recrystallized grain structure.

The greater parts of residual strain stored in crystal lattices are released through the
reduction of dislocation density and formation of dislocation network, and the rest of the
lattice strain are completely released by subgrain formation and recrystallization.

The so-called half hard state obtained as recovery state corresponds to the stage of
subgrain structure.

The appearance of cube texture in the matrix with rolling texture means the occurrence
of recrystallized grains, while there are no change in texture at the stage of subgrain
formation. The facts might mean that a cell transforms directly into a subgrain through

the re-arrangement of the dislocations of the cell wall,

1. #
ElEt & OSSN I N &R E ka2 bt
ST ABICE SR OEANLBERT, MKk be XL
FUX OB E NS ETHEHEEE LR LI ETHDH,
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Fig. 1 Annealing curve of commercial aluminum.
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(d) 550°Cx30min

Photo. 1 Transmission X-ray diffraction patterns for

annealed Al specimens.
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(> 20,000)
Photo. 2 Transmission electron microstructure of com-

mercial ;aluminum cold rolled :90%
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L, tVvOBRL LB TEIL 5 ThH D,
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(% 20,000)
Photo. 3 Transmission electron microstructure of cdf.m-
mercial aluminum annealed at 50°C after 90%

cold rolling.

(>20,000)
‘Phete. 4 Transmission electron microstructure of.com-
mercial aluminum annealed -at 100°C after

90% cold rolling.

(x20,000)
Photo. 5 Transmission electron microstructure of com-

mercial aluminum annealed at 150°C after

90% cold rolling.
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(x20,0060)

,

Photo. 6 Transmission electron microstructure of com-

mercial aluminum annealed at 200°C after
90% cold rolling.
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W cell MfRII—EHY 35, S hic
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(% 20,000)
Photo. 7 Transmission electron microstructure of com-
mercial aluminum annealed at 225°C after

90% cold rolling.

(%x20,000)
Photo. 8 Transmission electron microstructure of com-

mercial aluminum annealed at 225°C after
90% cold rolling.

(x20,000)
Photo. 9 Transmission electron microstructure of com-

mercial aluminum annealed at 250°C after
90% cold rolling.
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BlOBETIR~NAB o LicT 5,

(%20,000)

Photo. 10 Transmission electron microstructure of com-

mercial aluminum annealed at 250°C after
90% cold rolling.

Photo. 12 13275°C BEEDBETH B2, T CREH R
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300°Ciz 7 A & Photo.13 .5 = & ¢ subgrain |33 &
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L7t~ 7o7° Photo. 14 w7z = & < Al-Fe-Si 3 (b4
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(%10,000)
Photo. 18 Transmission electron microstructure of com-

mercial aluminum annealed at 300°C after
90% cold rolling. )

(%10,000)
Photo. 11 Transmission electron microstructure of com-
mercial aluminum annealed at 250°C after-

90% cold rolling.

(= 10,000)
Photo. 14 Transmission electron microstructure of com-
mercial aluminum annealed at 450°C after

90% cold rolling.
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Photo. 12 Transmission electron microstructure of com-

mecial aluminum anneald at 275°C after 90%

p |

o
O

cold rolling.
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1) H. Fujita: J. Phys. Soc. Japan 16 (1961), 397
2) H. Hu: Trans. AIME, 224 (1962), 75
3) H. Hu: Recovery and Recrystallization of Metals, P. 311,
Interscience Publishers, (1963)
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3 499 481 471 490 476

4 496 477 468 487 478
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6 491 472 463 482 468
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11 481 459 451 470 455
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16 473 449 441 461 445
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21 467 441 432 454 437
22 466 440 431 453 436
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31 457 434 421 446 428
32 456 434 420 445 427
33 456 433 419 445 426
34 455 433 418 444 426
35 454 432 417 443 425
36 453 432 416 443 424
37 452 431 416 442 424
38 451 431 415 441 493
39 450 430 415 440 423
40 449 429 414 439 422
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Al 0.01

E2SH

PYTE

3 MrERE (x20)

4
fi

[




Vol. 8 No. 1

¥R =~ OB L 230ER T & h T T RO

775

HANTHBTE TS o oo - TEAMAIDO ISR H
BECLZLOEELNEA, PHAEEITETLHDT
ERERAER D b Bicv, Loy L 2ibLsEiuk 0.05
mmEETH Y, BAEEELNSWHEDEBbILS,
) ALEWm S

BB OMFESW B o fcfR, B1EDLHTH
S70,

d)  KEMELEER

BES  W#ERE (x100)
AGRIEEEERET =« » 780

EH6 WrimRod (><100)

AFM AR * o 3

A
it
-3

Wikt (< 100)
Al =vr#

ZOEBIIEES 0 &< inclusion 7% <, KEFE
HRL Tz, St Cu0THAD &EBELBNHDTIK
WAL A ks &7 o foo BBRIZT50°CX30min KFRKHE
PICHE Uice BBRBOBRERIUEEES, TRTL5
BT L Tk b, BBUED B inclusion i
Cus0Chsrn e#EzHN, O BT BRI D HZELTH
0.05% L% 2 bivd,

e) #xvER

HEOH 2y EH Yy b — 206k BEFCTHELLED
%, 56.3~60.0 A7R Uize ZIUHIEIE UH kY 4%,
FIHR VBRI OAZE I DEETTE adr o iz,

f) SEEA O X G

KA D X R % 3 & 5 o o iR

1 BAMAIEEIEE E LT CusSO4(OH) 6T, ZHuici
B0 Cux0 %4 A TUiz,

2) Wi SiOe & s & L, SV ED CugSO4(OH)s,
Cus0, Cui.g6S, Cus(SO4)e - 4H30, a—Fe 05, v—
FegOg- /s ¥ & AT,

3. ¥ & &

BlEOREYEEDB L,

1 #EhE Pb %% < & AR INCE WS O SR
B AHTHD, Cu0 %% HAT W,

2) BACRERBINCEICIIEREOA T ~VIMEREL
THbh, FE LT CusSO4(OH)s Th » T i &
2 B, T IRIFENSERD B,

FRNEIERED T WA — B L TR, &
LT Si0g TH-T, A Vi EQWBEBWNRENRS EHE X
B, BEITFIETH -7

3) R U FOBEKII T ROER LD b,
B &N 0.05mm 2 ORI AEED Bivis
DHT, 2304EQEMIIC W2 TIEE AL BEE ST T
Mmolcs



gﬁgmd from SUMITOMO LIGHT METAL TECHNICAL REPOPTS vol 8 No. 1 January 1967

TV = v MG ORIREME (0D 2)

" B A

ErEgEeRE LERKX S



S PAN == = =RER )}—:jﬂ' z
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1) 2014-T6 BHE (EH7 LIz L8218
g 1 % 1t e b8 ol
it = o 2, %
# "
Cu Mg Mn si | Fe Cr Ti Zn Al
JIS H4164 3.9~5.0 | 0.20~0.8| 0.40~1.2 0‘50~1.2, <1.0 <0.10 <0.15 <0.25 1%
2014—T6
#® # 4.31 0.39 0.87 0.82 ] 0.32 0.01 0.01 } 0.05 ] %
g 2 K B Vi fty i =
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