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Some Bending Characteristics of

Silicon-Aluminium Bronze

by Keiichi Mizuno

To obtain a certain definite value of mechnical properties and good flattening and
bending characteristics of silicon-aluminium-bronze containing 2% Si and 7% Al, heat
treatment and other working procedures were employed on rod materials.

Following results were obtained :

1. Good flattening and bending characteristics are not easily obtainable on extruded or
annealed materials after extrusion. It is thought that, this is due to the fact of prefered

orientation of extruded rods.

2. These properties could not be ontained by quench and temper treatments, but, good
results except mechanical strength, were obtained when extruded specimen was heated
to the temperature of 8-range in order to absorb decomposed 8. It was cooled gradually
down to about 570°C, and later, cooled to the room temperature in the air. The secondary
a-phase is greatly refined by this procedures, and x-phase is dispersed.

3. The method of treatment by which best result was showed, was obtained by cold working
and annealing after hot forging or extrusion.
The brittle k-phase is encircled with recrystallized fine a-phase in the microstructure.
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Table 1 Chemical compositions of alloys.

No. Chemical composition, %

Cu Si Al Fe Pb
1 Bal. 2.02 7.20 0.02 Tr.
2 7 2.00 7.10 0.01 ”
3 7 1.98 7.15 0.02 7
4 7 1.90 7.16 0.01 7
5 ” 2.07 710 7 Vs
6 7 2.00 7.20 7 ”
7 7 1.98 7.18 7 ”
8 7 2.01 7.16 7 ”

Table 2 Mechanical properties, flattening and bending characteristics of extruded materials.

No. [Size, ¢ |Temper- Position [Yield [Tensile |Elong- |[Flatt- [Bend- Size g, | L empP- Position (Yield Tensile |Elong- [Flatte-|Bendi-
0. lhm atare, °C of speci-jstrength |strength,|ation, |ening |ing No. mm eratg- of speci strengt}nl, strength,lation, [ning |ng test
o > “jmen kg/mm? |kg/mm? %|test *s |test *1 re, °C |men kg/mm? |kg/mm? %|test *s *s
1 13 750 a*y 34.2 61.6 38 [ ] O 4 43 850 a*y 20.4 54.9 36 O ®
” 7 ” 7 35.2 70.4 33 ” ” ” b*g 29.5 63.6 38 [ ] e
7 ” ” b*4 35.0 74.6 15 ® ® 5 26 4 a 22.6 58.2 44 [ ] [
7 7 Y 7 35.1 68,6 32 7 7 // b 34.7 67.3 34 [} O
2 7 850 a 30.2 63.5 33 6 33 7 a 22.4 57.7 40 [ o
) 7 Vi Vi 30.7 64.3 35 [ ] O 7 Y Y b 33.7 66.1 27 [} €]
Y v 7 b 34.2 68.9 33 [} O 7 50 7 a 21.0 55.6 39 O [}
7 » 7 ” 36.2 68.3 35 7 » ” b 32.2 66.1 40 [ ) ®
3 43 750 a 24.8 58.7 7 O [ ] 8 84 2 a 30.1 56.8 34 O ®
” ” 7 b 29.3 64.3 36 [ ] [ ] e 4 4 b 33.7 64.4 40 Q ¢ ]
*; Bending test, R=t, 120° QO; no cracked
*, Flattening test, subjected to AN 181 spec. in U.S.A. ®; cracked

*sa; head of rod. *4; tail of rod

43mmg

Center

Quter layer

®; cracked partially

13mmg
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Photo. 1 Micro-structures of extruded rods, extruded

at 850°C. x50
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Photo. 2 Micro-structures of extruded rods. x50

Table 3 Mechanical properties, bending and flattening characteristics of extruded materials after annealing.

Extrusion Diame-| Yield Tensile Elong [Flatte-| Bend- |[Extrusion _|Piame-{Yield Tensile _|Flatte-| .
Heat N . B Heat treat-|, Elonga-| Bendi:
t erat- ter, strength, | strength, | ation, |nin; ing temperat- ter strength,|strength, i+ ning
ure oG | treatment mm kg/m‘r;n2 kg/mgnﬂ % test | test |ure °C ment mm| kg/mm?| kg/mm3[tion %ltest (DS test
- 600°Cx1 hr.
750 as extrude 13 35.0 68.3 34 ® (] 750 Fur. cool 13 33.7 67.9 32 o @)
850 4 4 34.5 68.0 36 ] @] 850 7 s 29.7 63.4 33 o O
250°Cx1 hr. - 700°Cx1 hr.
50 53 ool ” 33.6 67.7 35 ® O 750 Fur. ool ” 29.1 63.4 33 ) [
850 ” ” 26.1 60.9 33 [ O 850 7 7 25.4 58.6 39 €] ®
370°Cx1 hr. o 750°Cx1 hr.
750 Sir cool ” 33.9 66.2 28 ] O 750 Fur, cool 7 26.3 61.9 38 o [ ]
850 2 7 27.1 65.2 29 €] (¢ 850 7 s 24.1 58.7 40 [ J ®
480°C x1 hr. 600°Cx1 hr.
750 air cool 7 34.5 66.3 26 (] (@] 750 Fur. cool 43 26.0 59.2 36 O [ ]
850 ” » 33.6 68.8 33 €] O 850 7 7 26.1 60.1 36 @] [
570°C %1 hr. = 650°Cx1 hr.
750 hir cool ” 34.8 68.3 32 €] O 750 Pur. cool 7 22.1 51.7 32 O [ ]
850 7 7 26.7 62.2 38 €] (@) 850 » 7 24.2 57.3 36 O [ ]
o 750°Cx1 hr.
750 600°Cx1 hr 7 28.1 63.6 35 [ ] [ ] 750 Fur. cool 7 23.6 55.8 34 O [
850 7 ” 33.2 66.5 33 o [ ] 850 7 7 23.8 55.8 35 O [ )
2-3 BB L AHES L UBBNMEOELEEE DA T MRS DR B E O RS — 2 B U DRk,
BLUHITHE A THROB R LIS TH BB B AT ORI S
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FIFRED B CIERC I U Ic B & DR % 7R L 7o 138 N EBEEET O/ 570°C Tl L, ZNhbhuEAX

AR

Table 4 Mechanical properties, bending and flattening characteristics of extruded materials after

quench and temper treatment.

Diam- Yield Tensile Flatte- : Diame- Yield Tensile [Elon- [Flatte- :
eter, Heat treatment |strength,jstrength, Elé’;’g%/' ning tB:Sxédmg ter, Heat treatment strenth, [strength.igation, \ning Eentdl—t
mm kg/mm?® kg/mm? ¢+ 701 test mm kg/mm? | kg/mm?2 % test g tes
13 600°C <2 hr. WQ. 28.1 63.6 35 > €] 13 900°Cx2 hr. WQ. 41.1 74,3 14 [ ] [ ]
p ” 33.2 66.5 33 ) ° s | WCx2 hr. Fur. 20.7 46.2 18 ® ™
” 700°C %2 hr. WQ. 34.2 70.9 14 o ® 2 2 20.4 44.1 17 ® ®
700°Cx2 hr. WQ.
2 » 29.7 65.8 17 [ ] [ ) ” >300°C % 2 hr. 42.7 74.4 10 [ ] ®
» 800°Cx2 hr. WQ. 43.8 78.0 6 o [ ] » ” 39.0 71.2 10 ® [}
300°C %2 hr, WQ.
7 7 45.4 83.2 7 [ ] 7 15500°C % 2 hr. Fur. cool 40.8 68.9 8 [ ] [ ]
» 900°C %2 hr. WQ. 36.1 73.1 13 [ () 7 2 35.9 66.0 14 [ ] [ ]
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Photo. 4 Micro-strnctures of rods, that were cooled by
air after cooling from pB-range temperature
to 570°C in furnace.
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Table 5 Mechanical properties, bending and flattening characteristics of cold drawn materials after annealing.

ge}gg%sri:élure' oc| Heat treatment Cold-reductio% Heat treatment Yield s%{rger;;g‘glz, Tensile s}t{g}rxlfrtrg, Elongatm{;;, f‘ésatttemng Bending test
750 As extrude 12 ST0°Cx2 hr. Alr 34.0 67.8 38 o e}
750 7 7 ” 33.3 67.4 38 O (@]
850 » ” 7 34.7 65.8 36 [ O
850 ” 7 K4 34.0 64.2 40 [ O
750 800°C =2 hr. Fur. P ” 33.0 64.6 36 o} 0
750 V) Vi v 32.5 65.5 K4 O O
850 7 7 ” 32.0 65.5 v O @]
850 7 7 7 33.0 66.6 7 O O
750 ” 15 k4 32.5 67.5 35 O O
750 7 7 7 33.0 68.1 36 @] @]
850 7 7 7 33.0 68.7 7 O O
850 7 Vs ” 33.0 68.3 7 O O
Table 6 Some results of cold rolled materials after heat treatment.
Di%’;gter iﬁi)%sri:?ure, oc Heat treatment Bending 1st Cold reo/douction, Hest trestment Bending 2nd
24.0 850°C 570°C %2 hr, Air cool @ 15 570°Cx2 hr. Air cool O
26.8 » 7 [ ] 10 7 e
30.0 7 Y [ ] 15 ” O
32.1 2 z [ ] 10 y O
33.0 K4 4 ® 15 7 (@)
48.0 7 ” ® 7 Y o
800°C x30 min. Fur. cool

’ ’ —570°C% 2 hr. air cool L4 ” ’ &
850°Cx30 min Fur. coo

” ” 2570°C %2 hr. air cool hd ” ” L4
900°C x30 min. Fur. cool

’ K —570°C %2 hr. air cool L4 ’ o °
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Fig. 2 Annealing curve of cold drawn rod, 15%
cold reduction.
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Photo. 5 Micro-structure of 13 mm dia. cold drawn
rods after annealing at 570°C.
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a,c row; Cracked sample
b,d row; Crack were disappeared by cold rolling and
annealing treatment.

Photo. 6 Bending parts of specimens.
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Table 7 Mechanical properties, bending and flattening characteristics of hot forged rods.

If)ol?;ilgé,er befrcl);:, Forgedntlirlxallmeter Heat treatment Ylelggfggnzgth, Tensgg/igga?gth, Elongﬁ/z:tlon, f‘elsgtening Bending test
120 86 SQeCx2 hr. 26.3 58.5 33 o) 1
” 73 7 28.0 58.4 ” O (]
80 55 7 23.0 56.7 47 O O
y 45 ” 28.1 58.6 4 o) O
Y ” ” 31.8 62.4 37 O [
” ” 7 27.6 59.3 40 O )
45 35 7 27.0 50.0 37 O [¢]
7 30 v 26.7 59.2 7 O O
7 25 ” 31.9 60.6 35 O O
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Table 8 Mechanical properties, bending and flattening characteristics of hot forged and cold rolled
materials after annealing. ;
Diameter Forged Cold rolled | Cold Yield Tensile . :
h Heat h . Heat Elongation, | Flattening :
lf)gfgir:g, m dlamet%xl‘;n treatment dlametret{r'n reduct:orz,a treatment slt{rgj?gglg, slt{zgjrtlgrtgxz, %! test Bending test|
570°Cx2 hr. 570°Cx2 hr. .

80 45 —Alr cool 43 8.7 Air cool ’ O O

7 7 ” 7 7 P . 16 @)

60 7 7 40 21 7 29.7 61.3 39 @] O

50 35 7 30 26.5 7 30.1 60,7 34 O O

” 30 k4 27.5 16 ” 29.7 60.3 44 O @]

” ” z 25 30.6 7 20.1 60.6 41 O @]

” 32 7 7 39 7 34.7 64.0 34 O O

16 7 13.4 30 7 40.7 71.7 28 O @]

880°Cx2 hr. Fur. Extrude—570°C Extrude—570°C 800°Cx2 hr. Fur. 900°C %2 hr. Fur. cool
c00l--570°C air cool Air cool Air cool c00l—570°C air cool —570°C air cool
25mmg @ 30mmg @ 3Bmmg @ 40mmg @ 84mmgs @

Extrude and annealed

Extrude, cold rolled 15%

and annealed

8|

55mmg

o O

34mmg

o ©

Photo. 8 Micro-structures of hot forged rods

after annealing. x50

Photo. 9

Photo. 10

Micro-structures of hot forged and cold

rolled rods after annealing. x50

Test pieces of flattening and bending test.
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Hot forged and annealed at 570°C for 2 hr.

Hot forged—Cold rolled—570°C x2 hr. Air cooled.

Photo. 11 X-Ray reffraction patterns and micro-structures of of extruded, forged and cold

rolled after forging samples.
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Fig. 3 Results of X-Ray analysis.
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Study on Corrosion Cracking of Albrac Pipes in the

Cooler for Transformer Oil at the Numazawanuma
Power Station in the Tadami River Water System.

by Saburo Shimodaira and Takeaki Sato
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Study on Corrosion Cracking of Albrac Pipes in the

Cooler for Transformer Oil at the Numazawanuma
Power Station in the Tadami River Water System

by Saburo Shimodaira and Takeaki Sato

Albrac—a kind of aluminum brass—pipes in the cooler for transformer oil have been
suffered from corrosion cracking at the Numazawanuma Power Station for recent several
years. Underground water and the Tadami River water are alternately used as cooling
water. The static stress-corrosion test on Albrac pipes was carried out using underground
water, cooling water for transformer oil and the Tadami River water at the Numazawanuma
Power Station. The following conclusions were obtained from the results of the test.

(1) The crackmg of Albrac p1pes in the cooler is due to stress-corrosion in cooling water.

(2) The stress in stress-corrosion cracking is originated by fixing process of pipes in
the cooler.

(3) A corrosive substance in cooling water may be sulphur.

(4) Stress-corrosion cracking of Albrac pipes in the cooler will occure at an applied
stress of 2 Kg/mm? in two years.

(5) Albrac pipes were suffered from general corrosion by underground water, but they
were almost in passive state in river water. Stress-corrosion cracking were scarcely
occured in either underground or river water. Nevertheless, stress-corrosion cracking
were easily occured in cooling water that consists of underground and river water.

(6) The form of cracks in Albrac pipes are perfectly identical in both case of practical
use and experiment. All cracks start from pitting and they are transcrystalline.
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Fig. 1 (b) Power stations in the Tadami River Water
system.®
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Fig. 2 Map showing the Numazawanuma Power Station
and its neighbourhood®

Photo. 1 General View of Numazawanuma Power Station.
Numazawanuma Lake and Tadami River.®

Table 1. Principal point of the Numazawanuma Power
Station.®

(1) Names of the River and Lake contributing the water.
The Tadami River and the Numazawanuma Lake in the
Agano River Water System.

(2) Location.

2. Intake (at generating time) also outlet(at pumping time)
Aza-Nagakubo, Qaza Okuriyama, Numazawa Village,
Ohnuma Gun. Fukushima Prefecture.

b. Discharge outlet (at generating time) also section inlet
(pumping time) Aza-Nojiri, Oaza Okuriyama, Numazawa
Village, Ohnuma Gun. Fukushima Prefecture.

(3) Volume of water used for power generation and volume
of pumped water.

a. Volume of water used for power generation

Maximum 24.2 m3/sec.
Average during winter 10.08 ~»

b. Volume of pumped water
Maximum 17.6 m3/sec.
Minimum 13.9 »
Average 15.8 »

(4) Effective head and pumping head
a. Effective head (Generating time)

Maximum 215.20m
Average during winter 203.75 7

b. Pumping head
Maximum 226.20m
Minimum 194.80~

(5) Generating capacity and power for pumping
a. Generating capacity

Maximum 43600KW.
b. Power for puming water
Maximum 40200KW.

(6) Annual generating output and electric power for pumping up-
a. Annual generating output
Numazawanuma Power Station alone(1 cycle) 40802 MW H.
Additions from down stream power station (1 cycle)

32731 MWH.
Total. 73533 MWH.
b. Annual power consumption for pumping up. (1 cycle)
52816 MWH.
(7) The main machines.
a. Turbine.
Type Horizontal Shaft Single Wheel, Double Flow
Vortex Type Francis Turbine.
No. of sets. 2
Capacity for each unit 2100 KW.
Effective head 215.5 m—200m~-183.5m
Discharge 12.18 c.am.s—11.60 c.m.s—11.20 c.m.s

Design Criterion Value.
b. Generator (Motor)

Type. Horizontal shaft, Rotating Field Enclosed,
Wind Passage Circulation Type
3 Phase, A.C. Synchronous generator (Motor)

Frequency 50 cycle.
Capacity for each set. 23000 KVA.
No. of sets. 2.
¢. Pump.
Type. Horizontal Shaft Double Suction 3 Stage
Turbine Pump.
No. of Sets. 2.
Maximum brake horsepower 21000 KW.
Head. 226m-—211m-~-194.8m
Pumping water amount. 6.95 c.m.s—7.90 c.m.s—8.85 c.m.s
Regulation. 500 r.p.m.

Design Criterion Value.
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d. Transformer.

Type. 3 Phase Core Type.
No. of Sets. 2.
Capacity for each set. 23000 KVA.
Primary voltage 11000 V.

Secondary voltage 147000, 154000, 161000, 168000V
Cooling method. Forced oil ventilation, water cooled.
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Photo. 2 Numazawa Power Station®
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Fig. 3 (a) Longitudinal section of the cooler. (schematic)
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Fig. 3 (b) External appearance of the end of the cooler.
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Table 2 Chemical composition, mechanical properties and
size of Albrac pipe.

a. Chemical composition (standard value)
Cu% Al% Si% As% Sh Zn%
76.0~80.0 1.5~3.0 0.2~0.5 0.02~0.08 0.01~0.08 Bal.
b. Mechanical properties.
Tensile strength. Elongation
45.0~50.0kg/mm? >43%

Hardness(B.H.N.)
Center of pipe End of pipe.

120~140 100~115
c. Size.
Length Outsid diamete Thickness
1050mm 16.4mm 1.2mm

1-3 BIAK
GHIZBORBEHINIFEER., BI0R Y 7 U EESR
EA—ERE L% D RENOKE L D6 m RO Tz
AEHIRKE UCERT BB KR v 75 H Uik
FAUER B I RENRS Do FEEFRO S 2 BITHEIRER
FEW DI T IR SO CEE SRS FIER OB HI FH K
DRHEVEZ O TIRKEFE LARSIEARINKCHL -
T B FEEBEAT YV v 7 IREHIER OBHEI A AGT R RINK
DIBAEH LT Do AFEERR ORI HIZRIH T 7K
MK ERBEA LT 280D FER & B 5T B,
I B 5 — DR I S ARFEROE S RN OFHF—
WA & v OPKTH » CTHBEHRO _EHHILSkm D F R
A F VIS O EORENRRANCEB I T 52
& Th B AFEEFTARDOZS RO Tablediz 774

Table 3. Waters neighour the power station.

Place. | PH | NO3 | maf| a- | s | sof
Numazawarﬂx;ﬁ: 6.9 | Non. Non. |7.09ppm| Non. | Trace
Und d

o egvgart%‘;ntank 6.8 | Non. Non. 7.09 #~ | Trace| 25.5ppm
(Cooling water)
Sulphur— 5.0 0.01 ppm|0.1 ppm [9.62 ~ | Trace|148.3ppm
Refinery
Tadami River 7.2 | Non. Non. (10.63 #~ | Non. | Trace
Underground 7.1| Non. Non. 7.09 » | Non. | 24.6ppm
water™®
Kaf’%@ggsmtion. 6.7 | Non. Non. ([10.63 ~# | Non. | Trace

*It is not used as cooling water.
3 5 Ch » THESFEK R DU TR A 4 v 2354
F TN B MR (T30 X20 X 1 mm) & 2 4 HEKH
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Fig. 4 Relation between number of cracked pipes and
duration in the cooler.
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Table 4. Chemical composition and size of tested Albrac pipe.

a, Chemical composition
Cu% Fe% Pb% As% Sb% Al% Si% Zn%

78.11 0.02 Trace. 0.05 0.01 2.00 0.22 Bal.
b. Size
. . . Substantial
Length  Outside diameter Thickness sectional area.
550mm 16.4mm 1.2mm 56.7mm2,
2.2%&% &

8817 Photo. 3 wiRd k5 2 LD TREED DAL A
TV VIR E S TME DL HICEWE LIz, A 7Y v IR &

Photo. 3 View or stress-corrosion cracking testing apparatus.

Symbol of pipe

. e
Water pipe A2

A2--2

Stress 2kg[mm2
A2—4
AS5—1
A5—2
(A= >
AS—4
A8+

Drain

4 Skg[mm2

Drain

l

4 8kg/mm2

Drain :
Vinyl pipe

’
Albrac pipe

Fig. 5 Connection of testing Albrac pipes.
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Table 5. Duration of flow in the testing pipes for one
year.Mean flow velocity of water in pipe is
about 1 m/sec.

Sytrggglnsf Situation testing . Duratlon of flow,
apparatus. apparatus.
A Fire plug. ‘ Underground water 8592
#1. Cooler for Underground water 4680
transformer oil. Tadami River water 2972
B Mixed water 836
Total 8488
Cooler for Tadami River water 7060
c bearing oil of Lake water 1532
’ generator. Total 8592

HWTFROBABEK U ATEEERELY 2 Bir- T E
W7 D 2D hic BN RLANRS BFELE L T, EHiho
FEAERIE S 8 kg/mmAHTE S F THLAD BN 5715,
TR ENMKERES UTHER Uiz B 4inb b SR A
RKZBAKLUZEIEEA L UTUEAL DX AN s
THBOW N ALIEIET HIC 3 &\ 2EREL AN
J1 S5kg/mm?2 » B5—1kL 0B —4 i \EH, MG
778 kg/mm2pD B8 —1 125120, B8 —4 iz #y110 F&4:
LT\, 2 BHOENILIE & A ¥ 4E0 Photo 4 iR

Tested pipe

Cooler pipe
Applied stress 8 kg/mm?2. Area encircled with
line is pit.
Photo. 4 Pit and cracks in a tested and cooler
pipe. x55/14
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TR #8078 4: U oo DL RIRAEZR600D S R BB CRIZE L
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Table 6. Apparent tensile strength of tested Albrac pipes
Duration of stress-corrosion test is one year. Size
of test piece; length of parallel part is 120 mm,

breadth (length of chord in the section of test
piece) is 12 mm.

Total tensile strength,

Symbol of specimen. Ton. Remarks.
0—1 0.790
0-—2 0.780
03 0.732
Rlank test.
0—4 0.700 ank tes
0 0.692

0.770
Mean 0.774

A2—1 0.840 }
)
1
J

7 0.809 Stress 2kg/mm?2
A2—4 0.835
2 0.686
Mean 0.793
A5—1 0.894
K 0.860 Stress 5kg/mm?
Ab—4 0.760
” 0.795
Mean 0.830
A8—1 0.863
Af:—-4 ggég Stress 8kg/mm?
7 0.839
Mean 0.840
B2—1 0.720 ]
7 0.750 Stress 2kg/mm?®
B2—4 0.670 J
Vi 0.784
Mean 0.731
B5—1 0.780 ]
i ’ 0.570 Stress 5kg/mm?
B5—4 0.809
7 0.720 J
Mean 0.720
B8—1 0.500
¥
B8i—4 gégg jStress 8kg/mm?
” 0.628
Mean 0.597
C2—1 0.800
i 0.785 }Stress 2kg/mm?
C2—4 0.850
7 0.845
Mean 0.820
Ch5—1 0.790
” 0.732 }S’cress S5kg/mm?
C5—4 0.800
” 0.730
Mean 0.763
C8g—1 0.874
7 0.800 }Stress 8kg/mm?2
C8—4 0.834
7 0.892
Mean 0.850
Symbol Water
A Underground water
B Cooling water for transformer oil
C Tadami River water.
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BAS4EIOA S HCERD D7 VT 7 v 7 EEEH L DI
DU TR L, d7kEsffiE Table 7i2R4 X 5 Th 5,

Table 7. Duration of flow in the testing pipes for two years.
Mean flow velocity of water in pipe is about 1

m/sec.

Situation of
testing apparatus.

Symbol of testing

Duration of flow,
apparatus hr.

Fire plug.
A (Underground water) 17352

#1 Cooler for

B
transformer oil.
(Underground water and 15984
Tadami River water)
c Cooler for bearing oil
of generator 15239

(Tadami River warer)

BAEES DO EOEOIRERL 1 F80EH & IJIERET
HBHe U UEINFE4 OMEEE 1 E&ER% X DR,
TIKDBDEE T LIS 8kg/mm2 D A8 —3 E|
WA B B Bty & B ESRMGHIA KT A WIS H
2 kg/mm?2ChENAFEL B2—2k 3, B2—3 &%
BOEINSTD BIvic, MO 5 kg/mm2, 8 kg/mm?
THERESHEOEINIFE L Uty NIKROZ Tk 1 FEBR
& ERs SIS 8 kg/mm2 D B G F4 1L C8 —5
IS B D B, MEARBICH T HEINFE L DR
D% Table 8 1wRd o Z ORI LI 0Bnd
TRNO TR OB LS < MWK E X A0 7nzs

Table 8. Stress-corrosion failure of Albrac pipes.

___Number of cracked pipes
= Total number of tested pipes

Symbol of testing S’cress0 r
apparatus. kg/mm® oo g year | after 2 years.

2 /2 °/2
A 5 /s o/
(Underground water) = =
8 °/2 /2
B 2 0/y 2/
(Underground water and 5 2/a 2/2
Tadami River Water) 8 2/, 2/,
B 2 %/2 o/2
5 °/2 9/s
C(Tadami River Water) 3 1/, 1/,

RIHHBEBHTELTHAD, 2EMDOEHEARR
& o THIA L 7ok & BE AR HEE SRR OBEI
FEHLTWBKTIRT V7T v 7 BSOS H 2 kg /mm?2
TR T LY 2 AT IVUIEINIED B & WD Z & Th Do
3-3 KELEHEREEhOBER

TNT Ty 7T R L » TEERAEY Z Bl
I & o TR EAEBEINE . WhIEHE TR CILEE
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EEOEERK S OA ST EWEKER P TR
HEMMNET B DIVTEERN B EHBRICH D WER
BIEEN DIEVERRIC LT 5o Tl L OME BN E MRS
SEEVCE I Lo S BIRE I B CHETH D TH o
EHREHEEVL DU AL RBREFE Tl L& s KOS
BAZINRIE & A THE L, FESEMSHIFRKIE 7 v
77y 7B AL IR B ER A BT 50D
EEZ BN, b LI OHEBHAE LBk s LTo
AL BERINTWBE TV T 9 78K ENKEERRE
LTERT AESIE L W EATEEINS, AL
SIS AZIN & A EEOBRII R SIHEET S
BREENAE UCh AID i E - EEEHCH Hbb o
EhBBEDTHA o LB LEHEEEN TEFREDRENA
BV TEEDOEBRRR S X H T Bbild, BB
M EoPE B & A & DR IBIRIC & - TEE 2HHE
Td BB DI BNEREALBED L0 B & OMEA
FaATHI EFERE S L Th AN LEHEE
HIVLTHEMERBITFTH H L BN HRE TR ELTWH
BChbo

3-4 SHEEhORE, BhOWE, HHELE

RESE DRI L VEE&BH B SHBEREIIC L
o> THEETT % E CORMOMBLIGHDORE X L1XdH HH
B CHEBBIRIC D H Z EAMBNT WD, ZOFFIET
BAZIC BT AEINOEENERCERANSIC L 5
DTH D ETIERBCHRPETE B I L - TEER
OERMRBEIT 5 & &0 5AORRAG 2 eI, Hri
Win EWC X - TBB A LR S TR SHER T UL Z 21
KERISHNFEET Do ZDIEHIK X o THBIRKHEBIC IS
I A BESAENEBBRFUCOBMEL = 20 ¥ ~HMET T
Do ot b &I EE L= 2 v & — DZE{L%E Es volt, &
FIe & EDEBARERE by [SHRH 5 LEDEE
pRER A T & LTS IR tuE I=lexp(—aEF
[RTIDBEFEA D 7o o2 B logl=loglo-aEsF [RT TH %o
TN alk7 7 — PRI BT AIEA A%, FikFaraday
. Rigsdmes, TedRETH S, mle= 4
¥~ DIET B DRt S cikfl+ s b0 & 3iul
77~ FEHRLIZBEDHEX &b Hb T2 11 aighE
WEToOHFG T HET HDT EEABlogt=—a5+bD
BEERMZ BB, & ST ay b XIS HUSNDHEIS—ED &
XEE HEHTH Do ARROMRE TIHRE & TOHF L
PSR WREBO X AR Y FA VT OTRC L HERE
BT h 2~ 3 EFET NIRRT S E R K Tl LA
BEDEMEBELTCIWTH D Ho ¥ AREROMHRITAA
HOENOER L UTHE S1OIREID 5 BT R 2%
BLAEL T nZ LERTLDTH Do MERDOPIZRIC L

HIEIE T & & D BRBERIT X DD TRAEWRINED
EBRCHlE SN BRSO EEEOE RN OELS Th
o CHARL DHERE U - AR A BRI O BBAL 2 D & D TR\,
TSI AT Js 1 B B HERB I D TR 4 DS
DR ST B 230D b SRR OB A B L T 7
L HTHB, UL LESE & (cathodic protecction)
i & o THINDMETT 23 1L T BEBA I ENOEBIXESR
{LZEEET L HbDEEBLHND, KMEOBAE O LS
CEND F e B A B LT S 2 ISR IR AR
Lo TENEEE USHNEI N ET A+ &80
DEEZTINSH, WLERACRTENE DM % 100
~1000[HFHRLE & R IEE X 10em, X 10cm ik
DEA L AEMNC T B I5-A RO B EE RIS 0.4p AL
TThbH, BEENEE Y SBEEHWEEA b o7 BiX
COBREOBEBERNEND Z LM sk Ui
AN

EEROEENE W 51T BEIN & AR 30 BEI & 13
BENREAETH > TEIWEEOETFFRICEMCED %
DORBAHFERBAEB LT 5, REERIC T 2EID
—@% Photob R4, 777 v 7 EEOHME T

Photo. 5 Typical stress-corrosion crack in Albrac pipe
tested in cooling water of transformer oil for two
years.

Cu—Zn &&DOIEHEEEIEEEEMRAEN T D0
TNVNT Ty P TIETIVE=Y nE 29%5 1D THPIEIN
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TANI=Y LT R YR LT VR TEERTT VNI =Y A
232 GOMEA R BENRTL 7TV I=Y L 2~5% Tk
B ERIPNEINANRTET Do LS o THRIED 7 v
75y 2 EIRINEN T H B BEBAESEN TR » )
W5 E 2 ITRANETECTH B,

s DFEET DN T DIV IUT LA M Z BIREEE, TF
LT EW D Z & LS OFEARET DT B O
Hd b o TR, FLE2VEEIEE R O R HREAE L
F ORI S OB R IR & B BRE b o e HIEISH
MAZWEELAEFEE LT WD TH Do KBTI
IIBIMZIRANT VT T v 7B DWNWTRR Uinh o lcd
THETE W RN o b O TS O E X &5,
BOFALILHE VEBRIRLNL D ThH D, LEDFEL



(87) HENACRBIRIBISEFT RS HERH 7 v 77 v 7 E O i B3 5 BFge

Vol. 1 No. 2

B UCTHBEEOCEEDO S HAE L HSb o Eihii kR
A RILEN DI LT B BT & L & AMEER T
MANZ T EBNTH D,
35 TATZy sOmMER
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Table 9 1Z/RT L 5 Th %o ARAEEHE L F—ED
BEAEXScm @O Lok SEHEZEI =~ ViET
HAE UT LRDERED ZIUCHIK Lize & ORBRER T
BB OEA RS E O T REH LTCT VT T v 7
ESE D LMEDTHAM A ET 5, L LIEHEEEN
T RBWTEHAMED I & D1F EEN 2 < F A HbRiy Ik
BRI DI EEN LT W W R EIEEE L T
BOBEL T H NETH Do

Table 9. Corrosion of Albrac, Deoxidized copper and Arsenical
copper by flowing underground water for one year.

a. Duration of test.
Underground water 3780 hr.
Tadami River water 912
Total 4692
Flow velocity of water 1~2 m/sec.
b. Total corrosion weight loss.
Total area is about 24 cm?
No. of test - tl‘o;.al corrossgn w‘el;.ghtdloss, g
plece rsenica eoxidize
copper copper Albrac
1 0.1150 0.1033 0.047
2 0.1024 0.0902 0.0696
3 0.1085 0.1254 0.0640
4 0.1251 0.1181 0.0864
5 0.1265 0.0782 0.0944
Mean 0.1155 0.1030 0.0772
4 £ & &
RRMNICGRIATRB R B RMS gse B) 570 7
7 v 7 E OB EEIN DR A B S NC UF DX A s 3
B 12D IS TR A EINNCBE 4 5 R A 1T 7\ IR D 5
%Xﬂfio

—
[
—

WEERC BT 27 v 777 v 7 HEE OBINEIS I &
ZEBEDTH B,

@) 7T Ty 7 BEVE R BISHIIE R HHIRC EE

LS CAH TR BN TRET BEBEISH N3 T h
}Z)O

@) WHAKPOEAEDEIL L < b Bk F B <
AFTTHS5,

4) BAECERROmI AR TS 2 kg/mm2fRgE c L 2
SRR T BN AMEE B,

B) TNTT e 7 EIMT RO ETEES Z BT h RE
NIZKTIE & A EZ BB b 3T IS A4
U U B TR & RBNDK AT E I & Bk
RE LU THERT 26HBKCIRISHESEN Rk X
< 7B,

6) HHIFRBH B KT HEIN LIS HEEERI B\ CH
£ AEN L B—DRELH LI b
HLENDLFELE LiERRNENTE 5,

Foibo D IARERDEITIC o\ TRIATIEEE & 8 5\
feflW e E K BEE&EBISEGRR &, FTLE MRS E D
D MRS RS U Ol B 5o

X [y
(1) BPREFEEIE  HCTE s e o
Planning to Operation of the

Station.

From the Original
Numazawa-numa Pumped — Storage Power
(March, 1955)
Tohoku Electric Power Co., Jnc.
@) J.F. Klement, R.E. Maersch and P.A. Tully: Corrosion,

15(1959) 295t.
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An Experimental Study on the Effects of Environments
on the Fatigue Strength of Some Copper Alloys

by Seikiti Hukai and Katsuzi Takeuchi

It has been shown in the previous papers by the authors that the fatigue strength of
copper alloys at 107 cycles does not always increase with the degree of cold-drawing
reduction. Thosz results show that the fatigue strength of tough-pitch copper increases with
the degree of reduction, but in the cases of red brass, albrac alloy and cartridge brass,
the fatigue strength increases with the degree of reduction of cold-drawing up to 30, 20
and 5 per cent, respectively, and then decreases with increasing degree of reduction. The
low-temperature annealing treatment (stress-relief) after cold-drawing is effective for raising
the fatigue strength of brasses but the lowering of fatigue srength mentioned above is not
observed.

The authors considered that the reduction of fatigue strength of cold-drawn brasses might
be related to an atomospheric corrosion-fatigue, or the fatigue due to the well-known season-
cracking.

In this paper, fatigue tests have been performed on annealed and cold-drawn tough-
pitch coppers, red brasses, cartridge brasses, and muntz metal in spindle oil in order to
isolate air and in water, and those fatigue strengths are compared with those in air. All
tests were carried out using the rotating-beam fatigue testing machine from 104 cycles to
2X107 cycles.

The fatigue strengths of annealed or cold-drawn tough-pitch coppers in water show
higher values than those in spindle oil owing to the cooling-effect of water, and both
fatigue strengths show higher value than those in air. The annealed red brass tends to
have the same fatigue behaviour as tough-pitch coppers, but in the cases of cold-drawn
specimens, the fatigue strength in spindle oil shows higher value than those in other media.
In the cases of annealed or cold-drawn cartridge brasses and annealed muntz metal, the
fatigue strengths in spindle oil show higher values than those in air and those in water
show lower values than those in air. The cold-drawn cartridge brass coated with acid-proof
paint shows the same fatigue behaviour in air as in spindle oil. Those results are shown
in Fig. 6 and Table 4.

As the material which was annealed at the low-temperature shows the higher fatigue
strength in spindle oil than that in air) Authors considered the fatigue strengths of cold-
drawn cartridge brass in spindle oil increase with the increasing degree of cold-drawing
owing to isolated air as well as in the cases of the stress-relieved materials, but the test
results obtained as shown in Fig. 7, are not concided with the above consideration. Further
studies should be made to confirm the atmospheric corrosion-fatigue phenomenon.
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FHA, 738 Y L 06 4 HIARBEHS L BEISTIOH B
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v szzmwwfz%%ﬁwﬁ&ﬁ%\?o ¥ 7o, EIG T CERSEER
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oD AT 5 720

2. BEMBLUOERRAE
2-1 g%

HERFNIMEA, FISA. 7:SHRAB LU 64 FHTH D,

FORFHEEE ST Tablel wikd, #EMIL 157~

Table 1 Typical chemical compositions.

Db DHOTHREME CA L Y FATHBREE Uiz
2-2 RERFE

FESEBRINERESEBRE L70rpm) HEW, %
BRI AR [F 8 107 DiEF @ E A HIE Uic, BEREEITE
DEE 10mm¢ OBHE=IEO LD TH D, SOt T
A TSR Ul

SR A BRTAIEFRESRC L s TEd iz, BBRA
IREBRBIARIC 7« F v EFolk 7oy a —~ VT AR X
TEE LTI Uiz,

M K P BT HEFHRIIEE DB - THEE
s BRI\~ o B e/ NP S BB T 1 o T
Wy REREIC A N BRI 200~250ce/mn & Uiz, BiEF
D A vy P 80 Fa Ay, BEIL KEXKEZH
fro Tn¥s. HERO -T2 3 EERMRE20% B DT
RERL N7 37 5 7 $1800% 7 (BAR~A ¥ MRS Eh
AR THRCER LBAY TR e vy lE ALY F
MEOPH DICHWZEES LRBR LU

3. ERBREIUEE

. Chemical composition, %
Material
Cu | Fe { Pb sn | zn L . 3
Copper * 9.93 | Tr Tr - _ A#EREM O S-N iR Fig.1 ~5&RL. &
Red brass 90.01 0.03 ” - Bal. R BB R AR EL Table 3 iwxd, Fig. 6 134
Cartridge b £0.87 0.01 ” - Y N .
Munts metal | 6014 0.02 0.01 0.01 " A ORK P I HEFBEL 100 & LIBET BT 2

* Oxygen contained <0.04%

19.2mme OBEFE 7ot fh{Hb TH D BIROIEIL O
B E L Table 2 KR, 7nds. BEEIANITIHIREE 30%
(733§ Is LUV 6: 4 258A) & 721369 (MR Fs L OTED
DMITAEBLADOBLEEM LIcbDTH D, Fiz, 7:3 3R
RIS IREOFE Y a5 oo il 30 % T
260°C X 2 ho{RiRBEF A 7 L7c b D b ERBRIC 88 Uiz,

HEERFNI BB BESBR A Licob, BB
DB DEH T ONT ey 7oA 23R HEL. BE
D HAREI - T B L O DL E BRI Uic, &FERFH
O EHOEIE vix Table2 oM7Y, 7k, 7:3%
IR AT T HE T B L ISR AN A B 23RN

HDESBREYBESRY S - TURT DLTELNAHERIT
DWTHRHETHLOEDL I ThHDH, EFEERLIK
W 57\ PR D R [E R 107 DE A Fv2)

(1) BESH ORI R0 DESTREII AR R & FRED,
L L ENL D BB, Tibb, ML O FERORK
LR PFOEDI.0% F 7218 99.1% %R L. T:33%
SAOFIUT KRR R OME & —B Uiz 614 FERDEITHENE
KE R DOED 105.4% % R T, MEEEHLI0SDEE, HEM
DT 51T B SFREIIFHRABRTEAR T L D bEw
B FDEF 24~529%Th Do FHEMEHEES 1052k
WTh 1 9%RE,

gl U 7oAk L OSSR K P it AE MBI AR

Table 2 Mechanical properties of specimens.

Mechanical properties
Dia. of : Yield : : : Rockwell
Material Specimen| Final treatment El.astlc strength, Tensile brg;li{uiﬁ Elong'fi- Redgctxon h?z;:ir:ﬁalés hardness
limit, | (0.2% strength, 54 tion, number of
mm offset) stress, area, number fatigue
kg/mm? ke/mms? kg/mm? | kg/mm? % % 10/1000/30 specimens
Copper 17.6 600°C % 0.5h, Annealed 1.9 4.8 23.5 87.3 57 78 48 F34.0=1.0
7 Cold drawn, 369 15.2 34.2 85.6 72.0 17 68 99 Fg5.5+0.8
16.0 600°C x 2h, Annealed 3.9 7.3 27.0 130.9 55 84 54 F52.1%=0.5
Red brass 18.0 Cold drawn, 15% 12.6 30.7 32.9 98.0 22 78 95 B49.5+1.5
16.0 7 , 36% 14.5 36.6 39.4 — 19 79 105 B57.5+1.2
550°C % 2h, Annealed _ £1.5
16.9 After 3025 cold drawn, 7.8 9.7 32.7 72 80 58 F6l.5+1

” 260°C x 2h, annealed 22.2 43.2 46.7 1145 27 71 117 B82.0£1.6
19.2 Cold drawn, 10% 8.1 20.7 34.0 108.3 62 78 80 B49.0%1.0
Cartridge brass 17.9 7 , 20% 13.4 31.2 39.3 111.0 46 7% 99 B62.0+2.0
18.0(A) ” 7 11.9 30.9 38.2 112.3 7 77 97 B62.0£1.5
17.9(B) z ., 7 — 30.6 38.7 103.4 42 71 103 B63,0%1.0
16.9 z , 304 17.4 40.3 47.8 115.3 24 72 120 B74.5+1.6

15.7 ” , 40% 18.1 45.0 55.6 116.3 18 68 140 B77.0+1-0
Muntz metal 16.7 600°C x 2h, Annealed 13.3 14.1 I 41.2 — 51 71 75 F75.5+1.8

(B). Specimen coated with acid-proof paint.

2

(A). Specimen of fatigue test in caster oil.
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Table 3 Fatigue strengths of specimens.

Fatigue strengh,

Kg/mm? Ratio*

Material | Treatment| Environ:

ment | 105 | 100 | 107 | 208 | 100 | 107
Air 153 ] 11.3] 9.8] 100] 100 100
Annealed, | Spindle oil | — | 1L7| 9.6] — |103.6| 99.0
Water — 122 105] - |1080]107.1
Copper
Air —|wol 13l —1 1w00] 100
Cold drawn,| spindle oil | — | 17.2 | 135 | ~— 1012|1015
s Water — 176|186 ] — {1035 1022
Air 16.3] 13.2] 109 00| 100 100
Annealed | Spindle oil | 16.1| 13.0 | 10.8 | 98.8] 98.5| 99.1

Water 16.6 | 13.6 | 11.5 | 101.9| 103.1 | 105.5

Red Air | 106 13.5] 93] 100] 100] 100
ed  |Colddrawn | gpindle oil | 206 | 15.0 | 103 | 105.1 | 111.1{ 110.7

brass Water | 20.4 | 14.6 | 10.0 | 104.1|108.2| 107.5
Air —]141] 95 —| 100] 100
Cold A72Wn | Spindle oil | — | 145 | 10.0| — | 1028 1146
Water — 152|101 — |107.8] 1063
Air —l1ms| 134 —| 100] 100
Annealed | Spindle oil | — | 17.7 | 13.4 | — |1024] »
Water —|167] 120] —| 95| 9.3
. Air 347 24.8 ] 163 ] 100] 100] 100
ress . .
orresS . | Spindle oil | 35.8 | 25.6| 17.0 | 103.2|103.2 | 1043
Water | 35.0 | 24.5 | 16.5 |103.5] 98.810L3
Cold drawn Air 21.5 | 15.8 | 12.4 | 100 | 100 | 100
10% | Spindle ofl | 22.5 | 17.0 | 12.5 | 104.6| 107.6 | 100.8
Cold drawn Air 266 | 16.0| 10.0] 100 100] 100
20% | Spindle ol | 20.1| 18.1 | 10.3 | 100.4|113.1] 103.0
Cartridge Air 29.01 17.9 1 9.3 100 100 100

brass [COM4ATAVR ) spingle oil | 30.4 | 18.8| 0.9 1048|1051 | 106.4

Water 31.1 | 19.0 | 10.6 | 107.3 | 106.2 | 113.9

Cold drawn|  Air | 80.8] 167 11.1] 100 100] 100

40% | Spindle oil | 33.4 | 16.7 | 9.8 |108.4106.4] 8.3
Cold drawn.| 5 | 280] 18.6] 128 | 100 100| 100
(Specimen | Caster oil | | 504 | 127 | — |100.6] 99.2

Air (without!

Cold drawn,/somied the | 276|171} 98| 100| 100 | 100

20% paint)

(Specimen Alrt(('i"”ﬁ‘

B) gg‘i‘d?prgof — 185 10.2 | —|108.2]104.1

paint)
M Air — 231|185 —| 100] 100
MuntZ | Annealed | Spindle oil | — | 243 | 19.5| —|105.2|105.4
Water — | 22.4 | 16.0 — | 97.0] 86.5

* Fatigue strength in air=100
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Table 4 Comparison of fatigue strength.

Tough

ug, :
Treatment| Environment | pitch | Red brass Caggégge I\:In%ré;%
copper
oil & H)} L (or E} | E (or H) ’ H
Anneated Water t H ’ H 1 L } L
Ratio* ’ <1.0 <1.0 >1.0 >1.0
(E o 40
. xcept % .
oil EorH H cold-drawn
specimen)
C?:\ld_ T
rawn (Tested only
Water H H 13005 cold-drawn| —
specimen)
Ratio <1.0 >1.0 <1.0 -

*Ratio=Fatigue strength in oil/Fatigue strength in water

E: Approx. equal fatigue strength compared with that in air
H: Higher {atigue strength than that in air

L: Lower fatigue strengtn than that in air
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Fig. 7 Relations between fatigue strength and reduction

per centage of cold-drawing of cartridge brass.
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Fig. 9 S-N curves of 20 per cent cold-drawn cartridge
brass coated with and without the acid-proof
paint.
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Methods for Analysis of Zirconium and its Alloys ®ep. D

Determination of Tin, Iron, Chromium, Nickel,
Silicon, Vanadium, and Nitrogen

by Shikao Hashimoto and Sakae Kato

Soon after the start of the Zirconium Metallurgy Program, the need for chemical and
spectrographic methods of analysis for impurities in zirconium metal became evident. For
the purpose of developing reliable chemical method of analysis, zirconium and zirconium
alloys analytical programs were organized. As a result of operative effort, methods are
now available for the quantitative determination of tin, iron, chromium, nickel, silcon,
vanadium, and nitrogen found in zirconium and its alloys.

1. Tin: The procedure is based on the direct reduction of tin, in sulfuric-hydrochloric-
fluoboric acids solution, with aluminium in presence of titanous ions and subsequent titra-
tion of tin with standard potassium iodate solution. No interference from elements found
in zirconium and its alloys can be overcome. The method is accurate over the range of
0.005 to 109 of tin, and is rapid.

2. Tron: After dissolution in sulfuric-fluoboric acids, iron in zirconium and its alloys is
converted to complex with ammonium thiocyanate in presznce of ammonium persulfate,
and the amounts are directly best determined by photometric measurement at 480mp.
Beer’s law holds to 0.6mg iron per 100ml.

3. Chromium: Chromium is oxidized with ammonium persulfate in presence of silver
nitrate and permanganate in sulfuric-fluoboric acids solution. After reduction of per-
manganate with hydrochloric acid, the chromium is determined either photometrically
with diphenylcarbazide or by providing an excess of ferrous ammonium sulfate and
back-titrating with standard potassium permanganate. The range of 0.001 to 109 of
chromium is covered by these two methods.

4. Nickel: After dissolution in sulfuric-nitric-fluoboric acids, the mixture of bromine and
persulfate is added. Then citric acid and excess ammonium hydroxide are added, followed
by dimethylglyoxime. The color is developed and read at 440mpu. Extraction method is
more uszful. Dimethylglyoxime complex is extracted with chloroform, and removed by
shaking with dilute hydrochloric acid, then followed by the same procedure as in direct
one. Beer’s law holds to 0.5mg nickel per 100ml

5. Silicon: After dissolution in measured volume of hydrofluoric acid, boric acid is added,
followed by ammonium molybdate. The molybdmum-blue color is developed by adding
tartaric acid and reducing solution prepared by dissolving sodium sulfite, sodium bisulfite,
and 1-amino-2 naphthol-4-sulfonic acid in water. The color is read at 815mpu or at 660mp.
Beer’s law holds to 0.15mg silicon per 100ml at 815mp, 0.40mg silicon per 100ml at 660my,
respectively.

8. Vanadium: The method depends upon the intensive yellow color developed in concent-
rated sulfuric acid solution containing vandium when nitric acid is added, and the solu-
tion is fumed. The color is read at 410mp and vanadium may be determined by this
method. Beer’s law holds to 3.5 mg vanadium per 100mlL

7. Nitrogen: Nitrogen in zirconium and its alloys is rapidly determined by steam distilla-
tion as ammonia after solution in hydrofluoric acid or mineral acids containing hydrofluoric
acid and subsequent titration of excess sulfuric acid with standard sodium hydroxide
solution. Nitrogen in amounts between 0.0005 and 0.2% is precisely determined by careful
analytical control.

*proes
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Table 1 Influences of concentration of acids on the
reduction ¢f tin by aluminium turnings.

Concentrations of acids, ml1/200ml Tin

Suitixélc Flu:é)i%rlc Hydra(::(ilgllorlc Added, mg Found, mg

0 10 50 10.0 10.00

5 10.02

10 9.98

15 9.82

20 9.24

5 { 5 50 10.0 9.98

15 10.02

20 10.00

25 9.92

30 9.89

5 10 720 10.0 10.02

30 9.98

40 9.98

60 10.00

70 9.72

80 8.90

100 8.30

el (1 +1)0~20ml, &7 vE 5~20ml, B
20~60ml O TRIFLHERA/E BN, L, Bl
Ry 7 VEE, EIIEBROWTONN 1 DThY EROBEY
Wz 5L, TEEEME DO TEEL AT UER
Birng

BlEofERe X n, w8 (1+1) 10ml &+v 7 v
0ml CHBEL, 797 3I=y 2 b7 v OEEEIE
T B2 L BEITTEOEMAR i & 1k 50ml & UTEET
7@)0
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Table 2 Effect of green fluoride complex of titanium on
the reduction and the determination of tin.

Tin Added, mg
Titanium 10.0 30.0 | 100 30.0
Present,
g Tin Found, mg
* | wok
0 9.18
9.42
0.005 9.6¢
0.01 9.48
0.03 9.82
0.05 10.0¢
0.1 10.02 29.9¢ 8.88 25.14
0.2 9.97 9.94 29.1¢
0.3 10.02 30.0+ 10.08 29.98
0.4 10.00 10.02 30.0¢
0.5 9.98 30.08 10.02 30.00

* TReduction and titration were effected in a flask fitted with
delivery tubes leading into a sodium bicarbonate solution

#**  An atmosphere of carbon dioxide was maintained by adding
few marble chips at the following paragraph: when aluminium
has completely dissolved, and then additionaly just before titra-
tion

etk B D 1% Table 2 KR L7, 0.3g Bl EDF £
YRGB TERET 5 L2k, KREERINC X 5 5%
TR T A O EMTE I, i, WEHRB A 2K
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BB OERIE, 7 £ v04g %z CRERRMC & 5
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2:2 5 BIEAIOE R & 2 X DEREHHR

e 2 RYST O AR A AN L CHRE L o e ek &
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Table 3 Effect of amounts of aluminium turnings.
Aluminium Tin Added, mg

turnings 10.0 30.0 50.0
Added, g Tin Found, mg
0.1 0.47 2.6 10.5¢
0.3 5.74 5.9 25.88
0.5 9.15 19.3¢ 34.48
0.7 9.99 23.88 42.45
1.0 10.08 30.08 48.81
1.5 10.02 30.07 50.1%
2.0 10.02 30.07 49.92
3.0 9.98 30.07 50.12

RO —@EA Table 3 WRLTe K2g D7 V3
= A% T8CHIETMEAT A & Lo T, HL &
h AR O0mg ¥ CRECEIIL L TEETED I Lbho

770
Dl DEENL, 7=y nOEHEERX2gLL, IO
G TO 2 XOREEF % S0mg BUF &9 %,
2-2 - b THEROWIR
T OWIR OB AR F Uickkgt, 20°C BUF omia
THREET B & X IE—E U BIF R iR G biviest,
BEBAE D EEWERE 5 X 5O TERE L AT ER D
75\
2:2-7 #AEOPE
HTLEOBELIE LUickity Table 4 &% Lo

Table 4 Amounts of many elements not interfering
with iodimetric titration of tin.

Amounts that did

Element l Added as ‘ not interfere, mg/200ml
Aluminium Ag:ﬁ,‘:‘;ﬁlg‘;m 3 grams  (As reducing agent)
Cadmium CdSO04 10
Calcium CaCl: 10
Chromium Cry(804)2 30
Cobalt CoSO0,4 30
Copper CuS0y4 30
Iron Iron powder | 8 grams (As reducing agent)
T.ead PbCl. 3
Magnesium MgCl, 10
Manganese MnSO, 30
Molybdenum | NasMoOy4 30
Nickel NiSO4 30
Silicon Na.SiOs 10
Titanium H,TiFs 500
Tungsten Na, WO, 10
Vanadium NasV:0r 30
Zinc ZnS0,4 3
Zirconium H.ZrFe 5 grams
(Hafnium)
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Ira=mwaRIVYNV = A& e EFNATEO
saEE b & O B I o T2
2-2 -8 LEDAXDEESFMNE

LEDOA R EET HIcDE, FEBREE A B LTk
2 Utre DIz, 7 F 31y awdkikfle UTHbK
FAHE T2:2 2] OBEIC Lo TER LR L &
L Table 5 & & iz,

Table 5 Determination of small amounts of tin.

Zirconium Tin Procedure
Present, g Added, % Found, %
5 0.005 0.0052 By direct
5 0.015 0.014¢ procedure
3 0.030 0.031°0
3 0.060 0.0600
5 0.005 0.0048 By hydrogen
5 0.015 0.0144 sulfide separa-
3 0.030 0.0302 tion procedure
3 0.060 0.061°

Table 5 CHIBMNR L 5, BMAOMREXTHZ L
#n< 0.005% Sn % CHEEHRIC L » TREERCERET S
ZEMMTE T,
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avEB s Y v SRR OBEL, RERHET D,

FEE 7 T 0 A

R A EAR :&H;[H | A i, ml I{%)ﬁaﬁm‘:“

o ' PRI, T Ak NN . WP,

% g ({4_1) Ko7 I O N
0.005~0.05 5 20 20 60 0.005
0.03~0.10 3 15 15 60 0.005
0.1~2.0 1 10 10 50 0.01
2~5.0 1 10 10 50 0.02
5~10 0.5 10 10 50 0.02

246 AR B

AEBEE B LI Va=Y A, YVa= T L EEFOR
AEEE UkRo 14 Table 6 iRk L7o
Table 6 Iodimetric determination of tin in zirconium
and its alloys.

Sample Tin Average Coefficient Number of
Added, Tin Found, | of variation, |[determination

% % %
0.005 0.005 5.4 5
0.050 0.050 1.2 5
0.50 0.50 0.7 5
1.00 1.00 0.7 5
3.00 3.01 0.4 5
5.00 5.00 0.2 5
Zircaloy-3 0.25 0.7 5
0.85 0.6 5
Zircaloy-2 1.51 0.4 5
3.55 0.3 5
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MFelg %5 (1+1) 8ml &7 v{bkFEE (1
+2) 10ml i nEE s, K30ml & v#3g & ins T
BIRS 2o BERLKTEKR (3 %) B ini Tz Uiy 3
LT OERT D, kL E L THHE 100ml» 2
772, BT ve=v AER (5%) 5ml
EMEZ TSV EFLDE, 4y vB7 va=a vy LEHK
(20%) H#IEL<20ml iz, KTERELLESDTHETH
BEED,

SRR O AT E A N U CRELL 2oiER & AL
HBEEAWT RO BEC LB THRBIETEE
400~600mp ki HEHEEAE LR, F4¥ v v
FREkSE A A Vi3 E 480mpu M B E ORIE A R IR
WA 2 T e, COBERETETI V2= Lk k
O ZERBRIC X BRI AR T D Z LR TE I,

BgoREL, 480mu ZHIEERE L T 5,

3-2 - 3 FmEOBURE & BB OB 7

FF Yy VIBPREEA A v OFEEBI I T TRBE DR E
BRE UIciER, 0.5~3N MBBEHIC W\ T—E LicBX
ExhE il Fio, TOBBARCEWTZ V{LKER
(1+2) 12ml #¢, ®YEBI3gF THARTE
RYBOBHEY, SelEEEELDND,

¥, B 0.08N 2FRBETH-T, Ihek#lz
DHERIEF A Y v YBEBL UTBXESY S LERY
TfEREE 2 e ol

Fua=g akIOVN 2=y A SR A RECRR
THIDICHEE & 7 VL KERE R W TEBRBROBRL ik
ARRET UTcAE R, BERbKFEK (3 %) &ML ThEhd
HLEL X - TREBLHBHETE D b ol

BlloRckb, B lgxpmm (1+1) 8mle
vAbzkER (1+2) 10ml B BEE*YE3g % M 4,
AL KEEKR (3 9%) %ML T3 oML cERT
Z;)O
394 FHY ¥ VBT vrE=Y AL FOEME

R T VBERTT A Y v B Y v aFEBRIICEHW
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LExwit, FrovvFdukv@Eyvye=va, NHy
BF, L TELLB @ EDORNINWT P77 VA K
g s ) v, KBFy A5k 7 ¥ LT B AETE oot
T, FA Yy VBT =Y aREERIEEA T

FP. Treadwell i fiug, + 3 «  BEkH & W
T B ISR D T Th HH, BT LLEHETELH LD
Tl e\

%@%@m%%&%@ﬂ]%m@ﬂ kB EHRRL
T, ZORSH R AR EE T AERE O 7 A
v VEBE WD Z ENEE LS, CORBIR LRI
SROPSEE DT D RGP b 7c - T Beer o EERIABLD
ST R HRANT D, UL, S OBERIOMALIEEEH T
% 5o

£#-, E.BSandelld 2 0%oMisisa LT, Ferd &

CNS™ oFEm Tk Fe(CNS)i"*(n=1=6) FT&US
SR TND, Tr MR W TRIESCEE
BRTEECH B I L H DT D,

BiE - ORIEATFIE UisgkO W HE RIS < FHRE
WTWBR, WENLFA4 Y v YBBEREE R{ZH L
A TWBDT, FA4Yx VBT vE=Y AEROBMET
DWTHRE Lo

FER DR, 209 AR 30ml OFINEE TlE, HRInEo
BTN & FCTEILEE b B 7o BN L C— 8 LW L7x
Mot T, WHEOHMBONS L DT A Y v VIRT
vE=y aER (20%) 20ml ARNE L Lice ZOEHM
B rx it 0.6mgFe/100ml  THICIEE & WA T
o
32-5@%@7ya:¢b@@@§mﬁ

o v VR A A v O e LT v e =
v LR DTINE A S UickE®, 5 %iEw 10ml £ T
WEDEBLED ot LML, LEHOTHMELYBEZ
B e Xk, EERoRE LT F A v YR ENT
PR LB EN T E I Tt o7,

3.2 -6 WEOFE L REM

FEm B OWIE A B AL L CHIR OB B L b i
Ufeo ekl s LTl 7 &= v nEW (5 %)
S5mlAFmL TEEL.

HERDFEE, 5~25°C OWIRTHEMET 2 & ZITFEEO LI
SEIE M Lo R R L, V< &b LRIKZETS
oice WA 30°C Rz B & Xk, BR7 vEe=v
AOBIERC X - TEEENRES LCELRDINLD
WIRTIHBIETE o foo
3.2 7 SBTEFEDOPH

SO L AR E LR Uicksia Table 7 i
RELTo BILEDH L, Cut? & Mo 6 1k, Ferd & [
TENSDFF ¥ 5 YIREEA 4 B L TS L,
Cu*2 1% 0.5mg F 7= Mo's (1t 0.3mg FTHETHI &
ﬁ§fg’t’.o

Table 7 Amounts of many elements not interfering with
spectrophotometric determination of iron.

Element Added as | Amounts that did not interfere, mg/100ml
Aluminium |Al2(S04)a 10
Cadmium CdSO4 1
Calcium CaCl, 5
Chromium Cra(8504)3 5 (Maximum amount permissible)
Cobalt CoS0y 1 (Maximum amount permissible)
Copper CuSOy 0.5(Maximum amount permissible)
Lead PbCl, 1
Magnesium |MgSO, 5
Manganse MnSOy, 10
Molybdenum |[Na:MoO, 0.3(Maximum amount permissible)
Nickel NiSO4 10
Silicon Na»SiOs 10
Tin Sn(S04)2 50
Titanium H:TiFs 50
Tungsten Na WO, 1
Vanadium Na;V20q 10
Zinc ZnSO, 10
Zirconium H:ZrFe 1000
(Hafnium)

FOMDETHEOFERL, YVva=y raklUyra
=y NAEPOBEERTADEENTH -7

feks, Tive pidefE4% & 2k, 3-2:3) TONE
BACKELINC L - TR & vBIELINDR, 771
m%@%ﬁmkmrmﬁmﬁacamiof%%mﬁmf
XDHDTEEE LS L\,

3-2-8 1 B %

BHESRA R DA TR & 2 RN U CREE U 7o Mis T & gke
HAEMEO IV a=y nlg CEMESEHO A A & 7
MU CHIU -aER & B, 13- 308 HEkl KLk
Mo TEEL TER L0 Fig. 1 KR UHBERTS
60

1.2

/
1.0 /

/

0.8 /

Absorbance

0.6 7
0.4 //
0.2 ///
4s0myp
10-mm cells
0 ol
0.1 0.2 0.3 0.4 0.5 0.6

Concentration of iron, mg/100 mi

Fig. 1 Calibration curve for iron.
gL, HE 480mp 10mm v HwT, <0.6
mgFe/[100ml Tk -7
3-3 HiHE
BB TR AC ~ 7 i) £ D, B (1+1) 8ml
b7 AKER (1+2) 10m1 &z CRBEmE, &
B0ml &k v S g ML CHEIET 5o
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SERAIEASEK (3% Bia . Cngh L 3 SR L3
TR L Db, Hik i H LCAHIT Bo

100ml # 27 5 = :o:zg,’aﬁ, By ey A BIK
(5%) b5ml #ML SV EFEOBLF+ v v VBT V&
= L (209) 0mlATEL M, KCEEL L
oD EE I X

I 480mp TUDERE A L 22 A28 [ e
Db, BERL DB O A EE KD Do

CHE (a) BUEHRIRR, 7 9 (KRR & & v 7R
ML, REHET B,

TITKERE T o o amrmrt
FBAE, % R £ | DI ﬂ\f/f‘s'zgmuu,
m.
=0.06 1 10 3
0.04~0.12 0.5 7 9
0.08~0.24 0.95 5 Ls
0-20~0.60 0.10 3 1

(b) ZokxDEROWRL, 5~25°CLT %,

(¢) OB 1IEBMIRETE %0

(d) g&BEREAV RN E I, 20mmt Vi FnT
HEE$T A0\

(e) WmFEE, 10mm wrx T < 0.6mgFe/
100ml TH 5,

Wik, 3:2-8] #Z2BiC UTEAXEBET Lzhis
TR T %0
345 B ER

AEMB LYV a=Y N, YNVa=y nEEROK
% Lckiso 1 #l% Table 8 1R Lo

Table 8 Spectrophotometric determination of iron
in zirconium and its alloys.

Sample Iron Average Coefficient | Number of
Added, Iron Found, | of variation, idetermination]
% % %
0.005 0.006 8.2 5
0.010 0.011 4.1 5
0.030 0.030 3.3 5
0.050 0.049 1.7 5
0.070 0.071 1.8 5
0.10 0.10 1.2 5
0.30 0.31 1.6 5
0.50 0.51 1.1 5
Zirconium a 0.020 3.8 5
b 0.066 1.8 5
c 0.11 1.3 5
Zircaloy-2 0.15 1.3 5
Zircaloy-3 0.25 11 5
35/ B

Ry T IVBATT A Y % YTRT Y 2=V A EHWDHER
DUEIEHEE DR % < b U S L TN R T
L, YVva=yvrklU0yrva=y ngefOgoERIC
WA U TRF RS,

4 YR —-LDEERE

41 ¢
Jpya=y nhOMED 7 v — nOEERE, E.B. Sa-
10 ® (15) )
ndell, E.B.Read, k¢ C.J.RoddenEic L5y 7=

MANSY v FEBWHFEN, Fhdyrva=y ns&ded
@&%@7u~&@%ﬁmm,WF}Mm£gm;5%ﬁ
B DOMEE L H 7 D ORENF D HILD,

%%m%mF%ﬂVéﬁ¢@ﬁw~A@%§§3K%m
T, V7= I pvAy g VBRI & AR
DEELE A < b U BE U T ey U415
Tnbe T TCEDOMA%E b LIRF LickER, HTD
WRAEMZAZ L LTI VI v L BL OV Va=y
r&&hD s v~ LOEEBEISH CE CRIFREREYB:
DT, DEZETDSNFELZ DN B,

42 5 F &
4:2-1 Y7x=hpndy FaAWDEII S
AL EinEi & B

Harsrtstmsesest EPU— 23, 10mm +=n

B/ v~ ol B7uv -2 79 vua KeCrsOf
0.2828g #TEL {30 & B, KICEM LCEL <1000ml
95, ZOBKEIml X, 7w—x 010mg &, O
DM D—52 k2 WL TCTH5 9%, 5yCriml, 10y
Cr{ml OABERH A RET 5o

Ry 7 VEE: kv R S0g B 7 V{bkER (46%) 100ml
WCIRIRT %o

TR HE A e e 7

WYy FOB0g Ao av7ia~v (95%) 100ml i
4 5o AL, BRI vyBY YICBEEL, 3EI
LEHBH L FRET 5,
B.#& fF

awfg%f~ﬁ~mmmbaw,m@<1+4)%m1
Ly 7 iR 4 ml &z CINBNEIRT B,
KAEMLTH 70ml @ 5340, FERREREE (1%) 2ml &
BB 7 v e=v nEER (10%) 10ml % nz T# 2 S/
LENEE T Do DERCB~ Y I YBA ) v 2 8BH (3
%) KT L TR &7 - T BIBRI 2 fmL, B
WTHI 3 HRE R o

ﬁ@<1+31§m%mzfmmﬁm%@ﬁh@%,5
BIAHILCI0mlL A 27 722 BLKTHERETH
THTILEE S,

LD CHEE LcDb, 20rn(i1)7§)f'}ﬂ0) 100ml # 27 5 =
2SR L, KENLTHS0mI ) 38 %,

20°C LI TFiemHL, Y7z avasyy FEER (0.50
%) 5mlaiiz, KCEMETI>TOTLILSD FETH
B b,

540% L 605N ZEE 540mu 10mm & v % Fv
TR AR U BB 23 b, ML D
7= L EHERERD Do

() (a) 7 v~ 2&HERL BLITOEE,

(b) ZD L&~y ¥ YBOEENED LNz &I
ik, ZOEBELEET Do
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(c) ZOELXBERMB7 v E=v & L~ ¥ 7 VA5
BRI T B, B~ ¥ 7 Y BRD SRS
WR &L, EDHTHBARINL C I OEELIEE T,

(d) HEEL, REBELUET S,

P l B, BT RN
% ml mi SN BifEiRr ik, ml
£0.10 100 20 0
0.056~0.20 250 25 2
0.10~0.40 500 25 3
0.20~1.00 500 10 4

}

(e) BT FEmL, Table 9 Wik L2k 5T h
Do

Table 9 Amounts of many elements not interfering with
spectrophotometric determination of chromium.

Element Added as | Amounts that did not interfere, mg/100ml

Aluminium | AlCls 100

Cadmium CdS0, 5

Calcium CaCls 5

Cobalt CoS0y4 5

Copper CuS0y 1

Iron Fez(8504)s 1 (Maximum amount permissible)
Lead Pb(NOs). 1

Magnesium MgS0, 10

Manganese MnSO, 100

Molybdenum | Mg.MoOy 3 (Maximum amount permissible)
Nickel NiSO4 100

Silicon NasSi0Os 10

Tin Sn(S04)2 5

Titanium H,TiFg 200

Tungsten Na; WO, 10

Vanadium NaysVo0q 1 (Maximum amount permissible)
Zinc ZnS04 10

Zirconium H.ZrFq 200

(Hafnium)

(f) MWzEHimmiE, <0.20mgCr/100ml T %,

v~ rhESHEHEOY VA=A lghED, i)
w = LR O AT AN UTc Db, ASURIEIC Uiz
o TEYE UTER LiciEf A Fig. 2 iR L,

1.2 //
1.0
08 /

0.4 / -

e

Absorbance
=)
o

0.2 4
540 mp
IO—mnE cells
0 ) 40 80 120 140 200

Concentration of chromium, #/100 ml
Fig. 2 Calibration curve for chromium.
C.It B = B
EEERBLOYVa=Y A, YVva=yngéhos
W nhER UiERO 1804 Table 10 @ik Uico

Table 10 Spectrophotometric determination of
chromium in zirconium and its alloys.

Sample Chromium Average Coefficient Number of
Added, Chromium | of variation, |determination
% Found, % %
0.005 0.005 11.0 5
0.010 0.010 3.3 5
0.030 0.030 3.1 5
0.050 0.051 3.0 5
0.10 0.10 3.0 5
0.30 0.31 3.4 5
0.50 0.49 4.2 5
Zirconium 0.003 11.8 5
Zircaloy-3 (a) 0.011 +3.3 5
(b) 0.028 3.1 5
Zircaloy-2 (a) 0.098 3.0 5
b 0.13 2.7 5

422 % &
AL e

w7 IR kv 508 & 7 v {akER (46%)100ml
IR 5o

TR —k 7 v e = v A fEERRK (0.02N) 1@~y ¥y
Wy v 2 EEERY AV TERET %,

W=y F @y v NBUERR (0.02N) @ v = g b
Uy s MRS A PV TTEE S B
B.#&

ﬁﬂéz%5%7?x:(%ﬁSMmDKmmD&D,K
50ml, #EE(1+ 1) 10ml &y 7 vE5ml %inx <n
R LD, W1+ 1) 2HEns b,
IRKFIBOmI & FEERERAWL (1 %) S ml & imx, M LT
Fh Ui & X BRI T == v 1 ¥ (25%) 15ml
HIZTHIS M L3 4 5o

DECHBA(L + 2) %5 LT S koA LR 0 4 g
DHENE o ThABLBEEK 3mims, 3HE-TR104
%%%?50

ok LTEEIL, 150mlic 3 3 oi-0b, FhlRE
—g7 ve=my RBEEHOBRELYINZ T, v — L &R
ﬁbh@%®%~ﬂ%ﬁ7VﬁV@ﬁUWbﬁﬁﬁﬁﬁﬁ
Y Bo MME—7 ve=v A EERBEOFTEREN LR
By e~ nEFHREYRD B

(E) (@) ABEEEIL, RECETS,

yE A, | BRI, 1 W o=

0.03~0.3 2 BURHRIEL G & & i, Bl (1+1)
15ml&sh o 7 v 8ml &l CEMT

0.3 ~1.0 1 %

(b) BBt < v 7y MREFEL TR E XX, @
<Y H IR Y v RIEIR(3 %)% 1 ml 2T B,

(¢) B~y ¥ yBOSERRER & Xk, XbEi
3ml &z CL0A T 5,

(d) Yva=vrklUoidvacy ndsdhicdtn
L DHETEI L HEEIBDAR I o7,
C.it /= B

BB RLIC YV =y s 5P D I/ - nhERL
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Table 11 Determination of chromium in zircaloys.

Sample Chromium Average Coeflicient Number of
Added, Chromium | of variation, |[determination

% Found, % %

0.05 0.05 3.5 5

0.10 0.10 2.3 5

0.30 0.30 1.1 5

0.50 0.51 0.8 5
Zircaloy-3 (a) 0.02 3.5 5

(b) 0.03 2.7 5
Zircaloy-2 (a) 0.07 2.1 5

(b) 0.11 21 5

(©) 0.15 1.7 5

3% B

VA= rBIUIN A=y nBERD v~ L EE
B2, Y7=pavsdy FrflnbBIetE
HREE—G W~ v W VBT L BERED 2 FEIOWT
BES LTk a e U RIFais R B,

5 =y FILDoEERE
51 F¢

IrazmvarRBIUYN I nELEBD =y L,
FDEL M=y r VT AF VT Y 4% v ngEERFIRET S
WAXEETERIN TN D, FMITAD Z LR TE RN
73, E.B. Reat(is,) W.F. Holbrool(il,m;#scl:()f Yu.A. Chern-

ﬂmw,BMJhwﬁg%@ﬁgm,%@iﬁ%@abf
HF Y (AT

EEE, REEBRIAFNMVTY %y a2 AWHEER
L ORI EEREDEHEREE < b LB LCFDHE
xR I Iz RRADKRAWHEEMILL, Yva=va
BIOYVa=g hBE&ETRD=y r ViEER L TRITRE
%&”?@f:o
52 RB & B
5-2 - 1 EERIEE
A# % #

(1) S/nlEfE L 83K

Hirse s gsr EPU—2%, 10mm 4 v

B 7 AEEpHEY GU—1%3

B = o r VR L 25V P EE BB ORI 99.9%1L
ro&B= vy r M05gEEAD LD, WR (14 1) 20ml
CIMEME RS 5o BBBRIELC1000ml 243, - DRK
D=y r VEBEE, —ERESTLTY AFNVIT ) 4 X
¥ AREEHRIC Licdio TIRET %o DX DB OB Y
EAST LT 53w, 10yNi/ml, ¥ k0 50yNi/ml 0%
BRHEPRTR & PR B,

Ry 7 VR ok v ERb0gAh 7 v LkER (1 + 2) 300ml
IR %o

7= g (20%)

B ANAYE © fIFIEE K 100ml & BHEE 7 » == v LA
W (109) 100ml #Ef4 5, Z OBEITHFNCEEL,
2 LH S UL FHHA B,

TAFNVIT VARV RER(I %) Y 2AFNV T VA%

rlgHhw A7 va—) v 100ml KB H4 5,

(2) B B¥ L& BEEhE

BRI & B BHIC LTI % Lo ¥ OB
L7eio T, FESERBE Ui,

MEE lgh v —2 ~i3,0 &, BB+ 1) 5ml,
g (1-+1) dml kv 7 vk 10ml %z TnEWEIR
T 5o BIMCHHEI0mL 2 27 7 22 Bd, 7= ViR
W (209%) 15ml, FFNE Kk 5 ml LEHBR7 > 2= .
#we (109%) smlof L2 Ak iitfzDb, 7 ve=T7KkE 5
HROBMNE2HETMLE iz 10ml 4 & B iz %o
20°CDMWIRTI AF 00 Y 4 % v 250 2ml Az, 7k
TEHRELLDERTHEIE L,

Bie= v 7 MBI OETRIEE A TN U CHE Ui ilivang
BB A AV, OB Liadio THREI 0
D, WE 380 ~ 600mpu i BB T LTERL
foECE M A Fig. 3itiR Lz

100

NN

Curve A, B, and C;
20 0,10, 0.20, and 0.30 |

‘mg Ni per 100 mi
respectively

(o]
o

’/o'°‘°-<

Perc ent Transmittance
B
=]

0

360 400 440 480 520 560 4600
Wave length, mp

Fig. 3 Transmittancy curves of nickelic
dimethylglyoxime solution.

Sy TN AFNVT Y F xRV N EOR SO K,
Wmpith v, ZOW BEBTAREE =y r VR E
DBAGRIL Beer DBEHIA R Ulzy E72, ZOERIET
I, Yrva=yvaRLOREC S OB ERS 52
ERTE I,

BlEofRe Lo, 40mp AllEmgE L4 5,

(3) ®Y 7 94L7 v E=v LEDME

R ORISR AN DR 7V BOEE R S Uikl
B, xRy 7 vB1Sml o &k - TERT AHEHE TORY 7
VAT ve= v 2 OHFI L B B kel oo
1o FlokviRlE, 8g ¥ TRELXRDILM T,

PllokRie Ly, #Elgreontry 7 vig 10ml
KM A THBET 5,

(4) RIKEBRR7 »e=v 2 &AL E

Feigl ic kdud, = vy P 2+ Y 4 % & 1 D
i, 4=y rVvE T AFNT Y 4 XY LD S &
DEDTH B T, YAFNI YA x Y a2 BEX
NT=v r VERISLEETDEWITbLH DL, TORE
BOEE EMEIRANO = v 7 VR OBREL L - T
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AT B 2 bR Tl B

& T OB E A TR U TEB L EBRER RE L
Fofb s 05~5N #ile, 0.3~3N M4fER & AR OO
DEW TS, FEMRAEKENLZ BT i L h—iE
RAE R B, T OBARMEZIKT, 0.5~10ml DL
DSNOEFERRETE NI &b ot

FELfem vy r VY AF A7) % v n il REEC
Z L, FORNEEAER 2R D OERMERE NIt &
&gfﬁﬁ%#fmﬁwbt:af%gi

% CHABEOBCAIR B BB LB E A Mt Lok R,
FIFIRFEK EEER7 v 2=y a2 B A THZ 0L
T, RO TCEL L=y VT AF VT Y AR
Y AR DOREWEED L{ED DI ENTE I, Tk,
BRI vEe=w sk, 01~1g OWISHROFEHETS X
WZ ERbhoto,

BLEDERIZ S &, T(1)] COi{b AR
HHE U FognEA 10ml & Uiz,

(5) H¥eaWo s = vBlEL 7 v E= VIRE

Fetas D s Ty EIRE L T Y E = VIBEOREAHE L
TofElR, 7 - YL 4g ¥ TR EELRD Ao F
foy TV EZNIKOEMBLRREOBDOEZ oL X VEHE
Z 2~20ml © L%, BEUCBRSOBREELYSF 27 7
B, HKE®O pH 13, 8.0~05 Th i,

Bl EOfERIE S & DWCERE Lz, T(2)) ToN
1l T VBB L T Y =V IKDEINETH Do

(6) ¥YAFNIT Y& x ¥ REERFOIINE

TAFNT Y F ¥ Y RBEOTMEL DWW THRE Uickd
BaFig. 4R Ui, =y 7 VEEHALTT AF VI Y

1.4

| | |
0.50 mg Ni/100 ml
—& p
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1.0

08 / 0.?0 mglNi/I0.0 ml
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0.4 /‘(
j‘L 0.10 mg Ni/100 ml
Bl O i _b_____‘},___{
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Concentration of dimethylglyoxim, mg/100 ml
Fig. 4 Relation between nickel and dimethylglyoxime
concentrations.
&%V ADOEMENRENVERT] 12T AHEI D LE
DFENL, —ERBEY S 2 7,
BLEDKER NS, Y AFNMI Y 4%y 2R (1%) O
imiEi: 2ml & U7z, Zhid, P eb=y7rv2mg

HEENFEBIEDHT ENTE B,

(1) WIRDOFE L L=

FE R DR & 5~45°C DA ZAL LTI DO P E &
R BE Ui,

0.8 0.30 mg MNij160 ml I
-
&3 % 4 8 3
e }
0.7
S 03
5 0.10 mg MNi/100 ml ]
[ ot A 5 O
° g—t—4% L
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< 02
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.
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T ot
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Fig. 5 Influence of temperature, and effect of ammonium
persulfate on the stability of colored complex.
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FNMTYFx Y R EEABEXE TIHE Lk, Crts,
Fet3, Mn*2 iz e lmg ¥TC, Flthdbos =y
TR L AR ATIET % L &4 10mg ¥ THARETE I,
fef2 L, Mnt2 [ 3sfHoE & 3R 70 7 = B OF
BEMIE L o TREEDHEMMRD BIDOT, HiEER
T T BLENRD o0 Cot? ik Cum? LRk Y # 7
VTV FFY L EIGLUTHET S0, 02mg TR
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(9) BEOERE & BER
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Yra=myriEldvirvacsy résg g2 RAEREE
BT HT EMNTE I,

e = 7 VSR OATERE A BN UCIREL U o his i
EEREEE A, [BOWHE W LichoTRIEL T
WA HIE L, Fig. 6 R cBREREIENR L, 2
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DERNC Uiz o Tzs
B. Ak (E# 1)

BURLE &~ g2 D & D, BEERC1+ 1) 5ml,
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Table 12 Amounts of many elements not interfering
with extraction and spectrophotometric

determination of nickel.

Amounts that did not
Element Added as interfere, mg/100ml
S* | E*
Aluminium AlCls 100 100
Cadmium CdCl, 10 10
Calcium CaCl. 10 10
Chromium Crz(804)s 1 ¥ 10
Cobalt Co(NOs)2 0.2 ** 10
Copper Cu(NO3)» 1w 10
Iron FeCls 1 ** 10
Lead Pb(NOs): 1 1
Magnesium MgCl, 10 10
Manganese MnSO, 1wk 10
Molybdenum | (NH4)sMo7Oz4 100 100
Silicon Na»SiOs 5 5
Tin SnCl: 100 100
Titanium HyTiFs 500 500
Tungsten (NH4)2 WO, 10 10
Vanadium (VO:)Cly 10 10
Zinc ZnS0y 10 10
Zirconium H:ZrFe 1000 1000
(Hafnium)
Boric acid 8 grams 8 grams
Citric acid 4 grams 4 grams
Hydrofluoric 15 ml 15 mi
acid, 1 to 2
Tartaric acid, 4 grams 4 grams

* Amounts that did not interfere the extraction, E, and the

spectrophotometric determination, S, of nickel
** Maximum amount permissible

4
1.2 /
1.0 /
0.8
: 4///
(=
o]
2
o 0.6
3 /
0.4 //
0.2 A
440 mp
lO—rrl\m cells
0 0.1 0.2 0.3 0.4 0.5
mg/l(_)O ml ) .
50 100 150 200 250
7 [50 mi

Concentration of nickel

Fig. 6 Calibration curve for nickel.

(a)
W1+ 1)5ml &Ry 7 vER 10ml A hnx CTHNENER

T %o
Zin

Db,

THZE BT

CEHERIE 100ml A =7 9 2 a2 29,
J = v R (2095 15m) & RLAIERE 10ml A2 e
SO ERFRNRLT YE=YRKEREBEOBNELDE
10ml &J@%JV Tz Bo
BB UCHBHBT A F M7 ) % v 2B %)
2ml Az, KCERL LISV EETCHBIED,
BEO 1 HERN Mz &b, ERE 440mp TG
HHEL, EEREXET IWOL, Tﬁmﬁiﬁt DEBO=

10

v T Ve RERD Do

HEL) BEDO=y r vEFRMENEE, Filds
", gk M, IV o rhEres T
BHeEIck, 15-2- 28k #MAT 500880,

(E) (@) 3EEE, B2+ v 7 VEBRERE,
FLO7 o v BREEAINENL, RERWCHET D,

<Y H,

o =27 Mk, m@r?mm, ‘ AL FRENG.
=0.05 1 10 15
0.05~0.10 0.5 8 10
0.1 ~0.20 0.25 5 5
0.2 ~0.5 0.10 5 3

(b) TA, (7)1 %MK,
(c) PiEmEE, HE 440mp 10mm & & % T
=0.5mgNi/100ml C& %,

BegEdud, TA, (9)] BB UTAIIRMEI Lok
> TR T %o
02+ 2 ML IEE Bk
ALFE R

(1) ZeindkE s Bl
BAETRE:: AFvry FU2g & 7 m LFE— VT
02g % 7 a— o 100ml KBRS e

VAR=2 =5 V. ZFN

TAFMT VAR RNBEBH: 7 = VBRE R (20%)
30ml, 7rvE=+wk 50ml LI AFNVT YV FF ¥V LB
(19 6ml #BEML, KT150mliz 545,

Foflk, [5-2-10A, (1)] w#ET 5,

(2) Bfeod b UL Mo pH

?ﬁ%%%%aﬁ%éﬁﬁmbfr&m103ﬁmﬁ
) PR E AR UG E Lic DX DB Lichis
THEHERE Ui,

THAB lgxw Y~ —iiErv &Y, FHER(l1+1)5m],
WER(1+1)5ml kv 7 YER10ml Ahnz THEhg g
LicDbRBIRBEHT D, 7 = B 20%)15ml &E

SIERE2EAML, 7 ve=YKTHMLUER K 10ml
M T, 20°C B TRBHBSE? — VBT, VAT
MY XY REHE(1%) 2ml &7 v wekvabml A
2T 5, SEEL 7 mue kv nBAHOSKe —
CAHEL, BOY mwskovn bml &z Tl A R 4
Jwawmkv aEw AN ~ i 0.5N R 15ml 20
2O T B, HEEBIEW A S0ml 2 27 3 xaicZ Lb
4 10ml DRTHET 2, BALAIER S ml # iz T
NEERDE, FAFNVNT Y4y W BEER AN THE
BMETHITHCLIL SN EETCHBI LD,

= v 7 VERHE R BRI UCHS U 2RI TE & SRR
AV, ERROBRED S bl pH 2 EEZL L TE
DEBL RS U, &8 Fig. 7 wRkLiL 5T, pH
=8.0~9.5 DBRBLC BT A= r VI AFNMITY 5% N
DML, 3I1F100% Th o7,
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T (T) MR TR D3k & Wiichsn
100 ~ W DR [5-2 - 1] DR ABRTX 5
\ DT, T\ THEREIRE R I Bl T B3
27 DRETHEAIE LR, T(1)) oy 2517
8 / \ VA M RATHOL T L TIREL T 52 LT
AE 80 \ g‘fCo
2 B = o U EEE D45 B A TR L C S U Fe
570 LRBER AV, TBAFTFE] @ Uichi> TIREL T
/ ’f/}_l_‘l %f{/f“}jﬁ L/7L\_.o - /h/fz Flg 6 V‘ 'DTHLJ 1/7-\..0
6 / B. sk
(a)
s HElghC~F I LD, FE(L+1)5ml,
- (a)
6 7 8 ? 10 B R(L + 1) 5ml &k v 7 v E10ml & % C i g3

pH
Fig. 7 Effect of pH on extraction of nickel
dimethylglyoxime by chloroform.

(3) 7RV aliTh=w r I 2F VT ) %y
B ODOVRIREE & A ORI

B o 7 VST OATERE A IR UCHRE U Mk
HHWT, =97 I AFVI Y 4 X v L OB E YRS
Uiz BRBRODEER 15°Clek W/ e dhv sl T 5=
vy VT AFNT Y x Y N OEREW, #30yNi/mlc
Bofee COWERIZDEXCE, =y rVvTAFNVT
VAR Y AR T Y E LTI ma kv a & KER OB S
#U7zo

iz, M ORI OWTRE UizkE®, 20°C LUF
DEIRTEET HO0HR S RIFTH o, WENEL D
&, KB H 57 v ek nOBRIBE L 5D ESN
RKELIoTC, HEATREE LR LD TEE LR
B,

(4 7J<i%f1§:%& 7 wwAovng, kL U ERT
MR OWE & 7 v v Ry LR AL LTh
rd U7k 5, ﬁﬁm80~200m1 DNBINDE X7 vukiv

CRTH=y r VT AFNT Y &% ¥ L DEIRELINT
i, 7ewkvag Smlafns 2BOMEIE b=y
TN AT KR AOMBEETIEE 100% Th o
720

F iz, DLW TIRE Lo R, #IB0RRRRITT L
SIEEHSTIEL VT 228 ore,

(5) i #h

AR S DR A AN Toilfthly 3 (R4 M 39 Lo,
05N i 10ml % B\ CTHIBORENIIT LSIRE 5452
LIk, b=y 200y & CREME LT
EBRTEDHI EMbhotzs

(6) HLHER IUHEEH S

HILER L OHREOMET L 2B et Lt Ry
Table 12 8 Lz FNHOEEEL, Yra=v .
BLOYVa=y n G ehOWRED= v r MTTFHDO T &,

WSRO 7 v -, $, <>vFv, i, BLoias
VIR EREUERRDO= vy r VEERT HADRETH

o7

%o
S AR L, 7 T v BAR (20%)15m1 k{ﬁ'/\nk%j/?)f%

2WEMALTT ve= &mfﬂwbmmwmm%mKao

20°CLLTFioy iﬂ&%ﬁw ~ F (FE250mD kB L, K
%mem%mHiﬁfbéo

FAFNMIT VA XY LR (19%)2ml &7 vwakvo
10ml &z ¢, #FBOMMNIT LIRE LT T 5, #
BLTHEBL, ZrnadVvaBailosms — F (EF100
ml) o %,

BORBERCH S L7 v ekyv s 5ml &z T
HAsE L, L aakyaBIgiodos o
70)0

7mngRv R BEE LS ~ Mic 0.5 NEER15mI 4
MZT, RBOBENIW L CIRE 5 LT L, #HELT
BB makvnk b Dl%-éc%o

BN n A B LT 50ml 2 27 9 2 2 s Lblt,
F0m] DK T v A PR B,

BIRT, BMLABRE Sml 2Nz Tes D EF¥nh, ¥
AFNMTY A XY NBEEREMA CTERETITD LR
SN FETCHLOIE D,

BEO—EA RN vic & b, TiRE 40mp CHRIEE
B L, R 5 D s, B DB =
v r VEERERD Do

CEEY (@) BUBHRIEE, +v 7 ymERE, 7z vBi
IR ¥k, REREET B,

=Y T VELTR, BURHR IR gL, E g4 J oz v

% g HEAIEL, ml i, ml
=0.02 1 10 15
0.02~0.05 0.5 8 10
0.05~0.10 0.25 5 5
0.1 ~0.25 0.10 5 3

(b) ZD&&DBEWDOPH I, 85~95 L9 5,

(¢) DEDZ vw RV L mET HRECHHT o

(d) WEsiEE, 10mm wr% v =0.25mgNi/
50ml T& 5,

BEfuE, TA, (7)1 BB UTRIBME Uik
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- TR 5o
530 B R R

BEBEEB LY v a=y n, YVa=y nEGEhD=
v vk E R Ui R —flh Table 18 iR Lz,

Tble 13 Spectrophotometric determination of nickel
in zirconium and its alloys.

Sample Nickel Average Coefficient Number of
Added, |Nickel Found,| of variation, 'determination
% % %
0.0010 0.0011 16.6 5
0.0030 0.0032 8.2 5
0.0050 0.0052 5.0 5
0.010 0.010 3.0 5
0.030 0.030 2.4 5
0.050 0.051 2.1 5
0.10 0.10 2.9 5
0.30 0.30 2.4 5
0.50 0.51 1.5 5
Zirconium 0.0041 8.3 5
Zircaloy-3 (a) 0.013 2.7 5
(b) 0.017 2.7 5
Zircaloy-2 (a) 0.051 2.4 5
(b) 0.072 2.7 5
54 % B

FAFNMT YA XY nkHAnDmy 7 OEER IO
HIBAREEDOERELGE <DL B LTairhEa ik
M UTze ROMITHFEAEAT LI Lk - T,
LB LUV NV A=Y nGhhO=y vk TUETERC 25
THIENTE I,

6. YMRDERTTE

Ja=w

61 FF

Fva=y ahDr A BOERKICIEL, FO8FRNE
W DTSR A AT 2 0REETH Do
Eﬁ&m%bf@,EBRQ?@%UT?V%&%&&
HOELTHT BIDLA, FEMEML I LB TEL V.
gL, IHEREETCHD [F2 v a&hOr A EDE
Bk | A B LCRE LTk, Y0 1= 9 ok pH,
1.3~0.5 DRy 7 v BEECMEE LB mLCchbaedm
KT B LR BEBTCH T, Y=y nkoid
HE I BETE B b otlo, T, TOREY
mr%ﬂyéﬁm@74%@%ﬁﬁ%J@%%#K%$@
WEAETHI LR L > CHATE, YVvazmy akBLUY
M= NEEROT A BORR TR A RS U C Rk
BEELZ ENTEIDT, DERCFDOHN F EEDN
Bo
6-2 9 1 H &
6.2« 1 E/nlEiE & B

AsrsrdetiEeEsl EPU—2270, 10mm wv

By 7 ~EkgpHEr GU—1 31

WA AW 7 A PV v A 3g LOKEE(LT Y
T adgR= VISR EY, AL CRMET B UK
&2 CHEBMARBEE AR UE L 1000ml 245,
—EEANB LUERBRCL > Tr A BEEREIRET Do

12

Z DWW AT LT H T, 5ySifml, 10ySi/ml, 50ySi/
ml DABEER A RET 5,

7 vALKHEER(L + 2)

R A

Y TF BT =y A ER(109%)

AR (20%)

BTSRRI F Y v »30g,  FEREERT TV
v alg, BLUl—73/—2—F7 F—v—4—R 5k
> 0.5g %, #9170ml o7k S0°CLUT CIMRE RS %o
HEIE KT 200ml 125 F0CE Uibl) Bo  FREEITHIY
DGR TEE LRl ZORIEE, P <Ld0R I
b L < T %,

AI LA TR A W,
ERET Do
6-2-2 8

ﬁﬂfg%ﬁui%vyﬁ~ﬁ~mmﬁ@a@,mmml

L7 I (KFERECL + 2)10m1 A2 T # L CHRIEE
5

RYMBSE ML TER LD, By T vBAIY Y
LA 3 %) R LTI & L, Bl THRI S 2R
ﬁbt@%%ﬂm%mﬁgo

C®@%K%U¢fy@7y%:wA%@mm%)5m1
EMZ, LS EETHEBEED, 105 RIEAMRER
(209%) 5ml LBILEIM3Iml AN 2 TEILL Db,
100ml # 279 2 2B UK THEBETHTHTLLELD
£ 4%,

1534 = DR O 1 #% 10mm vz & 9, FEFESL0
I A L, BB 25 e Db, B
NEBEBOr A BEHEREEET Do

() (@) BUBHREE, 7 v {LKEREHE,
i, AR EL S, REBRMET D,

IR ) = F v RS

R R

wA g, | s, | 7 BRER | o mmm, |,
/4%XA%,]uﬂ%mJl asBi, 9 BRI | 5330
=0.015 1 10 5 810
=0.04 1 10 5 660
0.01~0.03 0.5 8 4 810
0.02~0.08 0.5 8 4 660
0.03~0.15 0.1 5 2.5 810
0.08~0.40 0.1 5 2.5 660
(b) #EA Loy, 10mmpl Lk d k5L

BT Do

(¢) 10~30°C D EICEHT %,

(d) Cor&omo pH L, 06~1.2 L35,

(e) FEAWELT X5 & XL, KTIMEETH> 30
THETHZ EMTE D, ok, FHRTERTS HBICITR
5o

(f) AEapEr 660mp #MHVWAZ & L T X5,
MEElCa) ) #2MH,

(g) EETFEOHERY Table 14 1R L,
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Table 14 Amounts of many elements not interfering
with spectrophotometric determination of
silicon.

Element Added as Amounts thrii‘,g/dlio%nxlz{)t interfere,

Aluminium |AICls 10

Cadmium CdCl, 10

Calcium CaCl;-2H,0 10

Chromium H.CrO,4 10 (Maximum amount Permissible

Cobalt Co(NO3)2+6H:0 10 at the wave length 660 mp)

Copper CuS04-5H,0 10 (Maximum amount Permissibe

Iron FeCla 30 at the wave length 810 mp)
FeCls 5

Lead Pb(NO3)2 3

Magnesium | MgS04-7H,0O 10

Manganese MnCl,-2H.0 10

Molybdenum | {NFeMorOze- | 449

Nickel Ni(NOg)2-6H,0 10

Phosphorus | (NH,).HPO, 0.1 (Maximum amount

Tin SnCl.-2H.0 40 permissible)

Titanium H:TiFg 15

Tungsten Na, WO, 10

Vanadium Na,V0- 5 (Maximum amount

Zinc ZnS04 5 permissible)

Zirconium H:ZrFg 1000

(Hafnium)

(h) Mz, 10mm-erjFE 810mpy #FAnCT <
0.15mgSi/100ml, F /=& 660mpy % T =0.4mgSi/
100ml T B,

rARGHEBEOI va =y nlg HEMY ED, £
He o A RO BT E AR LI 0D, AR Lz
Mo TR Lo iiE i a Fig. 8 iRk Uiz,

1.2 j
1.0 //
0.8 Z
o
v
]
£ 0.6
0
3 ///
<
0.4 /
0.2 /
10-mm cells
0 0.1 0.2 0.3 0.4
. ) mg/T.OO ml, 660 mp )
37.5 75 1125 150

Y /100 ml, 810 mp

Concentralion of silicon

Fig. 8 Calibration curve for silicon.
6:3IC B R B
EEEARBLOCY VY azy A, YVvazynssgthor
AFEEEE LCHEEO 1% Table 15 wxR L7,
64 E
Ipasy aBlUOVva=y n{&hOrAErER
ThHIDE, ®Y 7T YFEC L DWEHE RO % B
HUCHNHERAREL L BEF iR % 187,

1. "FOOLDEERZE
1 %

13

Table 15 Spectrophotometric determination of
silicon in zirconium and its alloys.

Sample Silicon Average Coefficient Number of
Added, Silicon Found,| of variation, |{determination
% % %
0.001 0.001 35.7 §
0.003 0.003 21.3 5
0.005 0.006 12.1 5
0.010 0.009 7.5 5
0.030 0.031 3.9 5
0.050 0.051 3.1 5
0.10 0.10 2.1 5
0.30 0.31 3.2 5
Zirconium 0.002 23.5 5
(a) 0.003* 3
0.009 7.5 5
) 0.007* 3
0.018 6.3 5
© 0.018% 3
Zircaloy-2 0.004 16.7 5
0.003* 3
Zircaloy-3 0.006 7.3 5
~ o-006* 3

* Results obtained by gravimetric determination

Iyva=y nhDOWE Y n%h EB. Reésc)l 1k, B
MRS CHER Y ) v 2 2 TN L REX e
REI P TEEL T W5,

ek, IEBAHCTHEB AN TNEAL, RBEX T4
Etﬁ@%ﬂ%?éﬂ%fv&@w%%ﬁ&%,r%ﬂy
BEFDORT VY LnOFEEFE] T hUL{RELTHI
FEH AL VR AR T B,

COFEEIV =y aRIOGVIVa= Y aE& GO
FIY AORBCEATH-DRE LR, BIEFAK
HBLE ENTELDT, DECHWTHESY D~ b,
7280 F &
7-2 -1 EingEE & 5

Aarstradtast EPU—23, 10mm &
B~ F ¥y nPEHE ¢ 500°C T304 RIBER U ic HER L /<
FY v n VaO05 #IEL 089268 1220 & D, KER(LF b
Vv R R (10%) BNz TG LIcDHED Sml %
RN 2 %o BRICHHEKEMZ TIEL L 1000ml &
T, ZOER 1mlix, /<7 ¥ v x0.5mg % &,
CZOWEBEO—E A 4 W LTH 3%, 0.10mgV/m],
0.25mgV [ml DAIZMEEWR & FHEIT 5,

7 v ALkER (46%)
T1-2-2 #: e

SUE 0.252 A E 4 711D & D, BRER(L + 1)30ml
& 7 v ALIKEER 2ml & 2 CHEA IR B TR 3ml %
Mz Bl E L T R 440 2 R L X 8 5,
IR ELDTAL, LS HH LcobEKPEREL
THHT 5, ,

25ml A 27 7 A2 BLAN, WY AWCTERET
59T Lo EE Do

305 BLPIE i E A10mp CHKE AT 2 Ly BRI
%%%bk@%,@E&ﬂ%ﬁﬂ@N%V7A§ﬁ$%ﬁ
Do
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) (@) BURHRONE & MRIRRL, RRICHES 5o

t /\'7LV'70L\%1?=‘$*§, ‘ AEHRIRE, 1 B OE R, |

4 g mp

=0.35 0.25 410

0.3~0.70 0.125

0.6~8.5 0.025

=0.60 0.25 430

0.5~1.20 0.125

1.0~6.0 0.025

(b) FEILEDOFEE %L Table 16 1R L7z,

Table 16 Amounts of many elements not interfering
with spectrophotometric determination of

vanadium.
Element Added as Amounts tha:ng}gsrx;lc)lt interfere,

Aluminium | Al:(8O4)s 250

Cadmium CdSO,4 5

Calcium Ca(NO3)2 0.5

Chromium Crz(804)s 10

Cobalt CoSO4 10

Copper CuS0y4 10

Iron Fes(SO0.)s 0.5 (A e ave Tonmit T8 mp <)
1.5<Maxirnum amount permissible)

at the wave length 430 mpi

Lead Pb(NOs): 1

Magnesium MgSO, 10

Manganese MnSO; 10

Molybdenum | NagMoO4 10

Nickel NiSO, 10

Phosphorus | (NH):HPO4 0.5

Tin SnSOy 10

Titanium Ti(804)2 250

Tungsten Na, WO, 7

Zinc ZaSO4 5

Zirconium Zr(S04): 250

(Hafnium)

(¢) Mz, 10mm v E 410mp # fnwT <
3.5mgV [100ml, %7z 430mpi T < 6mgV [100ml
Th Do

NFIy LEHFEREBBEOY Vv 5 020 BT L
DENE T Y v NBEROBRRELARM L0, A
P Ute o TR L 7oy Fig. 9 wwiR L,

pal

~

0.8

0.6

Absorbance

0.4

10-mm celis

9 1 2 3 4 5 6
mg/100 ml, 430 mp

1 2
mg/100 m!, 410mgp
+ Concentration of vanadium

Fig. 9 Calibration curve for vanadium.

7-315 B £ B&
SEEBRLIO YV azmy N, o=y LEE&EFOS
F Iy LR UlckERO 1 §l4h Table 17 wirlLiz,

Table 17 Spectrophotometric determination of vanadium
in zirconium and its alloys.

Sample Vanadium Average Coefficient Number of
Added, V%’:ﬁi&m of variation, |determination

% % %

0.01 0.01 18.5 5

0.03 0.03 10.0 5

0.05 0.05 7.3 5

0.10 0.10 4.7 5

0.30 0.31 1.7 5

0.50 0.50 0.8 5
Zr—0.03%V 0.03 7.3 5
Zr—0.05%V 0.05 7.1 5

74 B

WBHRIEBARIC W TET 2 mBEFA T 5177 20
W EEA, Yva=v nkLOIVa=y nE&TD
233y ORI LT RIFR A R A

8. BEZXODEERAE
81 &

@wEF I =y aOHAMRCER B Y525 L
#%,%@Eim%bf%ﬁ%ﬁﬂf&éKEMﬂﬂ&K
TR ST B "

ety y, ZoHERIF 2 v AN E HEOEE ]
DEFOLECLSDUSHF LA, Ira=y sk it

Iva=y nahhOER b OKERKEEEEET D
SIS o THRBTEMCEETED I Lhibhrol,
82 B EB
8.2 -1 F/niEi & ¥

S IREETE, NRE AR ¢ TJIS H1601, 7 £ v 44T
ik EROERAE) CRBOBECET b

WL T Y= v LR LT ve=v 4 0.1010g
HELIENAD &0, KEBEMRLT 1000ml #2277 22
CBLUER LT B, OB 1 mlaEHk50y & &,

7 ALk FER (46%)

IKEAEF T U v nEEH (50%)

BotemiE: vyers vy — v 7y ~0075g & A9
vy FO0Bg & A v7ra—nv100ml B LTH v
YRS Do

N /1005t evang © = OB KO S, BEEREY
BT N/100kER L7 F U v » U CHEE T Do

N/100k@(EF + v v 2 AEEEE @ & ORI D PN,
TL) VT Ry EEREELELTN/I0A VT » 2 B
R A TR T 5,

N/100A v 7 7 3 v EBEMERAE « 2 v 7 7 3 Y E, NHy
SOsH #1EL <0.1942g 12220 &0, KEHBELTELL
200ml &3 %,

82 - 2 BB OB HRE
RE A TERECERET A LB L L, P TERE
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Table 18 Dissolution of sample. 5, FHBEROBECHWAS ENTETREDS
Lo o
Sample Sog;grtocogﬁ?zﬁ?rﬁydm. Average Standard/Number WEGIERIRA BT, Pleters 237 va=vigEM E LT
Taken, |Water, hlonic | acid | fluoric (IEEORER VIR lof deter| Yty B L A A F AUy FEAF LY T, BT
g (1to1),|(1to5),| (46%), mination . c . . . e
ml ml m} ml % % CAFNV vy FETR LI VY 7)) — VBEYETIRE

3 120 30 5 1 0.0191 | 0.00026 5 oty o

3 120 30 5 | 0.0188* | 0.00025 5 POWTHE Lo

g fgg gg g ggigg g P AT U T B ME U Ao, 8.2

3 100 5 0:0190 3 L] TCONfAFNMV Y F e T ma s v e Y -

3 120 30 5 | 0.0188 | 0.00023 5 N . - = ) HE SR o R - _—

s 120 20 s | ooiss* | 0.000% . BEterieeifiE Uiz, ZoORREL R 200ml 23

3 200 50 5 | 0.0193 3 LT 0.5~1ml OE& Tt ClEET 5 &%, N/100 ki

I w | s | oo ; (E 10 ¥ R £ 0.05 10 AT AR5 1 P G

3 150 7| 0.0188 1 0.00024 5 AR IRE S 5 2 E R TE Iz, S hdEsE L LT 4+0.007

3 150 7 | 0.0188* | 0.00027 5 o i

3 250 10 | o.0188 3 mg M T20C, AEERRA% < UTHET D L %

S 1| oo ’ IR R A IR 5 © AT E Do

* Dissolution of sample was effected in a decomposition flask % 7=, 0. 1% AF vy T "‘2’2?{{‘ L0, 03% AF oy ]5?;;}
KERfER D 1 fl% Table 18iwiRk iz, Y a=v n¥k Wi 15 2 100 DFEILTRA UodRRER S, B B
iy a=y L AeRE 5 ¥ Th, BB+ 5)30~ FE A b 2
100ml # 7o 3802 (1 4 1)30~100ml & 7 v kR ?~ 8.3, MR
8ml G, F/zldk 7 VALKER 3~10ml DT b hiEhE T (b)
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D

A-—750 ml distillation flask

B—Condenser tube

C—Funnel connected to flask A

D-—Two-liters round-bottom flask, about two-thirds
full with water containing 5 ml of sulfuric acid
and a few glass beads

E--500 ml Erlenmeyer flask

F-—Steam trap

:—500 ml decomposition flask

H—Hydrochloric acid cutoff

Fig. 10 Distillation apparatus.
1Y v £10g Fs K ORERIOM LA N 2 CInER L Cak o % #5356
oD, BEEADOMGE 200~250°C CTHIIO4F FIMEA L

THIRT Do WHIBKAEINAZ TS T, KEBELEF Y YL
1 (50%)100ml % 2 CHRUF AR EC 8 UCeE B4 =
BT 5,
(e) EHEEHHFELIBL LoF i, 25mlnz %,
(£) 10~20ml/mine> g i s CHKE 4 5,
(g) Wi200ml e U C0.5~1mlDE& Tz %,
(h) 0.05mIOWEATE LK FHALEDZENRTEDY 2
vy PEAWT, EREOKEE THET 5.
8-4 [CHARER
SGREBR LYV a= A, Fvamy nglh D%
BAER UIHEREO 14 Table 19 iR 70

Table 19 Determination of nitrogen in zirconium and
its alloys.

Sample Nitrogen Average t Coefficient Number of i
Added, Nlégzc;gde’n of variation, determination
% % i % |

0.0005 0.0005 16.1 5

0.0010 0.0010 11.2 5

0.0050 0.0049 2.3 5

0.010 0.010 1.9 5

0.050 0.050 0.7 5

0.100 0.101 0.6 5

0.200 0.201 0.5 5

Zirconium (a) 0.0007 11.8 5

(b) 0.0011 11.2 5

(c) 0.022 1.5 5

(d) 0.027 L1 5

Zircaloy-2 0.0017 5.7 5

Zijrcaloy-3 0.0021 5.3 5
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On the Behaviour of Aluminium Corrugated Sheet
Exposed to the Seacoast Atmosphere since 1950.

by Shiro Terai and Yoshio Baba
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On the Behaviour of Aluminium Corrugated Sheet
Exposed to the Seacoast Atmosphere since 1950

by Shire Terai and Yoshio Baba

We have kept on inspecting the weathering resistance of aluminium corrugated sheet
and its accessories for 10 years.
The specimens were taken from the roofings or sidings of following building, plants
and installations:
1. Roofing of Koshien Baseball Field in Hyogo Prefecture.
2. Roofing of No. 3 Machining Shop at Wakayama Steel Works, Sumitomo Metal Industries,
Ltd. in Wakayama Prefecture.
3. Roofing and siding of Nagoya Works, Sumitomo Light Metal Industries, Ltd. in Aichi
Prefecture.
The results obtained were as follows:

(1) The above installations are situated in Central Japan along the seashore. As you know,
Japan has higher humidity and heavier rainfall than other foreign countries such as
U.S.A., however the results of weathering attack obtained by the inspected specimens
showed the same as those presented by the foreign countries, in other words, the
average depth of attack was about 0.02mm.

(2) There are many more factors for corrosion other than geographic locations, namely,
it is prone to be more corrosive in lapping zone of aluminium corrugated sheet over
other materials or accessories, than the exposed area.

Difference of these results are due to the capillary phenomena caused by gaps of
lapping zone.

(3) The atmosphere in and around the shops should be inspected before using the
roofings for manufacturing shops, especially in the location where chlorine gas, water
vapor and dust of heavy metals occur.

(4) The duralumin type alloys used for roofings are generally more corrosive than the
aluminium, and so using of the former alloys should be avoided even though they
are strong. The alloys of Al-Mg or Al-Mg,Si are desirable materials for such a

purpose.
1. % = T, 18974 B X N/ FEr — <D San Gioacchino
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DREI AR THEHIT, H{ELTho TWH, K Table 1 Chemical compositions of testing materials.
W|ETFO 1 E LT, 19604 o & 0 4, PEEHY . Compositions, %
FEEC R DR E LT, AFEREAA Y22 Y ¥ [Ton| materiis Alloy
Cu |Fe|Si|Mg | Mn| Zn \ Cr | Ti | Al
CEA LTV =y MEEBTE L SERKEO LE, S - ;
e, GRAETERS A, MILTLETS 3 BN TH K (Corrugated | 0.0250200.17 Tr| Tr|0.004 Tr| Tr 99.60 | 1060
, ] e _ Anchor plate | 3.98 0.30/0.30] 0.42 | 0.46 | 013 | Tr| 0.01| R | 2017
BREO 13, o2, 3SHEETHORBERO 1 5O Anchor screw | 0.23 [0.150.64 0.95 | 0.01| 0,02 | 0.25 | 0.01| R | 6061
B DWW THRE Lo R e s T 5. Anchor bolt | 0.26 |0.20{0.70] 0.98 | 0.01| 0.03| 0.24 | 0.01| R | 6061
2. HERFGkR w |Corrugated o 002410.23/0.18) 0.011] 0.004) 0.007) Tr | 0.01 | 99.53 1050
Washer 0.033]0.2000. 20, 0.02 | 0.005 0.003) 0.007| 0.008| 99.52 1050
2-1 SBAEEELCBEEDOLE Nail 0.042]0.32]1.17 0.61 | 0.45 | 0.024| 0.002] Tr| R |X102
= :, 4517 ~ fii ek i H . 3
ﬁ.@ﬁ}#%%ﬁbtﬂék%DﬁiumﬁﬂK@ﬁﬂ <o FTER N |Corrugated | o0770.08 0.26 0.01| Tr | 0.005 Tr| 0.01| 99.31 1030
8, EREBTENRRSHTIRLELERS S WMTE, & Corrugated | 405 |0.570.64) 037 | 0.67 | 038 | Tr|001| R |NDC
T O EBRSBTERS S OMEE, MF, EBATET ) .
. K: Koshien Baseball Field.
Cﬂg@ﬁg%ﬁﬁ@mﬁ% Flg- 1 K?_Jibfco K— LT W: Sumitomo Metal Industries Ltd. Wakayama Steel Works.
B B?ﬁ’-ﬁ:@&l, _E:JZL“D 3 O@i‘éﬁ%@&ﬁ@ib\?ﬂ%@% N: Sumitomo Light Metal Industries Ltd. Nagoya Works.
HET, B SR TSR R e L 203 EEEETE
D, 500m BEDERICH D, SELEHRE&TRo o8 BT & BT RO/ B & % Photo. 1 ~

Photo. 3 i+ DRI =4 Fig. 2~Fig. 4 TR L1z,

FATEERE Fig 2 wRTmERO TS TREA
WTHE D A DB T 2T o T 5035, FELTE
DR OBA T Fig. 3 R T 28y v ¥ v —,
T K Fr FI=Y AT vV —HERTEITDL LADATED
(o e DTHETH B,

e O I Nogoya Works of

— Umitomo Light Motat 2'4 ﬁ%%@

3 industries, Ltd.

EBORIE L UL bR,

e N
the Yado River & toto Bine

the [bi River ¥

I Koshion Boseball Fisld o1 Myogo Prefecture

g e e SRR AR L R T B AR AS19514810 A ~ 195948 3 A FnskiLy
— TN BeA 23195148 O A ~195948 7 3, MkbieaR 3195048 4 i~
19584E12 4 T %o

Kir Ponunsuic

0000 =
1020 30 40=

Fig. 1 The location of exposure test of aluminium roofing.

228 #

SKEEBEEREA, BT X o QR AIEER ORELEE L
T 7 v 3 = i (0.5mm X 850 x 1850 i
76mm) & FOMFFE IR, B b, Ty b, 1kDET
&) TINGRBOSVTER Y Table 1R L7,

Table 1 LN, HEOME 99.5% Al A ZH4
L TWAR, TR Uiz Dk 99.3% AlRBED L
ORUHEEE LUTNDCOHY 2 702 v 27 7 v D)%
AT,

* ¥t NDC OfAhAs, SRS Az &2ih D, e
i< B ERE B DB IR X 25, KR DERELREERT

F o THRIME L DHE® LB, —it NDC Ofhibliz B Photo, 1 General view of the main stand at Koshien
BRCER LB ESERACTA 20 B0 RBT2E19 T %, Baseball Field,
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Photo. 2 General view of the No. 3 machining shop at Photo. 83 General view of the manufacturing shop at

Wakayama Steel Works, Sumitomo Metal Sumitomo-Light Metal Industries, Ltd..
Industries, Ltd.. .

P e Rl ,'.1.....'

=
\\\\x‘/\ N4
s

4 s

- - = et »————-"'-"/"{/@él/ -~ @ Anchor screw

Contindous aluminium
pitch dam

@ Anchor plate
@ Gum washer

Aluminium corrugated
@ sheet

@ Wooden saddle

@ Anchor bolt

Angle iron

~é§

Fig. 2 Detailed drawings of the roofing of aluminium corrugated sheet at Koshien
Baseball Field.

@ Aluminium nail @ Aluminium washer @ Gumwasher

Aluminium @ Wood rafter
corrugated sheoet

Fig. 3 Detailed drawings of the roofing of aluminum corrugated Sheet at
Sumitomo Metal Ind., Ltd. Wakayama Works (Wakayama Prefecfure).
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| @ Anchor screw
: ‘ @ Aluminium washer
i 1 Gum washer
|

Aluminium corrugated
@ sheet

' @ Anchor bolt
'g @ Angle iron

Fig. 4 Detailed drawings of the roofing of aluminjum corrugated sheet at
, Sumitomo Light Metal Ind., Ltd. (Aichi Prefecture).
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BB RO O—H A B 0 133 U TR IR R U DR

BRI OWTROBEERCHEX TR

(1) AVEESERR; IR RO DREER O SMBR OB AR
WARRC X DBRE L

©) KSAFLUTTEALER: A TLITE O SRS AR BE L,
f%‘ﬁﬂéﬁ?&ﬁ}ﬁé L/fCo

8) EALOAXX; BaTLEmA SRaLo e,
EX A D, BAarEs mm/month #HE L1,

@) BIEBRX ROVHU; AIHIL, ®RT2mAROES
WOMEDRREN, BABUSNOHHR GIBEET L
) ki LT AOBEDRE WD L/ W
L% BDT I OfE L D5 IRERA I LiE D
B 3B X OO D R & AT/ o 720

_Photo. 5 S

Photo. 4 Appearance of aluminium
corrugated sheet used for roofing
of main stand at Koshien Base-
ball Field. Weatherside.

ame as photo 4, but
unweatherside.

3. HEBRER

SHEMEFRANC 7 v 3 = ¥ LR RO E ORFEEOREER
{EDIERERET Do
3.1 BFERE A VAT v FEIRE

3.1« 1 IS DNT
(1) ABEARR

R AT OB AR A Photo. 4~Photo. 9 /RL
fro ROKRES % & HEBIORE (KKAEE) &
BT, &BXFILMEE L TWAREEDEEIID
WEETH Do BEINEEEICHE LT KRN D D, BRE
D2 T & OB R OFEFEEOERI T, BHROM
HEEA D OB EAZTTW 50, BHAOBARD R
Vo ZAUEBRT AEREBTERIXSERIUTEOR
L LIIHTh Do WMIEWETDOM XM CELNIZE TR
AEBELTWad ol

Photo. 6 Portion of aluminium
corrugated sheel covered with
the anchor plate. Weatherside.
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Photo. 7 Portion of aluminium Photo. 8 Longitudinal overlapping Photo. 9 Transverse overlapping
corrugated sheet contact with zone of aluminium corrugated zone of aluminium corrugated
wooden saddle. Unweatherside. sheet with the other one. Re- sheet with the other one. Cor-

markable corrosion attacks are rosion attacks are not appeared
appeared in overlapping zone. in overlapping zone but the
Unweatherside. interface is remarkably cor-

roded. Unweatherside.

@) BEFLOKTHEHER HIlTEAER % Photo. 10 WiRL7co WIN b HADEE
ARE, BERIRUE TR OEMEOARETONE TEEER TR LT\ %,

a Weatherside, non etched b Same as a, but afteretched
¢ Unweatherside, non etched d Same as c, but after etched
e Overlapping zone, non etched f Same as e, but after eiched

Photo. 10 Mictrophotos of cross sections of the aluminium corrugated sheet used for the
roofing of main stand at Koshien Baseball Field. x 100
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&) @ﬁ%@ké"é @ FERERS ROV
BHABOBELODELEIKO 1 7AXD 0)&‘5?’3: 2 DR (E#No. 1, No. 2) o¥Fm@enn Fig 5
?Q‘TC\L'C Table 2 (/R Lico SMERBSERIL & Rk, DA< ﬁ)ﬁ“’i’%b%i%ﬁﬁ%ﬁ%ﬁf;of:%%i Table 3

Table 2 Results of microscopic examination of aluminium corrugated sheet exposed for 89 months
as Koshien Baseball Field.

. - Y
Q?se.?rve‘d\ face T iation 1 2 ‘ 3 ‘ 4 ‘ 5 I 6 t 7 . 8 9 i 10 l Average 1Mammum
Diameter of 4
4 ek, mm | 010 | 042 0.03| 003 | 003 013| 012} 006 010 085 0.07 0.13
Normal - -
O S Depth of .
- ; 0.05 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.01 0.02 0.05
weatherside attack, mm i
Penetration,
b O o month | 02| 25| 12| Il2| 28| 25| 12| 12| 25 12 22.5 56.2
' Diameter of | 010 oa2| 006 008 | 005| 010\ 007 | 011 05| 005 0.08 012
Normal
| Depth of
. 0.03 0.03 0.01 0.02 0.01 0.02 0.01 0.02 0.01 0.01 0.02 0.03
unweatherside attack, mm i
Penetration, 5
e month | 97| 37| 12| 5| 12| 25| u2| 25| 12| 12 2.5 387
Diameter of . -
attack, mm 0.32 0.32 0.30 0.62 0.30 0.50 0.32 6.20 0.60 0.20 0.36 0.62
Longitudinal
i Depthof o | 007] 008| 03| 05| 015 017 | 005| 003| 005 0.0 0.08 0.7
overlapping zone ’
Penetration, S .
onetration - month | 87| 99| 87| 674 169 | 191| 562 62| 62| 12 8.9 191
Diameter of P
attack, mm 0.18 0.70 0.38 0.22 0.22 — — — — — 0.84 0.70
Surface
s Depth of
contacted with attack, mm 0.05 .12 0.10 0.10 0.05 — — - — — 0.08 6,12
wooden saddle Penetratiox;
mmxlo-ﬂp'er month 56.2 135 112 112 56.2 — - — — —_ 99.9 135

%{S@@ﬁﬁ%fﬁ@i%bﬁ)f”}fg <, WALOFHEXIL0.02 FRli, Chictkiud, EEE T, 8% LB OS R
mmEThHH, EHRAEOHAROESMETHTKLE X3, M, BRI 3 %R LTwB,
OEMEOBAHOEIIZBEX 0LITmmiIt bE LT 5,

Table 3 Tensile properties of aluminiuin cor-
rugated sheet after 83 months ex-

posure at Koshien Baseball Field.
. Sample No. 1 i No. 2
Tensile s}‘:ex}xsgiﬁ Elongation| stflee“:giﬁ 1Elongatxon
properties kg/mm'-" % kg/mm? ‘ %
L* 19.4 4| 19.4 4
1L, 18.7 3 18.6 4
L: 18.9 3 19.0 4
Lyt 18.9 3 19.0 4
L. 18.6 3 19.8 c 4
Ls 18.7 2 17.9 1
Lo 18.9 4 18.8 3
Lo 18.5 4 19.0 4
Ls 18.8 4 18.8 5 -
Lo 19.1 4 19.1 4 ’/////l Exposed surface
Average, LA| 188 2.5 189 4 [::j Ovor lapping zone
v
Average
(icg;g&i;l% n -3.1 — - 2.6 — [~ Position of tensile specimens are taken
3 9, . ooe . . L
S“e“f”:; % BT ; . ; ¥ig. 5 Position of tensile specimens are taken from aluminium
T . . oy
p 108 3 Py P corrugeted sheet used for the roofing of main stand at
1 . R 3
Ta 19.5 2 19.7 3 Koshien Baseball Field.
Ts 19.5 2 20.0 3
T4 19.3 3 18,5 2
Avérage, TA 19.5 2.5 18.7 2.5 3:1 -2 BAHREARDNT
Average N (1) SHEI AR
tensile e : N . . .
strength, % ‘ FAWEDF v F OFEEA&IRG Y Photo. 11~Photo.
* IL: Initial average tensile properties (Longitudinal) ; - . e
«+ IT: Initial average tensile properties (Transverse) 13 iR Lz, 0 REE OB ANFHNE LV,
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Photo. 12

Same as Photo.

Photo. 11
Appearance of over-
lapping portion of 2017 but weatherside.
anchor plate, Corro-
sion attacks are ap-

peared partially.

Photo. 13
Appearance of 6061-T4 anchor
screw after 83 months exposure.

(2) AL AR %

HEIWRE, Fv P ROFENV F OREHE &L
###% Photo. 14, Photo. 15 t/RkL77, i L B
LM ZRRERO T v P ORI SATRELRL,
ZREEGE L WEBRE A & SARELRL, £V
RIFREERREL R Uiz,

Photo. 14 Microphotos of cross section of the 2017
anchor plate after 89 months exposure at

Koshien Baseball Field. : Phote. 13 Appearance of '6061-T4 anchor screw after
89 months exposure,

a )

a Section of corroded zone
of 2017 anchor plate, x6

b Part of a, laminated
corrosion is appeared,
%100

¢ Weatherside, non etched
x100

d Same as c¢, but after
etched, x100
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Photo. 15 Microphotos of cross section of the accessories of aluminium
corrugated sheet. after 89 months exposure. x 100

a b

a Anchor nuts, non etched b Same as b, but after etched

¢ Anchor bolt, non etched d Same as c, but after etched
@ BEfloxxx WG EAELOEXE 0.03mm BECH B, MK

BAGFEESHOBELOORLEIRC 17 A4 b EmMOBRBAMOES T L C0SmmB EThbh, H
BEX%x LT Table 4 iRk Ui, FMERARIT L FIEs MV OBRFEAL B AEE 0.3mmzE LT\ b,

Table 4 Results of microscopic examination of accessories of aluminium corrugated
sheet exposed for 89 months at Koshien Baseball Field.

Ovserved face | Microscopic . .~ 1 1 2 3 4 5 6 7 8 9 | 10 | Average |Maximum
Diameter a"tftack, mm | 010 040 0I18| 0.22| 030 | 040 044 | 028 020 040 0.29 0.44
weat::’::: ;fate Depth of  tack, mm | 002 002| 002 | 0.04 - ooe| oo 0| 003 003| 003| 0.8 0.04
P,g’;g?ﬁ}};’%;ar month | 225 | 25| 225| 449| 449 449 | 37| 37| 37| 837 33.7 449
Unweathorside Diameter ;’tftack’ mm | 003] 012| 020 022 002 — - - - - 0.11 0.22
((:i::;or Plate | Depth of ahtack mm | 00| oot 08| 03| oo — | — | — | —| — 0.02 0.03
corrosion) | p O month | 112 | 12| 87| s7| wme| — | — | — | —| — 225 3.7
Unweatherside Diameter of @ mm | 70| 1000 s00| 700 | 400 — | — | —| —| = 66 -
(ji:::t:mate Depth of  tack, mm | 00 | 050 | >050 | >050 [>050 | — | — | — | — | — | >80 -
corrosion) p;r;gtxr%_igr;er month 562 | 562 | > 562 | > 562 | > 562 - — - - - | >562 -
Diameter of ek mm | 001 | 002| 001 | 0005 | 002| o002 002 | o001| 001 o002 0.01 0.02
Anchor screw Depth. of attack, mm | 00| 002 | 0.08| 002 005] 002 005] 002 002 005 0.03 0.08
DO e montn | 112 | 225 | 8.9 | 225 s62| 25| 562 | 25| 25| 562 33.7 89.9
Dlameter of @ mm | 015| 018| 018| 010 010| o012] 02| o015 013| 007 013 018
Anchor bolt Depth of  iack, mm | 010 | 030 025| 0138| 007 | 017 | 004| 004 | 007 | 005 0.12 0.30
ng;gt;‘;*ggrger month 2| 337 | 28| 146 786 | 191 | 449 | 449 | 780 562 135 337
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32 FEREBITEENSHIPUREFER TS ERE SIIFRA EBAINT WD ol M7V i=vafly y
(1) FMEE AR ¥ x ~ DB ERITIEFEIR EFBA EEL N,

BRAE RO OoREEONEEARL A Photo. 16~
Photo. 20 ik L7z, BBHFOERE (KERFER) 2tk @) IEALETE AR
FNHBIE R - TWAL, HANAORITSBXRAS AR, S R OB T M D B A E O SR 7 BT E AL
Bo WBMHBELUGEHAOESLO 1 2k &BEHRIRA % Photo. 21 [tk Lir, REKVEABOEATIZ

i

ik

Photo. 16 Appearance of alumi- Photo. 17 Same as photo. 16 but Photo. 18 Longitudinal overlap-

nium corrugated sheet used for unweatherside. ping zone of aluminjum cor-

% roofing ¢f No. 3 machining shop rugated sheet. Weatherside.

at Wakayama Steel Works, Corrosion attacks are not ap-

Sumitemo Metal (ndustries, Ltd peared in overla.p ping zone but!
P the interface is remarkably -

Weatherside. corroded.

Corrugated sheet Anchor nalil, gum washer

and aluminium washer

Phote. 20 Part of corrugated sheet and its

accessories.
Photo. 19 Transverse overlap-
ping zone of aluminium cor-
rugated sheet. Weatherside. -
Remarkable corrosion attacks
are appeared in overlapping
zone. B SEERLUTWAY, EECEEREALEED BN
f&f]‘oﬁto
B VIBEOEHFMITIETE CEY TH B2, BERRAEDOHFA @) HWEHOKEX
DEEHENEDE L BRI N O, WRDIEDE O &&%%@@ﬁ%@m@&%é&@l7H%D@%§%

Wb TAEY v ¥y ~ THL BN TN B RUIED A LT Table 5 iR Ui, SMEREEIRIL & Rk,



Vol. 1 No. 2 -

7ML =Y AR ORI 31 B EEEIT VDT (118)

a Weatherside, non etched b Same as a but after etched

f

¢ Unweatherside, non etched d Same as ¢ but after etche&

e Overlapping zone, non etched f Same as ¢ .but after etched

Phote. 21 Microphotos of cross section of the aluminium
corrugated sheet used for the roofing of No. 3
machining shop at Wakayama Steel Works,

Sumitomo Metal Industries, Ltd.. x50

(4) BIEEMRI RO
oK GEE No. 1, No. 2, No. 8) »5 Fig. 6
DI B IR DB IERE Y T - Tk Table 6 1

Table 5 Results of microscopic examination of aluminium corrugated sheet exposed for 54 months

at Sumitomo Metal Industries, Ltd. Wayayama Steel Works.

Ovserved face Microscc’peiﬁamination ’ 1 ‘ 2 3 4 ‘ 5 ‘ 6 1 7 } 8 1 9 l 10 {‘Average Maximum
Diameter of < )
attack, mm 0.10 0.05 0.05 6.07 0.07 0.03 0.05 0.05 0.15 0.11 0.07 0.15
Normal . .
. Depth of
weatherside attack, mm 0.03 0.02 0.01 0.02 0.01 0.02 0.01 0.02 0.04 0.02 0.02 0.04
(Sample No. 1) Penetration
mm x10-6 ;;er month 31.9 21.3 10.6 21.3 10.6 21.3 10.6 21.3 42.6 21.3 21.3 42.6
Diameter of L
attack, mm 0.08 0.10 0.10 0.13 0.20 0.07 0.10 0.04 0.03 0.06 0.09 0.20
Normal _
weatherside | Depth of attack, mm 000 ] 003001 | 003| 006 002]| 0.001] 001] 002, 0.01 0.02 0.06
(Sample No. 2) Penetration
mm % 10-6 p,er month 10.6 31.9 10.6 31.9 63.8 21.3 10.6 10.6 2138 10.6 21.3 63.8’
Diameter of
attack, mm 0.20 0.13 0.05 0.07 0.25 0.16 0.04 0.03 0.23 0.06 0.11 0.25
Normal
. Depth of .
weatherside attack, mm 0.03 6.03 0.01 0.02 0.04 0.02 0.02 0.01 0.06 0.02 0.02 0.06
(Sample No. 3) Penetration
mm % 10-6 p’er month 31.9 31.9 10.6 21.3 42.6 21.3 21.3 10.6 63.8 213 21.3 63.8
Diameter of — .
attack, mm 0.63 0.38 0.52 0.35 0.30 — e - 0.44 0.63
Transverse
. Depth of — . — —
overlapping attack, mm 0.10 0.15 0.10 0.11 0.09 — 0.11 0.15
zone Penetration,
mm x 10-6 p'er month 106 160 106 117 95.8 — - - — — 117 160

WMOBALOEXILEY LT 0.02mmiEE Th 555, BF
FOESHOBABRERRAEX 0ImmizE L TWD

DLH 5,

Fig. 6 Position of tensile specimens are taken
from aluminium corrugated sheet used
for the roofing of No. 3 machining shop
at Wakayama Steel Works, Sumitomo
Metal Industries,Ltd..

R UTre SHUC XAVEWBOBARRE O ClRME L
i3, BRI CET (EABWA LTWARWRarIELT
3~4%R) BT LTWAEELILS,

m Exposed surface
E:j Overlapping zone

-] Position of tensile specimens are taken

10
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Table 6 Tensile properties of aluminium corrugated sheet WL D LEAEMNELWETH D,
exposed for 94 months at Sumitomo Metal ©) AT ALY .

Industries, Ltd. Wakayama Steel Warks, B L
FaA EDREILNRERETSH S0, Bkt No. 1 (EH) &

I ; 1
S 1 No. 1 No. 2 No. 3 o " PR e .
ample | No.1 | | O G4 Lic BB S Ncslk No. 8 (RED 10T
Tensile ’Tensxle Elonga- | Tensile xElonga— ! Tensile [Elonga~ ]
properties ]Strfr?ﬁ;? tx%n. itgl}?[’ll%nthi g/zlon Slz‘;?glgrgé tion, % BN £ 380 B itz, Photo. 22 iw NDC ~;01‘(3{/;31'(:1‘.\10. 9
N, 189 6 18.7 5 109 5 No. 8 oEETLEMLR LI, Zhnbbibbin
N. 19.2 4 18.6 2 19.8 4 N o e N
Na 19.1 4 19.0 3 19.8 5 CERBEOEE TIXERL DS~ T#ET LAWEETS 5,
Average, 101 5 1 18.8 3 19.8 [ 5 @ Beflokss
T T T e Table 7 (o LcBAROOE, BERFL 7 AXD O
. 2 . . -
T, 19.1 4 19.2 3 19.5 4 R EABEB TREERY L bTHABREDE Lb\f%ﬁ?rt
Ts 19.0 3 19.2 3 19.6 3
T, 190 3 192 4 20.0 3 S 7w BEATHEUIEDFH TS 5,
Ty 19.2 2 19.1 3 19.5 2 %%ﬁ, ﬁ\l—k(ﬁ& l'a“H%ﬂC, ﬁﬁﬁ:‘?’ ,—J*@ @&Ifﬁﬁ@”ﬁ?
T 19.1 3 19.1 2 19.6 4
" ] Sample No. 5
verage,
e 19.1 \ 3 1 19.2 3 1 19.6 ! 3.5
In 19.0 3 18.5 4 18.9 3
L. 18.7 4 18.7 3 18.7 3
Ls 18.3 3 18.8 4 18.8 4
La 18.5 6 18.6 4 18.8 4
Ls 18.4 4 18.6 4 18.7 4
Lo 18.4 4 17.8 4 18.8 4
Lo 18.7 3 18.4 2 18.2 3 Corroded zone " Non corroded zone
Ls 18.4 8 18.5 3 18.9 3 Sample No. 8
Lo 18.8 2 18.5 5 18.9 3
Average,
Vi ; 18.6 ! 4 ] 18.5 4 1 18.9 1 3.5
NA-LA .
-2.6 — -1.6 ] - 45 -
100%

3.3 EASEEBIRENASHORETBER
—rbEF. a2l 7 v \ =Ry N 753 & vC
EH»? P :F%f) ! . /x & ?\H: e E/ Photo. 22 Micrographic structure of the NDC after about
D NDC i Skt A ha THI I THA L TR B AR 10 years exposure at Nagoya Works, Sumitomo
WEOBRO LEAR YT LT EORARR A HE L Light Metal Industries, Ltd.. x50

Table 7 Summary of examination results of aluminium corrugated sheet exposed since 1950
at Sumitomo Light Metal Industries, Ltd. Nagoya Works.

Corroded zone Non corroded zone

Date of Appearance® Microscopic examination Tensile properties
Sample | Location of establishment | establish- i} 7 T ¢
ment | Weather- [Ueweather Type of lameter | Depth of ) Penetration Tensile Elongation|
: i . of attack,| attack, |mm x10-5per| strength, ,
side side corrosion am mm month kg/mm? %
Casting shop of Laminated .
No. 1 copper (roofing) 1950. 9 2 1 FPitting 0.94 0.10 122 154 2
No.2 |, (eiging) 1952. 12 2 1| Pitting 0.41 0.13 262 128 | 2
Manufacturing shop of Laminated ’
No. 3 tube and bar (roofing) 1950, 7 2 1 1 Pitting 1.2 0.11 109 17.0 2
No. 4 ” (siding) 1952. 7 2 1 Pitting 0.24 0.07 91 18.3 3
No. 5 P (roofing) 1951, 10 2 1 Pitting 0.22 0.05 60 22.9 2
Manufacturing shop of s
No. 6 sheet (roofing) 1950. 4 2 3 Pitting 0.45 0.11 104 18.5 3
No. 7 » (siding) 1950. 7 2 3 Pitting 0.12 0.03 30 19.3 3
No. 8 ” (roofing) 1951, 4 2 2 Pitting 0.22 0.07 76 23.5 2

*Appearance: 1 Al] over the surfaces are remarkably corroded and discolored.
2 Surface is partially corroded and discolored.
3 Corrosion attaks are not appeared in all over the surfaces.

tr Table 7 12845 L1, BEATRE 53 Lo

4) BIRME ROYmr

@l%’“ ST ARE L L, # AL é%*‘iﬁiﬁﬁmowf(/ﬂjﬁf;of:o FERBX DET
W DA DS AL L o T HRERFR WEHEETHBRENELARE L, RNTEBIEOBRIR,
1\IDC (a”*iNo. 5, No. 8) /g@Mmciz7rvi=y A BHDVOER TS Ch - 2,
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7V 3= unEAROKEEAEALASTM e ALCOA
TOSULE Aot HEBROFEE, iR, MR, TSR o
FEEH A, WTNLGAHEETH D, 4 ALCOA LS
WTHE R D7 v 3 =y a8 OFERHA R O IR R B
RET OB A, SRR KN, REREH

0
0.05 \
g ]
g 010
o
]
§ 0.15 Average
] depth
0.20 T
g Uiaes
)
8 o025 op!
0.300 v 5 w5 Te 50

Exposure time, years
Fig. 7 Resistance of aluminium and its alloy to weather-
ing at seacoast. Tested and inspected by
ALCOA. Alloys of test specimens: 1100, 3003,
3004 and 6063.

0
Q%\\\
g 0.0
g \.
§ 0.15 e
T
w  0.20
E Average _..{ ...
depth
§ 0.25 Mzzlmu
A overcgem B
0.30 depth
0 4 8 12 16 20

Exposure time, years

Fig. 8 Resistance of aluminium and its alloys to
weathering at industrial atmosphere. Tested
and inspected by ALCOA. Alloys of test speci-

mens ; 1100, 3003, 3004, and 6063.

Air

Aluminium sheet

Direction of Eleciron

Direction © gp+++ H*
OH™ of AI(OH)** AI(OH) *2

lon

Aluminium sheet

) An
Zone of Al-Solution

Cathode
Zons of Hydroxide

Fig. 9 Mechanism of corrosion in overlap portion of
aluminium corrugated sheet by the capillary
phenomenon.
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Study on the Diffusion in Aluminium

and Aluminium Alloys.
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Study on the Diffusion in Aluminium and Aluminium Alloys

by Toshio Amitani

It seems that the disffusion of metallic elements in aluminium is affected by impurities
and very small quantities of other elements contained in it.

Experiments have been carried out for the research on the effect of impurities and
other elements, such as chromium and manganese contained in aluminium, on the diffusing

characteristics of copper, magnesium and zinc.

The results obtained were as follows:

1. Diffusion velocity of magnesium and zinc in commercial-purity aluminium was higher
than those in high-purity alminium. It seems that diffusion of magnesium and zinc is
accelerated by small quantities of iron and silicon contained in commercial-purity aluminium.

2. Diffusion of magnesium and zinc in aluminium was depressed by adding small quantities
of chromium; on the other hand, that of copper in aluminium was not depressed by

chromium, but by manganese.

3. To make research into the effect on the diffusing characteristics of commercial alumi-
nium alloy (for example 75S Clad Sheet), experiments have been carried out on the diffu-

sion of magnesium and zinc in 72S alloy.

1. #&

M, =7 3y v 2B JUOHBORCEBE I NDLTELE
BTD7VI=Y hASCRTED R IREDTE—
PEIET DS ETLRIIBH L TH—{LRES 5 &7 %,
Z ORI &R AT DI HBIR DWW TSRS < 2
BEtZe XN TSk, Bhrh 7 v 2 = v LT B IR B
L Tk Brick, Phillilgg, Fec]gé, Bungardt, Bollerascsl)l,
Beewa(lé()i EEDIREN D Ho I TLL Cla(?e M7 NVI=
=B &0 B ITCEOIHIRIER R W TERIE
HAELRELCED, D NSO ERTIE7T VI =
Y BTN AIOTEROBEMOIEHIAEZITE L TWD
M7V I = MR Tl h D REH SN TE AR
WMORETEBLD, TOHRMENI =TI IEORE
C RGBT D N TUIFRA EBI BT,

AWigeiL s o~ £ —~ 2 ~ (ARL. Quantometer) ® 35
VEREHR 5 A b CRMEMIC AT BMREAFIR LT, K
B + U v 2RO EENC X - TIHK X e
TNI=Y AREESFTL, EOE DIRROWREEZ ] £
Too XKD F VR CHABIN TN WIRER TG 7
Vi =y A llicg ENDEB AN ORI DOWTHIER L,
BhETHED 7 v~ a5 XU~y ¥ Y2, EHBLT
<7 RV Y ADOIRHEECRIETE B o Th HE L
Fro LT ZNBIDWWTERT B,

i

* WEAN334E10 ) ZEA3ME B AR SRt i R
R 155

2. ERF*E

21 & #

BTN B 7V 3 = v AR SE R OS2 Tl &
LT0.01~0.03% BEEGET HAIREEME 7V I =Y K,
el LOEHEY 0.1~05% BESOHEMEO T VI =Y
rw o, HEDINCERE TR DRy F v B IV
7w BB LL R ETLL0LEAEEE UTHA
ENDBEW 2SN e INBOESEETHT7VI=
T LABETNVE =Y A ESYIRM, FEmT 1T 0.5 mm
DAL BV, TNHORMCEEDED, <7/ 3y
ABLUHRAEETH8mmD 7NV I =y hEAENEE
HET HHC L > CTHEFL L7mm oifictt Bz, Bl b
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BAMED 7V I =7 LV USRS g in
Bo B D 1% Photo. 1 WHIfEHR & L TR LA, X
Table. 1 & 7o 3B D AHTE AR LTzo

Photo. 1 The aspect of aluminium surface after spark.
Infringed about 10~30 micron. x40
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Table 1 Chemical composition of specimens.

| Chemical composition, %
Cu | Mg | Zn | cr | Mn| Fe | si Al
1 Inside | 4.12 o — — e —_ — 199,99 used.
Qutside| — — — — - 0.44 | 0.15 | 25 used
2 Inside | 4.12 e — — — e — 199.99 used
Outsidel — | — | — | — | — | 001 0.03 P
3 | Inside) 4.12 — — — [ — — — 7
Outsidel — | — | — loes| — 1| — | — B
o |Inside| — | 261] 565 — | — | — | — s
Outsidel — | — | — | — | | 0| 015 95 ~
5 |Inside| — | 261] 665 — | — | — | — lo9.99used
Outside] — | — | — | — | — | o1l 0.0 P
¢ | Inside| — [ 261|565 — | ~ | — [ — 4
outsidel — | — | — g — 1 — | — B
7 | Inside | — | 261 | 565 | — — — — |
outsidel — | — | — | —~1Te| —| =1
7sscl Inside | 15 | 25 | 55 | 03 | 0.2 | Fe+Si<0.7 | 755 used
Outsidel — | — | 10 | ~ | - | 725 used

— 2 — CEOIHEEH 57T HEEEE & RFEEM 920
PEMAFREIELINIOBC L » THRBOBENR LS,
ZORE LA X - THE L L BOWBIR AR 2 5
A < 72 B O CEBNT AT BIRE L5 ORE 2 Iz
Lo Fig. 1 @2 0w FEE R Lice HRO 5k CHlE
L7z B3 20 R4 & U7 CRE, B 1.16mmo
BXOFTHIE3 Th oo X TROEAIZ2M TRER
E18° Th ol TNHDFERMNLSEROREND I
BT A TR OB S 720 U CIRE W 5310 i R # 8
PET LT I L THAEASED LD EEL BND, &
U L - THI D DN D REDOEARL, BIhngirai
HIEBOELTH HH, Photo. 1 A BHEIE L C0.03mmb]
TLBEbh5,

i 1,0 ¢
W

(© Thermoelsctric thermometer
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2]
W

@ Aluminjum specimens
® Stand of quantometer

;Aﬁé———x
MZZZA@ /

@ Cabon electrode

® Thermo-couple
(® 1.16 mm thickness
(@ 2.00 mm thickness

Fig. 1 The aspect of preparatory experiment.
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"Magnesium content at 0.03 mm depth from clad surface, %

log. time, hr,

Fig. 2 Diffusion of magnesium in various aluminium
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Fig. 8 Diffusion of zinc in various aluminium alloys

at 400°~500°.

Y T

O in high purity Al

@ In commercial-purity Al
@ 'n AL0.98 % Cr alloy
© In AF1.06 %. Mn alloy

n

o

o
o

log time, hr. ,

Fig. 4 Diffusion of copper in various aluminium

alloys at 400°~500°,

FEDHHIE < 7 R Sy LR X FE D R,

4 = £

Fig.2~Fig. 4 wiREN-BlrAWT~7 2y v n,
RBICED7 V=T LRO TNV Iy L E&ETRT D
PR S & R, BIBEERT A8 U COMERE LT
Fick o 2 g5

oc o2¢c
5t =D oxz (D

iz GassDiEERES A RALT
c:%—[l—‘l’(f)] @)

x : BEFRHE A B O BEg
C XA AIKETTHR

. x © DU
2vtD BT o TR
_%ZCO 4) D @ filEAk
2, @), @), »b C:t=onpD M

=tolzlm) ©

G RerTC, Co, x, t, K Fig.2~4 R TRDBN
TEBHBDTEDE M RA LEK%%{E%{%&‘(%)%%FHVTD
DE%RD T,

Fig.5 ~ Fig. 712 h < LTk b IE B O M 4 7R
Lico W7 AY Y LEHPW7NVI=T ARV T7 VI
LEBER TR U BHORELZRTIE b
B THBIEROEIV NS WERR D, — a7

Temperature, °C —

Co : 5t MO HE

400 450 500 550
¥

log. D, ecm2/d

® O In highpurity Al
2 @ In commercial purity Al
@ in AI0.98% Cr alloy

X By Beerwald(#)

5 14 13 12

1/T,X1074

Fig. 5 Diffusion of magnesium in various aluminium
alloys.



April 1960 TR E £ B ¥ R (126)

Temperature, “C

400 450 500 550
M v L 14
41 O 1n high-purity Al
@ In Commercial-purity Al
2] @ 1n AL0.989; Cr alloy ,
@ n AI1.02 % jn-afloy x
X By Beerwald(4)
0-4
8
6
4
£
£
g 2
N
=
A%
o10-5
o 8
[s]
- 6
4
2
’
10-6
15 14 13 ™

— 1T, X10-1

Fig. 6 Diffusion of copper in various aluminium
alloys.
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Fig. 7 Diffusion of zinc in various aluminium alloys.
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Fig. 13 Diffusion of zinc in 72S clad from 75S at 465°.
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