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A Study on the Extrusion Force for Aluminium Alloys (Rep. 1)

by Hideo Ohgashi and Hujimi Yamashita

On the making through the extrusion process, we should necessarily predetermine the
extrusion force to see the extrusion conditions such as billet length, extrusion ratio, billet
temperature, extrusion rate and press capacity, and tool strength.

Then the work could be carried out more rationally.

In this report, we try to introduce the theoretical equation determing the extrusion
force shown by H. Hornauer, and compare theoretical values with empirical ones.

In the case of the direct extrusion, his equation expresses that the extrusion force
Piax. is the sum of two forces; one is friction force Pp moving a billet against the
friction between the billet and the container interface, the other is deformation force Pgpq.
reducing from the cross sectional area of the billet to that of extruded sections.

That is to say;

Puaz. = Pr +PEna.
The force Pr. and Pgnq. are expressed by the following equations, respectively,
Pr.=pp ‘U-Ky PEnd. =F¢-Kw-o
in which U is the contact area between the billet and the container interface, u, is the
coefficient of friction on that face, ¢ is logarithmic extrusion ratio, Fo is the sectional
area of the container and Kw is the resistance to deformation.

We can see the equation very simple, but in it is used the resistance to deformation
Kw corrected by many extrusion factors such as extrusion temperature, extrusion rate,
extrusion form and extrusion die.

To determine the true strength to deformation K, corrected by extrusion rate and
temperature, we used 3-fields diagram Fig. 2 shown by him, and then we got the resistance
to deformation Kw Corrected by extrusion form and die.

Our experiments were done under the following conditions;

1) Materials : 2017, 5056, 6063 aluminum alloys.

2) Sections extruded : Circular rods, solid shapes, hollow shapes.

3) Extrusion dies : Solid dies, port-hole dies, 1st Bridge dies, 2nd Bridge dies.
and the numerical examples are shown in table 2 and 3.

Speaking roughly, according to these considerations, these results obtained show that
the empirical values are within 809 of the calculated ones.

It may be reasonably concluded that the above equation does not give us the sound
values, but to some extent, we can apply it to the practical works.
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Table 1 Strength to deformation and constant
C of light metals.

Material %t;fsgggcﬂéoggé /g?flo‘;{lgfgg& Constant C
99.5% Al 2.5 0.7
Al-Mg-Si 5.0 2.0
Al-3%-Mg 9.0 —
Al-5%-Mg 9.5 —
Al-Cu-Mg-H 10.0 5.0
Al-7%-Mg 10.5 —
Al-9%-Mg 11.0 —
Al-Mg-Nn 11.0 —
Al-Zn-Mg-Cu 8.0 o
Al-Cu-Mg-N 805 —
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Table 2 Comparison of the extrusion force between theoretical values and empirical ones on solid sections.

Term Symbol and

Calculation procedure

dimension
Material 2017 5056 5056 6063 6063 6063 6063 6063
Dimension or drawing No. of extruded section (mmé)or(—) 56 56 23 24.8 No.l No.2 No.3 No.4
Type of extrusion die Sold dje|Solid dielSolid die/Solid die/Solid die|Solid dielSolid die/Solid die
No. of die aperture z () 1 1 6 1 1 2 1 1
Sectional area of extruded sections zF (mm?) 2463 2463 2490 482 482 470 253 525
Extrusion ratio ;] (G 14.5 14.5 14.3 73.9 73.9 75.8 140 67.8
Logarithmic extrusion ratio & —) 2.67 2.67 2.65 4.29 4.29 4.32 4.94 4.2
Initial billet length Io (mm) 750 650 750 510 510 330 410 320
Discard thickness If (mm) 70 70 70 50 50 45 45 45
Available billet length 12 (mm) 620 620 620 420 420 620 335 250
Billet temperature tp C) 430 480 480 480 475 475 430 500
Container temperature te (&) 400 430 430 430 440 440 410 450
Extrusion rate va (m/min.) 2.30 1.26 1.62 10.0 15.80 13.30 12.0 8.80
True strength to doeformation Kf450°%{5é)(/):ﬁﬁg) 11.2 10.7 9.7 5.3 5.6 5.6 8.5 5.4
Coefficient of friction on the extrusion die fr =) 1 1 1 1 1.4 1.4 1.4 1.4
Coefficient of extrusion form fa =) 1 1 1 1 1 1 1 1
Coefficient of friction on the billet Container
interface KR (=) 0.3 0.3 0.3 0.1 0.1 0.1 0.1 0.1
Resistance to deformation KW (kg/mm?){ 11.2 10.7 9.7 5.3 7.9 7.9 11.9 7.5
Friction force Pr. (ton) | -1393 1330 1206 148 220 137 266 125
Theoretical value Deformation force Pang. (ton) 1065 1020 915 812 1199 1210 2093 1131
Extrusion force PMagx. (ton) 2458 2350 2121 960 1419 1347 2359 1256
Friction force Pr.’ (ton) 1250 945 1010 200 300 250 300 90
Empirical value Deformation force PEng.” (ton) 800 850 1040 500 1100 1000 1500 1215
Extrusion force PMgy.’ (ton) 2050 1795 2050 700 1400 1250 1800 1305
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Table 3 Comparison of the extrusion force between theoretical values and empirical ones on hollow sections.

Term Sg{&g%lsﬁ’%d { Caluculation procedure
Material 6063 6063 6063 6063 6063 6063 6063 6063
Dimension or drawing No. of extruded section [C) PNOI'} lel N%.Z. , 5\1%3 1 tNgA , 121101.34 ) NoB.S 5 lsloés N I&Iog
: . ot-hole|lst Bri- |2n. ri-{lst Bri- |2n ri- |[Ist Bri- {2nd Bri- |2n ri-
Type of extrusion die (= die| dge die| dge die| dge die| dge die| dge die| dge die| dge die
No. of die aperture z (=) 1 1 1 1 1 1 2 )
Sectional area of extruded sections zF (mm2) 520 524 526 608 608 1070 594 552
Extrusion ratio B — 68.5 68.0 67.8 58.6 58.6 33.6 60 64.5
Logarithmic extrusion ratio ¢ — 4.22 4.2 4.2 4.06 4.06 3.5 4.1 4.15
Initial billet length 1o (mm) 320 320 320 390 390 660 490 750
Discard thickness 1f (mm) 45 45 45 45 45 50 50 50
Available billet length 12 (mm) 250 250 250 315 315 560 400 640
Billet temperature tp °C) 500 500 500 490 490 500 490 500
Container temperature te °C) 450 450 450 420 420 450 430 450
Extrusion rate K V% (m/min.) 6.3 7.4 6.5 4 5.2 5 8 8
True strength to deformation iy 5 5.2 5 5.4 5.5 5 5.8 5.2
Coefficient of friction on the extrusion die r (—) 2.5 2 2 2 2 2 2 2
Coefficient of extrusion form fr ) 1 1 1 1 1 1 1 1
Coefficient of friction on the billet container
interface Fr (= 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Resistance to deformation Kw (kg/mm?2) 12.5 10.4 10 10.8 11.0 10 11.6 10.4
Friction force Pr. (ton) 250 173 167 227 230 374 310 445
Theoretical value Deformation force Prng. (ton) 1877 1562 1500 1570 1600 1250 1700 1546
Extrusion force Pmgx. (ton) 2127 1735 1667 1797 1830 1624 2010 1991
Friction force Pr’/ (ton) 230 180 110 400 400 400 250 420
Empirical value Deformation force Ppand.” (ton) 1740 1410 1370 1500 1400 1500 1250 1300
Extrusion force Pagx.r (ton) 1970 1590 1480 1900 1800 1900 1500 1720
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Study on the Quality of Cast Ingot of

Aluminium and Its Alloys with Refined Structure
by Shiro Terai

The effects of the grain refining of cast ingot mainly by small addition of titanium
on its soundness, hot workability, structure after working and structural streaking after
anodizing of final products were determined on this report.

About the soundness of cast ingot, the surface cracking appeared in the Al-Mg-Si
alloy (containing Mg,Si 0.36 ~ 2.72%) based on 99.7% pure aluminium with or without
refined cast structure obtained by small addition of titanium were studied using the ring
casting mould.

About the hot workability of the cast ingot, the hot forgeability of 99.99%, 99.6% and
99.394 pure aluminium and Al-39, Al-69 Mg alloy based on 99.99% or 99.3% pure aluminium
with or without refined cast structure obtained by 0.129 titanium addition was studied
by hot impact compression test.

About the structure after working, the hot or cold rolled structure of 99.9, 99.5 and
99.39 pure aluminium and Al-49 Cu, Al-2.5% Mg and Al-1.59% Mn alloy based on 99.9%
or 99.5% pure aluminium with or without refined cast structure obtained by the small
addition of titanium were studied.

About the structural streaking of final products that of anodized 99.3% pure aluminium
with or without refined ciast structure obtained by small addition of titanium or varying
the casting condition was studied.

All above described experiments were carried out by the laboratory scale mainly using
the 2 kg test ingot. The results obtained were as follows:

1. The surface cracking of Al-Mg-Si alloy cast ingot increased with the contents of
Mg.Si up to 1.49, but decreased with grain refining of cast structure by the small
addition of titanium namely, 0.07~0.1294. Low melting compound in grain boundary
dispersed markedly by grain refining by the titanium addition and this decreased the
cracking tendency of Al-Mg-Si alloys.

2. Although the surface of 99.999%, 99.6% pure aluminium and Al-3%Mg alloy specimen
based on 99.99% aluminium was coarsening more than the those of Al-39%;Mg alloy
specimen based on 99.3% pure aluminium and Al-69 Mg alloy specimen based on 99.99%
or 99.39% pure aluminium, but these specimens with refined structure by small addition
of titanium were not coarsening after heavy compression. The surface cracking were
appeared in the specimens except for 99.99% pure aluminium, but in this case grain
refining by small addition of titanium decreased the cracking tendency at higher
temperature working.

3. On the as hot worked specimens, relation between refined cast structure and hot

worked one was markedly observed till the hot working degree was less than 75%, over
909 hot working above relation was less distinguish on the specimens except 99.9% and
Al-1.59; Mn specimens.
On the annealed specimens after hot worked, relation between refined cast structure
and hot worked one was fairly observed in the specimens except for none homogenized
Al-1.5% Mn alloy. Even on the Al-1.5% Mn alloy, above relation was obserbed fairly in
the homogenized one.

4. On the annealed specimens after cold worked, relation between refined cast structure
and cold worked one was observed markedly in the specimens except for Al-1.5% Mn
alloy especially annealed at high temperature.

¥ oo R B &, SR A, T Y X ONEBAERE & N T e 0 B OMG: & OBREMD Z 2 TH B,
wophoge B Lo -
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5. The structural streaking appeared after anodizing was mainly due to heterogenity of
Al Fe Si compound precipitated in grain boundary during soldification. These heterogenity
were decreasing with the refined structure obtained by small addition of titanium but
increasing with the refined structure obtained by the low temperature casting method

described early report.

1. #&
%%m\7ws:z5%;w%@éﬁwﬁﬁm%%ﬁ%
THRFEETBHELSNT, 7VI =Y ARBIUED
G & DOHEEMMRA ML 2RT O THRE Licig R,
TVI=Y ARICEDREOSE B M M oM E L
T, Aeitkoine, #HERGEOFE L OMETIT L -
TH— DRSO EHND Z & ZPB M L,

AT R\ TR O S RO AR T X 2 # oo
A, BT, BRI O AR = L O R
L BRI FE T AR R JIETRE Y~

SHAO A LTk, TR ERGE:  (Semi
continuous casting) 1= & 5 Al-Mg-Si &40 3H
WHAETDHENOMEYL & D HITF 20 v v
ﬁKioT%ﬁ?%%@&%ﬁaSmﬁr%iUJmm%
MR, OB OT I AV T Ik £ B i (Ring
mould casting) 12 X D SEMORE RO B & FHED
EIENE & DBERE LR DA DN TN,

D E RO PSR & 2 0BT & OBERIZ DU
T, BRI IS DRI B TEARE N & X
Tnwad Al-Mg R&&% S THRZEETT o725

T B FHROFHEMER OB X BRI T EEF o
R 3 JIET BB O\ TREE DM 5 FF Clisk 7288
BN ST Wi WSS BN TS s JF 4
BB & OBRICE S E B WTHIZE Lic, BB
Wik, MR 99.9% 5 LUF 99.5% DT = L,
Al-45%Cu &4, Al-1.5%Mn 44k LU0 Al-2.5%Mg
BEDFNFNLF 2= 1k 0 ~0.25%DEECHM L
TebDHEFERL, INHORBOEED T 056 L WE
{LEMILIR A FT o P2 858 ST DWTHER Uiz AEIMTHD
OB g, BN TEOMB B Lizsb 4 v
FHUOFFEMR S I TR & A iAo A&
R IETEEY, Fho—RCSBpE e LTHWBILS
ZENRH N, HiE99.8% 7 v 3 = v n T DWW TR (LR
BB 1 Fd: 3 B R B I s S8 DL R
L7zo

BUTFRER D SERINT DTk~ B

i

2. SROBEHEBISGROKREY
L&DBEIR

21®% = F &

TNVNI=Y ABIOEDESOHERICELND KD~
DRERED VY Vi D, BHOEE v vICOWTDHERD
WD 2, 3% BFIERDOWL TH D, Singer KLU
JenningSZ)O)mqj‘(&z@ (Ring casting metallic mould)
AR LT ER AL-ST Re&nBio v vik,
74 EEORME &b A FEE 0T% FTHBEMNT 5
BEAS DM, TN LETHBORLY 3 5,

FrE AL Fe-Si Ra&ic o\ T kL AR KR
T, 7 A BEAFE L VELLTIHRERO Y vIdiE
DEEANE B X T\ B, % 72 Jennings, Singer ¥ X O
Pumphrey4)ocecJ:j%b:ff%ﬁa’ﬁ}}{(/) Al-Mg-Si % o & 40
Sy 1z MgoSi o& At 1 %05k ¥ TR %
M, FNL EOSHEETCIBEORY 45, Pumphrey k
iﬁlwm?m%%§7ws:VA@%Mmmbw:AL
Mg 44, Al-Si 44, Al-Mn 44, Al-Zn &4, Al-
Cu 44Kt Al-Fe & >WTHEEEDWIMHE LD,
100°C, 60°C Fs 10 20°C BB UEE LD, R
(Ring casting metallic mould) @& LEHoO v L &
AN sEEEEOMEBERAN, Al-Mg £¢3~7 2 v
v u 197, Al-Si &441% 06% T, Al-Mn £4112%
T, Al-Zn 64136 % T, Al-Cu A&L2%KLT4 %
T, Al-Fe 4 & 1 %TENTNFHERY voOEASED
RN o T & BT B Ruddle s 1 t¢ Cibula 63&%@7@
OB, BHRO 7 VAL D LBANTWD,

Wy Al-Mg-Si %4414 % Jennings, Singer
¥ & 0¢ Pumphrey 0B & Figic MgeSi & LT
1.6% wAE24 5 Al-Mg-Si 44 61S o T3 EieE
ERE L AHEHRIC R~ C U LIEEIERTEO v v AR Do
DT Al-Mg-5i REEEBEENTEO. & fRhrd smant-g
LT ERE ST, VvHRFDIED T ENARENE 5 2k
WD B I DWCRRH Tlr - 70

BUF AT EEMA 35T 5o

222% B # #

ERENBT BT IR 99.79% D 7 /v 3 = v & ¥ JONVREEE 99.9
%D Fy Y n#ie BUG Al-139%Si 44, Al-1.2

* PHBIHEIR D HYPTE DRV o foBHC — BEEE A I U TH A B LI B ik ke B, A USSR B S,
OALMeg-Si REHDO Y/ d vy A5 Mg St i bDLifiElL, ~7 &y v hEkR L U7 4 ik Mg,Si ofitlbic b & CE
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Tablel & U7zo 1.10¢ -
e 20 1= 15 40¢ 15 >t 20 >
Table 1 Chemical composition of the aluminium |
virgin metal and mother alloy used in V j’
experiment 2. T
] J '
Chemical composition, % s ct 2
] ~N
Cul Fe| si | Mn| Mg| cr| za| Ti| a1 ! !
bmme- At 1 Jm
99.7%A1 0.005| 0.154] 0.089] 0.002] 0.020] Nil] 0.001} 0.00799.722 T x
99.9% Mg 0.002 0.003 0.009] Tr 199.985 Nill Nill Nil 0.001 2 A
Al-12%Ti 0.004] 0.124) 0.089 Tr | Tr | Niy 0.001} 124 Bal e D
Al-13%Si 0.005] 0.174[12.7 | 0.002| 0.010] Nil] 0.001} 0.007| Bal 0.07 0.07

2.3 REHFEBLUERE

LA IR LD MET %D T VI =Y A
=/ vy nk 0.239%~1729% OHFET, 74 #Ex 0.15
~1YDOHFETEZ BB L FNBOENENLT £ =Y
1% 0~0.129% O#iFHCH M L7z Table 2 /R4 (L4
OFE 1 kg A ULITHRA DR A zo

Table 2 Chemical composition of the test
specimens used in experiment 2

Marik Chemical composition, % Mg2Si
Mg Si Ti contents, %
A 0.23 0.15 0.008 0.36
B 0.32 0.19 0.008 0.50
C 0.45 0.24 0.008 0.65
D 0.60 0.35 0.008 0.95
E 0.90 0.50 0.008 1.42
F 121 0.64 0.008 1.75
G 1.30 0.73 0.008 2.03
H 1.72 1.00 0.008 2.72
AT1 0.24 0.16 0.07 0.38
AT2 0.24 0.16 0.12 0.38
BT1 0.32 0.18 0.07 0.49
BT2 0.32 0.19 0.12 0.50
CT1 0.45 0.23 0.07 0.63
CT2 0.45 0.24 0.12 0.65
DT1 0.60 0.35 0.07 0.95
DT2 0.61 0.34 0.12 0.92
ET1 0.90 0.48 0.07 1.36
ET2 0.91 0.50 0.12 1.36
FT1 1.20 0.66 0.07 1.79
FT2 1.21 0.64 0.12 1.75
GT1 1.29 0.72 0.07 1.96
GT2 1.30 0.73 0.12 2.03
HT1 1.62 1.10 0.07 2.56
HT?2 1.72 1.10 0.12 2.72

BHOERE v VAR T 2 ER AR TR D
¢ Singer ¥ ;X Jennings 2% Al-Si Z&& 0O
EE 7 VORI W Fig 1 w4k ile vy,

ZOHEMT ARG BEAAIEES. BB OEER X DIE
i, SRR F Y 5 PR L X 3T E E A I A
RAJBEL 7o D Z DEFOIEINC X » THHMORBIC v v i IE
T HEANETHOTHE Licy voEY ZllE L
DEBY vOBEBROANEHERE Uiz, BV Ok, Fig
2 WRTZ &L, YV VEROEBRER A HE Lico 7 vt
B DBEEENTENDEYDEFHE Lic

Fig. 1 Demention of mold for testing the surface
cracking of test ingot.

Fig. 2 Method of measuring the length of cracking
occured on the surface of ingot.

BUEHE 720°C, T40°C  Js L OF T70°C TS
BRI T, N EROBFRE LY 10°C EU
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ETmhofikef 3 fMcsiEi L., vvoEyE, Zhb
3 r OHBMERMO Y vOEDIFEE &L Ui,
FEEMIROfE IR O K A v oz, HBHMOmMEHAD

W DWC, BIICIR~ e FEIE & » TiT e - 7o

2.4 EBRERPLUTZOESRE

2.4 SEBROERO KA VI B IFTHE T 2 =
VNN MDY 2]

FAo£EE A 710°C, 730°C, L0t 760°C T

Table 3 Effect of titanium addition and casting
temperature on the cast structure of Al-

Mg-Si alloy
Casting
ten})gerature, 710 730 760

Casting . . s
structure] Shapes | Grain | Shapes | Grain | Shapes | Grain

Marks M ——___| of grain size | of grain| size | of grain| size

A C+E 3.21 (e} — C —

B C+E 3.20 C — C —

C C+E 3.11 C+E 4.21 [} -—

D C+E 2.90 C+E 3.16 C -

E C+E 2.00 C+E 2.52 C+E 3.05

F C+E 1.82 C+E 2.42 C+E 2.86

G C+E 1.62 C+E 2.06 C+E 2.56

H C+E 1.57 C+E 2.01 C+E 2.42

AT1 E 1.35 E 1.47 (e} —
AT2 E 0.06 E 1.10 C+E 1.10
BT1 E 1.35 B 1.45 C+E 2.01
BT2 E 0.06 E 0.40 C+E 0.55
CT1 E 1.01 E 1.32 C+E 1.56
CcT2 E 0.06 E 0.22 C+E 0.32
DT1 E 0.85 E 1.00 C+E 1.21
DT2 E | 0.06 | E 0.11 C+E 0.20
ET1 E 0.65 E 0.85 C+E 1.01
ET2 E 0.06 E 0.08 C+E 0.16
FT1 E 0.55 E 0.71 C+E 0.92
FT2 E 0.06 E 0.07 B 0.08
GT1 E 0.45 E 0.65 C+E 0.85
GT2 E 0.06 E 0.07 E 0.15
HT1 E 0.35 E 0.45 C+E 0.55
HT2 E 0.06 E 0.07 E 0.10

C: Columnar grain only
C-+E: Columnar grain 4+ Equiaxed grain
E: Equiaxed grain only

0 0.07 0.12

Titanium contents, %

Photo. 1 Effect of titanium addition on the casting

structure of the Al-Mg-Si alloy. x1.2

U788 DM o fdiok A v%& Table 3 R L
Foo WENOREBOFEM b 2= & 0.07% R IT
0.12% %HInd 52 & X » Tk X5, Photo. 1
i Al-Mg-Si REE&R LU, Fhies 2=y 2% 0.07%
F LY 0.12% I Uizl a 740°C cEa L 730°C T
B LA oW R4

2.4.2 SHHMOERR Y vick JEFTHES 4 = v 2 BMOE
&

L N AE R R, T10°C T L - B A w B IR
Bokmv voEy&#HlE Ukcksis Fig.3~1,2,3 iR
Lko%ﬂ:WA&WMLTbﬁb%MKIOTﬁk%%
AT KR
iR L\ »cﬂlwi_l:ﬂ)a’ﬁ f*mmﬁﬁw"“%ftﬁlﬁﬂ/ﬁz!b%o v
= % 0.07%E M0 U7ciUBHC X o Tl o Fi R D v v
1E, MgeSi 0 EANTIE 10% D& 2 ATHEA X 7= L, 1

O Ti none
100 b— el DT 0.07% _
® Ti 0.129
€
£
g} o
z 75
v
o]
g /
8 ;
et [
é 50 !
- 1}
<] B
= ! \
' (@)
/\\0
e >-—
o ke
¢ 1 3

Mg Si, %

Fig. 3-1 Effect of contents of Mg,Si and titanium on
the surface cracking of Al-Mg-Si alloy ingot
based on 99.7% pure aluminium (710°C cast)

0/6/_\

200 O 760°C  Cast
£ (P 730 °C  Cast
& ® 710°C Cast
2
1k \\
ot
(8]
§ /'/’—.\
£ 100
a ) t\(}
o
< o~
§ \ T

oo
0
o] 1 2 3

Mg, Si, %
Fig. 3-2 Effect of casting temperature on the surface
cracking of Al-Mg-Si alloy ingot based on
99.7% pure aluminium. (no titanium added
specimen)
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A=y WEEM U b 00 v VSO BB A R Ulce
i g@gﬁ 2: F 7 =y KRN LT W WEEIT ST, EEiio
Sl | @ 710°c cast SESBIAHR TR 7 VIS RBIICIR 5 THEC Ao Ty
: P o Bs. F 2=y n 0120 RMEENE. BN
E iﬁﬂwc\%%ﬂﬂv%wcfﬁéV1/%4\é<:ﬁﬁ~észu\éo
32 /-f‘”’“ <, N —e e SRR T B 7 vid, EBOEEIHC & b7 -
. /—*\K\O\M 5 TR BIENC LD D EH L BNBH, HEAROM
_%” 0 =% Hi7e b ok, HAR DR BABRERE WD, Vv

0 ] 2 3 WP ZEbDEEZLBND,

Mg:Si, %

Fig. 3-3 Effect of casting temperature on the surface

cracking of Al-Mg-Si alloy ingot based on

99.7% pure aluminium (0.12% titanium added

pecimen).
DLEO&BERTHOMY 201D He 74 = ¥ A%
0.12% & U= 30Rhe X 2 B s\~ C b RO B A
WHNBM, F 2=y AEIMBEURHC I W TR O 7
VOEY OREKEILF 2 =7 2 A RN L WEUR0RgYe &
D, PSS 2 =y SIS X HEMER 7 v Ok
R NREBD B bH, Photo. 2 i MgeSi 78 136% C& %
KPR LOENEF 2 =7 2% 0.07% I L0 0.12% Fn
L73Ukhe 720°C ¢ L, 710°C Tl L& O
MR 7 v 1 %R L7, Photo. 8 iz, Photo.2 i

RUSEOR, 2=y nalNLnwbo & 0129%7
Mg : 0.91%
Si: 0.50%
Ti: 0,]2%

Mg: 0.90% Mg: 0.90%
Si: 0.48% Si: 0.50%
Ti: 0.07% Ti: Without

Photo. 2 Effect of titanium addition on the surface
cracking of A1-0.90%Mg-0.50%;5i alloy ingot
poured in ring mold. (710°C cast 99.7% pure
aluminium based) x0.9x1/2

Mg: 0.90%, Si: 0.509%;, without Ti

Mg: 0.919%, Si: 0.50%, with 0.12% Ti

Photo. 3 Microstructure of the neighbourhood of
cracking of specimen showed on Photo. 2. X100

225 2 o # §F

FHENZ BNTE, 7V =y 2 E8EBHOERR Y VIt
JNE S EE R O A OB R SRR O 7 v NFEA LA
W AL-Mg-Si Za i onWT, ME99.7% DT =y
nAET BV, MgeSi Bt 0~ 3 9% win HHEIHC Mg
B IO ST HHEM LB DNWT \Tn T A =

0.07% B LV 01% HmLicEa L BmmLt e
pta Singer ¥ 1O Jennings ik &8 5 L, 3
fD v voET HRlE LR, RO ZENRED LI
(1) Al-MgoSi REEDOHHMOET v v O4HE MgeSi
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BOHEMMC &b iEmL, UBHhETRAE D TN
BUTFCikEd Lo

@ ERotErE, F2=v a2k 0.07% b B WL,
WIT 5 Z &8 Lo TR 3 5,

(3) — RS dR O BT b ORI O b O X Dl
BERKT, LrnbMebRIFELEBL DNDEDTHEEGOE
[ & b 7 5 PRI & o THLE UiziEhie x4 28
(O Y AR DAY S TSR S Y AL RN N AR
EWNWEEZ BN, LR TT vORRENRD L ol
DTHH Do

0.1%

3, BHERRZT A LICHERD
BB

31H % F &

AEC Ik, @A AL LS53R BT N T
PR DWTERRE AT o foo —#RiIC, SHFIRIZEMEMN T I N/
B M T E N D 0 BB BRI IO BliFin 2 &
MHEEND, 7VI=V 2RI TZTDEEDORT Al-Mg
PSR ABRIINTYEARE L, v v T,

Z DB A-Mg Re&OBMEREI AR N &,
PR BRALE (450°C) D3LFL LS M3 SRS I mAT 3
BLERERLBDTHSH EBbND, LichisT, #
M TRERMOEE I D L&, XTDH4E, HHloy
BB AT - BN T 20088 TH S FHIL,
Wi 99.99%. 99.6% R IV 993% DTN I = LD
VU fiEE 99.99% #5107 99.3% 07w I = v nkh i
vz Al-3 Mg &4k LU AL-6 Mg &&10D\T

25

Fig. 4 Position of specimen for impact compression
test on raised temperature was taken.

FNENCF 2=y 2%k 0129 Fn U CHEMRE AN
b L7308 & 0 Ui il & & i, S IR IS i R
1T Lo TEAMIINTC M & Stk O MU O BIFR % 3R~ oo

32% B # #
SAENCIE, M 99.99%. 99.6%., 99.3% D7 v 3
=v 2SR LT 99.9% O 7 kv v S B U AL
49%Ti BASEMER Lico SN B DS 28 RiT
N L?LCO

3.3 ERTEBLUHE

R DA A F\TH 29 ISR 0 kg ik
EEEL, Shb4 200gr & Ni-Cr fRESHRGEC 136
Hifya T 720°C CHER LENIC IS S\ Tl ~ 7o St
i & »T 710°C T 200°C D& Tic§53% L 20 {EOF0E

&{/Eiﬁg L7LC0
@/G)

Head

@ Weight 20kg ® Guide rail

(®) Specimen @ Anvil

Fig. 5 Schema of impact compression test.

ZOBRI ULTELER LD Fig. 4 iR Uil b,
2bmme X 26mmh DOBERF A 20 @ L, Forh 15 (®
T TR B, B A Sk BRI A
Too EIRETEEAERR T oREH v JIS-IS BETh v,
FEREEC BB RS R ettt BB 24 =~ 2)
LT vEDDRIED I & AHHER Lo

EIRERERERC I, BT R St SR 4
i U7zo Fig. 5 X2 DM TH Bo EHEMEL 20kg
—ELEVDOTHLVSKRETCOE YA 2m, 3m, Kk
Udme Lizo BHBRA BRI < @i 72 Ni-Cr &
SHEFUET 350°C, 400°C, 450°C, 500°C s X 7¥ 550°C
THEA Uy ARELC 1 RIS Lo BB L 5 BE
WCEERE AT o oo P IV 238 A O IR 1A E 99.99
% 7V I =Y KDL O _LEo O EIz 5 mme X
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12.5mm DI A B, ZDRIT TV AV~ 7 v g2 VEVE R
HILD T AT, AEREERR A &R iBReme Lz L
Voo BEEMERE B CEEREN L & Y 2 Tl
HEENRETCHLADOTEROBER EF 0 R %
350°C~500°C DFEPAT 1 EEmEh L, FESE DL,

Table 4 Chemical composition of the aluminium
virgin metal and mother alloy used in
experiment 3

Chemical composition, %

Cu Fe{Si}Mn{Mg[Cr\Zn Ti | Al

99.99%A1 0.001] 0.001} 0.001) Nil | Nil |, Nil | Nil {0.0002 99.99
99.6 %Al 0.007] 0.251} 0.122] Nil | NiI | Nil | Nil j0.004 | 99.61
99.3 %Al 0.025] 0.465] 0.148] 0.010, 0.030 0.006] 0.01 ;0.006 | 99.30
99.9 %Mg 0.001; 0.002; 0.003] 0.02 | 99.97) 0.001) Nil | Njl | 0.005

Al-4%Ti alloy | 0.007| 0.051} 0.023] Nil | Nil | Nil | Nil 4 21 | Bal

Table 5 Chemical composition of the test
specimens used in experiment 3

Based |Titan-

" N i iti 9,
Alumi- lum Chemical composition, %

Alloy Inium, con - -
% tents,% Cu| Fe| Si | Mn Mg] Crl an Ti
Al 0 | o.001 0.001 0.001) Ni1l| 3.15 Nil| Ni1 |0.0002
i 99.99 0.12, 0.001] 0.001| 0.001) Nil | 3.08 Nil | Nil | 0.12
o,
l(ﬁg 0 | 0.02 0.465 0.145 0.01) 3.20] 0.006] 0.01] 0.008
alloy | 99.3 0.12 0.026| 0.475 0.150{ 0.01] 3.18 0.006| 0.01 0.12
Al 0 | o0.001 0.001) 0.001 Ni1| 6.20[ 0.01 nil |0.0002
¢ 99.99 0.12 0.001 0.001) 6.001 Nil | 6.30] 0.01 nil] 0.12
g,
Me 0 |0.025 0.465 0.148 0.01) 6.12 0.006] 0.01}0.0002
alloy | 99.3 0.12, 0.024) 0.480| 0.146| 0.01] 6.20/ 0.006] 0.01)0.12

EHIZEIRD Fizod, FHob It Uickifds 0 & U, i
DRI & b7 5 IRERE T AR Fig. 6 & sRed TR Lz,
fErs 550°C iR Eog4a. EiERMi 543°C, 500°C
D34 495°C, 450°C g4 445°C, 400°C pig4 396°C,
350°C D4 348°C DRETIEMA T e ol & in D,

550 \

AP

< AN

& 400 \\

s NN

’g 350 \\ \\ ~>\\

% ™ N,

@ < ~

% e N N \\

RN NN
<

250 \\ h )

0 20 40 60 80 100 120 140 160 180 200

Time, sec

Fig. 6 Temperature drop of test specimen after setting
on anvil of test machine.

Table 6 Condition of high temperature
impact compression test.

Temperature °C | 350, 400, 450, 500, 550
Weight kg t 20
Head m | 2, 3, 4

BRSO A HB0RITTR Lico EREABRBOERA ©
MAZEEOIN 7 VICRENRbDOEEATL, 2, 3,
4. SOEHEOT, N7 vOREYHEb Lz, M7 vd
ik L7 v OREORFRA Photo. 4 127k Uiz,

e etoBBRr DM FAEmICHELE S D 7 vOoRilicik
paEERE: GRXSHEBREETREAA <~2) Tl
T, REHRRLDABEAT a.b.c @ Eikr o0, v
VOREARD Uice VVOSEREREO Y Vv OB R %
Photo. 5 i@k U7zo

Classified degree of surface roughness

Photo. 4 Relation between classified degree of surface
roughness and that of actual one after impact
compression test. xX1/1.5

Clessified degree of surface cracking

Photo. 5 Relation between classified degree of surface

cracking and that of actural one after impact
compression test. x1/1.5

3.4 RERRPLUEE

3.4.1 SHEMME EmBORBOREOILT v OB

Wi 99.99%. 99.6% FLF 99.3% DT NI = N
SUONCHE 99.99% L0 99.3% T i=w agw s
FYU Lk IYRIV6 BEHEM LIBB DAL DX ED
RFMW 5RO B% Photo. 6 iz, #2=v n% 0.12
% T LicA BB o ik o fil4 Photo. 7 iRk L,
HIRE 99.99% D7 v 3 =y A OSEMEMITEEREORTH
D, HiEE 99.6% F XU 99.3% D7 v I = L DS
RSP ALEER TS, Al-Mg R4&0EBI~ S
RV RO L o THE 993% O7VvI=y nkk
B 7B AT B EZ R LT Wa, ki
DEBEICF 2=y 2% 0.12% BN Ui b OO SRS
B N O 21RO B IVTRRD TR /R 85 S A
R LTWhe
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99.99 99.6 99.3  99.999%Al 99.39% Al 99.999% Al 99. 30/Al

6‘7Mg

%Al %Al YAl + -+ -+
3%Mg  3%Mg

6% Mg

Vertical section

Photo. 6 Cast structure for impact compression test.

(without Ti)

99.99  99.6  99.3  99.99%Al 99.3%Al 99.99%A1 99.3%Al
GBA GBAL %Al + + + +
3%Mg  3%Mg  6%Mg  6%Mg

Horizontal section

Virtical section

7 Same as Photo.6 but with 0.1295 Ti. x1/15

Photo.

MEEE 99.99%. 99.6% B LU 99.3% D7 NVI=v ninh
VI FRFRICT # = 1% 0129% F5m U308 % B
Licia. B oMAREOIL 7 v & RSO MR L E
1IR3 Lo

HEME R O T B 99.99% 7 3=y A
PRGN T7 vASKE L, MEE 99.6% 3L 0°99.3% o7 v
=Y AL vORBREREEBEH D e XF L =Y Nk

Table 7 Effect of titanium addition on the
surface roughness of 99.999;, 99.6%
and 99.3%; pure aluminium specimens
after high temperature impact com-
pression test.

. Temperature, °C
- 348 | 390 | 445 | 495 | 543
Welghtx\
Head, kgm
Cast 40 60 80]40 60 80140 60 80/40 60 80140 60 80
Specimens structure
99.99%A1 gomumnar |4 4 45 5 55 5 55 5 55 5 5
Coarse
99.6%A1 s i grain| 3 3 4 4 Y P P
99.394A1 Moderate 333333333333333
fine grain
bigae | Fine equiaxed |2 2 22 2 22 2 22 2 22 2 2
ggl%%ﬁ* Same asabove|1 1 111 1 11 1 11 1 11 1 1
it Isameasabove|1 1 1l1 1 11 1 1)1 1 1111

0.12% & USSRk B/ B R S O B DBRBHE, EEH
T3 =y AOMECE R L7 vORERRED T
AN

WIEE 99999 08 99.8% DTNV = aEENES
LS FYY A 3%BLO6 BIRMER DO ENDI
F 2=y 5% 012% M U AcEBOEMREOI 7 v, &
fEatr o FHE% Table 8 ik Lz,

Table 8 Effect of titanium addition on the
surface roughness of Al-3%Mg and
Al-6%Mg alloy based on 99.99% and
99.3% pure aluminium after high
temperature impact compression test.

Temperature °C
348 396 445 495 548
Weight
X Head

Titanium

contents,,a
Based 40 60 80140 60 80|40 60 80/40 60 80{40 60 80
Alloy alumm!u

404 44 4 404 4 444 4444
99.99 0.12111111111111111
Al-3%Mg
0 l2 2222222292222 22
9930 oq21 1 1111111111
o0 |3 3333333333333 3
9999 o211 111 oi1o1onto1oyl1
Al-6%Mg
0 |2 2922222922222 32
9931 o211 1111111111111
Al-6 %Mg 4407 voORER Al-3yMg &1 L
Wir s, WERN S F £ = v ak 0129 LicBEiii,

FERRBOUL7 VIZED Th T/ bD & /it B, Photo. 8
b, ME99.99%. 99.6% kLT 99.3% DT NVI =T a
HIRE 99.99% L0 99.83% DT Iy ARENMETS
Al-3%Mg &4k L O Al-6%Mg &&% 400°C T, fi
& 20kg, % 4mOXETEHEBER LLBAONT7 v,
JERRTR D IER Fr O Wit o PIARAEL % [EiR 0 % & ORiER &
U 400°C ¢ 1 ERhNER LS i DWW LR
1Pl%R L bDTHY, Photo. 9 13 EikofEkE e F
z2=v r% 012% HMUILBED LHAER LIZGDTH
50

3.4.2 S5EME L EEROBBIOEI v v & DRIk
WIEE 99.99%. 99.6%. I X099.83% DT NI=v Ak
BUREFNBMED 7 VI =y sREFNENF 2=V 2%
0.12% BN U7 BB OIEER OB B L RE V v ORMHKE
Fig. 7 wHi Lo

I 99.99% 7 v =y AEEBWTHE, 7 VORERR
DHNT, LT 2 = v 2GRN U CHER A B L
SV v v ORESED T AR ERIIE LN o
A5, M 99.6% 7 v 3 =y MIERWTIRE—EHRE W
Tha 2 =v 2% 01295 M U T A SHEEfe Lcd
DUk, 7 VOREIZRD BN ol ¥ HIRHME 99.3%
T3 =Y MR TIRERE 0% Lo & D1k, 40%
* BRI R OEAET OE Y & ho, EEHROEY % hy &L

e, RO X EE Ui,
g‘é%}}i‘:howhllho %100
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70 1 99.99%, pure aluminium

50 [ -

40 f—-

60 - 99.6%

50

Deformation, %
E-N
<O

30
20
99.3% pure aluminium

50

40

30

20 J | !
350 400 450 500 550
(348) {396) (445)  (492) (543)

Temperature, °C

O 80kgm  ———— Without Ti a. Smail cracks appeared

© 60kgm —-— With 0.12% Ti b. Medium cricks appeared

& 40kgm c. Llarge cracks appeared

Fig. 7 Resuts of high temperatore impact compression
test on the 99.999;, 99.6% and 99.3% aluminium
with or without titanium.

BECIHIEEDCY VERDDHED HDHWIY VDR
LOENBH Y, 30%LL TGl v VIEERD BNl o To i,
Zhie g 2 =9 mk 012%F N LiciENC s \WTid, &%
B 45% FRE ¥ TIL Y vIZED B o7

HIEE 99.999 kL0 99.3% D73 = v KABBICH
Wiz Al-3%Mg &4:% L0 Al-6%Mg &40k, IO
FRBICTF & =y 2% 0129 U Bk AR RO B
DEEMDV v & FEREOBOERROBRENT vOEFH &
Jtie Fig. 8 iRz,

WipEE 99.99% Y kX 99.3% DT NI =v AuEMICH
Wiz Al-3%Mg AeimBWTIEEH A7V =Y
LR 72 =y & QC129% 8T X D Bimis g5
A B TARMOFI. FE =Y 2 BRMLU TN
AT B BT AR L DRSO Y vEELBE

Purity of aluminium, %

99.3

99.99 99.3  99.99 99.3 99.6 99.99

Magnesium contents, %
3 3 3 0 0 0

6

Photo.

Structure of virtical section of test specimen after

compression test. As compressed.

Condition of compression: Weight 20kg, Head 4m,
Temperature 400°C.

8 Surface roughness and macrostructure of
the verical section of compressed test
specimen without titanium. x1/1.5x1/2

Purity of aluminivm, %

99.3

99.99 99.3 99.99 99.3 99.6 99.99

Magnesium contents, %
6 3 3 0 0 0

Surface roughness

6

Structure of virtical section of test specimen affer
compression test. As compressed

Photo.

Condition of compression: Weight 20kg, Head 4m,
Temperature 400°C.

9 Surface roughness and macrostructure of
the vertical section of compressed test
specimen with 0.129 Ti. x1/1.5x1/2
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EIIAKZWHERET LT W5, HEE 99.99% 3 L 08 99.3
%OT NI =Y NEEHICHW Al-6%Mg S8tk
Thdk, M 99.999% D7 Vv 3 = v nEEEHC AW -EE O
FE =V MRINC X o TEHRERM A R L sie & B
FEfEED v v ORI DR AT DIV B AL, MU 99.3%
DT NVI =y rEEMCHW B ko F 2=y »
I X 5SS oA bic X B ERER O v v oo o
BRI D AR E DIV T o,

- ' Al-3%Mg ,

40, F— 99.999 pyro olumi

base

R
<
Rl
5
£ 0 l 1 ’
3 Al—6%Mg ' c
e 30 | _99.99% pure aluminium base ;. a
\\A a s -
) | — b ¢
= a —— R q
20 Do a b
" a Q——__ S — a
10 7 t

20
10
0
350 400 450 500 550
(348)  (398)  (445)  (495)  (543)
Temperature, °C
O 80kgm ——— Without Ti a. Small cracks appeared
© 60kgm —-— With0.12% Ti  b. Medium cracks appeared
® 40kgm c. large cracks appered

Fig. 8 Resuts of high temperature impact compression
test onthe Al-3% Mg and Al-6%Mg alloy based
on 99.99%; Al and 99.3% Al with or without
titanium.

Photo.10 1z Fikostk4 500°C CHE20kg, %2E4m
DEMTERBREMBIRA T - /1%, BBEFARYTTiho/
@‘J%f;j:\‘ l/fCo

BN TR SRR < ORF 235 D BB i 9T 5 b ik
WA, O OGRS O ML & BB IT R OB
DIEWEHAARIC DONTHELTAH L I,

Photo.1l igigR—DEHE (25%) &R Ui 2 Hkh

ThbbiiE 500°C, E 20kg, #2E 3moRM;THE
FEfE U7 #IBE 99.99% 7 v 3 =0 niHtf e Uiz Al-3%
Mg &&sls s, RE 500°C, fiE 20kg, #z=4modk
BN Lo 99.3% 73 =y ahk e Lic
A-39%Mg & &FR O BEMEMRME R Lo

Purity of aluminium, %

99.3 99.99 99.3 99.99 99.3 99.6 99.99
Magnesium contents, %
6 6 3 3 0 0 0

Specimens without titanium

Specimens with 0.129%; titanium

J0 ] PN R 17 S -
Condition of compression. Weight 20kg Head 4m
Temperature, 500°C

Photo. 10 Surface cracking developed by penetration
testing after high temperature compression.
x1/1.5x1/2

Specimen based on 99.3%
pure aluminium

Specimen based on 99.99%
pure aluminium

L

Compression 500°C

Compression 500°C

temperature temperature
Weight 20kg Weight 20kg
Head 3m Head 4m

Photo. 11 Microstructure of] Al-3%Mg alloy after
high temperature Tmpact compression test.

x100x1/2

#iE 99.99% 7=y i35 Al-3%Mg &
SFEHIRE R T BT B LA Y DT I AR EE 99.3% 7 v
I=v anEHET S AlL3%Mg AeEH X D L,
EREEEO 7 vs, MiE99.3% D7V =v nkEME TS
Al-39%Mg 44 1 0 b4\ Did, #ME 99.99% 7 ri=v
a o EER & Ule Al-3%Mg A&30k o sEiiako ke
99.3% 7=y kBN E UEE LD QA TH B
W, EHERORESRBIR OB & < Lichis THE 99.3
%DT NI =y REEME UERE X YRR RIS
BTGRP S i BT Y v OFEEDRRENKE WY
DEEZBND,

— 10 —
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Specimen based on 99.99%
pure aluminium

Specimen based on 99.3%
pure aluminium

S o5 R

Compression 500°C Compression 500°C

temperature temperature
Weight 20kg Woeight 20kg
Head 3m Head 4m
Photo. 12 Microstructure of 99.999, pure and 99.3%
pure aluminium specimens after high

temperature impact compression test. x100

Lﬁaﬁ%:\m&ﬁjwﬁwﬁéﬁbt\WWCTﬁ
# 20kg, % 3mOLMIT X VERERE T - 7o M E
99.99% 7 A3 = nBE (ETBES5%) & 500°C TF
& 20kg, #EEAm OLKMR &V EREMEA TR - i
99.83% 7 v =y nBE FERESLI%) OFEBEEEL
Photo.12 17 L= 2RaiE 99.99% o7 v 3 = v nEEO
FEMARIIE TS B 25, Mdh L S OPTHIA
IRNTed Y vEFRET HIIEES T, M 99.3% 0 & ok
#ipE 99.99% D7 v i =v A XY biEGEROF TS
L X bl FofEEmaik s Photo. 6 1wk Lo i#inc
N D Y VOFEEABD LD EFE L BND, MEE 99.3
Y%DT VI AOBSELFF =Y A W2 DI L -
T B A BRI L7s b OISR O#T i o £ 8D
BESHEXAHEHMSEET 28O ZN I D LRE W
DEWETET MO, Vv EARETDICEDRp T2 LD
LEZBNS,

35 3 o #

AEC BT, 73 =y 2B L0 EDE&EDEEM
Mo L, BT OBK BB ORI RET HIL7 v
E v voOMERY., Mg 99.99%., 99.5% LU 99.3% o7
NMI=w N SUNCHIE 99.99% KL 99.3% DT 3
= v aEEHICHANE Al-3%Mg 44K L0 Al-69,Mg
SECONWTEFNFNRF 2 =9 & 0129% H&HMLUTH
SEAR R A AL U3 L 3R L Wl &
BEARERARIC X - TR~ oo £ORRRO 2 &RER
oYY (s
(1) SHEiORLE & SR OBROREDIL 7 v O

BEMRIE, SR KA, WHEE 99.99% J L U8 99.6%

T3 = nin BUNCHIE 99.99% 73 = v KA B

AW Al-3%Mg &40 KM, GO0 MAE

Fo. HMiEE99.39% T3 = v Alp BUNCHIE 99.83% T

I =y ahkEMCEWA Al-39%Mg,  #ifE 99.99% k

FU'99.3% 7 v 2 = v nEEHCHW: Al-6%Mg &
* MR 99.999% 7w 3 = v nFUERTE 20kg, %3 4m 0%

HCHITER AT > 2B E R WTh v vz b3, L

72235 TC99.83% 7 v 3 =y AFRHCERD BV v v kISR
ZEBEDEEFEZL BN,

S REVWH, EROABRBKF 2=y » % 012%
AN USSR A M e LoslBhid, Wit b B
FEfEOE-E DL 7 vid, D ThIMibd &b,
(2) SEEMR O & BAE RN OB OERmMDO v v OB
FRIZDNTHE, M 99.99% 7 v 2 = v A LIS O SR
BITHBORRICILY VAFEE L, 74 = 7 &L %
0.129 #in Li-S0HE v v OFsdmd Ly R Y v
DFEALIRD R\ MIEER LOERELBRACE
T4 %0

@) LlEofnd. # £ =v Afinc X 2B MmO SEE
VSRR T b B o T, SR BT B A
WORTHMSBEINS Z & &, HRTEREOBACILT v
DFEDPNZ LI L > TR TN Bo

4. SBROBEHEKSAEMT
SO & OBEMN

418 £ F &

&EB L UE SO I TR G S I TR G & &M
THIPWARBIT 2 Z & kD 23, BINTEFO KRS
BRI THAMM T A XND 2 &% <, 8N
RN T REVAR A XA Z L b b B AN BRIT O
FETHEHINDGEE LS\

TAMI=TARLIO TN =Y A EEHEROBERRM S
BN T S oM & OBIRIEIC DLWk BRI 0~
ZEL 2, 3OWRIED DN, FF =Y NI XD A
L U7 v 2 =Y 5B XU DO-EEFHROFHERE & 2
DT HEE & ORRRE DO BEEVE T o\ TEEMIA DRI 7o
bR, BEOMBIED TR Bt

AT, FTF Lol F 2=y » & M E
99.9% ¥ LU 99.5% 7 v 3 = v 2l BUCHUE 99.9% D 7
3=y aREMEC W Al-49%Ca 44, Al-259Mg
BEXBITHE 99.99% J6 1T99.5% 7 v 2 = v Al
W AI-1L5Mn &4 2 DWW T TN FIWEF £ =T &
FHRM LIz b0 E LisnboasE & LT, BREHOE
WA (Ckg, 25X 150X 150mm) % F &I L - T
FE L, DERINHOBMOEEMEA I 2
FFREA AT, I OB & b7 D # 0 #Haifkoz
xR ~eoo

INTHELE O ML, SO BREALBATE, MTEER X
UIMTHEOBHIC X > TBEIND Z LBHVWOTIND
DRTFDAFEBRO FEEAE & TR DAL & OBIMRIC T &
TR R L CRERETT oo

42% B & #

sRAET B 1L 33.2 o Table 4 W LS2a & 77 Uie 4l
B 99999 7=y ainbuie Table 9 i b32pisy
KR LA 99.9%. 99.5% D73 = v AHig BN
T, Wi 99.99% ~ 7 % vy nid, Al-50%Cu chRfE
&, Al-6%Mn hifl&ets L0 Al-2%Ti hilae4 6
TH 1/7’120
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Table 9 Chemical composition of aluminium
virgin metal and mother alloy used
in experiment 4.
Chemical composition, %
Cu| Fe| si | Mn Mg] Cr] Zn | Tii Al
99.9% A1 0.002} 0.025] 0.03 | 0.001 0.00II Tr | Tr | 0.005 99.93
99.5%A1 0.002; 0.34 | 0.18 | 0.003; 0.005] Tr | 0.01 | 0.006] 99.45
99.99% Mg 0.001} 0.002/ 0.003] 0.005[ 99.99} Tr | Tr | Nil | 0.002
Al1-509Cu 50.4 | 0.002 0.003| 0.003; 0.004 Tr | Tr | 0.007 Bal
Al-6%Mn 0.002] 0.026] 0.03 | 6.23 | 0.004/ Tr | Tr | 0.005 Bal
Al-29%Ti 0.002 0.025] 0.03 | 0.001; 0.001] Tr | Tr | 2.14{ Bal

4.3 REAFESLUVER

LR E & VT, #ME 99.9% % L O 99.5% 7 v
I=voa, ME999%D T VI =y MRV Al-
49%Cu 4&¥k L O Al-259Mg 447 b O HE 99.99%
BLU995% 7 v 3 = v nkFEFICAGT: Al-1.5%Mn &
SrrnbirFr=vxrk 005%., 0.1%, 0.20% &I
0.25% Fin Uiz b oo & # L UCEEHC vz Table 10
i R oFB DR A TR Uiz

Ak 2kg & By 2 AT T10°C THE L. &
R L 0.59% Dshy x4 500ml/min OE|E ¢RI
H T AER UTEBICEA LI 2 4L 3] 4%, 700°C ©
100°C &Rz #his L 25X 150X 150mm o #Ei st 4 ¢
ﬁJZ I/fCo
DOEHIL, Efa 1.5mm -S-ORMI D AR S 5 T
L, Fig. 9 R4 Z &L |EFAC 2E5 L, FO—F
% Table 11 /R Lo CHEAACBLIE AT\, B
HFEFHEC 3 %45 L, Table 12 iisA R L EE#
b Table 13 iz X b, T 50%. 75% % k1% 909
DN EBITELE UYeo

FRE AR D KSR DA v ik, BB wEIRE R L O

Table 10 Chemical composition of

oW, Fig.8 0O &l O~ lE H ki
Lo T WENEFNOEIE BT B fESBLO R A 7 DEHF
Y& Uico FFEEROMBIIFEIL D B /o, FEER
¥ & OVFELE 5 i AT A Wi O ARRR V. iR DEiic D~z
WE R 3t B Xl 5 & R A e —8 S 8 CHlE
U FFIE 5 @ I A OB B\ TSR RaVR T 72 5
D¢ Lk o X o> J7 1 & FERER O ¥ D e —E Z 4T
Bz Lizo

l

Rolling reduction

— @t
|

50 —>

-

O
B

—4 30 e
150 —ﬁzz«

r€— 50

Rolling direction

N
N

Homogenized hsat treatmant

Not homogenized haat fréated

\
oD\
\

Position of grain size measured

Fig. 9 Position of specimentaken for rolling.

test speciment used in experiment 4.

Tedis To—To/Tix1009% T Liz,

T: 2L

Chemical composition, % Chemical composition, %

Alloy Mark Alloy Mark
Ti Fe si Cu | Mg | Mn Ti | Fe | si ] Cu t Mg } Mn
01 | 0.005 | 0.025 | 0.03 - - - 1| 0013 | 0.3¢ 08| — - -
09.0% 02 | 0.050 | 0.015 | 0.03 - - - 99.5% 12 | 0.060 | 0.33 019 — -~ -
03 | 0.140 0.04 — -~ - 13| 0110 | 0.33 0.19] — - —
Al 04 | 0.200 | 0.010 | 0.04 — — — Al 14| 0180 | 0.32 019 — — -
05 | 0.230 | 0.035 | 0.06 - - - 15 | 0.230 | 0.32 019 — - -
21 | o0.007 | 0.025 | 0.03 | 4.30 - — 31 | 0.005 | 0.025 | 0.03] ~ | 2.42 -
Al 22 | 0.070 | 0.025 | 0.03 | 4.35 — - AL2.5% 32 | 0.060 | 0.035 | 0.04| — | 2.47 -
23 | 0.130 | 0.025 | 0.03 | 4.39 - - 33 | 0.s50 | 0.020 | 0.03] — | 2.49 -
Cu 24 1 0180 | 0.025 | 0.03 | 4.39 - - Mg 34 | 0.8 | 0.020 | 0.03] — | 2.43 —
25 | 0.240 | 0.07 | 0.03 | 4.33 — - 35 | 0.230 | 0.020 | 003 — | 2.47 —
a | o005 | o0.23 | 017 - — | 1.66 sa1 | 0.005 | 0.0 | 0002 Tr | Tr | 1.56
(él 1-5;/)1\45'{ 42 | 0.050 | 0.25 | 016 | — | — | 1.66 (ﬁl“l-i:%lgf‘ S42 | 0.080 | 0.001 | 0.002| Tr | Tr | 1.5

OW. e,51 _ - ow e,ol
ey | 48 0120 021 | 07 1.66 o ntents) | S48 | 0.120 | 0.001 | 0.002| Tr | Tr | 1.54
44 | 0.190 | 0.24 | 0.18 — — | 1.66 s44 | 0.210 | 0.001 | 0.002! Tr | Tr | 1.55
| | o020 | o2 l o1 | — | — | 163 |

IEHR O BEE, Al-15%Mn #4&58&, 600°C ©
1R R Rz Uy D3R, 4T 450°C © 18
RnEA R 22 Lo

— 12 —
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Table 11 Condition of homogenized heat
treatment of test ingot.

Test ingot ‘Tempgéature, Time, hr
99.9% and 99.5% pure aluminium
with or without small addition of 600 8
titamium
Al-49% Cuand Al-2.5% Mg alloy with 48) 16
or without titanium
Al-1.59% Mn alloy with or without 550 10
titanium

Table 12 Features of hot roll used in

experiment.
Roll Power Mazx. rolling
Demension, | Power of | Revolution tkﬁickness of
Sort mm | motor, HP| of roll,r.p.m sheet, mm
2 high
chilled 250¢ < 350 ¢ 120 52 30
roll _

Table 13 Hot rolling condition of test ingot.

Schedule 1 Conditions

Preheating of ingot \ 30 minutes keep after raised to 440°C

Temperature of Heated to 250°C by town gas and prerolled
roll aluminium ingot. (heated to 500°C)

Hot rolling temperature, °C

i Start Finish
Hot rolling 5095 Reduction 270—260
430 757 Reduction 250—240

909 Reduction 220-—210

509% Reduction 22-18—11mm
75% Reduction 22-»18-10-5mm
909 Reduction 22-10-5.5-2.2mm

Number of pass
during hot rolling

4.4 RBRERESIVCZOEER

4.4.1 Sk

MiEE 99.9% R LU 995% 73 =v AinHLONCHEIE
99.9% 7 v 2 =y nEEFCHW Al-4%Cu &k &
08 Al-259 Mg &4 & i 99.99% 5 LU°99.5% 7w 3=
v n AP Al-15%Mn & & & O Btk o i
DKL VICBIIETF £ = v LMD E % Table 14
s Lico

Table 14 Grain size of test ingot showed on

Table 10 mm.
Titanium content, % | Purity of based
0 0.05 0.4 020 0.23 |3luminium
09.9%A1 3.8 2.7  0.25 0.09  0.09 -
99.5%A1 2.5 045 0.25  0.09  0.09 -
3A1-49Cu 1.8 0.9 0.5 0.00 0.09 99.9%
Al-2.5%Mg 1.8 1.25 025  0.09 0.0 99.99
ALL5%Mn 3.8 1.25 0.25 0.00 0.06 99.5%
45 4.0 025 0.09  0.06 99.99%

RO WSHROBR L F £ = v A OMERINC LY &
MBI ENT WD, #2 =V 2 OBERIC L 55
YRR L DB A R 99.9% kLU0 99.5% T =Y
2oL Photo 13 iz, #iE 99.9% D7/ = n%

Titanium contents, %
0.005 0.05 0.14 0.20 0.23
Purity of Al, 99.9%

Titanium contents, %)
0.013 0.06 0.11 0.18 0.23
Purity of Al, 99.5%

Photo. 13 Sample of refined cast structure of 99.9%

and 995 9 pure aluminium by the small
addition of titanium. x1/2.6x1/2

Titanium contents, %
0.008 0.07 0.13 0.18 0.24
Al-49;,Cy alloy

Titanium contents, % Al-2.5% Mg alloy
0.005 0.06 0.15 0.18 0.23

Photo. 14 Sample of refined cast structure of Al-4%
Cu and Al-2.59Mg alloy by the small addition
of titanium. x1/2.6x1/2

Titanium contens, %
0.005 0.05 0.12 0.19 0.23

Photo. 15 Sample of refined cast structure of Al-156%
Mn alloy by the small addition of titanium.
x1/2.6x1/2

— 18 —
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Ve Al-4%Cu A4k LU Al-259%Mg A4
oWk Photold o, #ifE 99.5% 7 v 3 = v LA EHIC
e Al-159%Mn 4 &k Photo 15 i 7% UZes
4.4.7 SR E LU EE R s JIET B
M 99.9% O 7=y AB L FENREEM IV
Al-259%Mg £ &8 O FRERMRIISE LEATE I L 2
KALEED BIND, fE 99.9% 73 =Y DN TD
% Photo16 ik Lo 42 = v 2 DMETRINC X Y #
ML Lo Bk O BT oA BT D, kiR
BHLAME, $EMARR O BB BB X B A IEEED 5
P WA

"
A
‘\‘

ad

i

“*" ‘) ”r‘#

Titanium ccntents, %
(none) 0.05 0.14 0.20 0.23

Photo. 16 Effects of the small addition of titanium on
the grain growth of 99.99% pure aluminium
ingot by the homogenized heat treatment.
x1/2.6x1/2

FEYR O BB SR O B R (LML BRI & B B A T T A
A&, Photol7 (3#lifg 99.9% 703 =v nhBbt & L
Al-0.14%Ti & &HB OB ED ¥ ¥ 3 L O H (LI %
DR OE LR LIz b D ThH B A, BHE LI
&0 ERRIORENRD BN S,

As cast

600°C X 8hrs heat

Photo. 17 Structural changing of Al-0.149 Ti alloy
based on 99.99 pure aluminium by the
homogenized heat treatment. x100x1/2

Photo.18 J3MfEr 99.5% 7 /v 3 = v L LU ENA B &
3% Al0.18%Ti A& OHBEDF F & L UL
WHED MBI OEN AR UL DT, #ik L0 7 4
FRDILEWD LEIERRILI N TN D & & HFED BT
Who

Photo.19 (ki 99.5% 70 3 = v n&h Bk £ 45 Al-49
Cu &3 L Fhucs 2 = 2% 0.249% Gin L7-30E o
FEDFE F b LUSE AR OB A R L
DT, Cully # F &3 BAMDO—EERRACHZRD B
1%, Photo.20 134l 99.9% 703 = v nhEE 45
Al-259Mg &4 & FILF & % 0.23% HIm Uik
DEFERED & %k L OHE LB O S = L

=7 U

As cast

600°C X 8hrs heat

99.5%Al
600 C >< 8hrs heot

99 50/Al

As cast

99. S%AH—O 18 95Ti 99 5%Al+0 ]S%Tl

Photo. 18 Structural changing of 99.5% pure aluminium
and Al-0.18%;Ti alloy based on 99.5% pure
aluminium by the homogenized heat
treatment. x100x1/2

Aﬂer 480 CXIéhrs heat

As cast

AI 4%Cu 0. 24‘yTr Al-494Cu-0.249%;Ti

Photo. 19 Structural changing of Al-49;Cu with or
without titanium by the homogenized heat
treatment. x100x1/2

As cast After 480°C X 16hrs heat

Al-2.5% Mg Al-2.5% Mg

Al-2.5%Mg-0.23%,Ti Al-2,5% Mg-0.23%Ti
Photo. 20 Structural changing of Al-259%Mg with or
without titanjum by the homogenized heat

treatment. xX100x1/2

72 DT, HEOE FTHLAMONHILIED BT,
HALBIBIC L A EALIZ 4 0 3D B, Photo.21 1%
WEE 99.5% 73 =v AkEEE Lz Al-159%Mn 44

— 14 —
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Photo.22-1 Effects of titanium contents and homognized
heat treatment on the macrostructure of
the 99.99% pure aluminium hot rolleds heet.
(50% reduction,)

Al-1.5%Mn

O

Al-1. 5fyMn 0.239Ti Al-1.594Mn-0.23%4Ti Homogenizing heat treatment

Photo. 21 Structural changing of Al-15%Mn alloy
with or without titanium after homogenized

heat treatment. x100x1/2 Did

4.4. 3 BAMIEERERR oD A%

M 99.9% 7V 3=y A OBMEER OB s JIF
TF 2 = v MRMOFESY Fig. 9 KRkl

Did not
- |
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3 :\\ ] N @ 90% Rolled Titanium contents, %
) — - NN —___Homogenized hear 0.005 0.05  0.14 0.20 0.23
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2 O 50% Rolled
O €© 75% Rolled
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0 0.05 0.10.140.20.23
Titanium, % Did
Fig. 10 Effect of titanium contents on the grain size
of hot rolled sheed of 99.99; pure aluminium.
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FTW, #2 =Y L EOEICE b7 T M AL LT
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- F Ey BRI 0f %z 750
75 =Y RINMOR B BRIEEMTES0% 3 LOT5% Photo. 22-3 Same as Photo 22-1, but annealed after
DEHDEDNTIRLIBITH Do hot rolling. x1
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Homogenized heat treatment

Did

Did not

Titanium contents, %
0.005 0.05 0.14 0.20 0.23
Phote. 224 Same as Photo. 22-1, but section rectangular
to rolling direction. x1

Homogenized heat treatment

Did not

Titaninm contents, %
0.005 0.05 0.14 0.20 0.23
Photo. 22-5 Same as Photo. 22-1, but annealed after
hot rolling. x1
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BN, FE =Y LRI L DSOS Lk
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Section parallel to rolling direction. As hot rolled
O: Homogenized heat treat
S: Homogenized heat treated

o1 02 03 04 05 3l

52 83 S4 S5

i

1 0.0059%Ti
2 0.05%Ti
3 0.149Ti
4 0.2% Ti
5 0.23%7Ti

Section rectan-
gularto  rolling

direction As. hot

rolled

Same as above
but annealed

ofter hot rolled.

Phote. 23 Macrostructure of 99.9% aluminium hot
rolled sheet. (75% reduction) X0.8

19 T v T- T T
Rolling reduction (%) As hot rolled
For 99.5% pure aluminium ———
20 50 — T & homogenized heat treatmant did
. N not affected to grain size
N as hot rolled shset ———mmmrmm —
e (U "
E 0.5 RSN
- 90 —~ ¢ o
80
< 50 =% + Annealed 450°C ~—-——
S 0.6 X for Thr after hot rolling
0.4 N
0.2 75 TN
AN
0.1 RN
50 I =
0 - -
0.01 0.1 0.2

Titanium, 95

Fig. 11 Effect of titanium contents on the grain size
of 99.5% pure aluminium hot rolled sheet.
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e L % 8 heat treatment 1.5 F - ? 57%
I ! AR X
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501 Y =y |1 I | { ‘ {11 1hea
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Fig. 12 Effect of titanium contents on the grain size

B

&
Fi

of Al-49Cu alloy hot rolled sheet based on
99.99; pure aluminium.
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Fig. 13 Effects of titanium contents on the Al1-2.59%
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i

Mg alloy hot rolled sheet based on 99.9%
pure aluminium.
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LI BN, A = MR X BT ARk o B bk
B2 B, F OB E MM 2T R oo b D
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Fig.13 &m Uico

Nho MR LBIEDEBIIERD Bk,

ENTERED & F OO FE R TEN% £ C©, 72
= AEOBEINC L b o THAI L LTnD 2 L0380 6
ST FEAE

012 0.20.23
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Fig. 14 Effect of titanium contents on the grain sizo
of Al-159%Mn alloy hot rolled steet based
on 99.59 pure aluminium.
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) hot rolling /
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1 %
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Grain size of hot-rolled sheet, mm

Fig. 15 Relation between grain size of cast 99.99/ and 99.5% pure aluminium alloy
and that of hot rolled sheet.
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As hot rolled
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Fig. 16 Relation between grain size of cast Al-49Cu alloy and Al-259% Mg

— 18

alloy based on 99.99; pure aluminium and that of hot rolled sheet.



April 1062 ERE 2R ¥R (112)
. = PIERRMOKRA 7RIS DS D &% 2 BbRT
[ g et | e Do LichinT, #4=v ATMATHEGROKLS 75

D75 yd
® 90

2 // 1
/
L//D // / As hot rolled
2

A'eYld

Grain size of ingot, mm

Annealed after
hot rolling
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Fig. 17 Relation between grain size of cast Al-1.5%Mn
alloy based on 99.5%; pure aluminium and that of
hot rolled sheet.
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Fig. 18 Effect of homogenized heat treatment and iron
and titanium contents on the annealed structure
of the hot rolled Al-15% Mn alloy based on
99.999% pure aluminium.
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Photo. 24 Effect of homogenized heat treatment and
titanium addition on the macrostructure of
the Al-1.5%Mn alloy hot rolled sheet based
on 99.99% pure aluminium.
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Fig. 19 Effect of annealing temperature and titanium
contents on the grain sige of cold rolled 99.9%
pure aluminium sheet. (77% reduction)
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Temperature, °C
Fig. 20 Effect of annealing temperatare and titanium
contents on the grain size of cold rolled 99.5%
pure aluminium seet. (779 reduction)
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Fig. 21 Effect of annealing temperature and titanium
contents on the grain size of cold rolled Al-4
%Cu alloy sheet based on 99.99 pure aluminium.
(779 reduction)
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‘g / 9)' \—- Homogznized
&
/// O 0.1274Ti
77% cold reduction
0.1 Y )
//rJ\/ / — 0.23%,Ti — 350 400 450 500
// y. Q Temperature, °C
/g/ / / Fig. 23 Effect of annealing temperature and titanium
Vs contents on the cold rolled Al-15% Mn alloy
// cold rolled sheet bassd on 99.59; pure aluminium.
(999 reduction)
0.02 —
W Homogenized heat treated Not homogenized heat treated
Titanium contents, %
0 0.05 0.15 0.20 0.25 0 0.05 0.15 0.20 0.25
350 400 450 500

Temperature, °C

Fig. 22 Effect of annealing tempsrature and titanium
contents on the cold rolled Al-2.5% Mg sheet
based on 99.99; pure aluminium. (77% reduction)
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99.59% Al
Al-4%Cy
Al-2.5%

M3

Al-1.5%
Mn

Photo. 25 Effect of small addition of titanium and
homogenized heat treatment on the annealed
structure of 99.9%; and 99.5% pure aluminium
and Al-49;Cu, Al-2.59% Mg and Al-1.59Mn alloy
based on the above aluminium. (Annealing
350°Cx 1hr)
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Not homogenized heat treated Homogenized heat treated

Titanium contents, %
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0.05 0.15 0.20 0.25

99.9%Al
99.5%A1
Al-4%Cy
Al-2.5%
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Al-1.59%;
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Photo. 26 Same as Photo. 25, but annealed at 500°C
for 1hr.
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Table 16 Chemical composition of aluminium

virgin metal and mother alloy used
in experiment 6

Chmical comosition, %

|CuiFe|Si\Mn[Mg|Cr|Zn | Ti] a1

0.013;
0.001

0.011; 0.003
Tr 3.96

99.31

99.3%A1 0.025 0.47 0.14
Bal

0.0021 0.024
Al-42Ti | 0.01| 0.01 0.0t

0.002) 0.02

6.3 RBRAEPLUER

Table 17 R +{LBER oA H T 2ERE B &, #E
99.3% DT A=y AT E =y n% 0.05% FHinLTE
B U
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Table 17 Chemical composition of the test 6.4 EBRERP LUES
specimen used in experiment 6
Chemical composition, % 6.4-1 FHROTEMM
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99.3%A1+ | 0.025 0.47 0.14 0.013 0.002] 0.024 0.011] 0  Bal Bl% . Photo.28 il 99.3% D7 v =y nic 0.06%
9987 Akt rq | 0.025 0.56 0.16) 0.013) 0.002) 0.02¢/ 0.011| 0.0  Bal F R = DA U R O 8 kA 7R L7 Photo.29
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a. Bath b. Water cooling tank c. Specimens
d. Moter e. Thermo meter f. Amp. meter
g. Switch h. Variable resistance
L) d
= O
f

Qutlet of colling

water g
g
h
Inlet of
+ - colling water
— O
To. selenium rectifier
Fig. 24 Schema of the apparatus for anodizing

treatment of test specimens.
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Cast structure of ths surface scalped 1.5mm

Phote. 27 Cast structure of the 99.3% pure aluminium

for rolling.

Cast structure of the surface scalped 1.5mm

<A

Photo. 28 Cast structure of the 99.3% pure luminium
with 0.05% titanium.
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Photo. 29 Microstructure of the ingot showed on
Photo. 27 and 28. x100x1/2

With
10.05
9 Ti

With-
out
titan-

Photo. 30 Surface streaking appeared on 99.3% pure
aluminium with or without small addition
of titanium after anodizing.
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With 0.059%Ti

Photo. 31 Microstructure of streaking zone showed on Photo. 30. x100x1/2

Cast structure of the suarface scalped 1.5mm

X1/1.5x1/2

Micro structure of obove ingot X 100X 1/2

Photo. 32 Macro and microstructure of the 99.3% pure
aluminium cast at 670°C
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Study on Corrosion of Metals and Alloys for Atmospheric
Distillation Plant of Crude Oil

by Shiro Sato

Experiments were made on corrosion of metals and alloys in atmospheric distillation
plant of crude oil by using a distillation apparatus of glass which was simulated to the
distillation plant. This apparatus was consisted of boiling flask, 1st condenser (110°C), and
2nd condenser (room temperature).

The metals and alloys used in these experiments were as follows; deoxidized copper,
Albrac (special aluminium brass, modified with silicon), 70-30 cupronickel alloy, Admiralty
brass, Naval brass, aluminium, aluminium alloys (8003 and 5052), titanium (ST-40 and
ST-60), titanium alloy (Ti-29Al-29Mn), low carbon steel, 189; Cr stainless steel, and
18-8 stainless steel.

Wafra crude (S=3.249) and Seria crude (5=0.06%) were used.

Distillation was performed at 250 or 350°C by injecting crude oil and steam or dil
aqueous ammonia in boiling zone to stimulate to the stripping steam and ammonia injection
in practice.

Each test piece of metals and alloys was exposed to boiling zone (bottom of flask),
vapour zone (neck of flask), intermediate zone (inlet and outlet of 1st condenser), and
condensing zone (inlet and outlet of 2nd condenser) for 100 hours.

Following results were obtained ;

1) Wafra crude was far more corrosive than Seria crude when distilled at 350°C.

2) When distillating temperature was increased from 250°C to 850°C, the corrosive
action of Wafra crude was remarkably increased, which was presumed to be the formation
of corrosive substances such as H,S and HCI by decomposition of some impurities contained
in the crude oil, but the action of Seria crude was not so much as that of Wafra crude.

3) Titanium and its alloys were perfectly resistant to corrosion in every exposure of
these tests.

4) Corrosion of metals and alloys was most severe in condensing zone (2nd condenser)
except deoxidized copper and 70-30 cupronickel alloy. Deoxidized copper and 70-30
cupronickel alloy have suffered from most severe corrosion in boiling and vapour zone.

5) In condensing zone, pittings were seen on aluminium, aluminium alloys, and stainless
steel, while general corrosion was on copper and carbon steel. But, copper zinc base alloys
as Admiralty brass were fairly resistant to corrosion.

6) Injection of aqueous ammonia to the crude at distillation to neutralize the acidity
of the distillate was effective for the inhibition of corrosion of metals and alloys except
copper and its alloys.
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Table 1 Chemical composition of speimens.

2 v&s (Ti-29%A1-29%Mné& 4, ST-AY0), L LT,
fkgl, 18Crz 7 v v Ak L8, 18-8x % » v 2§,
INBOEBR L UEEDLEN A% Table. 1 wid,
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moR & U, Fig. 1 ol UsgslaR & Lo
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I e i
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110

Thickness : 0.50mm

Fig. 1 Specimen.
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Copper and copper alloys Chemical composition, %
Element . .

No. ] Alloys D Cu P Al Si i As j Fe Pb Mn Ni Zn
1 Deoxidized copper 99.94 0.011 — —_ — 0.01 Tr — — —
2 Albrac 78.34 — 2.02 0.22 0.06 0.02 Tr — — R
3 70-30 cupronickel 67.65 — — 0.01 0.71 Tr 0.52 30.09 0.71
4 Admiralty brass 70.72 —_ — - —_ 0.002 Tr Sn=1.09 R
5 Naval brass 61.35 — — —_ — 0.002 Tr Sn=1.09 R

Aluminium and aluminium alloys Chemical composition, %

T Element . !

No. | Atloys ] ar | cw | Fe | st | Mg | Ma | za | or
6 Aluminium (1100) R 0.06 0.39 0.22 Tr Tr Tr Tr
7 Aluminium aloy (3003) R 0.03 0.54 0.09 Tr 1.18 0.02 Tr
8 Aluminium alloy (5052) R 0.01 0.23 0.06 2.49 Tr 0.03 0.25
Titanium and titanium alloy Chemical composition, %

—___ Element . .

No. | Atioys —pement | mi | N | o | ¢ | m | ® | s | Al | wa
9 Titanium (ST—4%)1)) R 0.008 0.04 0.010 0.006 0.04 0.02 — —

10 Titanium (ST-60) R 0.034 0.11 0.015 0.008 0.06 0.02 — —

11 Titanium alloy (ST-A90) R 0.010 —_ 0.015 0.010 0.05 0.01 2.04 2.11

Steel and stainless steels Chemical composition, %
Element i N

No. Alloys = T | Fe { Cc ’ Si Mn P 1 S ’ Cr 4 Ni

12 Low carbon steel R 0.06 0.04 0.29 0.014 0.012 —_ —

13 18Cr stainless steel R 0.02 — — — —_ 18.09 -

14 18-8 stainless steel R 0.04 — — —_ —_ 18.09 7.96

(1) Titanium guaranteed 40,000 psi in tensile strength.
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Fig. 2 Schematic diagram of corrosion testing apparatus.
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Photo. 1 Set of specimens.
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Table 2 Test conditions and data of distillation.

. o de oil : Water or .
Temperature of various parts, °C %ﬁ;regecg oil Dugatlon dil. aqua Cg?cgﬁtr:;:&n pH' vz.ilue
Run Crude oil . .and distilled, distillation, | 210monia amménia, of distillate,
Bottom | Neck of 1st 2 nd injected, '| injected,
of flask flask condenser | condenser I hr I3 pH or N pH
Wafra 250 150 100 room temp. 34.5 7.56 100 2.7 — 3.03~3.45
1 st.
Seria 250 150 100 room temp. 33.2 15.51 100 2.2 — 3.80~4.20
(1) Wafra 250 150 100 room temp. 38.9 7.30 100 1.7 pH : 10 8.20~9.20
2 .
nd Seria 250 150 100 room temp. 32.7 16.01 100 1.6 pH : 10 8.10~9.65
Wafra 350 250 110 room temp. 34.3 16.88 100 2.2 — 2.30~2.72
3 rd.
T Seria 350 250 110 room temp. 35.1 29.70 100 1.3 — 3.10~4.10
Wafra 350 250 110 room temp. 33.0 18.17 100 0.8 1/10 N 7.45~9.20
4 th.
Seria 350 250 110 room temp. 30.2 23.86 100 0.7 1/30 N 7.30~9.00

(1) Crude oil was neutralized by NaOH before distillation.
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Table 3 Results of corrosion test in Ist run in which

distilled for 100hr. with injection of water.

Wafra and Seria crude were heated at 250°C and

\ Corrosion rate, mm/year

\ e

3 Ny - Position Flask ist condenser 2nd condenser

\\ Crude Bottom Neck Inlet Outlet Inlet Outlet
\%_

Test piece Wafra Seria Wafra Seria Wafra Seria Wafra Seria Wafra Seria Wafra | Seria
Deoxidized copper 0.024 0.352 1.095 0.140 0.120 0.375 0.096 0.279 0.112 0.236 0.040 0.220
Albrac — — — —_ 0.009 0.024 0.008 0.019 0.061 0.060 0.011 0.059
70-30 cupronickel — — - —_ 0.024 0.013 0.014 0.013 0.087 0.191 0.035 0.134
Aluminium (1100) 0.005 0.010 0.004 0.010 0.021 0.004 0.015 0.004 0.072 0.015 0.009 0.021
Aluminium alloy (3003) — —_ — — 0.022 0.005 0.015 0.004 0.027 0.010 0.048 0.008
Aluminijum alloy (5052) — — — — 0.029 0.002 0.009 0.005 0.017 0.019 0.007 0.005
Titanium (ST-40) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Titanium (ST-60) - — -— — 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Titanium alloy (S8T-A90) — — — — 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Low carbon steel 0.016 0.008 0.025 0.018 0.446 0.113 0.221 0.036 2.985 1.450 0.661 0.933
18 Cr stainless steel — —_ — — 0.012 0.004 0.021 0.003 0.356 0.128 0.111 0.055
18-8 stainless steel — —_ — - 0.009 0.004 0.008 0.004 0.010 0.029 0.004 0.016

— : Not tested
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Table 4 Degree of loss in tensile strength and elongation in percent on aluminium, aluminium alloys, steel
and stainless steels, exposed to the 2nd condenser in Ist and 2nd run of the corrosion tests.

Degree of loss, %

Test condition

Crude oil 250°C+water

Crude oil 250°C+dil. agua ammonia

Crude oil Wafra Seria Wafra

Specimens Tensile strength Elongation, Tensile strength Elongation, Tensile strength Elongation
Aluminjum (1100) 12 42 8 27 — —
Aluminium alloy (3003) 3 33 3 12 1 11
Aluminium alloy (5052) — 10 — — 18
Low carbon steel 16 63 7 22 5 18
18Cr stainless steel 12 50 - — -— -
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Tabel 5 Results of corrosion test in 2nd run in which Wafra and Seria crude were heated at 250°C and
distilled for 100 hr. with injection of dil. aqua ammonia.

\\ Corrosion rate, mm/year
\Position Flask 1st condenser 2nd condenser
Crude Bottom Neck Inlet Outlet Inlet Outlet
R
Test piece Wafra Seria Wafra Seria Wafra Seria Wafra Seria Wafra Seria Wafra Seria
Deoxidized copper 0.187 0.133 1.616 0.305 0.390 0.492 0.588 0.403 1.329 0.339 0.816 0.286
Albrac — — — —_ 0.079 0,021 0.023 0.024 0.284 0.121 0.076 0.036
70-30 cupronickel - — — - 0.266 0.010 0.026 0.009 0.445 0.074 0.089 0.027
Aluminium (1100) 2.438 0.293 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.039 0.008 0.021
Aluminium alloy (3003) — — - — 0.000 0.002 0.000 0.002 0.003 0.000 0.010 0.013
Aluminium alloy (5052) — — — — 0.000 0.000 0.000 0.000 0.008 0.000 0.005 0.007
Titanium (ST-40) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Titanium (ST-60) — — —_ — 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Titanium alloy (ST-AD) — — - — 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Low carbon steel 0.053 0.037 0.048 0.052 0.030 0.019 0.036 0.029 2.984 1.036 2.297 0.532
18Cr stainless steel — — —_ - 0.018 0.003 0.011 0.005 0.226 0.050 0.013 0.025
18-8 stainless steel - — —_ —_ 0.005 0.004 0.004 0.003 0.016 0.046 0.041 0.007

Table 6 Results of corrosion test in 8rd run in which Wafra and Seria crude were heated at 350°C and
distilled for 100hr with. injection of water.

Corrosion rate, mm/year
Position Flask 1st condenser 2nd condenser
" Crude Bottom Neck Inlet Outlet Inlet Outlet

Test piece Wafra Seria Wafra Seria Wafra Seria Wafra Seria Wafra Seria Wafra Seria
Deoxidized cooper 13.381 0.480 20.036 2.270 4.539 0.560 3.810 0.360 1.492 0.270 1.013 0.080
Albrac 0.108 0.003 0.271 0.000 0.032 0.023 0.046 0.019 0.500 0.019 0.341 0.029
70-30 cupronickel 5.873 0.000 5.799 0.000 0.118 0.000 0.050 0.000 0.369 0.000 0.272 0.000
Admiralty brass 0.101 0.039 0.018 0.002 0.031 0.027 0.039 0.019 0.239 0.019 0.478 0.034
Naval brass 0.000 0.000 0.015 0.000 0.023 0.015 0.024 0.015 0.247 0.015 0.318 0.042
Aluminjum (1100) 0.007 0.000 0.013 0.000 0.005 0.000 0.008 0.000 0.357 0.000 0.339 0.000
Aluminium alloy (3003) 0.007 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.376 0.000 0.333 0.000
Aluminium alloy (5052) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.229 0.000 0.169 0.750
Titanium 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Low carbon steel 0.637 0.045 0.884 0.000 0.951 0.019 1.610 0.066 5.866 0.210 8.756 0.008
18Cr stainless sjeel 0.000 0.000 0.000 0.000 0.126 0.000 0.007 0.000 1.633 0.003 2.284 0.008
18-8 stainless steel 0.000 0.000 0.010 0.000 0.085 0.000 0.203 0.110 0.436 0.015 0.086 0.000

5
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Table 7 Degree of loss in tensile strength and elongation in percent on some specimens corroded by Wafra
crude in 3rd and 4th run of the corrosion tests.

\\\\ Degree of loss, %
\ . ’{‘gst condition Wafra crude 350°C+water Wafra crude 350°C+dil. aqua ammonia
- =
Wion Neck of flask 2nd condenser (Inlet) Neck of flask 2nd condenser (Inlet)
Tensile . Tensile . Tensile . Tensile " .
Test piece strength | Elongation | o .onoyy | Elongation | ooy | Blongation | ooy | Elongation

Deoxidized copper 100 100 — — 100 100 20 32
70-30 cupronickel 31 30 e — 53 35 — —
Aluminium (1100) - - 7 38 — — 2 35
Aluminium alloy (3003) - - 4 25 - — 8 69
Aluminium alloy (5052) B — 10 33 — — 6 45
Low carbon steel - — 40 40 - — -
18Cr stainless steel - | - 20 38 — — 38

(a) Deoxidized copper

e R

(d) Alyminium (1100)

(e) Low carbon steel

(F) 18Cr stainless steel

Photo. 3 Cross sections of specimens corroded by the exposure to the vapour zone (neck of flask)

of Wafra crude in the 3rd run of the tests.
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(i) low carbon steel

(k) 18Cr st

(e) T\la

ainless steel
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Wafra gFihc X » CRIRMONEERE, 30% % = 7' v =
v v, B L ORI R eI AT OR &4 19T Photo.3
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(1) 18-8 stainless steel

Photo. 4 Cross sections of specimens corroded by the exposure to the condensing zone (2nd condenser)

of Wafra crude in the 3rd run of the tests.
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Table 8 Results of corrosion test in the 4th run, in which Wafra and Seria crude were heated at 350°C and
distilled for 100hr. with injection of dil. aqua ammonia.

Corrosion rate, mm/year
Position Flask 1st condenser 2nd condenser
[ —
Crude Bottom Neck Inlet Outlet Inlet Outlet
Test piece Wafra Seria Wafra Seria Wafra Seria Wafra Seria Wafra Seria Wafra Seria
Deoxidized copper 11.079 0.031 20.053 2.419 6.084 0.182 5.313 0.192 4.850 0.849 2.716 0.333
Albrac 0.332 0.000 0.618 0.000 0.008 0.005 0.007 0.013 0.425 0.082 0.346 0.029
70-30 cupronickel 4.224 0.019 8.479 0.760 0.219 0.004 0.143 0.008 0.201 0.332 0.004 0.350
Admiralty brass 0.632 0.064 0.075 0.054 0.001 0.029 0.003 0.034 0.680 0.044 1.371 0.028
Naval brass 0.000 0,031 0.000 0.076 0.000 0.000 0.000 0.009 0.143 0.079 0.017 0.020
Aluminium (1100) 0.000 0.005 0.000 0.010 0.000 0.000 0.000 0.000 0.041 0.000 0.002 0.000
Aluminjum alloy (3003) 0.000 0.026 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.024 0.000 0.053
Aluminium alloy (5052) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Titanium (ST-40) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Low carbon steel 0.851 0.166 1.532 0.177 0.104 0.000 0.371 0.027 1.060 0.317 0.354 1.079
18Cr stainless steel 0.060 0.059 0.003 0.000 0.002 0.000 0.013 0.000 0.064 0.004 0.009 0.000
18-8 stainless steel 0.000 0.002 0.000 0.000 0.008 0.000 0.032 0.000 0.017 0.000 0.079 0.000

BRI R BEARIEERBRIT T OWT, 5EER 3 DR
BrhEENL B, 30%% 2 7 r=y v, B
LMK E Mot H2a v 7 vy —HOB AZE Walrap,
Seria BEENC X5 & OWTIL K L OMRE&ICB LT
VRERER 3 DfER L EMRR L, Ty E=THAK LD PHEA
OFBIR B h o T

Uin L& &bt ok ko Walra REJFRIIC X 55 2 2
v F vy — ok Photo.2 #10 & 5 T4 b Photo.2
DEMEDREL B bbb L, BRI OMRIDE
UL BB S T\ oo F DI ARITER 3 i3 i,
1/5 ¥k, FNBETRETCETLTRY, 7¥E=TE
A LB pHBAMOSRIE X D TRKEWLDERZT L
Nizo Seria FEFMHNT DWW TIE BB ARIME 20
LdoT, 7¥EaE=T7TEAOKEIL DI Bh ol

342 BIEERR

B A DFHHE RO RICHBIC RO TN S b D
1t Table 7 #Hlicik Lz & 5 e, Wafra ERHIIC X -
TEEXNEBRE O 5 bEEHoimBm, 30%% 2 7=
=gV, 2oy Ty~ ANOTVI =T A TNV
3=y ase, 18Cr a7y vARSETHD ., B2 Hxlk
W S E 23 U D LT w oo AR
E I Bivicicdic, BERMY s SO DET IR
X bivninolo

34.3 WA

¥ L OERA S OWIHEES ARIE, W 95 3 oIk

DB OV TEEH B & A2 ah o foo
4 = Z=

R OFALE & BAOBFRE VT, —IBER &
LT ORI TG 2 2 v 7 v 7 — OB AR
L LS, 77 2ah, ¥, 1 ay7 vy —SORERTH
OB AR o foe B2 2 ¥ 7y vy —EEAIN
KAy & SRS OTMES ) Ak ST A ETH Y Dry
M Wet WELMETH Do b & H EWERHEEDO N
Vv ayFyy N BB TH B

:@:am%%m%ﬁ%f—ﬂ%iﬁéﬁmg&i%%
7 — 2 & b—8T 5 LD THHo BIFMNIIIEER & %R 3,
AT 530% % o 7=y X VTS 7 7 & 2 KH,
HHBEOBANBFCI L, Y2 HEVWOBEERLRLTE
S A ALY 1 Cnice 7 7 2 2 EHE ORISR L
Ui et s Xkt Lick 2A Fig. 32 &< a-
CueS 2N, ZOBANSRDOA A VI LHEDT
BB ENHERI N,

Wafra FeEiOAN:E Seria EEMOBE AL 7 &~
2= 7 REA LR WEE I DOWT IR IuE, k4 250°
Ciom#h U7cig 413 Table 3 s BB X 5 ik Wafra
FEBUMO RS &l & Seria FEFEMMORAMEOMI, FEihoA
FUVRIVCHESOSHEOENDFTHEND X5 K&k
BEMEDXEIIRZT Dol L L, RIBOIEER



(132)

T K 8 &€ B % &

April 1962

50 40 70

Intensity.

40

I deremmlemlesrdmssdues e —

a—CuzS$ (Ortho-rhombic)

A ] Il L § I 1

4.0 3.5 3.0 25

23 22 21 20 19 18 17

Spacing. d, A
Fig. 3 Xray analysis of corrosion product of deoxidized copper exposed to the vapour zone of Wafra crude

in 3rd run of the tests.
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Fig. 4 Effect of ammonia addition on the corrosion rate
of deoxidized copper and low carbon steel by Wafra
crude in 3rd and 4th run of the corrosion tests.
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Table 9 Comparison of corrosion rate calcurated from
data of weight loss and depth of pit.

et Wafra crude Wafra crude 350°C+dil.
Test condition| 350°C+water aqua ammonia.
Corrosion | Corrosion | Corrosion | Corrosion
Specimens rate from | rate from | rate from | rate from
weight loss,/depth of pit,| weight loss,depth of pit,
mm/year | mm/year | mm/year | mm/year
Alummiu%wo) 0.36 18 0.04 35
Aluminium
alloy (3003 | 038 2 0.00 ?
gllg;mmu%%z) 0.23 18 0.00 18.9
18Cr stalnlsethel 1.63 26 0.06 18
18-8 St‘.:«).mleSStSee1 0.44 4 0.02 0.5
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A Metallographic Study on Ti-Al-Mn Alloy (Rep. 3)
Phase Transformation in Ti-Rich Alloys of
Ti-Al-Mn System

by Tomo-o Sato, Yen-Chieng Huang and Yutaka Kondo

The metastable phases produced during heat treatment in Ti alloys always exert an
influence upon their properties. Using some Ti-rich alloys in the Ti-Al-Mn system, the
martensitic transformation start temperatures of 8 phase during quenching have been
measured by a rapid thermal analysis with a newly devised argon-gas quenching apparatus,
and the processes of decomposition of the retained 8 and the martensite phases have been
investigated by means of a dilatometer, a microhardness tester and a microscope, while
tempering at a constant heating rate of 2°C/min. The Ms point drops significantly by
increasing the amount of Mn but not Al. The equithermal diagram of Ms points of Ti-rich
alloys of this system has been illustrated in Fig. 2. A quenched alloy consisting of retained
B phase only shows a large contraction in the range from 250° to 400°C, and the hardness
rises in proportion to the contraction from VHN 3850 up to 570, but little change was
observed in the microstructure. A quenched alloy consisting of only martensite phase with
shows no perceptible change either in dilatation and hardness or in microstructure during
tempering. The evidence of contraction in dilation and the hardness increase during the
tempering may be due to the formation of a transition phase, so-called w, transformed
from B phase. However this phase was not determined microscopically.
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Fig. 1 Ms curves for Ti binary with Al and Mn.
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Fig. 2 Equi-thermal curves for Ms points of Ti-rich
alloys in the system Ti-Al-Mn.
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Table 1 Chemical compositions and structures of quenched specimens.
i Chemical composition,% \ Quenching Strugtures X-ray VEN
Case Specimen Al Mn tempegz(x;ture, ogpgg;rﬁ(éﬁzd diffraction pattern
a Ti-4%A1-8%Mn 3.76 7.81 1000 B b.c.c. _9176*,”
b Ti-1%A1-1%Mn 1.18 1.04 1000 a’ c.p.h. - _%OL
i ) c¢.p.h.
Ti-29%A1-2%Mn 2.14 2.13 1000 o’ +B + 305
b.c.c.
c.p.h.
c Ti-4%Al1-4%Mn 4.26 4.23 1050 a’+8 + 295
b.c.c.
b.c.c.
Ti-6%A1-6%Mn 5.89 6.04 1100 B+a’ ¥ 320
c.p.h.
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Fig. 3 Differential dilatometric curve of water-
quenched Ti-49%Al1-8%Mn alloy by heating
at 2°/min. Hardness was measured in water-
quenched state after heating up similarly up
to each temperature.
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A X110 B

X110
Ti-495Al-8%Mn, quenched from
1000° after 30 min heating. Re-
tained B. VHN. 376

Ti-694 Al-694Mn,

quenched from
1100° after 30 min heating. Re-
tained B-F-martensite. VHN. 320

C X 400 D
Ti-49%Al-49,Mn, quenched from  Ti-195Al-19%Mn, quenched from
1050° after 30 min heating. Re-  1000° after 30 min heating. Mar-
tained B-+martensite. VHN. 290 tensite. VHN. 301

Photo. 1 Microstructures of water quenched specimens.
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A X 400 B X110 C X 400 D X 400
Heated up to 400° by 2°/min  Heated up to 450° by 2°/min Heated up to 550° by 2°/min  Heated up to 700° by 2°/min
after water-quench from 1000°.  after water-quench from 1000°.  after water-quench from 1000°.  after water-quench from 1000°.
VHN. 548 VHN. 562 VHN. 457 VHN. 385

Photo. 2 Microstructures of tempered Ti-4%Al-82Mn alloy.
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Fig. 6 Differential dilatometric curve and hardness
change of water-quenched Ti-29Al1-29,Mn
alloy for the same conditions as Fig. 3.
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Photo. 3 Microstructures of tempered Ti-1%Al1-19%Mn alloy.

i
2 |15? cycle
e : —== 2nd cycle} |
55 ¢ |
3 o
=8 4 \ .
° e EEe—]
- I N e i SPPE = P e
e L Wi
» -4
P
£3
£2 600
":é” 500
53 400
2T 300 ——
<
200

n 100 200 300 400 500 600 700 800
Temperature, °C

Fig. 7 Differential dilatometric curve and hardness
change of water-quenched Ti-4%Al1-4%Mn
alloy for the same conditions as Fig. 3.
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Some Experiments on the High Temperature Mechanical
Properties of 2018 and 2218 Aluminium Alloys

by Seikiti Hukai and Katsuzi Takeuchi

The high temperature mechanical properties of 2018 aluminium alloy have been
published®, but it should be needed to study the properties more in details. The present
investigation is the compilation of the several research experiments conducted here on the
tensile and fatigue properties of 2018-T6 and 2218-T6 aluminium alloys from room
temperature to 300°C. We further discussed the effect of shot-peening on the fatigue
strengths of 2018-T6 aluminium alloy for the notched and unnotched specimens at room
temperature and 200°C.

The chemical compositions and the mechanical properties of the materials are shown
in Table 1 and 2, respectively.

The fatigue tests are conducted at the temperature ranges between room temperature
and 300°C and the fatigue strengths are measured at 107 cycles. The fatigue testing
machines are Krouse high speed high temperature fatigue tester (3,000 or 5,000 rpm) or
Ono’s high temperature rotary-bending fatigue tester. The shapes of the fatigue test
specimen are shown in Fig. 1. The unnotched specimens are finished with emery paper
4/0 and notched ones are of two types, one is of semi-circular groove and the other is of

" 60°-V notch and they are as machined.

The shot-peening treatment are done on the unnotched and semi-circular groove
notched specimen. The shot-peening machine is of the centrifugal type and the shot is of
cut-wire shot. In order to determine the working conditions, the other specimens of the
standard form for rotary-bending fatigue test is shot-treated in five conditions shown in
Table 3 and the fatigue strengths are measured on 1,700 rpm stress reversals. In the present
investigation, the working condition I in Table 3 is employed for this condition gives the
highest fatigue strength.

The high temperature tensile properties in relation to the temperature are shown in
Fig. 4 for 2018-T6 and 2218-T6 aluminium alloys. The present result shows that the 2018~
T6 aluminium alloy has the higher static strength than that of 2218-T6 aluminium alloy
at temperatures between 100° and 150°C, and there is not much of difference in it between
the two specimens at above 200°C. Fig. 5 shows the tensile properties of 2018-T6 aluminium
alloy related to the soaking time at 200°C.

The S-N curves of 2018-T6 and 2218-T6 aluminium alloys are shown in Figs. 6 and 7,
respectively. The fatigue strengths and the reduction percentages of them are shown in
Table 4, Figs. 8 and 9 refer to the relations between the temperature and the fatigue
strength, and the reduction percentage, respectively. The fatigue strength of 2018-T6
aluminium alloy become lower with the increasing temperature and the rate of decrement
become somewhat prominent at around 180°C. The reduction percentages of fatigue
strengths are 10.9 percent at 100°C, 26.7 percent at 200°C and 47.3 percent at 250°C.
Whereas in 2218-T6 aluminium alloy the fatigue strengths are more or less the same in
the temperature range between room temperature and 150°C, and with the increasing
temperature the fatigue strength becomes lower. The reduction percentages in this case

T S O Y i
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are 13.3 percent at 200°C, 50.0 percent at 250°C and 59.3 percent at 300°C. 2018-T6 aluminium
alloy seems to show the lower fatigue strength than that of 2218-T6 aluminium alloy at
temperature range 100~150°C as shown in Fig. 8. The experiments are conducted at 3,000
or 5,000 rpm, but their high temperature fatigue strength might not be influenced by the
speed of loading cycles in the case above mentioned.

The S-N curves of non-shot-treated and shot-treated 2018-T6 aluminium alloy at room
temperature and 200°C are shown in Figs. 10 and 11, respectively. The fatigue strengths
and increment percentages of fatigue strengths comparison with non-shot-treated specimens
are shown in Table 5, and Fig. 12 shows the fatigue strengths and comparative notch
sensitivity related to the theoretical stress concentration. The fatigue strengths of non-
shot-treated specimens at room temperature and 200°C decrease remarkablly with sharpness
of notch from the values of unnotched specimens. It seems to show the notch sencitivity
of the specimen is not so affected by the test temperature. The effects of shot-treatment
on the fatigue strengths are remarkable for the semi-circular groove notched specimen
and increment percentage of fatigue strength at room temperature is larger than that at
200°C. In the case of unnotched specimen, the fatigue strength of shot-treated specimen
has 8.4 percent higher value than that of non-treated one at room temperature, but
inversely decreased 4.8 percent at 200°C. Figs. 13, 14 and 15 show the typical examples of
micro-vickers hardness vlaue of each specimen before or after fatigue tests. The work
hardening layer of the surface produced by the shot-treatment before the fatigue test is
about 0.2mm thick, and those layer in the case of shot-treated unnotched specimen
disappeared as shown in Fig. 14 after fatigue test at 200°C.

From the above results it seems that the shot-peening has a large effect on the
increment of the fatigue strength of 2018-T6 aluminium alloy, but this is due to the
different choices of conditions of shot-peening. In Table 7 and Figs. 16, 17 and 18, the
fatigue strengths and the S-N curves of several aluminium alloys after shot-peening are
shown. In these cases there is scarcely any effect of shot-peening on the fatigue strength.
Therefore the case of 2018-T6 aluminium alloy might be imagined as a special case.

1. #&
Miggh7 v s = ‘7an &4 2018 DR BB LTk B
P.L. Thorpe BLOEMRAFERINTNBI, EOBRED
iR PERE " b oM E BICFHE LA T 2LERSH A 5o K
i 7 v v LAdr 2018-T6 304z 2218-T6 iw>
W R L 300°C Iz Fsit 5 5 RV ONC R 55 R B %
b4 % &gk, 2018-T6 P O eI R MIZ s 2 v T &
— =Y MY S LT XD RO 200°0C It BT B
TR ¥ OB EYEES N D RE Lico

(=

I =

2 IR TR B Ue 23, BT IR 70 L 300°C oo iR
FlEREBC AW, BE 2 200°C e ki) 5 BRSO 8 E
ks L Oy BB e
2.2 S5 RERAR

BT RSB E 100° 7n L 300°C o#iffic BT {7

oz FIRET 22 7 — K5 BB INEYEA B
AR A R 0.5 B RRERES LActt, FIERMEEILS 3R
SR 0.3 420k 0.5%/mn Tl Uiz, 77 L. 200°C
TEMMEFORRT 100 B CcE L, ANEL E

Table 1 Chemical compositions of specimens.

2. ﬁ?ﬁtﬁk‘c}:()%ﬁﬁ}ﬁ Chemical composition, %
Alloy
e Cu | Mg Ni | Fe Si |Mn | Zn Cr | T i] Al
2.1 4 = # | | [ i | { I
2018 | A 3.94 0.68 2.12) 0.220 0.47, Tr | 0.04 Tr | 0.0} Bal
BB DAL I O R0 Table 1 k¢ | 018 | B| 21 0.89 2.07 0.18 0.5 Tr| 0.04 Tr | 0.01 Bal
S e P N 2218 4.34f 1,51} 2.05 0.23 0.81 0.03; 0,05, Tr | 0.01] Bal
2 ENENTRT . ok, 2018-T6#IEEH Ak LT B
Table 2 Mechanical properties of specimens.
Size and Tensile properties (22 Brinell Charpy
Alloy working Heat treatment Elastic Yield Tensile True _|Reduction | hardness, ig‘ﬁ?t
diti limit, | %7 onB ) | strength,| hreaking [Elong- /" o 10/500/30 | kg-m/cm?
condition kg/mm? (Oigé/%%ns]gt), kg/mm? ?{tgr;err;lgngtzl, ag/;on area, %
2018-T6 A 18mmée, 515°Cx 1h, H.W.Q. and 20.2 32.2 42.0 53.1 13 23 114 1.30
2018-T6 B t forged 180°Cx10h, A.C. 18.9 31.4 42.1 54.9 14 25 112 1.30
18mma, 510°C x 1h, H.W.Q. and]| . .
218 TS | eqomme, S R | o1s | 3.0 | 409 | N 11| 0.63

(1) Specimen size :

JISZ2241 (Dia. of parallel section is 14mmg¢ and gauge length is 50mm).

(2) Specimen used for the high temperature tensile test from room temperature to 300°C.

(3) Specimen used for the high temperature fatigue tests.
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b) Unnotched specimen for 2018-Té aluminium alloy.
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d) 60°-V notched specimen for 2018-T6

alyminivm alloy.
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Fig. 1 Forms and dimensions of fatigue test specimens.
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Fig. 2 S-N curves of shot-treated 2018-T6 aluminium
alloy.

Table 3 Shot-peening conditions and fatigue strengths of 2018-T6 aluminium alloy.®

Shot-peening condition Fatigue strength,®’ kg/mm? Percentage of fatigue strengths, %
Mark Size of shot, | Speed of | Total wt. of | Dia. of 108 100 107 108 100 107

mm shot, m/s shot, kg out-let, mme¢| cycles cycles cycles cycles cycles cycles

Non shot, - - — — 25 | 188 | 167 w0 | 100 100
I 0.5 49 4 15 28.7 22.6 18.7 117 120 112

I 0.7 65 3 15 28.1 20.7 16.7 115 110 100

i 0.7 65 3 7 27.7 20.5 18.2 113 109 109

i 0.7 65 1 15 27.1 19.7 15.8 111 105 95

y 1.0 82 2.5 15 29.8 21.6 15.7 121 115 94

(1) Tensile strength: 42.8kg/mm?, Yield strength: 32.9 kg/mm?2, Elongation: 13%.

(2) Finishing of surface of the specimen is emery polished.

(3) The Ono’s rotary-bending fatigue tester has been used for the fatigue experiments.
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a) Non-shot-treated
Photo. 1 Micro-structure of longitudinal section of the 2018-T6 aluminium alloy (Speeimen B). x100
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b) Shot-treated
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Fig. 3 Typical examples of roughness of the shot-
treated surface of unnotched 2018-T6 aluminium
alloy (Specimen B).
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S-N sl alic Fig. 6 36O 7T REZNEIRT
AARSEEIT F U B 55 55 5 B 3 UM R IR O IS5 R BT 6 4
By #i Table 4 i L, A & OBIfRIC I\ T Fig.
8 FIUIICENFNRT, 2018-T6 D FIMIC I 5
S-N gtk 5 Fig. 10 o FRIC BT HRBEEEA
Th D, BED SN RBRER 2D L —F Lz
D THIH DO ERY — LB Lizo BBl RiIc DL TH
HETBHLEOED LI ThbDo k. UTERBWTEE K
S RN BE D JE SR AT L ARE B 107 D fx AV Bo

(1) 2018-T6HF DOFE 575 E IR D LA DI THIRD
X D REBARL M D, 180°C Mﬂ‘i&fz%%@%ﬁﬂéﬁi&i;@%
%U< e ho =ML PL. Thorpe B OZEERRHR L —
B Ut JES5REE OB L 100°C € 10.9%, 200°C T
96.7%. 250°C T 47.3% Th olzo TN LT, 2218~
T6 O RER R AL 150°C o AT i b
(b7, X BEENG < Ind & FEFHRENRRETEL &
b, FORYEE 200°C T 18.3%, 250°C © 509, 300°C
T 59.3% T -7

(©) gEssumEy 2018-T6 $f oo A% 2218-T6 F4 k1 100
70 L 150°C OFEIE - TRREW L5 BRZ b
Bo HIHEEL 3,000 rpm, L 5,000 rpm OfGHE T ks
V) B SRR 3 0D "CAGSBUE BE OO A AN IR T TR B s JUE

Table 4 Fatigue strengths and reduction percentage
of fatigue strength of specimens.

oy |Temeere: Fatigue strepgth, | Reduction, ™ 4
Alloy oSWE|TIE ] 108 | 107 | 105 | 100 | 107
cycles| cycles| cycles| cycles| cycles| cycles
Room tem-
borature | 288 | 19.4 | 16,5 0 0 0
2018-T6 100 95.3 | 18.2 | 14.7 5.6 6.2 | 10.9
. 150 22.8 | 18.0 | 14.3 | 14.9 7.2 | 13.3
(Spe“mg‘; 180 22.4 | 17.4 | 12.9 | 16.4 | 10.3 | 21.8
200 23.5 | 17.0 | 12.1 | 12.3 | 12.4 | 26.7
250 20.1 | 13.8 8.7 | 25.0 | 28.9 | 47.3
Room tem- o a | 174 | 1= 1~ o B
porature | 24-8 | 17.4 | 15.0 0 0 0
100 24.4 | 18.0 | 15.2 1.6 | —3.4 | —1.3
150 22.3 | 17.4 | 15.4 | 10.1 0 | —2.7
2218-T6 200 217 | 16.1 | 13.0 | 12.5 | 7.5 | 13.3
250 19.3 | 13.0 7.5 | 22.5 | 925.3 | 50.0
300 15.2 8.9 6.1 | 38.7 | 48.8 | 59.3

(1) Reduction percentages refer to the fatigue strengths at
room temperature.
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Fig. 6 S-N curves of 2018-T6 aluminium alloy (Specimen
B).
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Fig. 7 S-N curves of 2218-T6 aluminium alloy.

32
28 OAT 20]81-T6
@AV 2218T4
) \ i
T TRy
€ ®
5 1\
PR - S >~
% _:__.._.__i\\ﬁ\«\\é llos cycles
5 16~ »
(o]
=2
=)
212

\S\ 10° cycles —

}107 cycles

N

\

0 100 200
Temperature, °C
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Fig. 10 S-N curves of 2018-T6 aluminium alloy (Specimen
B) at room temperature.
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Fig. 11 S-N curves of 2018-T6 aluminium alloy (Specimen
B) at 200°C.

Table 6 Fatigue strength reduction factors of
2018-T6 aluminium alloy (Specimen B).

Theoretical Fatigue strength
Tempe- lstress concen- . reduction factor, 8¢
rature, | tration factor, Shot-peening g6 {5 167
c ag cycles cycles ' cycles
1.8 N 1.48 1.44 1.60
Room on
tempera- 3.0 - 1.82 2.00 2.12
ture Condition
1.8 T 1.40 1.36 1.23
1.8 1.47 1.57 1.53
Non
. 1.82 2.01 1.92
w0 > "~ Conditi
ondition
1.8 1 1.31 1.35 1.22

(1) pk=fatigue strength of unnotched, shot-treated specimen/
fatigue strength of notched, shot-treated specimen.

Table 5 Fatigue strengths and increment percentage of the fatigue strengths of 2018-T6 aluminium

alloy (Specimen B).

Theoretical . -
Temperature, stress con- Shot peenin Fatigue strength, kg/mm? Increment ,(2 ¢
°C centration factor, peening 165 166 5 108 {go 167
ay cycles cycles cycles cycles cycles cycles
1 Non 27.5 19.0 16.5 - — —
Condition I 29.5 23.2 17.9 7.4 22.2 8.4
¢ R%c;;;ture 18 Non 18.5 13.2 10.3 — — —
emp ' Condition T 211 17.1 14.5 14.0 2.5 0.7
3.0 Non 15.1 9.5 7.6 — — o
1 Non 23.3 17.7 12.5 — —_ —
Condition I ¥ 23.0 17.4 11.9 -~ 1.3 - 1.7 — 4.8
200 1.8 Non 15.8 11.3 8.2 — —_ —
) Condition I 17.6 12.9 9.0 11.4 14.2 9.7
3.0 Non 12.8 8.8 6.5 — - —

(1) Shot-peening condition is the I in Table 3.

(2) Increments of the fatigue strength refer to that of non-shot-treated specimen.
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Fig. 18 S-N curves of shot-treated specimens of 7075-T6
aluminium alloy.
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Fig. 16 S-N curves of shot-treated specimens of 2014-T6
aluminium alloy.
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Fig. 17 S-N curves of shot-treated specimens of 2025-T6
aluminium alloy.

Table 7 Shot-peening conditions and fatigue strengths of some aluminium alloys.

Tensile properties Shot-peening condition Fatigue strength,(® kg/mm?
Alloy Yield strength| Tensile | Elon- . Total wt.| Dia. of
. Size of | Speed of 105 108 107
(O‘Z?g(/)rfflsri?’ sf{rge/r;rglrﬁé %Ztlon’ Mark shot, mm | shot, m/s of s%{lgt, Orurfléf;t’ cycles cycles cycles

Non-shot-
treated (1) — — —_ — 31.8 24.9 20.0
I 0.5 49 4 15 31.5 24.2 18.7
12%;56 9.1 507 1 I 0.7 65 4 15 31.0 23.6 17.4
extruded i) 0.7 65 4 7 31.0 22.5 20.2
v 0.7 65 1 15 29.9 20.6 15.7
A 0.7 82 4 15 31.0 23.3 18.2
Nonshot- | — - — - 2.3 20.8 7.5
1 0.5 49 4 15 27.2 20.5 15.8

2025-T6

18mme 26.3 40.2 17 I 0.7 65 4 15 27.5 19.4 16.1
(forged ) i) 0.7 65 4 K 27.7 19.5 15.0
Vv 0.7 65 1 15 - 26.2 17.8 12.9
v 0.7 82 4 15 28.3 19.4 15.6
Nomshot' | — - - - 32.8 2.5 21.9
7075-T6 1 0.5 49 4 15 30.3 23.1 18.5
(20mm¢, 62.4 67.6 9 I 0.7 65 4 15 30.6 21.7 15.9
extruded I 0.7 65 4 7 29.1 21.0 15.5
v 0.7 65 1 15 28.3 20.4 14.2
v 0.7 82 4 15 32.5 23.0 15.0

(1) Finishing of surface of the specimen is emery polished.

(2) The Ono’s rotary-bending fatigue tester has been used for the fatigue experiments.
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Table 8 High temperature strengths of specimens.

Tempera- Tensile properties Fatigue Fatigue strength (107cycles), kg/mm?
Alloy ture, Elastic Yield Tensile (f(ffce;’cglf;];‘% Unnothed,| Notched Notched, ‘ShOtireated Sh%otgii?ited
°c kh;mt, 2 Sﬁre/ngthﬁ, Sire/ngthé kg/mm? kg/mm? 1("‘(:2] -8, (e =3-0) \ Unnotched$| \ay=1.8
g/mm g/mm g/mm <g/mm kg/mm | Kg/mm? g /mm?

tenlfggr‘gture 20.2 32.2 420 16.5 16.5 10.3 7.4 17.9 14.5

100 — 35.9 42.0 14.7 — — — — —

150 — 33.0 37.2 14.3 e — — — —

2018-T6 180 — - - 12.9 — o — — —
200 — 30.1 33.3 12.1 12.5 8.2 6.5 11.9 9.0

250 — 23.0 21.4 8.7 — — - — —

300 — 14.0 15.3 — - — — — —

temaam tare 17.8 33.0 40.9 15.0 - — — — _

100 — 31.9 38.2 15.2 . — — — —

150 - 32.2 36.2 154 — e J— — o

2218-T6 200 - 2.9 32.8 13.0 - - — - _
250 — 21.7 26.5 7.5 — — — — —

300 —_ 11.3 13.1 6.1 e — — — —

2018-T6 T DTV g v P~ =¥ 7 INLAVE RO
200°C iR\ B HESFRIE & £ OREREESET 5 BT Lo
HEOHNIERESED LS5 TH B,

(1) FHriReEsiE 2018-T6 #7443 100° #4241 150°Cod
Pz s\ T 2218-T6 # & b B Ea L0723, 200°CL
Lm&é&ﬁﬁﬁmmm%m%‘mﬂd%hﬁm

(2) 2018-T6 B ORI F MEILF IR OB L » 100°C T
mg%‘2MPC1ﬂm7%\2&PC1&W3%r;gﬁvFLto
2218-T6 H D413 150°C ML & THIRD FE955 B L%
RERED @A &A%, 200°C ¢ 18.3%, 250°C ¢ 50.09%.
300°C € 59.3% 13 KT Lo

(8) MMEAIRST DL, %BT%Mi}%ﬁW%UL
FESREE VR E /N L IB0CC oI E » TR OV E B\
AR 2018-T6 3 & H LENTHD L ARREET BILS,

(4) %wﬂﬁﬁ@ﬁwﬁamakmk%<&érmof
BT L. ZOEMITEREC200°C L 4B U TH S, B
i?%&%ﬂfz(f&c%()% ELMRIBEEDEEL &-DD T, Fhiuc
BIETREOEEILBENNI WL I TH D,

(5) 2018-TOHTEIEAMA DEFEEE Y a2y P —=
YIMI L S L o TUHIRT 8.4%. 200°C © -4.8%
1FEFE L, EMBBHRE R BT OBAILER T 40.7%,
200°C ¢ 9.7 %ig F R L Uico Lo T ¥ a v &
b e =y S ANE S R I ST A RSB R R A
D S REBRFT OFCKTH D, BRC I 50528 206°C

DOPELVEETH o700 LU, BLEDOKEREC LS L v
gy P =y NI ESRE DR LR A S D L5
ERZGFBNLEDITTH DN, D7V i=y adsic>

— 10 —

WTDRBREER LD D &4

LFUHIRNRD D LIXFEN

AL TH D,

Tds. ARIEBRO—

HRR B AR R R 220 57 uKP’ﬁZrEE:lA

DIEFTE [ BB O SIRES i&&’B’H‘%ZﬂT%"‘J 0)~
B LTHEELLDTHS

D
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Methods for Analysis of Zirconium and

Its Alloys (Rep. 2)

Determinations of Chlorine and Titanium in

Zirconium and Zirconium-Base Alloys

by Toshio Sawada and Sakae Kato

Zirconium, having a low neutron absorption cross section, is highly desirable as a

structural material in water-cooled nuclear reactor cores. Because of its specific use major
concern of the metallurgist, in so far as analysis is concerned, is a knowledge of the
impurity content of zirconium metal. Provided herein are the methods which developed
for the determinations of chlorine and titanium in zirconium and its Alloys.

1.

Chlorine : A nephelometric method has been developed for the determination of chlorine.
Transfer 1.000g of the sample to a polyethylene-beaker, add 20 ml of water, 25 ml of
sulfuric acid (1+4) and 10 ml of hydrofluoric acid (1+2). When the initial reaction
subsides, add 2 ml of nitric acid (1-+1) and 3g of boric acid, heat the solution gently
until dissolution is complete. Transfer the clear, cool solution to a 100 ml volumetric
flask,add 1 ml of 19 silver nitrate solution, dilute to the mark with water and mix.
Allow to stand, at 20 to 40°C, for 30 min in a dark room as possible. Determine
the concentration of chlorine by nephelometric measurement of the turbidity of the
solution. All measurements have been made on Hitachi photoelectric photometer with
nephelometric attachment, with the aid of galvanometer, using tungsten-lamp (10V, 5A)
as light-source and cylindrical cell having internal diameter 15.5-mm. Linear relation
holds up to 600 pg chlorine per 100 ml per 700-mm scale length. Many elements would
be normally found in zirconium have no interference under the above conditions.

Titanium : Spectrophotometric methods have been developed for the determination of
titanium.

(1) Hydrogen peroxide method

Transfer 1.000g of the sample to a polyethylene beaker, add 20 ml of water,
95 ml of sulfuric acid (1+4), and 10 ml of hydrofluoric acid (1+2). Heat until the
sample is completely dissolved. Add 3g of boric acid, dissolve it by warming. Transfer
the clear, cool solution to a 100 ml volumetric flask, add 5 ml of 3% hydrogen
peroxide, dilute to a mark with water and mix. Measure the absorbance of the
solution at 385 mpu and read the concentration of titanium from calibration curve.
The absorption spectra and the wave length of maximum absorption of pertitanic
complexes developed in fluoboric acid solution were very different from those in
sulfuric acid solution, and those were found to change depending upon the concentra-
tions of sulfuric acid in fluoboric acid solution as well as upon that of phosphoric
acid in sulfuric acid solution (Fig. 7, 9). Under the conditions, Beer’s law holds for

* PP e
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the concentration up to 7 mg of titanium per 100 ml at 385 mp using 10-mm cell.
Chromium, iron, vanadium and molybdenum do interfere, but the following amounts
may be permissible: Cr3*; 3 mg, Fe3*; 1.0 mg, V4*; 300 pg, and Mo%*; 300 ug.

(2) Sulfosalicylic acid method

Transfer 1.000g of the sample to a platinum beaker, add 25 ml of sulfuric acid
(1+4) and 10 ml of hydrofluoric acid (1--2). Heat the solution until dissolution is
complete, add potassium permanganate solution (3%) dropwise to just color the
permanganate, and evaporate to dense white fumes. Cool and add 30 ml of water.
Heat to dissolve the salts. Add 2 ml of 10% thioglycolic acid and 30 ml of 509
sulfosalicylic acid solution to clear, cool solution, mix, and adjust the pH to 2.5 to
3.5 with ammonium hydroxide solution or hydrochloric acid (1+41). Transfer to a
100 ml volumetric flask, dilute to volume, and mix. Measure the absorbance of the
solution at 390 mp and read the concentration of titanium from calibration curve.

Under these conditions, zirconium does not produce any hydrate owing to the
formation of very stable complexes with sulfosalicylic acid. Beer’s law is obeyed up
to 200 pg of titanium per 100 ml overcoming the interference of zirconium. All
elements would be normally found in zirconium and zirconium itself up to lg do not
show the interference under the developed procedures.

(Continued from page 109 of the April 1960 issue of Sumitomo Light Metal Technical

Reports)
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BEEE,
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2.3 X10710A 163X 10°7V, EHI 7.7,
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A v : fEO 7 7 2 fWBRE T U 5 SA R
TEBLDOERAL, Tiikh, BRE KLY ANVTER
E# L, BBREE L LSRR LTE D% 4 DEICHT S
BRI DR VETRA I, AADFE I, FIDOTFHE @
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ok, Wik [2-8-1 ] €ico~z BantBxteste
BEEY & Do, ZHICEBER B EMERET & Bk L
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WA T, RE O LR L AR 3 JIESTROTES & A
WL BEEA WG UlcksRa Table 1 /R Uiz, 7272 L.
ZORBR T, TN ENOB—BERA W, ¥727 91t
BB R R VB A 3 g BN L CIRE Lz,
FERIDBEDMNL XS, Sl LBBic X HHGELED
BRI, TERRIAW R bR, DX KHBER, T LT
v ALKEREHE DT Ch - T, BB & LROUE /L
BT ERTE CIIIER T/ N otz
ZOERNS, BE— 7 v LKERR - 8 v B— TR OR
R AEY, RBOHMEAELTEOEELRE L
Table 1 Influence of acid and its concentration

on development and quality of silver
chloride turbidity.

Chlorine present,
. Concentration; HsBO, #g/100mt

Acid added, 00 | 00 | 600

ml1/100ml N £/100ml Scale reading, -mm
H.S04 1 0.36 150 440 725
3 1.08 155 445 720
5 1.80 150 445 715
10 3.60 150 440 720
HNO; 1 0.16 205 570 910
3 0.48 205 580 920
5 0.80 210 570 920
10 1.60 210 575 940
HF(1 to 2) 1 0.08 3 100 350 530
3 0.23 3 115 340 520
5 0.39 3 95 360 540
10 0.77 3 90 365 520
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fro EEERELE O —f% Table 2 iRk Uire W 100ml b
G 3~10ml, 7 v bk (1+2) b~1bml, V&
3g. e 1~3ml OWEOEBEK T, MDD B
BWEEDHZ ENTE I,

Table 2 Use of mixed acids solution for the

nephelometric determination of chlorine

as silver ciloride.

Acid and its concentration; Chloilgn/emggisent,
H:SO0s, [HF(1to2),| HsBOs, | HNOs, 100 ) 300 | 600
01/100ml | ml/100ml | g/100m!l |ml/100ml Scale reading, -mm

3 5 3 { 1 130 380 690

3 125 390 685

0 100 360 620

3 10 3 { 1 195 385 680
3 130 385 690

1 130 390 690

3 15 3 { 3 135 380 685
5 5 3 { 1 130 380 685
3 135 390 690

0 95 350 635

5 10 3 { 1 125 300 690
3 130 300 690

1 130 385 680

5 15 8 { 3 130 375 690
10 5 5 1 130 385 680
13 125 380 685

0 105 365 615

10 10 3 { 1 125 390 690
3 130 380 605

1 130 385 600

0 15 8 3 125 390 690
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Concentration of silver nitrate, ml of 1% AgNOgz/100m!

Fig. 1 Effect of concentrations of silver nitrate on
the development of turbidity of silver chloride.
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Fig. 2 Effect of temperature on the development of

turbidity of silver chloride.
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Fig. 3 Influence of light conditions during the standing
of the turbidity-solution of silver chloride.
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BRC B AT e o fco BEF 20D/ 100ml # 2 7
7 A ADEMEE—ICRETH I ENTE Do

o, 2L R UTEREL LR S /oD b EREB O R
HIZEL AR BES Lc#si, 50 8T BI04 4 i
BHELDCOBE Y 2388  fn o fzpt, 30~904Mdgig—2E L
Beimg i, 0ODL BB 2 &, RO RBEDS
WETE T, BBOBRETT U CHELDCIR R < /n
2T1Ce To, BEL LT 15° 3 L0 50°C DA THRE
Ulcis a8 ¢ Figd s Lo
CORRNMDERGHOEBBETIX, F 7T}
Y — I EAAR A S HORBES, 5D EEERE, 77 v v HE)
&EK;OTK%K%M%Kk%MwW%Kéﬁb\:@

e
7 N

300 Ci/100mi
~0 g C1/100m

600

Scale reading, ~mm

200 = 100pg CH/100ml | .
0

0 30 60 90 120

Stand time, min

Mark Temperature, °C Mixing time
o0 10 seconds
-0 :] 20~ 40 {30 seconds
o0 . 1 minvte
- . 3 minutes
o 15 30 seconds
4k . 50 30 seconds

Fig. 4 Effects of mixing time after the addition of
silver nitrate, and of temperatures on the
development and stability of silver chloride
turbidity.

BREETULIES CEENRINICOD I BIERERET DL
DEFEZ BN,

FoT, AFE LTI e A, Fr, CMCH
Wl ¥ ORISR A BE Uico BB RO —F & LT
CMC i (0.3%) Sml & #n L CHRfE Lok % Fig.d
TR Lico BUELEDRY L. &0 £42 5% L D04 /M—
5 LTwiei, CMC B A SR Lic W& O 17 HiR
LTELLEL ot Fio, HBHEE LI OBMRIXS

FRMC B4 b h >0 RFAMREELES Z ENRT
I ole TORENBSEANIAWENT 21 Lz,

600 |
600ug Ci/100ml -
o L L
)
: 400 -
' /3ooug C1/100m!
23 o L & L
£
g 200 /
o e
] / 100pg CI/100ml
3 o4 p y
' T T
0

15 30 45 60 75 20

Stand time, min
1 ! 1 1 1 1 L

0 100 200 300 400 500 400

Concentration of chlorine, pg/100 ml
5 ml of 0.3% CMC solution was added to each solution
before the development of turbidity.
Fig. 5 Effect of presence of CMC as stabilizer for the
silver chloride turbidity.
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X IR RS ORBE OB LA - T, EEhR
BEiC f 2B B RS w A rh oo IR 2 I B W Al i g 8
DERE Ulco O & 5 ICMEE -« ViR L
ANTEBICHEARB L. SBIEFEI v iR
% Table 3 w7k Lico M v A BEIEHE LTHE bW
BE CIHREFT OMNARE Uit Wi LRWiE I 2 5 2
7oy, 10~60 MG~ Lcdt I 2 5 2700 ZOFERN
b, HEERE BT 5 EBREOZIEHE LTI W
ENbhoto, BBORIER, HEH e 2 ¥EBCBE LT
2 10~60 BiicllEZd %,

Table 3 On the scale reading time of the silver

chloride turbidity in a cuvett that set

at nephelometer.

Scale reading Chlorine present, pg/100ml
time, Blank 100 300 600
second Scale reading, -mm

5 3 90 175 382 825
10 52 138 386 700
15 50 138 385 697
20 50 138 390 695
25 47 187 389 698
30 50 135 386 696
40 48 137 390 697
50 48 135 388 695
60 45 135 390 695

* At this time, galvanometer was still in motion.

2.3.7 Yva=y rBELH#TEORE
BHREEERVEBY Vv =y s EABREIAD EDE
b7 vV ¥ 2 BEERRO—EEA TN U CHE Lo AR
B LT, Yva=yg n R X D8R E Lo
mk. FAYEOWTEHETHE Lo

EEMER A Tabled wiR Lic, Yva=vnizlg £T
L PEEARD I otce L L, F£ ¥k 05g ¥ TF

Table 4 Influnces of concentration of zirconium

and titanium.

Zirconium or | Acid and its Chlorine present, xg/100ml
titanium, amount used 100 300 500
£/100m!l to dissolution Scale reading, -mm
Zr 0.10 | HoSO4(1t04)25ml, 128 382 695

0.25 | HF (1 to 2)10ml, 135 385 690
0.50 | HsBO;3 3g and 130 385 695
0.75 | HNOs(1to1) 2ml 132 390 690
1.00 | for each sample 135 382 695
Ti 0.10 | The same acid 130 385 690
0.25 | as in above, 135 390 690
0.50 | as well as 128 385 685
0.75 | amount 115 370 640
1.00 105 355 605
Ti 0.10 | H»SO4(1to4)25ml, 135 390 690
0.25 | HF (1 to 2)10ml, 130 385 695
0.50 | HsBOs 3g and 128 390 695
0.75 | HNOs (1to 1) 4ml 130 385 690
1.00 | for each sample 130 390 695

B RDInhotzhty COWRERBL D LIEWEREY 5 2
7co €T, CORRNIIHBBRBEDOEIL L Db D EE L
T, R 1+ ofnE%E 4ml & UTHE Lic, =B
DfER, Yva=vrbER 1g ¥ THETE 1,

F FETLHRDOE B OW TG L7afiR % Table 51
wUlzo #TEOHEREIL. WIhbIva=y adesd
ENDH NS TTREOEFEL L Th o1,

Table 5 Amounts of many elements not

interfering with nephelometric

determination of chlorine.

om s oo | SRR men ] St
emt mg/100m1 | et ‘mg/100ml
Al Al:(SO04)s 10 Mo |NazMoO, 3 *
Cd |CdSO. 10 Ni Ni SO4 10

Ca [Ca(NOgy). 10 Si Ti-Si alloy 10

Cr |Cra(SOgs 5 Sn {SnSO4 10

Co |CoSOy4 10 W Na, WO, 5

Cu [CuSO,4 10 \' Na,yVo.0q 10

Fe [Fei(SO4)s 10 Zn  {ZnSO4 5

Pb [Pb(NOy): 1* P (NH4;.HPO4 1

Mg [MgSO, 10 Ti Metal 1000

Mn [MnSO, 10 Zr Metal 1000

* Permissible amounts

2.3.8 HEHIM & MERO R Lo MBS

WALF v U Y 2RO AR EY ST U CHE L
WA T, BERBORR LT/ o7,

EEME R I RER - LT Figb Rl B 100ml
< & bR 600ug DUREEFE ik, RBETIC X - THL
LN BN 0my (M EREOEE L LC 700-mm o =
eV BRI E BT EMNTE

800

600

1=

£

i

g e
£ 400
E Y
g

o

C

A 200 7/‘

0

0 100 200 300 400 500 600
Concentration of chlorine, pg/100 ml

Fig. 6 Calibration curve for chlorine.
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S KER LU 7 v 78S EoRERRMBE, FLT
YERIEEART: & b FNTL BT, RRFERIEENESR
AT NESA

Ui L. S2Ehismx Table 6 wiRlLiz L 5T, 4L
b2 7 A —R Uil Ee 5 2. 37 ARICEWTD
SRR A S 2 oo IR, HEMF LT ¥ 7D
R b &0 D EEX Do

Table 6 Effects of life of photoelectric cell,

and of lamp on the calibration curve
for chlorine.

2.5 [CH%RR

AEFEER LU YV a= Y aieBR RO TRy [2.4
ST T UledSo CER Uiz, ERER%L Table 7
ZRLTzo

A YTy PBEB Lic&RB Y v a1 =v A bI
SRR S N o oo

Table 7 Nephelometric determination of chlorine

in zirconium and titanium sponges.

1. Chlorine in synthetic samples

Chlorine present, % 5 0.000| 0.0030] 0.0050 0.010\ 0.030 | 0.050

Chlorine present, pg/100ml

Test period 100 300 600
Scale reading*, -mm

At first time 132 386 692

After a month 130 385 688

After two months 127 387 686

After three months 122 383 678

After four months 120 381 675

* Average value of three determinations

RSO, X & LD BB OIERRM £ A5k
AT Lo T Do EERERS DI, MERI—7 A
2L U< e LCRERS U XV hs, B O TERERS
MNERIND EXIEFODERBER LD 2 HE k3 &
S D BT P\ TR U & o
2.4 MMFFHE

S g B s e Uy e D kDL K
20ml & (1+4) 25ml R X007 v bKEE a+2)
10m % 2 CIEAEIRE Liob, W@ (+1) 2mls
vih 3g A NZ CREHERET 5o

sE i AEg 100ml 2 27 7 2 2B L. KEMLT
% 80ml 125 e, WEEEE (19%) 1ml &
2O E T 5 TS D F RS D,

130 CEIRmHE D — 5w MR T & D | BB
2B UCI0R s & D 60 R ELC DMy A IET Do

R LTI ERBIE T D by BB
DR LT DI D R4 A KD Bo

) (MRS 600pg LIFI/e B & 5 1C Btk A s
N & Bo

@QFzraBorEr i, B8 U+D O R nE %
4ml &-4%,

(OWERE 20~40°C AR THYET Bo

BB D EA CIRIET 5 & L ST DAL f
B EWEFTICE < D2 X, BN 20~40°C O R
C. IR0 L D 1 EMIEE T By

G s X OBl F . [2+31] 35 L% [2-3-2)
Hic ¥4 %,

©) 12-3-8] fiixBm,

0.029 | 0.052
0.031| 0.049
0.031 | '0.051

Chlorine found, % 0.0012] 0.0026] 0.0055 0°0108
0.0014] 0.0034] 0.0050, 0.0098

0.0008] 0.0032 0.0046) 0.0098,

Chlorine found

average, % 0.0011; 0.0031] 0.0050, 0.0101; 0 030 | 0.051

1I. Chlorine in zirconium and titanium sponges

Zirconium sponge Titanium sponge

Sample
1 a \ b ‘ 4 a b , [
Chlorine found, % 0.0025, 0.0041} 0.0075 0.0072) 0.036 | 0.056
0.0020] 0.0046] 0.0062] 0.0064] 0.034 | 0.058
0.0032] 0.0038] 0.0082) 0.0075 0.037 | 0.052
Chlorine found
average, % 0.0026, 0.00420 0.0073; 0.0070; 0.036 | 0.055
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Yra=y nhOEERERT A0, BRI
F7IwmA Y~ OHEEE D ULSRE Uice RO
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1 F

I a=y hBLUOYNVaAa=y AEETDF L DREE
Km\Agmfmﬁm@%ﬂf2W$ﬂw%WM&%@ﬁ
%K%&%ﬁ%%ﬁ&%%%%ﬂgméo:@ﬁmm\m
BEH R X OB—+% v 7 VBB CRBLKE LIz T
LW LTl 2 Y BREEA A4 ¥ ORE AR LBt Bk
MBFERIN TN B,
L@%b:n%@ﬁ%u\%m@%%%iwimmﬁﬁﬁ
B IR EEIRIC W T OBE RO MERD b,
%ﬂy@w%%ﬁﬁmmEBSmﬁJ%m%K&%Mé
X O RO EDD BN, EEIIDANVRY VT VR
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3.2 BB—RY 7 v BEEREBVABBRIEKRICLIBL

FEER
3.2.1 SEIRZE
(1) ZEiekkiE sl

AszotitEeEst EPU-2 & %y v 10-mm

g~ 7 v IEER L ME 99.8% Ll Eo&ET # » 0.500g
HEEY ICELLENAD &0, B 1+1) 30ml &7
v {b7kERE 3 ml %z CTHRE LicDbiEiR 1 ml % nx <
IR CRAEEMR Lico O D0& B L Ui A EL
FE I OBE L, Ke Mz CTNRERE, SR
HLUELL 500ml & Uiz ZDBEWASTLTH 30,
1ml fhs £ > 0.10mg 50 0.25mg 24T =R e
B AR U CERIC A W e,

g (1+1. 7 v {bkER 1+2)

R (EE

B LARFEKR (3 %)

(2) ZRERTTEE

FIEBROEROE OBIEEILE LU CHERE 2 el L
oo TEBlIgHFEVZFvYE—p— I ED, 5K
20ml LR (1+1) 10ml R L 007 v {bkER (1+2)
10ml #mx CHRERT Do ¥R T VIR 38 #MA T
TR Lic Db, SBIRICHEIT 0 BERILKFEK (3 %)
5ml iz THY EELDE, 100ml 2 2772 ai#
LAN, KCERETHTHTILL S D EE D]

k. RRCIEF £ v BEER B O AR E A W LU TR
Lo 2 Y BEER A BCHW, DEET Y va=
v lg @7 2 v EERROABEE 2N L THIRE L
A L UL e
@8) ®v 7 yBBIUTHRBBEOEE L 1 4 v ORI

B2 v BEEER R BT, B LR Y 7 v BIEE
DB AR Lo

i 1+ ofmmE% 0~30ml ¥727 v 1Lk E#R
A+2) oRmEL Yva=y nERERHeSHT 58
H3h:5 5~10ml OFRMEE UTREL, EB Lc( 4
YD 340~470mp IV B A HIE UCTER LR
IWihsrg Fig. 7 iR Ui

HERERN DR Y 7 vy BEBERCRWTERT DEF £ v
BREEA 4 v ORINHEIL, RO ®i Fig. 7 @i L

§ .
V27 TN N
0‘2/ \\

0.1 \"

; )

340 360 380 400 420 440 460

Absorbance

Wave length, mu
Complexes from 3.0 mg of Ti per 100 ml developed in;

-o—0- : 0.38~0.76 N HF and 0.5M HgBOg solution,

oo : 0.38~0.76 N HF, 0.5M H3gBOg and 1.8N H2SO4
solution,

—o—o- : 0.38~0.76 N HF, 0.5M H3BO3z and 3.6N HaSO4
solution,

o—e : 0.38~0.76N HF, 0.5M H3BOs and 5.6N H2504
solution,

-o-o : 1.BN HoSO4 solution.

Fig. 7 Absorption curves of pertitanic complexes
developed in fluoboric acid, fluoboric-
sulfuric acids, and sulfuric acid solution.
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FZT, RYBOBMEXYFERCENL LT R VRO
B R A LD N i, HpiEEY Fig8 wwiklice
(HsBOs) : (HFIA1 1 <4 oOWERRICSH D L &, @5
RS 4 v DEBMRFEESRD B,

0.5 T T T
l 3.0 mg Ti per 100ml

- A&

0.4 - ot / [t s

LI

/ ©0=0 HF (1:2)5ml/100mivs. H,3BO,,

Absorbance
(=)
N
]

@@ HF( 1:2)10mi/100ml vs. Haaps,
haeds i (1:2% 5mif100m! vs.Zr, and

0.1 *—# HF (1:2) 10ml/10Qml vs. Zr™—]
j// in 1.8N H3SO, solution, respectivtely
0 4 b—-’/'/l ] ‘ i
0 3 4 5 6
Boric acid, g/lOOml
[ X 1 L 1 L i i A 1
0 1 2
Zirconivm, g/100ml
Concentrations of boric acid and zirconium.
Fig. 8 Effects of relations between hydrofluoric and

boric acids, and hydrofluoric acid and zirconium
concentrations on the development of pertitanic
complexes.

Fle, IVv2=Y L RNT ot A v ERRTH &
nh, EBINV A=Y AOFEEEIND Lo THRER LI
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BLEOREENDS, ERMk LUV 2=y 3Bk
T, 7 v A{bkERE (1+2) 5~10ml DRMEF LTH v
Meh 3g Mz TETAHZ LI Uiz
(6) BEACKEOTINE LT, HBB IV vBoBE

BERALKEOBRMBIC DN TIRE Lok R, 3 %iEwl~
10ml OFMET—E LB EL S 2, P EbF2 Y
Tmg ¥ CRELFEOIRDZENTE I, & D& R H
b, BERLKREEHE (3%) OmEY S5ml & Ui,
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Bt Uloo RBADKER, f5ERIL 08N, F /- 4 B 1 0.6N
FTCHETE /I, L, Y YBIZY vBIVva=T a0
W v HERUTHEAIE L, iBF 7 YRS A4 v
DOBITSIC LA G2 5T, ZORETREETE &
Motz

BEDIDITY Y BEOEEOWTHRE LickRo—H#l
 Fig9 iRk Ulco 722 Ly & SR UCaR Lic Bl
ik, AUF 2 vl EDF 2 v BEREY AT 18N 5
AR CHRE I I stA 4 v &, 18N phigsg 100ml &
Y v Sml ANz e TREI A 4 DT
iz L7 iRTdh b,

T T T
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respectively
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2 0.3 Y '
: 4 A
9 //
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<C 0.2 J K‘
/ ©o—ot In 1.8N H,SO, solution added
5 ml of HgPO, per 100ml
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Wave length, mp
Fig. 9 Absorption curves of pertitanic complexes
developed in sulfuric-phosphoric acids, and
sulfuric acid solutions.
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Table 8 Amounts of many elements not interfering
with spectrophotometric determination of
titanium (by hydrogen peroxide method).

Amounts that

Flem- Added as {fitirziox}:&tsinitif Elem - Added as %légenot inter-
ent mg/100m1 || ©°t mg/100ml
Al |Al:(SO4)s 10 Mo Na;MoO, 0.30*
Cd CdSO,4 10 Ni NiSO, 10

Ca |CaCl: 5 Si NagSiO; 10

Cr Crz(S04)5 3 * Sn SnS0y 30

Co {CoCly 10 w NasWO, 1

Cu [CuS04 5 \' NasV20r 0.30*
Fe FeSO, 1.0% Zn ZnS0y 10

Pb Pb(NO3). 1 ¥ P (NH4};HPO, 3

Mg |MgSO4 10 Zr  |Metal 1000

Mn [MnSO4 10

*  Maximum permissible amount
**  Permissible amouot

Fio, kAL LTy = v, AR, L0 EDTA
DIFC L BHEEALBGT UicfR, 7 =~ v REm (20%)
ik 10ml, EAEBEW® (20%) 1k 10ml, %7/ EDTA #&
W (29%) 1310ml oL EF THETX I
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BT E\ e
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Concentration of titanium, mg/100 ml

Fig. 10 Calibration curves for titanium.
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2 YEREEA A ¥ DEEDOEBIERDO BN ofon, =
NEFVBELERI V2= 22UN2 BIND L HEOFE
DBRDDLNfc LDy 7 v LKER, Sy, Yra=
Y Ly F A IR & OMICISERS DAL A
Y DEREBDORF VITIIROIAF 235 % b D EEZ B
%o 3

BF, 1 >ZrFlt>TiF, 4 "> Ti(Hy0g) ¢+
DEEA & >
3.2.2 s¥fih

=t 1g<1>7£’(2?ﬁ’~°‘) TFUVYE~D NN & D, K
20ml L@ (1+4) 25ml R L O'7 v {tkER (1+2)
10ml % fnz CTHNRPE R 5o

F LI
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DEE, RVER 3g FMITHINRER LizDb, ERIC
BHIT Do

100ml # = 7 2 2 2B LA, @RIk EK (3 %)
5ml #x7cDb, KTERETHITOTILSDEY
THHEIE 5, m
WO A CEH O Y vicE b, HE 385mu ik
Hé%%ﬁ%%%b\@%Kﬁ%bgﬁ?%ﬁ%ﬁ%%%
WD B, BB UDER LichERLBEBOF 2 v &
HERERD Do

(FE) WF 2 82 Tmg LITFicie s &5 i e idn
N&bs

(QHEAATE CIRET 5 & Ik, RO FECEUR & A7
T [HEE 1g A&V 7RIV ED, FiEE A+
156ml & 7 v {rik3E#R (1+2) 10ml %z CTNEER L
e, TERRREE Mz, O >3 & NE U TR %
R XD, MEBKK 40ml %z CHE A InENE
LicDb, BECEHH L, 100ml 2 27 7 2 3B LAN
Bol BITF. ASUEREIER Lo TF & v EERT Do
(3) () QDEfEAEA Uiz & ik, #E 410mp %
b,

WEETCHED P B DWW, 18.2.1, (T Six B,

G ESL T 2 v BHER OB ERE A B U TRE L
TR A o, ARSCBRIEI Uic o TR %0
@MEEE, %y v 10 mm % HWCER 100ml
Fx v 01l~Tmg THbH,

3. 2.3 IEHI%ER

SEEE R LOECT 2 v EEA LIy va=y na&
HplhoF 2 v & mi UisfERo—F% Table 9 /R Uiz,

Table 9 Spectrophotometric determination of

titanium in zirconium-base alloys.

1. Titanium in synthetic samples

Titanium present, % ] 0.05 | 0.10 { 0.30 1 0.50 j 0.70

Titanium found, % 0.050 | 0.105] 0.290 | 0.510 ) 0.710
0.055 | 0.100 | 0.310 | 0.495} 0.705
0.060 | 0.105| 0.305| 0.495| 0.715

Titanium found average, % 1 o.ossj 0.103 0.301] 0.500 | 0.710

II. Titanium in zirconium-base alloys

Zirconium-base alloy
Sample
a . b i c 1 d
Titanium found, % 0.055 0.130 0.375 0.405
0.060 0.125 0.365 0.410
0.060 0.135 0.380 0.400
Titanium found average, % | 0.058 | 0.130 | 0.373 | 0.405

3.3 RANWKRYLFLEERBVDIBARER
3.3.1 B LB
Aottt EPU-2 & v v 10-mm
By 2B pH 2~ 2~ GU-1 &I

F- 2 v fEUEPRWE 1 8. 2. 1 (1)) B Gl Ure 7 2 v BHER
WAk A LT, 1ml dhg x> 10pg 3 X0 50pg A#&ts
0.2N BRERAHE DA F 2 ¥ BHERE A FHE LTl W,

ARV F VEBETR (50%, WIV)

47 3~ VBER (10%., WIV)

3.3.2 &K 5

BTN L H KB DOWTIE, ¢ CRBIERTLHE
LTWADT, — R UEORETER L I TENTDIT
& EDTs
(1) SEEOWUNE & iz E

I 2 v FEESIR O A TR R E % 2 U TR U o iia A
W 8.8, 8 s | im Uie s o THRME LFEB X W7o i
D 340~460mp T HEICE A BlsE U TR LA
Hhaa Figll @R Uiz,

RO BE ORI 360mpu L H B3, ZOWRER
U THEERIRIC X BTRILDH R D KX WD T, T DFBD/N
o~ 390myp HMPEHEE Lico

1.0
Curve A, and B ; reagent blank vs.

water- .
‘Curve C, and D ; complex from 100,

0.8 ‘and 200ug of Ti per 100ml vs. A
\.%\ reagent blank A, respectively
0.6 A l |
A 3 Amounts added of 509
sulfosalicylic  acid; |
10ml per 100ml for A, C,
0.4 and D ; 30m! per 100ml —
for B
0.2 \‘ : £
0

340 360 380 400

Absorbnace

420 440 460
Wave length, mu

Fig. 11 Absorption curves of the complex of titanium
with sulfosalicylic acid.

© Forpo pH &IV a=v L OMKARE

F 2 v o AV v FvigiEEL, pH=17~52 ik
WTESFLT—E LB ES 5 % 1o,

Vv a =y M EHER E IR Tl pH=25 fhiT
IR ET B, BELETR AV Ry VT VI
AR L ZOREERBPEE L KRE W b
(Z1r1 logk=27.40, Zrsl logk:31.58;5>j)u7j<§}ffﬁﬁ>g[§j5¢'c
x5 L0 L BIIN5,

HRROMER, Yva=v nlg RETHBRER Y ik
WA 100ml & UCHEE LB A vk v v g
Wi (50%) 10ml #%fnx =& &k pH=17~45, 20ml
Mz tz & &k pH=17~5.0 (7z/Z L. pH=5.0 DB
THEETY &4 SR SB LA & % W
Toods Eio 30ml Jni iz & ik pH=25~5.0 (=71,
pH=17~2.0 oEwcid pH Tz 1 il & v 4o
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Vol. 3 No. 2 IVA=Y ABEVY NI =Y nEHODFHE (B2 (161)
KRR Ulo)  DERBR TSR L2 & A hs
oize LU, PH=4.0~5.0 OBE TIE, AVEkI T 0.5k ———
MERBEOF\EIIE . Figl2 R Ui moii o
200 i/100m!
R UTH £ 7« 2V 07 MR O 2 158 i, 0.4 k9, of Tillotm
& —
Reagent blank vs. water _g 0.3 100pg Ti/100mi
0.8 % S 3 P Bt o .
T < 02
Complexes developed in zirconium 509% sulfosaticylic acid, added
. 0.6 solution vs. reagent blank luSmI/IOOmI
e 0.1 “—0 30m!/100m|}
s .
2
)
2 04
ﬁ \O/ 0
0 0.2 0.4 0.6 0.8 1.0

0.2 ’ 1

360 380 400 420 440 460 480

Wave length, mp

Fig. 12 Absorption curves of reagent blank and
complexes developed in zirconium solution; 1 g
of Zr containing 10 ppm of Ti, by the addition
of 30 ml of 509 sulfosalicylic acid per 100ml,
and at pH=5.0.

BLEDRR S, FaropHE 25~35 & Uiz, &0
FHETHE, Y=y AORKIHER LA VR v
g oE - pH=4.0~5.0 © IV a=v L EKRCHDI-
R DERIC X DA DB L L. WKL F 2 v - 2
WVRTNVF VEBEEE OB X UCHIA L BT L NT R T,
(8) F 24 FYDEFE ANKY N F VERATROTNN
BRIOYVI=y NBEOES

Figll @R Ulc @O E Tl +4 oF2 v 4 7
VEANEFNVNFNVBORIGI L o TERTHEDEE 2
bivbho £ ¥ L DLFERPWIICELYRDD Z LIXTE
TevolemdF 2> 1 LT 104 Y EDERE TR VR
NMFVEBEE AR EX, B LEEIREFLT—EL
TR EE G % 1o

PN A= KL AR M FOVER L B ERE DK X
WAWNTDZ LD, BEAEELTFEY « 2Ry
NFVBEROREERET LI LB LD N b,
T, YV =y WPREE L 2 VR v VIR ORI R A
AL LT EDOBEEME Uico

EERGE S 4 Figl3 ik Ulce A 100ml dr 2 vk 4 v
F VERTETE (50%) OHmEN bmlpd Ximikyva=
v 0.25g OHIFETF 2~ 300pug ¥C. F/- 30ml &
Fidyvasyn 1g ORETFZ v 200ug FTE5E
BEFEOIEDZENTETF 2 Y DLDOBEWTEBND
BB L —B LTl R BB D Z N TE e INHOKERE
ML ANEY VT VBRI KUYV 2=y L WEOBRA,
a3 =Y LEBETOF 2 Y DORECKENEBY 52 5
ZEDbhole LML, Yva=y il & ENETF £
YIEEBETHHDOC, FEOKBETETL Y 5 54

jc_r

—

Concentration of zirconium, g/100 ml

Fig. 13 Effect of concentrations of sulfosalicylic acid
on development of complex with titanium in
zirconium solutions.

IET X %o

PLEDHEHRN G, AN Ry v T VBRI (50%) DIRMN
% 30ml & Uiz ZOHMED & X3 100ml A
Ihva=mvy nld 1g FETHETET, yva=y Lo
B2 v ERHCERTE %,
(R OFE & REME

5~50°C DR CTHE Uicfii—% LBt EL 5 2.,
FESSBRIDDS LGSR ETH oo Lo T
FRMTHEIETEHZ b otzs
6)7 v {LkFER Y X O L ARIO I X 52854 Al
AT D Z AR E UThR Y 7 v BRI~ DO A % Ed
L/fCo

7 v ALKHBR & R VBREER L0 7 v (LKER L Vv
= v ARE ORI OWTHRE LickiR4sy Figld wrlL

0.5 — = -
0.4 f/
. 08 Lo—o- | HF (1:2)]5mi/] 100ml vs. HoBOs,
g Lo—e-| HF (1:2)10mijf 100m! vs. HyBO,,
3 041 HF (1:2) 5mi]/100ml vs. Zr, and
§ 0.2 —da—ul HF (1:2)10mI]/100ml vs. 2r
< in] solution contai [ningZ00ug of
Tif per 100ml, resfpectively
0.1 t ;| o
4
0 0 1 9 3 4 5 6 .
- Boric acid, g/100ml
[ S Il b ) L . L i i
0 1 ' 2

" Zirconium, g/100ml

Concentrations of boric acid and zirconium

Fig. 14 Influence of hydrofluoric acid on the formation
of the complex of titanium with sulfosalicylic
acid; effects of additions of boric acid and
zirconium.
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fro Y=y a7 7 v LKEROBEH T, ) H
F) 23313 1: <3 OLEUTF 2 v « Ak vT VIRSER
OEBHAFEEEEDI, Ll & VB 7 v LKER
OEWTIE, (HsBOg) : (HF) 281:1 LB TLESL L
REMPEI NIz, £2C, (HBOs) @ (HF), 1:1
DEY 7 v BOYRET X ARG Uico FEROMR.
HF(142) Iml w8358y 7 yBBOWHET, 7 £ ¥
200ug o X AL 7 v (LkKEBRY & F i WS B1
BiE 0495 bk LT 0.366 &35 L BWER A5 2 720
Bl EDENS, RV 7 o BEREAWTERIETSZ L
WEEECR B T &b ol

Fio, LN DOWTIRE UicAs, WK 100ml fhy =
TR L OEARE 10% % 1ml ¢, ¥/ EDTA &
29 E 1ml ORINETCEEOFRELEDL LIFEL
12DT, TNHIETFFETERWI Ehbihols
@) FA4 27V 2~ VBROBRMER L HETROLE

2 vk v VERKE 3 Dk & FIS LT 7 F Y IREEIE
R LRI LTHiET 5, L. 2MlDEA 4 D
SR AR G 3 - CHFE Lig WO T, B AR TCAlA W™
BEER L > TEDYWELRE S ENTE Do MABRI%
RIFfERFF 7Y 2~ VA ED, FOHRMNEIC L DE
WS Lizo EROME, B 100ml 479 2~
AR (10%) 13 10ml % THEA D RN T
3.3.3 ST A ] DBRESFICRT HHTLROFEE
% Table 10 &R Uiz, VI BT EINTEHEEZE L.
Cr3t ka2 L, Co?t k7 FuskE#Ha L.
F7- MoS+ (I EmEE A M L CENENEDE UTHiE
575, VAT ik 1mg, Cr3* 13 2mg, Co?* % 100ug,
B E O Mob+ 11 50pg DEARE THETX oo Fiz, Cu?t
ik Cult WRITENTEEE 7 v A4 UTHIET 225,
100pg * TR EHRTE o INDOTLHEIR, TLTF 477
Ja - BEDRIGE L > TRELTETSEDEEZD
NhHo k. PETLEOTEREL, Bk LUF 5 ¥
DHOEWTEBNABE i LT 0.01 OPHEE

Table 10 Amonunts of many elements not interfering

with spectrophotometric determinaion of
titanium (by sulfosalicylic acid method).

e oo oo TR Blom ] BRSRE
ent mg/100ml || €0t mg/100m1
Al |AICIs 10 Mo |Na:MoO, 0.05*
Cd [CdCl. 5 Ni  [NiSO4 5

Ca |CaCl, 1 Si [NapSi0s 5w
cr |crCls 2% Sn  [SnSOs 30

Co |[CoCl, 0.10% W |NayWO, 1

Cu CuSO4 0.10* v NasV20r 0.10*%
Fe |Fex(SOu)s 10 Zn  |[ZnSOy 5

Pb  |[Pb(NOs)s i P [(NH.,HPO, 3

Mg |MgSO0, 5 Zr  |Metal 1000

Mn |[MnSO. 10

* Maximum permissible amount
** Silicon is completely removed as fluoride from solution
under the conditions of procedure.

Hd U7c B TR Lo

FOMOTEOLTEREIL, WINb Y va=y afiitd
FNAFMOGTEOSHFEIETH 570
(7 & &

F 2 EERE DO ATREE R ST UCHE Uil &,
F2 v EEEMBEOSBY VA=Y A 1gHEIIEIMND &
D Zie T 2 v R O ATRIRE 2 RN U CGRE Uicd
REB A N, 178.8.3 R AR i Uie s CidtE L THE
B U7ckERE Figls iR Uke EbHOEHERWT
L —H U RES B

HisEmEL, E 390mu %Y v 10-mm & T, &
W 100ml w2 v 5~200pg THBH, ZOWETIE, X
¢ Beer op:flic Uiz o 7z,

I
0.5t i l/
i /
o | e
|
8 |
< 0.3 1
3 | //
) i
0.1 /
390mp 10-mm coll
0 |
0 50 100 150 200

Concentration of titanium, pg/100 ml

Fig. 15 Calibration curve for titanium.

3.3.3 AHiHE

SUE 18 &Y 7 ICiEm D & D, BEER (1+4) 25mly
S kR (142) 10ml &z CRBEIRT 5o ¥
i~ R Y v REHE (3%) BTEMLUCHEB R
HEE LieDb, OX D> 3EME L TRIZLHER S o
PR 2 X 4

s, i 30ml & I CHIE A AR Uiz b,
VR C - 5~ CAR200mMD 1B L, RECAHT 5o

FF 7Y a—EBEE 10%) 2ml L &R vk e v
REVATE (5095) 30ml 2T b & Eh0b,
ke Em A+ T pH %3 MY o

100ml # 27523 LT, KTESEETH > TDLL
SO FHETHBEIE D,

5 AT —HAHEHOE Y v & D, K E
300mp I BISERATE L, FHECIRME LT o2
R 28 (FeD B 3 B LI LB Rt
BoF 2 a&BRERD D,

) (% 2 > s 5~200u8 10755 & 5 ik D & 5o
ol A 0.50 F 7215 0.25g 1350 & » TEMES D & XL,

TV E =
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Iryazmyv aRBLOY VI =Y AEEOSIEE GB2H)

(163)

7 v bkER (1+2) oFfnEs Sml &35,
@zoExo pH ik, 25~35 O TERET X 5,
()R 5~50°C CHta LBk, #HE S5458LIVD

< &b SHMZETH %o
(BRI 2~ BHERR O AR 2 I U CRE L

Te WO F N BSOS Ul o TR T %0 3.3.2,

(1] a2 Mo
GYERFL., E 390myu %Y v 10-mm #H T,

g 100ml rhs 2 > 5~200ug Th Bo

3. 3-4 ISR
ERER R LBV a =Y ahOF X v ER L

fEFRD—pl%a Table 11 /R iz,

RRICHAWEB Y v 2=y AEBOF £ v EHRE,

S0ppm LIFTH o700

Table 11 Spectrophotometric determination of
titanium in zirconium and zirconium-

base alloys

1. Titaninm in synthetic samples

Titanium present, % | o.0010] 0.0025 0.0050 0.0100| 0.0150
Titanium found, % 0.0008 0.0024) 0.0054 0.0004 0.0162
0.0014| 0.0028 0.0048 0.0108 0.0154
0.0012 0.0028 0.0050| 0.0108 0.0148
Titanium found average, % ] 0.0011] 0.0028) 0.0050] 0.0103 0.0154

11. Titanium in Zirconium and zirconium-base alloys

Zirconium-base

Sample Zirconium alloys
a ’ b a b
Titanium found, % 0.0018 | 0.0036 | 0.0028 | 0.0048
0.0024 | 0.0040 | 0.0036 | 0.0046
0.0020 | 0.0036 | 0.0080 | 0.0050
Titanium found average, % | 0.0020 | 0.0087 j 0.0031 ] 0.0048

3.4 B

o=y aRIOYVaZ Y MEERDF R VA ER
T HImIT, PiB— v 7 v SRy B\ 28Rk
LB EE < b UL HE Lico &V 7 v BBIAE. B
ff—k v 7 v BREATE, T L OB — Y Y BB TAmR L
B2 TREEA A 1, FBEBROEE R LTI
b FS o T WIN A 5 2 E RS OB B DSRERE
WTDHEA 4 v OREOFIE B IR LT D Sk E
BICERD Biice A HFEERESL L, BN EEROS
WP a =y ARBHCEB LT RIFRERE B o A E
iE, ER e v B WA LIl - THET # Y OEERK
LA TE b,

Teds, ANV L F VA T BIOEREERIC O T,
TTCRT7NVI=Y AthDF 2 v OEEBCSH LTEHE LT
WHDT, A CIREBEAHRENT R L EDTHH
EEREL DN, ANVNKYNVF VBRI, Y=Y adh
D 5~200ppm OWEF £ v OEBEA U CRIF iR
S B

4 # &

A=y ARXUY VA=Y AG&EDONTITERICEET S

W RO—H L LT, F 1RO EDODNT, HHERL
O F 2 ¥ DRTHRICDWTED Lo

x [y

1) ASTM Designation: E146-607, Tentative Methods
for Chemical Analysis of Zircomium And Zirconium-—
Base Alloys (19602).

2)  KGASREME, InEde s Rk &IE M 1(1960),94.

3) D. F. Boltz, Editor: Colorimetric Determination of Non
metals, Interscience Publishers, Inc., New York (1958).

4) B. Lustman, E. Kerze: Meiallurgy of Zirconium,
National Nuclear Energy Series VII-4 (1955) 687.

5) E. B. Read, H. M. Read: NMI-1171, The Chemical
Analysis of Zirconium And Zircaloy Metals, January
31 (1957).

6) Yu. A. Chernikhov, B. M. Dobkina: Zavod. Lab., 1956,
22 (9), 1019; Anal. Abstr. 4 (1957), 1498.

7y G. W. Goward, A. W. Perrine, J. F. Rodgers, H. R.
Wilson: WAPD-CTA (GLA) -193 Revision 1 April
18 (1957).

8) R. O. Backer, G. W. Goward: WAPD-CTA(GLA)-372
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Corbett: Metallurgia 49 (1954), 206 ; JIS H 1601 =% v
SiRAER (1957); BiE - B . - DRIZRE: ShiesE
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1. #&

%ﬁ\%74%7W5:7Aé&%%@¢<nkﬁ%m
FoTER MBI ERO 2 L v ) v X T 4 F — &
AR FERINRL S E LTW5, BEEr A £ 7V
I=Y ABEEFENTHDHDE, 74 EE1L2%L EE
BT HBIE/KT VI =Y AT A EEEO—ETHD, 7
AEERIT~25%EH LTS 7NVI =y 2 5E&HEHXILE
EWHEITH Do

ZOFAEE, (1) TAVEI=Y LEESEHMEORT, B
IRFREDUR BBV, (2) THEREMERRE CTH Do 3) 2D
DIFEMENRS B 7n EDOFIE A H LT W58, EE OBy
fh& LTHHT 27 A FA5, RS 2 W IEBBIRiT K
FLHE L, 20O DET H 2 WiktEiED
Lk KT, kYA Y, 77 ¥ 2 ETHERBLX
NN T Emdolce L LIESEXS 7 A OB
{LEDHEBIER - T, ESRIDREEHIEEALFERAL
nolcbBER LT 7 AV I, AXY AN THER
PR LOY Y v X - T4~ e UTERDER B O
HEALIoTE T,

CDOREEIIERD X5 & A EOMM L L
WEohind & B\ 25O T TR THRICE 7 1 %
TMI=Y AAEOEEOBIME RS,

2. BHAEZLI = LAESOENK

BAEEBFERAINTWAEr AR 7VIi=y 28e%
#£1HRER Ui,

ZDORT I - THHBAAIML, 74 EEHFRIXIT~25
%DWHTH LM, TOEHECL T, FNFhOEE

BIR BHAB s AFE7vizvnidh

[l

rA® t % R A% I
sHkk] A & &
% si }Cu|Mg}Mn|Fe | Ni | %o | @5

17 | Niiral 1761 | 17.0/ 1.0 1.0, 0.5 <0.8 3.4 Cr 0.5 |¥FA Y

18 | Mahle 138 | 18.0) 1.0, 1.0 —| —| 1.0 FAY
K.S.Alusil | 20.00 1.8 —| —| —| 0.5 ¥4y

20 | A-S 20U 20.0 2.0/ <0.1) <0.1) <0.8 1.0 774
K.S. 281 | 20,0, 1.5 1.5 <0.5 <0.7 <0.5 ¥AY

2 |Ks. 280 21.00 1.5 0.5 <07 —| 1.5 Coo0.8 |¥sv
Vanasil 22.00 1.5 1.0 —| —| 1.5 EY
Alucon B 22.0) — — — -] —] B X

22 Cr 1.0
c32, Ca2a | 2.0 2.5 068 | | 0.6 Cd08 |5 %

Be 0.008]

24 | Niral 2361 | 23.5| 1.0 1.0 —| —| 0.9 Cr 05 |Fsv
Mahle 244 | 25.00 1.3 0.8 —| —| 1.0/ croa |rqv
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I & B &7 A BaB RO M O>N CEIEREU
EHROET L. ZOREMNE WS OBRERFORE E
FE S BRSO, YV A~ LR Y DI VT T
YABIGLTHIENARET, =y Yy OEEAEDD T
LR, o TE7AHET VI AESRYR P
e LTHEO LD THD, LnLr A EBE&EENI2%EL
Eoboik, wihE UCdEd 57 A E#AHETRE D vk
ﬁ&%%gk%<m%f&&mm%m%ﬁﬁﬁ&Tb\K
IR L #H L Ol 2L T X85 DT, Wd
A EOBMLIIEECEE TS b,

MR A FRE K

M‘HWW%\”‘T‘MAWJWv"{;"\v‘m‘*a\"w\

BT A R )

SR by st A s b

efiss x 304kfER x 300
B3 Wi AT 3=y ALY REEE

3. IR A ROHMBILTE

74 F22% kB B ARIC O THIME DA IR & fL%
DBIRAEER 1 L OB 2 KR Lo
B L B 77 o T I B LT B O B BEA Y

BEH 1 Al-22%Si &&o#s#k, <100
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