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Studies on the Titanium Alloys (Rep. 3)

by Yutaka Kondo and Shujiro Suzuki

In the previous papers (Rep. 1 and 2), the results of experiments on the workability,
mechanical properties and heat treatment characteristics of several binary and ternary
titanium alloy systems making use of comparatively high purity commercial sponge (BHN
110-120) generally used in our country were described and three useful wrought titanium
alloys, Ti-8%Mn, Ti-5%A1-3%Mn and Ti-29%Al-29;/Mn were selected.

In this paper, the results of experiments on the following items ((1)-(6)] of Ti-8% Mn

alloy are described and the mechanisms of heat treatments of this alloy are discussed.

(1) Hot working

(2) Effects of cold rolling and annealing on the hardness, tensile properties, bending
properties, deep drawing properties and microstructures

(3) Tensile properties at high temperature (up to 850°C)

(4) Effects of solution temperature, cooling rate, aging temperature and time on the
hardness, tensile properties, bending properties and microstructures.

(5) Isothermal heat treatments

(6) Fluctuation in chemical composition and mechanical properties

By the above studies the followings ((a)-(1)] were found and the typical values and
specification of chemical composition and mechanical properties of this alloy were deter-
mined as listed in Table 16.

Cold rollability: good (limiting reduction by cold rolling without crack : >709%), but
the use of a special rolling mill such as a Sendzimir mill is desirable because of
Desirable annealing procedure: heating to 700°C — slow cooling (<(150°C/hr) to 550°C
Overheating beyond 750°C is not permissible because of rapid grain growth. (the

This alloy is No. 4 type alloy in Fig. 2 (Rep. 1), and § transus is approximately 760°C.

(a) Hot workability : good
(b) Desirable heating temperature for hot forging : start 850-900°C, finish 730°C
(¢) Desirable heating temperature for hot rolling : 700°C
(d)
high yield strength.
(e) Ending temperature of recrystallization : 660-700°C
£)
( —> air cooling to room temperature
(g)
grain growth characteristic is shown in Fig. 59)
(h)
(i)
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The most useful state of this alloy is the annealed state, whereas the quenched or
quenched and aged state is not useful.
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Table 14 Chemical compositions of ingot

(1) Mn (2) Impurities
|
Part of ingot for analysis || Mn, % Impurities~03nten’cs. %
center 8.20 N ‘ 0.005
Upper surface Ciroum= —
ference 8.20 0o 1 0.06
Upper 8.22 H | 0.0
Side surface Middie 8.0 c | oo
Lower 7.87 Fe | 0.5
Center 7.79 Si 1 0.02
Lower surface “Eitenm- | T o
ference 7.90
Mean | 03
Deviation “ igég
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hoto. 4 Microstructure of 700° x15min annealed sheets.
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Table 15 Mechanical propertizs of 700°C x 15min

annealed sheets.

Yield
Tensile |strength f Vickers 180° bend
strength, (0.2ff% , Elongation, hardness | radius
T t t offset),
reatmen kg/mm?| kg/mm?|% o § _
mean mean mean mean mean
90.8 52.0) 17 27 2
Slowly 2.2 91.4 [g3.1, 82.6 | 19 | 17 | og3 | 287] 9p | 2t
cooled |~ I
91.1 32.6) 15 281 2t
{
Slowly 512_0 2‘33_8 16 285 2t
cooled 92.1 83.0 18 286 2t
t0 550°C and 9_1_? t£~2 i ld 2
air cooled 92'9l ‘84.0 15 237 2t
Note ; In this table and following figures.

SC : Slowly cooled
HS : Slowly cooled to 550°C and air cooled.
AC : Air cooled.
WQ : Water quenched.
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Photo. 5 Change of microstructure by cold rolling.
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Fig. 51 Workhardening of annealed (700°Cx15min.
HS) sheets.
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Fig. 52 Annealing of 25% cold rolled sheets.
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Fig. 55 Workhardening of over heated (800°Cx15min.
HS) sheets.
HS: Slowly cooled to 550° and air cooled.
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Fig. 61 Workhardening of sheets heat treated from 800°C.

Solution temperature : 700°C  Solution temperature : 850°C

550

500

450

400

350

300 i
250 -

1 2 3 4 5 1 2 3 4 5

Vickers hardness (10kg]

1. Water quench
2. Gil guench
Note; 3. Boiling water quench
4. Air cooling
5. Furnace cooling (Approx. 300°C/hr)
Fig. 62 Effect of cooling rate (15 mm ¢ bar)

'Zg&g/
600°C, slowly coole:

Phot>. 8 Microstructure of sheets cooled from 600 and
700°C. x500x %2

Bl NGOG
730°C, slowly 760°C, slowly cooled
Photo. 9 Microstructure of sheets cooled from 730
and 760°C. x 500 x 3% (Water quenched:
Almost same to Air cooled)

o

cooled

800°C, water quenched

780°C, water quenched

i

780°C, gi"gr, cooled,

800°C, air cooled

800°C, slowly cooled

Photo. 10 Microstructure of sheets cooled from 780
and 800°C, x500x 1% .

-7 —



(280)

T X & & B & K

October 1961

850°C, water quenched 1000°C, water quenched

1000,C, air cooled

850°C, air cooled

< i
850°C, slowly cooled

1000°C, slowly cooled

Photo. 11 Microstructure of sheets cooled from 850°
and 1000°C. x500x 1%

Horeae e

730°C, air cooled 800°C, water quenched

2

760°C, air cooled 850°C, water quenched

j
1000°C, water quenched

780°C, air‘ cooled
Photo. 12 Microstructure of sheet cooled from each
temperature, x100x 14

(i)  760°CEidEMRE O kA & Tk B L 0 Em
B OB T N, FRLL LRy - 7 ETREN -
TH I EIEIOMENL 760°C DF R & kERL . K
EHRETHH > THAT o TWABERI 2BDO BN 5,
(Fig. 58) fifia%% & (Photo. 8~12), 700°C 3k
0 730°C THIRD & DIF LM e+ B FITH S
PAIREE DS\ @ FA DT < | TB0°C DB TIFEA &
ol FRBEOREOCER TIHEL o TB,
760°C IR EE &L I T B DI, a BN o TH
s Brod, 760°C BLETENLS EBL a0, 4
TBE->TT o THWEREN Wb £2 bR
Bo MEDHRIY, ZO0R&TLI<HBNTHE LS

e

0Oil quenched

Furnace cooled
(Approx, 300°C/hr)

Photo. 13 Microstructure of bars cooled from 850°C.

Air cooled

i Fig. 2 0@ 44 544 T, BTransus i2#y 760°C
kB EHHEHD, R L Jaffee OPREER & 1% 4 —B
LTWw5,

(iv) B&ELICEBOBE BRI EDRE o NEFN T
B SEEEEHIIC B 5 2 LWL, BTAEND
BoEaEE 4B AP EREENE LB ERN
e, FHEE FY LBRTE LWEERABND 2 L5
(i) L b, AsEL Fig 3—C. 0oOX@ DHEM
DFBH M o> TER 0B EA TN, BINEE@DIER
SEFVORB AU ST, FATHWDE LTHEENTH
HHEEZDBND, W, BEEROHEMERRTEY B
FIRNZ T BN 5 L D2H 5728 GROBEE T
1350 Bo b, BOBK R BEANT LDk LT
AEDLDTRLL\), ZHUTGHTE Ui a, A
H Fig. 3—Cit RT3 2 e BRI B o T4 Uk
aTH A5 EELZ BN D,

(V) ROBESEIKEEE & a0 L THEIEBE X
NI, BOBA I EERE CRIC R & Al
I BB o ZAVEHE DTS B L I I A A i <
Fig. 3—C 0c@OMAAEST D OB &M - TEHI T
ML DorwtE UiclcdTHAD B2 BND, MW, B
DRBBE OWMEOWES TR A H b & (Fig. 68 5L
70) — I FRIGFE L I o TWBH, Sk dsn i
BHIIGEN 20T, Rig. 3—C @ B\ TE I 9510
HY, BroroDFIENERE L DL HET LD THS
5EEbND,

Vi) K&k LSRR O AERED R & i
T L, 800°C Ll CHMER U7z & DWEFR A T LB
b DI in o TT 5o 700°C 36 L U 800°C THLBE L7

*P. D. Frost!® [k e v h~ 25 295283400 L D WDk o %
Bl LTWa,
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BB OB RIELEFRO #5513 Fig. 60 3 L 0610n< ¢,
700°C THHRD & DTSR b 22w EE &, 50% D
MR AE 73 B RE C Helgd i I TR B A T B A3, 800°C /s
HIKE R L OZES O b Dik, EADIE Lo ks,
THEZLWZ &5, 20X S ERPHDBEHDD
DREYMERZ UL ieb Dk, B B (Gliom Ero
w Bt b)) o¥ns Fig 59 wiRrLiz&k S
fEmbDOREAEAMC L DD THS 5,

(vil) REHABE OMERER & ORI & HEHR FE & DBEMR
HROBFRNCDONTH D & 700°C DL EDMBED b Dk
TR L VETEEL TR, X, BEED
F &I R ET L 1000°C casosEHEFR A &N
THSERIEFICIE N L DIL 7 5T b, 700°C CHLEED
LoD & 800°C T D & D & DB HELEMEE Fig. 60, 61
BLURIE 8.2 s L O 4 KR L7cin < T, 800°C G
O DIEINEMEDFHSET LT\ 5, 700°C DL ECaLEl
DEBRETEL L TANDLDE, & ORBROBAEDEHH
HEEAME F L 72RO EB4A T 300°C /hr & 8 & s o 72D
T, Fig. 3—C O®DHEIFADERES A H 153, @DOHH
DAL D DM AW - COF s a+B MHOFHL LD o
MEENIIDTHSD L BN D, T00°C EWHIRE
AR OML ZOAE&OBENFHIRE /RO T, FooRE
TBEslibE B A D WIS HAH T LA RYTH
Do FODFH, I LU DWTT00°C L ) OB E
E SRR & OBIRIE DOWTEEL S RE LcHER, M
NOBA LB L 31 150°C/hr (2.5°C/4) BUF
CARETHHT EHMER LI

700°C L) = CHLBR L7 o s IR B 5 &

HTE T4 B0, Lo & Do k& Uiclizd s
WH ZELETERLTWATEAH A, E i FERE K
Photo. 8~12 OEMEEE H I L O Fig. 59 kA %< |
LB BT O £ & i ASE AL LV Widdmans-
ttdten LT/ > TWBImD EHE L BN D,

(vii) Lllo (v) (v) LU (viD) e, B{EEEL
SEMSEALER D DT X OO FEE A8 Fig. 3—C o K
A THRRII NI EHEBE LIz, TORREL D
—EF LD TH DB ERDINL TH D,

Apo @ﬂ@@bgm%:> Fig. 3—C ks
BB mHE EmE\D Rkt a)  JamHlER
R TR #250°C/sec QXIT@DEE Y
03 ey #1350°C/min  @I®DZEHD
N #300°C/hr @DFED
A #150°C/hr ~ ®
B pier #130°C/sec ORIL@DESY
B ery #100°C/min  @DHZHY

lEoEEIY, 20480 TTTHRO o FHiAEIIES
FEES RN 2 5 T, F s 250°Clsec (), 7Kim) @
BHEBICIE WA NER > TWBETEAHI T &, @ KT
IR BRI B o T, £ oihins 150°C/hr D AH]

dhficid BE 5 2% 300°C/hr OB HIAICIL 280 o Tnis
WTHSH Z L, oA MEE 350°C/min (K, 2
) OBHIMEDELICTHAF L, oK THEOLEIL
100°C/min (fE, 221 OEHMMEHOEL THHH & L%
HHEE LB B W, C0aE0 TTT BIc o Tl
[BAEEEOH TER T 5,

1. BEFVEESIXURBMBEOREE

7-1 HPd L UREBER

EEN DA Ui b O & B INE UiciB 4 OMERes L O
BRI H BTz, 750, 800 F LU 1000°C 2Bk A,
28t KOs (L, 300°C/hr) L7z glkic DV THEME
HOMEE &R VIR & OBIRE SR TSR A Fig. 631,
= DFEBROBEE O FEBSANO—H A Photo. 14~17 1T,
F. 700 ks LOF 800°C Bk L UZEm LicEkie D
T 400, 500, 600 3 LU 700°C THEE FYOBAEOB
OO & ORI A R Dok % Fig 64 1
RLfce W, ERBIIAN LHIEE 6. ORBRICER LD

700°C X 15min—>
Cooling—>Aging

800°C X 15min—>
Cooling—>Aging

1000°C X 15min—>
Cooling—>Aging
600

‘&> 550 : Q. ,A
2 [
= 500
: A Vil Il
_g 450 \\t /} \ y \
5 400 LY /
£ 350 //7 % ] ‘ ;‘A
.—\é lo—0—dmiiey OA - Pgrfreerer o
5 300 5 N

1
~ 4 1y :
i” 120 ["’ \\ sty ':R"
o ¥ N
%100 '____M"""l N Lt
25w . AN N
C
22 I

60
P IWQ o N T 1
'% 120 = ac J () — = WOV — XVCQ}=(4) =
Ga 100 | i
- E P00 ’°‘>~\ o _o_l,)“\.
o~ 80 a o .
=2 M S e 5

60

20
2 i
g’QC‘ 10 im0t -
22 jﬂ =

0 i : o

6 Ti% o =T
2o L i R\
g 2 ,// b ¥ oodoo’s Py
22 [T i

S.T. 200 400 400 800 S.T, 200 400 400 800 S.T. 200 400 4600 700

Aging temperature, °C (°C X 15min)

J—v~ WQ
Note; (1) Coolingy —/A\— AC
[—O— sc

(2) e Very brittle, unable to measure

(3) S.T.: As solution ireated
(4) All specimens were very brittle, unable to measure.
WQ: Water quanched AC: Air cooled SC: Slowly cooled
Fig. 63 Effect of aging temperature.
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450

S /P s
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\\j —
<

350

Vickers hardness [10kg]

[£1

300

250
140
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0
Ocge o]
=gt
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g

@
o

Tensile strength,

kg/mm?

60
140

120

100

80

Yield strength,

kg/mm?

rr”" "

60
20

-3

Elonga-
tion, %

o
L]

180° bend

radius, t
N

0

S.T. 10 100 1000 10000 S.T. 10 100 1000 10000 $.T.1000 10000.S.T. 1000

Aging time, sec

[—*O— 700°C X 15min. WQ
R —/\— 700°C X 15min. AC
Note ; (1) Solution treament —W— 800°C X 15min. WQ

— X — 800°CX 15min. AC

(2) sreeeenes Very brittle, unable to measure
(3) S.T.; As solution treated
(4) Tensile properties of 800°C WQ and AC sheets :
all specimens were very brittle, unable to measure.
Fig. 64 Effect of aging time on mechanical properties.

& B UBAMNH AR e gEst U/ & L.omm oO#As BT
L, Bie FyEiaZE 2 RBROBEIZETY V F AT

PEA L, B ¥ B sENE550°C LT KA, Fihbl

WA INS = & %1 7= 550°C 2% (150°C/hr)

BIKE & Lizo

7.2 £ &

BLEDEKBRDERN S, it VYRER L OBMOPE

COWCTRDE A I &) BEoE21ES,

(1) KEBIVCEE LI LOREE Py 35 EELWE
(LB B NRH BN, Z O 100~200°C 2 Bia% -
400°C HIBTHRA (L v 7 — 2 H 24 500~600) ic7/e b |
T EEEE FYRED LR & Scikib L, 600°C I3}
ECREEHIS 2 PR A ER U e B, —5, HMEIRE L
o TR L@ EOE U Tl Mm e ngsA En .,
L UMTTAIND X5 BTN DIt /e B) 81k
- THESTHEMT S B3, 1000°C X b e AN 5on
ik, ESREAE LS HAL L TWDE B THESH 600°C

ik «*fﬁ%ﬁﬁ@&‘%

500°C = 15min, aged.

700°C % 156min, aged.

Photo. 14 Microstructure of sheets water quenched
from 700°C and aged. x500x 1%

400° x 15min, aged

- o

300°Cx 15min, aged 500°C % 15min, aged

400°C % 15min, aged 700°Cx 15min, aged

Photo. 15 Microstructure of sheets water quenched
from 800°C and aged. x500x3%

500°C x 15min, aged

o

700°C < 15min, aged

> i

400°C x 156min, aged

Photo .16 Microstructure of sheets water quenched
from 1000°C and aged. x500x 14

!

400°C < 15min, reheated

Phote. 17 Microstructure of sheets slowly cooled
from 800°C and 400°Cx15min reheated.

As slowly cooled
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BlETHEE Ty LTS BiliER 2V R 2550 T LW & 4 fSL T, RERL C OAE TR A
VIXFEA ¥ s, RiCBEE 1y BB OMBE 25 & BLEMAWMIRETHDEEL L Do
(Photo. 14~16), £KEENSEEAND L OIE, 400~ Bl EORBRTIZ, SUBEBEEOBMOMEEZHIEL T

500°C ;213 U < #lEL LT B I 3 5 TN TR B D w (LEAIRE LIz, BEH OB BN BT,
BEANDE & LFRAEED il BRTEK(EL TV, B L2 F2DRETIEED L 5 MERARENS TH A
700°C CTIZAEI e AHTHB-DE LT Photo. 17 D% e SO ERTED DI, T00°C I L 08 800°C i 4155y
& E R L X 5 ik Widdmansttaten fERIC 7z - TNEVEIK A, 5 X O%RE L8k %, 100~850°Cfid
TWb, %, Photo. 156 &L OV 16 A TR B it i PREORECAISHME L, ZORETHIRAREZIT - T
& EHBNDH/NS TSRO b Ok, Bl 6.3 (v) T Indce FORERIL Fig. 656 3 L0066 gn< ¢, FRL D,
L HEANDERT TE Uic a & Bbh B, EHE AAEE L 800°C B ED LA T DN BB RS
BOEEND LH LML . B Lo iasc k -Td BT LT 200~300°C TiRiRGHEB LA LR LRI &,
U™ B BN L o Tl LicZ t LA LD E 300°C %3 & w{bic X HAEELRE LA & S8
Hih. Fig 63 wxnind 800°C s agk Li-si o B RS AVE) o TR LT 400°~450°C TEET ARSI &,
FHT00°C 2 Ucslkt & b EE(Lask T, 800°CHs FRBEC o O LIRE LR X DR E THRENRR
Bz Uiesiil & 10000C bl L e 1ifhA y BICET U228, 25 LT 600°C BLETk
B0k, BEE6.3 (i) o 800°CHBkET0  WEBLBA LR UL RS LENRBDLN, BEB D w
OC JFREL & D EEE B A%\~ A5, 800°C MLEEH » 1000°C  LIEHE S BRI ERIC SN TOBETH L T L2 D D
T S & TRE B T M AT b Th S 1V
5, M. 700°C 2Bk L 400° ¥ X0 500°C 15 4
(i) WEBEERLBEE Uiz b ODFE BN £ 5 28tk & B BB oK 4 DR EC KT AR, Fig 66 i
B, BAEBENCILEEB AL K0T, 400°CE  HM< 872kg/mm? I LUt T.0kg/mm? THBAL, &
DT 6k & BELAEDT, BAALT by DI EFIROMBERE CilE Lre Fig b4 €2 585
Fds L O (Photo. 17) K54 E(LAT BRI, o0 (BImm 35 X0 138 lhgfmm? LI@s s & Wil
£.800°C $ L0 1000°C 7 B@EIOBENZ (L 500°C L goo°c A+ 154%
ETETFOMAANE > T BAL, S IUERBORHAH: 140 g Y 15%%
% L3 F % 300°C/hr CTHFHL, #iEd 6.3 (viD) O //
HCHECE DTz o WEMEBNC X D S LIzl LT 120 /‘

LABELDTHEAD EELZDN D,
3i) e ¥ vesio 28 Fig. 64 o< ¢, AXL D, .

400°C D nEACiREs R O REE & R B LA ET T 5,
500°C ok CidmEho Wi — BB U 7 O BRI
ORI L I EOEALT B, 600°C I L0 700°C D
BT LIRS BT g F SR T CRES RS 7 5 T
TH, BEOLENRBBND, 400°C ORI B 1 &
IR Uic VU BRI Fig. 4 o CRUCin - D%t
(Br—w), 500°C OFIE/L & BALITG®FT IR - 2 ZE1L
(Br—>w—a+B), 600°C ¥ L 0 700°C D LITBRIC
BotzZit Br »a+B) LEBHbDEELDND, 8.
Z OB 800°C B EE LB H A 700°C 7
SEWB LRBE L D RE kU TwAHR, ik
(1) BHELmAIEDHENL L EBE B & AT 20
felzd & Bbivs,

(V) BEOIML, FA=Y h—5%7Vi=y L-—3% ——
< v #vE&& TGk, [BTransus OV L THbLESRL, N
w DHRIFET T HEBOLRME T Py | 0BT 0 200 400 600 800 1000
X oT, MR at+B AR, < BOWMIC B TokeE “@?yﬁm”a
BIED PRk, FR =Y h—8%~ Y H Y AET ~0-J SIOWl €005
V. S OBMLIENE [700~730°C 7k —500~600°C 8 o

- —V~} Water quenched
VY REHDH BLE DSR2 2 10 < BT Fig. 65 High temperature tensile properties of
TRZ UL, MRNEET LR CIERENT - T, HE sheets heat treated from 800°C.
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@7} Sloowly cooled
o Y
Note ; :ﬁj} Air cooled
:z:} Water quenched

Fig. 66 High temperature tensile properties of
sheets heat treated from 700°C.

R BEDHPEELS, ZED o &L b IRE
EIRTHREEAMET U, BT OREIIREH L bHl- Tk
ENZ D,

8 B R & &

i3

LBOBRBC LD ZDE&&OINBEL, BT L UTE NS
ARED MERESS L ORI OB LA N D 187203, (RES R LU
i & FHDZEAL & OBIFR A SRS T TTT B3 5 -
DI L OEIRARNEIT X D BEABET o 4030 & 38 - 7o
BRISHEREME B A HER T Ak d, RO L 5 I ER%
??07‘120

BB B BERES U - TH R 15mm OB A L.
82 £ B

700 45 L 0P 850°Cre 807> (R, NI WG 7K (100°C) |
290, 300, 409, 450, 500, 600 % L0 700°C D A L s
Xy v bosAdic A, 30%, 345, 104y, 1REIs X
U S REREF LT bk L, * Bl W T EY /A

#600 45 £ OF 700°C IDWTHE, 2 OIRE N B DBEABIRA B <
721 550°C Kt B O ILEL b T o Feo 14, 850°C—600 & &
O T00°C Db DIEDWTH, B IO L Lk %5 72031 &
OO R DAL 1T o 7,

CEFHRMED» 29045 (K =20 29) K,
2, [RIWTTE o0 BRI B R A 2 U 7o
8.3 REFERLER

WEEE (W 5 7 Froo ) &R L OHRE & DY
PRI O AT BV 104 R ER U BB O O 7 # ¥ 2041
& Fig. 67~70 ofn T, 2B DFEREABRDOL H I
LB
(i) 700°C 0 BBH Lz b D% 850°CnbBil Lz b o

550 200°C L—Te 500°C

500 I

400 o ¥

350 AN
300

400°C

550 y T
300°C 450°C 600°C

N

450
T /

400
7
so L4 DA

5

Vickers hardness [10kg]

300

10100 1000 10000 10 100 1000 10000 10 100 1000 10000

Holding time, sec
Fig. 67 Results of isothermal heat treatment (15mm¢
bar, 700°Cx30min — each temperature X time
—-HS(600°C) or WQ (up to 500°C)3J.

300°C 500°C

]
Furnace cooled|
(Approx300° C/hr)

Quenched
to water

400 g

350 Y4
300 |=Ommeaer®” 0

250

550 —
Air cooled 100°C

Tac0°C] 600°C

450 e

400
350 2N

300 >

Vickers hardness [ 10kg)
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550 i s c s
Quenched to oi!| 200°C 450°C

500 =

450

400

A N

350 ooy }( NG
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s c s s c 5 s C s
Hardness distribution [C: center, S: surface)
Fig. 68 Hardness distribution of heat treated (700°Cx
30min—each temperaturex10min (400°C:3min)
—>HS (600°C) or WQ (up t0500°C)).15mmg¢ bar,

— 19 —
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550

300°C 450°C 600°C

450

400
350 >

—o—to—04
300 °

550 [ TR

500°C 700°C
500 AN

450 AN

400
\o\ g1
350 ™

300

Vickers hardness [ 10kg]

=

a1 v}

400°C

50
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000

Holding time, sec
Fig. 69 Results of isothermal heat treatment (15mm ¢
bar,830°C x 30min—each temperature X time—0O:
HS (600°C, 700°C) or WQ (up to 500°C), x : WQJ.

550 [Fornace cooled] | Quenched 300°C 500 C
Appron300°Chhr ) to water
500 .
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450 ‘7‘°‘$T S
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400. 7/‘\-0 oI
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m / \ F [ ——y R
2 s00
<
450
2 w0 .
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2 350 — X
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T 300 - _
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450 — [ \ b R
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350 7 *
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Hardness distribution [C: center, S: Surface]
Fig. 70 Hardness distribution of heat treated (850°C

% 30min—»each temperaturex10min—> O : HS

(600°C, 700°C) or WQ (up to 500°C), x: WQ)
3y, 100°C B LT 20°C TR ERMARE L TLHA L
(LA, 300°C THREFRDIERE & T 52 i
{E L, 400°C CidtbigeymsificE LB L TE ok
Fh A K3, 450~500°C CGrikgE < Eeiic it L
CHDBFE 2 it L, 600°C DTl bris by

’WVVJVCEE A LI 2DBLD, RIFREcHHEIN B LT
72 @, Tt HEIHE O BALEEBONY Fig. 3—C CHRHAIHEL o 57
B> T Ve a LB bNLD,

RS ODREIE & FICHALT 5o BLIZBEBD o LIt L b
L0, AbE— R4 Uk o OSHLIRESE B~a+B8 O
IS & B D &% 2 By, HiapiEt DA vite v
DR DR SN & D iR & - T, BRI
HZ L DR R - eI S DN L 5 TH Do W, 400
¥ L ON500°Cie 313 A L & 500°C i ki) k(b A3, Bl
FLOBEAREE ¥y D4 (Fig.64) Wi L—ficff« F
o TWBLS, THUIAREROEAEF R DR Tl
HERBNOT, ZOREBCH4sEHREINIZD LR
USRI ottt THD D L2 HND,

(il) 700°C BB Lich D 850°CAnlm LichDd,
100,200 s 2 0° 300°C W REF OB CrE i OB D H 18 7
ZYIEL I o TNDAL ZAUE A LER D G HI L H3
WO TRERECGHERIENDRPTEREIVSZ Do’
4 Uleted, Wb, Aigo#uliEil Fig. 3—C 0®
D CRE L VAT D ORKAUD, LD Dok
EUTERBEEC E Lzeb s 2 bbb, 400°C Ll
FREDOEAITE, o TENRT - & ERMICITND
WHTHEAH, IO X HARETEDBLNT, LA
Br—a+B FIEOEEAFI) T, HHIEE OB T WD
WOBFRH > TN I T WBELDE L AHND,
W Fig. 70 i3\~ C, 600°C F5 X 7% 700°C o 5547k
HOBE L BRSO NEC o TWBA, IR
DERTHE UETHES D EBbN b,

850°C 7s 5 4 U 7o 508 O BEfM B4R ik Photo. 18 ©

< T (BEDURE P ROE R, i b 40 L X E R
BARAED D), 400°C LITICREEO LD, WER L
VI & BEDFRA EH BN TERN GEY B4+ V&
Da* O TH B, 500°C CILERIREET 5 &I

o

400°C < 1hr

TR
400°C % 30sec

P S5k

500°C < 5hr

Photo. 18 Microstructure of isothermally heat tre-
ated 15mme¢, bars (1) (850°C x 30min—>each
temperture X time—>WQ). x100x¥%

A—Bok GATHDI b Livie v R BRRETNIE T L,
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LED a HHTHIL, 600°C kLU 700°C Tl
R C A n D DaiiTH, EEMERTIVETEE e+ 8
MR D, T00°C Tk a 2SEIRLD MELTWAZ L
AL B, BIRO 72y Bl AR LT 5,
700°C 75 AU U 7o 5UB O BBBIE M ATR T & & IRE
THM, COBETN LIS a+B AMT, 400°C
BT EED & DM b apid iy, 500°C LR
REEOEAILEM &S a L, EF0 850°C 2k
MIBOIEL & R EREOE(L R BN,

9. TIT

LEOEERERICET 5 RRO MRS XL ORIRSOAHE
ELiEe Pyt aEomR 6.3 (vilh) 2#) i
. %, D.W. Levinson &M 2 = 1—6%F LV
109% < v 7 v 454w, H. Westphal €10 85 2 =
U a—T %< Y H VY EELDONTRLTWBEREBHIC
LT, 204e&0 TTTH #= L Fig. "1 igR Lz,
WFACEEB & o E BT A LIRE L <, 3 RE
BDat+B {LREDOKTA#HRTHZ & bEEERDT, &
I DN TIE B Mt O LB 233 % 03, FRZEAL D HEIE A %0
HHECELEBLTHS D, W, Fig 71 ducid Lictid
AR T BRI S B (HIEE 8. DFRERD 850°C T600°Cx Thr
IHEE LIz D) D9 I~ A A2V ETH D, Phote. 19 Microstructure of isothermally heat tre
ated 15mm¢, bars (2) (850°Cx 30min—each

600°C x 3sec 700°C x 3sec

5

600°C < 10min

1000
temperature X time—>WQ). x100x 1%
900
800 [2]
o s s st s, it i e e
6 353 339
- 382 — 367"4—— 353 ——1 3391
| i |
O 600 —=389 == 370 ~ 377 ———+ 379 ~——360 320 308
o ~_-;"___ _____ e
s 500 <510 468 —— 438" 397 o1 378
2 510 510 gg0 | 487 [ 258
2 400 513 B 5w | 545 —547 +— 573 rsss]
g TS e e g
£ 300 435, 423 — 427 - 460 ——- 483
- ; ’ i
. o
20C 425 - 415 — 405 1 417 —415 800°C, water quenched

~ .
100 _.W_[E[\Q 392 395 —— 392 +—— 389 —1 30|
A 1 1 i 1 1 L i N 1. LY 1 I

12 4 610 20 40 60100 200’406600‘000 2000 4000 10000 20000(sec)

o = s .
1 3 5 10 20 30 60 100 300 (min)
Time /\ i

Note ; MNumbers in the figure are Vickers hardnass of isotherm- ‘800°C air cooléd - 800°C, air cooled

ally heat treated specimens (850°C X 30min —> each
temperatture X time—>WQ)
Fig. 71 TTT diagram.

10. BREALHEBOBREICDONT

B—Transus X ) LOBEMN B &S LTS 0B AR s
T EOE O BRI BERRRE 2 Bl U~ < DR L7z 3, (Photo. 1000°C, water quenched
10,1, 1348), INBDEEX#L B L, BEOET S DA
AN —EORABRBEICKRL Bz Tnb, (BEROKX
i 5 %aplR+10% 8B, REWER) % 8 L
7o b DU 7n e+ B R L VIEEINE T, HRR
HHES ETHEBERBEIDHELR VN, RIRIAL L

o 2R

1000°C, air cooled

2 BDFBRBRIC L ZHLDMBTHS ) hvo TiLd BT Photo. 20 Microstructure of deeply etched specimens.
LINDOMBARENTNDDCTH DD Iy ZOHEEXTERT Right x500x %%, Left x100x %%

— 14 —
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Pholo. 21 Microphotograph by inclined light
(800°C, water quenched). x100x 1%

Db, 800°C Jo L 07 1000°C 1z 30 73 BBk S ¥ & OV 22
% Urcalit (15mmeg) ([ iisii/s B A4 L MEIL T
Flzo Photo. 20 33 OR D EILE 4 5 T Tk 7125
HT, WBAC LD RASIFRER L oTnDH T &A%k

FTHEAEVE S SR RIF, 70% DL E D FEFEH RIBE CTHRA]
A28, MRENRESETAE LW DS RITIERD
ERNEE L,

FEECTEEL 660°C~T700°C ©, fEiigesd FLAE
700°C &4 BonE L, BEiGROBENL 550°C £k
150°C/hr L VB Bk, FOREALTHONREV, §
750°C Ll Fi@#hd 5 &MUk L LESME 5 b T 20 HEE
B,

(3) =R

850°C DB IR A HED -, (Fig. 57. 65. 66) i1
DF £ =Y nEER OO EBIE & O OWTE
KIRCIRET Do

Takle 16 Chemical compositions and mechanical properties of Ti-8% Mn alloy sheet
{Typical and specified)

Chemical compositions, % Mechanical propsrties of annealed sheet k Remarks
Alloy element 1 Impurities Tensile Yield strength Elongation, % Density,
Ti strength, | (0.2% offset), T
est piece ‘Test piece
Mn ! N ] o] l C ¢4 )Others kg/mm?® kg/mm? ASTM J1S No. 5 gr/cm?
8 0.01 0.05 0.02 0.005 i - R 90 78 14 18 4,73
>81
(7.0~9.0) (S0.09)| (=) |(<0.10)(<0.015,(<0.60) (2120 10°p3i) 10 10) 12
Note ; ( ) : Specification

BB, R OB DONTHIEDOHELE L DO OREE
LTI, FER L > TARRANRN o712 0L ofc D
FTHZEMBDHBN, BLEOKETOE, TEIH TR
B2 TWBESEBIDM TR, BEAK L DB Dk
ROMITH B Z & A3 Hile, Photo. 21 3 ESICHE
TRE LILBEO—WTH 5,

1. BEBESIUERERBORE

Bl EOBEH OBFIL S  OFEHCDOWT, o LT
FE UMD L DX AT, REE&OHBER LT
A Table 16 DI RE Lico FA&T Z 08K
CEWTEHC TR INTER D, oS Uk
BABCEBEhTWh5,

12. #8 &

HISR T F AL OEBRIEFIC I CtE Uiz SEORA A
L&EDOFD, FR=Y L-—8 Y~ v HrELKOE, HiE
Softh XA S D BRSO, BEl, EiEMERER LU
& DI DWW TR 2 B L G Lico BBty
BEAERTIIERDINS Th B,

(1) #fmT

BB EITRARD L AT HONE L, BEMITMEX

BRI TH %o
YIS 1 850~900°C
FE HE : 700°C

2) TR L Ot

BRAMEE S L OEsC fE 5 7 2, PUaRME, JRdhdE, —
Y e {E, BEECY MR L UBEMB B OB (LA D T
(Table 15, Fig. 51~56, Photo. 4~7)

ks ¢ 730°C

(4) ENLHEEERME

BEATRE, WA, Bt FviRE, Wik LOVERE
BES M & HERES MR L UM & ofR A REw T (Fig
58~70, Photo. 8~21) A&&OBMMEEELZMD, 81
TR U7 BRI (Fig l~4) @ X > TEOE%
FBEEL I,

BEoBEc kb, A440 B Transus 144y 760°C,
KAWL MR OBEREMM th o2 L xm D X
TTT B%&fiE L.

(5) HUEfH R L UEEEH
B4 g & O RO ks ik X O @4 Table 16 o
< g Lo
s [
GE1HTIIHL, ABTHOSIHDOL D)
1. F.C.Holden, H.R.Ogden and R.L Jaffee: J.Metals: 2 (1954),
169.
. A.Saulnier: Revue De Metallurgie, 11 (1956), 1.
9. P.D.Frost: Metal Progress, 3 (1959), 95.
17. H.Bohm und H. Westphal: Z. Metallkde., 8 (1956), 558.
18. P.D.Frost: Metal Treating, 3-4 (1957),
(R TH B RO D)
24. D.J. Maykuth, H.R.Ogden and R.I. Jaffee: J.Metals,
5(1953), 225.
25. H. Martens: J.Metals, 2 (1956), 238.

26. P.Duwez: Trans. ASM, 45(1953), 934.

27. Rem-Cru Titanium Inc., Titanium Manual

28. H.R.Ogden, F.C.Holden and R.ILJaffee: J.Metals, 1(1955),
105.

29. D.].Delazaro and D.W.Levinson : J.Metals, 9 (1954), 1089.
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Photometric Determination of Trace
Beryllium in Aluminium

by Reizi Tanaka

A photometric method for the determination of beryllium with acetylacston has been
investigated, and it was applied to the analysis of trace beryllium in aluminium and its

alloy with successful result.

(1) Suitable method has been established as follows.
The sample (up to 100mg) is dissolved in hydrochloric acid, added 2 ml! per sample
10 mg plus 5ml of M/5 EDTA, neutralized with sodium hydroxide solution to pH about
8, added 1 ml of 19 acetylaceton solution, and extracted with 25 ml of chloroform.
Then washed with 29 sodium hydroxide solution and beryllium is determined from

the absorbance at 295 mpu.
(2)
citric acid.
(3)
beryllium (0.0001%

1. #& B

WHE7 V3 =9 s DIFRSNT, — ATy v A~
A= X BIFEIES L, LFESHTIC R TR TR,
Z OO T HWBETHED ER ORI D X
ST ol BRI WTC Y~ vy H Y| F R, P TV
AXPDFEFED, VF UL, RVHE, HV v LOER]
B ENBE I T WD, BAEITEMEDO—E & LT,
B3I YR AR E DB HEYREL
TEAH, T2 TENY VY nDmBEHEEBRNLN,

TAMI=Y RENYY Y MEEOEREE AL T
WA T2 S EEHEEREE T o CUIESE A B A ST B S
Bl UCREBIEIRETT7 VI = v 2 OB & TE R X 8
HFER, BCEBUEOERN LT M I =y L0
IR E D HERD D, TNHDHETEEZEDONY Y
v R HGTEADIEN, TNV I =Y A S DOEENTOEI
FAFETH Do NV U v LOFEEEIEL LTUE, p-=1w
Ry By T AN O F T P maT XY vEIBD
FY G Tah=mv el 7 AV 8 X
=Y Y-2ANT F VY, AN T A& UiRIe v
3 FofhxFIF Iy, YA s/wnay7=vR
I ESPHRBEINTAER, WINLAHSDT VI =y
NEDEELIRCEBA LG, CNBDREHED S B T
3/ v EDTA o TERE LS MWD, BEOY
)y LOEECITEATE R, BREDTAY Uy L8
EDTA% %41 pHI~8 DBEWMLD, 7TFNVT 2V —7
* A

=AY NN

Ea AN N

1

Interfering elements are not found, except some masking agents as tartaric acid or

Calibration curve up to 10ug beryllium is linear, and can be adapted to the trace
and over) in aluminium and its alloy.

mR 7 ARy o THIHEN, 290mu TEETEL L
HARTND, ZOFEIED CTREETH B, BED
NY )y AT E, TV =Y AR IO TOAERE
% B CHEBEDHMI ATV, BEMED L WEE TR
%éf%j[‘bﬁ:o
2. RERBLUEE

2.1 &

&k (10%)

EDTA-2 5+ v v adlE (M/5)
KLU v (0.2%), (2%),
ST RFMT R VR (19%)

VA== 2 PN

AU Yy s EHEEEE (lml=1pg Be)
22 ¥ B

Asrél EPU-2 S ENERT

(20%)

s M-3 3 pH £ —x ~
3. ERER
3-1 AEREROSER

NY Yy a0, 2RIV 4pg LD, FIE K 10%)
4ml » EDTAM/5) 2ml %%, # 30ml i 5 3,
KA v U v A (0.2%) & FWwT pH 8 1< 3 &
L. 100ml 2w — Fic LK 40ml 125 9 5,

IHE7eFrT e vBER 1% 1ml 22 T5D
FHE, 7w 7dn 20ml g G2 oML < RE



(68¢2)

TAEEY AHOMBEONY Yy A ONEER

Vol. 2 No. 4

YU, BELTC2BIAMIED, 7 uw 74V L Bi5
DIKBRALF U v 2K (29%) 30ml & ANIc = —~
P oA00mD) L, BUR2 SRS 5 LT T 5,
MEBHBY vw 74 )V NBRIFH No. 5B T Lb Tk
SEERE, BEO— % REF O (EH10mm) k&
D BEBE R DN E AR LRI A B Ui,
ZOfER Fig. 1 wRT L 51 295mp B PUUEAR
MNHY, CTOFEEERWD I LI Lz, RIZZDHEE
I HEERME Fig. 1 20X 50/ A WD TH
50
0.45 I
0.40 4pg Be

0.35

0.30 \ -

0.25 g f d \
\
\

0.20

Absorbance

I 5oz amAN|
o..os g—c‘- R\

0 | ,
250 260 270 280 290 300 310 320 330 340

Wave length, mu

Fig. 1 Absorption curve of beryllium-acetylacetate
in chloroform.

3-2 BEKOENE

HHICER L, A3EA N2 TR 2 EREEEbR TN
%, Fig. 2 34 OAHK (10%) %M1 Ty Vv
Lt U7 R TS - T, A2 S EA0RE
W, DEDIRMTHEBEIN, &< Mxlcd X2 EERE
PEDTD ORI 5 Z 3l o 7cs & OFERAEKIZI0%
B Aml ANz 52 L1z Uiz,

BTNV I=Y ROBEENDHNT S L &1, o
Rl L OB W C AR A 4T 2D THM L
Z e Uiz,

0.40
P — =
035 [, #g Be
0.30
0.25
3 y
§ 0.20 - &
0 T
8 ’ 2pg Be
2015
0.10
0.05 Blank
R, I o
N - — ]
0o 1 2 3 4 5 6 7 8 9 10

102 NaCl added, ml
Fig. 2 Effect of sodium chloride on extraction.

3-3 EDTAOHENE
Fig:3 1% EDTAM/5) o4 &% Mz Tt LThiz
WRTHB, EDTA winzic\ & XIFZEEBRERNLD
BBV EDRINC L o TREL, 05 L HRMEDOHEM
LB PWEMET T2, 7THI=T H BGT BT
100mg DA DA SEAR L 51, %50 EDTA o
BDBEETH B, 73 =v » 100mg w425 EDTA
(M /5) DLE W 18.6ml Th %A%, TERCLELK 25ml
BITEE LT 5, BERINE A E 2 BE0MMELY
TR UickiR EDTAM/S) ofmiik, 7rv3i=v
A~ 10mg o 2ml+bml 2452 212 Uiz,
ZOBEC BT HNY Y Y A O, HiHEROHE
M, BRHR S X o THRE UofEE, N0 ) v 2 BT
EDTAM/5) Iml &%tz & £#198%, D& IN
TIEHI% TH B,
0.50
0.45 }

040 P Ao :
0.35 } \ - . A
41g Be T

-0.30

0.25 |
0.20 [ L 3 O Al none
o1 \ ® Al 100mg
. 1 £

0.10 ' \( |
0.05 \ N o
o — T 1 1

0 5 10 15 20 25 3 35 4 45
M/5 EDTA. added; mi
Fig. 8 Effect of EDTA on extraction.
3-4 BRO pH
RO L X OKELT P Y A BERINEYE LT, B
& O pH DEWHFHEL, NV Y v nkilH LThiz, &
DiER%Y Figid iwiR L, pH7.5~85 DT A & —ED
FERRE LN DHT7 F/3 2B T Tld/n DRk
RarRL, ¥ pH OB WT HIRRDE L /5 DA
Rbihb,
0.8

0.7 :
0.6 /

Absorbance
-0
g
1

|
8ug Be ‘:!6

0.5 fo
g A

3 0.4

2 03| A paayms S N
<C

.
0.2 A
I Blank

0.1
0 KJ\ n n's —

6 é.5 7 7.5 8 8.5 9

pH
Fig. 4 Effect of pH on extraction.
35 TEFALTE L VIBERORME
T eFNT et VAT (19%) IR DT~
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W, Fig bR, 8ug FTONY Y v A LTk
0.5ml 25133 X< 7h, 1ml Bl ETC—EDOUNENE
Biice 7oL, BEERIMEOEIME & bIC e RREHME
WO OBEMT 2D TEH M B Z EWITFE LL b, 6
OFERIS, 7HF VT v vER (1%) 13 1ml hng
BT LIz

0.9 —
0.8 8ug Be - ,__l

1l

HxRT DT, 77 VPEHC L - TR 2 2 &L 3L H
Tdh %, Table 2 [X5E 4 DYREDOKERLT Y v KFET
Pl U C Ao R Th - T, BB 30ml So% Hvi &
%, 029 Cik B EIDBEEHCTRIFFRRETH DA, 1.5
~2UBBEBAETIAD L VETRIFRZ &3 olce & D
B 2% 30ml T 1HEEET A LI L,

3-8 HHERE

WP OBROWREY—E (191%) Thib, BREHR

0.7 S BAEL THIH LU Chiz, ZOfEE Table 3 @RxL, b
0.6 I OIS IR B E 20~80ml T—E DRI HE
E 0.5 ] Atg Bo — | Bivize
_2 0.4 l/,——-—ﬂ-——o——"‘" — Table 3 Effect of v'olume of sample solution
< 03 at extraction
0.2 ‘! Sample Absorbance
01 Blank 1 solution, ml Be none Be 4 ug
i I N N S e i A 10 1.8 0.0
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 3 0 0:023 0:378
19 acetylaceton added, mi 40 0.024 0.376
Fig. 5 Effect of acetylaceton. gg ggii g:gig
3-6 /L HEE 000 0.020 0.358

k& DEHDOEEIC DN TR~ RE Table 1 iR
L, Zww74n0ail k53 OBE 1~3 min T—%0
EAEI, EfoKERLF F Y v AEE (2%) X Bkl
EHRWTIE, 30sec~2min OiR: 5 T—EDE AT,
INBDORERND, Mtk I OSBGOSO LIRS 5 Bl
2 min wHlE Ui,

Table 1 Effect of time for shaking

Shaking time, Absorbance

Process min for 4 pg Be

0.5 0.368
0.380

Extraction 0.378

1
2
3 0.378
5

0.381

Washing

0.382
0.378

0.370
0.363

1
2 0.380
3
g

37 HE B
L7 mm 74 v nciiit S, BlEEECRWTR
Table 2 Effect of washing method

NaOH tratio Washing Absorbance
concen% . time, min Be none } Be 4 pg
1 0.186 0.528
0.2 2 0.163 0.502
3 0.154 0.494
1 0.161 0.501
0.5 2 0.122 0.478
3 0.103 0.447
1 0.063 0.414
1 2 0.036 0.391
3 0.024 0.378
1 0.023 0.380
1.5 2 0.022 0.381
3 0.023 0.378
1 0.024 0.378
2 2 0.022 0.380
3 0.023 0.362

3-9 BROBELEBOREM

O & X OBBORE DN TiE 5~30°C & BT
—El ARz, DECMMH 25~30°C wfith, wEfi
AR Fig 6 Wik T L5k 2h & ClE—=ENED
1, Sh TP ENMENE DNz, /2 10~15°C it
TiEP &b Sh IZBETH ofce L LBARDEBENS
WA 7 mw T AN A DEFRNEEHTCE N LRSS,
RBNARRCTEBREL, Bk ETHZ EEE Ly,

0.8 ) T
1 8ug Be
0.7 ] ] ——
0.6
0.5
©
2
804 , 4ig Be
é 0———(——'—_<’-* Ema—
<
0.3
0.2
0.1
1 Blank . J
. N
o LT 1 ?
‘0 30 60 ?0 120 150 180
Time, min
Fig. 6 Stability of color after extraction
3-10 HETEROX

iz i=wva 100mg iz Cu LY Mg 4 mg, Fe,
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Mn X0 Zn 2 mg, Ca, Si, Cr, Pb, Co, Ni, Cd & &
¢ As 1 mg, Sn, Sh, Bi, Li, Ti, Zr, Mo, V, B& L U'P
0.5 mg 7o Az THIM LT AimfEg, Table 4 iRt
I H NI SR MBI D DN r oz, LnLE
NHDTHEDO—FNIEN N HRET 20T, 05pg T
DONY VY LOEREICITEH TEIWEE LI,

Table 4 Effect of other elements each added 100mg
of aluminium

Relative error, %
Element Added as Added, mg
for 2ug Be l for 4pug Be
Cu CuCls 4 2 1
Mg MgCl. 4 2 1
Fe FeCly 2 2 1
Mn MnCls 2 1 1
Zn ZnCl. 2 1 1
Ca CaCl. 1 1 1
Si NaSiOg 1 1 1
Cr*s Crz(504)s 1 2 1
Pb Pb(NO3)e 1 1 1
Co CoClz 1 1 1
Ni NiCl, 1 1 1
Cd CdCl. 1 1 1
As*3 As203 1 1 1
Sn SnCl. 0.5 1 1
Sb SbhCls 0.5 5 2
Bi Bi(NOs)2 0.5 1 1
Lj LiCl 0.5 1 1
Ti Ti(S04)2 0.5 1 1
Zr Zr0O80y4 0.5 1 1
Mo Na:MoOy4 0.5 2 1
A% NaVOs 0.5 4 2
B H;3BOs 0.5 2 1
P H3PO4 0.5 1 1
(AD AlClg 100 - —

* For average of 3 data of standard solution.

LA CHERBEE 7 2 B VET H-T
by, XY VY LETHFNT & YORIEEGET D, 7
3=y aik 200mg FEEE TIREEARL A, XY Y Y
LOEFEE LY, Wpg BIF&a5 &5 &% 100mg L)
TOBEAFI LI HPRE LS\ /27 V3= aik
EROGAPRHI LW e i H0 T, EDTA #in
2T & BRBRETUIES BT 20080 % L, LA
L, BBROBRENS BT 20°C B_E e o Tk,
—HRC AR TR EC BT ARBD LD FEITED BT, &
BT B2 LR TE B,

4. ST ERESHH

41 HIFHE

Tz AOEE 100mgPh & v HEEE (1+1)10ml
M2 CIEEIR L@, #35 ml W /n b % C AR X ¢
%o ZiuT EDTA ¥ (M/5)25ml® %z, 50 %
TeDb, KERLF TV v nE 20%) Sml ART L,
BEUTOEE T 2~3min g3 5@, = OB A Hik
FRTHHEI Licob, KB T Y v 2K (20%) &R
TrRFIL, pH S KHEI Lizdh, Sie ~ + (100ml)
CBTO®, chie7 w57« b VI (1%) 1ml %n
ZTCHDFEE, DWTr/rr7irn 2oml 0%, ¥ =

—~ A —=TH2min LD L, FELC2EBCIBE Y Do
swm 7 ANV nEA BOKEERIET P R (2 %)
30ml & AN7-Ee — ¢ (100ml) L, #2min &
LA Ltmdh, 7 un 74 aErEgk No.5C Tx L,
WE 295mp CRIEEANE L, FERCIRME L TS onEk
BB A 258 2 Dh, BB DD LA RERD B
YU LDEHRET Do
() (1) <y vy aoEnlipg BT Lo,
HE A FIF I B E I OBNC AT %, oL
ega . HWE A+D & dml & X D iR
Z\)O
@ Cu 7 EDORES N H L ik, WM A+ B
AMi CHEREE S,

(3 EDTA mwe M/5) o miEiy, 2ml/Sample 10mg

+5ml k4%,

@) BHOBERBHHLD20°CE ETH -7 & &,

IR EA LB E L\,

(5) D& X DOEWEL, 50~60ml &35,

6) BMEBIZOEDOL I LU TERT S,

7 s =v e 100mg Xy Uy S EEREORE 4 &
(Y v wan 0~10pg) &Nz, ALEBEC LIoho T
VY R AR L, W A L, 22 E A S
Db, NY YT L EICE X OBMGRMAIED, BER L

5o
A

0.9 1 /w
0.8 /

1.0

e
N
0.6 //7

0.5 ////
//m
0.3 /7/

0.7

Absorbancs

295mp, 10mm cell

X Al 100mg |
4 O Al 10mg

01 A AL 2mg |
1 Al none
. L1

0 1 2 3 4 5 6 7 8 9 10

Concentration of baryllium, pg/25ml chloroform

Fig. 7 Calibration curolo of beryllium.

MEm o —Fd Fig. 7 R Uiz, =i E295mu, 10mm
v L, 10ug £ ToONY Y v ik Beer @EfANC L
T TWnb Birha i~y J v a8 EDTA #Es
WL UIEATH - T, ASUREL X B84 b iieRNER
PEL fe o Tinhe LA LTV I =y REEORERT I
BARACEATE D L9 TH D,

— 4 —
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4-2 5 % B

SREE RO )y sl U Ch RO W%
Table 5 k¥, £7 Table 6 1 Al-Ca-Be &&hd
NY VY REERLICERTL A, RELLDLET V=
v aEB L O FOEEH 001y LLEDO~NY 1y niCi LT
ENBE CERET A EMTE B, Ak 00019 DUT
DY Y AOEEICH UTCE, 2 DIEE R BEL L

4B, 1 ppm BEETONY Y v LRI EEETH
Do
Table 5 Analysis of synthetic sample
Sample Be added fwBe found, %; IStandard|Number of
P T g (Avcrage) s‘dev1at10ndetermination
100mg - — 0.0001 - 3
Aluminium 2 0.001 1 0.0010 0.0002
1100 v 1 0.005 k 5 0.0049 0.0003 -
I — — 0.000 - 3
» 0.01 l 2 0.059 0.004 6
2017 alloy 50 - — 0.0001 — 3
50 0.01 5 0.0C99 0.0005 3
505b alloy 50 - — 1 0.0002 - 3
50 0.01 5 , 0.0101 0.0006 3
Table 6 Analysis of Al-Ca-Be alloy
Sample * Be  found, % Average,%
A 0.0012 0.0013 0.0013 0.012 0.013 0.0013
B 0.0108 0.0102 0.0106 0.0104 0.0106 0.0105
c 0.004  0.095 0.095 0.095 0.096 0.095
* Other element
| ca | Fe | s | cu Al
Alom | om 0.015 Tr R
B| 0.75 0.01 0.015 Tr R
C 0.75 0.01 0.016 Tr R
5. ¥ o
TeFNT b Y EANBERY Y Y LONEEEE AR

HL, 7vi=yaklU0ET0a4&b0OME
ORERCE R LR 2B

(1) HWHAMEEFEEOEDL S Th b,
ol (100mg ¥ AR BR L, EDTAM/D)
2ml/Sample 10mg-+5ml iz, KEE{LT T ) 7 L8
T LT pH M8 L, 7 vF 7w YW (1
9 Iml ANz, 7 ww 74 ve 25ml THIT 5o D

DAY Y Y

TIKERILT U v AW (2%) TEEE L. 295mp O

KEABELTNY Y Y saERT 5,

Q) WETRIIERBRE L7 = v & Ol Ak
XN o7,

(3) Yy w2 l0pg £ CORBEBIIERNTH T,
72 =y arh 0.00019% F ke DL EOBE O~
Yy nOERICHEHATE %,

X ik
e, B @ Akl 2 (1961), 161
— IR, DS | ik, 2 (1961), 226.
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On the Texture and Anisotropy of

Annealed Aluminium Sheet (Rep. 3)
Of Annealed Al-Cu and Al-Si Sheets

By Toshio Amitani*

Experiments were made to study the resulting anistropy and texture of Al-Cu and Al-S5i
alloy sheets when the ingots are heat-treated. It was found that when the second phase of
metallic compounds were dissolved by quenching and the ingot is in the state of supersa-
turated solid solution, the annealed sheet made from this ingot had large recrystallization
grains and a recrystallization texture composed of type (100) (100) and 90° type ear by
deep drawing. On the other hand, as far as the large amount of the second phase of
metallic compounds exist in the ingot, the annealed sheet made from this ingot had very
small recrystallization grains and a texture composed of type (123) {1%1) and 45° type ear.
Moreover, when the ingot was artificially aged and fine metallic compounds precipitated,
the annealed sheet had the eight ears combined 45° type and 90° type ear.

Tt may be pointed out that, in the process of recrystallization, the change of anisotropy
and texture was restricted by the second phase of the metallic compounds, at the same time

grain growth was also restricted.

1. Introduction

Tt has been known for many yearsD 2 3 95 that
rolled aluminium sheet has the rolling texture con-
sisting of type (123) (1213, and that of annealed alu-
minium sheet has the recrystallization texture which
is either of two orientations of type (123) (1:1) and
(100) [001) or one orientation of type (100) (001).
K. T. Aust® and other workers?” ® 9 investigated
the relation between recrystallization texture and
anisotropic deformation which appeared as earing
by deep drawing, and they found that different
orientation tends to give a different type of earing,
and the'height of the ears increases with the propor-
tion of crystals oriented to the preferred direction.
Recent papersi® 1012 have shown that impurities
in' aluminium and the process of cold working are
very important factors governing the differences of
recrystallization textures. The author pointed out
previously®14 that the most important factor which
give effect to anisotropy of annealed aluminium sheet
was the behaviour of iron as an impurity in aluminium
of commercial purity, and also found that immediately
after recrystallizationthetextureof smallrecrystalliz-
ed grains of high-purity aluminium indicate the pre-
ferred orientation of (123) (121}, and accompanying
the grain growth the second orientation of (100){001)
develops. It may be inferred from the above results
that when a small quantity of a metallic element,
for example iron or titanium, is added to restrict
the growth of recrystallized grains, the texture and

#*Member of Reserch Department, Sumitomo Light Metal

Industries, Ltd.

anisotropy will not change. The above expectation
was proved by the previous work!®. The present
experiments were carried out to study the origin of
the appearence of different recrystallization textures
in annealed Al-Cu, Al-Si alloy sheets.

2. Experimental Procedure

High-purity aluminium of the following composition
was used; Al 99.9899;, Fe 0.001%, Si 0.0099%, and
Cu 0.0019. The ingots of the final alloy used in the
experiment were prepared by melting the high-purity
aluminium and the necessary amount of Al-50% Cu
or Al-159% Si master alloy in a graphite crucible, and
by pouring the molten alloy in a metal mold (130
®x 150X 25mm). The chemical compositions of four
ingots are shown in Table 1.

Table 1 Chemical composition of specimens.

Chemical composition, %
No,
Cu Si Fe Mn Cr Mg Zn Ti
1 4.33 0.03 0.04 0.01 Tr. Tr. Tr. Tr.
2 4.21 0.03 0.70 0.01 Tr. Tr. Tr. Tr.
3 0.01 1.89 0.06 Tr, Tr. Tr. Tr. Tr.
4 Tr. 7.05 0.05 0.010 | Tr. Tr. Tr. Tr.

After cutting surface and reducing the thickness to
20mm, each of the four ingots was heat-treated as
shown in Table 2, and were rolled in one direction to
1.2mm thickness at room temperature. All specimens
were completely recrystallized after final annealing
treatment at 350°C for 1 hr. In order to ascertain
the identity of the annealing texture component, (200)
pole figure was determined for these specimens. The
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central part of the pole figure was determined by
the reflection method and the peripheral part by
the transmission. In order to study the anisotropic
property of annealed sheets, the specimens were deep
drawn by conical dies, and the relative direction of
earing to the rolling direction and the hieght of earing
was measured. The 45° ear type means that the four
ears appear at 45°, 135, 225° and 315° to the rolling
direction, and the 90° ear type means four that the
ears appear at 0°, 90°, 180° and 270. The 45°4-90°
ear type means eight ears which are the combination
of the 45° ear type and the 90° ear type.

3. Experimental Results and Discussion

Table 3 shows the change of microstructure by
heat-treatment of the ingots and the relationship

Table 2 The condition of heat treatment. .

Mark Condition

A As cast (not heat treated)

B Water quenched from 540°

C Furnace cooled from 510°

D Water quanched from 5!0°, aged at 250° for 24 hr.
E ” azed at 300° for 24 hr.
F Y aged at 350° for 2¢ hr.
G Vi aged at 400° for 24 hr.

between the anisotropic properties and heat-treament
of the ingots. In order to show clearly the results
obtained in Table 3, the relationship between the
earing type and the change of microstructure by heat-
treatment in shown in Table 4. It may be noted that
the anisotropic properties of annealed Al-49; Cu
alloy sheets are changed by heat-treatment of the

Table 3 Anisotropy and microstructure of annealed AI-Cu alloy sheets.  x100

Mark |

| B

Microstructure of ingots

Microstructure of annealed sheets

Ear direction

90°

Ear height, mm 2.65~2.75 1.5~2.0
Recrystallized grain size, mm 0.022 0.060
As cast Water quenched

Mark

D

Microstructuren of ingots

Microstructure of annealed sheets

Ear direction 45°
Ear height, mm 0.8~1.2 1.0~1.8
Recrystallized grain size, mm 0.024 0.065

Conditions of ingot Furnace cooled

Water quenched, aged 24 hr at 250°

— 9 —
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Table 3 (continued)

Mark

Microstructure of ingots

sheets

Microstructure of annealed

Vol. 2 No. 4

5 'g-u y - %
Ear direction 90°4-45° 90°+45° 90°+45°
Ear height, mm 0.5~0.6 - P 0.5~0.7 0.5~0.6
Recrystallized grain size, mm 0.075 0.032 0.075

Conditions of ingots

ggg;cer quenched aged 24 hr at

Water quenched aged 24 hr at
350°

Water quenched aged 24 hr at
400°

Table 4 The effect of ingot heat treatment on the anisotropy of annealed Al-49; Cu alloy sheets.

Anisotropy of
annealed sheet

Heat treatment of ingots

Microstructure of ingots

Microsturcture of annealed sheets

(2) Quenched by water and aged
at 250° for 24 hr.

(1) As cast.
45°-ear (2) Heated at 510° and slow cooled CuAle primary are observed Recrystallized grains are very small.
g by furnace.
(1) Heated at 510° and quenched Most part of the Cu wes dissol-
90°-ear into water, ved in Al Recrystallized grains are large.

45°490°-ear

Quenched by water and aged at
300°, 350° and 400° for 24 hr.

Precipitation of CuAls: metallic
compounds are observed.

Recrystallized grains are
intermediate size.

ingots before rolling. The results indicate that when
a large quantity of primary Cu-Al compounds exists
in the crystalline grains of ingots, the annealed sheets
made from these ingots have a 45° ears. On the

Table 5 Anisotropy and microstructure of annealed Al-Cu-Fe alloy sheets.

x 100

other hand when the ingots are in the state of
supersaturated solid solution (precipitation of copper
is inhibited by quenching), the annealed sheets made

from these ingots have 90° ear, and when the

Mark 1

A |

Microstructure of ingots

Microstructure of annealed sheets

Ear direction

Ear height, mm 2.17~2.23 1.5~2.1
Recrystallized grainsize, mm 0.017 0.019
Conditions of ingots As cast Water quenched

— 3 —
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Table 5

(continued)

Mark 1

Microstructure of ingots

Microstructure of aanealed shests

Ear direction

Ear height, mm

1.4~1.6

1.1~1.7

Recrystallized grain size, mm

0.020 0.022

Conditions of ingots

Furnace cooled

Water quenched aged 24 hr at 250°

Cu-Al metallic compounds are precipitated in grains
by artificial aging, have a 45°4-90° ear.

As shown in Table 5, anisotropic property of Al-
494Cu-0.7%Fe alloy sheets does not change by
heat-treatment of ingots, and have a 45° ear
independent of the ingot and have very small
recrystallized grains. The following may be pointed
out from above experiments;

(1) When ingots are quenched and a large quantity
of copper remains dissolved, annealed sheets which
are made from these ingots have large recrystallized
grains and have a 90° ear.

(2) When ingots are as-cast or slowly cooled and
the second phase of the primary Cu-Al compounds
exists in ingots, or when Al-Fe compound exist even

if copper remain dissolved by quenching, annealed
sheets have small recrystallized grains and have a
45° ear.

The following experiments were carried out to
study the anisotropic properties of annealed Al-Si
alloy sheets. In the Al-1.49%Si alloy shown in
Table 6, eutectic crystals do not appear because the
additional silicon content is small, and then the
second phase of silicon in ingots is very small in
quantity as shown in microstructures in photos, of
Table 6. On the other hand, in the Al-7%Si alloy
shown in Table 7, eutectic crystals appear at the
time of solidification and then the large quantity
of second phase of silicon is produced as shown in
the microstructures in photos. of Table 7. It was

Table 6 Anisotropy and microstructure of annealed Al-1.399; Si alloy sheets. %100

Mark 5

| B

Microstructure of ingots

Microstructure oi aanecaled sheets

Ear direction

Ear height, mm

Recrystallized grain size, mm

0.057 0.08

Conditions of ingot

Water quenched
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Table 6 (continued)

Table 7 Anisotropy and microstructure of annealed Al-7% Si alloy shee's. %100

Mark

Microstructure of ingots

Microstructure of annealed shze’s

Ear direction

Ear height, mm

Recrystallized grain size, mm

0.010 0.010

Conditions of ingots

As cast

Water quenched

found that annealed Al-1.494Si alloy sheets have
large recrystallized grains and exhibit a 90° ear and
annealed the Al-7%Si alloy sheets have very small
recrystallized grains and a 45° ear independent of
the heat-treatments of the ingots.

From the above results it may be concluded ;

(3) Atthetime of recrystallization, the recrystalliz-
ed grain growth is restricted by the second phase
of the metallic compounds contained in aluminium.
When the amount of additional elements is very
small and the additional elements remain dissolved
by quenching, the recrystallized grains are large.

(4) In the process of recrystallization, the change
of anisotropic property is restricted by the presence
of the second phase of the metallic compounds,
and at the same time recrystallized grain growth is
restricted. The sheets which contain the large amount
of the second phase of the metallic compounds always
have a 46° ear in rolled and annealed sheet, but the
annealed sheets which contain none or a very small
amount of the second phase always have a 90° ear.

Fig. 1 shows (200) pole figure of the texture ob-
tained in Al-49; Cu alloy sheet made from non-heat-
treated ingot, and Fig.2 shows (200) pole figure of
the texture obtained in Al-49; Cu alloy sheet prepared
from the quenched ingot. The annealed sheet made
from non-heat-treated ingot exhibits preferred
orientation of (123) (121), but in the cas= of quenched
ingot it always it (100) (001). It was found that
the recrystallization texture of Al-495 Cu alloy
sheet was changed by heat-treatment of the ingot
before rolling, namely when the second phase of
metallic compounds in aluminium remains dissolved
by quenching, the recrystallized grains of the anne-
aled sheet grow and the preferred orientation of

— 9

texture changes from (123) (171} to (100) (001).

Fig. 3 and Fig. 4 show (200) pole figures of Al-Si
alloy sheets which have different anisotropic property
caused by additional amounts of silicon in aluminium.
Namely the texture of annealed Al-1.494Si alloy
sheet exhibits preferred orientation of (100) (001},
but the texture of annealed Al-79 Si alloy sheets
(123) [1%1) type. It was concluded that the preferred
orientation of the recrystallization texture of the
annealed Al-Si alloy sheet is governed by the
amounts of the second phase of silicon.

4. Conclusion

The anisotropic properties and the recrystalliza-
tion textures of annealed Al-49Cu, Al-49%Cu
-0.79%Fe, Al-1.49%Si and Al-79%Si alloy sheet were
investigated.

(1) Theanisotropic property and texture of annealed
Al-49; Cu alloy are changed by heat-treatment of
the ingot, namely the annealed sheet made from
non-heat-treated ingots or furnace-cooled ingots
have very small recrystallized grains and indicates
preferred orientation of (123 (121) and four ears at
459, 135°, 225° and 315°, along the rolling direction
appear by deep drawing. When the second phase of
metallic compounds remains dissolved by quenching
and the ingot remains in the state of supersaturated
solid solution, the annealed sheet made from this
ingot has large recrystallized grains and exhibits
preferred orientation of (100) {001) and four ears at
0°, 90°, 180° and 270° appear by deep drawing.
Moreover, when the ingot is artificially aged and fine
metalilc compounds precipitate, eight ears appear.

(2) When iron is added to Al-4¢95 Cu alloy and
when a large amount of the second phase of metallic
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Fig. 1 (200) Pole of annsaled Al-Cu alloy sheet, Iig. 3 (200) pole of annealed Al1.3995 Si alloy
this ingot was no: heat-treated. The sheet sheet which made from not heat-treated
has 45° ear. ingot. The sheet has a 90° ear.
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Fig. 2 (200) pole annealed Al-Cu alloy sheet, this Fig. 4 (200)pole of annealed Al79 Si alloy sheet
ingot was quenched from 550°. The sheet which made from quenched ingot. The
has a 90° ear. sheet has a 45° ear.
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Comparative Corrosion Test of
Condenser Tube Materials by Model Condenser at
Meiko Power Station

by Takemichi Otsu and Shiro Sato

In order to clarify the comparable corrosion rate and the effect of grain size, hardness
and minor element to corrosion resistance of condenser tube alloys, the corrosion tests
were carried out by a model condenser and the laboratory impingement test apparatus.
The model condenser was constructed at Meiko Power Station of Chubu Electric Co.. The
alloys used in the tests were noninhibited admiralty brass, arsenical admiralty brass,
aluminium brass, Albrac (patented, specially modified aluminium brass), 90-10 cupro nickel,
70-30 cupro nickel and aluminium bronze.

Model condenser, in which 470 tubes of above alloys of 19 mm O.D., 1.0 mm thickness,
2,086 mm length were installed, was operated as auxiliary condenser of main condenser of
3,000KW steam turbine and used from Jan. 1955 to Aug. 1956 for 6,257 hours.

The results of model condenser test were as follows.

1. On admiralty brass tubes, local failures of dark brown protective films and at the
failures the variety of corrosion were observed.

9. Inlet and outlet of admiralty brass tubes suffered from impingement attack.

Inlet attack was most severe at the upper saction of 59 to 300 mm from the inlet end,
presumably by the action of entrained or separated air bubbles. On the other part of
this alloy tubes, local impingement attack, corrosion of linear and pock-mark type were
observed.

3. Three of admiralty brass tubes leaked in about 5,000 hours of operation due to local
impingement attack of pitting type at the center of those tubes.

4. Effect of minor addition of arsenic as a inhibitor to dezincification corrosion of brass,
grain size and hardness of tubes to corrosion were not apparent in the test of admiralty
brass tubes.

5. Albrac, aluminium brass, 90-10 cupro nickel and 70-30 cupro nickel tubes sustained no
impingement attack except that on few of those tubes local corrosion due to obstruction
of some solids and pock-mark type corrosion were observed.

The effect of temper of tubes to corrosion were not apparent, as these alloys have
excellent resistance to corrosion.

6. From the fact that some of Albrac tubes on which the defects, usually encountered
in process of tube manufacturing such as plug mark scratch, pits by cinder crushed,
lapped and peel off defects were given artificially, did not sustained any local corrosion
at the defects, the manufacturing defects were not always the cause of early leakage of
tubes as has been supposed.

7. From the microscopical examination of the wall section of corroded tubes, impingement
attack, local impingement attack with and without obstruction and pock-mark type
corrosion were all characterized by deepening to down stream, irrespective of corroded
form.

Laboratory test to confirm the intense corrosion action of the obstruction in tube was
carried out.
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On Albrac and 90-10 cupro nickel tubes the local impingement attack were observed
at the vicinity of contact area with obstruction.

The relative corrosion rate of condenser tube alloys were also determined by the jet
impingement test and results obtained were as follows:

1. Among the alloys tested, 70-30 cupro nickel showed the maximum resistance to impi-
ngement attack, and Albrac and aluminium bronze showed the excellent resistance, but
aluminium brass and 90-10 cupro nickel were slightly inferior especially in severe test
condition. Admiralty brass showed minimum resistance.

2. The consideration of relationship between jet test results and service experience in
model condenser has shown the basis for the estimation of corrosion resistance of
condenser tube materials in service from the results of jet test. The limiting value
capable of expecting good service results is 20/1000 mm in depth in jet test under
condition of jet velocity in 8m/sec., 5% of entrained air and duration of test for 250

hours in 39 NaCl solution.

In these comparative corrosion tests, the corrosion resistance for condenser tubes are

considered as follows;

70-30 cupro nickel is maximum, Albrac, aluminium bronze, 90-10 cupro nickel and
aluminjum brass are practically favorable, but admiralty brass are only applicable at the

velocity of cooling water under 2m/sec.
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test.
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A: Steam inlet D: Cooling water outlet
B: Condensate outlet E : Piping to air ejector
C: Cooling water inlet F: Water box.

Fig. 1 Details of medel condenser.



Octobar 1961

T kR & 8 B & & (302)
Table 1 Details of test tubes
Tube Test tube materials Chemical(ggr;?g:ilgion, % | Tem aFrixgzéling N.OL of

No per temp., Ltest Note
: Cu| Zn| Sn| AL| Ni | si | As| Fe o | tubes
No. 1 | Arsenical admiralty brass | 70.0 | R 1.0 — — l — 1 0.04 | — | Annealed 550 30 | BY AS.T.M. Blll
No. 2 | Aluminium brass 77.0 — 2.0 — e 0.04 | — | Annealed 500 30 | BY AS.T.M. Blll1
No. 3 | Admiralty brass Stress relieved 350 30 | BY J.I.S. 13532
No. 4 | Admiralty brass [t R | | Annealed 500 30 | BY A.S.T.M. Blll
No. 5 | 70-3) cupro nickel R — wjm—‘-w—szom — — 0.5 | Annealed 800 (3 0) | BY A.S.T.M. Blil
No. 6 | 99-10 cupro nickel %uoer?fl'}ﬁgdened B 30 Soluti(in heat treﬁate:i
_No. 7m~ 90-10 cupro nickel R | — | — | — 110 — | — 1.9 I\Z\}‘gﬁ{:pg::;gnd' 30 frecipitated

No. 8 }99-10 cupro nickel Annealed 600 30 | BY AS.T.M. Bll1
No. 9 | Albrac Work herdened 30 | BY B.S. 3
No. 10 Albrac Stress 140 | BY J.I.S. H3632-H
No.10—1 Albrac relieved 10 |Plug-mark scratched
No. 102 Albrac 8.0 R - 2.0 — 0.310.04} — 400 1o Pittedcli)r}:der crushed
No.10—3 Albrac 190 Lapped and peelg:&.
No. 11 Albrac Annealed 500 30 | BY J.I.S. H3632-0
No. 12 Albrac Over annealed 700 30 | End anneal temper
No. 13| Aluminium bronze R - - 1—6”—O“t - — 10.15 t—: Annealed 690 30 % BY A.S.T.M. Bill
Table 2 Chemical composition, tensile strength, elongation and hardness of test tubes.
Tube Test tube Materials Temper Che?lj‘i;:;c?;?i:f;gz?’ % B %;;%?2:%4 Hardness

No. Cu|sn|Al| Ni|si |As|Fe|Mn| Pb|zn sirongth. | oy o

> kg/mm?2 ion,% “R

No. 1 | Arsenical admiralty brass Annealed 71.47} 1.03) — — | —]o.edool —lTr| R 35.7 7 2 62,0
No. 2 | Aluminium brass Annealed 76.75 — —if87 | = BAO% ‘0"51 T _’l:; R 42.6 5 8 81.5
No. 3 | Admiralty brass Strels_gueved w69?9 —1?7 = — - Eﬂ —‘6‘0712 E _E 38.2 6 3 76.5
No. 4 | Admiralty brass Annealed 69.50, 1.07] — —| —} =100 —|Tr| R 34.8 6 9 61.0
No. & | 70-3) cupro nickel Annealed —GS—Q . :0-172 S M(S_% @? . 43.3 4 3 7 6. 0‘-w
No. 6 | 90-10 cupro nichel \%gg?%g}r’ffn‘e; _8—';6"9 . _1—;5;_—_ - 6_56 6—0—1 _’}‘; — 30.1 0 85.0
No, 7 |90-10 cupro nickel Erecipitated "\ 7| |05 — | — | 0.80 010 Tr | —| 45.2| 14 | 940
No. 8 | 90-10 cupro nicked Annealed 87.81 . 41i—5—55-j - ;E) (Hi Tr — 33.8 4 4 70.0
No. 9 | Albrac Work — lre.0g — EI;E@EZ E_R 64.5| 10 1000
No. 10 Albrac Stresrselieved 77.88 —|1.95 —0.22 0.04 0.0 — ) Tr| R 52.0 47 93. 0
No. 11 Albrac Annealed 77.81) — | 1.95 —|0.23 0.04/ 0.0} — | Tr| R 47,1 5 3 90.0
No. 12 Albrac Over annealed| 77.89 . ~1—95 T _OEB Wx Ggl T v’i‘“r R 38.9 70 53.0
No. 13 Mlgluminium bronze Annealed 93.43 . ;2_7 - = ~0715 —0_03 S ~-T—r — 52.0 ) 5 6 97.0
Table 3 Hardness distribution of test tubes.

Tube Test tube materials Hardness, Roclwell "™ (From tube end)

No. 10mm 1 30mm i 50mm t 70mm 1 90mm ‘ 110mm \ 130mm ‘ 150mm | Nfi__ﬁ_,__
No. 1 Arsenical admiralty brass 6 0. 0 63.0 I 62.0 l 60.0 62.0 62.0 62.5 62.0 Annealed’ o
No. 2 | Aluminium brass 81.0 | 81.0 | 81.0 | 81.0 | 81.5 | 81.0 | 81.5 §1.0 Anenaled
No. 3 | Admiralty brass 45.5 | 50.0 | 65.5 | 71.0 | 74.0 | 76.0 | 76.0 | 76.5 | Endanncaled
No. 4 | Admiralty brass 60.0 | 60.0 | 61.0 | 60.5 ] 61.0 ] 61.0 60.5 61.0 Annealed N
No. 5 | 70-30 cupro nickel 76.0 | 76.0 | 76.5 | 76.5 | 76.0 | 75.5 76.0 76.0 Annealed
No. 6 90-10 cupro nickel 60.0 62,5 71.0 74.0 i 78.0 81.0 85. 0 85.0 End annealed
No. 7 90-10 cupro nickel 60.5 62.0 64,0 67.0 ] 956.0 97.0 99.0 101.0 End annealed
No. 8 90-10 cupro nickel 70.5 70.0 71.0 71.0 71.5 71.0 72.0 71. 5 Annealed
No. 9 Albrac 62.5 655 67.0 76.0 83.0 90.5 [101.0 110.0 End annealed
No. 10 Albrac 59.0 60.0 65.0 77.5 82.5 87.0 89.5 92.0 End annealed
No. 11 Albrac 88.0 89.5 89.0 89.5 90.0 89.0 88.0 90.0 Annealed
No. 12 Albrac 55.0 56.0 54.0 53.0 53.5 53.0 53.0 538.0 . Annealed
No. 13 Aluminium bronze 95.0 95.5 96.0 97.0 ‘ 97.0 97.5 97.5 96.0 Annealed

4 —
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Fig.3 Installation of test tubes in model condenser. (Front view)
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Table 4 Operation records of model condenser.
Time of Total of Velocity of cooling water, Temp. of cooling water, °C Temp.
bate operatiion, operation, m/sec Inlet l Outlet of

h, min h, min Max. | Min. Average Max Min. Average ‘ Average com;l:gflsg—

1954—12 18420/ 184 — 20 — — — — — — — —
1955 — 1 546 — 30/ 780—50/ 3.3 2.12 2. 89 111 9.7 10.4 11.9 29.0
2 586 —59 18317 —49 3.05 1. 66 2.59 11.4 9. 9 10.7 11.9 29.4

3 400 —15 1718 — 04 2.66 1. 45 1. 93 12.9 10.9 11.3 12.4 30.4

4 246 —40 1964 — 447 — — — — — — — —

5 - — - - _ — — — - —

6 93—00 2057 —44 2.91 1. 56 1. 90 26.3 23.8 24,5 25.5F 37.2

7 394 —45 2452 —29 2. 34 1. 60 2. 31 29.4 23.5 27.3 28.9 41. 4

8 581 — 50" 3034—19 2.30 1. 48 1. 97 30.9 27. 4 29.2 31.5 43.2

9 422 —10¢ 3456 —29 2.17 1. 45 .70 28.7 24,8 26.8 200 42.2

10 459 —05 3914 —3¢ 1. 87 1. 66 1. 68 25,6 20,7 22.5 23.8 37.6

11 343 —36 4258 — 10 2.30 1. 66 1.88 20,2 16.7 18,3 20.1 35.1

12 238 —40/ 4496 —50 2.46 1.93 2.15 16.5 11.6 15,2 16,8 32.3

1956 — 1 521 —0¢ 5017 ~56 2.538 1. 93 2.27 12.5 9, 2 10.7 12.3 28.2
2 206 —40 5224 -—36" 2. 65 1. 90 2,27 10.0 9. 3 9. 6 11.0 28.1

3 93 —39 §317 —41 - — - 11,7 10.2 10.6 12.9 30.3

4 — — — — — _ — —_ — —

5 — — — — — — — — — —

6 174—29 | 5492—10 2.15 .92 2.06 25.6 20,4 22.1 24.1 37.9

7 3090—-57 | 5802 —07 2.33 1.97 2.14 31.0 21.5 25.2 26. 9 40.2

8 454—40 |6265—47 — - - 30.9 25.8 27.9 30.0 £3.0

Lo Mo BOmEEE BCRENEL, BT e BEY
L, BRIZATEEER Ui, BHKILATEBNE
KTHY, B, HE, BHEECL VRELARTZD LN
Too &GRS R A A NIRRT DO A1
BE L ORAKTHoreh, ZOBRMBALNT 2.2~17
m/sec OWETHEE 78 o7z,
4.2 RIS

bEEERR T iR 1 B OB R s ALIRE AR L,
H S b inotee ORI Table § ik
Uizo ¥ 72405 5,0000: IR B BRTE K 28 T EE Biod No. 1
# 3 LU No. 4 D aE 3 RKRBAD - D IR 43k
Uiz B oAk Fig. 4 ik Uls, RS IR
FERBCARE UBEEEICE Lo THEEIVR & E % BA

U, SRkt Uico
5 HREBERLAZE

ARFn814E O F SEAERREE 6,257 5 B I AP 2 3
N A~ Table 6 3 108 Fig. 5 @ik 3n< £ ORR
HRERBERS LD 2~ 5 REF 140 AP - CHZER
T LTze W7 F I I07 4 —HEAETEBRIM e —3 08
BaERRAR LU, $eafcBaETr @i vwe s
EINID TR A ER - 7co BIE—WEH LTI
%, EhiE kb £y 250mm OFERFEERRT A OH L
TREC L HDHEFL AL LI, BOBosELED
B R B I AACEET I CES A L, B
RIS B LA & T I A0 TR AR A 3

Table 5 Details of leaked tubes.
Designation Date of Duration Test tube materials, Set position Leak position
of leaked leakage of test. number
tubes h. min.
N A 1955 12 — 15 5085 — & 17 No. 4 Section A About 50mm
0. , — 3 — & . N
Admiralty brass lst Flov from inlet end
(Annealed)
N B 1950, 3 1o 5235 - No. 1 Section B 5656 mm
0. ’ 0 Arsenical admiralty ist Flow from inlet end
brass
(Annealed)
No. 1 Section A 830
No. C 1956, 7—15 5612 — 2 57 Arsenical o
ica 1st Flow from inlet end
admiralty brass
(Annealed)
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Sect. B, ist. Flow

Fig.4 Installed position of leaked tubes.

oo BNEHAEE, ETHW -2 E FOENEDORIE
WA, FCEAMECIE S SR, B, gy v EaK
YB. 77 vy vy S REDRE, FEEBORMEBICEY
T2 LE2bNDEEECEELERD S X OWRELEY &
D I BRI & T~ HOBBECHEIK S v~ 2R LHI

R D 4 B HUIL O I Lotk 1 A T~

5.1 ERERRE KE- 1% ONERR) H/E
SRS A B L7 IR A 7 D T < BRI i MRS

LT b, No.l %, No.3 kL0 No.d &0 7

FI 7T 4 —HEREE B OEMECEDERET LS

& DRAERIC & b REEBEEAE U Chs, RBRE
Table 6 Sampling schedule.
Tube Test tube materials Temper Setion A Section B Total sum
2nd Flow l ist Flow 2nd Flow 1st Flow
— Total Total
No. Total ’Sample' Total iSample Total |Sample] Total [Sample| . d o
) No. No. | No. No. | No o. | No. No. | installe sampling
No. 1 | Arsenical admiralty brass Annealed 10 5 4 4 10 5 4 4 28 18
No. 2 ! Aluminium brass Annealed 10 2 5 3 10 2 5 2 30 9
No. 3 | Admiralty brass Stress relieved 10 5 5 5 10 5 5 5 30 20
No. 4 | Admiralty brass Annealed 10 5 4 4 10 5 5 5 29 19
No. 5 | 70-30 cupro mickel Annealed 0 0 1 1 0 0 0 0 1 1
No. 6 |90-10 cupro nickl Quenched, 1 10 2 5 3 10 2 5 2 30 9
No. 7 |90-10 cupro nickl Precipitated | 10 2 5 2] 10 2 5 2 30 8
No. 8 | 90-10 cupro nickel Annealed 10 2 5 2 10 2 5 2 30 8
No. § Albrac Work hardened 10 2 5 8 10 2 5 2 30 8
No. 10 Albrac 20 2 36 5 20 2 66 6 142 15
t
No.lo—1 |  Albrac Stress 0 0| 10 3 0 0 0 0 10 3
relieved
No.10—2 Albrac 0 0 10 3 0 1] 0 0 10 3
No.10—3 Albrac 0 0 10 3 0 0 0 0 10 3
No. 11 Albrac Annealed 10 2 5 2 10 2 5 2 30 8
No. 12 Albrac Over annealed 10 2 5 2 10 2 5 2 30 8
Total 120 31 (115 44 1120 31 |115 34 470 140
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Fig.5 Installed position of sample tubes.
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Arsenical admiralty brass, annealed (No. 1)
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= - | i i KV R
Admiralty brass, annealed (No.4) ks &@&ﬁ&x@%@&mm;&m
. g [ e l Photo. 8 Inner surface of admiralty brass tube.
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A section 1st flow {m‘ Lt I
B section 2nd flow { iy } ‘
Outlet
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Inlet Qutlet
r T 1= = T ]
0 450 200 1184 1634 2086mm Center

v Impingement attack

x Pitting type impingement attack
Pock-mark type corrosion
linear type corrosion

Fig. 6 Typical corrosion of admiralty brass tubes.
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Photo. 9 Inner surface of adm1ra1ty brass tube. (Annealed)
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. Photo. 10 Inner surface of 70-30 cupro nickel tube.
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Photo. 11 Inner surface of 90-10 cupro nickel tube.
(Quenched work hardened)
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Inlet
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Photo. 12 Inner surface 90 10 cupro mckel tube.
(Precipitated, workhardened)
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‘ Photo. 13 Inner surface of 90- 10 cupro nickel tube.
(Annealed)
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Photo. 14 Inner surface of Albrac tube (Work hardened)

Center

Inlet
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Photo. 15 Inner surface of Albrac tube.(Stress relieved)

Qutle

Center

Inlet

Qutlet

Center

Inlet

Pnoto. 17 Inner surface of Albrac tube (Over annealed)
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Photo. 20 Inner surface of Albrac with lapped and
peel off defects.
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Photo. 19 Inner surface of Albrac with pits by cinder S ABEMPMEEOE(IE 7 VI 7 v 7 4 —HEROHEITO
crushed. HEEDHHN, BOZOBEAOMEDET LEEERER LS
Table 7 Effect of corrosion on the tensile strength of test tubes. (kg/mm?2)

Tube Test tube Temper As After the Secton. A Saction B
No. materials prepar-“OTT%ion, | 2nd Flow 1st Flow 2nd Flow Ist Flow
ed | Average) Mar}:{in. kAverage Mar);'in Average Ma;’in’ Average Ma;'in. Average|
No. 1| Arsenical admiralty | Anneated 35.7 33.5 [33.4-31.4] 33.9 [31.0-33.6) 32.6 [32.9-24.3] 83.8 |32.8-33.8 33.4
No. 2| Aluminium brass | Annealed 42.6 42,4 |46.7—42.0] 41.9 42.5--43.3 42.9 [41.5—42.8 42.2 |42.2—43.4] 42.8
No. 3| Admiralty brass | Stress relieved 38.2 35.3 |35.7-63.00 35.9 [35.5—36.9| 36.4 [35.6—36.7 36.3 [36.3—37.4  36.7
No. 4 | Admiralty brass | Annealed 30.8 | 333 |32.5-30.5 33.2 32.7-33.0 33.2 [32.2-30.4] 33.5 32.8-33.8 33.4
IiIo. 51 70-3) cupro nickel | Annealed 41.2 - - — — 42.8 - - - —
No. 6 [90-10 cupro nikel | Wark hardened | 30-1 | 81 31.4-33.2 2.3 (1.4-32.2 318 [30.2-31.4 30.8 33.2-33.7 33.5
NO. 7 | 90-10 cupro nickel Lreclpitated, | 45.2 45.4  |46.0—50.9] 48.4 [30.7--43.1 41.4 144.5—48.1 46.3 |38.1—47.6]  42.9
No. 8| 90-10 cupro nickel | Annealed 33.8 32.6  30.8—32.2 31.5 31.1-33.5  32.3 [31.2~34.9| 33.1 [31.0-34.9 33.4
No. 9| Albrac Work hardened 64.5 64.4  62.3-65.2 64.2 62.6—65.8  64.2 [63.7—65.5 64.6 |63.8—65.2  64.5
No. 10| Albrac Stress relieved 52.0 8.2 |47.5-49.7,  48.6 |45.7—50.8)  48.2 48.3—48.5  48.4 [46.0—50.2]  48.1
No. 11|  Albrac Annealed 7.1 48.1  45.6—45.7 45.7 46.3—48.6  47.5 [50.1—51.5 50.8 [7.7—48.7]  48.2
No. 12| Albrac Over annealed 38.9 38.4  [38.8-30.6) 39.2 38.4] 38.2 [37.5-38.4] 38.0 [37.2-30.1 38.1
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Table 8 Effect of corrosion on the elongation of test tubes. (%)

Tube Test tube Temper As | After the Section A Section B

No. materials prepa- corroiizxtl 2nd Flow 1st Flow 2nd Flow 1st Flow

red (Average) Mafn’in. Average Ma;,in. Average| Mar};fin. Average Ma:;'in. Average

No. 1| Arsenical admggstsy Annealed 72 65 50—72 67 4371 5 | 69—72 70 | 61—73 64
No. 2| Aluminium brass | Annealed 58 57 5758 58 | 56—59 58 58 58 | 55—58 57
No. 3 Admiralgﬁgrass Stress relieved 63 57 56—59 58 49—50 55 53—61 58 4960 57
No. 4 Admiralty”brass Annealed 69 67 66--70 68 65—70 69 54—71 64 65—71 69
No. 5| 70-30 cupro nick;I— Annealed 41 — — — — ﬁiﬁ — — — -
No. 6| 0-10 cupro nickel | YUeREhed  eneda| 30 30 29 29 a1 | 8l | 232 30 | 26-31 29
No. 790-10 cupro nickel | oapiated oeq| 14 6 | 1817 15 8| 18 | 115 13 | 15-18 17
No. 8| 90-10 cupro nickel | Annealed 44 44 45—47 46 | 42—45 4 | 4243 43 | 4243 43
No. 9| Albrac Work hardened 10 11 1011 1 1 u | -1 12 .| 1112 12
i\Xo. 10 Albrac Stress relieved 47 49 4652 49 4453 48 46—49 48 4854 52
No. 11| Albrac Annealed 53 51 53—54 54 | 49—55 52 48 48 | 50—52 51
No. 12|  Albrac Over annealed 70 69 66—58 67 69 69 | 69—70 70 | 65—75 70
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6.1 —iEvE&E (Erosion or Impingement Attack)
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RO X D 50mm fF3F & b 300mm (e bl 5T
£ U, #150mm FfEo EEA L T—FEB LV, o T
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¥ & O No. 4 %813 Photo. 21, 22, ¥ X O 23 /R4 W
TNLEABC L BZEAEDOREH VIR D BND, Ll
fhoiE 1y Photo. 24 1wixd No. 2% (7 v 3 = v L)
DEID L WEOREITED B, ¥ Photo. 25 1%
Photo. 21 JhZ241TiR L= BA DS OWERHE 1T - 12 E
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Photo. 22 Inlet attack of admiralty brass tubefi(stress relived) and its cross section. X20x1%
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Photo. 24 Inner surface of inlet end of aluminium brass
tube and its cross section. X20x3%

No.5 tube '
No. 6 tube
No. 7 tube
No. 8 tube
No. 9 tube
No. 10 tube
No. 11 tube

No. 12 tube

Photo. 25 Inner surface of inlet end of test tubes.

6.2 BEEE

JRE I A, EHARIER O A D RlEN S O & 38
DR EA: | B AEE L 4 Th %, Photo. 28 1R
T, ADp s DEIL S EBR LT Uk b da b, BIC,
D B LUCEDIML $H TN H AR S DENTRD ‘bﬁ%
BHo MAKIUBRERMNT e —Yav~v—7 HE0H
iméo:zt%¢WﬁﬁUWEmlﬂmux29@ﬂn<\b@Vm%@$ﬂ
IRIRO S I N IE L 2 < o f N & Tl A oo SLENG T IR L
HRL T WD, FHie Dond SAORH: $DOOWHEER
DEANRERDLDHET A—HRERLTWDE,ZDL I
ﬁ%ﬁmﬁ%muﬂ%ﬂﬂm*ﬁ&%ﬁ&ﬁwkbfh —T
WaRL, BEEELE— LT b,
I IRTER R s DFHE & 5&%2%50L#LPmm28@
DB IOEBZR LIS &R0 L OGO MEIYEL

SRR

¥aoto. 3 Inlet attack of admiralty bras tube (anneaed) an its cross section. X20x 1%

B HNE
SRR

. Bk BT o ET I X A EREO

WCJZ %)4%%7;{: rh'ﬁ&wb\&)%/\gﬁ\ﬂﬂ Efj?);o)ﬁl
AK; nﬁ‘t(/d‘aﬂ T I/T%’ iﬁ‘OfCo

Pheto. 26 Typical inlet attack which shows the horseshoe
pits on the upper split section. (Sect. B, lst
Flow, No. 1--3)

Photo. 27 Typical cross section of horseshoe pits.
x18x 14 (Sect. B, 1st. Flow, No.1—3)
1

A ; No.1-C. Outlet, upper section. B; No.1-B. Center, lower section.

C; No.l-1. Sect. B, 1st Flow. L

D; No.10-4. Sect. B, 1st Flow.

-
-
{ég

.
.

k}5_2 No 104 Sect. B, 1st Flow.
Photo. 28 Typical local impingement attack of test tubes.
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A. (No. 1--C) =204

B. (No. 1-—1 Sect. B, 1st Flow) x18x 14 C. (No. 1-1. Sect B, 1st Flow)=x18x 4

D. (No. 10-4 Sect. B, 1st Flow)x20x 4 (Section of photo. 28 E}

Photo. 29 Typical cross section of test tubes which suffered local impingement attack.

6.3 EPEETOREEER FlEROmE 4O THD, Bk 10~20mm OEV O
B IS D —> & LTSNk E Ry 5 B RICHEHE L T—EM ki 150mm $23W e b DTH Do
E%ri5ﬂﬁﬁﬁmﬁa@@£%?m@@ﬁgmgﬁ1 M & 5 ik i v Photo. 33 R348, L CHBIRANE
il B EBBERT B SAREAEC bEDbbn 2 Thbe CORMFRIL, BRICA ot AR E
7=, Photo. 30 [ M1< Ch Do AFMIAEEE AR 0 LS DERYIC X B ER OB R A s sk L
P D A THESOTEACMTH Y, B.CH£0DIR bPLELBND, WARLIELEE HAATR L

5T\ 5o ¥ EREEEOHEETC &EA A Bk Ew

POTEPICIE 2o AT %’Hmméfi WABAIBE e = 05, $ia S MEHR O BUKE I 5
*ﬂ“%ﬁﬁw‘%\ UTIRRIPRE R & RS o C?“ B B A £ % X HIB A, RIS E O~
B OWE RN A Photo. 31 iix L7z23, Wi & aEIZKE HRLIEHD LD B N5,

DIIFNEEL 2 BNTE Y, BEOEHHW AR L TN

Bo GEo THIERIL L D C o OB ARy TR L » 65 HRRER

75 5 WHKROERL SR T 2RMERC L5 LT PG OFICILER 1~3mm BEOKJRMABORE
BB LD BND, Mo OEBACETIEEE I L 5 EATRD B, Photo. 34 2 DFlE R e Ak LUBRT
EHNER O ER e & A SR R B ER Oz, K Fionvs s —WHAE, Clillgx o 7e=y r VERZR
HEBIC L 2R EDE R ORENC X 5 HEORE U B BNFBITh Do MARAHBEL LTI bE PRI D
B %2 BB, L LT AoBa biligesey  PIVTR D, CORTEREE Photo. 35 o< 0.2mm #
DR & T DBDA A » Y B rRE NS & OHETT R & D Y CIEM Tl d B 08, BHKEROEMARNERLS o Tk
@ﬁ%ﬁ&%iﬁé:amb\p@ﬂ%ﬁm%%*ﬁaw

A. (No. 4-3, Sect. B, 1st Flow) B. (No. 1-4, Sect. A, 1st Flow) C. (No.9-1, Sect. B, 2nd Flow) D. (No. 10-8, Sect. A, Ist Flow)

Photo. 30 Typical impingement attack at the deposited obstruction.

DD EIEEAWMOMEIRR L% 2, KinHESB 40 B E—mEEEERL T WA, MO &%
T D EITE 2 BN, Hmmﬁ4@B@m<mmﬁﬁb#ﬁﬁ@%%ﬂﬁ@bﬂ
6.4 RIKEE HOLH Y, BEYKTHEERELEENLD LEZ LN

7T g RO —EICE O BRSO 60Lﬁbw%%n7m:vvwmwfmﬁﬂmADMK
BIR DI AT BivPhoto. 32 WiRkT, AL 3ARDEN X ADTRD DI AR R D B BB R A E U
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B. (No. 9-1, Sect. B, 2nd Flow) x20x 14
Photo. 31 Typical cross section of test tubes which suffered impingement attack arround the deposit.

A; No.1-4, Sect.B, 2nd Flow. B; No.1-2, Sect. A, 2nd Flow.
Photo. 32 Typical linear type corrosion of admiralty brass tubes.

A; No. 1-4, Sect. B, 2nd Flow. x50x}4 . B; No. 1-2, Sect.A, 2nd Flow. x65x}4
_Photo. 33 Cross section of linear type corrosion.

B; yNyo.(l—C‘, center, ' C; No. 7-2, Sect. A, 1st Flow, center.
Photo. 34 Typical pock-mark type corrosion of admiralty brass and 90-10 cupronickel tubes.
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6.6 HEZBEWEROEE
FIFREMAR L DTS

ST L A A ORER I

A; Sect. of Fig. 34-A.

B; Sect. of Fig. 34-C.

Photo. 35 Cross sections of pock-mark type corrosion.

Center

Inlet

A.(No. 4-A)

Outlet

. ! @ ;
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B. (No. 1-B)

Outlet

moomms CENEET
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3B 95D Ul € &Y HE 80 45 U7 4 46 o0

C. (No. 1-C)
Photo, 36 Interior view of leaked admiralty brass tubes.
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7. BERLAERE
4ziz. Table 5 #5300 Fig. 4 17k U 3 ARD B AN
AR Lk B T o Th b EE A, Bl X
NC B S g LUt rh i DA T 3 K O IR pE IR R D
B4 Photo. 36 1@id o AZAE D ADENR LT
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Bl rﬁﬂ' Mﬂiﬁi w igitio 47 & Wmmmmw

Phete. 37 Local impingement attack of leaked admiralty
brass tubes.

A. (No. 4-A) X20x V4

B. (No. 1-B) x20x}4

C. (No. 1-C) x20x}4
Phote. 38 Cross sections of leaked admiralty brass tubes
which suffered local impingement attack,
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Photo. 39 Test apparatus for impingement attack around
obstruction,
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S
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A. Cubic wood dzposit and impingement attack of Albrac. (3,600H)

B. Impingement attack of 109 cupronickel (5,600H)

C. Impingement attack of Albrac:(5,500H)

Photo. 40 Local impingement attack around the cubic
wood dzposit.
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A. 10% cupro nickel No. 1 X20% 14

C. Albrac No. 1 %20 V3

x 20 V4

Phote. 41 Cross section of test tubes which suffered from
local impingement attack around the cubic
wood desposit.

D. Albrac No. 2
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Photo. 42 General view of jet impingement test
apparatus by B.N.F.M.R.A.
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Jet velocity ; 6m/szc A ; Specimen, as prepared.
Volume of air added: 5% B; Specimen, as polished.
Duration of test: 250h

Photo. 43 Appearance of jet test specimens of test tubes
after exposures.
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