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Hot Shortness of « Brass and Influence of
Uranium Addition

by Shiro Sato and Kiyoji Sagisaka

It is well known that the hot working properties of a brass are severely impaired by
the presence of some impurities of low melting point such as lead or bismuth. Recently,
the modificating effects of uranium addition are reported.

This paper reports the results of the investigation on the deleterious effect of impurity
element (Pb, Bi, Sb, As) and the modificating effect of uranium to the hot working
properties of @ brass from the view point of microstructural characteristics.

The results obtained were as follows:

(1) Microscopical observation revealed the distribution of glouble type of lead and
bismuth, and that of film type of antimony or arsenic compound. The ratio of interfacial
energy of liquid metal and grain (y.s) to that of grain boundary (yss) were 0.7 and 0.6
respectively on lead and bismuth and less than 0.5 on antimony and arsenic.

(2) The Charpy impact strength of the specimens containing more than 0.002% of
lead or 0.0004 9 of bismuth decreased rapidly at the temperature which coincided with
the melting point of lead or bismuth. However, on the free forging test, surface crackings
were observed on the specimens containing more than 0.030% of lead or 0.007% of bismuth.
The specimens containing antimony or arsenic showed the gradual increase in hot shortness
with increasing of the content or temperature.

(3) The addition of a sufficient amount of uranium to the alloys was highly effective
to remove the hot shortness by the formation of stable intermetallic compound of UPb

or UBi.
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Fig. 1 Effect of dihedral angle on shape of second
phases.
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Table 1 Chemical composition of specimens.

Chemical composition (wt%)
Mark
Cu Zn Pb Bi Sb As
P 66.68 Bal 1.80 — — —
B 68.38 Bal — 1.70 — —
S 67.86 Bal — — 1.60 —
A 68.65 Bal —_ — — 1.48
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Fig. 2 Cumulative distributions of the observed
angles for various true dihedral angles'®.
Curve (A) : Calculated distribution for
the true dihedral angles.
Curve (B)
difference between the true dihedral angles and

: The dihedral angles, showing the

the median angles.
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1.80%Fb

1.6095Sb 1.48% As

Photo. 1 Photomicrographs of as cast « brass specimens containing lead, bismuth, antimony and arsenic

respectively. x400

1.80%Fb 1.70%Bi

1.60%5Sb 1.48%As

Photo. 2 Photomicrographs of @ brass specimens containing lead, bismuth, antimony and arsenic respectively,
water quenched from 700°C. <400
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Fig. 3 Cumulative distribution curves of observed
angles for @ brass specimens containing lead
and bismuth respectively.
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Table 2 Experimental values of dihedral angle in

specimens.
Dihedral . Rai‘%io of in-
. ihedral angle terfacial
Specimen Heat treatment o (degrees) energy,
T1S/78S
As cast Pb vs. « 90 0.71
P 400°C x48h—~wq v 90 0.71
"Cu : 66.68%
(Zn: Bl 600°C x 48h-wg P 0.71
Pb 2 180% /1 2000C x a8hrwg s 83 0.67
800°C x48h—~wq 7 79 0.64
As cast Bi vs. « 70 0.61
B 400°C x48h—»wq Y 72 0.62
Cu : 68.38%
(Zn: Bal 600°C x48h—>wq s 72 0.62
;. .,
Bi: L10% /| 2000C x 48h—wa PR 0.62
800°C x48h—-wq 7 67 0.60
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3-1-2 SBEERIARAE (d) Cu-30%Zn-Sb-U alloys
K%ﬁ@ﬁ&miﬁ%k@f%ﬁ 30kg-m DY 5 IV v F@L$ﬁ1ﬁ$ﬁ Composition (wt %) Ratio of Brittle-
™ s : [ U/Sb (at%) ess *
F Nz, B O AR BB I < IR E R A Cu Zn sb u i I
YRR B L, il L0 100~800°C #iFH /A TR I 69.20 Bal 0.01 - - o
3T, R A IS Lt BRI SR e e - ~
. . PR - ) 68.67 Bal 0.48 — — X
D LTl b BRI A J5 2 7 5 720 *
e B EE 68.96 Bal 0.81 0.58 0.37 P
3-1-3 BiREEREERE . 68.92 Bal 0.80 1.36 0.86 o
Tk L O a R U DB A TRM LIcEa0 R
v~ TSR Fig 4 KRl e, Uogg () CudSi%Ze-Asl allovs
B3 < 7 B ONTEBE 1) B HRE L e IO E Composition (wt %) U%Ztio( otf/) Brittle-
. s (at% ness *
E0bAE S e oiz, @lEOBAIC D H300~600°C G | oz | e | U
P 519 BB O o317 5 F iU A 0.0295 1 £8 At wa | Bl |00 |- - o
~ : N - By 70.26 Bal 0.10 — — X
BE&ETEIEDBNT, TNHOEETRED LA L o ;1 e
. a . — —_ =
3 HET A e BA T v Tl R DM 9
ﬂxof%fiﬂt@@%%ﬂw , Lo b B B ENET 35 015 Bal 0.75 096 o N
fE R E R Lo 69.76 Bal 0.73 0.99 0.44 x
afEfc Pb X0 Bl # B4l LIzasE, N 69.51 Bal 0.95 3.97 1.11 o
U%HRNLcBE&0ABOREC KT 2EERY v Ve~
s B Y Fig. 5 5100 Fig. 6 0 X 5 Thoize Pb
% 0.006% Ll F, #7- Bi % 0.0010%Ll L&E T 54481% [ommmm
*Brittl A Slightly brittl
Table 3 Results of Charpy impact test showing the i enessl ightly brittie
effect of uranium addition to the hot x Brittle
shortness of a brass containing impurities.
(a) Cu-30%Zn-U alloys ~
25 T T T T Y ¥
Composition (wt %)
Brittleness *
Cu Zn U
69.48 Bal — O
70.28 Bal 0.004 @) 20 |
69.96 Bal 0.02 O
69.81 Bal 0.11 O
69.85 Bal 0.23 @)
‘e
(b) Cu-30%Zn-Pb-U alloys L
£
Composition (wt %) Ratio of | Brittle- ©
Cu 7n I Pb U U/Pb (at%) ness ¥ ‘G
[e]
69.56 Bal 0.002 - — A £ Q
69.99 Bal 0.006 _ o « - Composition, wt? o R4 A,
* Sof Cu U e N\
68.82 Bal 0.010 - - x 5 —O0— 69,48 — A
70.04 Bal 0.048 — — X —-@---70.28 0.004
69.82 Bal 0.046 0.010 0.19 x '_‘_'_‘_‘ﬁ:‘_‘_ 23 Z? 8 ?%
69.65 Bal 0.048 0.05 0.91 o) == 69,85 0.23
69.97 Bal 0.048 0.07 1.27 O 5 =
(c) Cu-30%Zn-Bi-U alloys
Composition (wt %) Ratio of | Brittle-
Cu Zn r Bi U U/Bi (at%) ness *
G 1 1 L 1 L 1 1
68.85 Bal 0.0004 — — A RT 100 200 300 400 500 600 700 800
69.15 Bal 0.0010 — — x Temperature, C
70.97 Bal 0.004 - - = Fig.4d Effect of uranium addition on the impact sterngth
69.14 Bal 0.011 — — X of a brass at elevated temperature.
69.06 Bal 0.007 0.011 1.38 pr4
69.12 Bal 0.009 0.043 3.78 O
68.37 Bal 0.007 0.044 5.52 O
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Charpy impact, kg-m/cm?

Fig. 5 Effect of uranium addition on the impact
strength of a brass containing lead at
elevated temperature.

25 T T T T Composition, wt?;

Cu Bi U

—O— 69.48  — .

———@--- 08.85 0.0004 ——

—eBmem 6915 00010

cchem 70,97 0.004  —

20> Qe 69,14 0.011 -
g2~ —0— 69.06 0.007 0.01117
N B - @ 69,12 0.000 0,043

~ <30 .37 0.0

(@)

RT 100 200 300 400 500 600 700 800
Temperature, T
Fig. 6 Effect of uranium addition on the impact
strength of @ brass containing bismuth at
elevated temperature.
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Fig. 7 Effect of uranium addition on the impact
strength of a brass containing antimony at

elevated temperature.
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Fig. 8 Effect of uranium addition on the immpact
strength of @ brass containing arsenic at

elevated temperature.

_._6__



(8) £t & &

& B B #®

January 1968

Pb 3 k0 Bi o#RLE (327°Chk X 1268°C) ii3ITFAY
FTAHRECRE NTRMICIHRENME T > &2 L, BAIE
BT IEVER T 2 7 Utzo #72, Pb#0.00294 7 0N Bi
% 0.0004% 20 A 41T N TiE300~600°Creint) TP 52
NCERENET L. bbb, mREFERBRERC X
g, Pbrk U Bl &k aEEMEET B2 DIRAE
17 N 10.002~0.0069% 35 & 170.0004~0.001095 0 FEEE P
Th Do ENbhot, Linl, Pbiklu Bi #BRFEDL
LA ATNT Y, Uke A TnBEAE0 P IgEsrs
rdonT, UDLaxHmMLIAa& BT L 5 &Rl
FNTHBE IRHD 52 B CTET 5 b Dh4H
L biize F7z, Pb#0.002~0.048% s J 1 Bi#0.0004
~0.0049% 244 544 TiE 600~700°C Bl bz s\ THEE
BORERD DI, —E ORI HERATIUE, ZDOEER
ERATRNTROEE BNV EEETD -7

o #sAie Shb WL As M LS, the Ux
RN E0ARBEC KT HERY v & — R
it Fig. 7% 50 Fig. 8 iR L7z Z &<, Sh kLU As
OEHFENG LB Lo T, HBEMET LIELD
HREFERACTN, LhbETTHEERIRE (R
#7o LWL, PoRIUBiRELE&&ETAHED N & 5k
e DEECR\WT Rl BHREIMET 5 BKkiL, Sb
BIUAS #RMUIZEAETIEA BRI oTce £1LTU
BOEET Pb L0 Bi2&L&&THABNIZ ER
BChhhole a8, ZHHOEEE 600~700°C L ED
BECBWCEHRBEOEENRLEDNDS bDONRE ol %
%2, Sb0.48% % &t & &I EREBIE B TELL A0
ofCo

By v —BRBOR T ORI B OV BRI
O#A Photo. 3 7z Byt Photo. 4 R Lz,

Photo. 3 Results of Charpy impact tests at 350°C on
a brass, showing the modificating effect of
uranium addition to the hot shotness by lead.
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A (at 350°C)

D

Photo. 4 Photomicrographs of « brass specimens containing various elements and uranium fractured by
Charpy impact tested at 300°C. <400
A : 69.59%Cu, 0.052%Pb
B : 69.57%Cu, 0.0326%Bi
C : 69.95%Cu, 0.10%Sb
D : 70.28%Cu, 0.67%As

69.65%Cu, 0.048%Pb, 0.06%0
: 70.98%Cu, 0.012%Bi, 0.062%U
1 70.00%Cu, 0.11%Sb, 0.08%5U

69.51%Cu, 0.95%As, 3.279%U
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-4 FEDTE Pb, Bi, Sb R XU¥ As 05 b bEts
EFELDPTWTHEL, vrs/rvss WNEWTHETH S S

(¢) Cu-30%7Zn-Bi-U alloys

Composition (wt %)

Ratio of
. . . Cracking*
B As THHZELIY, D\WT Bi, Pb DIETH %, cu | zn Bi u | U/BI G5
L, Fig' 4 NFig- 8 iRz & 5 fiy‘ﬁﬂﬁﬁﬁgﬁgﬁ@% 70.16 Bal 0.0008 — — e}
BEnBLT, Sb L As I hd Pb kiv Bi o 70.03 Bal 0.0016 - - o
BE B c NG E 3B S BN TR D, Mfblizd & 70.97 Bal 0.004 - - &
OFFRE HE N 2D &1, THHOERLEAMYITTHE .81 Bal 0.007 - - 4
o PO . 71.16 Bal 0.010 - - ®
X BIGALEGA, BT vis/yss OBROL HET 028 ol o011
. a . o - X
- N - - - e
Z;)k_. &.ﬂ‘aﬂ%ﬁfiﬁ%f&%}; &%/ﬂbfb\éo 69.93 Bal 0.032 - . %
jﬁﬁ%fﬂi N B4 OB S A H e o X, %ﬁ% 70.05 Bal 0.103 _ _ %
67.41 Bal 0.16 0.07 0.50 X
69.68 Bal 0.09 0.04 0.51 (]
66.63 Bal 0.14 0.11 0.90 A
Table 4 Surface cracking of hot forged specimens 70.90 Bal 0.12 0.12 1.14 o
R 68.39 1 .12 0.20 1.90
at 750°C, 50% reduction. 8 Ba 0 ©
69.97 Bal 0.012 0.062 4.58 @]
(a) Cu-30%Zn-U alloys
70.04 Bal 0.007 0.047 5.90 O
Composition (wt %)
Cracking *
Cu Zn U
70.34 Bal — O
70.28 Bal 0.004 o) (d) Cu-30%Zn-Sb-U alloys
70.18 Bal 0.01 o Composition (wt %) Ratio of
Cracking*
69.96 Bal 0.02 O Ca t Zn b - U/Sb (at%)
68.67 Bal 0.04 @)
69.81 Bal 011 o 69.19 .| - Bal. 0.011 - - o
69.85 Bal 0.93 0 71.17 Bal 0.079 — — @)
69.39 Bal 0.71 o 70.00 Bal 0-16 - - ©
67.28 Bal 0.33 — — A
70.62 Bal 067 — - [ ]
68.92 Bal 1.10 — — X
67.96 Bal 0.81 0.31 0.19 X
(b) Cu-30%Zn-Pb-U alloys 67.26 Bal 0.71 0.31 0.23 %
68.96 Bal 0.81 0.58 0.37 AN
. - -
Composition (wt %) Ratio of - £8.99 Bal 0.80 0.66 0.42 o
p P Pb . U/Pb (at%) Cracking
u 68.92 Bal 0.80 1.36 0.87 @)
70.34 Bal 0.002 — — (@]
69.71 Bal 0.003 — — O
68.82 Bal 0.010 - - o (e) Cu-30%Zn-As-Ualloys
70.07 Bal 0.030 — — A p
omposition (wt % :
70.01 Bal 0.100 - - x P 0 Ratio of | o
Cu I Zn . As u U/As (at%)
70.41 Bal 0.098 — — X
70.22 Bal 0.105 — — X 68.24 Bal 0.008 — —— O
70.04 Bal 0.048 0.007 0.13 X 70.62 Bal 0.079 —_ — @]
69.82 Bal 0.046 0.01 0.19 X 70.04 Bal 0.100 —_ — O
69.97 Bal 0.048 0.07 1.27 O 69.76 Bal 0.33 — — O
69.56 Bal 0.102 0.01 0.09 X 70.46 Bal 0.60 — — ay
69.67 Bal 0.107 0.04 0.33 [ ] 68.83 Bal 0.69 — — N
69.88 Bal 0.100 0.05 0.44 JaN 70.50 Bal 0.85 — — [ ]
69.73 Bal 0.090 0.14 1.35 AN 68.83 Bal 1.18 — — x
70.39 Bal 0.107 0.17 1.38 A 70.12 Bal 0.75 0.26 0.11 O
68.35 Bal 0.094 0.40 3.70 O 69.76 Bal 0.73 0.99 0.43 O
69.51 Bal 0.95 3.27 1.08 A
68.72 Bal 0.97 3.85 1.25 FAN
R Sient
3 B A Slig
* Cracking { @ Moderate
x Severe
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VEPTEE & 7 BIRA o 7 R COWTHR
DAL, ¥ v e~ HRRRIC X 556 & B lhBERRc
EBHBEL TRHTOBICAXRHEDOSHB - ENERSN
%o Table 5 13s v & — WEH B HONC B F S
BRic & o CT1E 7 a RO BRGN035 AR o KR

yal;

HIRLICHDChH T, 72k 21E, Pb o WCikpiHic
B HENBEDEDK 1o Tholro DI &AM
WORRESMESN L LD E LTEELELAMEEDO LOT
<, MIEFEE b UBELABMBEAYE LTHWD 50D
ThHIEERTHDTHY, FIRALERMYT X D3

Bi 0.103 0.09 0.14
U - 0.04 0.11

D

0.100 0.090 0.107
0.05 0.14 0.17

0.094 (wt%)
040 ( 7 )

0.12 0.12
0.11 0.12

0.12 (wt%)

020 ¢ 7 )

Photo. 5 Results of the free forging tests at 750°C on « brass, showing the modificating effect of uranium
addition to the hot shortness by lead and bismuth.

Photo. 6 Photomicrgraphs of hot forged o brass specimens containing various elements and uranium at 750°C,

50% reduction. x400
A : 70.34%Cu, Bal Zn
B : 69.39%Cu, 0.71%U
C : 68.35%Cu, 0.094%Pb, 0.40%U

D : 68.39%Cu, 0.12%Bi, 0.20%U
E :69.41%Cu, 0.33%Shb, 1.23%U
F : 67.97%Cu, 0.395%As, 0.44%U
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Table 5 Maximum content of impurities in « brass

free from hot shortness obtained from
Charpy impact test and free forging test.
(wt2)

Element Charpy impact test Free forging test
Pb <0.002 0.010~0.030
Bi <0.0004 0.004~0.007
Sb <0.01 0.16 ~0.33
As <0.01 0.33 ~0.60

U-Sb 10 U-As'® BRIk ~Tike iz U-Bi %
LR £BRLAmO TERABD BN TEKD, I BT
U-Cu'®, U-Zn'" ORERC BT b &BMELEHDTHF
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Fig. 9 The equilibrium diagram of the lead-uranium
system.
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Wit &= Uiz,
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On the Resistance Welding of Al-Zn-Mg Alloys

by Yoshihiko Sugiyama and Toshiyasu Fukui

A study has been made of the resistance-weldability of Al-Zn-Mg alloys.
The purpose of this investigation was to study the characteristics of spot-welds when
used for three phase frequency converter type spot-welding system.

The results obtained were as follows:

1) Shear strengths of spot-welds were 700-800 kg/spot (2 mm thickness) or 300-400
kg/spot (1 mm thickness) in combination of AlZnMg-AlZnMg alloys sheets.

2) In combination of 5052-AlZnMg alloys or 5083-AlZnMg alloys, shear strengths of
spot-welds in 2 mm thickness sheets were 600-700 kg/spot or 700-750 kg/spot, respectively.

3) Cross-tension strengths of spot-welds decreased slightly with natural aging after

welding, though shear strengths increased.

4) In combination of 5083-AlZnMg alloys, blow holes were observed in the center of

nuggets.

5) In general, Al-Zn-Mg alloys have good weldability when used for spot-welding.

1. ¥
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& C 5 THEMBEE OB EE R BRT 51T & LT,
BAEM EZ OMREL, NEHBEELFCET 2 L01b
D, BT, OBEER, OBEEM, OBEEmES,
OEHERRBEILY, OMEHEY, OFEHEHE, OFH
AR, @WESDY y 7, OWES G E O iy
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Heat
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Post heat
cycle

Fig. 1 Welding sequence of spot-welding.

3. BEFHOKRE

Bk Uiz Z & <, B ARy FRETOBEERITIL,
B x DRFNEET AR, BEEEE LR  CiETR
W, BEEMR L OEEMNEIOEENRE L FITHR
AR ABENT, FTINDOETHE L, BEREOR
BEFES B, DEOFHERLEITR -7,

(=)

Table 1 Diameter of nugget. (MIL-W-6858A or
JIS-Z-3612)

Nominal thickness of thinner Spot weld diameter

Minimum,

Average,
inches (mm)

sheet, inches (mm) inches (mm)

0.040~0.042(1.02~1.07) 0.16 (4.1) 0.19 (4.8)
0.078~0.081.(1.98~2.06) 0.23 (5.8 0.27 (6.8)
Tiedob, B 5083(2mmt) T, BEELKE LW AW

A DR A T, WERM (heat cycle) 131 ~ 4 =,
WREINES (welding pressure) 13 200~400kg &L X
o WHERR (welding current) & oWLTILFIHER
DB TIREZEOBE T/ bl o o s, BT IRA
T HNTWHEMRFAIED parameter DA TS ~11% G
AL E Mo,

IS OEBELEME L & AW IRRE OBRY Fig. 2 ©
e INBIVPELMIEL, BELKMT IV AM
BIFE L AL T B ZORRN, HRINEF7
v PO NBEREC L DV E L R -TL B4
Zh5bHo

BIFm S8 L, MENSEWST TR, &7y b
DR S BIFTRUIFNIER B w0 ¢, BUTRET A3k
TORELRGAEE T 5B, Y (et metal) DF4:
ROy F OWERRLEE L, /4 Table 1 iR
Ty PEEBETAENEInSL Lo 5 BARBEL
7o

4. HEM B LR EOBE
41 M

BB Bk AL-Zn-Mg REE0 ZG43%10
T4, T6 LUt ZQ501L1D @ T4, T6 i d 1mm
BIO2mmiRTE B, BEOD I mmis LU 2mm
@ 5052 Js L0 5083 & FlunTz, T B D EEF D(LBEARRL A
Table 2 vz, {GRMAEMAMER % Table 3 sz i
pan

Table 2 Chemical composition of parent metals. (%)

T | ] v Mo | oo | Zr ag | cu Fe si
ZG43 4. 1.65 0.30 <0.01 0.01 — — 0.01 0.20 0.06
Al-Zn-Mg
ZQ50 5.00 1.97 <0.01 <0.01 0.03 0.18 0.14 0.01 0.22 0.08
5052 0.01 2.54 0.01 0.21 0.01 — — 0.03 0.15 0.10
Al-Mg
5083 0.02 1.47 0.66 0.20 0.02 — - 0.03 0.23 0.10
Table 3 Mechanical properties of parent metal. 49 i
e Tp.2 0
ﬁ§‘\\\\\\\‘\\\\\\\\‘&ymma hg/mmn | ) 165 P U de B S SRS A5k > NF-150-150 210 (FET:
ze |t | %8 | =3 i HED THY, Fot e HOEERELE TS LOTH
Al-Zn Mg e e o O B Bo IBEEEOREL 150KVA Th %o
a0 T 4 40.0 25.0 % e s )
T 6 50.2 e ” 4-3 BEEROAERE
o 19.0 8.4 25 — IR S C IR KRR 572, BT
5052 . . et _—
. H34 26.0 2.8 10 WORRIZIEF LT Lo AT F - BB 1
Mg e
5083 o 29.4 14.7 22 ERAEEEATE LT Wed, BEEROHIER
Hi4 36.0 34.0 6 %:‘@J: 6 fijifg%};ﬂ\/\fk:o
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Fig. 2 Effect of welding conditions on the shear strength of spot-welds in 5083 alloy.
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Fig. 83 Circuit of measurement of welding current.

Photo. 1 View of spot-welder and determining

apparatus of welding current.
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Table 4 Welding conditions of spot-welding.

(1) Experiment in this study.

Thickness Pressure (kg) Welding time (%) Welding current Electrode radius R
(mm) (in) Weld. Forge Weld. Decay A (mm)
1.0 0.040 360 1,100 1 5 33,000 200
2.0 0.081 650 1,400 2 8 61,000 200
(2) Military standard in U.S.A.

Thickness Pressure (kg) Welding time (%) Welding current Electrode radius R
mm | G Weld. Forge Weld. Decay A (mm)
1.0 0.040 364 910 1 5 40,000 102
2.0 0.081 820 1,860 2 8 63,000 203

Photo. 2 View of synchroscope and its schielding
net.
150 i e 50~
° | 3 O
-
Te——— &
Tensile -shear test O ® O 2
5 | O
5 } L -3 i

Hardness distribution Cross-tension test

Fig. 4 Details of test specimens.
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50830 MAH L DDEI ARy VABEHOT X S %

Fig. 5 wird, 77y Mk L oEEER LAZ) 11&
SICHEEER L ~3 A ORI TE L CEEIEL AR L
THY, BEESHLAOERRES 7y Tk Hv=
100 ~ 120 (AlZnMg-AlZnMg) % %\~ik 80~100(AlZn
Mg-5083) &7:b, HAZ i Al-Zn-Mg iz Hv=
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Fig. 5 Hardness distributions of spot-welds in Al-Zn-Mg alloys.
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Fig. 6 Effect of ageing on the tensile-shear and cross-tension strengths of
Al-Zn-Mg alloys. (2mmt)
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Fig. 7 Effect of ageing on the tensile-shear and cross-tension strengths
of Al-Zn-Mg alloys. (Immt)
Table 5 Shear strength of spot-welds. (MIL-W-6858A or JIS-Z-3612)
Ultimate strength 28,000 psi Ultimate Strength 56,000 psi
Thickness (20 kg/mm?) to 56,000 psi (39 kg/mm?) and above,
(39 kg/mm?), pounds (kg) pounds (kg)
(mm) (in) Min. I Min. Average Min. Min. Average
1.02 0.040 310(141) 390(177) 345(156) 435(197)
2.03 0.080 855(388) 1,070(485) 1,025(467) 1,285(583)
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Photo. 5 Micro-photographs of spot-welds in Al-Zn-Mg alloys.
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Influence of Additional Elements on the Quench-
Sensitivity and Nucleation of Precipitates in
Al-Zn-Mg alloys
by Yoshio Baba

Influences of additions of Li, Be, Si, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Ge, Zr, Mo,
Ag, Cd, In, Sn, Sb, Pb and Bi less than 0.5 at% on the quench-sensitivity, or the loss of
strength on slow quenching, of Al-2.5at9 Zn-2at9; Mg alloys were studied from the
measurements of mechanical properties and electrical resistivity and also electron
microscope observations, and proposed models on the nucleation of precipitates to
explain the mechanism were discussed with particular attention to the role of lattice
defects. The results are as follows:

(1) The quench-sensitivity of Al-Zn-Mg alloy is most markedly increased by the
addition of Cr, followed by that of Mo, V, Zr, Mn (group a), Cd, Ag, Be, Cu (group b)
and the others, in the order named. Microstructural evidence and change in electrical
resistivity indicate that the effects of quench-sensitivity are attributable to the precipitation,
during slow quenching, of solute in an incoherent form in which it could make no
contribution to subsequent age-hardening.

(2) The effect of group (a) can be reasonably explained in terms of the increase
in crystal defects such as dislocations, sub-boundaries, grain boundaries and especially
misfit surfaces around microscopic insoluble compounds formed by these additional
elements which act as preferential nucleating sites for the precipitates M(MgZng). On
the other hand, the atoms of group (b) in supersaturated solution may form clusters
which act as the heterogeneous nucleation center for the precipitates, although a large
quantity of Cu in solution may also have the effect of reducing the solubility of Zn and

Mg.
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Fig. 1 Results of Jominy test for Al-25 at% Zn-2
at% Mg alloys containing small amounts
of Cr, quenched from 465°C.
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Fig. 2 Influence of the additional elements on the

quench-sensitivity of Al-25 at% Zn-2 at%

Ma alloys.
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Fig. 3 Influence of quenching rate on the hardness
of Al-2.5 at% Zn-2 at% Mg alloys containing
some additional elements, aged at 120°C to
the maximum hardness after the quenching
from 465°C.
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Fig. 4 Influence of quench-interruption on the hardness
of Al-25 at% Zn-2 at% Mg alloys containing 0.05
at% Cd or 0.1 at% Cr, aged at 120°C to the
maximum hardness after the final quench.
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465°C.
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Fig. 8 Influence of some additional elements and the
pre-treatment on the quench-sensitivity of Al-
2.5 at% Zn-2 at9% Mg alloys.
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@) (b)

Photo. 1 Thin foil electron micrographs of Al-2.5at%Zn-2at% Mg-0.1at%Cr alloy (a)
and Al-2.5at%Zn-2at%Mg-0.1at% Mo alloy (b)

furnace-cooled at the rate of 15°C/min from 465°C.

Photo. 2 Thin foil electron micrograph of Al-2.5at%
Zn-2at%Mg-0.1at%Cr alloy direct-aged 3000
sec at 200°C form 465°C. Note two Kkinds
of precipitates, M(MgZn,) phases (a) and
the insoluble Cr-rich compounds (b).

(@)

Photo. 3 () Thin foil electron micrograph of Al-2.5at%Zn-2at%Mg-0.1at%Cr alloy water-quenched from
465°C after pre-treatment at 555°C for 24h.

(h) Thin foil electron micrograph of Al-2.5at%Zn-2at%Mg-0.1at%Mo alloy water-quenched from
465°C after pre-treatment at 555°C for 24h.

Note the insoluble Mo-rich compounds and dislocations.
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Photo. 4 Thin foil electron micrograph of Al-2.5at%
Zn-2at%Mg-0.1at%Zr alloy direct-aged 3000
sec at 200°C from 465°C.
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Photo. 5 Influence of the direct-aging at 200°C for 3000sec on the electron microstructures of Al-2.5at%Zn-

2at%Mg-0.1atCr alloys.
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Photo. 6 Thin foil electron micrographs of Al-25at%Zn-2at%Mg alloy (a)
and Al-2.5at%7Zn-2at%Mg-0.05at% Cd alloy (b)
direct-aged 3000 sec at 200°C from 465°C.
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2= i k-4 R — — — 10 1.2 | CNTF 1 ikl CN 102 | CuNi 10 Fe
0 % s @ | R | — | — | — |2 ~ | — | o7 | oNTFz| 802 Copper - CuNi 20 Fe
30 ¢ — _ 70—30 Copper .

% ® # kg R — — — 30 0.6 | CNTF 3 Nickel CN 107 | CuNi 30 Fe
0% Bv W w| R | — | — | - |4 -~ | 20 - e aprer - -
TV o=y o T R o — 5.5 — 0.3 — - — Aluminum Bronze CA 102 AlBz 5

F2 CKERIUKIFEETTEKRERET
1946~1949 1956~1959 1960~1963
ok B OB Bo#E (9% #ok & OB Boo#® (% #wok B OB b #E (%
B 4 ke 0 0 3 0.6 0 0
v ES 5 79 20.2 27 5.7 9 4.0
5 # 2 0.5 0 0 0 0
% @ 1 0.3 6 1.3 7 3.1
7 F i 7 & 7 4 -~ ¥ # (185) (182) (80)
7 (e AL (@) (98> 40)
» (7 rFEYAD) (@) (D) -
» (Y ~¥AD) (16) @7 (]
Uk ) 213 54.4 324 67.9 127 56.2
7 v H = v PN (56) (65) (43)
g -~ v 7 ow (G EH #H & (@) 3 2
Uk E) 56 14.3 68 14.3 45 20.0
v oo 3 = v oa W W 3 0.8 3 0.6 2 0.9
¥ = 7 w = v oy n 4 1.0 28 5.9 13 5.8
7 » 3 = w N 3 0.8 11 2.3 4 1.8
7 % ikl 0 0 1 0.2 6 2.6
AR, 2 SN VNS - N € 2] 0 0 4 0.8 0 0
FaoTum oy VET7 FIFNAT 4 - (R 0 0 2 0.4 1 0.4
¥ o S m= oy ok @HD 0 0 0 0 1 0.4
AHEWM L 70 2 =y n 3 #E @D 0 0 0 0 3 1.3
RG@ e 7 F 379 v5 0~ D 0 0 0 0 8 3.5
P =t 361 100.0 ‘ 477 100.0 226 100.0
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v AR EIAE I N T B,

A ks bF B EHEH KD FERR M HE A I N TAB K
BREIEELOBRTHEKRERETEE () NiHK 24K
B Tk E B SRE O EREALIT T LT LBk, —8oiA
EhREXEESMERINTEY, YHoRgL h#H5
ERIDITEL oo Tinh, KIEAEML DAY E Cik
T EI 7T 0~ (IS, BsTF-1) mE L s
TWBH, BAT4E, FEERNTT FI vy o — 4R
bbb MHEED T N7 V=Y 28 S, 7407
v 7 (JIS##s, BsTF-2) OFELLTHLRR TNV T
Ty 7R, TETRD, FEETEEL D, HEMETR
WTHEL7T F I 77 4 —HEMEEERAI R fhote 72
REIMD L L, BEOREHRREAMBRROID, 30%
¥o7wu=y o (JIS i, CNTF-3) & HLOH
I BAP e X, =9y 2y REERFRINE
LT\nwbe ZOX 5 EKEEOEREMTEL UUEA
BRI L BB ARROBELDRINT WD, ks, #4

VB E DA D BHHRE Ui kSR KB EOEEELRL
72bDTHY, la=zmy PRVOHDOBANELL, 1
Bl ) OBKERE RS 1 HRA2#L, M1 MWEibT
LA O RE L, BMOENS b, X
HEEOBMELEL, TELI8MmA L C\b, EKEEIX
ZOXOmEW, POSBOEAEHLCWEN, 0%
DTt EOBEPETEBE O, B
DHEELHDHDOT, HKEEOWERLEEFEEOHE
WEAERDOMB L Tr 5T\ D,

3. BABEOREAEEHOEE

AR OREL IR, EARREORAMELE A
BEIBLNT WD FRCR A 7 OFEIRELE/EE 4 78K
MER L > TWD DT, HKEE DRI X HEKAA~D
WHIKEAPMEECHIE S NS ONTHESL D, 1910
ER L D RBHIRTTR NI B Uiz,

£3 NERFEL v BUEE Cro BB IEETIC RN & NI ERBERT

BoRlx mlx Elm mlm mnlm on|lw onlm ;olm »nlm wlm ;o 4
P F~10F | 1I~15% | T~ B4 | 6104 | 1i~154 | 16~204 | 21954 | 26~804 | 31~85% | 36404 | W F
FEITur .~ | 32,438 75,186 | 128,505 50,205 | 144,483 9,612 449,420 |-
(BsTF-1 (100.0) (83.5) (94.3) (45.2) 49.3) 4.0) (18.3)
NN 11,962 2,680 14,642
MR A 5.2 G0 0.6
] oo s 3,043 5,000 10,300 18,343
F oot @ 3.3) 3. ) 8’7
Ta=v oL KE 12,707 40,482 67,440 120,620
WA &.7 @&.1 6.8 4.9)
A=y o KH 6,570 20,001 55,416 | 198,562 280,639
) @ 1.5 ai.0 0.1 (1.5
T (5,7203 | (20,926) 64,030 | 147,803 53,610 26,392 | 147,744 | 406,002 | 656,548 | 1,502,219
(BSTF—2) 5.7 GO | (100.0) | (100.0) 7.8 (80.9) (66.2) 61.2)
30%% o TEm gy 4,792 4,792
(CNTF—9) (0.5 0.2)
o 57,820 57,820
AP 7 wm v 5.8 3.3
; ; ; 6,282 6,282
Ni A » % % (0.6) (6-3)
N it 32,438 90,101 | 136,185 | 140,105 | 292,376 53,610 26,392 | 190,154 | 501,900 | 991,444 | 2,454,795
& E G00.0) | @00.0> | ¢100.0) | 100.0) | (100.0) | 100.0) | (100.6) | (100.0) | (00.0) | ¢100.0) (100.0)
B OO ) PIERAGEES, () MRESL
F4  EARHEAKDREFROEKERS X CHEKERE DL E
K | KEISE | BmSE | mml0E | mRlse | mmeoke | maese | maeor | meess | mmeos | o o
V10| ¥ T | ¥ < | ¥ < | % < | % <|% |z ©|x ©|z <& F
B oMW MW 80 203 451 603 1,195 248 104 1,175 5,064 13,487 22,709
%W OB M M 1 20 30 27 42 10 3 22 48 78 201
e | om %
e MW 8 15 15 22 28 28 35 53 106 173
15
<S:'r££z> sk | 2,950 4,510 4,540 5,190 6,960 5,360 8,800 8,640 10,450 12,710
*‘% g};gﬁ B 165 140 135 115 110 110 100 90 70 54
i
lﬁw BURKBEIL | 1,600 1,500 1,400 1,100 900 880 910 700 600 603
)
BRI RN 370 310 290 240 215 215 250 155 100 56
ok g D 4.5 4.9 4.9 4.6 4.2 4.1 3.6 4.5 6.1 8.4
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3-1 MYPONEORKR

KEE B W CHESKEBEACEKEEBAERZERNRT
S, 191141 1 EOHRED RA BB, EIEED
FAEO—FTH Y, 408 c Pitting (L&) &E
PEENRTRERY, B—EERRNTWD, EFHS
0L TMHETH D, EMT bv D&, KEILB W,
T HEKEERAME., KERWFS T HT b
Ulzo 3% 6 1X1920E0FED TH Y, Filticzw —Ja v
MEEE UTHAL LT E o, B—FRRES, HEE
BIEED S < EKEEE OIRBELR D 720, WP CHIT
DEEA HEbND, Fy 2 AD% Lk huda b
& YR O S & (KRR DR AIH & e W B
EKERERAMELERC & Y b1, EEEEDOREIR
WO DI e, L24EMKbD, RENBRAED
NTlhve TOREEREIETOZL(EHELEATHS
N, e RTATI R~ 5 (Hf, Inlet Attack) &
MBS Th - THE LB b o T nin

32 HESMIRERSELIRESORE

FHEC I NTHEKEEEEMEIEE L, BTGk
FOEECENTREGIL DRNBN T, okl
AARINIRELAE S BREAE 4 SRS EKEE OB &5RE
ol B, BIN, @iEaET 83 M, 18218
IREBTONT LR RE TV, B 10 4810 S 7 3
EDEHRL TV, FORNBRLIDVRRT H ERED I &
{Inho HEKEBEMIZ L-ZHME7 VI 707 4 —3HH

5 EECHY B EAKBEO R AT

(BsTF-1) AT LTHEHEIN, RHUEBRO7VTT
v 7 (BsTF-2) L2 F XL Twinwe HAEMBEER
Dz & 2 BNBD, BETRERINTHIWEROD
Ay BER FHMAR—HE FHEIN TS, FESR) L
HEBARRNE LT SEENGEINTK D, AXNMEE
(Inlet Attack), gHREE4& (Pitting) & BidEsEIA 23
e e 8(ATIHAMBD A HIEKEEOTE LRI A R
Ufezd, MESAEA LB bOMN 6 E~UETHERLTH
D, WAL LD D0 B~ ETHEL TS, o
THFCRANTCHEBNAREAMETH -2 & HRT L
LA, BRI T v T T v 7 HEDOTHERED KI5 EH
Koo T HHRADG BIND. 3 8ANT LD & IR
VRS &R A A U & &BIE 2 8T hb i Tn
BIDHKTH D, Hin D OBEKEREIE L WEEHKE
ENTHED, BEOEROLWEDH, bThWUWREE
!, BAGELOKRAMETSH -2 L2ibhrb,
O &5 BRI X D IESAAMBEORIERE B
U 4 SREOBE T bNbNORE TREZ & L%E
Z2 5o

3-3 EEOCEBERR

FEfn284E, FHHEDITEEEhie, 101 HKETon
THELEIOWRRA M oTco UEHIT FI A7 0~
#1 (BsTF-1) pkda b, BEEEL 19% 8L, B
FTENBERINTE L 77T vy 7 (BsSTF-2) 1240
WA, BEEERE 03 % L3 N liE2RL TS

(1913, EEIFHERBEEATRZ)

oA R OB OB 4 % i} bie P ﬁr
% % FeETee
J5h T &5 B A Thinning Pitting 104 BT 204 BT 204 Bl -
it & %t 15 1 14 2 8 2
W & 1 1 1 1 - —
@ M & i 1 - 1 1 — _
A S 1 1 1 1 - —
F HE Ar 2 2 1 1 _
R6 CREANFEESH 16MKIITH T 2 RMER (1929
= = - P4 E v 25.0 % 80
BoRARELzr ~F 3 ¥OFL 37.5
70
x o 1t B # 37.5
=T EEEE IR D EKE R AR AR x 00
1920 1926 ~ 27 #
General Corrosion 29.8% 1| General Corrosion 19.7% =3 50 \
EAIROA D350 il 18.0 B RE AT~ T ey | 204 \
Fi# Pitting T s | R 19.8 \
40 :
LA N 14.8 N ././
LA T 5.4
EOPR 5.4 | st 31.1 se
19181919 1920 1921 1922 1923 1924 1925 1926 1927 1928 1929
) h 10.8 o e
i Js
BHUKOTGRIC X BETL 1.0

3 BEEEIHICR T 2 EKEE

ks Hckisat
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£8  HARIKBY A EKBEEANEREE S EMbinot. X BICHE3TAE, HERKHFEERSAE
SRS 6 /NEESE 4 TS BI04 KEOFEIL L BRI L HE, 7FITv7 0 —HER%
TG SR 126K (AW, WM, WEEra) ST Ty P D 2T T KRR B TT% T VT T
(1) BREREEME g 7 EBIKEEE LCHERALTED, BHL7rvIi=v A
# 7 kR HH(9%) iR (BsTF-3, -4) WinoT\b, MEF30EDIREDRTE
1 # 24 19.8 WECAE T, KETH AL DRI B IBHAH B
70 : 3 0 % M@ 24 19.8 HREY, GRUKMENRZEBREINL LT, R LBHHH
60 = 4 0 B A 2 L7 K EFBRBHIK L T Th HA, EEOFROE KT
oo R ’ o i B H OB RSB NTEEC X B A LM
7 F 3 I ML~ H (BsTF—1) 45 37.2 - .
v s s = 1 0.8 Hasin <, JREEYL 0.03% & xhbdT P Enbn
o 7 5y s (BSTF-2 3 9.5 Bo L L—EBICiEAME L B - THI13% O 3=
Zn A v x % 4 2 1.7 b0, BREHKTCITE SR L < 36% O gk
Sa 2 v x  H @ 2 1.7 LlnoTnb, COLHCRE—EHHXERA LTS, mHIK
y v # @ 3 2.5 DIKE &, EKERGE & T ER SNVTRIBIC BN
i f L o, ; ; jj RO, EKEEEAMEBEOEGNLLOLEL D,
K M c 4 PR ) L7 & BIZFEEEIO LN (B OB EHEK EwHIZKE LT
i 1 0.8 W B 6 FERT, 14 KRR 36, 37, 384EEED
* " ’ i RER KRR I L B RINC L B &, TRIE S35
BT, HHWIEADEKBCIVELWHE B D,
BIRAENEETHEMFROEARE LS H, THULER
() AR RRE & B RER #1001 & BB HK O MR AR E R AMBC R Z  BEfK-
s p— o ?éc&%mbhaﬁu<,@m%wﬁﬂ%#,ﬁk%%
£ B W O & (BEuaabhs) 8 6.6 % ﬂoj(g, < rég”% LVC%X D ’ ﬁﬁﬁ@mﬁﬁ@%’ﬂifnﬁ@@fﬁ
A B O# ¥ £ (Inlet Attack) 2 21.5 RABIE WS L RIRT LN Do bHOA, BOMHD
B OROEEE B & s 6.6 MBCIAEHEIEETHY, BERN, BEELL5
BOW OB E ® oW & 18 14.9 &, WEMEDED7 V7T 4~ (BSTF-1) 2%k
P S & 25 20.7 FIEEMENZ & BB B2, WL, FR&ERE
DN I 2 L7 BMTHIETHEEDOREEL B 2 L 2R LT W5, i
g omoyow o 2 v CTHAMED L7 v 3=y 2T HMERS D, BAR
oL 0 . o PEUC I T o5 &k RERAT, 7177
7 (BsTF-2) ¢4 kL h 118 %D mE LA BN,
L TL % E s Tnb,
(3) BARBEOKIL % EKBOBUERR
I & & 25} i # il ok B E R S S i) H ¥» e
'MW OR B W R OB
iRty A xR LLl 967 967 1 4 s —
BRI R 7RI INT o — 3,145 3,145 7 4E —
o Ay A T RITFNT 4~ 3,145 3,145 1 0 4 —
TR TE $15 1 A iy $H 963 963 T L] -
IR A RUBR 70 @ 30 ¥ 6,100 6,100 6 4 v N T T oy 7
R A ROHR S ] 1,381 2,497 274El, 2@ —
BmsEA RUOENL -~ g 720 720 1 4 4E —
# 1 7RI 4~ 9,710 9,710 2 4 TN T T oy
bisi b TRIINT 4 — R 3,830 3,830 1 4 4 ¥ =t A
¥ & T RITMF g~ 2,400 4,800 740, 2@ —
" & TR 2,670 8,000 1040, 3 -
b f # kil 1,300 1,300 3 4E —_
pie kd i~ iz} 3,102 2,500 10 » A -
piity 2 THRITNF 4~ 1,815 1,800 346 4 A TNV T Ty
iy ki TEITNVF 4 ~IEH 5,720 4,700 4485 B —
# i 70 : 30 ® @ 5,275 5,275 x i3] —
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4) BREEOLL TV AEKEIE 5 Bakks
e £ = " TR ENEEXETYEEEEY HoO% )
HAERVA Y vy FPT X v 7 [ SN 10 41,922 48,015 114.5
woom s 35 102,880 3,075 3.0
Py Eig (45) (144,802 (51,090) (35.3)
B i % s & T 6 10,321 11,487 110.8
W& 18 62,104 3,804 6.3
& 2 (24) (72,425) (15,331) 21.2)
o] h 4 16,044 26 0.2
PR Y 73) (233,271 (66,447 (28.5)
WAL Twasa, Ak R 11 28,210 - -
B o 0 & < i ow b 0 29 118,096 — —
fe & 2t l 113 379,577 66,447 e
<ﬁ§§§ﬁi7k2§ﬂc§€ : 25.7%)
HeAROERIELS © 3119
F9  AAREEAIEEIEAIE ORI (B284H) MMb 5, BIRICWE L DEBERIDNL T WA, Bk
# B | wkem | sokmon | mmwn emacs| | RANCEEDDHETROZEL CHRKTET FI 707 4~
# 4 1 1,305 12 0.9 HIRN20%, TNNT T v PETNI=Y AEMRE LN
mo.oA B W 1 8,112 400 4.9 43% > ThY, BERHOBELWEKTR 7 FIyn
2 - s @ 2 8,343 1,886 22.6 74 —~TEERNL29% L L, TS = N9 & vE
77T R (EE) 2 11,600 57 0.5 MLTERD, IBHEEKTIEF 7=y rvMEHIN
K. M. c. | 1 5,000 89 1.8 L8, KECXDEHOEFRIUI bh B FI220EK
TV g 5t 331,841 | 63,830 19.2 SROBIE, BABRT 2 ERO WL 208 2R T,
T Y R pr— pom 3 BHKOBEAMEITEELBERL, S LVEAERDHE

X X RERE ORAREE & U CEEK ORI &
T &2 &% Ve, KORBENBENS T S
W, BEFN 37 48, @, 1S8FEERNIC -DWTEHIKICBIT %
R0 fAED AT ol B2 F LD &, HAILIRIE
AFERFTDOHK0% 1, ARHONBERINTED, F
BN EEHIC R TAE WD & &k, FHERER
KIS BRI N T WA, EKGFEER7 FI 07 4
~35f (BsTF-1) »m139%, 777 v 7 (BSTF-2) 22
46% L7z, SHIHOAE&TRELI, FICEERASNT
E AR (f o 7w=y v, CNTE-1, -3) &Pt

—H D BT BN T WD, BRI A DB L7 0,
BoA2.8m/sec H 5 0.3m/sec (s LU, HHEHKHFEE
FRCIE, 1313 1.8~2.1m/sec &\~ 5 fEHEFE AR BT
Bo HERUEKIETIE, BEMRECRBEE/ T
Dy, PR VEETH D, RIEHRFRIT, FEFREETR
PEFERERIRDA0% ., BERAEKXIED 6 BicFAsn
Twbho WIKFRTI2Y, HART8%ERYD, EBEYK
DEEND. MAEGR BB X3 E KR T5%, H
KAEKERTOORICEHIN TR D, HAKRTEKI0%0¥%
Fdid s e KA R ERE OIS A L IREMERERT
TR < LTnWA I ENRFHBNT WA, fE o TKEL

Y 20
RO

#10  [RHI22~37TERNC R 1 2 HEE ALK D IR T E /K BE OO I Aol MR OV TR
(FHFBTERE AN ESHER T L %)
BEOOK B MR T OUCRS £ WO ok B K B oA K L A W (%)
M WO oA WOk
L AR AL I 0D o\ A7k 2 25 245,295 64 0.026
S
v RREON LIk 4 49,343 6,199 12.6
it
5 FT I I g - T AT 7 RIS 7 65,970 (65,970) (100)
’
& 3 (36) (360,608 (6,263) 1.7
7oaof o= ovoa OB A 4 35,202 13,945 39.6
7o o2 o= von M@ B 8 71,064 3,743 4.9
@) TYTHEK TANTT w0 4 45,684 16,399 35.9
& it 52 516,558 s,910) 7.7
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®IL (1) MBS () KIFERERT, BKIEIER CREIRS (KI%E No. 102)

Bow & WAMW) | M A |mERNhx | moe s | mamsor | REsksoc | B KK | wBRG) | ® oM A
A m P.S. 1T 75 31— 3 20,094 76.5 2 1,131 9,234 12.25 WA Al—Bs
A m P.S. 2T 156 34— 6 22,653 86.2 18 104 12,850 0.81 BsTF — 3
pAll m P. S 3T 156 34—11 22,502 85.6 8 0 12,850 0 BsTF — 3
B £ P.S. 1T 35 22— 3 9,674 36.8 3 1,183 10,068 11.75 BsTF — 2
% k P.S. 2T 55 29— 3 9,730 37.0 6 778 9,080 8.56 BsTF — 2
#® Lk P.S. 3T 55 29—10 11,979 45.6 45 2,455 9,080 27.05 BsTF — 3
# # P.S. 1T 156 35— 9 22,202 84.5 14 788 15,540 5.07 BsTF — 2
Eic) W P.S 1T 30 15— 2 4,655 17.7 0 0 6,380 0 BsTF — 1
MW P.S. 2T 30 15— 5§ 4,669 17.8 0 0 6,380 0 BsTyg —1
#Hoo# P.S. 3T 55 29— 3 16,584 63.1 0 0 9,080 0 BsTF — 2
H W P.S. 4T 55 29— 8 14,684 55.9 0 0 9,080 0 BsTF — 2
X K P.S. 1T 66 32—10 21,731 82.7 7 4,135 8,500 48.65 BsTF — 3
HANAH P.S. 1T 156 36—10 19,165 97.1 0 0 13,950 0 BsTF — 2
#Hma/ P.S. 2T 156 3711 9,718 95.1 0 0 13,950 0 BsTF — 3

2 EHEBIHCE R IR B
K8 A Bk B om | WMMEEE | RBAKE | OB 6K K | RMEE %

WwmoA 7 o W O 1 2( 2 1,131 9,234 12.3

7¥IINF 4~ 3 (BsTF-1) 2 0C O 0 12,760

7 v 7 7 v 7 (BSTF-2) 6 23 ( 23) 2,749 66,798 4.1

7 v & 7 7 x (BsTF-3) 5 78 ( 92) 6,694 57,230 11.7

& & 14 103 (117) 10,574 146,022 7.2
Bk EASOML, M, SEROFM () TR ; RAMK
12 (1) KNREFEKBROBHKEORE (KIRBRATHE) K J156R No. 120, 121 (1966)
(1Y BEKERE OB
%K N 5T B K 5 ]
ook ook B K 5 o
# x| x| B K N at

Ei H L ¢ 8 61 69 43 46 89 158

# i & " 25 187 212 74 107 181 393

= ) H 71 (KW) 72,000 82,000 4,800 16,200

7 FIIm7 4 — 3 BsTF — 1 4 24 28(13.2) 20 4 24(14.6) 52(13.2)

TNT T BsTF — 2 10 108 118(55.6) 16 48 64(38.9) 182(46.3)

TNVITTA BsTF — 3 1 16 17¢ 8.0) 3 16 19(11.5) 36( 9.2)

TR—T TR BsTF — 4 0 2 20 0.9 2 8 10¢ 6.1) 12( 3.1)

10% % 2 7w =y 7y p CNTF— 1 0 0 0 — 0 1 1¢ 0.6) 1€ 0.3)

# §H k4 0 2 2 0.9 19 20(12.2) 22( 5.6)

VAN | 0 7 7(3.3) 6 18 24(14.6) 31( 7.9)

BsTF —1 &+ BsTF —2 0 9 9( 4.3) 0 0 0 - 9( 2.3)

BsTF —1 ¢ BsTF — 3 1 0 1¢ 0.5) 0 0 0 — 1€ 0.3)

BsTF — 2 x BsTF — 3 3 0 3( 1.4 0 3 3( 1.8 6( 1.5)

BsTF —~ 2 & BsTF — 4 0 1 1€ 0.5) 0 0 0 — 1 0.3)

BsTF — 2 & CNTF — 1 0 3 3 1.4 0 0 0 - 3¢ 0.8)

BsTF — 2 » CNTF — 3 0 5 5( 2.4) 0 0 0 ~ 5 1.3)

BsTF — 3 & BsTF — 4 0 1 1 0.5) 0 0 0 — 10 0.3)

BsTF — 3 & CNTF — 1 1 1 20 0.9 0 0 0 — 20 0.5

x ] 5 8 13( 6.1) 8 8 16¢ 9.7) 29( 7.4)
7 ¥ T A~ il ¥k BOLD | % K ALY 0% = 7=y Bk (=) | # & 516
TNVI=y LR 7 43(42.5) v 246(78.9) b iz v 19(18.8) 7 3( 1.0
W%x=Ta=yirnw 7 1 0.9) 2 5( 1.6) S B 4 13(12.9) v 16¢ 5.1)

() AIES

__7,._
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Yok, BHERIEOH N THHIKICEELYEA T HEE
IEAGTAE TN D L DI T E e, B L D L EHE
H#EEFRO8% L, BRBAAEERDIIBICERLTEY,
WKFHT2%, HBRKRTHUBRFERLT D, THiL, &
TN SR~ D FRIKIOETTTFIK, EEEFRKDBATBRIC
L AFEAMEND, KEOE™IFHNLN, EW LD
Nic b OB, bPnlbRiEEd, BELABTWDELO
W% b5, ZOBEMIISHETEITMELRLLDE
Ex Do

WKEE OREDOBLE» BLHERET b, KEK
B END D50, IKPEGIC X D D8, FOff
THEE fp 5 Tinbe %D ICHEEA o\~ &35 & 1568
KERPAEER LD, bTL27% T Lk bT, B
KRBT HERBCMER N RIS EFELTCND I E
el

X BEBEEDORIRO—# & L TCEIBRIRT2EEN&H
KITRELSBEENC X KB EOREMEREH/RC X
b &, FMKEAEHIKE LTS ACEEES G0 ik s
M, TOMOHEKEEEIKE LTWARTEHHE, B
W3 L OVNED 3 FEEFRO LN, WEN RO

PAEBRD 5 bA%BICEE fn\e BAEFEEEL UTIIKF
LYERYOENTEC L5 RHSEAN% & &b, A ¥
Vy F7Zy 7 (BR) & i k& HEE hoTn
Bo WIEEILDRA FHAKAHEE LTO7 &7, BF
FYYEL e X - L HEKNEE (7T -7
Ry 7) M32% & Tn»TnBHo WHIKOBEIKBERIT & 57
WEA GthEE b, HE SHE, KRTHLR,
20%% 5D T N5 FDOM/NEAR R SIS A RLEKT I
KX BEEEFASCERT ¥ bNE, ZDLD
KL B BAELNIZEERIEHIBEEEZ b AAD I L, ¥
T BER LI X ARG EKEESCT == 7TIEBEIM
boTkb, EKEEHEAMBIZEAOMBEE L TR
FleMTnWb,

4 FEABECHITIEEEEME

EKBE SR HRBE DRV L BRI X > THH
THEEUDILEL Th5D,

4-1 H—BR

B DEKEBRERMANNR L, W BRI NIEE

w12 (2) JKNIFEBFEKBOBEKEORHE

@) EKETRE, BIRIGE KE, zoflb

W AKSRER BOR K H W B -
B o ok B o K 4 % Kk | * | o»m x| x| ok #t
7 £ i L 8 61 69 43 | 46 89 158
B & % B 25 187 212 74 107 181 393
T oo®m M A EW 72,000 82,000 4,800 10,200
Bk BT oM W B 2.7 2.28 2.8 2.6
. SR 1.9 0.94 0.32 0.6
o 2.15 1.95 1.53 1.76
Bk B O S % 17 110 127(60) 70 101 171(94) 208(76)
BoOo& B B # 8 77 85(40) 4 6 10 6) 95(24)
Bk 8B 0 ¥ B & 17 78 95(45) 47 14 61(34) 156(40)
Bo& o @ # 8 109 117(55) 27 93 120¢66) 237(60)
B HI Ok O B v 3 12 15(22) 38 16 54(61) 69(44)
(FEEITHO # 5 19 54(78) 5 30 35(39) 89(56)
K B o B @ E ¥ 1 3 406 19 3 22(25) 26(16)
. B 0 17 17¢25) 3 7 10011 27017
W 7 a 48(69) 21 36 57(64) 105(67)
A Ko 1 22 23 7 20 27 50
ket 1 42 43 6 2 35 78
Gy * o 5 30 35 14 28 42 77
P 2/8 12/61 14/69(20) 20/43 9/46 29/89(33) 43/158(27)
MO WIS & 0 oo T W R B & 3 @ % H Ok O ELE e R
= # I # P % iz L
# * 87(88) 1212) 64(65) 35(35) 41(80) 10¢20) 22/51 (43)
#E * 211(72) 83(28) 92(30) 212(70) 28(26) 79(74) 21/107¢20)
() AREAK

_8__



(40) F R &8 ¢ B B ® January 1968
T3 B RHERE N AR (BRMEEE X DREZBER > 5)
I S o w i
WA ER " £
Eowa | 2LVON | mome | muekme | Rume | 25737
*owm oW | Al P L
it il i L
N =] o | [ 33.6-36. 111, 527
N 0 & o} | | 34.10->39. 4FR5, 34454
i B 7t L
* ® | T % o) o) o) o) 33~B84F e A9
% e o) o o) SR 4,503 2R
" ” = i @] 6 ERT I 344
W E R o o o $2, 305 AU
mooA o) 140 2 AR
M & 1 1 JA L 39.8EbH
5 @ o) 5w ik 7w vik, WROBAAR L
XK i O O 7T 97 O 38~394E 7 T v 7 FGIHRATA
w O OH W % B AW I E - R D
b ERT YR o o o 37 ~884 IR0 (4
TEE o | o L4EI0e $1m1sH
e 5 8 3 | o o}
7k B O 4B 4 1 B2, 3144
" - o o 5 4 Ml 2Lk
T o o) o 3348 LI I T 162
w woOm B o | 1R HI L8R
b 0 o) | o 33415138 & 3°0. Smmlbl112%
o~ A 7z L ERA R 2mm g By
7L Moo i o | o | O PRS0 11 1-2, 3007
4 @ o o) | mERE O 2 SRR ELR LS, 000 A%
B oM 17 8 2 5 | 4 8 HRPEERED R 0
8 % 68 32 8 20 ’ 16 32 25 P. S, 5P.S. 20%

HIEE A ER N b hEEIBLLLEBNE7 ve=T -
TRy IR B E e Rlr 04 R OO SR R
A T TR & ORISR R AR LAY Uic, ok
21 pH Fio-»0 7 ye2=7, BRBEHE LTOE
Fody, f e ¥ x—¢ L TCOERT I v HETHD,
CNBDREMEA 7 CHBRLTT =7 i DIEKER
NC/RMM g L, EABEEONEABEY LD b, XA
e LUORETIRA 7 v v AR A SN B EAC S 5
2, bAETRT ve=THAROARRH30%% 2 7'r =
v v (CNTF-3), 73 EESO B LD =y v
Ay XTEIKERED ORACAMBEOBRIRNE BT 5,
4-2 BRESHREE (BRES)
BERHSDHHDO 1, ¥R 2TEMRRNNT AL D
X5 REEABRIREA L Wo T B, EIRICITIERAE
HUTERD H GBI T o7z Z & < B 515 BLIRFAKS
BRABITWAR, PEOLEYAEENS & LTHEMNT
HERRBREREDRE BN TRE, 747 Ty 7 (BsTE-
2)EFEOIEIRA ST ATV L P ED v BRI TG
{EZ N T2 oD Bl TS BRI & AN AR &1

B BNEL ol HMEANAOESGEE LTI 7T AVI =Y A
HHROW 7 v =y MEAGFE UERBEA L LTabnT
WBD, eEROTRMTCHMEA B TNR. X IO o
BRinda & UCRIRERE T, oK & MR Es
£ Ul=Baw B G5 & (Hot Spot Corrosion) 73 4:9°% =
LD LI TN D DMERERE CUMBE A T e fio
TEKFBEMRERHRE LCHEL b o & bHETH - 7Bk
AEELA v e 2~ L LTOeBORMTHER I NI,

43 & &

EHIZK O I I 5 28 SR U0 K TR O TR CAR IR s
BN E, WIRKEET CEB A 4 v INKE
MIZhESCEMUWEENRET S, A Y Vvy P74 71X
EHOW LNVESOBHKADHOBETH D, BLE
BRNBKTH D, BELL - TIERE, FEBORET £
CIHEDE (A vy — 1) AR, IO BRI
TE D, LHLEBCRNTRSHENATE D BYEA
T3 O BRSO BRI & A TR A R U e
D, REBICEE 5T, oo TR A &Y Lo Tk
L2, BAHWIHEBLEBEN K cENE X, #

_.9__



Vol. 9 No. 1

b

HEAFBBROUKIBE T 2 HAKEOMEM IOV T

(41)

KU ABBENHEERCH LN 3 BAOHH

1. #—J& (%% General Corrosion

1—1 General Corrosion
1—2 Cold-Wall Effect
1—3 Ammonia Attack

2. IR A GRPUZR) Dezincification

2—1 Layer-type (J&IX)

2—2 Plug-type (i2iR)

2—3 Grain-Boundary type (&if)

2—4 Hot-Spot Corrosion (R#EMEER L5)

(B @ is DBIRE R L HTUO

3. #t#x (Impingement Attack or Erosion—Corrosion)

3—1 Inlet Attack (OQutlet Attack)

3—2 Pitting-type Attack

3—3 REAHETOMNE (RYFEIHEE)

3—4  BEIBERERNC & B HIRERE L& (R, WS 0R)
35 IR (WEOERgIC X 5 BB OE&)

3—6 KUK A (Steam Erosion)

(SR T D &IRA A >~ IR ENIR &2

4. flfr—1 (Deposit Attack)

4—1 HER M T OB (Scale Corrosion)
4—2 HHOKIEA CRIFGRIRE &)

(BB B et (A7 — ) 23 L O TFCET AR (A 4 YIRBIER L vwbhTw 5 9) )

5, fLf—2 (Pitting Corrosion)
5—1 & &
5—2 J&H URED ToR&

(BKE, BVWIRAOMATIR T COR A, HBRME?)

6—1 e (Stress Corrosion Crack)
62 mAYEh (Corrosion Fatigue Crack)

71 w4 (Exfoliating Corrosion)

BRI AR D R LB Leh LCETHHAETH D,
BESH A LBESE LT 20T, BomHKcEA
TAHIEERAIY —~yETHIETHDE, ERRRICLD
B OB A IF 1R 5 DN A I wosinn. #
ROBEHHK S B A A v EiE A B &R D &
IREBZEDPRTHE DML R D DDOHHDT, SHEDE
ARG &R LTREIENAZ & THA D,

4-4 I, =

LERSEMEORAMBEL LTRLEETHHN, H
ARl B RO R BISR TH B EAREBE T W
THHELAHOMETH D, & UTERHER LICE N
A =D T TEUNLTHD, BLROBEHIKD KB
& BHBERIKEENEOREATH D, Fie, M7~
VOELIE S \WEET, BAEMOTHWEEREE T CIE
ERLIEESE, HAFROBETHLEDETHIEE L,
B D I iB bivsd, HLAMEE UTEETEE DWW
EHRBO BW I LD BRkAlAEEdE (AP 7o )9
HHEHALTRWERME LN TWAHS, BHEEOWTEHE
HERBH IR RE S B OWEMBE TS 5,

45 & h

BAFEFEN & IEHBREBNIH SN T\ W5, BI#HILE
TRERE DEKEEPIRMES 1 mA 2 T B EAEER
BRI L - TIRB U CENE R DIBE 0 o120, BEF L
DOEZIC L > THIEEN TN D, BHEECONTIIEEIK &
LT7 v e= 7 RME{ L& EORBE 4 &5 LAk
RHUK T, Z0fndE 50, MEELMELRDFEEDIS
TOELUNICANBE R T ELOEE L L L 5> CHlETE 5,

4-6 B 1t

BIREEERT CBENSNEFTH LBAOEENnET,
Bie30% % o 7 v = v 7 VIERIERRIK IR B AR A i g
LI BDTHNHBEEDET IEEIEE RV (NCuT)
y 10%% - 7e=y v (CNTF-1) @8z Rkt
Do LA UEKERECEME R W,

Pl Eo:ErBmaMBEIRARE, WEESHRIES
MR- TETRYD, ARG LTS DARL W, LL
BRI EABAEROEKIBRCI D &b, i
ERERE W LGS, HEBRANE, F—aBalddnd, B
HOZEL, SlaRBAMBERL BN, #sOBAKHEE
UTeBIRFENRE SN TN BEIRTH B,

— 10_...



(42)

EF R & &2 B

H iR January 1968

5. BE FELEOMER

HKEBREDORAME, HAaMEEEROTRL DATE
BIME A ET B AR . BTre=, ZHESE2E 0D
FTH b,

51 Kk H

A B NTHENKEIC X D, FlADFEETCR N
THBREBIC L 0 HHKOKE LRI LT Do WM
BHIEKEE LHBIHKEBRBEEEL LTRD, Lo THAR
BL L OEFREGNCOKEZRET5 L 5 Cia-TE,

511 #& K

K & UK ORIER 1k 7 DB AT s »
T, EH, REZHESC LY, BEOKESTEL T
DI NDM TR D KIBCE A BiC UT\W5, EEEN
DU UNKETTESIZ B UC b IR ClERMIRIC L » T
KEHEBCL, EBICEPREAXLRD, ZROBERT
& UCOMFEEE Y OB, SE Y B3 %7 KEKESE
DAL E > THIBEE b, L LBIROHABKDEE
R IIEAMBE bV, R AT
F, REELEMCIRIE K ORI X BB E, A2
— v R AR X AER A O RAE R ILE O &
MNERBHDT, ZNHORAMEOMERAC L VHBE
KEEE T HRAMBIXBRTE B, Jok, WHIKDHIKIC
LTtk E, g, HHEEDEOENRE L, &
RBHIARIIKE O B E ST EENERSERAMBEOFRE
B5 1D 7 bE & L,

5-1-2 &K -GAN - #BK)

WokiRERIC L, —RciEatElba <, BaMES
Pive UL, MIBARAMRSOEEIE L,
MFRIRIC L TlE R L D OBEKIAERE Uil

B —HRICHEE OB KD oK b LB &R
Lt WD EIIK DN B O TETE A 7 — v DAEEAE 23R & 7
Do LE, BETHANES L iAEEOHKC LD
HEazd AR ADOEHREENWOMERM LN TET
B0, SBOFEMEL Lo TWAH2, ERHREEL LT
FERENI DT L, BARHIZEEZ DA NEOBETHRERT Fs
TIRERRAEEH 2 USTBERERZMED Ve WRE R
FRENDHBENE L TE T,

5:1-3 BEKEBAICL BFEK

H< L VBEEEOBAMBIIA BT WS, TEE
K, BEEFKOEAL X DB LRNEEFC LD,
KECFTELD AR OB, BREILEMEE LTERL
—BOBELE L AT WA, HEZBLILSERE, K, A
BE D REH LD FRKIBIC o\WT, EXRERESEIKE L
TOTENDANRE VAR o TETUNDe 11D E
A L B EKREEDBEITFOBML I L » TAMEL
HoTkD, Hee—Plimrd I e{MaEaRL LTHL
NTWDBT7 V3= RSN 0.3~1.0mm/year D4
WETHAYE U TWDe SN HOFHETEITI0HED
AAEHE ORI & bin 5 & A DO, EALdDT
M OB L Ao TE LI bDTH D, BHEELW
Fn344E X b A £ O R D 723 O [ 7n BRI 22 % BH
HL, BHEOLEMRBITER SN T WA ABEKEEE P 2
7 v R, BE=y r v EEBECTIOEENE LN
EERMERBL, BIVEORIESEOUELD, BLHAEMKD
BWAP 7w v X b HA&HEL, ARBEDEL TN
HEIKERCAE o TN E, T MO ARREO XH O
fEHR A Tt Do L UIRARI 70 22 357K D 1B E A 1L 6 9 %
YWEhb, ink, FLOTHELFIEEPRKO—RWEE D

1.2
1.0
1727 & y
— e 3T-4T7 Q/ é
— e 5Te6T SN
0.8 A ,

2
L%

A
. 4\\\A b
ng N
N
. N = il
s 1 0.4 8 Z o P W
N Y v ,—"—’—
O 2 ﬁ\ N > ~
mI &¢i£?5
=
0 £
30 31 32 33 34 35 36 37 38
12 12 12 12 12 12 12 12 12
—— -
45 H
4 BREJIUKRFTHERFETE T KBRS O B Ak



Vol. 9 No. 1

RERBR ORI E BT 5 5 B A Ao ST DL T

(43)

KRThD, FLBKGOESEOBESOEBLELL, 20
s B EIKO ST E IR DRSS HOMBETh B,
5:2 BKEFORET - & - B
LERFINCR LIcZ &K, H—EEROBNDEKEE
Lo TR, BHERYBICLUTCND I EEMND, HKE
g, ERAMAENGEEEAMED ZERT & LTHRES
DB LI BEDEBRNC ENVbnb, T TIE < HKE
B S0EKEEARNEELOME DT L b &, #HET
BLOBERENEXBEEOEAEIL L - & b AR A PES
ETHELTnhe o CHREL Ml SRt N b
EARBRERAMEDEN N E B, RIS AEKET
B35 BRI 232 HIIC b Te B - DB A TRET OBA L
i, %, ZOMOFEOELZ ENEEND, ZOD
HOMEO—FID L LT, |HAFRGEOEKEKEHEEE
RO RAFMCRN, ER, 1 vvvy 27Xy 78Ik
BED o ot ST R, ERMG & BRSO
WEND, EABEORFSENGEOW &I EHEL LD
THY, SBROMBBRECENINMETH S,

5-3 BKRHBEOME - WEK

TKERE E L3R L OTERBCL BN S < Ot A
BENRBH DN, BRI L DM AL, UicEBRES
HELMCL, BIROE Y LABATRAERLS LY
Bk, 1HEKBCONTORARDEKIEED 14K
DESFHEREORNVEBEEDR NSO T S EEERO
A REOMEN D Bo FHCE I ~1LC D B D Bl # —
B Lo THEBRYRT LTS ESE, B LLEOR
B Lo imbdh a0, -7 -—OREEEOEE/LRC
EHMMFC RT D& oA BNDE, AL R~
T =y AEEE W BT, BMARRE TATY v
(BSTF-2) 0ZF LWEFEROBEE) 5L TREECEK
WChREOHEHBIT bbb NEIESEE DS, ik LY
BEEME L, BEL 7T 2SI, 5D WEEKE
FE LU TR ) OBENRHEIN TS, L UEERN:
FOM AR ITEEE 2 — 7 — 10 & 5 TDOREDHRE
Th Y, L OEHRIDbNT WD, BEFELLNTLTE
{T7NT7 Ty 7 OFEA, EETBREKRTEEAP 7
YROFEEAD H Y, EHICESKA 7 v2E=T T Ry 7D
BHLED 7D k= v v A v X TEKERE OBIFD, B
NI At D BT £ = v & DAREMWESEE A 130 o 7o R
F A= 7 MEIRGEE OB CEN T ORRO—IETH D,
SHLBHEFRTCOLEEBETH b,

5-4 BHEXIE

K AR A PR A 4 5 P B I — R R 1220 4 1
NHEEE & L GHKME E U OEBEASG BTN
Do T DMEA DFEIIEERD & THAEEEDERN G
AMETH D, WHKCEAT DRPEYORRE, BERAD
BISD LB, SEEIED A v — FEAPEES, B
SOHERFBN T DB,

TN DBOFEMNEIIBERDNKE, EkeakE, EELAHE

ORFDOMHEC X » CEAEENLT U SRE—& S
72T, ~—RAL LB & s 5 R sr L O WK T
bDbo FHCIEKBRMOREEI R ERINDEETS
DU EFEOREERNMEE R AONRERATH-T, B
RERE RO BRI E <« OB RTE, kL OAFER
DR RS A R A ST 5 LENATRD S, oh

DOBEARD 5 biEEMHFES N bO X ER, =, =D
WTIHEN D,
541 & K&

HRBRE N AR, SESER A NS & R
BMFEEST Do 0D REEADERE /2 HER ROk
ERLBETHDE & BITERICHERTH 27 1 », BRE
DERE SR C {, BEREAKDOHEM L LT
HEMERED A _E AT 7t B O THEKES, EREME ORBI
e EEEAMBCHL D, BBRICLDEDOREFEL L
T, BB TR, 4w rRITFS L 5REBERATRb
NTnb, T 5 iRHE 4« DEKEROGHADRI
b, FOHM, MEREDBNLTABH, RIEEAK
SEKRBDFIE, AR AR D LA ERALE -
MBHOMREETH D, —RICBERBASE SN WK
M Do U4E, ERBAFLIETCHRL SRR TSH
HRE LT E 2 7w —EONRY R LIS Uk, #EEES
HKDOHAF MAE BB 2 5REFETCH D, BIRR
WOBRBNI I DEIERNS B2, BRI KRS
WMOWAE LA TN D 2 7Y — RO OBE b
FND, 270y —HEEARY VREASHKRCERS &
T, BEOERREECRENTE B IDITRGHIROTH
D, BIEEMETOE U WEKERIC G EZEEHEE & RsE
BB 2 o — VT B ISR 1T b BALD O TR S
DT EMEE L\ o, £ 7Ry —EOBRLCAFRY Y
B H — K7 v £ N EOFER % O TREWEEMEA 7~
WEBETHBENRE DM, EOBRNA AN THEN
BHEDTEENRLE TS S, HLEDRERAE, RERMES
VA 2 DK BRI EIK OYEIRICE- D\ CRET T~ E T
BB

5-4-2 AHIKLE

EREEDRBAI L R HEHKOBEEAETIEAHZ
ELEELAMETSH Y, &< OKUBEHEMRBRE SN
TWBAR, RIESABKECHEE T HKEEEXR /LD T,
P CLEMEIc 1 A Tehh, EREROHELIIMN
VIR ER R IR D 1 <, SROVIEBREEEZ L BRI
bo AR U U EAKE, R, kJUMEK
BRI, A 7 A AEOER, [{AEFLOOTH
D, —RIBFAERE LT LR WAHRITE L. LKL
FEAFELEARNMETH D, SR I R
BRETEANEE L, Rk E BT 5EaER
WHETCH Do o THEKBEEC & - UTREEREL T
XHRTETEEDZEPBEE LW, THHVEARLLD
BHEIK PH A#Eb B 2 L b, FRiERm ke BkG A



(44)

T R & &

B ¥ #® January 1968

KIEBNTED B EMEDTEH B, L UIBEEDET
MIEETH DIREI LI TH D, & DTS, BHAEWEE L
TOWBE—BEAENBERE SN TE 2N RIEIE~ D,
ok, ARy —AfIREBsIEE D, A —nEREEREHPE L
WA S —, ZHBND, TBHTHEIE & EHEMEIRE
XN b DT SROFIZENLELEZ BILD,

5-4-3 RAEWER

SBH B OMAMIIRARSE  OMEMFERIC L > TEL
7o B F WO MOMRICEE IND & LR BTN
Bo FKEBEE BV TLEKETHD, < & DEBLELT
X AEHEWIEAEREE, 8L BND Zn Ay ¥R Sn
Ay X EBEOEBWEE, HHWIAREIRC L A BEE
&R X VERMICER SN ULTEen, TRk
AR A E T HEEWEB A DL B LDIRRWEIN TN
WL, 1F&AENRERRKSTND,

AR, AER R ERREOMERBBEINIE LTE TR
N, ez T =y REEATIE (y-AleO3-Zn0),
¥ o Tr=y Tt (FeyOg - NiO) &0 = v Vil
OB EERE L TCWB T EEORDh - TE L, 2D
O&EBETMPBCH L, FEBRERINTWHENIICILE
HOBERALERY, wHKA»DOMEEEER, ~7
A BEMA T — MREETE L TADONEBTH Do o
ThHRBEMFR X NEAEE O NENRIISE K TIC
FBWTLHLEA 7 ~ ORI L D ERYD, —RICEAF
H D I A o I BREETT TR L CRBE O ORR{LY
MELABLTRENY, HEEIFHDEZ WEKEEDOE AR
EERS RPN E I BIT iz, B, T4, kO
FHHEOKEPHERSE T L7 (= v /AR g
BHZ & B BEHN O & - TEHET Crby, &
HKRCERBETIEE L e D, SOBEEERHIEKE
BPNCIEE Lin < fn b & & I EKERE OB A EW
Utzo o THELKD$k5 & 1B B IE AR OB AEY
Fdh b & U THBACES ZBEINE 8 5~ MRS —S%%
BHEKICHEA L CE M A L, a3 obhik
BT TR UM, REDCHE S ivic, brEIK
T S IFEIEKT O BHEHO S NMEKEICCHRERE —
SEAIC LY, $A4 LT Ippm % HiC 1 BRI
UCHHERBFREIRN B BN T WD, - THHEIKARDER
BB OSEEHSLEOITRbN T WA EKEBITEA 4 >
FEANT b L, SRR WEEEAE BIE Uiz, &
DA A&~ OPFEBEIT L Clvgs, 84 4 VIZEW
wy-FeOOH & UTHRBE LT WA EDFIED L5 D, Bk
& UTRIEE A E A O T LT 5 &BHILO B HE 23K
AL LB (LERIREE CHEA & L bIEEE I T &
b otc, DX 5 bk BRI OWTIEE
W& b ST NEMENE - Tnb, kA &
VAR FEIE X SR AE b, EBEDE
YebHIKIC X ARSI b AR L o T
B, BEDEAIEAA 7 — Vv EEL LCRBHE Y £

7T O THEENLETH D,

5-4-4 [BAEEHE

FE AL < 1916481, E. Cumberland?® 231E/k 25
TIS LT EISE, —EC A ST & SR E R T e
LUEL, HPEBESEE LTERABDIEE 5Tz, KT
A YV r T2y 7 OBBIERERITH Do FEFERBEHART
ERTEME R A A, EERIEEROIEOME TREST D L
LCEHE L, 100~200mA/ m2RBECHEHAINT WS, &
HRNERT HEEC S ENTH A2, BHEERE 600m
Alm? B A GBI L3 55), hoHiks UTHBEREEA
B0, BERE LUTCQIER, 7rvIi=v e, w7 RV Y AE
OEERHEINTWED, APEEFRNL VLS. BN
TIIIRSABER D 6 R FSAR OE KSR ECFEE L LT
Higka 33D TNB, BICBRIKICES OV mnEaIT
EAIERODIE 5 T E L\ EHEZ B,

6. & O

POKBRERAMBEE DWT, s SEOMBALT DWW
T~z SHEARHD X h ORI ORETE L L,
R, BaERELEBMBEO#SIC L) OB E ko
TIN5 728 4 HBEETHENER L LWL, —[,
HEHOEANREE S A TCHRA—EOEIE L0 &
LEEBAEEZ TN, LALI Ok AH kit &
BECHANEOHAE L X A EHFIERTE RV, —HE
WRIERA 7, BFEHE SEREEKEES — ¥ v 8%
KEBBEFOESRLE L, ERBEEOHEMRILOEL
REHIKANC I 1 BIKDIELY, Kb DS ORAR
BOFHELD Y, WEHABART BN Tn5
PRE V2D, ZOL S IRFERAREOR B EELD LE
TKERE R AR B BT AT B D L O 22 CLIMRIR 2R T %
hEkEr, BltE EE, /Y, KEOAFEOBFREDORE
BITRIFET, TR B e LTCnb E#E 2D, b bAHAEE
L EEEE Y LT, HithiHAaSOMBOEILX
DICHHT T B 2%, BLEOBERES O, i X
HIREWISTE» DO NAEL, BWEMBENE 572k
ARO—ALSRE N ERFEIRETH B,

X B

1) G. D. Bengough: J. Inst. Metals, 5 (1911), 28

2) Mechanical World & Eng. Record, 51 (1929), 442

3) J. H. Harrison: Engineering, 129 (1930), 473

4 EREW . “BARENREAS, #5/0ZERE H4OREH
&7 (1935) Apr.

5) KFEERGS | K JIEHE,. 16 No. 102 (1965), 236

6) KIFEWA S ¢ KJJFEE, 17 No. 120, No. 121 (1966),
765, 885

7) ML L Ak, 5 (1964), 266

8) G. D. Bengough & R. May: J. Inst. Metals, 32 (1924),
184

9)  EERaRE, OREEC, ERRSAR D ARRE, 5 (1964), 317



Vol. 9 No. 1 HEFHHROEABFE T 3 BRI EOMBERTONT

(45)

10)
1)

12)
13)

14)

15)

16)
17)
18)
19)
20)

21)
22)
23)
24)

25)
26)

TRZH, fEEtE  AGS, 1 (1960), 79

FrrrL ek @ Acgk, 3 (1962), 227, 242, 5 (1964), 188
ML @ ik ek, 6 (1964), 239

JoEEG ¢ fBBETIEE, 31 (1967), 198

FMEEER (E7E), “DEACHEEGEREEOIRE
KERE OB BT TIFEUMY BRESERRS, MR
PR KL (IBFI264E10 3 F17)

BEHBE, TS, SRESRS, R, THZEE A
sk, 5 (1964), 324

C. K. Kuester, C. E. Cynch : ASME 66 WA/CT-1
FMRIER - kI3, 13 (1962), 57

PERRERER © AcEE, 8 (1962), 276

PEIESEES © ABE, 6 (1965), 42

REREUE, VERESEAS C EAGRE, 10 (1958), 167, 241

P. T. Gilbert: Chemistry & Industry, July 11, (1959)
A. M. Luckhart: Proc. Inst. Mech. Engrs; 179 No. 16
(1964/65)

T. W. Bostwick: Corrosion, 17 Aug. (1961), 12
EESES, TRZEL HAREEZEER, 30 (1966), 869

E. Cumberland: J. Inst. Metals, 15 (1916), 192

N L5E—, GeiEse, RRBBEE | Biakkds, 8 (1959), 515.
Yok KIEH, 8OR—5 © ASLAFH, 48 (1961), 741

WEEE, MiREE C piddh, 16 (1967), 2

MR — [ ARk, 5 (1964), 149

P. T. Gilbert : Trans. Inst. Marine Engrs, 66 No. 1
(1954)



R
Regirzted from SUMITOMO LIGHT METAL TECHNICAL REPOPTS Vol 9 No. 1 January 1968

e ——— e ———— .

T =9 AEEDOHAR DT

H E) &

ERXEEE LT EHARH



TVl = v AEEDOHI BT

-~

1. & 2 m =&

SeDHEHIERERY kT, T I =Y AEEDWA B
YA SMNCTAHBRMT, iL7 74 AEERANTEF Y VO
Y (RBFERE) —2ORSITERETTR o7z FERALE
F U VI RSSO FRFN 4.8 s L O 10mme
Th b, Fio, RbMITiXFellicHzE LTI ORI
Teom L, EIAID EE8R KEnwE FRENDHDT,
3oDUHIAIATE D R, FORLIME Ui,

AR DOERSEEIREREITEERC b & 0%, BEZHE Lo
X ->TED, THEOAT A, P WVWIZEBITRBGT
ERE, DYET 7y, UEAECE L TRIES D \WIERE
L, #0v 2 ¢ 79 2 EHEA & o THR SIS R,
W Lizo

2. HEMEERA

st 2011-T8 40mme, 2017-T4 60mme, 5083-
F 45mme# s L 0F 5052-R 70mm K CH D, FDILEFEL
5 HRTE A L3R, B 2RETNENRT,

# 1 MRRREF OB E T, RETEIARED 3
fBr L, BEMEATRZLLIBEIN TS, Kbl
FEEHH T S BB S FIC & -7,

3. FUILETIEIE

FUMEEEEMIE SKH9 SloEERS 5\ TiRe
£/4.8, 10mm¢ GRMFEEARRED 2@ Uiz, €Dt
BEE2HCRL, TEEXE3ELRT,

EIAIE UCik, B, Bt kXU 7y Tty
TH BTz, BIHALs 13 Wear BB I N-Hi Y% B
Z L, Bm000cchicERE gD a vE L #BEX L
&0 0.125wt%) Th B, HIROKEEMEEAITSH S 7
v 7 4 &y 77CKE E.F. Houghton 4 1%, #id, (b
WA A EET 5L DT, RERCHIMEKTHEDT
JZE1AY Al

F

@
\/

/

) =

try—KrF

i

R LB
h* 14.4
H 29.4

* hid k) ARD3ME

4.8¢ 10¢
30

45

=

_/l
}

N W

4 RBREHLRBRFTE

4 RCRTER L KELERSE Lealt L D, B5RD
LB b o ET o, BERD S HEEIEEL VY v
SRR 23.5mimin @ 1K#EE Uiz, 20 & XOHEEAR
B 3 MICRY, BB 5 6 RICEREHFDO—E &R
BRL LT, ERIER L7 V& TR,

F ek ML ar 7 7 4 =2 8% No. 2 (8 SORSHER
#) OFMHIEFIALVF 5 vy 75N LTEINTBNZFY
NREER L, 7 — 7 v BB B OIEIEP T R E A A
LTHREBEINEARF B EFEEDND Z L L DITRD
N5,

PIMEIENERERE & - THE#ME LS,

HEEEE, 2T A, PrI, ABTBE, ¥H7 7
T L OWEAETME L, 27 2 PRI v ik mEl
EhiEREE 24 Fy v AST-BM % (EEIE®

e 364 ———f

40¢
B1K

Bl LR MO/ F RS

] f - T & %) 1
% -2

Cu Mg Mn Si ! Fe Cr Ti Zn Pb Bi Al
2011-T8 5.18 <0.01 0.01 0.10 0.29 <0.01 <0.01 0.03 0.48 0.49 7%
2017-T4 4.20 0.61 0.57 0.29 0.29 0.01 0.01 0.09 — s 7%
5052-R 0.01 2.56 <0.01 0.11 0.26 0.20 <0.01 (.02 — — 7%
5083-F 0.04 4.34 0.65 0.29 0.13 0.17 0.01 0.02 — — 7%

* e



Vol. 9 No. 1

TV I oY AAEOR S

(47)

) A B OFhEF GREBETEME) LHBLAEL
fro FOWHO 1 FIAEARCET S, ZORLFBRED
1, kXU 3y FHEDEHE L FNFNPII 2T 2+ (F

vy, BHIAZ A Y (PA7) EREEZEEL, ENE
NEDNTTF — ZENTEITIR Do
B2k (LM OIS
" we | REE R w | Evro%
i % | (kg/mmé) | Gcg/mme) %) - e 5f§g]§
2011-T8 34.0 42.7 14 121
2017-T4 39.0 53.2 15 135
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B6X R AH R FEBRER
B & # *= B L #
(mm ¢) | (mm/rev) G | Gegy \(Ckgrem) | (kgremd| (90 | ) | (w VR

1} 45 | 200-T8 | gasss 4.8 088 | &2 U | 240 | 200 | 3.3 3.3 1.0 | 06| 25 2.6 4
2 | 12 | 2011-T8 4 4.8 0.263 | & w | 282 282 | 3.8 3.8 10} 08| 18 1.8 4
3| 85 | 2011-T8 4 4.8 0.263 | gi+I. | 8.5 | 835 | 4.9 5.2 1.0 | 02| 16 1.7 3
4| 49 | 2011-Ts ’ 4.8 01888 | 7¥7A4 | 247 | 247 | 3.3 3.3 0] 02| 19 2.1 3
5 | 50 | 2011-T8 ” 10 0263 | A& U | 72.0 | 73.4 | 207 | 229 0.5 | 08| 15 2.1 1
6 | 60 | 2011-T8 “ 10 0188 | & g | 53.0 | 53.0 | 153 185 | 02| 0 1.8 2.6 1
7| 54 | 2011-T8 4 10 0188 | @+l | 52.2 | 52.2 | 157 w4 | 0.2 |01 1.2 1.6 1
8 | 43 | 2011-T8 4 10 0.28 | 7774 | 671 | 65.0 | 187 18.7 0.4 | —0.1 2.4 2.5 1
9 | 88 | 2001-T8 | e 4.8 0.263 | & L | 406 | 481 5.5 7.4 0 0 2.5 1.9 2
10| 7 | 2011-T8 “ 4.8 0183 | F o | 318 | 87.4 | 44 5.7 18| 1.3 | 28 3.2 1
1} 41| 2011-T8 4 4.8 0.188 | s+l | 318 | 31.8 | 44 4.9 | 02 02| 18 1.2 1
12 | 63 | 2011-T8 4 4.8 0.263 | 7774 | 4.7 | 406 | 55 55 | 0.2 0 3.1 2.9 3
1B | 15 | 2011-T8 4 10 0183 | 72 L | 63.6 | 63.6 | 16.6 7.0 | 11} 07| 3.3 3.5 2
14 | 5 | 2011-Ts 4 10 0.263 | & m | 848 | 918 | 2.0 | 39.2 12 | 12, 33 2.8 2
15 | 22 | 2011-T8 4 10 0.263 | i+l | 89.0 | 8.0 | 2.8 | 26.2 11| 02| 20 2.3 1
16 | 82 | 2011-T8 ” 10 0.188 | 7770 | 622 | 60.0 | 157 16.4 e | 01 1.9 2.6 2
7| 1| 2017-T4 | mads 4.8 0.263 | & L | 40.6 | 43.4 5.5 6.1 0.8 | 02| 26 2.1 4
18 | 26 | 2017-T4 4 4.8 0183 | g | 871 | 872 4.9 5.5 | 10| 08| 17 1.6 3
19 | 47 | 2017-T4 4 4.8 0.188 | ww+l. | 37.1 | 87.1 4.9 55 | 1.0 | o 1.7 1.7 3
20 | 36 | 2017-T4 4 4.8 0.288 | TV7A | 494 | 494 | 7.9 8.2 |-1.0| 08| a7 2.6 3
21 | 27 | 2017-T4 4 10 0188 | A& UL | 98.9 | 106.0 | 22.9 | 244 03 | 02| 25 2.6 2
22 | 17 | 2017-T4 “ 10 0.263 | 4g o | 98.9 | 98.9 | 26.6 | 28.3 04 | 0.1 1.7 2.3 2
23 | 2 | 2017-T4 4 10 0.263 | fom+I. | 875 | 7.5 | 218 | 24.0 0.2 | 01| =27 2.9 2
| 5 | 2007-T4 4 10 0188 | 7774 | 791 | 791 | 200 | 200 | 05| 0 2.5 2.1 2
25 | 80 | 2007-T4 | ms 4.8 0188 | & L | 424 | 494 | 5.5 7.6 | 0.2 | -0.2 | 3.3 2.7 4
26 | 10 | 2017-T4 4 4.8 0.263 | #& w | 43.4 | 494 | 6.0 120 | 0.6 | 04 | 3.6 3.1 3
27 | 61 | 2017-T4 4 4.8 0.263 | wm+l. | 28.2 | 30.0 | 3.3 4.9 | —0.2 | -0.2 | 2.9 2.9 3
28 | 24 | 2017-T4 4 4.8 0188 | TY74 | 445 | 445 | 4.9 55 | —0.2 | —0.2 1.7 1.6 3
29 | 20 | 2017-T4 ’ 10 0.268 | A& U | 187.0 | 144,7 | 34.9 5.2 | L7 | 04 | 3.0 3.0 4
30 | 34 | 2017-T4 4 10 0.188 | @ g | 1003 | 113.0 | 28.3 | 48.0 1.4 01| 36 3.7 5
31| 62 | 2017-T4 4 10 0.188 | fum+Is | 98.9 | 106.0 | 231 | 26.2 | 1.3 | 0.3 1.0 1.9 2
32 | 44 | 2017-T¢ '/ 10 0.263 | T¥7A 11341 | 182.7 | 316 32.7 12 | 0.1 1.6 2.0 2
33 | 52 | S052-R | iBA%M 4.8 0263 | % UL | 3.8 | 8.5 6.0 6.0 10 | 06| 28 2.9 5
34 | 4 | 5052-R 4 4.8 0.183 |t w | 28.2 | 2.2 | 7.8 8.7 13 | 13| 37 3.5 5
35 | 18 | 5052-R 4 4.8 0.183 | #mm+I. | 28.2 | 26.5 | 6.8 76 | 13| 13| 8.6 3.6 5
3 | 59 | 8052-R 4 4.8 0.23 | 7V74 | 835 | 318 | 6.5 5.7 1.2 | 04| 3.4 3.2 5
37 | 9 | 5052-R ’ 10 0188 | # UL | 586 | 650 | 229 | 235 | 2.6 | 02| 3.2 2.4 5
38 | 5 | 5052-R 4 10 0.263 | % o | 63.6 | 86.4 | 827 | 8.0 | 1.2, 0.1 2.5 2.2 5
39 | 29 | 5052-R ” 10 0.263 | 4+l | 565 | 63.6 | 283 | 283 | 21 | 0.1 3.4 3.1 3
40 | 39 | 5052-R // 10 0.183 | IY74 | 424 | 438 | 174 15.8 25 | 0.1 3.5 2.3 3
41| 1| s0s2-R | A 4.8 0.183 | & L | %53 | 388 | 7.0 83 | 06| 08| 33 4.0 5
42 | 2 | 5052-R z 4.8 0.263 | & W | 49.4 | 50.1 | 1h4 | 120 | 0.2 ] 0 3.3 4.1 5
43 | 55 | 8052-R ” 4.8 0.263 | #gih+Is | 49.4 | 49.4 | 125 | 181 | 0.2 | 0 3.7 3.5 5
44 | 16 | 5052-R ” 4.8 0188 | 7777 | 803 | 2.2 | 4.9 44 | 02| 02| 26 3.7 5
45 | 23 | s052-R 4 10 0.263 | &£ L | 8.3 | 953 | 827 | 45 | 1.5 | 08 | 3.4 3.5 5
46 | 8 | 5052-R 4 10 0183 | & @ | 70.6 | 63.6 | 255 | 349 | 2.9 | 29| 33 3.2 5
47 | 64 | 5052-R 4 10 0.183 | 4+, | 63.6 | 63.6 | 283 | 3.6 | 3.2 | 03 | 33 3.2 5
48 | 31 | s052-R ” 10 0.8 | TYZA | 77 | 742 | 240 | 240 13| 0 3.3 2.4 4
49 | 6| 508-F | iassm 4.8 018 | & U | 318 | 32| 4.8 5.7 13| 06| 3.4 3.8 5
50 | 19 | 5083-F 4 4.8 0.263 | & w | 88.8 | 874 | 7.1 8.7 1.0 | 06| 3.8 2.9 4
51 | 25 | 5083-F ” 4.8 0.263 | fam+l. | 853 | 353 | 6.3 6.8 | 1.0 | 08| 3.1 2.3 3
52 | 21 | 5083-F ” 4.8 0.188 | 777 | w2 | 2.2 4.1 4.1 1.0 | 08 2.5 3.0 4
53 | 51 | 5083-F 4 10 0263 | # L | 8.3 | 9.8 | 204 | 86.0 | 07 | 04| 33 3.3 4
5 | 46 | 5083-F ’/ 10 0183 | 4 s | 62.2 | 60.0 | 19.6 | 196 | 0.5 | 03| 28 2.2 3
55 | 48 | 5083-F // 10 0.183 | i@+, | 6.5 | 60.0 | 19.6 | 19.6 13| 04| 29 2.2 2
5 | 57 | 5083-F // 10 0.268 | TYZA | 706 | 741 | 240 24.0 | 0.8 | -01 1] 35 2.2 2
57 | 14 | s08-F | s 4.8 0263 | & L | 353 | 424 65 | 109 | 02| 06| 3.6 3.6 5
58 | 42 | 5083-F 4 4.8 0.188 | @ o | 36.7 | 38.1 6.5 9.8 | 10| 04| 2.8 3.6 5
59 | 87 | 5083-F ,, 4.8 0.183 | Jgib+I. | 34.6 | 85.3 5.5 8.7 0.2 | 0.2 | 42 3.6 5
60 | 3 | 5083-F . 4.8 0.268 | 7777 | 8.3 | 3.3 5.2 5.2 0.2 | 0 1.7 2.5 4
61 | 38 | 5083-F 4 10 0183 | & UL | 8.2 | 8.3 | 240 | 3.6 | 11| L1 | 3.2 3.0 5
62 | 40 | 5083-F ,, 10 0.263 | % i | 98.9 | 106.0 | 33.8 | 545 1| 08| 29 8.2 5
63 | 58 | 5083-F z 10 0.263 | i+l. | 953 | 8.9 | 805 | 523 | 09 [ 03| 35 2.7 5
64 | 13 | 5083-F // 10 018 | 7774 | stz | 79.8 | 218 22.9 1.5 | 05 3.6 8.2 4
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