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Stress Corrosion Cracking of Cu-Zn-Al Alloys in

Pure Steam and Water at High Temperature

by Shire Sato and Koji Nagata

This paper deals with the investigational data on the examination of service failures of
aluminium brass tubes used in the heaters at various applications and the results of the
accelerated stress corrosion cracking tests in high temperature degassed steam for the Cu-
Zn~Al ternary alloys, commeracial aluminium brass and Cu-30% Zn alloys containing small
amounts of P, Sn or Fe, respectively. The results obtained were as follows.

1) The investigation of the service failures showed that aluminium brass was apt to suffer
the intergranular corrosin by the steam at the temperature from 120 to 210°C, which developed
to the cracks under internal or external tensile stress. This phenomenon is considered to be
a stress corrosion cracking in a broad sense,

2y Cu-Zn-Al ternary alloys showed two types of corrosion morpholegy and two types of
cracking behavior in degassed steam from 150 to 300°C under applied tensile stress accor-
ding to their alloy compositions. Namely, the alloys of low zinc were liable to suffer the
intergranular corrosion, which developed to the intergranular cracking under applied tensile
stress of 3 to 10 kg/mm?=. While the alloys of high zinc had a tendency to suffer the layer
type corrosion and to be immune to intergranular stress corrosion cracking. They, however,
were deteriorated by intergranular cavitation fracture under applied tensile stress.

3) Intergranular cracking of commercial aluminium brass in the services was successfully
reproduced in the laboratory tests, Threshold stresses for cracking were 15, 9 and 5 kg/mm?
at the steam temperature of 200, 250 and 300°C, respectively. This phenomenon was
remarkably dependent upon the grain size; the larger the grain size was, the deeper the
cracks were,

4) Commercial aluminium brass had more susceptibility to intergranular corrosion than the
Cu-2045Zn-Al ternary alloy in spite of nearly the same content of zinc and aluminium. It
is considered that the arsenic of 0.05% added to commercial alloy may affect significantly
to the corrosion morphology.

5) The addition of phosphorous of 0.03%5 to Cu-30%Zn alloy was effective to inhibit corrosion,
stress corrosion cracking and creep rupture. Therefore, this modified 70-30 brass may be
considered to be useful materials for the heater tubes instead of commercial aluminium brass.
6) We may conclude that the phenomenon of the intergranular stress corrosion
cracking of copper alloys in high temperature pure water and steam is the stress accelerated
intergranular corrosion in a strict sense, which may be associated with equilibrium segregation
of active alloying elements at the grain boundaries.
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Fig. 1 Cracks of aluminjum brass tubes served for high

pressure feed water heater of power plant operated
at high temperature of 350°C for 4,900 hours.
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Fig. 2 Intergranular corrosion and cracks of aluminium
brass tubes served for high pressure feed water
heater of power plant operated at high temperature
of 260°C for 70,000 hours.
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Fig. 3 Cracks of aluminium brass tube served for low
pressure feed water heater of power plant operated
at high temperature steam from 179 to 106°C for

36 months,
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Fig. 4 Cracks of aluminium brass tube served for low

pressure feed water heater of power plant operated
at high temperature steam from 250 to 150°C for 15

months.
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Fig. 5 Cracksof aluminium brass tube served for condenser

for air ejector in ship operated at high temperature
steam of 310°C for 12 months.
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PFig. 6 Intergranular corrosion of aluminium brass tube

served for brine heater in salt factory operated at

high temperature steam of 210°C for § months.
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Fig. 7 Cracks and intergranular corrosion of aluminium

brass tube served for brine heater in salt factory
operated at high temperature steam of 150°C for
about 2 years.
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Fig. 8 Cracks and intergranular corrosion of aluminium
brass tube served for air heater operated for 1 to

3 months.
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Portion of straight.
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Fig. 9 Cracks of aluminium brass tubes served for oil

heating coil in tanker.
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Fig. 10 Cracking of aluminium brass tube served for steam

piping for ship.

b

Brine heater

Heat recovery
Fig. 11 Intergranular corrosion of aluminium brass tube
served for desalination plant. {x400)
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B DHEHDL LG ch b, MRS
PHL A0 AEAOERRIEash, HRhiwn)
EHEEAERAEA ) CHEREELAR Lo
FEofedbDEH L, HEERPHOHERCTL 5 T b, —
BRI AN E S LR AR TEWR, th
b bl & R R AR A U R o B iR VBT f o it
BRIGIHEAE L, BEEAEE COBRUISIAER
Uit SRR b e Bsk-p e ELLNS,

BEDT EHG, iy slAEORRBTOHR
OAEZE FHERAEAERE (FRERE) Kk THd B
¥Chb, 100°C 2 KR 206 D WBAET a8 L
5BHEDLEAOND, HLFOBECEHEDREHEY
SHDEREN 2 BERL D, GHRESEOBLOMH AN
RIAEN T B REFHNHER PR M B W T,
Lo ERER S CERE RN,

3. F=PIL—TILLBENEEFE

3.1 2B LURRFHE

3.1.1 BHOLERS

e LREER 7 T = v 2 (JIS H3632,
BsTFZ : 77.6% Cu-20% Zn-2% Al-0.3%5 51-0.0545 As)
OFEFES&OIEEZTHS Cu-Zn-Al ZTE54T, Znk
0~359%Co%EET, Alk0~5%%c0.5%HEBT
mInLi=84 () Cu-30%Zn wifoP, Sn LT
Fe % &2 M iR L AW BRHO=20 Fu—-FDE
ETH Do

3.1.2 EBRFOERK

s e MEOHMRE 5 L WAL, BRMEBER
TR USROS EICERA A, TH M EES L O8m
MEEZNAT0.5mm QiR H Eif =8, HESMEE
e R b &fE110mm, EFEES20mm, SEFEM
3mmO/NEBERBRA 2RI, ZOERERELERHR
THEe L ERB LU . MBREBEOREERETIEAR
Bk, HIRIEEE0.03mmitis B & ML, BBRO
BpiEO —#% Table 2 ITikd,

Table 2 Tensile properties of the specimens.

Alloys ng .1595’ té??s%ih 3;‘13'2?1!;%1 Elon(g&g;:ion
(kg/mm2) | (kg/mm?) ’”
Cu-595Zn-1% A1 7.3 26.0 51
Cu-10%2Zn-1% A1 8.3 28.5 51
Cu-20%Zn-12 Al 9.9 32.6 65
Cu-30%:Zn-19 A1 10.6 34.0 71
Cu-35%Zn-1%Al 14.7 40.2 54
BsTF 2
Grain 0.02mm 16.8 43.3 61
size: 0,.04mm 11.7 36.6 74
0.13mm 8.3 40.2 77
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3.1.3 HEREEDLURBRRERMT

HEAEL LTARES! 0188 27 v 1 REHMO A — b
# 1~ TR By, BIERECHOAINMEFERESEM A 7Y
5 (R 3mme, o4 AEI3mme, FHF12, HHE6
mm) KKk, REBEECBUBRRFVCIOERED
—BRE THRY, T b EIF I EDQIERIGDE
Fig. 12 wRTERE ML BB L 72, o RHBA &
BELORILF 7 v THB L e, TR InElERic 350
T ¥ . Fo= o r VBT S FelMc U T — b
v — TR BREL T,

154

Specimen

20

Side

z Spring

’mea_n coil dia > 13mm
spring wire dia | 3mm
Mo ot active coils ; 12

Fig. 12 Spring load fixture for autoclave tests.

3.1.4 ZEBRFEBIUEHE

F—} 7L —FRCEEKE 2] AhEEHEEBRR A
{BLAFHRRZEB/L, HAEX L ST THROBEBIL &N
#L, 120°C ok —eHl csim k- TIHSEL =,
FOBRFTEEN T CRARICRBP N L -, EERFEE
Table 3 IWRY, IEHAMEBIIsWTIX, S00MHEIT
HE PR h LB o RED R ZBE L, BE
RBREHRBR ONERWOBE, ERELRONE, BR
B L CHRMEE I AEARHTOBRES e L o7
B Eo BT ERS 200 L OEBETRD A,

Table 8 Schedule of the autoclave tests.

Test

No. Alloys Test conditions

. ” 200~300°C x 500~3000 hours
1 Cu-0~354Zn-0~395 Al Non stressed
250°C x 500 hours
2~20kg/mm? stresed
200~300°C x 500~3000hours

2 |Cu-5~35%Zn-1% Al

8 |BsTFZ Non stressed
. 200~300°C 1000 hours

G.5.: 0.08mm {777 a
4 |BeTF2 1~20kg/mm?2 stressed

G.5.: 002, 0.04,180°Cx 1500 hours
0.18mm (10~20kg/mm?2 stressed

. 180°C % 1500 hours
. Cu-30%Zn-X* 10~20kg/mm? stressed

150°C~250°C > 500 hours
5~20kg/mm?2 stressed

*% : 0.008%P, 0.032%P, 0.18%5n, 0.96%5n, 0.48%Fe

Cu-3045Zn-0.03%P.

Depth af corrosion layer (u)

3.2 HBRES

3.21 FRXp No. 1

AFBE Cu-Zn-Al ZTAED &EHIE & 200~300°C
OERHEIFCB I AEABRELOBRC>WTHRHELE
T, BhHESMRECoRB TS, BRailzos
BRI 2 B s T b SRR EUERAEEZ R
LTz,

250°C x 3,000 hrs B L AHBOEAHENE 7 oi
MOREHZ Fig. 13 &, HAFEsAlEHR2Fig 14 ©
R HAMEL L FHARSIIAEMRT X - THL
RIS TWh, ThdbE Cu-Zn ZFE&E Zn oD
DNEESRRoRO, In oEReoOnTE—ERO
i Zn B2 2L, Zn GOk L3 BRESPHET,
Cu-Al &4 EREAZEL, Al ROk LKL
POEIXRMTEMCSL B, —F CuZn-Al ZLEET
BT, Zn RISHLL T kiR E /%, Zn f20% Tk
kB L TR CRRER %, Zn B 30HBL LTS
— IR AR BT, BAESK In BI0% TRAEER
L, Zn BDELKE 23 ETT2HACH 5, Al Findt
DL 0.5~ 2 BOTRINEOCRE CIIEE ThY., LD
I 5 e EaREBIEEREC L -~ TRIBRES  OTIELR
4, 300°Cx500 hrs BRMEA L7z DRDWTHRIIERT
B otre 7017 200°C %2000 hrs HEAL 72 3 O CHRUE AR
a0 BEELERS, 250°C TR AIRNE AR R LR
BTy 0T ROEARRPETHLLEEZ - T,

Pz 250°C % 3000 hrs SREM D E AR B OMMNEE
D% Fig. 15 tRT, BAEIOHAL: B
MEE oL FREEAL T b, FMrRAEEER T 55
FICIEAs R ETERZRL TV,

250
@ Intergranular
corrosion
200 QO Plug or layer type

corresion

150

100

0 5 10 15 20 25 30 35
Zinc content (%)

Tig. 14 Effect of the alloy composition on the corrosion
morphology and the depth of the corresion layer
for the Cu-Zn-Al alloys exposed to degassed steam
at 250°C for 3,000 hours.
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Cu-1045Zn—-1.995 A1 Cu-20%

Zn-1.965 Al

Cu-30452n-1.995 Al

Fig. 13 Corrosion merphology of Cu-Zn, Cu-Al and Cu-Zn-Al alloys exposed to degassed steam at 250°C for

3,000 hours.

3.22 7R b No.2

AL Cu-5~35% Zn- 1 %Al & DT EIRE
S TOEERBMIC S FTHER OB R R L 3
DTHBH, MR & UTHEED 7 2 FNo. 1 DB iR
d e S20°CREAN, MINEHE LT NT & E
LS RO VIRUABR L, AISH & BaEs 0N
e Fig 16 &, EARRBOTEARER % Fig, 17
CRT. WAL ET 5 Zn R0 LI FORE T2,

100

@ |ntergranular
corrosion

O Plug or layer typg
corrosion.

75

50

25

Degree of loss in tensile properties (25)

Zinc content (%)

Fig. 15 Effect of the alloy compositionn on the corrosion
morphology and the degree of loss in tensile
properties for the Cu-Zn-Al alloys exposed to

degassed steam at 250°C for 3,000 hours.

Depth of carrosion or corrosien cracks (1)

MRBTRLEL e STy 10kg/mm?® B, BIIERE T
‘& Skg/mm? BLIC I Wi RSRES o0 A B SR 43 6 b
NTWD, —HHIRER2ET2 Zn R20%L o3t o
e FMEAOERE & 5B AOIMERSIE S & 25,
NIGEHT 8kg/mm? B L CRMBEEEOIETALE L T
Do LHIRLTRFAT LS 24 Y — 7B L 2 EGHGCE
HT2DCTh 7, Fig. 18 i i o Ve 234 1 72
SO0 D BIGHERHNC LD EBbI DM E 2 ) — 7

250

200 -

—

o

o
T

10C

[#3]
(=)

Cu-20%2Zn-1%A1

| | !Cu—SO%Zn-ll%Al
¢ 5 10 15 20

Applied tensile stress  (kg/mm?)

Fig. 16 Effect of the applied tensile stsess on the depth
of the corrosion or corrosion cracks for the Cu-
Zn-A] alloys exposed to degassed steam at 250°C
for 500 hours.
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Bisie X5 EEbNARACIT S 7 e illeR LT
Bo WECHNFAED AN M HAINEE & A EHRE
100 —

=~
o

2]
(=)

N
o

Degree of loss in iensile properties (%)

0 | 1
0 5 10 15 20

Applied tensile stress {kg/mm’)
Fig. 17 Effect of the applied tensile stress on the degree
of loss in tensile properties for the Cu-Zn-Al alloys
exposed to degassed steam at 250°C for 500 hours,

o

C-1095 Zn-195 Al (Stress corrosion cracking)

Cu-2045 Zn-125 Al {Creep rupture)

Fig. 18 Microstructures of the Cu-Zn-Al alloys exposed to
high temperature steam of 250°C under applied
tensile stress of 10 kg/mms2 (x400)

DYz Fig 19 R T, &Zn && THRIBDOH 5 Hlic
5 dkg/mme, ¥ Zn 64 TR DO 8 M X
T % 8 kg/mme O NS HRFEORAISIE TS %,
w5 = FNo. 1 THEEE AT 2REEAT ShTnk
Laip st Cu-30%Zn-1% Al &&i->0wT, 200~
300°C T 3,000 hrs £ TORNMIINEBR 2R T L 572, &
BT D - TE AL 10~20n0 By MIRE A2 BT
BETERNM T S OORBBERIB AT Y — TR L,
Wi FAEO RIS IIE200, 250% X 20300°C BT &
7, 5t 3kg/mm*ch -7,

18 1.5.C.C. 1—:—— Creep rupture
16} ! ' X Cracks
. x b'e ! O None /
T 14 | ;
é X 1 % %
= 12¢ ]l ess ,/f Q
oz Proof SYEE -~
% 10t x ,0;2.14’-?— L x %
@ PR o
» 8 e 'I R it Sl e
= e b \ x o]
5 6 x X | Q o]
o ® X o} o o
2 Al O g
= 1
2 21 o ) ! © ©
i
0 i L ! 1 ! 3 I3
5 ic 15 20 25 30 35

Zinc content (95)

Fig. 19 Eifect of the applied tensile stress on the crack
formation of the Cu-5~35%5 Zn-145A1 alloys exposed
to degassed steam at 250°C for 500 hours.

3.2.3 AP No.3

ARETER 7V =0 AEEAOERERC ST AR
AREBERE LD TH D, HRREIET LT 2HER
OWE : 7 n#lie Fig. 20 kg, 260°CLUF CHlkfi
s, 300°C CREIAMEAZELTWD, Aadi—
Zn fip X Al it EETASAGREREBIC D
S THASARREY, TLLTHRRRZELR
(#2 FNo. 1) ¢ Ert~bl, RERGEIZGER
I Y AR aRRURTWREREE L TWA L LAhh
B, 0L 5 EATEMO b AVEBEREPWER U rcdly
L£OWNBEHCELWEELE5LB LD THHDT, A
THERZ L LT B,

3.2.4 TFAMNo 4

AEBIEHEA T = 9 AHEMROERERT TOERE
Wi K EFTEER OB R RE Licd DTH D A
oA s oGy Fig 21 &, RAEHETEOR
i ooty Fig 22 wRT, BRURM 200°C £
950°C THE, 6 JTIERTINIRTE G 24 U Ao B AU R AR R A A
IS 13910 kg/mm? CRIFMARANERBEBLTWS:
MEEIEASR F W R 7 Y — THEE A 5N 5,
A 300°C DAL, HH 2y —FREC I K
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L7, MRIRE L MNFEIS i E OBFE Fig 23T

2509 3,000k

Fig. 20 Corrosion morphology of comtercial aluminium
brass exposed to high temperature degassed steam.
{ % 400)

%100

cracks of commercial aluminium

Tig. 22 Intergranular
brass exposed to degassed steam at 250°C for 1,000
hours under applied tensile stress of 10 kg/mma2,

FREe 200, 2503 X 0r300°C o is i A EINBRED BRI
ks 4 15, 9 L otbkeg/mm2 THbH, Lk
Cu-30%Zn- 1 %Al §&DZhiCh~&x 2K & T
HBe

RS ERE L A EES 2 OBER Fig. 24 TR ¥,
FRBMTIEERAEAZELRT L, hrod Y —FRERE
LA E WD S b AR & UTI8°C 2BAN,, &

250

200
® Intergranular s.c.c.

A Creep rupture
150

O Non cracks

100

30

Depth ot corrosion or cracks (u)

10 15 20 25

Applied tensile stress (kg/mm?)

Fig. 21 Effect of the applied tensile siress on the depth
of corrosion or cracks for commercial aluminium
brass exposed to degassed steam from 200 to 300°C
for 1,000 hours.

20
x Creep rupture
18L L1 @ IS.C.C.
O Non cracks

- 18}
NE (1) oe¢
5 4t
=
o 12|
w
L
db"; 10 -
2
2 8t
&
2 6}
a .
(=1
<L 4l

2 -

0 . : )

200 250

Temperature of steam (*C)
Fig. 23 Relation between the steam tempreature and the

applied tensile stress of the crack formation of com-
mercial aluminium brass exposed to degassed steam.
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500
L LR
250F
X
~ 100
o L
e _
€2
a3 -
! L
& H0f
= L
& Applied tensile stress
=) -
25k ¢ 10kg/mm?
L @ 15kg/mm’
A 20kg/mm?
A rupture
1 L i
10 0.02 0.04 0.13

Grain size (mm)

Fig. 24 Effect of the grain size on the depth of intergra-
nular cracks for commercial aluminium brass exposed
to degassed steam at 180°C for 1,500 hours under
applied tensile stress of 10 to 20 kg/mmz2.

HBRBEECIS00RHER LSS0 RHAREIE S ~10
HWEBEMCH - A, 10kg/mm® OFELIOHIMC X b
RABAORKERSENA LN, HRENEOCRKE X ICH
NEIIIWAL 7z, HESEE. 1IBmmoEXREEIT B
THe1bkg/mm? Bl EO RSN k- THEE (0.5mm)
ZHBTAHNCE - T 5,

3.25 FAP No. 5

ARBITEA 7V T =0 ABEAC DL FHEERAUR
HEOHBE2ENE LTERBLEZ DT, EEEORLE
WL Cu-30% Zn #X—2 ¥k L, BIGTEL LTP, Sn
B Fe 2BAK, ChboDmHORBRRTRS X NE
SHCo Cu-Zn SHOEAR B I TERT2WTH,
FRO—-ADTCEBHEEPMA TR 2, S INREE
THEAEDmEE 590 EAERIN TS, BB
FORRREL, ANEHOERBELLT{L2E2E

BL, 0.1~0.15mm &\ 3§kl OEFBLL, i
AR AEASEL 2T h2d Y -~ FRABHED
Pl nEmn 5, 180°C 2\ 5 HIMEWRERZRAI i
HEE A O s e 3513 B B E 0. 2957 1 6.5~7 .Okg
/mm?, Bl 31~32kg/mm?3, K 65~70%Th %,
EASRRE, HiESEge s WEARR e BEL
Pro $EE % Table 4 Wi, IHEAINRIECOHAE
IRWTHROFERL I MBOBED TEHZ S OTHY,
RERON In BRAZ LR ETAHLOTH-TA, PhD
Wi Sn BINE B R RS AR L TFIEL . B
SRR G, Sn BinEfhci: Fig 25 R TL 5
I s RS A ONERE NS B, Fe ImEEICL
79 —FREBRE LIz, —7F P BINEE CHRINGE S
0.03% & KX WEBHTRERA L ERARICA SN E
Behb, HEEKASEOETI 27V —FTHEB AR
A/ L

LEoEBic kb, 0.03%0 PE2EINLA-HERHSIE
YHEETHD EEAL LNADT, RERER 150~250°C,
s FIiE 5 ~20kg/mm? ORETFCEMA7LI =T L
BRI LR B ERP ST -, HBHBRD
ERREZVTRE 0.1~0.15mm s EAE  DTHED,

Fig. 25 Intergranular cracks of Cu-30% Zn-0.18% Sn alloy
exposed to degassed steam at 180°C for 1,500 hours

under applied tensile stress of 15 kg/mm?2 (x400)

Table 4 Results of the Test No. 5 on the Cu-30%Zn-X alloys exposed to degassed steam at 180°C for 1,500
hours under applied tensile stress of 10 to 20kg/mm2

Additional element Morphorogy Depth of cracks (or corrosion} ()
(wtgs) Corrosion Crack Appliedlotensile stress (1]'(5g/ mmz)
P (0.008) Plug Creep 5 5 25 itk
P (0.03) s and dar  None <5 10 10 10%8
Sn(0.18) ” 1.8.C.C*1 5 10 100 145
Sn(0.96) # ” 5 10 30 190
Fe(0.48) Plug Creep 10 35 30 240%z

#1 Intergranular stress corrosion cracking
*3 Intergranular parting by creep deformation
*3 Void formation

— 14 —
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Table 5 Comparison of Cu-309Zn-0.03% P alloy with aluminium brass as to corrosion behaviors at 150 to

260°C degassed steam for 500 hours under applied tensile stress.

Conditions of the test Efléi};c?{fs éigergranular corrosion f Degree of loss in tensile properties(%)
Temperature (°C) S%feggegkéﬁﬁgg) BsTF2 i 935%%?1?“ ’ BsTF?2 Cu-3025-0.03%5P
0 10 <5 0.9 0.5
150 i0 20 <5 5.5 i.1
i5 90 10 19.5 1.2
20 110 20 37.0 4.8
0 20 5 7.5 1.5
200 10 30 10 4.4 1.3
15 80 15 24.5 2.6
20 140 25 49.5 9.0
0 25 10 1.2 0.2
950 5 30 10 1.2 0.8
10 1490 (401 20.7 16.5
15 =280 (100)*1 (100)*2 60.5

#] Intergranular parting by creep deformation.
*2 Rupture within 500 hours.

HARBRBRITmAREES LSRR EB L, A
HWRES B LOEE M ok TR 2R, &%
Table 5 i, HHAFNE =T 2 ERZDOWTIL3.2.4
gk b RIS R bz - TG L 2R
WAECHBZIERERNL bR, Wa i 5 P &M
FIBERIT b 5 T 5 p BIE O TR o b R AR
UTWBDAET, fiGhe & 5HM e InsdEERka 60
T, BHAEEOET b E-ATh -7, I LI0°CTH
Z Y —FHEERML {EL T, B LEOREER»S P
20.03%M LA Cu-30% Zn & &S RESEMEE L
THRCHD CERRRER s Nty

1.3 ==

PEDA— b7 v~ FHBBBRCB TSt Lic &
3, MESOERERSE L5150 Rk X T A
FIMEAOEMC L - TS NABERTH D, G
MOWEBETHAEEL2ZILTWESRELZEATEH -
foo PE- THRMESAM TOEATRENED TEEE L - T
CBM, ChiEESHmREBRARECEEL, Cu-Zn-Al
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In AHETRMEAREL T, EAMEREMEWE
BREAAECPTWERAE S -0, TOX 5 AT
ZETHE, HEEETONERBC W, BEEK
MEZHELTHL L E - TOABB LRI T 212,
EHOMNRR2FHE I WEEMNE A D, i
WGl VHRZIEE T 2k, AEBERO LS
FEMWTEEZ2AWESETEs ) — 7B S TS
L LY, B5NRABRROBIT 2 S 75, #a
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Eyac el vHASTMESs ¥, @GR TER: SO
BENALBND X HREDT,

HB7 =0 aFHEIIE— Zn LG AlftE b3
ZHASICEERERZZ IR TWEACS S, £ht
SO & b AN B SRk E T S
HTHDLEFBEOEITE T, FERAEEDCOL S 1
R >WEEE2MA, FEREHEKPTCON Zn
Wik EAT 0.05% BED As HENINTWE, Cu-
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T 2w T Dilrrschnabel 58 A3E4UHGH 2 EVTH
FL, As DEBRER=EZESCI V- TREFETEEE
CELLHESTAC L 2HE 0T L, FAK400°C T
0.05wt% Th b HF aTHiitE@RELy, SHOEUR
BB T A300°CEUF GBI AsO R BB AL
HHEREEEN S D, HTHLERIORME oW TIZE B Tl
PIREH R CusAs EUTHEULTS A b, K
RBMEACERINRADE>OBEHELTH TN D,
RRPWEAINBANDOEALFE LT, HENATCOEET
FEOEREITIC S T A 0nb 5, EHEREROET D
FEUTHEBRT EBRET - OEFREESC L 29 LR
MELANF—EEBLZLRATWET, TEHE LT BT
AlB X AsHCu LY ¥ 212%, 10 RIWETFE
BEHLBD, ERNAL~EERTTATEERES,
R fE&R0 D bNATERTTT5 C L BRAIN T
5 BI® BIUSHY OCut OFETFEEEE, %2 38% %
L F 1% TH D, Al O B FARITIC-OW Tk Ferrantel®
DOERE D, T Klements?® 3 Cu-Al &S0
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FRECMAATHE AN L Bis X & Sb Lf—n
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AL ZOESBHBZEKRS 0 sBTERLTHELH
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HERNANRBEL sy FrFahi, Cu-30%Zn &4
TRBNTIRLDL S REHENRA NN & B X Cu-30
% In B&T BT 5 AsD300°CTOREERILD 1 { L AR
I LB (Cu-20% Zn 44 L 400°C © 2.8%%) L&A
BB b, Fig 26 LA SN o N L 5 FRER
vk, 300°C TOMEFRO As BRI ~O LR FTIC L
BEDEEA NI, L LEOEBELHGEMERT BT BH
RAEAaRRdeeTHEE VTEERNEA TS As O
@i, e RR~OEETCEREL TWB 30 EEL LN
%0

Before test

After test

Fig. 26 Microstructures of Cu-30% Zn-0.36%5 As alloy ex-

posed to degassed steam at 300°C for 300 hours.
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@ EHrvi=v 2H@EE—Zn it Lot Al ko
Cu-Zn-Al =& S b~ AEA»Z ST WEHT 5
B LORMEMLNATEWAER & SELEINTWDS
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Influences of Iron and Silicon on Notch Toughness

and Tear Resistance of Al-Mg-Mn Alloy Plates and
Welds.

by Toshivasu Fukuil and Keizo Namba

Experiments were conducted to study effects of Fe and Si on notch toughness and tear
resistance of Al-Mg-Mn alloy plates and welds, Notch toughness was evaluated by a ratio of
notch-tensile strength to tensile strength(notch-tensile ratio), that of notch-tensile strength
to vield strength (notch-yield ratio) and Charpy impact values and tear resistance by
crack initiation and propagation energies in the Navy tear tests,

The notch-tensile ratio, the yield ratio and the Charpy impact value of annealed plates
and welds as well as crack initiation and propagation energies in the Navy tear test were
reduced with increasing amounts of Fe and Si. Fe, Si and Fe-5i, if these contents were
equal, had a similar influence on the notch toughness and the tear resistance. However, in
a strict sense, the effect of Si was most notable.

As the amounts of Fe and Si increased, the dimple pattern associated with ductile
fracture gave way to the quasi-cleavage pattern associated with a relatively brittle fracture
and the intergranular or interdendritic rupture was also noted, Fine lamellar cracks were
observed in second phases containing Fe and Si. From these obhservations, it was considered

that the crack initiation and propagation in the Al-Mg-Mn alloy plates and

welds were

closely related to the distribution of the second phases.

1. FUL&Iz
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O 227 ST B L L, THMZ xHHTRE
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Table 1 Chemical compositions of test specimens used in this experiment.

Test . Chemical composition (%} T
number Materials Mg T Mn BT Zn 1 T T Cu T Fe TS Remarks
4.63 6.70 0.10 | <<0.01 | <<0.01 | <C0.01 | <<0.01 0.01 99,994 A1
Base metals 4.64 0.69 0.10 | <0.01 { <0.01 | <0.01 0.08 (.04 99.8595A1
4.62 0.69 (.10 | <<0.01 | <0.01 G.01 0.26 0.10 93.5 95Al
4.57 ¢.73 0,11 ] <0.01 | <<0.01 0.01 | <<0.01 0.01 99.9947 Al
Test A Filler metals 4.61 0.77 0.10 | <<0.01 | <0.01 0.01 0.09 0.06 99,8595 A1
4.56 0.76 0.11 | <<0.01 0.01 0.01 0.25 0.10 99.5 #Al
4.851 0.7 0.11 | <<0.01 § <<0.01 | <C0.01 | <<0.01 0.01 99.8945A1
Weld metals 4.55 0.77 0,10 | <<0.01 0.01 1 <0.01 0.08 0.04 99 8545 A1
4.46 0.73 0.10 | <<0.01 0.01 0.01 0.26 0.10 99.5 %Al
4501 0.72 0.11 | <0.01 | <<0.03 | <0.01 | «<<0.01 0.01 None
4.57 0.71 0.00 | <0.01 | <<0.01 { <<0.01 0.11 0.01
4.55 0.69 0.11 § <0.01 | <0.01 | <<0.01 0.20 0.01 Fe
Base, filler 4.57 (.72 0.10 | <<0.01 | <€0.01 } <0.01 (.39 0.01
Test B and 4.45 0.70 0.10 | <<0.01 ; <C0,01 | <0.01 | <C0.01 0.10
4.48 0.69 0.11 | <<0.01 | <0.01 | <<0.01 | <0.01 (.19 Si
weld metals
4.41 0.71 0.10 | <0.01 | <<0.01 | <0.03 | <0.01 0.52
4,51 0.69 0.11 ; <<0.01 | <<0.01 | <<0.01 0.06 0.06
4,52 0.71 0.09 | <0.01 ; <0.01 | <0.01 0.13 (.09 Fes5i
4.50 0.70 0.10 | <0.01 | <C0.01 | <0.01 0.20 0.17

{A} Nolched and unnotched tensile tests

{C) Tear test

55

20

Fig. 1 Form and size of test specimens.
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Table 2 Notched and unnotched tensile properties and their strength ratios of annealed Al-Mg-Mn alloy sheets.
Contents Tensile properties Rati
. (%) atios
Testing “ Unnotched Notched
temperature
Tensile strength' Proof stress Elongation |Tensilestrength
Fe Si on 70,2 8 o’n c'sfon ¢'nfoo.2
(kg/mm?) (kg/mm?2) (%) (lg/mme) :
R <0.01 0.01 31.0 15.9 25 28.7 0.93 1.81
oom
temperature 0.08 0.04 31.2 15.9 a7 27.0 0.87 1.70
0.26 0.10 30.1 15.9 26 24.7 0.82 1.55
<Z0.01 0.01 30.7 15.1 30 20.6 0.98 1.96
—75°C 0.08 0.04 30.6 14.3 30 27.8 0.91 1.94
0.26 0.10 29.7 14.2 29 25.3 0.85 1.78
<(3.01 0.01 46.0 17.4 42 31.4 0.68 1.80
--196°C 0.08 0.04 44.5 17.5 43 30.4 0.68 1.74
0.26 0.10 43.1 17.1 43 20.5 0.68 1.73
14
- Notch ! Trans. to R.D.
12— o
L]
L
10 — /{H RT -
8 ,
L)
£ 6 B - ! \
s 0 A
g | e
é,_"" 4 Lo ~196°C “'-}%
@ |
2 |
2 2 —
o Notch @ Para. to R.D.
For<Z0.01% Fo:0.26%5 a s
£
Si: 0,014 5i:0,10% ; ..N R.T.
Fig. 2 Cross-section of fracture regions in notched % 6 !
£~
tensile test specimens of annealed Al-Mg-Mn & é_}_____
alloy sheets, tested at —196°C. {x 100X 4/5) & By = . ¥
Z : e
TUWFHOWRTH S 7 7 4 N~ o Fo 2R 5 2 » -196°C
SR LT WD, Ll Fe BIUS it L 5HE
g b M TV, 0
{er -~ [FYE Ry 7 % FEIC T RN TS f 35 I O3 Fe : <0.01 Fe : 0.08 Fe : 0.26
Fig. 8 LR, /o 7 & EREATCESSS &0 St 001 Si 10,04 Si 10,10

FoAREESaEo v « v E—ffH E Fe 3L S fito
BlEEme, / v FOI DTS A E M DL SEFT D
Bz { B TRRNEHE b RWHBREERLTED, &
FoMERD T E iz hi s, (KER (—196°C) B L b =il
Bt o M IREIL T SR TS, UL LnTFnoBac
BWTh Fe LS ohfine & 312 &b & — g
Wb UB L ETLTWS,

AL b O O PRGN 2 Fig. 4 Wiig, Wi
NOREISCE T A7~ RO 5w FHEL TN,
Fe X8 Si i ol ek niihchb a0
L, Fe skt Si foEEcdds aihiigs
CHEUTWAORBERIN TS S, COLEIRTRI T v S

— 3

Fig. 3 Influences of Fe and Si contents on Charpy
impact values of annealed Al-Mg-Mn alloy
plates. Upper figure: Notched transversely to

rolling direction. Lower figure : Notched

parallelly to rolling direction.
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FOELIMELTWS,

Fe:<0.01%
Si: 0.014

Fo:0.26%

Si

10,104

Fig. 4 Fractures of Charpy impact test specimens of
tested at

annealed Al-Mg-Mn alloy plates,
—196°C. (xX5x4/5)
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FE 3 FedLSIMolnE L3 AP LTHWE, =

o
=S

Fo B oL K (IO FEE = 200 X - ORI~ &
WEY 4 Fe kot S1olgne & 3 Ed LT,

& T B D R = A v XD WA R | BT O T & 150k
LTB, 2415 ORI AR PRGN E Hids X MR,
Yo b ¥ A 2z & 0P RHEORI R BLIL TS,
Pl X b, FF AR o W B & s IR

Fe:1<0.01%
S 0.01%

Fe:0.03%

5i:0.049
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5i:0.102%

Fig. 5 Eleciron microscopic fractographs of Charpy impact test specimens of annea'ed Al-Mg-Mn alloy plates,
tested at —196°C. (%4000x2/3)
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Fig. 6 Iafluences of Fe and Si contents on tear properties of annealed Al-Mg-Mn alloy sheets. Upper (figure:

Notched transversely to rolling direction. Lower figure: Notched paralleliy to rolling direction.
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Notch : Trans. to RD.
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Charpy impact value (kg-m/cm?)}

"o —
0 .
0 0.1 0.2 0.3 0.4 0.5
Fe,Si and Fe+Si contents (%)
Fig. T Influences of Fe, Si and Fe+Si contents on

Charpy impact values of annealed Al-Mg-Mn

alloy plates, tested at room temperature. Upper

figure: Notched transversely to rolling direction.

Lower figure:

direction,

Notched parallelly to rolling
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Table 3 Notched and unnotched tensile properties and their strength ratios of Al-Mg-Mn alloy welds,

Contents Tensile properties Ratios
Testing %) Unnotched Notched
temperature . . .
Tensile strength| Proof stress Elongation [Tensilestrength
Fe Si T go.2 & ] a's/en o'nfro.z
(kg/mm?2) (kg/mm32) (%) (kg/mm?)
R <<0.01 0.01 28.2 15.1 13 25.4 0.90 1.68
oom
temperature 0.08 0.04 29.5 15.2 14 24.4 0.83 1.61
0.26 0.10 30.6 16.0 12 23.5 0.77 1.47
<Z0.01 0.01 29.3 14.7 13 27.6 0.94 1.88
~75°C 0.08 (.04 20.7 14.5 17 26.5 0.89 1.83
0.26 3.10 20.8 14 9 14 23.8 0.80 1.60
<0.01 0.01 44.5 8.3 23 30.3 0.68 1.66
—196°C 0.08 0.04 44.6 18.1 25 29.3 0.66 1.62
0.26 0.10 41.7 17.8 17 27.8 0.65 1.53
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Fig. 8 Fractures of notched tensile test specimens of
Al-Mg-Mn alloy welds, tested at —196°C. (x5
X 3/5)
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Tig. 9 Electron microscopic fractographs of notched tensile test specimens of Al-Mg-Mn alloy welds, tested

at room temperature.
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Fig. 11 Electron microscopic fractngraphs of Charpy impact test specimens of Al-Mg-Mn alloy welds, tested at
~196°C, (»4000x1/2)
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Fig. 12 Influences of Fe and Si contents on tear properties of Al-Mg-Mn alloy welds.
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Fig. 13 Electron microscopic fractographs of tear test specimens of Al-Mg-Mn alloy welds, tested at —196°C.
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Tig. 14 Micro-structure and electron beam scanning images at the edge of fracture of a Charpy impact test
specimen of an annealed Al-Mg-Mn alloy plates containing 0.26%Fe and 0.109Si, tested at —196C.

Secondary lamellar crack (indicated by arrow) along fibre structure is closely related to the distribution

of iron and silicon. (x200x3/5),.
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Program for Calculating Geometric Properties
of Arbitrary Section

by Sazuku Nakamura and Yoshio Takeshima

When an aluminum shape is used as one of structural members, it is essential to know
geometric properties of the section: area, centroid, principal axes, moment of inertia,
section modulus, radius of gyration, radius of core, etc, However, some aluminum shapes
possess complicated sections, which often makes it difficult to calculate accurately these
geometric properties,

This paper deals with the program, named GEPRO, developed in order to calculate
geometric properties of arbitrary section. In GEPRO, the section placed on an arbitrary vz
coordinate plane is divided intc slices with straight lines parallel to z axis. And then the
geometric properties of each rectangular element, the substitute for each slice, are summed
up.

The section to which GEPRO is applied must conform to the following conditions:

(1) Contours of the section consist of straight lines and/or circular arcs.

(2) The number of contours is five or less.

(8) The number of nodes is a hundred or less; node is the connecting point of contour

straight lines and/or circular arcs.

(4) The number of intersections of contours and any straight line parallel to z axis is

ten or less.

Virtually, GEPROQ js applicable to any aluminum shape. The calculated values were

ascertained to be reliable.
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Fig. 1 Model of calculation in GEPRO.
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Table 1 Output Data of GEPRO on Pipe 8% x10¢
k%% GEOMETRIC PRCPERTIES OF SECTION NO. 1 sw®
YMiN YMAX ZMIN ZMAX NCL LP1 LP2 LP3 LP4 IP5 M-
20.00 100.00 10.00 80 .00 2 2 4 0 4} 0 400
NP Y zZ TYP . A B R
1 20,00 50.00 1 60,00 50.00 40.00
2 100,00 50.00 2 60.00 50.00 40.00
3 30.00 50.00 1 60.00 50.00 30.G0
4 90.00 50.00 2 6C.00 50.0C 30.00
AREA A 2199.1C
WEIGHT W 5.%4
CENTROID C { 60.00 , 5G0.00 ) ANGLE 0.0 DEGREE 0.0 RADIAN
MOMENT OF INERTIA 1Y 1.375E 06
l.Z 1.375E 08
SECTION MODULLS ZY 3.437E 04 { 40.00) RADIUS OF CORE SY 15.83
-3.437E 04 {_-4C.00) -15.63
ZZ 3.437E 04 ( 40.00) 52 15.63
-3.437E 04 (-40.00) -15.63
RADIUS OF GYRATION RY 25.00
RZ 25,00
Table 2 Qutput Data of GEPRO on Unequal Angle L100x75x7.5 (S05503A)
*k% GEOMETRIC PROPERTIES OF SECTION NO, 2 k%%
YMIN YMAX ZMIN ZMAX NCL LP1 LPZ LP3 LP4 LPs M
.0 100.00 0.0 75.00 1 ] 0 0 v 0 800
NP Y ra TYP A B R
1 0.0 0.0 0 0.0 0.0 0.0
2 100.00 0.0 0 0.0 0.0 0.0
3 100.00 2.50 2 95.00 2.50 5.00
4 95.00 7.50 0 0.0 ¢.0 0.0
5 17.50 7.50 1 17.50 17.50 10.00
6 7.50 17.50 0 0.0 C.0 0.0
7 7.50 70.00 2 2.50 70,00 5.00
8 2.50 75.00 0 0.0 0.0 0.0
9 0.0 75.00 0 0.0 0.0 0.0
AREA A 1266.97
WEIGHT W 3.42
CENTROID C { 30.82 , 18.53 ) ANGLE -28.70 DEGREE -0.501 RADIAN
MOMENT OF INERTIA 1Y 3.271E 05
1z 1.534E°06
SECTION MODULUS Y 8.949E 03 ( 36.55) RADIUS OF CORE SY 7.06
.3.0583E 04 (-31,05) -8.31
77 2.205E 04 { 69.58; SZ 17.40
-2.833E 04 (-5%4.15) -22.36
RADIUS OF GYRATION RY 16.07
RZ 34.80
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Z30EDL I BMANBETH S,
1) BRH O EEE 2 2% D T AR o B /M, Bkl
YMIN, YMAX, ZMIN, ZMAX
i) PR NCL

#x% GEOMETRIC PROPERTIES OF SECTICN NO

W~ W Ry — T

U
O

12
13
14
15
16
17
i8
19
20
21
22
23
24

YMIN
-31.5¢

14,
20.
27.
29.
31.
29.
27.
22.
22.
20.
18.
12.
-12.
L18.
~20.
-22.
-22.
-27.
-29.
-31.
-2%,
~27.
-20.
-14,

50
0c
00
50
50
50
00
70
80
80
10
50
50
10
80
80
70
00
50
50
50
Ga
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50
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vi) sl ogotEE TYP
EOE S
Ty BRMOoEE
e e By by
WEAMAOLoEaTE, 2OoRDOMENA, B) &
M R BATMAZBENRSD,
LHBEDE B D~iv) OF — &1L, F— 4 H— FOREY

ravba—Ah—FELTES ML, 2HREDH— Fh

0
1
2

Table 3 Output Data of GEPRO on Motorcycle Rim (529430)

YMAX
31.50

WEIGHT

CENTROID

-7
-5.
-4
-1,
12.
14.
13.
.10
.90
-0,
-0.
-3.
-3.
-0,
-0,
.90
.10
13.
14.
12.
-1.
-4,
-5,
-7

75
G0
i¢
60
50
50
50

10
20
00
00
20
10

50
50
50
60
10
00
75

ZMIN
14.10

W

C

MOMENT OF INERTIA 1Y

SECTION MODULUS

17

ZY

ZZ

RADIUS OF GYRATION RY

RZ

L RO = ORI O = O =N O OO, O

v

2.

-7

3 kR

ZMAX
14.50

495,

1.

0.0

. 688E
.256E

.739E
046E
. 162E
.162E

7.3
21.3

£
NCL  LP
1 24
A B
21.60 14,
0.0 0.
27.00 -1,
8.0 0.
29.50 12.
29.40 11,
35.20 4,
0.0 0.
20. 80 1.
0.0 0.
18.10 -7,
0.0 5
18.10 7.
0.0 0.
20,80 1.
0.0 0.
35.20 4.
28.40 11.
29.50 12.
0.0 0.
27.00 -1,
0.0 0.
21.60 -14.
0.0 5.
27
34
. -0.96 )
04
05
EY
03 (. 15.46)
03 (-13.14)
03 ( 31.50)
03 (.31.50)
7
A

1

70
60
50
Go
1¢
90

20

.50

20
S0
10
00
50
&0

70
50

LP2 LP3

0

0

R
.00

.50

O N OO

.00
.50
.50

—

00

ao
.00
.00

[

.00

—_
COOoONONWNONONO~NORNRONWN

50
50
.00

.50

.00
.60

R

ANGLE

LP4  LP5 M
0 0 500

0.0 DEGREE

RADIUS OF CORE SY

SZ

EHRTHDTBErANSOBEN Y, Z

0.¢ RADIAN

3.51
-4.13
14.46

-14.46
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Table 4 Output Data of GEPRO on Shape for Greenhouse (8529711

%% GEOMETRIC PROPERTIES OF SECTION NO. 4 %%

YMIN YMAX
-21.20 45.00
NP Y
1 38.00
2 45.00
3 45.00
4 31.40
5 31.34
6 33.29
7 43.00
8 43.00
9 38.00
10 13.03
11 11.30
12 7.11
13 5.77
14 9. 44
15 9.55
16 8.55
17 3,09
18 0.41
19 -3.52
20 -5.76
21 -16.73
22 ~21.20
23 -20.31
24 -16.29
25 -6.70
26 -4.96
27 0.0
AREA
WEIGHT
CENTROID

0.0
7.00
16.50C
18.83
18.50
18.17
16.50
7.00
2.00

3.21

ZMIN

0.

11,40

10.73
3.45
3.00
2.00
2.00
3.77

11.63

10,51

32.89

30.66

28.87

27.53

8.395
0.0

MOMENT OF INERTIA

SECTION MODULUS

0

TYP

A

W

c

Y
1 Z

Y

2L

RADIUS OF GYRATION RY

RZ

Y
1
0
2
2
1

2
0
1
0
1
¢
0
0
2
1
0
1
0
0
0
0
0
2
0
0
0
0

-1.

-3.

ZMAX
32.89
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w
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o
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o
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o
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]
[a]

cmoo oo
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o
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O
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Qoo
w
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I
oo o~
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oo MO OO0

10.60 }
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(-12.93)
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(-38.86)
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Table 5 Output Data of GEPRO on Top Member of Guardrail (S13578)
*%% GEOMETRIC PROPERTIES OF SECTION NGO, 5 s

YMAX ZMIN
105,00 0.0
Y Z
1.05 14,00
15.056 0.0
91.00 1.20
105,00 15.20
104.00 20.40
50.22 55.00
87.860 53.60
87.00 52.60
88.40 51.60
89.00 50.20
89.10 49,90
88.50 47.80
78.00 43,50
65.80 6%9.00
76.20 74.10
77.80 73.70
78.70 71.90
78.10 71.00
79.50 70.10
82.28 71.50
65.00 102.01
52.50 109.71
15.00 110,00
1.05 36. 00
0.0 55.00
4.05 14,00
15.05 3.00
91.00 4.20
102.00 15.20
101.32 19.00
91.60 44,50
88.80 45,40
77.40 39,90
76.10 40.20
62.00 89.50
61.90 70.00
62.50 70.80
74 .20 76.70
75.50 78,30
75,20 79.20

62.40 100,91
§2.50 106,71
i5.05 i07.00

4.05 96.00
3.00 55.00
AREA A
WEIGHT W
CENTROID c

MOMENT OF INERTIA 1Y
12

SECTION MODULUS zyY

ZZ

RADIUS OF GYRATION RY
RZ

—
'—‘I\JNMMI‘\JMrm"Oi\)F—'O'—'Ol\)Mf\)'—‘v-JH‘P—'I\JI\JMMI\JO’—‘!\)OI\)OOOMMO!—‘MOMN)—"—"—’—(
0

1

(

-3

ZMAX
10.00

15,
15.
91.
a1,
-274,
0.
88.
88,
0.
88,
88,
0.
0.
0.
76.
0.
79.
79,
0.
-274,
52.
15.
15
800,
80C.
15,
15
91.
91.
-274.
89.
0.
77.
Q.
62.
62,
Q.
73.
73.
-274.
52,
156,
15.
800.
800

1195, 76

3.23

47.63

r

.017E 06
.326E 08

.203E 04
.007E 04

.195E 04
-2,

1728 04

41.07
33.30

7

NCL LP1
2 25
8
056 14.00
0o 2400.00
00 15.20
00 15.20
10 -110.186
0 0.¢
Go 52.60
00 52.60
0 G.0
10 49,90
10 49.90
0 0.0
0 0.0
0 0.0
90 73.30
0 0.0
10 71.00
10 71.00
0 0.0
i0 -110.16
50 95,71
G0  .229C,00
.05 86.00
00 55.00
00 55,00
05 14,00
.00 2400.00
0o 15.20
00 15,20
10 ~110.186
70 43.60
O 0.¢
oo 40.80
0 0.0
90 7G.00
90 7G.00
0 0.0
50 78.30
50 78.30
10 -110.16
50 95.71
00 -2290.00
05 96, C0
Go 55,00
.00 55,00
50.91 )
{ 68.46)
(-67.07)
( 41.50)
(-61.03)

LP2 LP3

45

0

R
14.00
2400.00
14.00
14,00
400,00
.0
.00
.00
.0
00
.00
0
0
0
.00
.0
ey
.C0
.0
400.00
14.00
2400C.00
14.00
800.00
8C0.00
11.00
2397.00
11.00
11.00
397.00
.G0
.0
.00
0
.00
00
0
.00
.00
397.00
11.¢0
2397.00
11.00
787.00
797.00

<

O = = OO Q0O = Qe e

RO == O O

]

ANGLE

LP4  LPS M
Q 0 840

31.39 DEGREE

RADIUS OF CORE QY

Sz

0.548 RADIAN

24 28
-25.15
26.72
-18.17
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Observation of Ductile Fracture Surfaces
of Al-Mg Alloys

by Eiichi Hirosawa and Shin Tsuchida

Fracture surfaces of hot rolled plates of Al-Mg binary alloys, commercially pure
aluminum, AAS5052 and AA5083 have been observed by the scanning electron microscope.
Dimple sizes obtained from size distributions in the micro-fractographs have been discussed
on the effects of tensile speed, temperature and alloying elements.

Mean dimple size depends on the quantity of alloving elements and testing temperature,
but not on the tensile speed in the range of 1~500 mm/min.

Dimle sizes have become smaller with increasing tensile strength and decreasing
reduction of area. And the relations between total elongations and dimple sizes have shown
proportionalities different with testing temperatures.

1. &

FHNI=TARBIPEDEHOUBEC>WTI, ThE
T M S UEATTONRTH D, B Z2OoWihic->
WTH, 772 2537 (WREED &LT, Bl
BAR MO & EEARTE & OBIEMTIR LN TIN5,

EHHBZOWTHR, 2OWRTERhDVIZ R MY
Toom oo i 2 SR & OBMEIVERINEIRE 2, W
HBOHENINMERCI T 6T, SHGH, W9 sEL-
MEIOWH R L, ZOWBREEREOADILK T ED
TEHVEDELE TS,

W iF S, BRI VT, DRI TE GRS A 1
TrE, 7 olliEEoRE 30k, EhingkE
DEL{EHTH D,

Wi, ME, dimple & AR ¢ 3 At
HRMEEIND, CHREHEES S TOMEERI L 5
T, HMRNSORIY, AR EOTD Y B 2R
(Void) MBIk &, Zhik, BKELAWI&EKRTEC
FE LS THRBEDEBLZENTWBLE,

@ dimple OMEPIE, RGO O BRIy 2 iR
L oTELTHIOEEL LN, Beachem? L =7l
OB & - TERETNE# S % dimple SR S
NHTERBWEL TIN5,

(1} Normal plastic fracture: &5l dimple,

e AT AT IMIC RS TREHEREE AN S WS,
(2) Shear plastic fracture : Hsgk dimple,

BT AMEDTEC BT 5 AN 4 & BFISITH

DB T R E R R T BB,

(3} Tear plastic fracture: ik dimple,

m

LS

1

%mmﬁw%%@@éo&mmemmﬁ&ﬁﬁmaﬁﬂ_
il 2B,

Dimple DRESHIB & SHER 0 B A8 & h,
FIZ@) 2 IBECITZ O 5 MBERO 2 05 &
HTED, W IF ) dimple D30, WRBEES O RMMY
BRI & » TEGT 20T, EEMCIEMEOEE >
WEHEDERFIENTHAEDE, ULhLhd Fom
AR DWW TR, RIS dimple ST EE®
PEC MBS - T, —BEBERIEELN T,

TCLCE, Al-Mg —Jtéae e Mg 2E4&MD 45
HHFEIAASDSZ, 50834 S IELERE A, Mg i, Wi
I, GIEEBEE L - TELT AT 2L, a5
w, WAL R ELRE T ARMA L LT, B kAo D
dimple DA & X Q4T 6 ZOEYTHEERD, BIIER
&, N, B E L OHIE R I T A,

2. REH*E

2.1 REH

W AW AR, AlMg —TS8E, Mg
PEEERTETATIHEM 71 29 44845052 5 L o8
S083Ch D, g/l s LHMTHDTEMG 7 A 3
= a1050% HbwTRE L,

b OREBHOLEES 2 Table 1 miRd, B
Ik gk 480~520°C THIF M HE M Uiz g, 480~
S20C #MMCHWE 3 mm /A b mmicTFIEL, EH LA
iz Fig. 1 wWR$ X 5 28iREE A RIE L Ao,

FURBIBIC 3 U SO NE,  SEFT SRS R EEESOmm T 35
5RO % B Uik,

2.2 RELft

RIS X DM 0 E % WD, HBREE,
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Table 1 Chemical compositions of test materials.
Chemical compositions (wt, %5)
Materials
Cu Fe 5i Mn Mg Zn Cr T3 Al
99.98A1 <001 <0.01  <0.01 — 0 — — — 99.98
Al-0.5Mg - - — e 0.51 — — — R
Al- 1 Mg _ — — — 1.01 - — - R
Al-1,5Mg — — — — 1.51 — —_ — R
Al- 2 Mg — — — — 2.06 — — — R
Al-2.5Mg — — — — 2.59 . — — R
Al- 3 Mg — — _ — 3.03 - - - R
Al- 5 Mg — — — — 5.00 —_ — — R
1050 0.02 0.3 0.1 Trace Trace 0.01 Trace 0.01 99.5
5052 0.01 0.2 0.1 Trace 2.6 Trace 0.2 0.01 R
5083 0.01 0.2 0.1 6.7 4.5 Trace 0.1 0.01 R
100 — [
S Y
(5] | %06 & o © gN’
m o o o o 80 N
200 190 — o 'O
- L]
(a) Specimen for (b) Specimen for tensile. S 60 d
tensile test at 300°K test at 77k f \
Fig. 1 Shapes of specimens. s 40 77K \K .
i (300°K) % & OMKEHEEE T7°K) & ULk, 77 E " ——
K it A UEREER BT 2 SR PRI LR
BT -7z,
Fiho, BRHEE S v ANy FOBRMELE T L, 0
300°KTi 1, 50 % & 0 500mm/min, 77°K Tl 60—
Z B0mm/min & Uiz, = .\.\ ® R
& r
40 LJ ®
3. REFFE 2 Q\ e |
a0
3.1 Al-Mg =& & ORBIILE 5 2 &—W o
99,9895 Al L0 Mg0.5~5% % A 7f: & &iIE
HOBIRRS U ToOMmE Fig 2R 5h3HK 0
BT b, BIIRKES T Mg Bolgne &bt LT 55, 50
oozt Mg 0.5~1% TRMNZRL D, F/277 ®
KB, 00°K &Hled 2 LBIRMS, Moes _—"e
EKE LU =T Do E e
F Ao mES#EL Fig. 2 LB o AR Mg :;‘,o 20 77“;(//’/. O‘{
LoME &y LIS, 5%Me ik, BE S o = ?
kTS AEEIIL T B, g ’]/9/0
3.2 Al-Mg —T&4OWHE “ 20 — ¢ ;
Al-Mg ZR&GOWET Oz Fig. 3 & Fig. 4a, % | 300°K
Fig. b R, Fig. 34k, Wgo<snlmcesy, & 0
TS D5 IR OWIE B 2 Mg ke 3 RBEMLT ’
WAL ENFHALND, Fig.da, b XN 6 DOWE#E 0 0 ] P 3 i 5 .
HEETHEME T KEE L 0T, ThThs ,
Mg concentration, (wt. %)

WHEOFEHLEHIZA L TH S WL XH 4 dim-
ple ZR BB, —¥ziE, stretching & IFEND S
FWHEO SR IBRON TS, TS LR

— 2

Fig. 2 Mechanical properties of Al and Al-Mg alloys.
Small circle: Al-Mg binary alloys.
Large circle: commercial alloys,
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Fig. 8 Fracture surfaces of Al-Mg binary alloy plates. In each pair, the above is obtained at 300°K and the

below is at 77°K.
LT ECHHMULZC 2RI S 0C, Mgt
DL NHRTE L RSND,

Dimple k& ik, Bl TH b3 5%
FHLTWAY, MoEAEe LTk Mg ALy s e
ML BLITHB, T1300°K & 77°K L& [LET 5 &
AT M 2 5 T B,

1.3 RHeLOBRENNE

TEAEHWE NS Al-Mg RO E55052 £ 50834 &L Tt
Bz =2 L1050 2T, MR SO Rl R A
feEaonjiRiis, ot Table 2 RSO Tho,
K L T X5 2h s DO E iR & WA, §liE
B kA%, REo T v FHHARTE- T, &
EAEBREZII N LMND D, Fig, 2 R Al
Mg ZoaaoBBE s BilEd sy, Bl 50mm/
min OBEOHEERDD, Mg ML R U,
CNEOREBEEIE, L Mg fioZitagLbrs L,
BlIEM S AR & (MR AT WERZRL TWwWB, T,
LNLDEGEOWMEN Mg LAOHIREIOBEEZSA
TwHEh, DTN LEFOECT L0 LBE LN
Bo

3.4 EBELOWE

Table 2 iR Ll B & 8513 A5 [ BRAER T OREEM
e Fig. 5 R L, BiiRS#Ek AMg Ziifdao
WELRAUEBLEEmZRL TWD, 7yt = 210500
WPk (MR T T, & {300°K T
MR B R oMW oS L, 2ol ®iL
#0%THED, TTPK LB nwTi, 300K o& L b
&g BH, FRCIREILHSCES T 5, HEOZE
D3R B DT e~ 5 ERE oA 300°K, 77°K
LR BDHTNE N,

5052& 4L, 300°K ¢4 R —Th B &
L, WHEABERIRICE - TWHORBEENTES, TT°K

EBENTEHLTRE{ENELELTWER, TOERRE
T, WERTATEI00° KD Sic D & Anie h R T
5, Wik #E it 300°K, 77°K & 3 v 60% C¢h A A,
B 2800°Kie 353 B AD AR E . %R
Frino i 31, 5~dmm b » T1050%6 & (150834 & DB
FriRS s Snwe b &8 o Thd,

5083 & ionicik, £ oYRUEE1050, 50524 gt tbsB
Ll )& L ZOWRRSEROSEETHD, {0
REROELE LTl T h, BRFTOoRMEEEA
Elfng

TS OF SO FE RS REE REEC L - T -
ABELT WAL, Fig. 21k ? ONEie R Ui,

Table 2 Mechanical properties and average dimple
sizes of 1050, 5052 and 5083 alloys under the
conditions of variable temperature and tensile
speed.
¢ p=tensile strength (kg/mm?2), §=clongation{%s)

D=average dimple size (i)

Material 1050 5052 5083

Temperature 300° I 77° K 1300° I, 772K 1300° K| 770K

en|10.6]18.3|25.4|34.9 | 35.4 46.0
Tensile speed [
& 22 50 19 42 15 29

D71 59 451 867 2.7] 2.2 2.2

ep]13.0120.0125.8|37.034.7 ; 48.6

1mm/min

50mm/min 5|21 53 18 40 16 31

Dy 451 4.2 341 3.2 2.83|2.2

ep|10.7 23.2 33.1
500mm/min | & | 30 18 18
D 4.8 4.2 2.1
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Fig. 4a Micro-fractographs of Al-Mg binary alloy plates obtained at 300°K (x1000}.
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Fig. 4b Micro-fractographs of Al-Mg binary alloy plates obtained at 77°K (x1000).
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1
0
500

1

50

777K
Fig. 5 Fracture surfaces of 1050, 5052 and 5083 alloy plates obtained at 300°K and 77°K. Tensile
speed has been changed in 1~500 mm/min.

EI L ZDOFRIBTHEAHEERE S TWBE b s T,

Fig. 6a % k¢ Fig. 6b X, ChoEMag&0i 20
Wi ThE, HET LS 2 o WEHOBBELIIEECH
BH, W kAL THATH D, BIREEE X 5%
{izi L AEED LNV, Dimple Ok3 3k, HEHU
Mg D Al-Mg mRaH s L ePha {, $i,
A—¥iHco dimple DRkE &4k, TioaHaOB& L
h & FOEENRDE L, dimple KEEBMETHT LR
BN Th Do

4. B

4.1 Dimple ©OXEX

WEEEIC R 5415 dimple Ok S & 2 HETH L LI,
SEHERE 2 E SR R 9 L eER T T B, W»
L OMOMEEEAT WD, 2O K HER dim-
ple R OB ES L X ATERELTE S, dim-
ple DFEeh void IREMEENTCZO e 3 2EELL
T\ad, ZORERIHME, EBgElFcl - Tiih,
F—#E ST MR RS0 EL D EBAS
n3, 4, —20 dimple H—2® void A5 EE SN
HEOLERL T, EEMAD void AR SNAEREAE
I dimple 2288 5%,

Void 1IFIFIC & - T sk S Bl a0k R F Ao i i
Y, NEHOEHECHEE R L L - THE, £2ET53
DT, 2R F 7Y FEOBEE,  FRFEARTD
& void 3FEL, Fof void ok, HEiOHMK
(RE) 2R b, WHENC b © void B—HTixs
LA RS WHIEES L ARG I N T35,

CO L3I dimple DX EXTFOEL LD void DK

ani

T OERNHEBIC R e S AE L, P s uRimE RS
1% dimple DX & S 205 T2 MER2EL TV,

Z TGk, dimple @k a2, #8s X ORERLT
L TEETAET2W<B0IE, void 3 L 28 dimple
OBARMN e IEIEE R, HE O B O i BRIt B 4
ENBLDLLT, WHERE LN dimple o 7 ok
sk, YIRS, Mo, Bl R L OBEE>WTH
HEBLEE LI,

R#t o> dimple k& s 2PET BT Hhiz b, Sl
PRI D dimple IR & - TR, WS
H IR 515 dimple BN & » T dimple ©
KEIEABFTH LT LA, B—MWimAEBT, 0
BRI 2L, £ oFEirimEcH LT s Mo
B (1) 2 2OWE 28T 5 dimple OSESMK 2
A& Ui,

Tig, 7Ta & 10 Fig. Tb =0 Naao b -
W7, O dimple DA S ZOSTIEUE LcFich 5,
COEMNS, MEBLIEREE X 5T dimple D kE3D
DS ACERL T WD L S5, $hbt, Mg
g NBE, AR B LS dimple O3H
WA TWS, $7, BIREEE L - TEOSMHMRDTMT
BT DOV =y sOBBEREDEND, TOR
&6 RS dimple QTR Table2imRmdHY ©
b5

4.2 Dimple ©OX& & SHHOME & OBE
Al-Mg ZiRG&LE O 3 H # B ieonwTE LRk
dimple @A & & LBEHUE : OMFEK, Fie 8, Figd
BLo Fig, 10 x4y ch b,
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1050 5052 5083

TFig. 6a Micro-fractographs of 1050, 5052 and 5083 alloy plates obtained at 300°K. Tensile speeds are
1mm/min (above), 50mm/min (middle) and 500mm/min (below}. (x1000)
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Fig. 6b Micro-fractographs of 1050, 5052 and 5083 alloy plates obtained at 77°K, Tensile speeds are
1mm/min (above) and 5dmm/min {below), (%1000)

Fig. 8 kB & & dimple ~JHEOBERTS 5,
Dimple @& & SWHEET L &9 ERaINLATSH &
PELEBEHAERL TS, EAMREOESE Al-Mg
ZIHAEEIEIEB & dimple SN E W, THIE,
MR, Mg PAOEaETE2bThTo0ATHWS
fopk, MTHREDEL LB IDTERI VN EEZLLND,

Vi S, FE dimple JiEE @R Fig. 9T R
B AERT RN X - TESEN TV, BER—E
ThHivit, dimple ODRKEFEHPEE I AREL2EHH
AERRLTHD, WG E 208N 38 ENE 0,
LA LIE, BB oSE MR e e s
bREfchh, FOELRE—RRCER 3N DB
KENADIW DL S ENENREND D EELLND,
HE Y ORE—ETEEE 2 BT IITMEL % 2 dimple ¥
DR Fig 10D h Ch b, MEMD /YT v FHKE
WAL, WA RO A WEEIiE, dimple 23k E i
LHEITHD, ThiE, WHRORBIZEELS void @
B, SHREXEHLTWALOERNRABRREEAL LN
B

4.3 FIREREEORE

BRI S ST H 2 7 o WD TEEIT EALEE
LU DEEETE D 5Dy,

Dimple (#IEEEEIEE & - T ¢ B BT EF 0HAHE
Thd vold ZEELTERINDIIOLELLNTHE,
W, BB X S TRETHRTHALOBRY C ik,
Mott®, Seitz? & DO3ks - BESR

C1i-een (€01 D E E a=4 n=1
Com107e (E>0.1 DE% a=2 n=2)

COEDETHE, WY E=0.5 & Ueks Cr=2.5x10°%
e b, BPHHRIECEAET 5 BT HAMN0K 81T
by T iHl0T TR BOIENTH UL K,

L DMBEEIGC & > THET BARDFTHILL, 20
PR R BEEER UT void 528, #irri=w
LD, BRI & 5 7 O BT E T,
fERgEEEh ¢ ok LT, 300°KT#1.50/min, 77°K
T 0 i,

Vo 135 BRI ORI E ToRERIE, BB 1 mm/
minDEFICH105, S00mm/min DHEBEHTH 5,
BB o TIET BETFAATT void Kk 5
LLCH void OFEIMHEEE BRI 1 mm/min OHE
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100, 1050 5062 5083
gol Tensile speed
50 (mm/min)

40 1

20}

(%)

on, 3579 3579 3579
8o}
6o}
s0t
20}

50

Distribution rates,

570 3579 3579
100, 3 ]

80t
60}

40F
3579 3579 3679

Dimple size, (x)

500

Fig. Ta Dimple size distributions on the fracture

surfaces of 1050, 5052 and 5083 alloy plates
obtained at 300°K.

100 1050 5052 5083
aol Tensile speed

0 H_h_’—‘
0

100 3579 3579 3579

(mm /min )

8CF

Distribution rate, (%)

50
4Cr

20T

3579 3579 3579
Dimple size, {(u)

Fig. Tb Dimple size distributions on the fracture

surfaces of 1050, 5052 and 5083 alloy plates
obtained at 77°K.
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rran, tovoid 2HELTERENS dimple 1, Z2HLTWAHALWIHEZNEBIVIIOTCHE, FhiL,
Fhi&RkingEhRrFRaniowy, Thid, dimple 252 RO RENMEEEO LTIl TEEFIRS D
NEO void RS HEERRSNEO TR, BEMEE ©, ZEEEL L L, BE S&RS50ENKEWT
TIEIT X o ThdWEE S Uiz void DA B IER S A RTHEED, LB BRI, i

— 9 —
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Fig. 8 Relations between dimple sizes and tensile strength
of Al-Mg alloys.

Small circle : Al-Mg binary alloys.
Large circle: commercial alloys.
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Fig. 9 Relations between dimple sizes and elongations of
Al-Mg alloys.
Small circle: Al-Mg binary alloys.
Large circle: commercial alloys.

A ORISR AR C OO E R TIRE LAY
B WEMTRORTESTES 5,

4.4 BEOEE

#HEE b1z, dimple &g FETICENTRRM
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Fig. 10 Relations between dimpie sizes and reductions of
area of Al-Mg alloys.
Small circle: Al-Mg binary alloys.
Large circle: commercial alloys.
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Newly Developed Al-Zn-Mg Alloys
Containing Less Magnesium.

by Yoshio Baba, Toshiyasu Fukui and Akira Takashima

Extensive studies were carried out to develop new Al-Zn-Mg allovs with excellent
extrudability, weldability, resistance to stress-corrosion cracking and medium strength.
Besides ahove properties, aging characteristic, corrosion resistance, resistance to weld
cracking, strength of welded Joints,;-fatigue strength, resistance-weldability and low
temperature characteristic of several Al-Zn-Mg alloys with less Mg were investigated in
detail. From these studies,the following two alloys were developed and put to practical use.

The alloy, ZK 60, with 6%Zn, 0.7~0.8%Mg, 0.1~0.2%Zr and Mn had better extrudability
than common alloys with 4~5%Zn and 1~29% Mg and 6061, Strength, weldability and resistance
to stress-corrosion cracking of this new alloy was nearly equal to those of common Al-Zn-
Mg alloys, when it was TS-treated.

The alloy, ZK61, with 64Zn, 0.3~0.4% Mg and 0.1~0.2%Zr was also developed and had
remarkably good extrudability which was equivalent to that of 6063 alloy. Tensile and yield
strength of the naturally aged alloys were 30 and 18kg/mm?2, respectively and seemed to
be higher than those of 5083 alloy. Weldability and corrosion resistance were similar to
those of 5083 alloy. However, the alloy had better resistance to stress-corrosion cracking

and low temperature characteristics.

These two alloys are currently and widely used as strength member of container,
trailer, rolling-stocks, rims of autc-cycles and bicycles,

1. FL®»IC

Al-Zn-Mg &G NS & LTHEDRIZLTh S

T I0EL Lic i h D0, CoBlbAETE ATNOL &
LT IS b3, BREEmA2IELD, Ny kb —F -, 3
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Mg #REA 1 BLLECEREIN WD, & A,
JIS ATNOI it Zn :3.8~5.0%, Mg: 1.0~2.2% L
EENTWHB,

— T Mg BAZ - BEiEERm L UEr &L Th
DiE L, LA L 1SR T Mg (R CrEiphinIe:
MBTCNBEDT, HbEOBEWHRERBEL Uit L D o
Eicir Mg A2 ud T ERFELUTERLS M
BiEnir b R L b D, B8, RMTIm<n L
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*ERILH. TG
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TR DT 5T Uiz,

2. EBRHVPBIUHE

2.1 =BEH
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4 735 L of 150mm ffe 2 220 ¥ Lo B # i L s,
Z1, 22 &4 koM 2 Ben R L b, #EH
Ba2 UTHIEE BDh3 2HO &I DWW T LIENTH
TEL#z 3 DT 20 FLviROIEH & L e BN
WD IR % Ui TEd & 828 El & LTHW .

D DR RO RSB L OAE S Table 1 i@
BITUTRT, ZO{lLgs & L Tililio 5083, 6061,
60633 Lo TNOL &4 8 Bivwiz,

2.2 RERAHE

SRRk, RSl B A, PAHE,
(RS PO DWTITR o,
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B3 X5 MRS & 5 RGO SR = By
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BIBME LA L Th ot dh, AREBOBRE LTS
T T450°C X Thr A.C AT Ut AR GBI < T
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Table 1 Chemical compositions of test materials used
in this investigation.

AT R To R R o L5k

Mark Chemical compositions(%} Note
Zn Mg l Zr l Mn Cu

X1 6.08 | 0.23 | 0.17 - 1 3¢5t
2 6.10 0.39 0.17 — — a5
3 6.17 | 0.56 | 9.17 - — | ¥

) 4 6.05 | 0.70 | 0.16 — — | 3¢

Y1 7.65 0.68 0.19 - 0.25 pipe
2 9.10 0.32 0.21 — — pipe

zZ1 6.1¢6 ¢ 0.35 | 0.16 —_ — | 1.5+,2,5¢,3.58¢,0tc
2 §.95 0.76 0.1 0.18 — 56,10t ete B
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WO UM 2 9 » 288000 E 5 M i i,
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b 1507 1002038 (X ) » b ¢ 34 O KM Fish-
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(A} Notched and unnotched tensile tests

le— 56 ol | 50 —=

(B) Tear test

A8

[] f

<_20—>|=—20—~i<—20——>|<—20——a—
80

Fig. 1 Form and size of test specimens for evaluating

notch toughness and tear resistance.

R de & O RIS % AP 3 3 728 ORAB T 012

K&
D AHL D AT X BEREIE T Wi, JmEREEE 150
~400°C, InEARERE0 . S~10min® fGHAP i HE LA,
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BliE#E e L 8 Navy tear R CHISHEH LA, 2K
[l U AR oW TGRS, [RK (BR U A
DAl tear BRBATO SBURTR = 4 0¥ — (BIBULH) T
i Loz, BB ERE L O 190 CURIRER) THD,
Fig. 1 BB A DRSS L FHIET R 2R T,

3. 1HHMES &K UM OFEIERE

3.1 fEHH

Table 2 k& X1~X4, Y2, Y2, Z1, Z2 i Lk orililis
B OHED Lk 2 R G, PHEHE SR T D EH TR L L
e LA AMIE ATk MR TR LAz, Tk
hbilishirr e {, Zn Z26HD—SERXL C Mg fil®
0.23~0.70% DN cLb s iats, Mg Rolne &
bIAMDEMEEmL, W PHEERET LT 508
DB, WolE), Zn EZ{ LAY LT Y2 &4
CHL 0T I EESE 2R Lieds, By —5 —
MIL, LES {EREE L Tl { &8k O me
APEL (—HOEHE AN, BBk o,
Z1, 22 5 TR0 S BHARE LA EED SR,
Sfce Z1 WL Z2 &4k Zn, Mgl X2 ko X4
HERLIFRACOEBECTHRO Zr 3 LF Mn 2 ZA
TAH, FEHERRIEE X2, X4 8SRELL TW3,

TR 6% Mg @ Al-Zn-Mg & 5O S % T eo 22 11
GaltigTs e X2 B Lt 21 5403608344 & AR
Lehb, kb Mg fognw X4 LU Z2 54T
16061 7TNOL &4:& b3 S TWD, HBE

EBE G, ThH0MHEOIEEE S Table2iRm LT
Bnde,
3.2 EEutE

Fig. 2 1t X1~X4 &aoBREE2R T, B
BEEgEgGosT-TRE LWIHeER L, S0EMOR
EEEe X b, X254 CYEM & 30kg/mm?, W11
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Table 2 Extrudability and tensile properties: of test materials( X1~ x4, Y1, Y2, Z1 and Z2 alloys)and commercial alloys.

AR BN & DR A S O s X o0 AR

Extrudability Tensile properties
Alloys Extruding pressure Extruding speed Temper
(kg/em?) Tensile strength Yield strength Elongation
Max Min. (m/min) (kg/mm?) (kg/mm?) (%3
X1 115 100 20 T1 23.0 14.0 15
Xz 135 115 18 T1 8.4 17.5 16
X3 145 120 17 T1 31.4 21.0 15
X4 150 130 16 T7 36.0 28.7 15
Y1 165 145 14 T7 36.0 32.0 13
Y2 145 1% 17 T1 33.0 22.0 5
Z1 1490 120 18 T1 25.0 18.0 16
Z2 155 135 16 T7 35.0 31.¢ 4
5083 230 — 3 Q - — -
6061 180 140 14 TS 31.5 20.0 17
6063 140 1290 18 TS 21.5 18.0 15
7NO1 200 150 10 TS5 390.0 3.0 14
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Alloys | Aging conditions

Yield and iensiie strength (kg/mm*}

5 10
I

20 25 30 35 40
[l

R.T.x7days

R.T.X154
71 00205 R . 1

RT.%30days oo

I ] I

R.T.X60days
. TR } _1

RT.x30days
| 1

R.T.X60days
1207C x48hrs,
1407C X 24hys,
180T X 10hrs,
180°C x 20hrs,

Z2

K] ] H| | w

170T X dhrs,
170C X Ghrs., *

* Preaged 2t R.T. and/or 100°C before tempering.

Tig. 3 Relationship between yield and tensile strengths and aging conditions in test materials (21 and Z2 alloys).
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Fig. 6§ Resistance to stress-corrosion cracking of test materials(x1~Xx4 alloys), solution-heattreated

and naturally aged for 30 days.
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Table 3 Resistance to stress—corrosion cracking of
test materials (xX1~x4, Y1, Y2, Z1 and Z2
alloys) and commercial alloys.

BB s & IR A o LT R A

Table 4 Resistance to stress-corrosion cracking of test
materials (Z1 and Z2 alloy) and a commercial
alloy due to stretch-flanging.

TN U RIEE & 5 BB s & eR TR e D

Alternate immersion method Shear eracking ST e
Alloys Testing periods (day) ethod } Alloys ! Test results
1| 1 | a0 | s h=3mm h=4mm
X1(TH o] 9] o] O No crack ZI1(T1) No crack No cracl
Xa(Th C O & O No crack Z3TD Mo crack 0.5~1mm crack
iigg 8 8 8 g Eg 2;:32 603:75) Mo crack No crack
Y1LTT) o) O o) 0 No crack
WL O L x L - L - | Smlema Hith Lo OB Pig. 9 RS, WIS RIFS
ool NG - O RO i HAR IS & CEAIRIB 2R U T B,
05507 o o o o No crack DEF—REO  AlZn-Mg §&0FEHEESTLELE
6061('T6) © © O © No crack B 6D I RETR s L O N D F AR DT,
5063¢T5) Q O o O No crack ]
INOKTT | O o o o) No crack Fig, 10 4k 5 mmEOFEE 2 150°CO MR EE A 2 mo
MIG HEHE2T, 1EEBZ 2EEOEREHED 2 7
ol R R B, TR VA B K T&e
X1 31 X2 4L DMK R TILBEMEL TWa,
HIUTIER L Tz b, SR A60°CLEIT O § O Tt
5 Lo utREIRBE S E DAL Thith o e, MR
AR fiime R & { Uiz oGk, BREIEAEL T3,
= LREEO SRR 2 W Y B L Thia h O lho sk
T TE 5 Thize L5 DBEIAE—K D= Tod 4 & iy &
256 CEITWB L3 Ebis,
100
20 Parent metal filler
‘é 5
60
40
100 ;\g;
Fig. T Form and size of test specimens for evaluating :;\ 20
resistance to stress-corrosion cracking due to é 0
stretch-flanging. s
ORI L RIT & % SR COA A & ST 2 1 ; 80 5356 filler
¥ OHBIT IR E ik, p
40
4, BEES L UIBES O 20
4.1 BEEHEIM o
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(%) (333)(639) (522 (8%8)  L—comerciar—]
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Fig. 8 Susceptibility to weld cracking of test materials
(x1~x4 alloys) and commercial alloys. {Large
type fish-bone cracking test),
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X1 allay

X2 alloy

X3 alloy

X4 alley

Fig. 9 Macro-structure of cross-section of MIG-welds

in test materials (X1~ x4 alloys).
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Fig. 10 Micro-strcture of multi-pass MIG-welds in test
materials (X1~X2 alloys}.
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Tig. 12 §-N curves of base metal and welded joints in
test materials (Z1 alloys),
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Table 5 Fatigue strength of test materials (71 and Z2
alloys) and their welded joints,
StERE R T X 7 DRSO N 3

Fatigue strength
Alloye | Conditions of test specimens (kg/prm?)
108 10¢ 107
As extruded* 18.3 12.4 9.8
TG Jed Bead-on 13.2 9.0 5.8
-welde
zZ-T1 Bead-aff 14.8 12.0 10.0
Bead-on 13.7 8.5 6.5
MIG-welded
Bead-off 17,0 12,0 10.5
As extruded* 19.3 14.9 12.7
TG ded Bead-on 18.1 2.2 161
-welde
ZzT7 Bead-off 18.5 13.3 116
Bead-on 18.2 11.0 9.4
MIG-welded
Bead-off 18.3 12.5 11.5

* Mot polished with emery-paper.

R OIETIRRD by,

Vo 1T 5 AR VR U A ShE e Mk (EORTE) Hic 32
i LA, —iye TNOL &4 R, BLWEHERELT
Wize

4.4 ZothoEtEsE

Table 7 & 71, Z2 & Loicind & BEEH & O
HoA Ay NEEmOYEEERS 2R T, 2122, Z2—
79 A&HOMETEZLBAADCE, b LRl LD
HPr ARy FEEN S BEREEEAL TV, TSI
JIS 7..3612 7795 3R DS W B ER © DR/ 3 X Ot i
IR LETHBEL T, fHARL MABIECEL T
A B BB W,

Fig. 14 22—+ 54 D) 20BRE Uiz 22 640
%23 v 2Ny MEBEUCHBOBEEB LFZD
FEo s o flleRT. T TIROIREIC L,
@7 7 4 N—HEWCD - T 7 # ZlheED R

Z1 Z2 6063

5083 7NO1

Fig. 13 Resistance to corrosion of welds in test materials (Z1 and Z2 alloys) and commercial alloys. These

test specimens were exposured at industrial atomosphere for about 8 months,
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Table § Change of tensile properties of welded joints due to corrosion test,

WEATRERIC & 3 T OB IR 02

Al . ) Tensile properties*
ove Conditions of corrosion test Tensile strength Yield streagth Elongation
(kg/mm?=) (Kg/mm?) %)
Before corrosion test 28.2 18.0 11
1 month 31.7 20.6 12
Z1-T1 Kept in desiccator
8 months 32.5 20.9 10
1 month 30.3 19.4 10
Exposured at atmosphere
8 months 32.2 21.3 11
Before corrosion test 30.8 19.8 9
1 month 32.3 21,5 10
Za-T'7 Kept in desiccator
8 months 34.6 24.6 9
1 month 31.2 20.9 8
Exposured at atmosphere
8 months 32.8 24.2 7
Before corresion test 28.2 14.2 11
1 month 28.5 14.6 12
5083-0 Kept in desiccator
8 months 27.9 3.9 10
1 month 27.8 14.0 10
Exposured at atmosphere
8 months 27.1 14.1 11
Before corrosion fest 15.5 9.0 [}
1 month 15.3 9.1 9
6063-T'5 Kept in deslccator
8 months 15.6 8.9 8
1 month 15.5 9.6 9
Exposured at atmosphere
8 months 14.8 9.2 8

* JIS-No. 5§ (Bead-off)

FHER, OESWMEASKETULNE S 25 —#ih$ Stk
BERRLTWA, Z1, 72 fdit—Ho TNO1 &4,
P =g afd&El b s 27 —HRPHEARRRZ PP
LR TWLLIEEBEETER L, LELINGDI X T~
BB NTESREE 73 o oy MEBERE, &4
iRy T PIEA 2 ESEHAiT AL X
b, FEFsEeeiflLE5s s bkt AlZn-Mg &
SO T Ty LNy MBI, EETHIHEEER X
PO, MR OREL EXRERLHTTE D,

& LA CHREO BRI TR RO BUER & U
Bl AR50 TAaFA LI LEREL, cobknelLT

Table 7 Tensile shear strength of spot welds in various
combinations of test materials (Z1 and Z2
alloys) and commercial alloys.

BB S LTRSS OME IR T 58
A oR IR S,

Tensile shear strength

Thickness | Compination | Nugget {kg/spot)
(mm) materials (mm) Max | Min. | Ave.
Z1-Z1 7.7 550 483 525
21-5052 8.2 550 498 498
1.5 71-5083 8.0 656 444 502
Z1-6061 8.7 563 497 485
Z1-7NO1 8.2 007 51¢ 610
Z1-Z1 10.5 1,025 865 976
2.5 2272 10.8 1,200 1,080 1,121
6063-6063 19.6 1,015 915 965

— 9

ks e hTwb, Ll Al-Zn-Mg &40
X5 I EIABIA £ CHE, O T AN I & BRI E T
DNTARERL TR TNER B, #2TZ1, Z2
EEHETDWTHH L TaHIz,

Fig, 158 k¢ Fig. 16 i3 Z1 s L0 22 &4:% 150~
400°C20.5~10 Rk AR U, 1 v EMEERd s
7eBEOTE & DR GEnMhcEd AmEL) 2R,
kb Z1 Hrak150°Ciiks e, 22 A&iEl150~300°Co
L TR DEED T EDA B, Uik LINEER
ZOSHUAOLIZEL THLHREORTIO LK
Bigw, it T Z1, Z2 B4l T S b sl & s
BMEOLIHERLHLE L LN, O FARY N &
BT OBRSIXE XA X,

5. BM$ LUEELOKENE

5.1 SlERME

Fig, 17 £ ~196Cic 83 5 MO EEE 2R3, X1
~X4 H&IiE Mg & L kB oh, iRk Lot
TN L, MNEEL Twb, TOM, X2 &4ty
D Mg L AULT5083 A4 & RS0 TIERS 2R U,
A LT ShTwnd, X4 SeREED Mg L ~b Gt
S083& &L bR S, WOE T TnsL, TNOL
FHILDEH TS,

Fig 1844 —196°CIl I U B A OB IR B 2R3, &
FREE, Mg Stome X $ ilE s oL,
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Excsllent weld

Slightly poor weld

Poer weld

Fig. 14 Micro-structure of flush-butt welds in test materials(Z2 alloy).
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Fig. 15 Reduction of hardness due te short time
annealing in test materials (Z1 alloy).
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Fig. 16 Reduction of hardness due to short time
annealing test materials (22 alloy).
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Fig. 18 Effect of Mg content ou 1ensile properties of
welded joint at —196°C.
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Fig. 19 Effect of Mg content on notch tensile and yield
ratios of base metal and welded joints at —196°C.
—196°C i it & s & BT o W Aah ks & o
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Table 8 Tensile properties of Z2-T7 alloy at —196~~340°C.
Z2-T7 A0 —196~350°Cie 3511 % Bt T,

Testing temp. | Tensile strength! Yield strength E Elongation*
(& (kg/mm?*é (kg/mm*) (%)
~ 105 48.5 3.6 i 17
—~78 38.6 20.3 15
R.T. | 8.6 9.8 15
100 | 31.2 25.7 17
150 28.3 24.9 21
200 i5.1 14.2 27
250 8.1 7.2 1
300 5.8 4.8 55
350 | 48 8.7 6
*G.L. @ 50mm

Xd 400838 ThHE DERL V. X1 &4 50834
ZE DL LAETCRTHWES, ¥, Wihod Mg fir (X1
~XD) BN TIRRLD -1 COHNRE N R+ —
BEHLT WD, THEITB083 % TNOL 44k Ok
DEMEHEPULRED, X1I~X4 &38R T
b ductileTdh DL 2R LTWS,

6. ® B 1t

ARG T SR, Ao torREL Y Bk
S Ly AlZn-Mg 8&a %R T bR TE 73
OC, ETHEY, WERCABH, c¥odooFMeEEE
Lize Tixb,
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Fig. 21 Effect of Mg contents on crack initiation and
propagation energies in a modified Navy tear
test.
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Fig. 22 Chemical compositions of practical Al-Zn-Mg
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For bicycle

For autc-cycle

Fig. 28 Cross-section of rims for bicycle and auto-cycle.
(ZX60 and ZKB1 alloys)
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Application of Zinc Diffusion Double Layer Tubes
for Aluminum Air Conditioners
by Michiki Hagiwara

Alclad 3003 alloys are generally used to protect against the penetration-trouble of
pitting corrosion in neutral environments, On the other hand, there is a technique of zinc-
diffusion to form the diffusion layer corresponding to the clad-part of alclad 3003 alloy.
This layer has a gradient of zinc concentration reducing gradually from surface to inner.

This paper describes about newly developed double layer tubes by means of the
zine-diffusion technique, They are suitable for aluminum air-conditioner-tubes. They are
produced by combination of two-step diffusing process, cold-drawing and annealing.

The diffusion layers of them have thickness more than 100y, suitable surface content
of zinc and adequate gradients of zinc concentration. No pitting occurs on these
tubes even after corrosion tests for long periods under several kinds of enviroments.

On the contrary, it becomes clear that pitting corrosion penetrates in core-parts as
well as clad-parts of alclad 3003 alloy tubes, in the same tests, though they have been
accepted to be in safety for pitting corrosion. On the welded double layer tubes, especially,
corrosion is apt to concentrate into fusion zone, so0 these tubes are not favorable to

application for aluminum heat-exchanger.
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300°C x5hr diffusion
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Tig. 1 Effects of plating solution temperature on the

gradient of zinc concentration in the diffusion
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MO DPRTITD, Tihbbd, Fig 3 RISy
S IRAN S AR UIBE, BUILBIRAE TS WS & KR <
WAL, A—BEE Tk Fig 4 2560 L5, R
DEWE EIREAE DT L, WEAE L D, TS
FLASR B R B, SAOTFTH L TIRIREORED
TR ORYSL b —BHETH D,

EMEO Mo % Fig b KATH, #Hk6
RO EMEOBR 4 207+ 34 FI L SIRRRE
Ihgsds & FK o GURERD & MHEEAREE DO —
T ABECOBEE) L —Ta, UnLIgH
5, BMEIHE IR R PO M AN E TRO B L T
RS, kAl Fig 7wz oWz RT L 31T,
i idae b XL BaEmT Y, 2ol R
Fig. 6 L3k &20520°C T 200~ » &L, 400°C
X BShr OILMUVE T, RTITHEIEE 0.7%, HUME =
BOpTHBDENL, oot & 2ib0°CTI0FM 4 » * L
AU Gl TR L & T, BmIngileEr 2,54, i
BB & 2600 Thbhe Licdi-oT, SMESIHED & HH

25

(a) {50"CX2min plating
400°C X 5hr diffusion

2.0

(b) {50°C><10min plating
400°C X5hr diffusion

0 20 40 60 80 100
Distance from surface {(g)
Fig. 2 Effects of plating time on the gradient of zinc
concentration in the diffusion layer.
P R A DB SR RE AT 35 J 1T A » FIUBITD
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4
5
(2) (a){50°C><2min plating
{a) {20°C><10min plating 300°C X5hr diffusion
300°C x 5hr dittusion
. {b) {50“0X2min plating
(b) {20°Cx10min plating 3 300°C x24hr diffusion
400°C % Shr diffusion
{a)
~ S
$ 3
% Z
e =
g 2
e ©
5 £
T i
8 =
g a
(=) (%)
o E
[ [N
s
0 20 40
€0 80 0 20 40 60 80

Distance from surface (u)

PFig. 3 Bffects of diffusion temperature on the gradient
of zinc concentration in the diffusion layer.
AR P DTSRI S RGIZ 35 X 12 IR HUNBIIR I O R
w

Distance from surface {u)

Fig. 4 Effects of diffusion time on the gradient of zinc

concentration in the diffusion layver.

HEMOF P ORI SIFNT 45 XA TR I [ D i

#

Fig. 5 Micro-structures of diffusion layers ireated at each temperature for 5 hours after plating of 20°Cx2 mia.
HPCT 241 A » F, HELEET B R AUER U 2o AR O BTSSR

(a) 300°C {b) 400°C (c) 500°C

FoORS#2ROHCERTETS, BHBAOIRIREL
R TFHT AT LIEATETE B,

2.2 TSN WAC & RENE

Al-ZnE & RO EEERIRSE RO AL 52 EFEv,
C Oz HHRMAREEIE N EEAMIRT L k3,
FUEG5 e FHO LA EOERZHETA5R2 4
wAHETE, EHEATOREL, U2 BNOTMEEESY
AN e i i & i EHIEORI T b b ERm
TESRTREE & RO E s AR L DBEKRLTOL
ELTChB,

Table 1 e 74 & 3 Ao H RS R % L oYl R oo B &
DFERI D 6 HTE R AR (0.25g//CuCly-2H.0)

Table 1 Surface content of =zinc and thickness of

diffusion layer of specimens immersed in 0.25
g/l CuClz-2H=0 solution at 40°C for 30 days.
40°C @ 0.25g/1 CuClz-2H20 KEEFFC30H i
HIE L 2B 0 S T & SO

Marls Surface content of zinc | Thickness of diffusion
(wtgs) layer (x)
a 4.2 25
b 1.2 60
¢ 0.7 80
d 2.0 70
e 1.0 100
f 0.4 150
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2.5
{a} {20“C><2min plating
400°C . 10min diffusion
{b) {SO“Cxlomin plating
2.0 400°C x5hr diffusion

Zine concentration (wt%)

Distance from surface (g}

IFig. 6 Difference in the gradients of zinc concentration
in diffusion layers whose micro structures are
resembled to each other,

WHBRGERL AR R T B IR R P O RIS BB O 2%
FE40°C 1T 301 BT U A 35S o0 R 2 o0 BRI IR
EWn O BMENS Y Fig. 8 Lo Fig, 9 ©i$, i
HOHEAT AT D e HMOMMIENETET, %

WP DR WELAECT, SRR OE § OIS o R

THE A, ZEWARETHHEEASECHEI T
LEw, 20%OEMMRIEII 2 (Fig 8-a), /i
B, JREAGET U9 ¥ T, ZMMmEREEAILC, REEQE
PROLHPMCLE YT ED L, SHUEAR L CLEAILA

BET S (Fig, 8-0), HIFARILOESEE L |

BE LTI, HMIEREERSE DE 2, WMl eI
FEC, SRR L AR Gh B, Table 1
EARLZ b~e D4 OB Fig. 855035 & b
HEHCERARSMERDOEETEFLTWS, 2hod
R DR S HE DR Lo, BHEOME
CTHRLTHFAAIRIEEAETEELS L, LT, 2O
L5 iR & S oM EDEI A RIS Ao 7
Iy P E M LSRN L HETA T EMNTED,

3. /—C—H#HE
o= =M7ri=y bBGG2EE (FNV2 T FES

H) L TRWHOBEEE 2 U 2 BT & 458 2 B &
b DN, FFEEEMEHORE S KR~k bed {, %

— 4

Tig. T Micro structures of diffusion layers having gra-
dients of zinc concentration as Fig., 6 shows.
Fig. 6 WoR-F B QL% § IO HisgiF sk
(a) 20°Cx 2 min plating and 400°C x 5hr diffusion.
(b) 30°Cx10 min plating and 400°C x 5hr diffusion.

BB 312 —Th B8, HEBCESTRR R A
L%, FEEOBRETEC S O BEEER T, *
CTERT O S 2EEICH B & U TE s
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3.1 EHREAIEOME A~ O H
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SEOENNR UL L - THEBESh Iz WA C kil
T b bR, COBEDY Ty FEOEIRDWTD
BB T2 v, M oW Ti0,00184 v (3
4818) & N TWAREIEIE DWTIR - 2 h w4, 3
FAEDOAGBEREZEL LN T WD L L, COk®H, 11
M 2ME L LT3 MMROE 3 2500 B, &L ¢
E0p BB T A5 BERSE D, Uind, 71— 7 Mg
U T RS 10mme, AER0.8~1.0mm DER o
ANBERENDD S, FOLIHERBET L BENR
5B,

G IE R 2 RS TR & OB THRET 20
W C IR RS TLS, A OBRSED %
LeZFULLDRHEATETHEETDONRES L,
TOWSTIRBRE UTIIER LB s g, 7y
7y FERMDAEME LTRBEM O CHIREETH
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Fig. 8 Magnified surface appearances of specimens immersed in (.25 g/I CuCls-2H20 aqueous
solution at 40°C for 30 days.

0.95 g/l CuCle-2H2Q ANz 40°C T30 B FERTL 12 3R S0 o fh R AR iR

Surface content of zinc (wtf) Thickness of diffusion layer '(;;)
(a) 4.2 b2h]
(h) 1.2 60
() 0.7 80
(a) 2.0 70
(e) 1.0 100
(ry 0.4 150

Fig. 9 Micro-structures of cross sections at corrosion parts on specimens immersed in 0.25 g,l CuCls-2H20

aqueous solution at 40°C for 30 days.
0.25 g/l CuCle-2HeO REHGAIZA0°C T30 IR L fo i 8 o0 65 Srygiissoim o0 Bl B HIAR

Surface content of zinc (wt%) Thiness of diffusion layer (u)
(a) 4.8 25
(h) 1.2 60
(e) 0.7 a0
(d) 2.0 70
(e) 1.0 100
(1) 0.4 150
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(a) Before drawing
(b} After drawing

Zinc concentration (wt%)

0 20 40 60 80

Distarce from surface (p)

Fig. 10 Change in the gradient of zinc concentration
in the diffusion layer of zinc diffusion double
laver tube before and after drawing.

MRERHEY 2 IAE DA TATEIC 350 5 LR N OIE

fARRY AT P E N [

Condition of process : 30°C x 15 min plating and
400°C % 5hr diffusion

Size of the tube before drawing : 293 x 2t

Size of the tube after drawing : 108 X 1t

i 50ml/em® & & { Licleic, # o FHLIMERHO
D DITIRAETER IS <, MIHEETFEE o 260 I 8 T I A2
L TR OERRE N & 2 TH B, HhifinTe
- THARE IS —C i s, BHEDE S 2B LAEE
fawnc &ied, RO EE DAL R W 5 P hiT
THLERER SN, Tobh, HHUMEES o
Wim & - T & TR A b A RN T 5 T & AtifE
ThHEWI T EMbinote, LT, H5EEREE
RGN {, BLDGIEHUE 2 18 2 SR B ST ST & huhuid,
FMHEEORIETEO L 5 2 IEHEMIZIEL, 708
OFRMINTIC & b KM EH IR % L O HEBE PN oo T8 g e
AR E S ITIHBE ORI P 3 LR EETA L L OTWEL
MEE2WETHCLMTEIDITTHE,

HEEH O s EMIMSE TR E D, HazkiETsr
EE R OMNI T4 L vt SR 218
@O (419°C) X OHELTHRE, Erxsdran
AIREAEBIE T3 L, THEORE LR B DMl
DT EDTHIETT L, BHENCRAVERI LTS
EE L B 2P OTIFEL L i, Wol2 5, AL

— 6

AU DL HUR 2 4 B 7r DI BRI 0 B I AR & 1y
4, 5hr T#H15p, 16hr THE0L, 24hr THE 4RI D R
@, 400°C wik Zhr ©5936p, Shr C34504, 16hrciv6s
B, 24hr THIBOK ThDH, 4 v FT LDMMEHIRAED
B TE WG, S X 5 R OB & A E g RO
Lo e L b I A A s A, Einoeid
Hebka{{, BEER2E T30 DMENERIZ
i b A, 60p Bl Lo 28 20k 400°C ©
t& 18hr PLEDEMEILRE L NS L Limn Bh, ko
2 b AUV B A R E U, TSRO I E AL
L SRR % 1 S WAL E LT TR IR O
ST EH0T, B R T2 500 ERM 8
Al 2 BEMENREL NS, Thbb, % 4HH
DR & b {EWIRE TR L T, RE DR 2 —I5A
WOz T TS S TS OERE 2 (L, 0%k
EHWECERECRUME L TEWEER 285 TR ThH S,
B 1 BRI 260~419°C 0N CRANET, Th

7

(z) Before drawing
(b) After drawing

Zinc congentration {(wt%)

1 | 1 1
0526 40 e 80 100 120 10

Distance from surtace (g)

Fig. 11 Change in the gradient of zinc concentration

in the diffusion layer of zinc diffusion double

layer tube made by two-step diffusing process

before and after drawing,

2 Bk 2 IR AN 38 1 A ORI o

R AR O

Condition of process : 30°Cx 20 min plating and
400°C x5 hr— 500°C x5 hr
diffusion,

Size of the tube before drawing : 29¢ x 2t

Size of the tube after drawing:9.5¢x1t
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HEAE SN BHERAE S, #2 RORER 420~
%WC@mwﬁﬁﬂxcam%ibu HE HEBILTS

P OMET AET &, B I AR R B 0 i T
BB TS, EHEASETARSENL 55,

FilR, 2 BELEOER LB 2Ee s e LD,
WY X LI AR A T A AE s, &5
22 DEDAMNINTI X b bR 2 0 Cip  Rim i
ks L OB A D ESE EAE % b M 5 T & A3
HBIC 72 »fre g 11 (3 e S0 o SRS G 1R S 400 S Ll %
i LB 8 & F OB OT BORNINT % L4 a@mﬁ
BOIESHMIE B D 14T, Fig 12 d2Nh 5 O8EHE
OHWEHATH B,

!

Fig. 12 Micro-structures of diffusion layvers having

gradients of zinc conceniration as Fig. 11 shows.

Fig, 11 Ry B S AR 2 -5 5 iR o Sie

it

Condition of process: 30°Cx 20 min plating and
430°C x 5hr— 500°C = 5hr
diffusion

{(a) Diffusion layer of tube before drawing

{b) Diffusion layer of tube after drawing

3.2 AEERRHZETOTEM

3.21 BHRERBLCHIIEEBLIUVIETLOLR
90 54 70T =g AWE, Fos T o FI03SEE (4t
o7 o FE&H0,2~0.3mmo e 2 858 B IU0HNm

AEANHEHE 2 B (99.525 700 & = % AHIEIC 1 Bpfli i ana
UleRle, izl T b9, Hmiligmsng 1.7
%5, EWIERROR s 145500) 2MEM L LT, B2REB

LA OE R IR Ui,

e Table 2 2R X 5 QiR AR 2 B H
TRIEEHE & S MKIEIR L e o\ TEBL,
B2 B A RIS oW TiT 2 72,

HEHOAREONR S Fig. 13~16E, Zh b0k
145 oo T BE I SRR o |l 2 Fig, 16~18 1R,

7 v 3 = s RS ST S — IR I ol B R KA
W TR R A e s o 728, {0 2 T ek L
e AL, &4 B TESIERTREORE I mm
PEMT A APNEIPTCED b,

T Ty 003EEERGIELERNRER T L
WL ERELONRE D, EHOE (L ahyTH
L4, #Hs 3 T 5BU AL REEmwWA, L
THELNED AL, 77 L OFAEFEREf 2

tn

WE B A LR

FEOULEFMD NS v Fic LA IHOESERR b
o, TRHDT7 2 LT HOEINKETEREHT L

Fig. 13 Appearance of tubes after 3000 hr alternate
immersion test in acidic 3% NaClaqueous solu-

tion at 40°C.

8k 3 SNaCLREE R T D40°C % 3000hr MDIEHERE

BRI o FHE

(a) Extruded double layer tube (Alclad 3003)

(a") Extruded double layer tube (example of

swellings)
{b) 1050 alloy tube
(c) 1050-zinc diffusion double layer tube

Table 2 Conditions of immersion tests of aluminum alloy tubes for air-conditioners.

£ = =17 E =0 s EEE ORI

tEl g

Type of test Test solution

Condition of Test Test period (hr)

Alternate immersion in P — Cycle of 40°C X 30 min immers-

zcidic solution 8% NaCl, pH=3.0 ion and 50°CX30min_drying 1090, 3000
;{gﬁﬁ.al ;g}ﬂeizg;lon N1 .25 g/l CuCle-2H:20, pH=6.4 | 40°C, continuous immersion 1000, 3000
gcoigﬁ; Séﬁ%}gﬁsion in 2.545 CH3COOH, pH=0.4 40°C, continuous immersion 1000, 3000

— 7
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Tig. 14 Appearances of tubes after 3000 hr immersion
test in neutral 0.25 g/ CuClz-2HeO aqueous
solution at 40°C.

Fafked 0.25 g/l CuCla-2H0 KEEdrTo 40°Cx
3000hr EXGABE I

(a) Extruded double layer tube (Alclad 3003)
(b) 1050 alloy tube

(c} 1050 zinc diffusion double layer tube

Tig. 15 Appearances of tubes after 3000hr immersion
test in 2.5% CHsCOOH agueous solution at

47%C,
2.5% CHyCOOH #Kigif Tw40°C = 3000hr EAGA
B it

{a) Extruded double layer tube (Alclad 3003)
(b) 1050 alloy tube
{c) 1050 zinc diffusion double layer tube

Fig. 16 Micro-structures of cross sections at corrosion parts on tubes after 3000hr alternate immersion test in

acidic 34 NaCl solution at 4(°C.

ko> 3 25NaCl AqRurhCm40°C » 3000hr DIEHAE T EFIT A B E o E] LG i SR EE AR

{a) Extruded double layer tube (Alclad 3003}

{a") Extruded double layer tube (example of sweliings)

{b) 1050 alloy tube
{c) 10580 zinc diffusion double layer tube

& L AELRT O EHME s o b & T, M 2 B
DOUEHHIEL & 2WBEL LD CTH B, & 6T, HbLH
KR B N RERR A Rh T OB 1, e
LT 0. 08mmiE K EVIAA T o Fl2, 34
Bt BRILNSES R EESGsRo% b, FORRAER
& 30034 G A & OB BB A2 b, KOS
BRI 30EELNDS, CO X5 likuaiiuz
BB S Rl rseT 2, SHEEERTIHY,
FAY T e FICETAIARBT U S IR CIED &
BoRWLERRLT WD, ELILF—7 —CBITHEHE
AOTARREBEROBS L b A D ESUELIEAE <, W

EHOKEDIE S 3 5T e Ebh, 20X THaly
I b DB OTRIGIE e b O6EE 335 L5
Bbith, LT, 0L REHILlol i
D ~NEERAREAA T BRI E SRS 8D
Lo kEbing,

A L, RSN 2 T8 Trl &m0 IRER iR o i
OFE XY, WomEM NABESRD, EAAMLZD
LEWSED OO, Sl LT IERUR P I8 AR
T B, IENBEOE S NERMTERL, H
T —i T 5, B ARBT S0p B o fomiiE Nk
3000hri B BT $ 20~40p ks Ck b, BEHKD
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Fig. 17 Micro structures of cross-sections at corrosion parts on tubes after 3000hr immersion test in neutral

0.25 g1 CuCle-2H:20 solution at 40°C.

H1tkn0.95g,/1 CuClz-2H20 K To 40°C x 3000hr O eI O Lo YT i BHTRSLRR

(a) Extruded double layer tube {(Alclad 3003)
(b) 1080 alloy tuke
(c) 1050 zine diffusion double layer tube

Fig. 18 Micro-structures of cross sections at corrosion parts on tubes after 3000hr immersion test in acidic 2.5%
CH3COOH solution at 40°C.
2.5% CHaCOOH sRigE#hTo40°C » 3000hr o FHITAIEHT OO W LT i YR GIMIE
(a) Extruded double layver tube {Alclad 3003)
(b} 1050 alley tube
(c) 1090 zinc diffusion double layer tube

At & XH TTNTWT, MMl ao£ U &0
g

3.2.2 £EREHEARSERRICL IMWEELR

Table 3 CRd 7HEMAOE2HHRMELT, Yo o b -
a5 o R AR L oA T SRR & B AR R
A LI, BB E LTHAENIEELPT W AR S
NTWAKEEE (Cl-100ppm, Si0:2-30ppm, 504330
ppm &4, pH=7x0.2) %M., 40°CTd 8hr DME
L2C T 16hr DU E % 1 W 4 2 ov & R
T4 HREIFEIE L feo

B ogRHoAE R LT Fig 19T, #ELAR
HO B AR NER 2 Fig 20, Zi 5 QRIS
WEiHEE Fig 21 R,

i7zorE =9 s k80038 EOEmMITIRELY T
BONLENETEL, ZORKES0.Tmm 2T ATz,
M 2 EE RV TFh i mME AEEL, 20~251
OHEHE A BT U Tnde, —BR R ETALEIH O 72 &3
B OIRE O X 53450 Th - 7ot MW H o
§ IMAUR O MBI SRS EE TH D, WAUTTNDMFE
PEEFTT B DT H R ORI AT 500, £
O 3B L B, FLAMTFEEL T HOERIEN

— 9

DB AT A S ol e &, WAl
BERSE L AETNTHEI N 2 ThY, ZOME
TOSLATEER G ) BRI ORERTH S ) Litllxh
Do 2 BN EM oS, ML 2 AL T
PHRORE & 2800 Pl CE 506, FAREOERE
BEHLEEEA ST,

FNT Ty KI003GHE CREMIBaRT kMR & 2

Table 3 Specimens used in alternate spray test.

IR A B

Mark Materials
A 1050 alloy tube
B* 1050 zine diffusion double Iayer tube
C 3003 alloy tube
D= 3003 zinc diffusion double laver tube
i Alclad 3003 alloy tube (extruded double
- layer tube)
F Alclad 3003 alloy tube (welded double
- layer tube)
(s Alclad 3008 alloy tube (welded double
layer tube)

*Produced by one-step diffusing process.
Surface content of zinc: 1.2 wt 4 Zn
Thickness of diffusion layer: 45 p

#Qriginal tube of mark F,
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Fig. 19 Appearances of tubes after 14 months alternate

spray test.
WEEAS I 4 Al o o SHE
Test solution : 100ppmCl, 30ppm Si0s2-, 30ppm

5042, pH=7
Condition : 43°C % 8hr spray and 20°C x16hr
dry

(A) 1050 alloy tube

(1) 1080 zinc diffusion double layer tube

(C) 3003 alloy tube

(I>) 3003 zinc diffusion double layer tube

() Extruded double layer tube (Alclad 3003)

(") Welded double layer tube (Alclad 3003,
after drawing)

(GR) Welded double layer tube (Alclad 3003,
before drawing)

BOEARSHESNELTE Y, TOREOEEMETL -
Twiedt (Fig. 21-E ), MiHLA& SNz & 5 s0H
W RWIAA TR AEBIC 3T & Fig 2212 ofl
BPRTLOE 2, 3B AL TID, FLENRDBTL b RHMEO
BCIEB EF WA RIHI R WL B S hThDH, Bk, 7
A2 Ty REIIEHAE L AT s h D TR
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e BE LT IEANLAmmD R ERTL, IO
HEPPC VLB Y AR 1, BEEEREL E BT L & 10
2 (EOREPHBTAEOTIREWN) $LLAELA
A5 BN, faM Ll 2B (F) ki35 ol
RO DIBEA 0.5mm R LTz, TORIREDT &
A4 & oMo Galvanic fEM & b iFREOC T CE L
fo R A bR s h T (Fig, 21-F 281, 2oL
LT EN SR T, L LERE, ZOMH
OSSR B L SR X - TR ELELT
HEBbhA L, WHET LR E 5 B Ao SH A
ErzohsBECIEDLBEDDNA, LT, O
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T E I, Fig 23 137 0BG CRIEDIZ30% % TH
BHRLEFTLTWD, LM T, &—5—HlSTiEE2
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Pig. 20 Magnified surface-appearances of corrosion parts on tubes after 14 months alternate spray test.

WERZE E S RIS 14 A B # O W o Rl A A M
(A) 1050 alloy tube

(B) 1050 zinc diffusion double laver tube

(C) 3003 alloy tube

{D) 3003 zinc diffusion double layer tube

{E) Extruded double layer tube (Alclad 3003)

() Welded double layer tube (Alclad 3003,

welded part after drawing)

(¥ Welded double layver tube {Alclad 35008,
usual clad-part after drawing)

(G) Welded double layer tube (Alclad 3008,

welded part before drawing)
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Fig. 21 Micro-structures of cross-sections at corrosion parts on tubes after 14 months alternate spray test.
T T R A 14 0 1 B0 TR Co v oD AT Tt MR B REL A
(A) 1050 alloy tube
(1) 1050 zinc diffusion double layer tube
(C) 3003 alioy tube
(12) 3003 zinc diffusion double layer tube
(5} Extruded double layer tube (Alclad 3003
(") Welded double layer tube (Alclad 3003, welded part after drawing)
(Fy Welded double layer tube (Alclad 3003, usual clad-part after drawing)
() Welded double layer tube (Alclad 3003, welded part before drawing)

Fig. 22 Example of corrosion penetrated inte core part of the extruded double layer tube after 14 months
afternate spray test.
VRIS R AR 14 Pl e ik 210

AR

SO A SR AT S D B

HTIED BB BIELA L N, 4 — 9 —~HAIE L LT
2 B4 LB B U T80k B oD HKEE % 75 4 B TEA NI
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4, EBHYIC

FAT Ty RGBT BT2EGMMICHY TS
M 2 A B PIMERC A - TR T 5 MR ISR At 25 4
DITOR RS S A SEN 2, AR B L i
B 2 BB D WT B L 7,

Fig. 23 Example of corrosion at fusion zone penetrated PSR hEMITEAEREHBoATIEE b, B2
deeply into core part of the welded double FAETRTINEN L TERALNHIT WAL C 2K
layer tube after 14 months alternate spray test U E XRNTVBAS, BRI S R e koo TS

FEIRAE I A A4 B i B 2 TR BRI 3 ABBTL L HBORTILED 25 BAE LW & 58
VTHE DR TR AT R S B I T & L7
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The Process for the Production of Electrolytically
Etched and Anodised Strip”
—For Lithographic Plates—

by Shiro Terai**, Toshio Suzuki®*

1. Introduetion

Lithography is a term created by Aloysius
Senefelder in 1798. He described his invention in
his book “"Complete Course of Lithography” as
being different to anvy other processes at that
time in that lithography is a chemical process of
printing.? Though Senefelder used the smooth
limestone, metal substrates such as zinc, aluminum,
and multi-metal have been successively applied to
a lithographic plate. Among the various mmetal
substrates for the lithographic plate, aluminum
is nowadays bhecoming the most important in
practice., Because it is possible to apply various
surface treatments for aluminum to make a good
lithographic surface. The silicate process and the
anodising method are the typical treatment.?

Lithography makes use of the chemical pheno-
mena that water and ink repel each other.
Lithographic plates have generally hydrophilic
layers. Therefore if the image area is ink-recep-
tive and water-repellent, only the image area
receives ink when ink and water are poured onto
plates at the same time.

The most important properties for lithographic
plates are considered as follows:

(1) Water receptivity

{2} Good adhesion of the photosensitive coating

to the piate

{3) High abrasion resistance

(4) Surface roughened uniformly

The bali-grained surface which satisfies all these
properties, has been successfully used for the
lithographic plate for a long time. A surface
grained uniformly by the ball-graining method
gives good adhesion of the photosensitive coating
and good water receptivity.

The lithographic plate with the ball-grained
surface has been quite common and widely used
as a deep-etch plate, In the bali-graining method,
however, a great care and skillfulness of an
operator are needed to make the selection of
natures and materials for the balls and abrasive
employed as well as the adjustment of moisture
content in the abrasive material and the control
of many other operating conditions. Besides, as it

*#This process has been patented in U, 8. A. and filed in
Japan.

" #%Research Department. Dr. of Eng.,

#*¥Research Department.

and Yoshikatsu Hayashi®k

is impossible to operate the ball-graining method
in 2 continuous manner, it is necessary to work
up the aluminum sheet by batchwise from one to
ancther,

Usually, the ball-graining method takes a rela-
tively long time of e.g. 20-40 minutes to finish up
one aluminum sheet. Accordingly, this method is
very inefficient and expensive. Noticeable increase
of personal expenditure in recent years also ren-
ders the ball-graining method less attractive,

On the other hand, there has been a remarkable
increase in the use of a pre-sensitized plate (PS
plate} in the past several years, One of the main
reasons for this trend is that PS plate can save
time and does not need special skillfulness in a
plate-making.

PS plate generally consists of an aluminum base
metal, surface of which is grained mechanically
or chemically, a hydrophilic Iayer produced by
chemical treatments such as the silicate or a
hydrofluozirconic acid treatment, and a photosen-
sitive coating of diazonium compound. PS plate is
superior to deep-etch plate in massproduction and
plate-making. However, the qualities of PS plate
such as press life and sharpness of prints, are
usually inferior to those of deep-etch plate. PS
plate has usually a limited and guaranteed storage
life which may be as short as six months or less.®
Printers who purchase in relatively large quantities
must store some plates for considerably long
periods of time prior to use and therefore can not
always use the pre-sensitized type of plate. For
such printers, a plate having a desired hydrophilic
laver but lacking a photosensitive coating is
prepared, At the time of use, the printer merely
swab or wipe on a solution of a sensitizer and
dry the plates which are then ready for exposure.
Accordingly, such plates having only a hydrophilic
layer are known as “Wipe-On” plates.

Bi- and tri-metal plates are successfully applied
to extra long runs,

Table 1 shows the classification of the lithogra-
phic plates.

This paper serves to introduce a new possible
process for the production of electrolytically
etched and anodised strip and a superior electro-
lytic etching method that may eventually compete
with those now being used in commercial practice.
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2. Process

2.1 Continuous electrolytic etching and ano-

dising plant

Etched and/or anodised strips of aluminum are
well known and used for many industrial purposes.
The growing list of applications of these strips
covers such major areas as appliances, automotive
components, building materials, food industry
equipments, sporting goods, general transportation
uses and numerous miscellaneous art, jewellery
and decorative uses.

Many researchers have given serious considera-
tion to the techniques for continucus etching or
anodising of aluminum strips.#% With respect to
strip treatment for lithgraphic plates, authors
think that one of the most important points of
strip etching and anodising technique is how to
introduce current into a moving strip itself.

Two types of methods are generally used. One
is a metal contact-roll method and the other is &
liquid charge-chamber method. In the former me-
thod, the current is introduced to the moving
strip by means of a contact-roll located ouiside an
electrolytic cell. This method of contact limits
the current density which can be achieved without
local overheating and sparking and also limits the
line speed which can be achieved without scratch
defects, Any stain, dust and water drain must be
eliminated perfectly from both the strip and roll
surfaces in order to avoid such troubles. In the
latter method, on the contrary, the current is
introduced into the strip through an electrolyte
without the use of mechanical contact-rolls. This
method offers no limitations since arcing and
mechanical damage do not occur practically,

As lithographic plate can not be permitted of
even a slight surface defect, the latter method is
desirable. In the electrolytic system discussed in

this paper, the liquid contact-cell is employed as
Figs. 1 and 2 show. Figure 3 shows the schematic
illustration of arrangement of the plant shown in
Figs.1and 2.

As Tig. 3 shows, the plant applied here consists
of a series of a first electrolytic cell and a second
electrolytic cell. Strip is un-coiled and then con-
tinuously passes over the guide rollers into the
first cell, which is provided with two opposite
electrodes made of a suitable material such as
lead or graphite.

The cell is partitioned by an intermediate ver-
tical wall which is machined to contain an orifice
through which the aluminum strip can pass freely
without contacting with the wall. The aluminum
strip is etched electrolytically in the first cell and
then passed through guide rollers and is led to a
rinsing chamber in which the strip is washed by
water spray. From there the strip is suitably guided
by rollers, passing through the second cell in which
the strip is anodised. The second cell has the
arrangement and construction similar to the first
one. The etched and anodised strip is passed
through a rinsing chamber and a drying device,
and wound up into a coil by means of a recoiler.

The electrolyte in each cell is fed from its
storage tank to a pump and then inte a heat-
exchanger for heating or cooling the electrolyte.
After leaving the heat-exchanger, the electrolyte
is ejected into the each cell through nozzeles.

Outlets are provided at the forward and after-
ward ends of the cell for discharging an overflow
of the electrolyte, and this overflow of the electro-
lyte is sent back through the outlets into a storage
tank. The storage tank is supplied successively
with a supplemental fresh flow of the electrolyte
from an electrolyte-feeding tank.

An alternating or a direct current can be intro-
duced to the electrodes of the each cell By

Fig. 1 Continucus electrolytic etching and

anodising

plant (front view)

- 3

Fig. 2 Continuous electrolytic etchig and anodising
plant {back view)
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Fig. 3 Schematic illustration of an arrangement of electrolytic etching and anodising plant

connecting each electrical terminals appropriately,
the sirip is treated with the alternating current
in the first cell and with the alternating or direct
current in the second cell.

Pre-treatment stages are not shown in this paper,
but it is preferred that the surfaces of the strip
should be degreased and cleaned by an ordiary
cleaning method in the case that the surfaces of
the strip have been strongly contaminated by oils
and grease,

2.2 Rlectrolytic etching

In order to give good adhesion of the photo-
sensitive coating and good water receptivity to
the plate, the lithographic plate requires an ap-
propriate surface-roughness. The reason why we
use here a word “appropriate” liess on the fact
that the lithographic plate does not always
require coarse surfaces. A sandblasting or liquid
honing method produces coarse surfaces, but
these do not show good adhesion of the photo-
sensitive coating. On the other hand, the brush
graining method usually produces too fine surfa-
ces, and hence no photosensitive coating can
adhere to these surfaces without successive che-
mical treatment.

Some plate-makers say that the surface profile

144°

having the angles of about 144 degrees as shown
in Fig. 4 is desirable for the lithographic plates.
This depends upon the fact that the ball-grained
surface often shows such values.

We will describe the high-speed etching system
by the alternating current in which such uniform
and fine surfaces can be obtained.

2.2.1 Electrolyte

On the determination of the electrolyte, the
following characteristics must he considered:

(1) High etching power

(2) High electric conductivity

(3) No smut on the strip after the electrolytic

etching

(4) Strong complexing power

(5) Little toxicity of the electrolyte

The electrolyte which we have developed con-
sists of hydrochloric acid, non-ionic surface-active
agent and small amounts of other additional
chemicals.

Hydrochloric acid can act as the etching agent
and also serve to increase the electric conducti-
vity of the electrolyte and to give an wuniform
etching surface of the strip. Non-ionic surface-
active agent is incorporated as an anti-corrosive
agent and also serves to control the strong

Fig. 4 Typical surface profile for lithographic plate

— 4
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etching effect of the chloride ions. Some other
chemicals which have strong complexing power
for a dissolved aluminum and do not leave smut
on the etched surface are also incorporated.

To avoid the pollution problems, which arises
from the disposal of effluent and mist which
generates by means of an electrode reaction du-
ring the electrolysis, the electrolyte does not
contain any toxic chemicals.

2.2.2 Electrolytic conditions

The main factors which determine the surface
roughness and the uniformity of the etched strip
are as follows:

(1) Current density

(2) Electrolytic etching time

(3) Bath temperature

(4) Bath component

(5) Arrangement of electrodes
(6) Type of used aluminum alloy
(7) Flow rate for electrolyte

In Fig. 5, the surface roughnesses of the strip
etched for 12 and 15 seconds were plotted against
current density. The results suggest that the
increase of the current density from 350 to 70 A/
dm?® would have slightly less effective on surface
roughness than the increase of the etching time.

1.0 E
efching time
— — 15sec,
—12s2¢,

.8
=
o
3 4

-~

2 0.6 T _ L
: £
=4 —_/
S
; )
2 04 \ﬂ L
5
[€p]

0.2

0
50 55 80 65 70

Current density (A/dm?)

Fig. 5 Effect of current density on surface roughness
for 1100-Huis in the
standard etching solution at 25°C

aluminum strips etched

The bath temperature and bath composition are
the factor determining the uniformity of the
etched surface. It is exceedingly difficult to obtain
the uniform surface in the high temperature bath
hecause pitting occurs.

— D

The uniformity of the surfaces of the various
alloys differs somewhat from that of high purity alu-
minum. On etching in a standard electrolyte the
uniformity of the surfaces of the alloys containing
much amounts of Fe and Si is not good. Figure 6
shows the etched configuration produced at cur-
rent densities of 530 A/dm?® for 40 seconds on
various alloys in our standard etching bath.

1100 1070
Cu 0,02 Fe 0,29 Si 0,12 Cu 0.008 Fe 0.16 5i 0.05

103G 3003

Cu 0.07 Fe 0.55 5i 0.13 Cu 0.14 Fe 0,61 5i 0,25 Mn 1,14

Fig. 6 Etched configuration produced at current
densities of 50A/dm2 for 40 seconds(x1{)

Mn, which is contained more thanlpercent in
the alloy, remains as smut on the etched surface.
The standard etching conditions are as follows:
Current density : 50 A/dm?
Etching time : 20-30 seconds
Bath temperature: 20-35°C
2.2.3 Control of electrolytic etching bath
A rapid method for assessing the etching beha-
vior of the electrolyte is to measure its electric
conductivity. The surface etched uniformly can
be obtained in the electrolyte, electric conductivity
of which is between 1.4x10° and 2.8x105u3/cm.
If the electric conductivity is substantially less
than 1.4x105uy3/cm, the etching power is too
weak to give a surface roughened desirably. On
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the other hand, if this valueissubstantially more
than 2.8x105u7/cm, the etching agent can react
too strongly. involving a dissolution of the surface
laver and darkening the surface of the aluminum
strip to an undesired extent, so that the desirably
roughened and uniform surface can not be formed.

The electric conductivity of hydrochloric acid
solution varies in proportion to its concentration
and temperature as shown in Fig. 7. It seems that
the electric conductivity of the etching electrolyte
is mainly proportional to free hydrochloric acid
concentration,

Figure 8 shows the results obtained from our
experiments for the variation in the electric
conductivity, free acid and dissolved aluminum
concentration with the time of the electrolytic

4.0 I
o 45°C
@ 35°C
~ ©25C
E o]
E /1
»
4
ﬂg 3.0
>
T ]
= /
= 1
A /
3
E 20 e
(4]
g 0/
©
o
w ]
|

15 20 25 30 35 40
Hydrochloric acid concentration(g/ &}

etching of aluminum strip in the standard ele-
ctrolyte,

The electric conductivity of the electrolyte
decreases with an increase in the aluminum con-
centration. Bath voltage was gradually heightened
to maintain the settled current density. The
etching was carried out at a temperature of 25+
5°C with a current density of 80A/dm?® at a rate
of 5m/min. During the etching, hydrochloric acid
was not supplied in the experiment shown in Fig.
8. As the aluminum concentration increases,
however, hydrochloric acid is wusually added to
maintain the electric conductivity of the electrolyte.

The electrolyte will tolerate aluminum, which is
normally dissolved, to a limited value,

The following limits, for example, are considered
to be practical to control the electrolyte.

Free hydrochloric acid concentration : 20-35g/1

Dissolved aluminum concentration : 0-10g/!

Other compositions contained in the electroiyte
will somewhat affect the electric conductivity.
However, experience indicated that the cotrol by
the electric conductivity was satisfactory even if
they are ignored because there were present in
minor amounts. When the oil dissolves in the ele-
ctrolyte, it reacts with the surface-active agent
and forms emulsion, and thereby effectively
removes the surface-active agent from the ele-
ctrolyte. It is preferred that the electrolyte should
be dumped in order to avoid the surface-defect
of the etched sirip due to insufficient degreasing.

In addition, full components are frequently
examined analytically so long as used continuously.

2.2.4, Surface defects

Electrolytic etching is much more sensitive to

the surface conditions and the metallugical
Fig. T Effect of hrydochloric acid concentration on structure of the aluminum.
electric conductivity
2.2 0.9 2.5
I\ |
E 2i 0! 08 2.0 =
8 - =
Z 20 \ = 07 2 15
= © T Q
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2 1 N 3 06 )\0\ 2 10 {/{
s — [=]
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Fig. 8 The variation in electric conductivity, free acid concentration and dissolved aluminum concentration

with the time of electrolytic etching of aluminum strip
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Table 2 gives the details of the difficulties
encountered most frequently in our experiments
of the etching and indicates their probable causes
and methods dealing with them. Figure 9 shows

the micrograph of the surface defect of etched
strip owing to insufficient degreasing, and Fig, 10
shows the micrographs of “Pencil Line Defect” of
the etched strip.

Table 2 Difficulties in electrolytic etching of aluminum

nature

etching time

electrolytic etchng, conirel

melting and casting conditions

Fault Cause Remedy Remark

Light spots on etched improve cleaning of work .
Presence of coherent soil Fig. 9

surface before electrolytic etching

Pencil line Segregation of grain- Control melting and casting

(sharp and slender Pig.10

streak) refining element conditions

Irregular fine flow lnadequate agitation of Improve

mark#* electrolyte

Structural streaks of | Low current densities gi?ggse

a grain textural Inadequate electrolytic Alkaline etching before

Grey powdery
smudge

Corrosion products were
present on the surface
before electrolytic etching

Improve cleaning of work
before electrolytic etching

Fig. 9 Surface defect of electrolytically etched strip
owing to insufficient degreasing (x10)

2.3 Anodising

The properties of anedic films may he con-
siderahly varied with the proposed use.

Ranner et. al® indicate that anodised aluminum
substrate for lithographic plates and materials
needs the following characteristics; outstanding
chemical inertness to photosensitive coatings,
excellent water-receptivity and outstanding ad-
hesion to photosensitive coatings and to lithogra-
phic images, They recommend the anodic film
formed in phosphoric acid solution having cells
with porous openings about 200-700A in average
diameter and about 10 to 200 mg per square
meter aluminum phosphate.

It may be possible to apply the phosphoric-acid
films to the photosensitive coatings satisfactorily.
However, it is very difficult to produce these films
continuosly from a industrial point of view.

— 7

formed.

i P
(o) Surface micrograph (X 1935)

(b) Cross-sectional micrograph (X 780)

Fig. 10 “Pencil Line Defect” appeared by electrolytic
etching
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Phosphoric-acid anodising process is generally
marked by two basic differences; firstly. the
greater oxide dissolution-rate, and secondly, the
increased electrical resistance of the film, which
requires a higher anodising voltage.” The initial
dissolution-rates of anodic films are much higher
than those for sulphuric acid under its typical
anodising conditions, for example, 184 per-min. in
9259 H3aPQu at 35°C. This effect produces a thinner
film of greater porosity and decreased density.

At low concentrations and temperature where
higher wvoltage are required, “burning” occurs
frequently. In these cases the current increases to
a high value and the voltage decreases greatly.
Usually current flow becomes localized and con-
centric oxide rings occuring in appearance forms
around a “burnt” spot. Similar phenomena results
in high current density.

We have studied the relationship between the
coating weights of anodic films and the electroly-
tic conditions for the phosphoric acid anodising
and for the sulphuric acid one. As Figll shows,
the coating weight in sulphuric acid normally in-
creases depending upon the current density for
any anodising time, while in phosphoric acid the
coating weight more than 4mg/dm? can not be
obtained {The anodic films produced more than
4mg/dm? have shown “burning”).

It should be emphasized that vigorous agitation
for the electrolyte is required to produce uniform
films in phosphoric-acid electrolyte. It is well
known that phosphoric-acid anodising is much
more subject to “burning” than sulphuric-acid one.
From the above reason, we think that phosphoric-
acid anodising is not suitable for the strip treat-
ment for the lithographic plates.

As to sulphuric-acid anodising, on the contrary,
the technique for strip anodising has been
already established. However, unpublished work of
present authors shows that the anodic film for-
med under usual conditions is inapplicable to the
photosensitive coatings as it is, because of poor
adhesion of the photosensitive coating to its
surface. Now we can not clearily describe the ex-
planation for this finding but it seems that it
depends upon the cell structure and chemical
composition of the anodic film. Accordingly it is
necessary to choose appropriate conditions of
anodising or to give some aftertreatments to
anodic film.

We think the sulphuric-acid anodic film will
also make a good lithographic surace if much
research is gone into the establishment of practi-
cal anodising technique.

3. Measurement of surface roughness of the
electrolytically etched and anodised strip

The various methods available for measuring
roughness may be classified into six categories®

8

H B April 1974
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Fig. 11 Relationship between current density and
anodising (upper)

and H:S0,4 anodising (bottom).

coating weight in HaPO4

(1) microscopy, (2) interferometry, (3) diffraction,
(4) surface chemical, (5) electrochemical, and (6)
stylus traverse methods. Some papers have shown
that the measurements of capacitance are useful
on the studies of etched aluminum foil for capa-
citor use 10,10 This method is available for de-
termining the surface areas of etched plates, but
not available for determining their uniformity
and pealk-depth.

In this paper. three methods are used; the
stylus traverse method(Talysurlf method), micro-
graphs of cross-sections, and eletron micrographs
of surfaces.

The etched and anodised surface was produced
as follows: 1100-H:s aluminum strip was etched
continuously at current densities of S0A/dm? for
30 seconds by alternating current. and subsequently
anodised at current densities of 14A/dm?® for 15
seconds by direct current.

The etching and anodising were performed in
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Ball-grainad plate
0.65pRa

Brush-grained plate
0.251Ra

Eiectrolytically etched and
anodissd plare
0.551Ra

Commercial PS plate
0.20pRa

Fig. 12 Surface profiles of the various plates horizontal 50X vertical 2000 x

the standard electrolyte by means of the plant
as shown in Figs. 1 and 2.

Ball-grained or brush-grained surface was pro-
duced under optimum conditions. Commercial P8
plate was used for the measurements after the
removal of the photosensitive coating with suita-
ble solvent.

Figure 12shows the surface profiles and center-
line average values (C.L.A.)) measured by Talysulf
method, It is clearly seen that the C.L.A, value of
the etched and anodised plate is the largest of the

four plates, and that the ball-grained plate has
considerably irregular surface. Figure 13 shows the
micrographs of the cross-sections of the plates
and Fig.14 shows the electron-micrographs of their
surfaces. Figures 13 and 14 indicate that the
surfaces of the ball-grained plate and etched-plate
are much more uniform than those of the other
plates microscopically.

From the above results, it is suggested that the
surface profiles of the plates can bhe illustrated
as Fig.15 shows: it indicates that the ball-grained

{a) ball-grainad plate

{(b) brush-grained plate

(c) elactrolytically eotched and anodised plute

(d} commercial PS plate

Fig. 13 Micrographs of the cross-sections of the various plates (x780)
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{a) ball~grained plate

Fig. 14 Electron micrographs of surfaces of the various plates.

(1) or etched {3) surface is uniformly roughened

microscopically. and that the brush-grained surface
or the surface of the commercial 'S plate {2} is
very smooth. It also indicates that the ball-grained
surface has irregularity.

4, Printability

In the preceding section, the superior charac-
teristics of the etched and anodised plate have
been described. In this section., we show the
results obtained from our experiments of plate-
making and printing in practice, and estimate the
other important properties for the lithographic
plate as described in Chapter 1. As the abrasion
resistance of the anodic surfaces is well known,
it is not discussed in this paper.

At first the applicability of the etched and
anodised plate to the deep-etch plate was studied.
Both the etched and anodised plate, and the ball-
grained plate have been developed out by the

(1) ball-grained surface
(2) brush-grained surface, surface of commercial PS plate
(3) electrolytically etched and anodised surface

Fig. 15 The illustration of the surface profiles of the
various plates

(c) slactrolytically etched and anodised plate

(d) commercial PS plata
Carbon replica. (%3000)

same manner as shown in Table 1; however, 145
H:PO. solution and HCl-FeCls solution, respecti-
vely, were used for the etched plate and ball-grained
one as the etching solution in plate-making. The
result showed that no dots of a halftone gray-
scale on the etched plate were sufficiently repro-
duced because of strong dissolving action of HsPO4
solution to hardened PVA (Poly Vinyl Alcohol)
resist. A suitable etching solution must be develo-
ped in order to apply this etched plate to the
deep-etch one,

Secondly, we describe the experimental result
of the plate-making and printing of the etched
and anodised plate for the wipe-on plate. The
plate-making conditions for the etched and ano-
dised plate are as follows:

Type of the photosensitive coating: Wipe-on

diazo sensitizer {Western Litho Plate Co. Ltd.)

Coating machine: Whirler at a speed of 70 rpm

Exposure 1 30 seconds with a carbon arc
light

After the plate-making, the micrographs of
dots on the developed plate were taken. This
plate was successively served for printing; “AB
Dick manual 350S” printing machine and un-coated
grade paper were used.

Commercial PS plate was also used as a standard
one. This PS plate was developed out normally
using the sensitivity guide during development.

It has always been difficult to evaluate and
control the halftone printed dot on the press be-
cause many interlinking factors influence the dot.
The dot value or printing ink density is usually
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Commarcial P5 plats
{a} daveleped plaie

(b) print

Electrolyticatly etched and anodised plate

(a) developed plate (b) print

Fig. 16 Micrographs of dots on the developed plates and on the prints. upper: 10% high-light middle: 50%

bottom: 9045 shadow (133 line/inch) (X1}

determined by two important factors:i®

the density of the printed ink, the actual area
or size of the printed dot. In this paper, however,
we assess each plate only by comparing the sizes
of the printed dot with those of the develcped
dot,

Figure 16 suggests that the areas or sizes of the
printed dots for the etched plate are nearly ejual
to those of the developed dots. For the PS plate,
on the contrary, a dot gain was seen. From this
experiment, it is suggested that this etched and
anodised plate is applicable to wipe-on plate,

5. Summary

The electrolytically etched and anodised alemi-
num strip having a surface roughened uniformly
is produced by the newly developed process. The
characteristics of this process are:

(1) The etching electrolyte can be easily cont-
rolled by means of the measurement of the elec-
tric conductivity.

(2) The strip is treated at line speeds normally
varying between 2-8m/min. depending upon the
surface roughness required of the strip.

(3) The strip treated with this process is applica-
ble to the lithographic plate, especially wipe-on plate.

No plate-making and printing test of this
etched and anodised plate have been studied for
photosensitive coatings except for the PVA and
the diazonium compound. However, we believe

that the etched and anodised plate produced by
this process will be applied to various type of PS
plates in near future.
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