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Effect of Metallurgical Factors on the Cold
Deformability of 2218 Aluminium Alloy

Yoshio Watanabe and Teruo Uno

The cold deformability of 2218 aluminium alloy cast bars was evaluated by constant speed

compression tests. The cold deformability increased with decreasing in AlNiFe constituents
controlled by the amount of Ni, and with decreasing in the constituents size controlled by

soldification rate. Similar result was obtained when the formation of micro-cavity acted as

stress concentration sites was suppressed by the decrease in the hydrogen gas content. The

deformability increased when the stress concentration at the grain boundary was reduced by
refining in the grain size. And the deformability increased with decreasing in the deformation
resistance controlled by the precipitation of S (Al:.CuMg) -phase.
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Tablel Chemical composition of standard 2218 alloy.

(mass %)
Si Fe Cu Mg Ni Al
0.30 0.25 3.9 1.5 1.9 bal.

Table2 Metallurgical factors of specimens.

Metallurgical factor Standard value
Hydrogen gas content 0.2ppm
Grain size 0.2mm
Dendrite arm spacing (DAS) 10 4m
Area fraction of constituents 15%
Vickers hardness 50

2. X B # &
2.1 HEM

Table 1 iT/RY 2218 RS = IAMRR, BEAEERL,
KRy b by PEBETER 4mm 25 200mm s L1
673K > 5 763K T 28.8ks ¥ H{LMLEE, 653K T 36ks
BALL T 14X107K/s 20 5 28X 10 7K /s D HIEEE T



108 T R BE & B BR

October 1996

— — Guide
cylinder

7 Grooved
platen

(mm)

40 “

¢
Cylindrical
specimen ——— :
$11xh16.5

g

Fig.1 Schematic diagram of compression test.
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Fig. 2 Influence of hydrogen gas content on the
critical reduction of 2218 alloy.
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Fig.3 Influence of average grain size on the
critical reduction of 2218 alloy.
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Fig.5 Influence of area fraction of constituents on the
critical reduction of 2218 base alloys.
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Fig. 6 Influence of homogenization temperature (for 28.8ks)
on the critical reduction of 2218 alloy.
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Fig.7 Influence of hardness on the critical reduction
of 2218 alloy.
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Fig.9 TEM micrographs of annealed 2218 alloy
cast bar.
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Fig. 10 Cracks on the surface of compressed
2218 alloy specimens.

Fig. 11 Optical micrograph of surface cracks observ-
ed in a compressed 2218 alloy specimen.

Fig. 12 Microstructure of 2218 alloy cast bars with different DAS.
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Fig. 13 Optical micrographs of homogenized 2218 alloy cast bars containing different hydrogen gas content.
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Influence of Alloy Compositions and Inner Clad
Thickness on Strength and Corrosion Resistance
of Aluminium Radiator Tube

Kenji Kato and Hiroshi Ikeda

Recently gauge down is required for aluminium alloy tube stocks which have been widely
utilized for automotive radiator. However, in general, it is difficult to maintain good corrosion

resistance and higher strength to reduce thickness.

In this paper, infuence of chemical compositions and thickness of sacrificial inner layer on

strength and corrosion resistance were examined fundamentally for 0.25mm brazing sheet tube
stocks having Al—1.3Mg—Z7n—Si sacrificial anodic inner, A1—1.2Mn —0.5Cu —Si core and A4045

filler for non-corrosive flux process.

By forming of Mg:Si with Mg contained in inner layer, tube stocks containing 0.5mass% Si in
both core and anodic inner layer indicated higher strength than low Si tube stocks. Strength also
increased with the thickness of inner clad and reached over 200N/mm?, when inner clad was

thicker than 40 micrometer. In order to obtain good corrosion resistance, it was important to

have both sufficient inner thickness for preventing the approach of Cu diffused from core during

brazing to inner surface and sufficient Zn in inner layer, for having larger potential difference

than 50 mV between inner surface and core. With the sacrificial inner clad satisfying these
conditions, corrosion depth of inside of tube was controlled less than inner clad thickness for

long term.
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Tablel Chemical composition and structure of the specimens.

Filler Core Inner anode T
otal
No. AL Thickness Composition (mass%) Composition (mass%) Thickness thickness
oy
(um) Si Fe Cu | Mn Si Fe Mg | Zn (um) (mm)
1 25
2 035 | 020 | 1.26 | 0.97 40
3 54
050 | 0.17 | 047 | 116
4 25
5 1036 | 0.20 | 1.30 | 147 40
5 A4045 54
9.67S1 25 0.25
T | 0.12Fe %
8 008 | 019 | 1.26 | 0.9 40
9 54
0.12 | 0.17 | 047 | 114
10 25
11 0.08 | 0.19 | 1.29 | 1.47 40
12 54
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Table2 Composition and characteristics of corrosion
test solution.

Composition of solution (ppm)* EC
Solution pH
Cl™ | SO& | Cu’t | Fe** (ms/cm)
A 1 30
195 60 3.0 1.1
A — —
B 10 —
300 100 5.6 1.3
B — —

* : Anions are added as sodium salts and cations are
added as chlorides.
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Fig. 2-a Results of corrosion test in A solution
for high Si specimens.
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Fig. 2-b Results of corrosion test in A solution
for low Si specimens.
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Fig. 3-a Relation between maximum pit depth after
2980h corrosion test in A solution and inner
clad thickness.
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Fig. 3-b Relation between maximum pit depth after
2810h corrosion test in B solution and inner
clad thickness.
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3.3 HREHEABEO EPMA 347

25 msvEfE L oA EEEM it wT, RES
Flic EPMA TS L ckER % Fig. blapRlic, e
NOEEM T & IRHICRINS Nic Zn & 5 5 1 Bk
& o TRMANCK 100um FEEL L T Wi, A5 R
ONRZER Zn BER, BB >TAINIRTL DK
Tl PESELRMESZVEEESL Bl &
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<|Inner 7n Mg cu
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Concentration (mass%)

0 1
0 0.05 0.1 0.15 0.2

Distance from inner surface (mm)

0.3

Fig. 5-a Results of EPMA line scan of Zn, Mg, and Cu
across the brazed specimen No. 1.
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T

Corrosion potential (mV vs SCE)

No.1 No.2 No.3 No.4 No.b No.6 Core
O - Easy -9~ - -A- [ ]

-7 1 ! L i 1 L
50 0 10 20 30 40 50 60

Distance from inner surface (pm)

Fig. 6-a Results of corrosion potential distribution
measurement in A’ solution for high Si
specimens.

<, MO Culd A ST B oBRICNEICHRE L, A
i ANY T il’\]&%{@i’(@lébfh\to Wi, W
RDEE P 40um PLEDBFEIE, HiIc@B MLz Cu o
PRRU PR ER 5y Db Tk & bi@mﬁﬂ% LTV -
Too Ffz, O Mn BREIRIEEAETEH LTV EL -
7o

3.4 WEMEABOEMLSH

%ﬁ[%ﬁﬁ?ﬂﬂ@%@# SIEXRWIEI L e e W T H

BRREBALHE L/ AR TEE LR % Fig.

L/TLLO HARBREBMN IR TNERHED» S &K
D CERH S BA AR ST L TV, NEHRSRT
T OO/, NREIMBKEL, InBENEL,
RO S BESBEVEGRLVETHE 1, £k, &

10

1.5

Mg Cu

Core Zn

Concentration (mass%)

0 0.05 0.1 0.15 0.2 0.26

Distance from inner surface (mm)

0.3

Fig. 5-b Results of EPMA line scan of Zn, Mg, and Cu
across the brazed specimen No. 3.
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—750

Fig. 6-b Results of corrosion potential distribution
measurement in A’ solution for low Si
specimens.
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4.1 ARBILASHERNBEICRIZTE

Fig. 1 T/RL A5 i mEg oriEms i3, SRU
AED S BENSVIEAETBHEBARSEL 332
Wi - TEL BAEELSA SN, TRIRNKEOS[5EM
EMEMOFIERS L DEVI EERBLTVWS, TL—
vy — s EEZES, Fig. 5 IRTEOIA S
i R D SN T Mg DSHRERD B 48, $REL
L7 Mg OBEERNREFEIEEL, A5 %0 Mg
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Table3 Mechanical properties of isolated core and Table4 Corrosion depth and potential difference
inner anode. between inner surface and pit bottom.
Tensile Yield Elongation . Ecorr Ecorr .
. Corrosion . . Potential
Si strength strength N denth*! at inner at pit dif? .
N/mm?® | (N/mm?) (%) ° e(p ) surface*? bottom*? ! (ere\r]l;:e
pm m
Core *
Low 163 61 17 1 >250 560 (585) ** 25
x4
High 941 137 1 2 120 600 (535) 65
Inner
Low 168 0 1 3 50 635 570 65
4 >250 560 (535)** 25
5 60 635 550 85
6 30 650 590 60
EHBAFELT B EWHSPITEE DARDIE S 25E L 7 >250 550 (520) ** 30
BoTWwb, =, BRUAKD Si REFMEVWEET 8 50 65 530 9%
A2 IMBEZOFREE FIEEAEEDL L 5T, 0 2 . 500 o
M EAEMOBRE A S nE L, 48MRERE ”

% OBRRIIIE % Table 3 1R o Mg 75 1.3 %7RINS 0] >%0 560 (520) 10
NTOBNEMTESIBEOREELZI LT, Sik 11 40 640 540 100
EOBEOAHBE TON/mm? 5[IERE N -7, & T 12 30 720 870 50

AREMICE Mg BEMENTVWRVWAD SIBEOE
BIhE <, SIBEOEVAY I0N/mm® 5[5ER S 235
(ot TOXIITEMENRMOGHRBE 2R T
g 2 & SIEEOENPRICEDONL, IhiF
Mg & Sih MgSi 2R L, T4 s C
itk -TtmEIEELALEEZL SN, F i MgSi
BREERTHHET 229, 25 fomEER &L~ 672h
(458D %I ION/mm? KEL B - EEZ SN
7o

4.2 NEEILESHERNHEELCRITTRE

4.2.1 SINERETBEELBNENEE HEH

Fig. 2~Fig. 4 lT/R Lt kD12, BlEEEE L T® -

B R UL S EEAE 75 ENEOHA M
BETT 2ERSEHE N2, $ /4 Fig. 6 iIcLnid,
SIEEOHEMIL » THET TR EARBREMIEI
B, BHhTEMcRIcS I EMRENTED, &
PERBMR N RE 2 &M O BRI ZE AN/ U 7o fo D It B i
BEFLAEEEZON, TOXIBSIEEOARE
BEMICRIEITHEBRIROL I CEL ONDE, BHEEE
HEE D SiE—#s Mg & iEE L T BRLEY Mg
Si L, BORBEABLTVWAEEEZ SNG, EIA
Si ZEHARBRBAZEICTAPY TEBHLNTED,
F7 MgSi b7V =0 At NEEDETH DY
TEBHLNTVWS, Lchi-T, RWEEHS® SiidH
REMREBMNEHICT S LEEZL oML, LGS
BAREBEMNEFEE LA Mn & Culc L »THICK
BEEZONEY, SIVEMENE E Mn & SiB{bE
AR LS Mo PS> 3 700 BAREBBRER R
BiTd 29 EEZ LN,

11

#1: After 2980h immersion test in A solution.

*2: Read out from Fig. 6.

* 3 : Difference between bottom of pit and inner surface.
*4: () indicates Ecorr of core alloy.

4.2.2 BHBEBRERANRGTSIEBAE

Fig. 3IT/R Lz & D, Afoiret Ui, 8
PERBRRPIRZ O JE & A3 25pm D& I BRI & & b
BEESHPERLLOREL, AEOESH 40um 2 L
OEAICIRAEAES UESHcbi - TR LALE
L L7 ot ZOMEOEIBHEEBIRIPEICE
BLibEPCLEbDEALEND, 22T, BHE
R BB SN B D I BEEERRE SR e Of
K EDBREOBMENSLEMIOVWTER LI, Fig. 6
IR L 7c BEAREHREBARERS R, o, LAEREANEE
H&DBAZEARD, Tabled iR 7o, BEEANE
BEINLAKEESH 25um OFER (No. 1, 4, TRU
10) TIRNEEEESEOBMZE K 25~40mV TH-
foo EREBEMSRICERE L 2BIE s 05 No.
5 8K&U1D) THHNEFEHEIEAEFROBMEIN
85~100mV TH - 7z, i, WE DA T AL IH
ik (No. 6, 9KRT12) THNEERREBEE
ERDEBAZEL 50~65mV TH » o LIicd->T, B
TASH BRI AR T 2 DI id R R & SO/’
P & 50mV OBMNENMELEZ SN/, TOD
{12 10ppm @ Cu®* AL 72 ASTM i 1P @ 106538
EEET T, B 5y 72 2550 RUCEZEA S
LTI svz—yOEMZ#HE L /2 Naruki
SCOWMEY LFEAEKLTVLR, i, BAMK
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Al-In & ZRLBMERVCTHBERE7 7 v 7 R
AT THETEEINL I Y —FicBWT, Bt
IR & ORIIC 0mV OB EATER T 2 & AR
LEUABRPCRBIFSHAERER L EPHESN
TED?, AROBREFF LIV, SSIRES? T
I, FEERPTRILBERTER M+ v olEs
HEUTHABUMETT 300, BHEBERS - T
SEMIcHENET T 28805 %, 1ppm © Cu*™ %
WU 7z 40°CokEKRS GEF#EA 4 VIEE =498 ppm)
T, BAEBHEBESDE LRSI 0mV OBAEN
DEEHESN TS, ORI, FESARH I~
TEILLAFETHDEABELTTNTE SOV,
BES OREICBY 2HBBEETARTIEIE L A75H,
BRRLTWVWA &2 AT 85mV DLEOBMES &4
BLETBIEND, HEOKRIMNTLOIFBELI L,
h, AHROBEKE IZIFEED 0.03%NaCl a8
#A A vEE=18lppm) T Tk, FLEBMND S 0mV
BERICHRT 3 C L TRITFEBRRTE 32 Lot
BH0D, KHOFRELRILEZ, CThEERBOES, +
1 7 VSRR ORBRIE BB R OEHLE 7L AR -
<4 MRESERS N, FELAROLRENE LAY
THEZIMHI$ % 50 OFESEEBELTVWELEEL S
ns,

4.2.3 BHEEEROBE

PR A5 54um T B3F No. 6, 9K ¥ 12 Ot i iz
B THRIFT, LEOESIIH 0um &BHEREN M
ORFTHREN TV, TDT &R, A5FTRON
ROBES EERCERMIFs N2 BHBOREs L 3R
BBIEERETEZHDTHY, 55T MNEATEET
=P T BCEEBRINTHRDVELHRTH 5,
BB &5 2 In BB OWNH THANINH S h 3
PlidApLisic b RSN 29 5, $h@4 2 O 3ER
D In BESHEAES HBSEVWEATH 5, TC
THEHIT~REILE, ARONWTALEGIH s N2
EDOLEBNE BEPIFSA TV A AREROEN
BB R RE OBAME) 5 50~65mV TH 50
KX LT, SECREELALESOLBEEBMZER Si RN
HERMFREE L 85~100mV EAKEVWL ETH B, TOH
HioWTHRO LI ICEZ LN B, WREIEHEL
Zn, Mg, SiRURBMHIS Mg.Si O HIM & Rt & L
TRA LI Pe RO, E725 5 T mE
LD SRR LR L T & % Cu @A L
TWBEEZLNE, TDEIBRETIEZIn P Cu DB
B THIE & 1 5 85 S BB L SIRIE S RN S 1,
ThPADOE LS ENBREETHMZIEEA ST L
EEN Do Lichi=-T, WNEERHEICEITLETIRMEN
SERBRBLOET DL, ZOBSEHAETED
M%U%u%&ﬂtfiﬂ’w\é WEEZ N5, Thicxt

TEH2ITE05%D Cu & 1.2%D MnHEHE L TH
@,m Mn #&X i3 Al-Mn—Si RO, 2L T

12

Z QP ZEAE Mo BET L@ EET 5 EE4 5
N2, £, AH3FU0MEBEREYT C & TRABROKRS
MWBEL B EBMEINTVEY, TOL S ITEHES
T3, HRENTBEREGENOEFMSHEMNAKEVWER
FasNhbd, S5, LAESCECl BEHEL, 20
BRABESPIVEVEACEVWELHES NS, Cl-
BEFNEVESAAEBNIRECRIILERHMONT
By, LANEETHELES, LEOER RS
BRI KRERBNESHBEIIITEEEZ OND,
4.2.4 ERREANOBERSER

A#cid, BAEEPAERcENTEELCHY SN S
FHEARB LI, SV —-9RITBALZE YRS 4+ v %
HMEL 2EHOBRK CRERREEM LI LA, B
BED ABICRELZGECERREESRE -
tolﬂi¢@®BﬁKﬁLTAﬁﬁ&%T%5’t
DPREELTWEREEZ SN, L LUEBSHEEE
THEBRLECEILTHY, £550KTLE UHVEERE
WTEILEEZALONI, LaL, HEHVLIhTEL
ASTM A" ETIREBHEBRNE 25 L Td BIFR
EYRERPBONG -l bHMET N TE DO, &
BHRICLESBANZS PO L > It RBBEEICE-T
BIlb, oL, FHOBRLXILO53Y -9
HOMWAMS+AEILEE NI EB BV, REROE
HE&D, 5%5 Y- —-NHOBART >\ TR
BHEIESSLBETH 55,

5. ¥

A4045 &5 5, Al-1.2%Mn—0.5%Cu—Si %&
SEMKRU Al-1.3%Mg—7Zn—Si RAESBHBEEA K
Mir I BIBEMET 5 v 7 225 550 THEAEA 3 &8
Vx-S EMONKES RCRMRS W, SEEEN

il

" EOWERYEI/EAT 2B ERE LUTomRES 1.

L 25 MEEOREEMS 1L, & & BREBBRA
oD SiEENEL, SS5IKAKEDOZ 5 FEIHEL
BEBL B AEMMPRD S50, P 40um Bl ET 200
N/mm? Pl i L #2o

(2) BEFENEHRAMEEEZI2E, 5530k
2 OYRET 5 Cu R REICEEST ST & 25T 5 &
Ebic, REEEOBMEZEL DD E D 50mV &
CHEEET A ENBEETH B, 2D1DIIE, +HKE
é&Zn&W%%ﬁ?é%%%@W&ﬂ%%f,%ﬂk
Lo THEBEHICB Y Z2NEOLEREREIch -
THHBBARES X 0B #ET i,

& E X M
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Effect of Sodium Fluoroborate on High
Temperature Oxidation of Al—Mg Alloys

Shirou Takasuna and Shin Tsuchida

The high temperature oxidation of magnesium in the aluminium alloy is suggested to be
repressed by NaBFi. The mechanism of the anti-oxidation effect of NaBF., however, is not
revealed so well. In this study, the surface layer of the aluminium alloy containing magnesium
was analyzed after the heat treatment with and without NaBF: in the furnace. Only in the case
that the alloy heated with NaBF, at temperatures higher than 400°C, MgO was reduced and MgF»
was formed in large quantity. Magnesium reacted with BF: which was released from NaBF.
during heat decomposition. Dense film which was composed of AlF; and B:O; and considered to
protect the alloy from the air attack was not detected.

_ Al(surface) +BFs(g) — AlF:(s)+B(s) @

1 #& B ALOu(s) +2BFa(g) — 2AIFs(s) +ByOs(s) ()

IRV AEEET LT NI = ASEOBWLTEE B:Os(s) ~ B.Os(D (6)

WKIERR S N3 RE OB 13, * OB OKFEDRHEMLE 3Mg(surface) +2BF:(g) — 3MgF.(s) +2B(s) (D)
WHEMEEBERIET I END S, T/, BILUBHEL L EUL"T\ Dk BRE, AlRT ALO &FG
5 &, RESFELVUEBICELL, REAENSY , BEERBIT AR B U B0 »» 5 1 B3BAERT 5,
LicbiE s, Z 03}]% BHEENEE T, A LEHRTOBRKROBEE:
BEFRETO Mg OB RIS EIMNET 2 5L LT, fi Al U, Mg OBMERS 2T 2EEZEL o T
MBESFHESKH~D HBOs, BCls & % W i3 BF; O A2, 39, NaBF, i3, BVOBEICHF S EOBEAYEO # X %
BRP DB D Be DIRMY B EMBHEN TV B, T HURWTEDS, KB WRL T W Mg OB{LEDE
EMIC, NHBF: 20 NaBFe O L5 Fv 7y FELTHBAINTVWEN, £ OHEL &I RS SN

L2 MBF PN A S 3 HEE 2 WA T EXE W, £V, £TT, MEJANIC NaBF: 28 AL T, 4%
T 7 ot O—FETH B NaBF, (ko 7 wib+ + Bo Mg OB{LIREIC>WTHET 3 & & bic, EHN

Vb)) OFFETTAI-Mg &% Bl L BT, 1 EEMHTF T D NaBFy ORISR A2 S L 2,
BB THEL L EPTFRIN B EERIEELITITR
RS
Mg(bulk) — Mg(surface) ey 2. R B A &
Mg(surface) +1/20.(g) — MgO(s) &) 2.1 HEH
NaBFi(s) ~» NaF(s) +BF:(g) (>384°C) €)) HEM & LT, EfgEEic L v EB L2 AS004 &

A
 BeREABREANAS (0 A, K- L) & 0 ASIBIAREIn, O E Tablel i@

©—#RFEE R SEFEE A 10mm WIHI L 728, UIHITE A 25 X 50
<+ HIEBFEEY S — B 1 DIF, BbEd, S2UEIBREIFEETE L E2EK
e RSUBAF Y v & — R T3,

14
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Tablel Chemical composition. (mass%)

Si Fe Cu Mn Mg Ti Al

A3004 | 0.19 | 042 | 022 | 116 | 1.21 | 0.03 | bal.

A5182 | 0.14 | 023 | 0.00 | 036 | 445 | 0.03 | bal

mm &7 B EHEX 5mm ORE 2oLk, EE
AT Uiy 2k d 5720, 7 b b TS REE
BaRLT - 1218, BLo D oBWE IR L 1,

2.2 g

LEE (BR3.8X10'm®) kKEEM KU 30g/m® ic
Y9 5 NaBF: 28 A L, AL S5BKAIC L 0 INE
T22&ET, BILOHDEIEEETT » fo, FHEEE %
100°C/min & L, 400°C, 525°C, 550°C, 575°CK. U 600
Cic b il A 0id, 20 HpRARE Lo, ARERNOK
FEBAKREBECIE s LS, HEMSHERECEEL
1o B TREE OWEBICR Y ST W ABERI AR L
176

2.3 HABLIBROSH

R ORBIER s Wb &Y b o e #E A EPMA
(BEEBERRE. Model 87508 kWM L1z, &

fo, XHREITEE (BEEEAHER RINT —2500 81) % H
W, RBOEWAERE LU, XBOARAR, BE
Bot&YEREST 5720, 05 & Ui

RELRE OB, EABTEEMSE (0B L8/ER
B FE—SEM, S—800%) %M L7,

MgO KU MgF: DER % LT OFNETIT - 70

(1) BJLTRZ OS5 % FIR D 0massWiEER P 9
SHEE s L, L cRBLAYMhO Mg % FTHE
HEILE > TERT 5,

2 () cHESHEEERO EPMA 1T L 250 H
SELN Mg OHERE LOERY, EPMA T X
BN TEONAETRUODERBEE I CIOLESEL,
BHRICEWT 5,

) ALERBITE MgO & MeF: A ob&Y T
WENBVWERELT, #+NFROERBELENT 3,

3. £ B # B
3.1 EPMA IC & ZHTE DS
NaBF: OFAETFICT 600°C T 20 BEfSma L 2% o
A3004 &4 % EPMA i< X 0 E# L iR % Fig. 1

(@) SEM image

) 0

o F L 10sm

Fig.1 Distribution of elements in the surface layer of the A3004 alloy detected by EPMA
after heat treatment at 600°C for 20h with NaBFs.
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Fig.2 X-ray diffraction spectrum of the A3004 alloy after heat treatment
at 600°C for 20h ; (&) without NaBF4 and (b) with NaBF,.

TR, BMOEEN» S, Mg, OKUF BRI Sh,

T/, RBO—ic, FEomR SR Riiah
LRI MBED SN,

3.2 X#BEFICLBILEHORTE

B L B0 AS004 A RBIIEK S h TV 51k
EYE XBEFICIDEEL oo REPTELEL 2
%o X BEHER % Fig. 2(a) IKRT, a—Al Ofic
MgO i & nfc, NaBF, OFE FCEMB LA L &
DOFER%E Fig. 2(b) TR d, MgF. WERICKR S h,
MgO BB EAERBEANE L -, E7, Mg Ot
ZMEIT R EEZ ONTVWS AR RUBO; 3 s
(A ORCW

3.3 EEETFERE (SEM) L&3REOEBE
B L 720 A3004 S RE L EEBTHEMRET
B SR % Fig. 3 WWRT, Fig.3(a) &, A&
T 550°CT 5 BEfEIME L - O RE TH 5, Mg OBk
PRI & B EBbh ABENSBD SNl WoiE D,
Fig. 3(b)~(d) 12, NaBF. FE T T 5 BEMEL &
DREGEDERMTH 5, ThdOREITIREROYWE

DER LTV EO0RD 5N, MBEENFHVRIKRE,

CERELTVWAZ ENSh ot TOEFROYER,
500°CEI T om#cid, 20 L ERELT D SN
-,

3.4 EPMAICLBEEDSH

A5182 A& EBO Mg, OKRUFBEICE, Fig.d4 X%
U'Fig. 5 WWRT L9 WBEEORESRAD Shi,

fik

16

KEPTmELizExicl, BESEVEEORER
BEML 7z (Fig.4), B2 550 CEMA B & OBERE
BocHim L7, WoIEH, PRI NaBF 28 A LTl
LB (Fig.5), 400°CLLFTTORED O B
BiRASHEBERILTH - 1h, 400CEEE B &,
ARRBEEEZY, OBEOHIMZEEALEDSNE -
fzo FNERH->T, TOEREETH, FEENSEIC
WL T\,

4. &

4.1 NaBF. DE{LiHIZNR

KGhom#ETid, Fig. 4Rz &sic, BEO L
FiIzfEWaeEBO O BESEM L, £/, 0K,
Mg BEESWIN L, Inid, Mg OB{LRISHTERIC
BotkREEZI OND,

W IE S, PRI NaBF 2 A L7234, Fig.b
R LI E SIS, 400°CEITF T, Mg OBbosiGl
NARIAED SNEh - ehs, 400°CEBX ILEHIET
12, INBEEREERLTH AlI-Mg &4 0EED O B
BIRiE s A ST, Mg OBRLXISHAHE & h i,
IDLE, H&EBO Mg RUF BESEHICHEML
TWVWBTEMDL, GE£OKBITIE MgF MERS L &
EZZohb,

IhET, &Y 7 9 {HOFELETTE, BLHEPISH
EXRBICTERE NS AlF: & % W id B:0s OBEE TS EDS,
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Fig.3 Scanning electron micrographs of the A3004 alloy after heat treatment for 5h.
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Fig.4 Concentration of Mg and O in the surface layer

of the AB182 alloy after heat treatment for 5h
without any NaBF,.
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Concentration of Mg, O and F in the surface
layer of the AB182 alloy after heat treatment
for 5h with NaBF4.
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B EBHEKPO 0, & DR E W L, Mg ORR{LA
MEIENBEEBZONTERLYY, LALUEND, PR
12 NaBF, AL THESRE D O B S B A K
LWt s hish o2&, RU, A&EETO
Mg ORIGHERYBRED Liih sl &b, HOE
Hic&d & SHE & OBASERT S s & BEZEV,
bbb, Mg OBALEIGHSIIH S nz0’k, MgO @
Kb oic MgF: e&eEBIERshichvTh b L%
Z 5N 5, NH:BF: @ & 5 ic B iiRE (205°C) 28 Mg
DRIGHTEFITIE DB BIRE (350~400°C)¥ X 0 &
Wik 7 o {bITiR, BB XD FET B B,
HEdie Al d 5 Wi ALOs ERIGT 355, NaBF. (22
SMRIERE (384°C) A% Mg ORUGHTIETIC 1 5 BB
—H4 57, Mg EEENICMIET 2EEX S50 5,
#17T, Fig. 3 O SEMEBEIZ/R L e SFROYHEE,
MgF, &3 5 500 CE2BA A REHTOARED SN
5T EDS, MgFe WERATHBEEAL SN B,

4.2 NaBF,EETTO Mg OZEE)

BT X - T AS182 A& ORE I = iz MgO
BA, ETFELRU EPMA OSFER» 5B L T,
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of Anodic Oxide Film on Aluminium Foil

Kiyoshi Fukuoka, Atushi Hibino and Shigeaki Sasaki

The effect of impurities in the high purity aluminium on the breakdown behaviour has been
investigated about anode oxide film formed in boric acid solution. There observed two breakdown
types during oxide film formation process, one which was 10~15¢ms in diameter was formed
during low formation voltage, the other which was several ums in diameter was formed at high
formation voltage, and the later was caused by gas bubble and affected on the leakage current.

The leakage current was affected by Fe when it precipitated in the high purity aluminium, and
an increase in number of precipitated Fe particle caused also higher leakage current.

Cu also affected to the leakage current for the specimen with pretreatment before formation
process, but it had no affect for the specimen without pretreatment. It was obseved from
scanning Auger electron spectroscopy that Cu concentrated on the surface of given graules after
pretreatment, and a number of small breakdown points were observed locally at given graules.
So,

precipitated concentrically on the surface of the specimen at given graules, then it caused small

it was infered that Cu dissolved into the solution with Al during pretreatment and

breakdown points and high leakage current.
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Tablel Chemical compositions of test alloys. (mass ppm)

No. Si Fe Cu
1 16 7 <1

2 39 8 <1

3 6 13 <1

4 133 12 <1

5 15 18 <1

6 25 3 <

7 16 53 <1

8 5 91 <1

9 10 11 4
10 25 18 29
11 28 16 49
12 % 15 94
STD 1 <1 1

2. % B F &
2.1 #EM

FiRE 99.9998mass B D EME 7T VI = v A2 BB D
vy FPTEBRR, EHE, &, zzhEh
0~100ppm OHIFHT 4 /KEFRM L, ¢100X100mm® Dk
BRAEVERR U foo PERR L 78D {b2Emksr %, Tablel ic
Rt COEMAE, 873K X36ks OYEALALEER, B
T 10mm 12, ROTHETO0.Imm OFICFLEL 7o 7
£ b TREOMNEMERE LR, 7Ty FHEKH
T 813K X 21.6ks DBESi 2T VEERICHE L 120
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(bR T eI B, AR Y — §IKIBIR TEEAR,
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B LA RE L o

(LR AL 3, HARE TR TE2HK EIAJ RC—
2364 [T =v 2 8Bffa v 7 v FAERI OREBT
B oo RIS < ALRE W gL L 1o,
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Voltage (V)
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Lc (Leakage current) 1 20 %
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0 0.6 1.2 1.8 2.4
Formation time (ks)
Fig.1 Model of electric current and voltage change
with time during formation.
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(a) 100V (b) 300V (¢) Breakdown voltage

Fig.2 SEM micrographs of appearance of specimen at various formation voltage.

(1) Normal place (2) Break down place (3 Break down place
at low voltage at high voltage

Fig.3 SEM micrographs of surface oxide layer cross section after 650V formation.

(1) BF image 0.2um

Fig. 4 TEM micrographs of the surface oxide layer after 650V formation.

(1) BF image 0.5em (2) SAD pattern

Fig.5 TEM micrographs of the surface oxide layer in break down place at low voltage.
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(1) SE image

Fig.6 EPMA mapping analysis of break down point at low voltage.

(1) 99.9998% Al without pretreatment (2) 99.99985% Al without pretreatment

Fig.7 SEM micrographs of appearance of specimen at 650V formation.
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Fig.8 Relationship between relative breakdown voltage
and concentration of Si, Fe or Cu.
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Fig. 10 SEM micrographs of appearance of specimen
containing Si or Fe after 650V formation.
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Fig. 11 SEM micrographs of appearance of specimen
containing various level of Cu.
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TECHNICAL PAPER

Electrochemical Behaviour of Zinc Phosphating
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It is well known that the main components of zinc phosphate coatings are hopeite (Zns(PO4)2) and
phosphophyllite (Zn:Fe(PO.)2)P. The formation of the coating during the phosphating process is an
electrochemical phenomenon that is mainly influenced by the nature of metal substrate®?.

Therefore, electrochemical measurements might contribute to the understanding of phos-

phatability. In this study, the behaviour of zinc phosphating on aluminium alloys (5000 and 6000 se-
ries), cold-rolled steel (CRS), Fe/Zn duplex-plated steel (FZ), and electrogalvanized steel (EG)
were investigated by means of an electrochemical process, SEM, X-ray diffraction, etc. Some of the

objectives of this study were to elucidate the mechanisms of the zinc phosphating on aluminium al-

loys as compared with that on steel, and to determine the effect of agitating method on the

phosphatability of aluminium-steel bimetallic panels.

1. Introduction

Zinc phosphating i1s widely used in the automotive
industryas a pretreatment process prior to painting
steel or galvanized steel, to enhance the adhesion and
corrosion protection properities of electrodeposited
(ED) paint?~®. Recently, aluminium-steel bimetallic
panels are increasingly applied to automobile bodies
due to the excellent corrosion resistance and light

- weight characteristics of aluminium alloys.

In general, chromic-chromate coating is used in pre-
treatment rather than zinc phosphate coating for
aluminium alloys. However, in the case of aluminium-
steel bimetallic panels, phosphating process is prefer-
able, because an existing pretreatment line can be used
as it is.

There seems to be general agreement that a phos-
phate coating is deposited on metal substrate as a re-
sult of two reactions: the acid attack on the metal and
the displacement of the hydrolytic equilibrium of the
solution. A typical zinc phosphate bath is composed of
phosphoric acid (HsPO.), and mono-zine orthophos-
phate (Zn(H:PO.):)?. This solution has a pH value be-
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tween 3.0 and 3.5 and is maintained at about 43°C.

When steel is exposed to the zinc phosphating solu-
tion, there is dissolution at anodic site with the for-
mation of ferrous ions? and hydrogen evolution at
cathodic site. These reactions resulting in the forma-
tion of phosphophyllite (P) and hopeite (H) crystals
are represented in the following equations® ®.

Anodic site:Fe — Fe*2-+2e~ €))

Fe??42ZnPO* — ZnFe(POu)a2 | (2)
phosphophyllite

Cathodic site:2H" +2e~ — 2H — H, €))

3Zn*?+2H,PO7 — Zns(PO.). | +4H* @

hopeite
On the other hand, as for aluminium alloys (or zinc-
plated metal), phosphophyllite crystal is absent and
only hopeite crystal is deposited through the following

reactions®.
Anodic site: Al (or Zn) — Al™® (or Zn*™®) +3e¢” (5)
Cathodic site:2H* +2¢~ — 2H — H. (6
3Zn*?42H,PO7 — Zns(POy): | +4H*Y (1)

hopeite

Hopeite crystal will be precipitated at cathodic site
owing to the increase of pH value in solution adjacent
to the metal interface. That is to say, when pH value
is increased and reaches a specific value (about 5.0) by
the hydrogen evolution reaction (equation (3) or (6)),
the nucleation of hopeite crystal originates and begins
to deposit on the metal surface (equation (4) or
(M), A large number of nuclei result in a fine-
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grained coating, whereas a small number of nuclei
yield a coarse coating that takes a long time to be
completed'”. Hence, the formation of hopeite coating
is determined by the hydrogen evolution reaction'® '®.
In particular, the hydrogen film (2H) produced at the
metal/solution interface acts as a barrier and retards
the rate of growth of the phosphate coating'.
Accordingly, if the hydrogen ion consuming reaction
(9H* +2¢~ — 2H) or the hydrogen evolution reaction
(2H — Ha) is accelerated, the faster increase of pH and
thus the more superior phosphatability will be ex-
pected®.

2. Experimental

2.1 Test sample

Table 1 shows the varieties of metal substrate and
chemical compositions of aluminium system used in
this investigation. All samples were provided in the
size of 70mm X 150mm X 1mm.

Table1l The varieties and chemical compositions
(mass%) of test sample.

CRS Cold—Rolled Steel
Duplex Fe-Zn alloy electroplated steel
Ferrous| FZ .
(8096 Fe-20%7n,3g/m*/20% Fe-80%Zn,20g/m?)
system
BG Electrogalvanized steel
(20g/m? zinc-plating layer)
5000 series| 0.05%6Si-0.1%Fe-0.3%Cu-0.15%Mn-4.5% Mg
Aluminium| - .
6000 series| 1.09651-0.196Fe-0.01%6Cu-0.056% Mn-0.5% Mg
system
Zincated |  Zinc electroless plating (0.7g/m?) on 5000 series

2.2 Zinc phosphating process
Zinc phosphating process carried out in this study
had the following stages:
(1) Degreasing
The surface cleaning was performed using a neutral
solvent for ferrous system, and a slightly alkaline so-
lution for aluminium system, respectively . In addi-
tion, acid pickling to remove the oxide layer of MgO
was introduced for aluminium system.
(2) Activation
A colloidal solution of titanium phosphate was used
as a chemical activator in advance of zinc phosphating
to refine the crystal size of phosphate coating''®,
(8) Zinc phosphating

Zinc phosphating was performed by immersion in a
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typical phosphating solution, which mainly contained
phosphoric acid (HsPOs), mono-zinc orthophosphate
(Zn(H:PO.)2), and some accelerators, at 43°C for
2min. The phosphating solution was stirred moder-
ately by a propeller agitator. In addition, in this
study, ultrasonic agitation was simultaneously used
to observe the behaviour of hydrogen evolution during
zinc phosphating.

2.3 Evaluation

The morphology of zinc phosphate coating was ob-
served by a scanning electron microscope (SEM).
Coating weight was determined by measuring the
weight loss after dissolving the zinc phosphate coat-
ings in 5% chromic anhydride aqueous solution at 70
identified
through X-ray diffractometry from the diffraction in-

°C. The precipitated substances were

tensity of hopeite (020) plane and phosphophyllite
(100) plane. Potential-time curves measured with re-
spect to a saturated calomel reference electrode (SCE)
were obtained on the test samples during the zinc
phosphating.

3. Results and Discussion

3.1 Influence of metal substrate on

phosphatability

Potential-time (E—t) curves and X-ray diffraction
results of ferrous system and aluminium system are
given in Fig.1 and Fig.2, respectively. The X-ray
diffractograms of phosphate coatings show hopeite
(H) crystal on aluminium system and EG, and phos-
phophyllite (P) crystal on CRS and FZ. It is evident
that the type of phosphate coating, H or P crystal, is
determined by the varieties of metal substrate. The
E—1t curves concerning the formation of P crystal on
both CRS and FZ present a value about —600mV in po-
tential during the phosphating time. This might be at-
tributed to the behaviour of anodic site at which
formation of ferrous ions (equation (1)) is a rate-
determining process.

As for the formation of H erystal, an incubation pe-
riod, in which a lower value in potential about —1100
mV was maintained from the beginning of the
phosphating, is indispensable. In comparison with
5000 series, 6000 series shows a longer incubation pe-
riod because of its less Cu content leading to the
slower consumption of hydrogen ion. It is apparent
that the incubation period, which reflects the rate of
hydrogen evolution reaction at cathodic site (equation
(6)), is dependent on the characteristics of metal
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Fig.1 The chages in E—1t curves with respect to the phos-
phating time, and the results of X-ray diffraction
on ferrous system performed after 120s phosphating
time.
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Fig. 2 The chages in E—t curves with respect to the phos-
phating time, and the results of X-ray diffraction
on aluminium system performed after 120s phos-
phating time.

(P:Phosphophyllite crystal, H:Hopeite crystal)

substrates. The zincated — Al (5000 series) alloy exhib-
its two separated incubation periods. That means al-
uminium substrate metal appears after the dissolu-
tion of the zincating layer. An intense change in
potential to a nobler value about —600mV followed
by the incubation period can be observed when H crys-
tal begins to deposit (equation (7)). It can be consid-
ered that potentials of the zinc phosphate coating

29

135
4.0
—a— CRS
—e— A (5000)
—a&— Al (6000)
3.0k

20 F

Weight of phosphate coating (g/m?

I 1

0 30 60 90
Phosphating time t (s) —

0.0

|
120

Fig.3 The chages in coating weights of CRS, 5000 series,
and 6000 series with respect to the phosphating time.

themselves, both P and H crystals, are always in the
same value about —600mV.

The changes in the weight of zinc phosphate coating
with respect to the phosphating time of CRS, 5000 se-
ries, and 6000 series are compared in Fig. 3. CRS shows
a great increase in coating weight from the beginning
of phosphating. As for aluminium alloys, there is a
certain time before weight increase, namely, the incu-
bation period about 30s for 5000 series and 60s for
6000 series. Consequently, the coating weitht obtained
after 120s phosphating shows an increasing tendency
in the order of 6000 series, 5000 series, and CRS.

The changes in coating weight, potential, and
behaviour of hydrogen evolution with respect to the
phosphating time are shown in Fig. 4. Comparing with
each other, the formation process of H crystal can be
divided into three stages as follows:

@ In the incubation period, which is related to the hy-
drogen evolution reaction at cathodic site, the hydro-
gen bubbles generate in the metal/solution interface,
and the coating weight have no change. The potential
in this stage is about —1100mV in correspondence to
equation (3) or (6). This stage is a so-called hydrogen
ion consumption process.

@ Nucleation of phosphate coating originates at
cathodic sites when pH reaches the specific value. The
potential and the volume of hydrogen bubbles show a
great increase in dependence on the behaviour of nu-
cleation. The coating weight, as a result, begins to in-
crease.
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Fig.4 Correlationship between the chages in coating
weight, potential, and hydrogen evolution of 5000
series with respect to the phosphating time.

® Growth of phosphate coating occurs, and potential
settles on a nobler value about —600mV as the poten-
tial of phosphate coating itself in this stage.
Hydrogen bubbles, hence, vanish in solution because
active sites have been occupied by phosphate coating
formed at cathodic sites.

To demonstrate the difference of formation mecha-
nisms between P and H crystals, a constant current
was applied to the coupling sample, which consists of
an anode sample (A) and a cathode sample (C), with
an external electric source during the phosphating
process. A hypothetical model presenting the electro-
chemical circuit of coupling phosphating is given in
Fig.5. Where i, and i represent the internal current,
that is, phosphating current between anodic (a) and
cathodic (¢) sites in anode and cathode samples, re-
spectively. It can be supposed that applied current I
passes through the phosphating solution from anodic
gite (a) of anode sample to cathodic site (¢c) of cath-
ode sample.
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Fig.5 A hypothetical electrochemical circuit concerning
the coupling phosphating (5000/5000 or CRS/CRS)
with a constant applied current e.
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Fig. 6 Effects of applied current on the coating weighs of
5000 series in anode and cathode sample under the
coupling phosphating.

Fig. 6 shows the coating weight of 5000 series ob-
tained after 120s phosphating under each applied cur-
rent density. Contrary to anode sample, the coating
weight of cathode sample increases with an increase of
the applied current density. That might be attributed
to the hydrogen revolution reaction which is promoted
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Fig. 7 Difference between anode sample and cathode
sample of CRS in potential, X-ray diffraction, and
SEM photograph under the coupling phosphating
with an applied current density I =25A/m?%

by the applied current.

The correlationship of E—t curves, X-ray dif-
fractogram, and SEM photograph of CRS is given in
Fig. 7 on condition that phosphating was performed in
coupling samples with an applied current density .=
25A/m?. Those of single sample (I.=0) are also shown
in Fig.8. In anode sample of coupling phosphating,
only P crystal can be obtained as in single sample. As
for cathode sample, however, H crystal in addition to
P crystal appears in accordance with the presence of
incubation period.

3.2 Effect of agitating methods on

phosphatability

In this study, ultrasonic agitation was used in asso-
ciation with a common mechanical agitation, a pro-
peller agitation, which is essential to keep the uni-
formity of temperature in a phosphating solution. The

effect of ultrasonic agitation on the phosphatability
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Fig. 8 Correlation between potential, X-ray diffraction,
and SEM photograph of CRS under the single
phosphating, as compared with Fig. 7.

of aluminium alloys is given in Fig. 9. In general, the
phosphatability of aluminium alloys is greatly de-
pendent on the Cu content, because Cu might serve as
the active site to promote the hydrogen ion consuming
reaction (2H"+2¢~ — 2H). In addition, the ultrasonic
agitation shows significant effect on the improvement
of phosphatability. It can be considered that the hy-
drogen evolution reaction (2H — H,) is accelerated by
the use of ultrasonic agitation. In Fig. 10, it shows
that the coating weight of aluminium alloys is in-
creased when the applied power of ultrasonic agitator
is enhanced. On the other hand, the ultrasonic agita-
tion is of no use for the improvement of the



138

SUMITOMO LIGHT METAL TECHNICAL REPORTS

October 1996

2' 5 . .
—@— With ultrasonic agitation

- - Without uitrasonic agitation

Weight of phosphate coating (g/mDH

05 t
0.00 0.05

0.25

0.10 0.15 0.20
Cu content (mass%)

0.30

Fig. 9 Effect of ultrasonic agitation, in addition to the
propeller agitation with a constant speed 500 rpm,
on the coating weight of 5000 series with respect to
Cu content.
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Fig. 10 Relation between the coating weight of 5000 series
and the power of ultrasonic agitation in association

with the propeller agitation with a constant speed
500 rpm.

phosphatability of CRS (Fig. 11), because the forma-

tion of ferrous ion at anodic site is the rate-
determining stage.

A comparison concerning the effects of propeller
and ultrasonic agitation on the phosphatability of

5000 series is shown in Fig. 12. It shows the changes in
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Fig. 11 Effect of ultrasonic agitation, in addition to the
propeller agitation with a constant speed 500 rpm,
on the coating weight of CRS, 5000 series, 6000
series, and zincated metal.
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Fig. 12 Effect of the propeller agitation speed on the

coating weight of 5000 series between with and
without ultrasonic agitation.

the coating weight with respect to the speed of propel-
ler agitation in association with and without ultra-
sonic agitation. The coating weight is dependent on
the speed of propeller agitaion. It can be explained
that the diffusion of reactants between metal/bulk in-
terface in phosphating solution is accelerated by pro-
peller agitation. However, a great amount of the
coating weight can be obtained regardless of the pro-
peller speed, when ultrasonic agitation is applied.
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Fig. 13 The results of X-ray diffraction on CRS performed under the single,
and coupling phosphated with 5000 series or 6000 series with respect to
the propeller agitation speed.
In the case of aluminium-steel bimetallic panels, chemical behaviour as shown in Fig. 14. In the phos-

Fig. 13 shows the X-ray diffractograms of CRS single
phosphated, and coupling phosphated with 5000 (CRS
/5000) or 6000 series (CRS/6000). It exhibits that only
P crystal forms on CRS in single phosphating regard-
less of the propeller speed during 500 and 1500 rpm.
However, H crystal begins to deposit on CRS and
grows in accordance with the increase of propeller
speed, when phosphatings were performed in CRS/5000
and CRS/6000. Especially, in CRS/6000, H crystal
shows a considerable growth from 500 rpm, and the
ratio of H crystal (H/H+P) would become greater
than that of P crystal at 1000 rpm.

The influence of agitation method on coupling
phosphating can be discussed in terms of the electro-
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phating solution, a coupling current L., resulting from
the potential difference between CRS and Al, appears
and flows from aluminium site to CRS site from the
beginning of coupling phosphating (CRS/AD. In CRS
site, the flow of coupling current L., like as the applied
current Ix as mentioned previously, promotes the hy-
drogen evolution reaction at cathodic site and, as a re-
sult, give rise to the formation of H crystal. That is to
say, the larger the coupling current appears, the
greater the ratio of H crystal becomes. Accordingly, it
shows the greater ratio of H crystal on CRS in CRS
/6000 rather than that in CRS/5000. Besides, the ratio
of H crystal on CRS is greatly subject to the speed of
mechanical agitation. It can be considered that the
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Fig.14 A hypothetical electrochemical circuit concerning
the coupling phosphating of CRS/AL

ferrous ion formed at anodic site (equation (1))
might be diffused quickly from metal/solution inter-
face to bulk, to retard the formation of P crystal by a
high speed agitation .

The coating weight of aluminium system can be in-
creased by the use of mechanical agitation in a high
speed. However, in the case of CRS/Al coupling phos-
phating, the formation of P crystal on CRS would be
retarded under such high speed agitation. Hence, it is
preferable for aluminium-steel bimetallic panels that
ultrasonic agitation is simultaneously applied with
mechanical agitation in a moderate agitation speed.

4. Conclusions

The formation mechanisms of zinc phosphate coat-
ing on various substrate metals, such as steel, zinc-
plated steel, and aluminium alloys, have been reported
in many articles. In this paper, some concepts concern-
ing the incubation period, behaviour of hydrogen evo-
lution, ratio of H crystal on CRS were proposed by
applying the electrochemical process and ultrasonic
agitation.

The formation of H crystal on aluminium alloys (or
zinc-plated steel) in the zinc phosphating solution can
be derided into three major stages.

(1) The incubation period, which is correspondent to
the hydrogen evolution reaction at cathodic site.
(2) The nucleation stage of H crystal, that give rise
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to an intense change in potential to a nobler value, and
a large number of hydrogen bubbles in the phosphating
solution.

(8) The growth stage of H crystal, at which potential
settles on a constant value that represents the poten-
tial of phosphate coating, itself.

The most important stage in controlling the phos-
phatability is the incubation period, because the hy-
drogen evolution reaction at cathodic site is the rate-
determining stage. To obtain a great coating weight,
the increase in pH value at the cathodic site should be
as fast as possible. The incubation period which is de-
termined by the characteristics of substrate metals,
such as Cu content, can be shortened by the use of ul-
trasonic agitation or high speed mechanical agitation.
However, the ratio of H crystal on CRS would be in-
creased in the case of aluminium-steel coupling
phosphating (Al/CRS) when the speed of mechanical
agitation is up.

To improve the phosphatability of aluminium-steel
bimetallic panels, it can be recommended to use ultra-
sonic agitation in association with the mechanical agi-
tation under a moderate agitation speed.
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Embrittlement of Cast 309 Cupronickel

Tetsuya Ando, Tetsuro Atsumi and Koji Nagata

Hot workability of cast 30% Cupronickel has been investigated by many workers from a view
point of poor ductility at intermediate temperature. One of the authors indicated that the
refinement of grains in casting is effective for restraining the cast alloy from the embrittlement.

In order to improve hot workability of cast 30% Cupronickel, it was investigated the effect of
the grain-refining of cast 30% Cupronickel by the addition of a small amount of Zr, and of the
improvement of poor ductility of the cast alloy at elevated temperature.

The results obtained are summarized as follows;

(1) The grain-refining of cast 30% Cupronickel was achieved by the addition of a small
amount of Zr under the restriction of casting conditions such as casting temperature, cooling
rate and so on.

(2) The ductility of cast 30% Cupronickel with more than 100ppm Zr, even with coarse grains,
was remarkably improved at elevated temperature, in particular over 1123K.

(3) It is deduced that added Zr is in solid soluble state at elevated temperature, and that the
role of Zr is to trap the solved hydrogen presumed as one of causes of embrittlement.
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Tablel Chemical composition of test alloys. (mass %)

No Cu Ni Fe Mn Zr
1 65.8 30.1 1.98 2.02 0
2 610 200 202 18 0009
Top pour
. 3 65.1 30.8 2.04 1.95  q.016
casting
4 659 300 199 201 (o4
5 662 297 19 202 0068
. 6 65.6 30.5 1.88 1.94 0
Continuous
G 7 64.5 31.4 2.08 2.00 0.010
castmg § 660 301 190 18 0040
Chem. Comp. Limit  — 29.0 1.7 1.5 -
of JIS C7164 - ~320 ~23 ~25 -

AR E S B XD R L, BHsoBNEAR, &
JE A A O TR T R BB TR L foo SR
FE128 1473K T, ¢100mm OSKBISERIIc g L 12,

SRR DAL, THAE LERICFERR, K
MOBSAFIC L b, BUTEFRKH THEL o, ShAR
REI13#4 1523K ¢, ¢254mm D& &R 2 #H L <#
FeshE LT,

BEEHICOVWT, 4K obERS % JIS ICHEEH L
e B L0 Lk, £k, BRINTHETH 5 Ir RE
AEFRSEEIC L DT L, & 5T, Mo i R
BT EVbNTOBRMTHEE LT, SIEREEN X
A7 o< N5 7k, CRIEFEREEICLD,
% 7oK B HE K 0 T Lo

B o N0/ LS % Table 1 1I2/R T, HiAdhE,
WREEE I PD 5T, WThb JISHEEZHEL TV
foo Ftz, rBickod, RHMELTOSF8~10
ppm, C i3 100~700ppm, XFEEHFEIE 3~10ppm T
#H -1,

2.2 HEBEH

Bonigic>VT, BEREEOBMMEZIRERERS
B, v/ oillBEREB I o, £, IrOF
AL RAET L0, XEv1 707+ 54 ¥~ (B
P.M.A), EEBTHMKE (SEM) BEKIUERS
FEAMEE (T EM.) BHEEBIE -1,

BETOENE, BEBERBRKR O EERRIC L 0
L, BRI, % ¢25 X 25" mm O
OEIN T, 107355 1273K KWRE SN BIHFN
K L BERRER L, FANEO LR, BB 0%
HEHER L, 0L 20ENOREOHERICLD, I
PR B B VWIRERKDOWEFNTH 20 EFEM L 72, 515E
HE, BRI L4 v 2 b o vEERHEBREE
AV, HEREREIIEENS 1273K, PIHESHEE X 14
X102 TREZHKFTEB I - oo B DT
it pl0mm, ESPEEED 35mm TH B, Btk o 508
KoWT, PSRRI T EM. BB 8-
7o
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Fig.1 Macrostrucure of cast 30% Cupronickels
added 0~160ppm Zr.
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Zr=400ppm v

Fig. 2 Macrostrucure of continuous cast 30% Cupronickels
added 0 and 400ppm Zr.
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Fig.3 Appearance of specimens after forging test at the
temperature range of 1073~1273K, reduction 70%.
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Fig.5 Effect of Zr addition on temperature dependence of
tensile properties of cast 30% Cupronickel.
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Strain (X 1072)

Fig.6 Stress-Strain curve in tensile test of cast

309% Cupronickel at elevated temperature.

120 um

Fig. 7 Optical micrography of the specimens after tensile

test at 1123K.
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Fig.8 Transmission electron micrography of the specimen
with 400ppm Zr after tensile test at 1123K
(Incident beam direction // [ 1121).
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Fig. 9 Phase diagrams of Cu-Zr system and Ni-Zr system®.
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Fig. 10 Tensile properties of cast 30% Cupronickel' with Ti
and Zr in the range of 0~660ppm at 1123K.
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Thermal Decomposition of Lubricants
during Annealing of Copper Tube

Michiyo Niwa, Masaya Imai and Tetsuro Atsumi

Recently in Japan, pitting corrosion of soft copper tube, which is similar to type I pitting

corrosion, has been experienced in cold water and once-through hot water service system,

especially in the case of using well water. The relationship between the pitting corrosion tendency

in well water and carbon film remained on the inner surface of tube is not clear. It is, however,

preferable to reduce the carbon film in order to prevent pitting corrosion from the view point of

its similarity to type I pitting corrosion. The carbon film is recognized to be formed during

annealing by thermal decomposition of lubricant which remained on the inner surface of copper

tube after drawing. Generally, thermal decomposition of hydrocarbons which are constituents of

lubricant is free radical chain reaction with elimination of hydrogen. Typical lubricants were

pyrolyzed with nitrogen or hydrogen in order to investigate the effect of atmosphere on the

thermal decomposition and discuss the mechanism of decreasing carbon film. The main reaction

of thermal decomposition of lubricants is free radical chain reaction which produces chain

compounds with low molecular weight. In addition, the dehydrogenation which is the side

reaction of thermal decomposition results in the formation of monoaromatic compounds and

polycyclic aromatic hydrocarbons. It is considered that the carbon is formed by dehydrogenation

of polycyclic aromatic hydrocarbons. With nitrogen atmosphere, dehydrogenation is liable to

proceed and the carbon is formed easily. On the other hand, with hydrogen atmosphere,

dehydrogenation is liable to be depressed as a result of promoting hydrogenation. It is proved

that annealing copper tube in which atmosphere was replaced with hydrogen is effective for

decreasing carbon film formation.
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Table1l The properties of the lubricants.

Item Lubricant A | Lubricant B
Viscosity at 40°C 538.5 21.45
-6 2 ~1
(107%mr's™ at 100°C 40.3 6.87
Ash (mass%) 0.06 <0.01
Polybutenes 60~170 20
Chemical
composition Esters 10 75
(mass%)
Paraffins, etc. 20~30 5
Carrier GC
He  injection
Oven
-—
Sample l \ }
holder Electric
furnace 4) (, L
(Pt boat) ) —<— In
L,m?)‘ D N, or H,
Valve

wenefitoe Gas purge line ‘
P Analysis line

Out

Fig.1 Schematic illustration of pyrolyzer PYR-1A.
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Fig. 2 Total ion chromatograms for organic compounds

from the thermal decomposition of lubricant A
with nitrogen atmosphere (bottom) and with
hydrogen atmosphere (top).
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Fig.3 Total ion chromatograms for organic compounds

from the thermal decomposition of lubricant B
with nitrogen atmosphere (bottom) and with
hydrogen atmosphere (top).
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Fig.4 Gas chromatograms for organic compounds
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Fig. 6 Effect of atmosphere on the carbon produced
from the thermal decomposition test of
lubricant in the copper tube.
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Fig. 5 Gas chromatograms for organic compounds
of low molecular weight from the thermal
decomposition of lubricant B with nitrogen
atmosphere (bottom) and with hydrogen
atmosphere (top).
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Fig.7 Effect of atmosphere on the relative peak area from
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Fig. 8 Infrared spectra for lubricant A (top) and for
residual oil (bottom) produced from the
thermal decomposition test of lubricant A in
the copper tube with nitrogen atmosphere.
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Sumitomo Light Metal Technical Reports, Vol. 37, No. 3,No. 4 (1996), pp. 154-160
Influence of Aluminium Content and
Temperature on Oxidation Behaviour
of Titanium Aluminides.

Masaki Kumagai, Kazuhisa Shibue and Mok-Soon Kim

The influence of aluminium content in reactive-sintered titanium aluminides containing

chlorine on the oxidation behaviour had been studied in air over the temperature range from
1223K to 1473K. The reactive-sintered TiAl-Mn alloys had excellent oxidation resistance in the
regions of 7 and 7 + a» phase compared to the cast one, owing to the formation of a protective

thin Al,Os film due to chlorine. However, the TiAl-Mn was oxidized drastically over the eutectoid

temperature, 1398K. In a: region the oxidation behaviour of the reactive-sintered TiAl-Mn was

similar to that of the cast one. Region of the chlorine effect was shown in the equilibrium phase

diagram for the reactive-sintered TiAl-Mn containing a small amount of chlorine.
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Fig.1 Microstructure of specimens.
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Tablel Analyzed chemical composition of specimens.

Specimen Cl Al Mn Ti
No. (mass%)  (mol%) (mol%)
PM3L 0.07 31.0 1.26 bal.
PM36 0.06 36.0 1.36 bal.
PMA4l 0.06 41.7 1.56 bal.
PM45 0.06 45.4 1.69 bal.
PM49 0.06 49.1 1.86 bal.
PM52 0.06 51.9 2.00 bal.
IM36 0.00 35.6 1.22 bal.
M4l 0.00 41.2 1.35 bal.
IM45 0.00 4.7 1.62 bal.
IM49 0.00 48.6 175 bal.
IM52 0.00 51.6 1.93 bal.

PM:Reactive sintering, IM:Plasma arc melting—Button ingot
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Fig. 2 Oxidation curves at 1223K.
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Fig. 3 Mass gain of specimens after oxidation at 1223K
for 86.4ks.

Fig. 4 SEM images of oxide scale on cast Ti-48.6mol%Al-1.7mol%Mn after oxidation at 1223K for 86.4ks.
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Fig.5 SEM images of oxide scale on reactive-sintered TiAl-Mn after oxidation at 1223K for 86.4ks.
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Fig. 6 EPMA results of oxide scale on reactive-sintered TiAl-Mn after oxidation at 1223K for 86.4ks.
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Influence of Degassing Conditions on the
Mechanical Properties of 2024 Powder
Metallurgy Aluminium Alloys

Yoshimasa Ohkubo and Kazuhisa Shibue

Al—Cu—Mg alloy is often used as the matrix of metal matrix composites (MMC). In case
MMC is produced by powder metallurgy, the powder should be degassed in order to remove
adsorbed gases and water from hydrated aluminium oxide layer on the powder particle surface.
In this paper the mechanical properties of 2024 powder metallurgy alloy degassed by different
conditions were studied. The hardness, the strength, the elongation and the notch tensile strength
increased with decreasing hydrogen content in the material. This tendency was clearly observed in
hydrogen content <20cm®/100gAl. Mechanical properties of 2024 powder metallurgy alloy
degassed at = 703K under vacuum for =1h led to be comparable with those of 2024 ingot

metallugy alloy.

1. #
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Tablel Chemical composition of 2024 powder (mass %).

Cu Mn Mg Si Fe Cr Zn Ti

4.3 0.6 1.2 012 016 001 003 0.03
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Fig.1 Schematic diagrams of degassing conditions used in experiment.

ZEH8mm, F X4 150mm O ERHE I FHERTE L /214,
Fig. 11I/R g A S TORER T A UHEHEERL T, B
T 2 &t K DB Lo, EREOHENEE IR
BHRTH -t BAZAMEA DS E TR, EREEHN
£ 92mm, HE88mm, HE 250mm DTNV =Y AL
SRABCHRHEL, KELB L CETEHR LENLH
BX¥Fig. 1 CRIAEDERE THREL %, T

EEE - B L TEBREREZCRE L, k0T, &

T EEM ARSI Ui, WEBF 2SI TRE
& e RGP CAE DRI - fREF L, HEEH
Bt U7, MHIRAEEE T03K, M~ B X 20mm, #
R 18 & Uic, Lltk, MIEEA 2L 7288 EHE A
i RBEET B,

JBoniiicoWT, SFEKERRUBIIE -
fee 2V L BEER L, KBEBIEEERH -
BESNTH:, d78bB5, LIS A06 IcHEHL L 22 T 673
K—20min FMEE I 1023K £ THREHFEFHEL, <D/
WIS L 7ok BN 2 2 EBA e Tt Lice =7
XV LBEIRITEAY VL, THbB, LIS A09
WHEHLL Ar 22 BURHES SBKIcHE Ltz v

o6

A5 —VBEBRDTHREESEL, £EUTEBR, OB
"t~ 7 % v B S BERIEME Y 7 % v u AL
VaxshZhERBL, </ 2 vy sBRBE LT,
BT, MENCTOMEL T, ©vh— 2B SRR
SIRAER, VIR =FERABREEM L 7o T6 51 768K
T LhIAR(CLEE U 72587k L, 458K T 8 h IShiLes ¢
BE Lt UIREFIERARF QUK 2K IZ ASTM
E602—81 o #EHL L 72,

3 E B B B

3.1 KERBRUBHEL T I RVILE
MR OKBRER OB E S e 2 vy b BE
Table2 I/Re, BEHSEERE L 2B A~E 320
VIS OfE & Il U TRERMDII W, Biz, SR TH
He2E3EKKRBEBOLTV S, MEAEHMEE®D
W#D SkFER I 768K THEBHAEWIE L BN T 3
lEbbhd, BB, WTNGKRBRS—BROREME T
NIz AGEEH~NELLEV, ThEBERAITICE
BT BKRFR TSNS, BRREICELE L TWIokEBL



ot
[o2]
g

T R &8 &€ B B 8

October 1996

< 700 160 768K = 1h~WQ—458K — xh— A C
E 680Fg 150 Sample A
£ 600®°A B 140
= o0
= 550 | & 130 Sample D
S 50l 2 /
2 450 A © S/
2 D ® < 110 /) Sample G
2 400 | d | f / // !
s F G ¢ 100 S
2 o350t . . ¢ ¥ )
% 300 1 1 i ) 1 1 ) 1 1 H i S go ‘[///
= 0 5 10 15 20 25 30 35 40 45 50 B5 60 80 f’
Hydrogen content (cm®/100gAl) 70 L
. . . . 60 L fdot b v, i1l fdrssy
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Fig. 6 Microstructures of as-extruded (left)
and T6 (right) materials.
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different hydrogen content.
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g.2 Effect of hydrogen content on hardness of as-extruded
and T6 materials (Load : 98N).
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Fig.4 Fractographs of tensile rupture surface.
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Fracture Toughness of Spray Formed
Al—Si1—Fe Alloy Extrusion

Hideo Mizukoshi, Hideo Sano and Yoshimasa Ohkubo

Till quite recently, Al—Si—Fe alloys which were made by Powder Metallurgy (PM) method
have not been used for automotive applications because of their high cost, low ductility and low
toughness. On the other hand, Spray Forming (SF) has been interested with its several
advantages, such as lower cost and lower oxygen content in products, compared to conventional
PM methods. SLM has commercially succeeded in applying SF Al-high Si alloy to the Lysholm
compressor rotors of the Miller cycle engines. In this paper, fatigue crack growth rate and

fracture toughness of spray formed Al-—Si—Fe alloy have been investigated in comparison with

those of conventional PM methods. Fracture toughness of SF alloy was almost the same as that
of conventional PM alloy, but SF alloy showed the aspect of ductile fracture. Therefore, it is
suggested that SF alloy has a possibility to improve their fracture toughness.
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collecting unit [ | [ Tablel Chemical compositions of test materials (mass2).
Exhaust || /ﬁ Test Materials Si Fe Cu Mg Al
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Fig.1 Spray forming equipment.
SF PM
5
o
2
)
a
5
£
3
%
o
(%2}
fonl
.2
o
fd
13
"

Fig. 3 SEM images of test materials (etched with NaOH aq.).
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Table 2 Tensile properties of test materials.

RT 150°C
Test o
Matorials| PIFeCtioR| YS | UTS [Flong.| YS | UTS [Elong.
(MPa)|{(MPa)| (%) |(MPa){(MPa)| (%)
SF L 445 541 0.7 350 459 2.4
Material T 431 521 0.7 348 443 2.0
PM L 470 560 1.0 355 475 3.0
Material T 450 530 0.7 - - -
°
a
0 o~
~R 5
25 75| 15 |75 25
80

Fig. 4 Shape and size of fatigue test specimen.

t10

(a) CT specimen

(b) Directions

Fig. 5 Shape and size of CT specimen and its directions.
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Fig. 6 Fatigue test results for SF material.
Table3 Fatigue strengths of test materials
(at 107 cycles, [MPal).
Materials Direction RT 150°C
SF L 265 178
Material T - 187
PM L 262 181
Material T 258 183
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Fig. 7 Fatigue crack growth rates.
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Table4 Threshold stress intensity factor range.
AKth (MPavm)

Direction SF Material PM Material
L-T 3.10 3.07
T-L 3.60 <8.45
S-T - 2.90

Table5 Gas contents of test materials.

Test He CO Ne O
Materials |(cm®/100gAD *|(em®/100gAD *|(em®/100gAD | (9)* *

SF Material 0.20 0.1 <0.1 0.01

PM Material 0.26 0.1 <01 0.15

*

: Vacuum melting-mass spectrometry

** . Melting in inert gas-infrared asorption method
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Clip-gage opening displacement (mm)

Fig. 8 Typical Load-Clipgage opening displacement curve.
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Fig.9 Load-Clipgage displacement curve for SF material
(T~-L direction).

Table6 Fracture toughness test results.

Test . . Crack length| Prex Fracture toughness
Materials Direction (mm) P Ke
¢ (Mpa vm)
SF L-T 3.08 1.12 8.0
Material T—L 2.76 1 7.8
L-T 2.58 1 7.6
M PtM 1 T-L 2.93 1 8.0
aenat) g 2.88 1 8.0
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Fig. 10 SEM fractgraphs for L—T direction specimens.
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State Feedback Control of the Strip Steering
for Aluminium Hot Rolling Mills

Yoshihide Okamura and Ikuya Hoshino

A new steering control system based on the state feedback method using both bending force
difference and roll gap difference has been developed. In consideration of the features in the
plant, the controller is designed using the following two-steps. (a)The state feedback control is
designed to stabilize steering using the signal of the rolling load difference. (b) After
stabilization of steering, an integral controller, which adjusts the roll gap difference using the
signal of the steering sensor, is designed to reduce the steady-state deviation of steering. By
analytically deriving the controller parameters from the plant parameters, tuning of the control
$ystem is made easy. The effectiveness of the new system has been shown by application in an

actual plant.
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ds 8H Yeo g’ Material : Aluminium, Size:t 5.6 Xw 1930
vt Tanletotorh ieiabaiuintl sleluletuini Rbui ;
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control device i & | off timing

v
'
i
|
|

de,
Ke SPd: ‘
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Bending force “--=---=---=--ooomoooooomee ’
control device

Fig. 3 Block diagram of the plant.

Table!l Model parameters.

b 1,930 mm

Is 3,302 mm

1r 2,286 mm

Ku 1,000 9.8kN/mm
Kr 3,000 9.8kN/mm
Kw 2,000 9.8kN/mm
P 600 9.8kN

H 8.4 mm

h 5.6 mm

v 100 m/min
8P/6h —214.3 9.8kN/mm
L 18 s

£ 1

6H 0,£0.2%

és 0

dPp 0

yco —20 mm

ds 0

dp 0
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Fig. 11 Practical results.

Table 2 Specifications of the hot strip finishing mill.

(No2 ~ No4 stand)

Type

4-High Tandem mill

Rolling stock

Aluminium and Aluminium alloys

Strip dimensions

Finished gauge : 1.6~12.5mm

Width : 860~2,100mm
Rolling speed Max. 450m/min
Standard roll WR="733mm dia. x 2,286mm
dimensions BUR =1,380~1,410mm dia. x 2,286mm
Rolling force Max. 3,000x9.8kN

Bending force

Max. Inc/Dec=76.4/76.4X9.8kN

Roll drive

AC Motor. 4,500kW
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Sumitomo Light Metal Technical Reports, Vol. 37, No. 3,No. 4 (1996), pp. 180-184

Analysis of Solidification Process in Aluminium
Semicontinuous Casting Slab
by Monitoring the Mold Temperature

Masanori Tsunekawa, Koushi Nagae, Nobuyuki Mutou,
Norifumi Hayashi and Teruo Uno

For analysis of solidification process in aluminium semicontinuous slab casting, temperature

at 78 different points of the mold were measured continuously for the several casting conditions.
At the initial stage of casting, solidification shell formation and bowing on slab narrow face
could be monitored by mold temperature. At the steady state, the amount of thermal transfers
from slab to mold on many mold positions could be calculated from the measured mold
temperature. The temperature of molten metal near the meniscus and the slab cooling rate near
the slab surface which were related to slab surface quality, could also be estimated by mold
temperature. Moreover, a sign of metal break out was successfully detected by monitoring mold

temperature.

1. ¥ El

TV =y s ONEREE (LITEHFLKT) Yot
ZRBWT, I, SFAENLS XN, F5R7 B R
T4V EEE L THEEEIC S NI IEEY, B
HINBBHRTH 2, D& SIEBLDA~40mm T
DEEEG B 70w, BB TOMRBMREIL, BB OB
k& 2 nicBE S 2RI, SIS RIS S0 REE
B IR ESEEEFA 507,

£72, BERES ORE—IC X 8B ENCE b NE
OEE N 5 7L b TORBIRRIC K X BT 3 2

. BLBEFLEHEEMPIAE CERSEILA) wT—&
Ko

x fRERAT SRS (AT BURBIFET 7 o & RBFEED

i BRLE B BT

Dbzt v & — I

seexe PIRRFEE v & — B8, TR

* ¥ K

* ok Kk

74

Ebo, #HEETo v REBERT 5 LT, SHREE TR
E LT, SHRESREAEEYT 5 C SFIHERICERT
b5,

PERoESF B VT, SREEBERCETIREL
D EIEH 72 BT P EFALIFZE A 7 & N, IR T IR0
DOEFRIRERNIEIC &  $EHE OHELE b h OBHlIc
MITEFREL TW B,

T =y s BT HBARRABOBEHEICE
RS EERIRIERES S SN flid & B 099, KHY
2 5 7 HSHE O AL EEIC b 1 A EEFHOE SEE TV,
BE 7o 2 AR LAFREBEAER Y,

FTTAPFETE, T3 =y adkicl W TESE
TRY 72ER L BOGHNRENED S, SEFiEo
CUNER L IBEBTHOFHEC, ERHoskikiE
OEH, &5, HPNESREROCHEIRAHIEE OHEE
TV, SSBSE & OBLEARE L1,



Vol.37 No.3, No.4 HRREERIC L7V =y ol X 5 7 ORE 7 o & X 181
120
Mold 128'
490 "
| = ST 60 -
7 ‘ | < 0 200 400 600
Coole N b Casting length (mm)
%E . % (a) Wide face
Hr=B50or 10 (mm) “g’ 120
(a) Plan (b) Cross section 3 123 i A
© L
Fig.1 Thermocouple positions in mold wall. 20 60 - k’m%
40+
2 [l 1
0 0 200 400 600
Tablel Experimental conditions. Casting length (mm)
b f
Casting alloy A 5182 (b) Narrow face
Slab size (mm) 1570 500 Fig. 2 Mold temperature profiles at initial stage
Casting temperature (°C) 690~710 (casting speed 50mm/min).
Casting speed (mm/min) 40~60
Cooling water (1/min) 850 53\ 120 4
Metal level (mm) 75 ® 100 L 3
i S e NPy
Measured cycle ) 1 2 MN\/\A/\,; rl1 2
1 e 1
a
5 60 A AN A
3 40
= o 1 I !
2. % B 77K = 1000 1250 1500 1750 2000
2.1 EEREE Casting length (mm)
EERMEZEREL 258G, SRIEY 1 X208 . .
- e . Fig.3 Mold temperature profiles at steady stage
1570mm, E X 500mm AT/ & 150mm O 7 v 3 = v (casting speed 50mm/min).
LEEHITH D, HREEONERIKER 7 7THERD
B >WTHEMT 5, Fig. 1Rt & ek
~ o &
WEF D 5 5 mm ISR 1300, SME S A 3 X B & X
I 6 2»Fr 16mm FilPE CHFRUIREL & b BEX & G571 T 78 3.1 HEVHOHREE

ABRELTIT -7

F7, BRRUEONREE L TEIPIER, EH1/4
B, o—+—#, BRI o 4 »Erc R SRKED 5
10mm ARIEic b BB EEE L, $HUEIHH2 A0
X DHERAREOBHEAMEE Ui, HE LY —
ZBESHIFEHE0.2Tmm THAZELmm DK 714 7T
H 5,

2.2 EBRH

AR 3 Table 1 IR EREMFIC X D ASI82 &%
EHOTITVL, EEE, AHVKERCERLY SVvE—
SEE U TEREHEE D A 40~60mm/min B TEILE H 71,
IT, BELVANLE BT OB E TOREEE
Lo

AV A T8 ISR > S BEK T E T ls
FMTlEL, SEEHF-suf—F2@ LTIy
N=RF 4 A7 RER LI, TO%, OHNRET -
yE b &I, SEMPOBREFESFEEC, EEHOE
RBEEH, &5, BNEBRE R O GHIEHE
ERTT - 120

75

Fig. 2 1o 8583 50mm /min ¥ O B0 ki Kk 05
HrhIERic B8 1 2 SERIH S RIE R A S 5 mm WED
BRERERE 2R (DUVICIEEMS T WIGE, $#5
BERERL D 5 mm AROHEET5),

HERBC L O BRIcEESHHe a5 &, HERE
FEBICHEINT 5, KiC, BESHIIC L DS s nEE
EIEMIERR & 7 D% O T & 0 S5 Il SEENn A 7c
», HBEEERETIT %,

E T 3 ERERARALE O E T 0B BIRE OB &
D SETIIE I REEE R EE AR < 08, BN E RIS
LS E S 100mm LIS TRET %,

¥ 70, BRI T REFETIIIICRET A HMERO 2 0
EAD I L D ERAEE S KRE CEN S S UhBIR DS
K5 &5 0W EERIEE 3 - o ARG I T
L, 40CHIBZMBLTVWE, Z0%, TOMEELT
CUNDEET 5 2 & THENHR L EM LG 5 L i
WEEE S L THEE X 180mm DB TRET %,

3.2 BEERHOHURE

Fig. 3 1o 85:8&#E 50mm/min B O EEFRHIck T



by changing up speed 80mm/min from 50mm/min.

B EERIN ORERTS 4 pETOBEE T i1 2 5ENRE
BlERd, B, R 1/43, ElhiifTidss
MEEEOCHRTERIREILZ~4°CTH 30,
F-BWrirIh S5 L EL O CEETEEIE5~10C
EBL W,

Fig. 4 i< 385:EHE 50mm/min Bt O $5EEHIc B
A RREAREHEN AR MOBBKIE LTRT, &
rh il &G R BERIRE R I E L, UL THEBE
T 15mm i TICLULEBLHEREEFIF V.,
KR LT, &8&da—7 - ErHE T Tl
REEL R 3ERICH 5, T OHEIERE IHEELAE
EBRENEL, HFUHRENSVESSERTORBEEGS
KRB, FRREAFRIAREMFRELTHRA
BT EMTE B,

3.3 EbNEBOHIERE

Fig. 5 1< 85:& 8% 50mm/min, #:&E & 1500~1600
mm B B O TEBMICEE A 80mm/min & LT, BX
PICG b ERES B BAOHRREARY, Edh
RE BT ZEHE T » SR TIICH T TO 3 RO
HREENERETH 2, BESEELTVAEST
i, SRR S REBUERITVD, BERRALE D
TREBRBC L 0B ONMBAE U SEEICIISEN TH O
TREMSEINLIED 5, 2L T, BonsFtdsiE
APEHCETT 32 & OoBHET OHRRREIRET
T3, TOHREBESNSEHL TS, LIFS5 L OflIZE
R & R I BRI B NLE T 5 & THEER I3
BB RKELSRBEL 1 - 1,

s S

76

182 g R & & B B B October 1996
Mold top :6 670 40mm/min 50mm/min 60mm/min
~ —A
B
£ 660 —C ——
Metal level = AN
5 650+ [ N bt o
£ aaaie el IR i
\ , & 640+ S -l-—-,\._._BAC]._ “11,5
Bottom — - = g pnentianlteX Fal
Wlde face Narrow Wide Narrow = g30 L I I .
s 800 900 800 900 800 900
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Fig. 10 Comparison of measured temperature with
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speed 50mm/min, metal temperature 700°C.
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Fig. 11 Relation between mold temperature and slab
cooling rate at various casting conditions
(casting speed 40~60mm/min, metal temperature
690~710°C).
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Sumitomo Light Metal Technical Reports, Vol. 37, No. 3,No. 4 (1996), pp. 185-189

Development of High Strength Aluminium Alloy
Tube for Front Forks of Motorcycles

Hideo Yoshida, Eiichi Mohri, Seiichi Hirano, Tadashi Minoda, Soumi Hibino,
Kenzou Okajima, Hidekuni Itoh and Shizumasa Tsukamoto

This review describes the manufacturing technology of the wrought aluminium alloy tubes with
high strength and high toughness and the processing of the outer tubes with high performance for
the front fork.

A wrought aluminium alloy with high strength and high toughness was developed for the upside-
down front forks. The alloy compositions and the heat treatment condition were optimized for
improving strength and toughness. The microstructure was controlled by adding zirconium. The
newest technologies were applied to the manufacturing of aluminium tubes.

In extrusion, extrudability was improved more than twice by controlling the size and the
distribution of second-phase particles in ingots during the special heat treatment prior to
extrusion. In quenching, the vertical-type furnace was introduced to reduce the degree of
deformation and residual stress caused by quenching.

The inside of tubes was machined or ground with excellent surface roughness and finished by
hard anodizing process for the purpose of reducing the friction caused by sliding. As a result of
these technologies, upside-down front forks were applied to motocross races and improved
running performance of motorcycles.
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Energy Absorbing Characteristics
of Aluminium Alloy Extrusions

Hideo Mizukoshi, Hideto Okada and Toshihiko Maehara

Automobile crashworthiness, defined as the capability of a motor vehicle structure to provide

adequate protection to its occupants from injury in the event of crash, plays an important role in
the development of motor vehicles. In automobile frontal collision, the kinetic energy of vehicle
is mainly absorbed by the deformation of vehicle longitudinal members, such as front side
frames. On the other hand, aluminium alloys began to be practically used for automotive
applications to reduce fuel consumption. And then, all-aluminium automobiles which have space
frame structures, such as Audi A8, have been mass-produced in Europe. To maintain the safety re-
quirement, the energy absorbing characteristics of aluminium front side frames must be known.
In this paper, the energy absorbing characteristics of various aluminium alloy extrusions have
been investigated by both static and dynamic tests. Aluminium alloy extrusions deformed as
bellows, and the energy absorbing capability of them were fairly well. One of the aluminium
extrusions, which has especially double hollow section, has the highest characteristics because of

its small deformation intervals.-
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