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Peculiar Type of Corrosion
—“Formicary Corrosion”—of
Copper Tube

by Shigenori Yamauchi, Koji Nagata,
Shiro Sato and Mikio Shimono

A vast amount of copper tube is in good service in the field of refrigerating and air condition-

ing. However, very rare cases of pre-service corrosion failures with unusual features have been
experienced during fabrication of refrigerating or air conditioning units. This type of corrosion is
characterized by its complicated shape just like a formicary (ant nest) in cross section, and is
named “formicary corrosion”. Neither corrosion media responsible for the corrosion nor mechanism
of the corrosion has been elucidated so far.

This work was carried out to search for corrosive media of the formicary corrosion. 25 cases

of failure due to the formicary corrosion, which have been experienced for the last 16 years, were
reviewed and discussed. Based onlthe results of the discussion, reproducing tests with various media
were performed. Results obtained were as follows.
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Review and discussion on 25 failure cases suggested that most of them occurred under some
special conditions during fabrication of units. As the corrosive media, decomposition products
of chlorinated hydrocarbons such as organic solvents was viewed with suspicion.

In reproducing test by the solvent with 1.1.1-trichloroethane base, it was revealed that the
formicary corrosion occurred under the coexistence of this organic solvent and water. Hydro-
chloric acid and phosgene as the decomposition products of 1.1.1-trichloroethane was regarded
as the corrosive media responsible for the formicary corrosion.

In reproducing tests by the solvent with trichloroethylene base or by freon 12 (dichloro-
difluoromethane), the formicary corrosion did not occurred, but only slight corrosion such as
pitting, intergranular corrosion and general corrosion occurred under the coexistence of each
hydrocarbon and water.

Above different results on the formicary corrosion between three hydrocarbons seemed to
arise from the different properties of the decomposition products, which might be attributed
to the kind of additives in the hydrocarbons.

It was considered that the formicary corrosion during fabrication could be prevented by (a)
selecting the well stabilized solvent, or the solvent containing the appropriate additives, (b)
avoiding prolonged contact of copper tube with chiorinated solvent, especially with 1.1.1-
trichloroethane, (c) avoiding coexistence of chlorinated hydrocarbon and water, or (d) remov-
ing chlorinated hydrocarbon before heating of copper tube.
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Table 2 Results of corrosion test by the solvent
with 1.1.1-trichloroethane base (Test A).

Substance packed in t Test duration
Speci-  copper tube ﬁﬁi pmg (days)
men . Iron  |Surface! ...
Water] Oil powder joxide | C) 017 21
Al — - - - SN
A2 | Yes | — - - — =P A
A3 — |Yes| — —_ — = 1AL
N RT. —
A4 | Yes |Yes| — — e B PAWAWAN
A5 | Yes | — | Yes - — =P A
A6 | Yes | -~ -— Yes — - e A
AT — - l0|0|AOO
A8 | Yes | — - — (O IVANE - ¢ AN
A9 — Yes: - - [ORERC RVAWAWA
I i 150 e o
Al10 ! Yes Yes  — - (CR B ORVAWAWAN
All| Yes | — | Yes - OlA BAO
Al2 Yes |- | — Yes 0 @& &9
Al13 | — | - O 0I000
Al4 | Yes | — e — o100 IANO
Al5 ) - Yes; - Oi0IAQO
400 s
Al6 | Yes Yes  -— CATOITOOO
Al17  Yes | — Yes O, 0IAOO
Al18 | Yes | — — | Yes AT OIAANO

@ Formicary corrosion, (P Slight formicary corrosion,
A\ General corrosion, O Free from corrosion.

corrosion
1.1.1-trichloroethane and water (specimen
Al2, after 7 days).

Fig. 3 Formicary reproduced with
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S RERET 5 &, Table3 iRL L 51w Cy, OB L
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BmHanzoAT, CldlHasngr-7, Ubok >k
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BEM A TE L o T, UL, FLARIE A OB R

Table 3 EPMA analysis of corrosion products
on the tube surface corroded by 1.1.1-

trichloroethane and water. (%)

Specimen Cu (0] | C Ci F 1 S
A2 83.7 4.0 2.6 0.7 <0.1 0.4
A6 85.7 4.0 3.5 0.6 <0.1 0.2
A8 86.7 2.8 3.3 <0.1 <0.1 1<0.1
Al12 74.8 1.4 | 11.7 0.1 <0.1 0.6

Table 4 Results of corrosion test by the solvent
with trichloroethylene base (Test B).

Substance packed in

b Heatign
Specimen copper tube temp. Result
Water | Oil Surface [
- oxide | (©)
B1 Yes - - VAWANVANVANVANVAN
B2 Yes Yes - 150 FAWANVANVANVANVAN
B3 Yes — Yes SISIS1010)0)
B4 Yes Yes Yes OO AAN
B5 Yes — - AANNOO
B 6 Yes Yes | VANVANVANVANVANVAN
- 400
B7 Yes e Yes ADNNANO
B8 Yes Yes Yes DAALNAAN

@® Formicary corrosion, (B Slight formicary corrosion,

& Corrosion like pitting, () Slight intergranular corrosion,
O Free from corrosion.

A General corrosion,

Fig. 4 Corrosion caused by trichloroethylene and
water (Specimen B3).

FRERED D OCREHEEPFEEL T h, ERSEREMER
BCH->TCEBPLDLTH - 1o, FLAEREEOHEIRT
% Fig. 4 R LU Tz,

HE ONHEFRERBE TERBOREBL TV, o
WMo oERmic>& EPMA 32175 &, Table 5iT/RL
rzdaie, Cu, O, CBHHahid, ClEFmEmHah
o1,

Table 5 EPMA analysis of corrosion products

on the tube surface corroded by tri-
chloroethylene and water. (%)

%

Specimen Cu O C Cl F S
B2 96.3 | 1.6 1.3 0.2 0.1 - 01
B3 8.1 3.0 ! 1.1 0.3 0.1 0.1
B4 91.0 | 2.1 | 0.2 | <0.1 0.1 0.2
B6 96.3 | 2.4 | 0.7 0.4 <0.1 0.1
B7 88.9 | 3.7 | <0.1 0.2 0.1 | <0.1
BS | 87.6 | 2.9 Wl.Z 0.6 0.1 | <0.1

3.2.3 BER-EBEHEBECLIRR (FRFCO)

e LT Thod o (EEE, Bkt e
AZTIREZEORE 2AVESL, BHRKET TR
U OCRFERDFAE L 1, WA ONHEIRN 2 Fig. 5 i<
RUT, COERTHREFEEBGATRL RAERBHE
LU, RROBEPRESELS 203K @ pH 22 &%
g, B No. 12 0k 5 W BEEETASFHEET S b
o LiERahI,

Fig. 5 Intergranular corrosion caused by the
mixture of acidic ammonium fluoride
and nitrite inhibitor.
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WEE S CU Il 722, pH ic BR Uz, pH¥s
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BHEBAME L LT pH BETT 55, b E0BE4
fREE S pH B3R LR T A EBWEE T2, 7

January 1984

Table 6 Results of decomposition test of
chlorinated organic solvents.

Heating | Test cr
Organic solvent | temp. duration pH
(O] (days) (mg/t)
R.T. 0 4.0 3
Ll.1-trichloro- | 9% 0 3.6 5
ethane RT. 14 4.0 3
95 14 3.6 10
R.T. 0 7.0 12
95 0 7.4 7
Trichloroethylen
R.T. 14 9.0 57
95 14 8.8 55
R.T. 0 6.9 16
Tetra- 9 0 6.9 8
chloroethylene R.T. 14 7.3 7
95 14 7.3 97

UT, HERERKESVTLLI~ M) 72z OB
BHEEREABHAEL, MU 2alzF Ly OBk
WIEREAEPRE L ez & &, L5 pH oZbidy
BTBEOKARALD, DF D, WASHORER pH MET
THHRUBRFEBPREASRETAIDEAL T ENT
&5,

oL RELTCHETE, APFECACURTHRHE D
I B, TR, MRS A Wil % 3me 55w, EE150
C & 7213400C 1 5 min BRFF L 2% 21 BB L Tae
P, HECREHEENRBETIOAT, AEEREAR
FEL o1, COr &id, BREEEEEORAEIE
HCD oA TR DTV ERRTIOEMRING,
ZLT, 72 PCRBOTHLUVEREBORECHE N
BRAGHITH % NO. BRERTR Th-120 8, $12, 5
DR FERKEODRAERY E U THCL s TR <,
w27 (COCL) AR LYY, & 25 U S HRITR T 5
WLBAHEC s Y B P nEp b, BEEEEAS
FAEIRIaRAERYE UT, HClighmi T COCl »3#
ABT ENBTELY,

REEREEOHE ML L CHRERICE TS, HaL
i Cl BRI NG C ERFAER Y, T DT & EEHH
BERETDEDOTHRLL, REBESRSMEDE LT
Lo THEAEL, EPMA SITOBHBA L OBKRE - T
Cl ¥l ahm i DEBRaNT 5,

PEOX S Al aitmeziEn T s s, AR
HOBRERICHOTEREREERZEFLOL 1.1.1—
Mo s CREBERIOARTE L, FoMoEHEil
RAGKER, T72bb, U ZovF L RERER, 7
Mmoo aF L URERERSL O T o v b S
VBBETHE LAKEND, TN 5 OEELRAKES 5
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fRAER E LT HCl % COCL: 24 S 355 5 b
5ChH%, LT, T b QERBEDNSHHE LT,
B No.14, No.22 5 X ¥ No.6 2N FNET 5N 5,
IO 1.1.1— MY Zoovx 4 U REEE S T
L TRBZEEAERLERLDICL D EA SN DD,
WINFOBEE S AMREIC L > THEEBBETH S L O
EEALND, COBKT, MEMRLKEZHCIHE
Wik, SHULEIFIBIMA S hic b OREIRT 5 C &P HE
BEThHb,

HRERITES VTR, E0oRERILYISEETIEE
CRBTEREEBFE LR Th o 1o, —F, ARGBHIOS
fR7 2 MIZBOTE, MBUHRSMICGYERZ S TV
WEDEABNTIL, TDT &5, BEEEEARDIE R
B AEEBEHOERICOVTIE, a5
Y—&E b, BRIEOEHZHHCBES L LTHD
LIRAEN B, i, HHINo.9 & 16 DA, AN
TS O-—RO¥ERRLEZZ I T D, ORI
BHIBREANREAEL TVE, BEILOB A S, #HE
OERBAREET A2 ETH 5,

Bi#ic, REEPEEAONEL L TEALSNLICLEZE
EDBE, DI THD,

@) FELARER, »A30EYLRNAZEET 5
FHERIZRINT 2 0 &,

) HEEBRER, B l.l.l-tYsorzird
S KERMEMT A ER2RT BT &,

© ¥HELRKEEREDIFERE T &,

@) R 2 nEcs A aiicg, EEARAKERREL T
BLTE,

5. f#& i

(1) FEEIBEEAOBEHBTICSNT, FORMERES
ML, BEEE O VLTEERMAT, 2O/, COH

fr DSBS N T DR B O T THRET 2D EE

R D BB AL o n T 7

AbNTo, WAEE L TR, HEMGEBRENOSRERY
WO,

@ WERD 1.1.1— Y 2oz s o RERERZHBN
EHEERICBSOT, COEHEBEREKBIET S & &I
BEEESAMNTE T 5 & 8hd o 1z, BRI AREH
BHRIO MRS RAERY, $7bb HCL & COCL Th b b
o EHERI NI,

@ WHRorYZerzF L RERERP T 2
WIERER KBS O TR, REEESARREST, LA
WEHE, HAEAPEEEESRETSDATH- 12,

@) L 3 EROBERCRAKEREROEEEDE S,
wWinFOBE OB OIS FIRERYOERDOEIC L
LOEEAL BN,

(5) HESMIIACRBI N AREIERE AR, @ BEL
HHIER, &5 OH LRI 2 &85 2 AMET 28
Ry s L, O)FEROCHRAEH, FClll-bVray
=& UL AEYEREEMTACE ZMITAC L, ©HFE
Rk FIEE K E DT RIS E, HHVIE @ @WED
Ea BRIk ERRET S L, BT
lkah@Ba8DEFEAL LGN,

X ik

1) J.O.Edwards, R.I. Hamilton and J.B.Gilmour: Materials
Performance, Sept., (1977), 18.

2) Corrosion Resistance of Metals and Alloys, 2nd edition,
Edited by F.L.Laque and H.R. Copson, Reinhold Publi-
shing Corporation, New york (1963) 570.

3) L. Leontaritis und E.-M. Horn: Werkstoffe und Korrosion,
31 (1980), 179.

4) H.JK.Koser und M. Libke: ibid, 163.

5) PAALFaE  ERELCLETIEO O OB KRS, -5
FUSOLIF LY, AEGASL (1963).

6) FARLFEH  AABRBICEFITEOHOKIES, 11-9
FESoRATF LY, AT (1965).



Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS

(Title No. P=340)

MEORERBEBRBEIC DL T
W ow OE O# A B
£ B = BT B
Peculiar Type of Corrosion
—“Formicary Corrosion”—of
Copper Tube

by Shigenori Yamauchi, Koji Nagata,
Shiro Sato and Mikio Shimono

(E A & B T 36wk =0 = 41 5l oF 58 A

N —kkk
/NE——

=R



2

fEODRERVERERTIC O WL T
" B @™ &k B oo T
e FE OB OB T OB =TT

Peculiar Type of Corrosion
—“Formicary Corrosion”—of
Copper Tube

by Shigenori Yamauchi, Koji Nagata,
Shiro Sato and Mikio Shimono

A vast amount of copper tube is in good service in the field of refrigerating and air condition-

ing. However, very rare cases of pre-service corrosion failures with unusual features have been
experienced during fabrication of refrigerating or air conditioning units. This type of corrosion is
characterized by its complicated shape just like a formicary (ant nest) in cross section, and is
named “formicary corrosion”. Neither corrosion media responsible for the corrosion nor mechanism
of the corrosion has been elucidated so far.

This work was carried out to search for corrosive media of the formicary corrosion. 25 cases

of failure due to the formicary corrosion, which have been experienced for the last 16 years, were
reviewed and discussed. Based on the results of the discussion, reproducing tests with various media
were performed. Results obtained were as follows.
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Review and discussion on 25 failure cases suggested that most of them occurred under some
special conditions during fabrication of units. As the corrosive media, decomposition products
of chlorinated hydrocarbons such as organic solvents was viewed with suspicion.

In reproducing test by the solvent with 1.1.1-trichloroethane base, it was revealed that the
formicary corrosion occurred under the coexistence of this organic solvent and water. Hydro-
chioric acid and phosgene as the decomposition products of 1.1.1-trichloroethane was regarded
as the corrosive media responsible for the formicary corrosion.

In reproducing tests by the solvent with trichloroethylene base or by freon 12 (dichloro-
difluoromethane), the formicary corrosion did not occurred, but only slight corrosion such as
pitting, intergranular corrosion and general corrosion occurred under the coexistence of each
hydrocarbon and water.

Above different results on the formicary corrosion between three hydrocarbons seemed to
arise from the different properties of the decomposition products, which might be attributed
to the kind of additives in the hydrocarbons.

1t was considered that the formicary corrosion during fabrication could be prevented by (a)
selecting the well stabilized solvent, or the solvent containing the appropriate additives, (b)
avoiding prolonged contact of copper tube with chlorinated solvent, especially with 1.1.1-
trichloroethane, (¢) avoiding coexistence of chlorinated hydrocarbon and water, or (d) remov-
ing chlorinated hydrocarbon before heating of copper tube.

1. #¥

ol

RS E &
OHREDEIS>IADMATNE T &5,
(Formicary corrosion) &EEN 52 &b d 5,

X<, AWM THEMCADMATEBRZEBRELZELTCWVST
EDSREBEEEALFATNS, 7, EEAME D ik
1% D BUIR B &

B EiZE SRR AR ORI TR & B i W ik TR R
SRR R BBRT A DB, COEEIZEIEDS

* IRE AR,
e G P

o R T

HERE D gy 7 U WAL B

22 (1983), 132 WFEH 2Bk

T DO AR - EEE T b B ICRERs T
e, BEUERECEEDERIC DL TIRE{HLH»
CaNTWIEY, T2, & F &b bR LD —HF
EUTHMBREOMABEHOWEY Yranitt tidd b
2, PR OEANEPEEOBMIT O OVWTRABLEY &N T



2 g R & &4 B & B January 1984
Wi, BLEDX 3 B> S, LRI T S M, BEERDESE LR SNT, v o

WAL L THDO L > Kfbh,
KNEFISHEIRES T b,

UL ULdss, 203 ~4FENEY» D T {BARE
WTh, BRNEEEARICE 2HEBSPPHI L 5T
TETHDH, INTERSZPHGBRIICFEEL 2B B
HH5NT, CDEI R E» L, BAOKRHEZERL, X
WRHTLCEDVEETHEIDEEALLNI,

COWRTIE, ChE TIERs i BEEESAOHE
Bles &, BRAOERIK>WTERZINATL, B, %
O RIS « MBER 217> 72,

FREGH S TN

2. HLERAEDES

I TIER S N EEREEAOHEH % Tablel 1T
RUT., BWEORHEIZRD L D> Th-o 1,

(@) BEHLIBE2ETH Y, ZO 3 L2 EEED 4 4F
PR IN TV 5, CO4EMCEHBZDE, £0
s o ORI 2L, FRRNELIZICD
bHAI,

(b) Hiz I b B FhdmuE
FNITFRAFEAEC IS DTH 5,

() #HE TN b ANERHE (JIS H 3300, C1220) T

Lo HL, ZHAHOMABREBSOTHB S h 2@HEDTRE
B AREHTH 50T, COMEBPHOFEESEE gL
THEEEEEEZZURPTVC ERRTIOTRLVEA
55

(d) WLBOEHFLBBOMH AT GRIINI R E 22t
ErR) HAVREHTIICEREN TS,

e) #o2 OB TH TV TiE, BiO R REER
INTH5, T48bb, HHINo.6 7, 11 & 15 ikfF-—~DI
WOHELTRD, B No.8 £ 13,9&£ 16,10 £ 238 21
FNE-—~DOLHTREL T 5,

WD 1HLA

) HAROKEARENEOBELENTOEEL H S
BEOEHS, HHESB TV =0 L7 4 U RRIHET = —
T EREVEDNTOEL EDD 0,

(@) WHERADEOTTHARTIER UL (Fig B, b
AUN=1) i‘@’/‘“) m&:l s ERE DES UTER Cé:b§
y TRIKIBBZ N UEERE ”'ﬁ,ip

Fig. 1 Surface appearance of corroded copper
tube in case No. 5.
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Fig. 2 Cross section:of corroded copper
tube in case No. 10.
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12 400°C 17 5 min BIEEEE L 2 B, SR THTE QM (O,
7% 21 HIFD BB L 72,

2 #2+B 7 7 b A LR U #E o,
RO NY 2oy F L o REEERK 3ml 2FEY, N
kK T me, 7 4 o4 xih (FH No. 14 THWLNT
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L THIEEX, KEFEE-RECHBTE— o L—
TRELII, 2L TIS0CIcBLT 14 AMKEB LI,

3.2 REARER

3.2.1 1.1 1-dUZanxzavicd B (FAMA)

FERFEHL 2 Table 2 R LT, MAGRE RN &
150C 0&E, #od» OREHCRBEBRERSIEEL I,
AR, KPHEET IEER L CEHBICBTEES 58
BB CHEFTU Tz, ARSI L R W B anie b g s
WS ABFHEET I LMW - 10h, THhIRZESROK
DRBEHFB ORI E U TOKRSOIEH 223124 @ &
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U2 - 1208, THIIMEFRICEN O 2 B8 s h 3
UTUE-72Citd 2D ANEh -1, FAELR
RHTEREE A OWERN 2 Fig. 3 R U 10, 'S ATl M
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Table 2 Results of corrosion test by the solvent
with 1.1.1-trichloroethane base (Test A).

Substance packed in Heating Test duration
Speci-| copper tube temp (days)

men - Iron  |Surface| .. |
Water| Oil powde}j’ipxide (C)k ) 017 21 )
Al e - - — =1 A
A2 | Yes | — - — 1 —1PPA
A3 — |Yes| — - el I (. WAWAN
— - RT.
A4 | Yes |Yes| — - el e VAWAWAN
A5 | Yes | — | Yes — — 1 —1®A
A6 | Yes | — — Yes — 1 — 9P A
A7 e - OlO0O|AOO
A8 | Yes | — - ONWANE - 24 N
A9 — |Yes - e R N( BVAWAWN
. . 150 I A
A10  Yes Yes —— - O RN OR VANWANYN
All | Yes | — | Yes O NMIBAO
Al12 | Yes — | -— Yes O @& @90
A3, — | —1 b 0,0 000
Ald | Yes — - | — ol 0laA0
Al15| — |Yes; — - O 0IAQOQ

- - 400

Al6 | Yes Yes  — ALTO OO0
Al17 i Yes  — Yes — OO0 IAQO
Al8 | Yes | — Yes NATOIANO

@ Formicary corrosion, (P Slight formicary corrosion,
A General corrosion, O Free from corrosion.

corrosion
1.1.1-trichloroethane and water (specimen
Al2, after 7 days).

Fig. 3 Formicary reproduced with
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S RHEET 5 &, Table3 WRL 72k 51 Cu, OB L
CHtiian, CLF, S @fmEBHIneh -1, g7,
AoV T b EPMA ¥ 2175 72658, Cu, O 28
Bitahicoa T, Clgmiansh -7, Bbhod 5%
AR R DR S X ORI, EHITH T B b o (Table
1) &< —BL T, 4
3.2.2 MUZANTIFLVICEDRE (FXFB)
SEERER % Tabled R U T2, ¢ OBE, ML REE
BT E T U s b o 120 L U, FLAIRE B0 s b

Table 3 EPMA analysis of corrosion products
on the tube surface corroded by 1.1.1-

trichloroethane and water. (25)
Specimen | Cu o] C Cl F S

A2 83.7 4.0 2.6 0.7 <0.1 0.4
A6 85.7 4.0 3.5 0.6 <0 1 0.2
A8 86.7 2.8 3.3 0.1 <0 1 1<0.1
Al12 1 74.8 1.4 i 11.7 0.1 <0.1 0.6
Table 4 Results of corrosion test by the solvent

with trichloroethylene base (Test B).

Substance packed in Heatign

Specimen | “9PPEL tube temp. Result
Water | oi [Sutface =
] | oxide ( C)
Bl Yes - A FANAN A /_\ JAN
B2 Yes Yes 150 A VANVANVANVANVAN
B3 Yes Yes S1S]1<101010]
B4 Yes Yes Yes CD(D@@AA
BS Yes — - /AAAAOO
B6 Yes Yes — AAAAAA
40 b

B7 Yes — Yes A A & A A O
B8 Yes Yes Yes CDAAAAA

@® Formicary corrosion, (B Slight formlcary corrosion,

© Corrosion like pitting, (D Slight intergranular corrosion,

A General corrosion, O Free from corrosion.

Fig. 4 Corrosion caused by trichloroethylene and
water (Specimen B3).
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BXd- 10 ENPLDTH - 12, FAPE AR EIR R
% Fig. 4 KR U1z,

WHE ONE BREBR T TRFRBBRERL TV, O
#Hoyoxmizos EPMA 4 %175 &, Table 5i/RL
12k, Cu, O, C ¥t anizds, Cl dFppimian
A SR

Table 5 EPMA analysis of corrosion products
on the tube surface corroded by tri-

chloroethylene and water. (%)
Specimen Cu @] C Ci ¥ S

B2 96.3 | 1.6 ‘V‘1.3 0.2 7 <0.1 0.1
B3 88.1 | 3.0 1.1 03 <0.1 0.1
B4 91.0 | 2.1 0.2 | <0.1 0.1 0.2
B 6 k 96.3 | 2.4 0.7 0 4 0.1 0.1
B7 88.9 . 3.7 | 0.1 “ 0 2 “<0 1 ) 0.1
B8 87.6 | 2.9 1.2 k O 6 ’ <0.1 | <0.1

3.2.3 BER+-EBEBRECLDIER (FXPC)
BBERELTOThOL O (BB, BEHlr ez
AFTCRTABEOREH 2HAVIESL, BHKLTTR
BRI ARBTEAL I, AT ORI 2 Fig. 5 i
AUz, COEBRTEEFEERERE TERL NAEEGHE
HU 208, BROBEPSPRSED 20O pH I &34
b, #HE No. 12 O & 5 wREIEEEABFEET 5 3
o EHER S NI,

Fig. 5 Intergranular corrosion caused by the
mixture of acidic ammonium fluoride
and nitrite inhibitor.
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Table 6 Results of decomposition test of
chlorinated organic solvents.

Heating | Test or
Organic solvent | temp. duration pH
o (days) (mg/f)
L.L1-trichloro- 3 95 0 3.6 5
ethane RT. " 40 )
95 14 3.6 10
R.T. 0 7.0 12
9% 0 7.4 7
Trichloroethylen
R.T. 14 9.0 57
95 14 8.8 55
R.T. 0 6.9 16
Tetra- 95 0 6.9 8‘ B
chloroethylene R.T. 14 73 -
95 14 7.3 97
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Cast Structure of Cu-30% N1 Alloy and
[ts Grain Refinment by Fluid Flow

by Yasuo Ohfukune, Masahiro Yoshida
and Susumu Inumaru

Two series of experiments were carried out to study the effect of casting conditions on the
structure of a Cu-30%Ni alloy billet and the grain refinement of this billet by electromagnetic

stirring. The following results were obtained ;

(1) The columnar grain zone in a unidirectionally solidified billet expanded as casting temper-
ature increased. As far as our experiment concerned, however, pouring turbulence into the mold
had more significant influences on the cast structure than casting temperature.

(2) Stirring during solidification resulted in a disappearance or reduction of the columnar
grain zone, and decreased in size of inner equiaxed grains. This grain refining mechanism may
be explained by detachment and growing of dendrite branches caused by stirring.

(3) The stirred ingot had the segregation layer, so called a white band, in which Ni concent-
ration was rich and Mn concentration was poor. This segregation degree increased as stirring

intensity increased.

. @ C & [

Cu-30%Ni &3, BN TRCIEMMEERE s &3
{ENBEETHLEND D, COWMBWHEL TR, HHO
FERBENSROCEE R RITL, ZOXRIC TSRO M
HALDHERTH 5 LOBEMBH 2V, LIcH->T, BN
L@ EDicpicis, S0 SR X RO
B EBABETH D, FOIHOEHEEOHINEEINT
Wh,

Cu-30%Ni&&OsmoilE ke U Ty, hEX#HE
T RS D B, REXSERIC L S SRR,
SRR BEOHSHRERSFEET 3100, BN
Tt 2AE I WY, BSOS ERAA, To—k—i
HBHVRBITRL EORMEME {, SO e L
BH B, —7, EEHERIC L 2SS BEEROVTIHA
FTh 50, SHFHEMIERECHREMBLFHEEL ST
<, BT RZAET 2 RER S 2, WITNOEEERD
A MR AR OSRELEL TH 2 I HE
BdH b,

72T, ABTIE Cu-30%Ni AE&Esics % &%k
RS IRAARIC R TR 2 R L, & 5 ISR RIRH1L

* R 3 (EHHER R T IIFE s i e — g (IFNB8EELLA, JAKED
ok BT e

OFFEL THMOBEESHE Y o v 2B TEHEoduR
oo 4 24T 20D ER IR TV 3 ERE
RS % Cu-30%Ni &&0 B ECHEMA L T, BE
BERSHCHEERE 2 5A SO REHEMRZHEL 2
S EREEC OV THET 3,

2. £ B H &

2.1 £ LUHBHITOEERR

FERMFOR T BEEZEEDO—>Tdh 3 &R
BRI R TR R E T 510D, Cu-30%Ni&& %28
EBEEZ2EACEEB X OWESRLICEEL, ZOSM
BeEgL i,

Cu-30%Ni& &R EBRFBEFCTRERTHRBRL, Lk
X THEERT-> 0, EEEM % Tablel i, HEL
B % Fig. 1iczn ZhR7, Fig. 1 (a) o&R3 skl
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Fig. 1 (b) 0¥t i3 854 A 3 1 5 B O g
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Cu-307%Ni &a08HNH & AERENT & 2 HBRMEHLI >0 T

Hot-top y Toow o e T Exothermic powder = . °
sleeve\{_- e
Insulation -
#68 g sleeve * 470
o
Cast iron 1
mold™ § \ %
Cooling box
X X
|
- ——
Cooling
water
.
(a) Metal mold (b)  Insulation mold

Fig. 1 Experimental apparatuses.

(x : Position of thermocouple)

Table 1 Casting conditions.

: Casting | Cooling
Mold Ingot size temp. Moldﬂtemp‘ water
(mm) © | © | @min)
Cast 1250 60~ 70
AStATOR| 60 %200 | 1360 260~360 _—
mold
1400 440~520
eulati 1300
newation! s70 x 140 | 1350 — 25
mold
1400

AR EOEESR & b, #HEHE R 2858 » 50
FEEETIC L PIIEER B9 5, BEIKER 25 £/min
T b, FHiEEE R 1300C, 1350C 34 8 1400C & U7,

b OO B, B R RO L T2k
HITDWOTIT» 12,

2.2 FREMBTOIEERER

Cu-30%Ni & &# 100 kg % & 8 Sy TR & A i
U, BEAIE L CTERP 0.1% BN, #154mm O#Hi
EEEEER T, BESRACERERERIC L hIEBR
es5ai, COEBOBKNE2Fig 210RY, SHEIZHE
WA vDORIMRE 2BAOM S, WS — v RRIEHS
LI OIEHE R D 2 7 o v 2B R OV, ER D A v
2H 2BMOMET, KESHEOMIRUAZRESEBC &
BT &5, BHEHEEOME 2Fig. 31, iz, 20%
Ju% Table 2 it 2 EN iR,

Bt 4 vick 28812 Cu-30%Ni & EIEE » e
BHL T b20sec#:d b 1~2min {5477, BEOMHK

$200
Exothermic E
powder e
R | =
Hot-top ™~
sleeve
$170
Cooling
SUS mold @ &J /@/ water
\ : |
1 /,’\ \
l T
ﬂ Sf =

Electromagnetic
stirrer

160

$154

Fig. 2 Experimental apparatus with a
electromagnetic stirrer.

Table 2 Main specification of a electromagnetic stirrer.

Item Specification
No. of phase 2-phose
Power source| Frequency 60 Hz

Capacity 15KVA
No. of poles 2-poles

. Voltage max., 22V

t

Stirrer Current : max. 140 A

Magnetic field intensity : max. 1200 gauss
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Fig. 3 Schematic view of a 2-phase, 60Hz,
rotating type electromagnetic stirrer.

(Max. electromagnetic intensity near the>
magnetic pole plate is about 1200 gauss-

X BT A LOER CITHEBERETT) KL-T
L, 0A, 20A, 40A, 55A BI I T70AD 5 BFEWEA

%

T, PEEEEIZEN OB O THRERERETH B

1280~1300C & U T2, HHKIZSMER EBR 2 A v Oi1B
HEGIEO Y, ZOEEIETICERY » 7 -5 204/
min ®—ERE® 540, EEgit% Table 3 WRT, R
ik L 72 Cu-30%Ni & &3Sy i Table 4 1W/R§,

Table 3 Experimental conditions.

Stirring conditions Temperature (C)
Run No. —— ;
. N Cul(rge)nt Stlrrx(réict;me @ Ladle Tandish
1 0 — 1340 1300
2 20 20 ~ 90 1345 1290
3 40 20 ~ 90 | 1354 1280
4 55 20 ~ 120 | 1356 1300
5 70 20 ~ 120 | 1353 1300

(1) Time from the end of pouring.

Table 4 Chemical compositions (%).

Run Non. Fe | Mn | Ni cwy 8 Si® Cu

Metal mold 2.1511.71 ] 30.1{ 0.04 |0.003 0.05
Insulation mold| 2.16 | 1.73 | 30.4 | 0.03 [0.003| 0.04

2.17 | 1.72 , 27.3 | 0.16 10.004| 0.09
2.2011.87 27.90.22 [0.004| 0.07
2,19 11.93 1 27.2 | 0.17 ]0.004, 0.08
2.12 1 1.97  27.5]0.24 {0.004 0.12
2.18 ; 1.81127.30.16 10.004 0.08

Ol o W N
W W R R

(1) Graphite crucible and carbon covering flux
were used.
(2) Deoxidizer.

BB RO BBEER, B A VORERAL2E
AP D 5 WU ES 20 mm ORMFE % 7 4 2D
WTiT- 72,

3. HEBIUEE

3.1 £EB I UMRSROERER

Fig. 413 Cu-30%Ni &% % &8 & & O Wigheh B T 8k
Uiz e x OB e RT. &) 5 ARNHHBE
1% 5~10°C/sec OFFATH b, BB T, ERTHL
Tz 8~15C/sec, HILTD Z N 0.5~1C/sec DM
Th-1le CHiL, HEEEEEI T % FHOBHER &
BRETH 5,

1400
Metal mold
1300} T~ Tmmms Insulation mold
o
=~ 1200
e
=
o
QL
g 1100}
Q
2
1000
900 L L 1 1 1 1 1 i
0 10 20 30 40 50 60 70 80 90

Cooling time (sec)

Fig. 4 Cooling curves in Cu-30%Ni alloy billets

casted by metal and insulation molds.
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iR DS Cu-30%Ni &0 MRE L b 10C U EY
1250°C TR RoFERE L, TNTEMEMBTH
%o FTo, SFBUERE 2 E < L 12260~360C OHAE b R
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121360°C ¥ & 001400C DB &id, L b BN ICEEIR R
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oW THE, SFENEIEMBE L 4 53 CREREMSE L o 5
DT 5T,

IIT T EEET G R L o Cu-30%Ni & &0 it 2 Fig. 6
iR, B RO O ER X b B HEE <R
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T Mold

. temp. — e

Cast 60 70°C
temp.

260 ~ 360°C

440 ~ 520°C

1250°C

1360°C

1400°C

(a) 1300°C

(b) 1380°C

10mm
by the metal mold.

(c) 1400°C

Fig. 6 Macrostructures of ¢70 mm Cu-30%Ni alloy billets casted by insulation mold.

(Side arrow shows the length of columner zone)
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(b) Stirred (70A)

Fig. 7 Macrostructures of ¢ 154 mm Cu-30%Ni alloy billet with and without stirring.
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Fig. 8 Subsurface microstructures of ¢ 154 mm Cu-30%Ni alloy billets at various stirring currents.

(A Transition position of columnar dendrites to equiaxed dendrites)

(a) Non stirred (b) 40A (c) 70A

Fig. 9 Typical dendrite cell structures in 10mm from surface of ¢ 154mm Cu-30%Ni alloy billets.
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Fig. 10 Schematic diagram explaining the formation of equiaxed
grains in the center region of the ingot.®

1. Separation of small dendrite tips.
2. Growth of dendrite tips.
3. Accumulation of floating crystals.
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Fig. 11 Dendritic sturcture of center region in
a ¢ 154 mm Cu-30%Ni alloy billet with
electromagnetic stirring.
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Fig. 12 Distribution of Ni and Mn concentretion
in ¢154 mm Cu-309%Ni alloy billets at
various stirring currents.
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Cast Structure of Cu-30%Ni Alloy and
Its Grain Refinment by Fluid Flow

by Yasuo Ohfukune, Masahiro Yoshida
and Susumu Inumaru

Two series of experiments were carried out to study the effect of casting conditions on the
structure of a Cu-30%Ni alloy billet and the grain refinement of this billet by electromagnetic

stirring. The following results were obtained ;

(1) The columnar grain zone in a unidirectionally solidified billet expanded as casting temper-
ature increased. As far as our experiment concerned, however, pouring turbulence into the mold
had more significant influences on the cast structure than casting temperature.

(2) Stirring during solidification resulted in a disappearance or reduction of the columnar
grain zone, and decreased in size of inner equiaxed grains. This grain refining mechanism may
be explained by detachment and growing of dendrite branches caused by stirring.

(3) The stirred ingot had the segregation layer, so called a white band, in which Ni concent-
ration was rich and Mn concentration was poor. This segregation degree increased as stirring

intensity increased.
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sleeve .-| _— _—— [.] ) -
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#68 sleeve = 470
g
o Billet -
Cast iron ]
mold ™ P
o~
Cooling box
X
|
[
Cooling
water
.

(a) Metal mold

Insulation mold

(b)

Fig. 1 Experimental apparatuses.

(x 1 Position of thermocouple)

Table 1 Casting conditions.

;.o | Casting Cooling
Mold Ingot size temp. Moldﬁ temp. water
(mm) (0 (© | (/min)
Cast ; 1250 60~ 70
ast iron| seg % 200 | 1360 260~360 -
mold
1400 440~520
N 1300
newation | uu0 % 140 | 1350 — 25
mold
1400

ARG OEER &b, SRS 5285E» 50
FEETC L PRER2 2T 5, BHEKER 25 //min
T b, SFEREIX 1300C, 1350C 454 08 1400C & LTz,

L5 OSHFMAROEEE, B2 REAECREL Tl
T2V TiT- 12,

2.2 RENMBTOHERR

Cu-30%Ni &4 100 kg % & 8 1 HEIF T AR& AR
L, BEEE U CEER % 0.1% BNk, $154mm ORI
EHEXEGE T, BERACEREREEIC L D IEBR
Be5atc, CoOEEOKNN2Fig 21CRT, HIILE
oA VORIMAK 2RI D, BRI Y — v FEIEM
DI IR 2 F oL 2B R D, BT A v
2HH2BOMET, KVEAAOBREHA2FRESEECE
VBTx 5, BHEREBORERFig. 31, 12, 20
7% Table2 It Z W FNRT,

B A vick 3813 Cu-30%Ni & &g »8lhic
TEHL T H20sec 8 b 1~2min W5 AT, REODRH

$200
Exothermic > -
powder T e T -
Hot-top
sleeve
$170
Cooling
SUS mold @ &J /@/ water
/
\
! l,’\(\
l T
D=/l 3
T I
a ! A
! 3
Electromagnetic -
stirrer

$154

Fig. 2 Experimental apparatus with a
electromagnetic stirrer.

Table 2 Main specification of a electromagnetic stirrer.

Item Specification
No. of phase 2-phose
Power source| Frequency 60 Hz

Capacity 1I5KVA
No. of poles 2-poles

Stirrer Voltage max. 22V
Current : max. 140 A
Magnetic field intensity : max. 1200 gauss




BERE &R BB

January 1984

10
W«
| & 2
oo pae |
780

Fig. 3 Schematic view of a 2-phase, 60Hz,
rotating type electromagnetic stirrer.

<Max, electromagnetic intensity near the)
magnetic pole plate is about 1200 gauss-

SEEH I A VOBER U TFHEIPEREHT) KL-TH
L, 0A, 20A, 40A, 55A BL FT0AD 5 BRETE A
Too EEYEUE RS BN OBEICE O THIRBFRAEETH B
1280~1300C & L 12, BHIKIZSEIRE LB 2 1 VDM
#HPGlkDT Y, 2O LEICETERY v v -2 5 204/
min ®—E R %5270, EBrl: % Table 3 iw/Rd, FEht
gt U 7z Cu-30%Ni &6 32 R4 Table 4 1R T,

Table 3 Experimental conditions.

Stirring conditions Temperature (C)

Run No. Current | Stirring time (0

A (sec)

0 [T—
20 20 ~ 90
40 20 ~ 90
55 20 ~ 120
70 20 ~ 120

Ladle Tandish

1340
1345
1354
1356
1353

1300
1290
1280
1300
1300

1
2
3
4
5
T

ity

ime from the end of pouring.

Table 4 Chemical compositions (%).

{

Run Non. | Fe | Mn | Ni | C® S | Si®| Cu

Metal mold
Insulation mold

2.15
2.16

1.71
1.73

0.04
0.03

30.1
30.4

0.003
0.003

0.05
0.04

2.17
2.20
2.19
2.12
2.18

1.72
1.87
1.93
1.97
1.81

27.3
27.9
27.2
27.5
27.3

0.16
0.22
0.17
0.24
0.16

0.004
0.004
0.004
0.004
0.004

0.09
0.07
0.08
0.12
0.08

O W N
AR IR AR

(1) Graphite crucible and
were used.
(2) Deoxidizer.

carbon covering flux
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Fig. 4 Cooling curves in Cu-30%Ni alloy billets

casted by metal and insulation molds.
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Fig. 6 Macrostructures of ¢ 70 mm Cu-30%Ni alloy billets casted by insulation mold.

(Side arrow shows the length of columner zone)
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Fig. 7 Macrostructures of ¢ 154 mm Cu-30%Ni alloy billet with and without stirring.
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Fig. 8 Subsurface microstructures of ¢ 154 mm Cu-30%Ni alloy billets at various stirring currents.

(A Transition position of columnar dendrites to equiaxed dendrites)

(a) Non stirred

Fig. 9 Typical dendrite cell structures in 10mm from surface of ¢ 154mm Cu-30%Ni alloy billets.
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Fig. 10 Schematic diagram explaining the formation of equiaxed
grains in the center region of the ingot.”

1. Separation of small dendrite tips.
2. Growth of dendrite tips.
3. Accumulation of floating crystals.
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Fig. 11 Dendritic sturcture of center region in
a ¢ 154 mm Cu-30%Ni alloy billet with
electromagnetic stirring.
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Fig. 12 Distribution of Ni and Mn concentretion
in ¢154 mm Cu-30%Ni alloy billets at
various stirring currents.
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Studies on Continuous Quenching of 7075 Sheet
for Aerospace Applications

by

Teruo Uno, Hideo Yoshida and Yoshio Baba

Continuous quenching process of 7075 and alclad 7075 sheets for aerospace applications was
investigated from fundamental and practical viewpoint.

As the main difference between continuous quenching process and conventional process is
solution conditions, effect of solution conditions on some properties of the alloys was studied.
The alloys could be solution-treated by short time solution treatment. Excellent mechanical and
metallurgical properties for aerospace applications could be obtained.

According to mass production tests, the alloy sheets processed by continuous quenching furnace
exhibited superior properties compared with those processed by conventional quenching furnace.

Especially, continuous quenching process was effective to suppress alclad diffusion in thin
alclad sheet. Continuous quenching process is considered to be the best process for aerospace
applications due to high quality and low quenching cost.

. 13 C & &
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EINAV o, FOMBICEE IS ORI & RS REEE
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Fig. 1 Types of quenching furnace used for
aircraft applications.
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R < (2 ~8min), H9L & MIL BAKITHE X
NI ISR ACALBRIR B 2 3 & 23, AR X g, 24l
B o OBBRIEE s eIl v an
Tid,

ZCTAPIRIC S TR, BN ERERAETT 7 V2
2O LBETHBTIBREE T VY Ty RTIOTEEEI D
T, WROEREANET I HEaOMELAZHAEL, TO
TEMLZ TR LI,

Table 1 Mechanical property limits (minimum)

for 7075 and alclad 7075 sheets, specified
by Federal spec. QQ-A-250/12E, 13E.

; Tensile | Yield Elon-

Alloy {Temper Thickness strength | strength | gation
(mm)  |(kg/mm?) (kg/mm?)| (%)

0.20—0.28 52.0 44.3 5

7075 T6 0.30—0.99 53.4 47.1 7
T62 |1.02—3.18 54.8 47.8 8
3.20—6.32 54.8 48.5 8

0.20—0.28 47.8 40.8 5

Alclad T6 0.30—0.99 49.2 42.2 7
7075 T2 1.02—1.57 50.6 43.6 8
1.60—4.75 51.3 44.3 8

4.78—6.32 52.7 45.0 8

Table 2 Heat treatment conditions for 7075 and alclad
7075 sheets, specified by MIL-H-6088F.

(13 Solution tempereture : 460-499°C

(2} Solution time:

Soaking time (min)
Thickness Salt bath Air furnace
(mm) : Max . Max
Min. | (Alclady | M | (Alclad)
0.41 & under 10 15 20 25
0.43—0.51 10 20 20 30
0.53—0.81 15 25 25 35
0.84—1.60 20 30 30 40
1.63—2.28 25 35 35 45
2.31—-3.15 30 40 40 50
3.17—-6.35 35 45 50 60
(3) Maximum quench delay time:
Thickness (mm) [Up to 0.41/0.43-0.79/0.81-2.28| 2.3 &over
Max. time (sec) 5 7 10 15

(43 Recommended precipitation treating condition:
116—127C x24 hr

Table 3 Chemical Composition of test alloys.

7t3, Tablel € Federal "V wHEI R T 3
WISHERB LTIV T o FT075F 5 O B0 HE RS
Z7R/ L, Table2 itz MIL B 1IEE ST T 57075%
G OEMLENE M 2R T,

2. HEMEIRBRAE

HFHEANFC I VAN R BEEUERD Ny 73
P D BEANR1T ) B O K& WO A R {LALBE
BEOXNMTH S, —fRIC Y » FEBEANLITL D BEAN
2575 B, MILERICES b0 B (AL iy %
TR T 5 C EMTRET H 5%, M ANGITX D
SRACALER & AN 2 17 5 S dricid, AEREtEmELLE, AN
a2 b DL & oA s MILEKCE D 5 i il
PR L D 3L < M OB THET 3 C EBBEE
ahi,

T, EEBEANERETAIROIID, FIHOIE
R O AR LB & b A B AL & N R I s HERE LS 1S
BB LEL BB F R M H L CEBRENCIEENE R
> T2s

FES T U 72 381 Federal A8 #E U C B 8BEL
RISEER L7 V2 5 o RIOT5EEBHAETERTH D,
Table 3 iTZ DN 2 RT .

COX 3 HEMBHAL, BMAOEESHeOEE S
T ARG OB R T L, BN A
NOTREM: 20 U, #3427 MIL Bgicde s T
Fiolie IRITHBMEDOFREZBE L TI07T5RE &R
OB ANIC L B TEARRE T- 12,

3. ¥ B B B

3.1 B bnBEsE0R

T, HUERRICE X T TIEERCMEERN o8I
DNTHHEET- 12, FD12®, HRE2.5mm D 7075 &
MR FERERTE % 480°C T/h 0.5 min »> 5 B 7k 60 min D7
ACALER % £, BEA BN 10sec DI TRBEAIL U T2 81T
120C ¢ 24hr BE5HALBE L T T6 8 & Uic, Fig. 2 i3l
HOREE IC I L 137 480C BRI ER R OB 2RI, B
ARACALER R DS NS 2 ik > T BRI & 5 & TR I3
UL B 505, HERALBERA 4 min PLEWS 3 Ll
EBEF—FELD, MEOHEHMEMELRANETH - 12,
A AR R A5 MIL 4% (BB 2.5mm T i35 /) 30min)

(wt. %)
T Element Si R ! .
Alloy T 1 Fe Cu Mn Mg Cr Zn | T Al
7075 0.08 0.19 1.67 0.01 2.52 0.20 5.64 0.03 Rem.
(core) 0.08 0.19 1.67 0.01 2.52 0.20 5.64 0.03 Rem.
Alclad 7075
(cladding)| 0.11 0.20 <0.01 0.01 <0.01 <0.01 1.08 <0.01 Rem.
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THATEE L L Bt
72 7075 &4 T6 M OBIYHTEE 2
min F R OIS T 2 UM E 2B 5 C &

MWHREE K 5,

FITTFT T 5w F7075

Strength {kg/mm?)

Strength (kg/mm?)
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1 SE
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¥ January 1984

3, Federal Jif5CEY 51
FAM L TR D,

ORI MR & 75 AL R

65 60
60 50
)/O/O""()‘_O“(,_——O——o—o——o '
A
55 v 40&6
—O—p————P——1-O -~
50 P 302
S
S
45 0
00—
0/,4'_,___0——0-——4)——0——4 Y
40 ' 10
Tensile Yield . .
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35l .l R R B )
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Fig. 2 Effect of solution time on tensile properties
of 7075-T6 sheet.
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Fig 3 Effect of solution time on tensile properties
of alclad 7075-T6 sheet.
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M OBRIE D WTHE T 570, B 2.5 mm O HEE

Wi & & BU SV 217», T6 &Lz, Fig. 3

TR E s XY 480°C IR LALERIR I D 2

R, 7T Ty FT075 44 Th 7075 & & FRRITHIK

l}am SOR AL & b Federal RS o & i BERAYIE
BRRELTHL T EHMARES 45 5,

ﬁg4 TUEPE I 1 3 & 43T 480°C A AR (AR E RS Y oD

, MIL #ifgE b o R
FF%Th b EHHE
7075541 T

fﬁMﬂbMHgﬂ:\'} S R T
MR ALALEE % 15 5 B8 & 39T T
ﬁéﬂkoW&KMm@7waay
B?hf:o

Fizikets & 9T, iquWMmQWCJb&M@
&WJM%WM%&& EEMEE, 2 oiike s
DT b B P uMG bNAC EMTEREN, FMRE
BT

o, ﬁi)ﬂ»}flﬂ@f{?M\ {LaLEie X b ERE oS 5 2
B, BHBETEMSICE b,m&%%
- 7z, Fig.5 i3 #i)i 5 mm O70756 G2 TR & ¢
1% 50 % FEAE L 12 Y [ FE AT 45 00 8 T B AL 2 7R 9
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SRR 1 N TR R DS T B &3 Cr RO AANE
40
Solution time
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5 oo | e ® 10min
= N
9 o' e 40min
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Fig. 4 Effect of solution time on fatigue
properties of 7075-T6 sheet.

(a) As hot rolling

(b) Cold rolling by 50%

reduction

Fi.g 5 Transmission electron micrographs of hot and cold rolled 7075 alloy. (% 10000)
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(a) 5min solution

Fig. 6 Transmission electron micrographs of 7075 alloy after solution treatment
at 480°C and water quenching. (x20000)

(a) 5 min solution

Fig. 7 Transmission electron micrographs of 7075 alloy after solution treatment
at 480°C and aging at 120C for 24 hr. (<50000)

LM EEZZ SN S EHPHALMBEMBTHLTE Y, B
B ERERC I3 & S OFF R N A T % DR (v S K
xh 3, Fig.6 g, Fig.5 iR L1 50% il %
480°C TGI8 AKBE AN U 12 556 D i R oL
%757, bmin BEOHKEHOERIMETYE,
Fig. 5 iR U MBERNTIcd b A INIEEMIZEE
ML, R Cr ROREEAEMERO MBS L
Tk D, BEFFBECHEERCLIE s LTI,

Fig. 7 1wz, Fig. 6 WRLUIZE AN % 120C T 24hr
FEBAVER U 72 T6 4 0 e T B BT A 2 7% 9, gl
BRI OSET S, RN ONT HUR S MIL BRSE
» 5N ER M OB R F1- 1056 & BB L0,

PR~z /i & b, 707586 & TR M O B b
BT b BTSRRI E D 5 % D, Fig. 6 IR L
72 & I M O EAABAEC X Y B R 1n ) &
BALND,

3.2 BHMMERBREORE

BB 2.5mm D7075 &4 [ F
DOFES
BTk

AR % 450~499°C i P
C 5 min BASRMLALEE 2170, BEANEN 10 sec
AR U T8I 120°C T 24hr WZIALBE L TT6 M
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Fig. 8 Effect of solution temperature on tensile
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Fig.9 1<, WE25mm 7 vy 5 v F 7075 i
FEREN % R RE T SR L It A OFRERT, TNV T Ty
k7075 &4 Th, 7075 A & AR 2R U 12,

Pl FisRests & 5 IR R R o R LALBE 2 1T - BB T
b, TSP (CALER S MIL #4% P9 (460~499°C) Tix Fed-
eral FIGITHE D ST EIRIIEE & -F 4§ ¢ & B ATEE
Td B, IR O OB A 5 470C Ll EOR
W CHRALMIR S 5 C EDBHEFE LV,

65 L T T T 60
gl Srengh - Elongatin

60 /L_J 50
% 55 =240
g X
o ] M
= 90 302
*%D ’/_,—-0——---"'( — ® g
el 45 T 20

40 10

Mil.spec. —
|
352150 460 470 480 490 500O

Solution temperature (C)

Fig. 9 Effect of solution temperature on tensile
properties of alclad 7075-T6 sheet.
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OTHMATEL TREHCABIERR 2 HEICEHRT 5 &
MBABEE SN B,
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Fig. 10 Effect of quench delay time on tensile
properties of 7075-T6 sheet.

20

BRAGHE 2 385 L 12, Fig. 10 MR Ics L3
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Fig. 11 Effect-of quench delay time on tensile
properties of alclad 7075-T6 sheet.
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Fig. 12 Effect of quench celay time on intergranular
corrosion depth of 7075-T6 sheet.
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(a) Quench delay 10 sec (b) Qench delay 30 sec

Fig. 13 Microstructure of 7075-T6 after intergranular corrosion test. (<100)
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Fig. 14 Microstructure of alclad 7075-T6 sheet. (>400)
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Fig. 15 Outline of continuous quenching line.
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Ny FIEBFERER U TEANL LGS ORMIEREIT O
TH U Tz, IBHACAERS X, A3 A 480C T 5 min ©
WM, #8554 480°C T 30min O ERFE OB HALALEE 2 7
ST BED & UEMGMH & &1 120C T 24hr & L TZ,

Table 4 i3 AR HEE O LIS R 2 R4, B AN
FCHEMOBHMIE 2 F1- 2B AT, # Okt
kN » FRIEmSTIC L b MIL A8 b O EIRE o i

L 2 T- B A ERAETH D, BENHEE MO 3K
MR IR TH - 12,
12, 7Y 5o RI0T5E8® M{u)rfx%l_ P AL I &

h IS OBELAE L B, SHRSD 5 0 K
JE -~ DFE HL it/ué:’:]:b/&iﬁoto
Plbicab~re & 9 icifgele Angiie & 0 R o i b
WEE 25 B /T8, SRR~ RE L ORGSR
OB/ LN D EDFERaINT,
Table 4 Mechanical properties of 7075 and alclad

7075 sheet processed by salt bath and
continuous quenching line.

; Tensile Yield . Elon-
Alloy Temper Quenching strength | strength gatlon
furnace | (kg/mm?)  (kg/mm?) (%)
S. B. 59.1 52.5 15
7075 T6 C. Q 59.4 52.2 16
(54.8) (47.8) (8)
. B. 55.3 47.7 17
Alclad T
7075 T6 C. Q 55.1 48.0 17 7
- 1 (51.3) (44.3) (8)
S. B. : Salt bath

C. Q. : Continuous quenching
() : Federal spec. (minimum)
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Tubing Conditions for Welded Tube in 5083 Alloy

Experimental Studies on Manufacture of High-
Frequency-Induction-Welded Aluminum Alloy
Tube. (Report 4)

by Keizo Namba

The optimum forming condition for BA11l welded tubes is inadaptable to 5033 tubes. An effect
of formability on the welding cycle to which the faying edges are subjected was examined on 5083
alloy in comparison with that on BAI11 alloy. The skelp edge of 5083 alloy forms into a V-groove
not into a square groove. This fact causes ununiform heating and upsetting of the edge. A trial was
made to form the faying edge into a square groove. The effective precaution includes to form the
skelp having a smaller radius, and ensures a stable weld without misaligment and offset. The edge
preparation is an important factor governing the weld quality. Welding conditions such as power
input and girth reduction were also determined.

1. ERBDOOEBEERE R RO,

o

AWFETIE, ZEECHEHENE8E0 L 5 i,

BIBITHED S S 7 0 2 =9 AR ED — b - 7 £ — 3 2. RBUMRELURBTHE

v E R AR R O TR 5 ST B ke 2.1 EBVH LU RREE

WTIRE L T3, iz BAIL 6028 B850 TRIE FEER AN E Mg R0 5083-H32 7 L 2 =7 /448 TH
%;U%%%W%Wubt”%>Aw?i N RRTNE & WRA9YEE % Table 1777, BALl &4 Tikiif/1»5 14kg/
OHBRTHHIMEAENEREOREHME LT, WHICL mm* Tdh - 72h, AT 30.1~304 kg/mm?* & 2 =L
b 7T %% < wm Mg JRD 5083 GEREHEEORIE, I LiEo. JHEAZRIERY EHLUTH -2, chd il
Bl s & OB KT NT, BE L T, WERU AR D=20mm, HWE t=08mm & g5

=AVE St BMJH\CMMQ&W%H“%%%HM. T t/D=0.04 &E HBEHO/NS OIEEE & Uiz, ks

WHL, BIEEATIRLA /AL o~ VL BH—2 - Y IR SARET, 7THBOLETo — vk bk AEWRIEEEL
HU v s LI EQOBBERIERRE U2, BEECEBRE & NAFRHL YT 90kW,  F 4 B 400kHz o & & ik B s
OB ONBELEZRNIETCENTEL -T2, THREH HIEETH B, EEMEE 3B/ m/min &L, KEo~1r
BRI & 5 585, Iaurmum.mnwmmMm 55 UM, BEEEREAZERE S, &b b

DD, ZNVEARECHESLBIEILILIDEE VR YATR? CEUC T, (URA a=70ETH 3
bbb, ZC T, RELDOHEN . » oD 1T 5 Nk, @ 2.2 BAIl E&ORFEFICL 2EBF X
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Study of Anodic Oxide Films on Aluminium

for Paint Adhesion

by Toshio Suzuki and Hideo Ito

Experiments with various anodizing conditions were conducted to determine the optimum
anodic film thickness and type of anodic film required to obtain maximum peel strength of polymer

resin to aluminium.

Anodic films evaluated to determine peel strength were formed from anodizing solutions of
sulphuric and phosphoric acid. The thickness of the anodic films evaluated ranged from 0.25 gm

to 2 pm.

Peel strengths varied, depending on the surface conditioning type of anodic films, anodic film
thickness and delayed time before painting. Cohesional failures within the polymer resins of paint
permeated into micropores in anodic films are always occurred under above conditions of anodizing.
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Table 1 Peel strength test results.

Peel strength (kg/5mm width)

Substrate e - S m
surface Diamide #7000V Diamide #4102®
pretreatment 1050~ H 24 | 5052~ H 32 | 1050~ H 24 | 5052- 132
06mm | 0.32mm | 06mm | 0.32mm
Etching 2.3 0.5 4.6 1.3
Sulphuric acid
anodizing 2.8 9.2 10.2 8.3
(20V X 7min)
Phosphoric acid
anodizing 3.6 3.2 7.3 3.7
(20V x 7min)
Green chromate
(Total Cr 15mg/m?) -9 8.4 4.9 2.7

(1) Hot melt film

Table 2 Peel strength test results after immersion
in boiling water for 30 min.

Substrate Peel strength (kg/5mm width)
surface Diamide £7000¢» Diamide #4102
pretreatment 1050- H24 | 5052-H32| 1050- H24 | 5052-H 32
06mm @ 032mm | 06mm | 0.32mm

Etching 1.0 0.3 2.5 0.5

Sulphuric acid T

anodizing 3.9 8.6 8.8 10.7

~ (20V X 7min)

Phosphoric acid

anodizing 2.2 2.1 5.9 2.3
(20V % 7min)

“Green chromate |

ITotal Cr 15mg/m?) 2.4 | 2.4 3.8 2.0

(1) Hot melt film
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Fig. 1 Effect of substrate surface pretreatment

on the peel strength of coating to
aluminum bonded with Diamide #7000.
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Fig. 2 Effect of substrate surface pretreatment
on the peel strength of coating to
aluminum bonded with Diamide £4102.
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Table 3 Peel strength test results.

Anodizing condition Anodic film Peel strength®
nodizing thickness (¢m) (kg/15mm width)
1A/dm?x 1min 0.25 9.0
Swphuric 1y 5 4me « dmin 1.0 11.7
acid »
1A /dm?x 8min 2.0 Substrate teared
'0.33A/dm?
% 3.5min 0.4 9.3
Phosphoric 0.33A/dm?
acid / Tmin 0.8 9.7
0.33A/dm?
X 14min 1.6 | 12.7

(1) Bonded with hot melt film, Diamide £7000.
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Fig. 4 Effect of pickled and anodized conditions
on the peel strength of coating to aluminum
bonded with Diamide £7000.
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Table 4 Peel strength test results.
Peel strength®®
.. - kg/15mm width

Anodizing condition chér;gic/al @] NaOH ) &
polishing | etching
1A /dm? X 4min 7.2 8.8
Sulphuric 2A/dm? % 2min 7 9.0 11.0
acid 3A/dm*x 1min 20sec 7.1 12.2
4A/dm? X Imin 9.1 10.1
| 0.2A/dm? % 8min 10.2 8.7
Phosphoric| e s /dm? «6mind0sec, 9.8 9.2
acid

0.33A/dm? % bmin 11.4 7.9

(1) Substr

ate surface treatment

(2) Bonded with hot melt film, Diamide %7000
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Table 5 Peel strength test results.
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Anodizing condition

|

Peel strength @
(kg/15mm width)

1@

2 1) 3 (1)i

4 (1)‘ 7 (@)

Sulphuric
acid

lA/dm2 x 5min 28 0

25.3  19.8

32.8 1 30.2

1A/dm2>\10mm 29 2

34.9 1 37.8

41.8 | 38.7

Phosphoric
acid

20V>< 10min | 16.8

21.5]20.1

22.1 20 0

ZOV % 20min

17.4 |

21.5

| 21.6

23.4 19 5

oy
@)

Delayed time before painting (day)
Bonded with hot melt film, Diamide 27000
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Fig. 5 Effect of the delayed time before painting
on the peel strength of coating to aluminum
bonded with Diamide £7000.
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Aluminum side (% 1000) Coating film side (

X

<1000)

Fig. 6 Scanning electron micrographs of peeled surfaces obtained by combination

of pickling in chemical polishing solution and follgWed‘t‘.by anodization in

sulphuric acid.

Aluminum side (>21000) Coating film side (% 1000)

Fig. 7 Scanning electron micrographs of peeled surfaces obtained by combination
of pickling in chemical polishing solution and followed by anodization in

phosphoric acid.
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Aluminum sid (X1000)

Fig. 8 scanning electron micrographs of peeled surfaces obtained by combination
of pickling in caustic soda solution and followed by anodization in sulphuric
acid.

Aluminum side (X 1000)
Fig. 9 Scanning electron micrographs of peeled surfaces obtained by combination

of pickling in caustic soda solution and followed by anodization in phosphoric
acid.
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Table 6 Pore diameter of anodic oxide film®.

Electrolyte and anodizing conditions pore (d;a;n eter
120g/¢ HsPOs, 20C, 20V (const.), 10min 200~800
120g/¢ HsPOs, 20C, 20V {(const.), 20min 200~1500
150g/¢ H:S0: 20C, 20V (const.), B5min 50~300
150g/f H.SO04, 20CC, 20V (const.), 10min 100~400
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Table 7 Climbing drum peel test results on
pickled® and anodized panels.

led | Adhesive™ Followed by |  Adhesive
piekied 1 IR F  E anodization in (kg1/225 E Wigth)
Ammonium
. , [tartrate 04 04 12
Sulphuric acid Chromic
59 13 24 1..4 13.5 245 7.6
(not anodized) lsulphuric -
acid - - 23%11.2 11
Ammonium ;
Chromic and [tartrate 0.110.2 84
sulphuricacids | 188 16.013.0 {CIO™IC 136 24.6 104
816.013.0 § R . .
(not anodized) Sulphuric
acid 14221 4.4
(1) Adhesive code: R, Redux, Geigy-Ciba
F, FMI123-5, Cyanamed
E, EC2216, 3M
(2) Failure occurred in oxide layer
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