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EIGH STRENGTH ATUMINIUM-ZINC-MAGNESTIUM ALLOY
DEVELODMENT IN GERMANY,

Eistoz 3 -

Attempts had been mede to use these alloys at verious
times before the war but stress—corrosion troubles hsad
been experienced. Por some yeers before the war develop-—
ments hsd been pursued sctively with the object of replscing
copper-besring alloys of the Duralumin type in wrought forms
by alloys practically free from copper. The endeavour
wes to produce an alloy of sdeguate corrosion snd
stress-corrosion resistance that would give strength
and general properties as goeod as those of duralumin after
egeing et normal temperaturese.

Alloys were developed by T.G. Farben on the cone hand
and by Durerermetallwerke and Vereinigte Leichtmetallwerke
on the other hand. The I.G. 21loy depended for 1ts stress
corroaion resistsnce on additions of chromiuwm snd vanadium
while that spomsored by V.L.W. depended on a speclal heat-
treatment. The Luftministerium regarded the I.G. alloy
as the better snd instructed V.L.W. end DHren to meke this
glloye These two latter firms however used s different
method of casting. They were not so succesaful in sttain-
ing specification mechanical properties end speciel con-
cessions had to be arranpged (Dr. VHth).

Production.

According to Dr. Alitwicker the total I.G. producticn.
of these glloys during the war was 5,000 tonsi-

Extrusions 4,000 tous
Porgings 800 ™
Sheet i00 "

This was'ébout 107 of the totel productions

The quentity of the mlloys produced during the war
was restiricted, sccording to Dr. VBth (of the Luft-
ministerium), by the shortage of pure aluminiume.



Compositiona

For geronsutical purposes the aluminium-zinc-magnes-
lum alloy was supplied to specificstions Fliegwerkstoff
3415 and Flw 3425. The meln requirements of these
materials are indiceted in Appendices I and II. Prof,
Mex Haas states that Specification Flw 3415 was never
officially lssued and his cbservations on the matter are
given in Appendiz IIT,.

Discussions witl sxperis oL T.Ge a0 OF Velede

indicsted that the compositicns preferred by these gfaupeiitm‘w

WEDE S~

ZNe Moo Mne Cue Cla Vo

T,G.  Flw 5425 2,5 3.5 Qo3 g Po.2 bo.04
Veles TFlw 342E 4,5 345 C.5 Ca2 Q.03
" Fiw 3415 4.8 B.1 0.7 0.1 Nil Wil

Casting.

Chlorine treatment of melts was employed in I.G. _
estavlishments. VelieWe steted that they &id not use fluxes
nor other de—gassing agents on alloys of this
class but employed =lectric furnaces for melting. To
secure satisfactorily low gas contents in thelr pro-
duction work they allowed the metal to stand in the
molten condltion during s sultable period, I.G, made
cast billets for extrusions and forgings by thelr
"bueket mcould® practice. They allowed the alloy to
settie for 40 minutes before freezing and claimed to teke
the temperature down very cleose to freezing point bvefore
lowering the Ybucket® into the water. Prof. Bollenrath
gald thet this method sometires gsve very lerge grain
size but it was eszential for maximum corresion resist-
ance because 1t gave least zine segregation and he
regarded it as superior practice to that of Vel.d. and
Durener., Because of licence restirictions, V.L.i. and
Durener did not use this method.

I.G. now consider the semi-continuous D.C. casting
process as opeérated at Westfalische Leichtmetallwerke,



Nachreodt, is éuitable for =nd effective in production of
slabs for direct rolling to shects.

VeLeW. stated that they had had trouble with billet
cracklng and with segregation of chromium snd venadium
constituents in the manufacture of the I.G. type materisl.
They also stated that copper increassd the teundency to
erack during or shortly after casting of the bhillets,

Extrusion.

Durener and I.C. claimed that the alloy (Flw 3425)
was as easy 0 extrude ss Durelumin. Extrusion tempersa-
tures were 420 to 4809C.

Sheet Rolling,.

A1l sheet was uvneclsd. Cladding with varicus
coatings had been tried, VeloWe had tried pure zine and
high zine Al-Zn alloys without success and they regarded
pure aluminium ss unzuitsble beeause 1t was cathodie to
the alloy-

Prof. Bellenrath gald that BeVel. had reached +he
conclusion thet cladding with an =21lloy conteining 2% of
Mg-Zng was best,

The slabs cast =t Wachrodt (WestfBlischs Leicht-
metallwerke) with a semicircular edge, and sbout 4% thick
were stated (o roll very well without sdge crecking,.

They had rolled sheets in ¥iw 3425 but none in the mors
workable alloy Filw 3415, Ho clad sheets had bhesn made at
Nachrodt end they considered cladding unnecessary on sheeta
made by their technique. Dr., VBth considered that gheets
to Specificetion Flw 3425 were apprecisbly more diffiecult
to form than durslumin and that apprecisble prefiliag
would have to be done before age-hardening. Sheets to
Flw 3415 could, in his view, be Tormed zhout as easily as
Duralumine.

Dr. VBth and the I.%3. expsris ot Wachrodt thought
that alloys to these speeificotions would be satisfzet-
ory in sheet form without cladding for use in e¢ivil
alreraft in which lonzer life wrould be reguired than
in military alreraft, but Prof. Bollenrath was of the
opinion that cladding was not only desirable but would
be necesgszary for long life, of the order of 10 years,



in alrcraft. Dr. Slebel of T.G. appears to hold the
sane view,

Rivets,

The 2ist of alloys made by V.L.%. {(Henover and
Lastzen) given in C.I.0.S. Report on Item 21 File
XXX{I1I1-32 includea an item 20/44, Rivetwire, of
compositions:--

Ced=0,6 2e9=3.58 Lo2=AeH Qol=0e3
i, Fe. cr. Y.
o5 L oB 0e10.2 0,05-0,1

This msterial evpesrs to be rivet wire to the requirs-
ments of Specification Flw 3415,

Hention is mede in B.I.0sS. Final Report 279
Item 21 of sn alloy.

Mn. Mg LN

Qeb P 4

having been made by V.L.¥. for rivets but nc informaticn
could be gained by the present authors on the use of
this 21loye.

Forgig;g [

Dr. Altwicker, (I.G.), clalmed that the forging
pressures required were 15% lower than those reguired
for duralumine

1.3, were very satlafled by the press forging of
e taper spar for He 177 from & cast billet 800 mm dia.,
2.5 metres long, welighing over tWo tons. The forging
wag 9 metres long. Forgings in these glloys had also
been used on new types of Ju 1iB8 end Me 109,

Heat Treatment.

I.Gs used s cold water quench and wherever possible
quenched from exirusion or forging temperatures. In
extrusion the sectlon was guenched as it emerged from
the die, This waa possible because of the wide range



of sqQlution ireatment temperature permissible with the
I.Gs alloy which is not true of a copper~bearing alloy.
With I.Ge precipitation trestment was carried out four
days after quenching. I1.G. appeared to favour treat-
ment gt 100 to 120 ¢ for the final elevated temperature
ageing treatment. I.Ge and Prof, Bollenrsth appesred
to agree that sgeing at temperstures higher than 1500 ¢
geve increased stress—corrosion suscepiibility.

The experimental V.L.W. alloy was quenched from
450° into a liguid bath st about 150° , held for a few
minutes and then cooled to room tempsrature. It was
subsequently precipitstion-~treated if required, in the
usual manner. It had been previously revorted thst a
preclpitation treatment of 4 minutes at 1500-200° was
used at V.L.®. but this appesrs to have been a misunder-—
standing. The gquenching bath was a sslt bath, oil, or
an agueous solution of pectin.

3tress Corrosion,.

3iress corrosion tendencies were investigsted by the
gstandard Germen methods of irmersion in 5% Na ¢1 with or
without addition of hydrogen perioxide, the test pieces
belng of the ‘Schlaufenprobe' (Looptest) or 'Gabel! (fork}
typves when taken from sheets or sections respectively,
Some testing had also been done in pure water st 80°C and
in steam. it was admitted that there was no sccur=ste
Imowledge of stress conditlons in these specimens but it
-was claimed that this did not matter so long as the
speclmen shape was standardised. Dr. Kostron (V.L.W.)
belleved that stress corrosion and intercrystalline
corresicn in the absence of stress were, closely bound up
with each other, but that the correlation was not yet
complete, Both were probably dependent upon heterogeneity
at grain boundaries generally but not necessarily due to
the deposition of a second phase.

The emount of laboratory effort expended on stress-
corrosion studies of these alloys in Germany indicstes
very considerable nervousness regarding the practieal
significance of stress eracking tendency of the alloys,.

Exnosure Tests,.

Bxposure tests at tropical stations in Africa and
for a short period in Sicily are described in a report by



F. Bollenrath cnd K. Bungerdt of the DeV.L.(1)  The
only renort relsting to these tests that the present
authors have bean sble to find is the fourth of a
serles but appears to he the final onee. It may be
worth vhile to indicste here some of the main Lfeatureg
of these teats

SamPles were exposed for sixz months (Hay
Cetober; in 1942 in North Africe at a nmarine site in
Tripell and an inlsnd site at Castel Benito. Tha
materials inecluded riveted shecets I nmn end 2 mm thick
rianulaciured by Durener Metallwerke, I.G. Farben,
Velialo, end Wielandwerke also unriveted sheets from
Matallgesellschaft and 0.5 mm shests from various
sources. For comparison shesets from Durener Metaile
werke to Fiw 3116.5 (1.0 rm), Fiw 3128.5 {1.2 rm}

and Plw 5185.9 (1.5 wm) were included in the programme.
} prog

N ct

o]
F]
A

1

Flw 3116,5 is of the clad tyvne of falrly low copper
dualumlin cozting cf the 17 Mn alloy type,
norral temmerature aged.

Flw 3186,5 1s similar to 3116,2 Dut of higher copper
content in the core slloy (3.8 to 4.5%),
and is slso rormal tempersturs aged.

Fiw 3126.9 is similar to 3188.5 but is aged at elevated
tenpercture, & days at 158° . 3,

The A1=3n-ipg slloys tested were of four tyoes

Alloys with Alloys with

75 2o+ Mg, 87 Zn + Mg

I II Ii1 Iy
ine 4eB-4,8 4.2-4,8 4a2=5,2 4, 2=D,2
E{gu Bet=2,8, Bed=2.8 3.0-2s5 3»0"3,6
E:n 094“"0585‘ 004"“008 092"0.4 092“'004
CU. Oag"'oos 008"005 032-004 09‘3"‘0@5‘2
Sj.o ODB“"OQ@ 002-004‘ 0.2-0.—4 002“994
Vo - 0.05 — 0.05
Gre —— 0015 ——— 0015

Supplierss
Durensr Metallges Veloifs LaGe
Velal¥s Vol.d.
Wieland,

(1) ™Investipstions on the permamnence of various
Aluminium-Zinc-Magnesium Alloys in the Tropics®,
¥. Bollenrath and K. Bungardt. U & M Report No.
1072 25.9.43 (GDC 10/5680),



8ix monthse exposure in North Africa resulted in an ap-—
preciable ilnerease in proof and ultimate tensile stresses
of the normsl tempersturs zged Al-&n-~Mg alloys, while the
elongation values diminished more or less. The drop in
elongatlion was gttributed to corrosgion essentlally.

The influence of standing outweighed that of corrosicn
in tke I mn and 2 rm sheets but in the 0.5 mm sheets ex~
posed to msrine conditions In Tripoli more marked corrosion
attaclk was ¢hserved.

Corrosion attack was stronger at Tripcii than st
Gastel Benlto. Wo indlcations of intercrystelline attack
were dekected. Sheets of the olad aAl~Cu-Mg slloys were
resigtant to tropical exposure and showed no significant
changes ol propertles.

The resistance to gsuperfiecial corrosion ¢f the al-Zne-
M¥g alloys of more than I mm thickness was regarded as
sufficlent on the basis of these tests. Sheets protected
by painting, Eloxal itreatmert or cladding would, on the
baslis of theses tests, and in the opinlcen of Bollenrath end
Bungsrdt, be Just as likely to glve no trouble a3 the cled
alleys of the duralumin type (Fiw 3115 and 3126). The
testa did not indicate cignificasnt differences between the
alloys of Type I to IV as regerds resistance to superficisl
corrosion. Laboratory tests for stress corrosicn tendency
by use of the "Schlaufenprobe® (Loop test) used in the
DoValie ®Wechseltasuch®™ apparatus {alternating wet =nd dry
test apparatus « artificlal seawster) gave fsilures in the
water quenched and normsl temperature aged samples of
elloys II and IV o 1y All cther specimens were still
sound after 130 &z 's t2st. To “3chlaufenprobe® {loop)
specimens of the w ter-quenched alloys exposed at Tripoli
ghd Castel Benito Talled during six months exposure. No
ciear connection exists between the resgults of the leborsiory
"Hechseltauech® test and the Tield sxnosure test resulis,
Tt 1s sugpested that it may be a matter of significance
whether the loop specimens are made from a normal tempera-
ture aged sheet and then exposed at raised (tropical) tem-
perature in the bent and stressed condition or whethsp the
sheet 1g first aged at raised temperature and loop test
pleces prepared from it efterwards. In ths lstter cese =
greater stress—corrosion tendency 1s generally observed.,

In the rivets in Alloy I which is free from vanadium
and chromium, fallures al the head occcured during the
six month's exposure in Tripoli, Cracking was inter-
crystaelline and was stiridbuted to low stress—corrosion
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resistance. Tae authors (Bollenrath and Bungardt) state
however that Alloy I i1s not stresa-corrosion resistant
after solution heat treatment and water gquenching and
that the tests had been made on msterisl in an unfavour=—
gble condition,. All the rivets had been solution trest-
ed and wster gquenched in the normsl manner and closed
with the normal tools as ne speclal instructions had been
put forward by the menufasciurerse The rivets Im Al-En~
Mg alloy gave shear strengths of more then 19 tons per
8g. inch and those in Alloys IY and IV which contained
chromium and vanadium were resistent to stress corrosion
after solution heat treatment and water quenchinge

Scme supplementary exposure tests were made at
Cetanie (Sicily) commencing £1.4.43. The test peried
was only 80 days, shorter than was intended owing to
Allled action. = 'The following cbservations relate to
these supplementary exposure tests. ,

The application of a varnish-(Flieglack 7122.70)
was without epparent influence on the stress-corrosion
reslistance of quenched or asir-cooled end normsl tempers-
ture aged sheets of Alloy IV, In the exposure test no
'locp' specimen broke,

Heat treatment in sglt baths had been found by
service exipsrience to be detrimental to the stress-
ecrrosion resistance cof masterial to specification Plw.
3425.5 Thls material is the msterisl of nominal com—
poeltion 4.5% Zn, 3.5 Mg. containing chromium end vanad-
ium addltions, solution heat-treated aged at normal
temperature and streightened. The sxposure tests con-
firmed that heat-treatment in szlt baths is detrimental
to the stress corrosion resistance but the injury was
rather less in specimens qguenched in weter ot ©7CC,

'Plated' i.e. clad specimens were resistant to
stress—corrosion. Material of gimilar type but not
containing chromium and venadium was not stress—corrosion
reslstant efter alr cooling from solution treatment teme—
perature whether gged =t normal or elevated tempersture,
The copper content of this materdal was 0.05%. In
materigl of similer type but higher copper content, elr-
cocled and elevated temperature aged, no fracturea
oceurred during the test period, With stepped cooling
end normal temperature ageing ecomplete resistence to
gtress—corrosion was obtained, but with elevated tempera-—
ture egeing a slight tendenecy to stress—corrcsion
resulted.
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Sheets lnm an alloy containing 5% Zn, 3% Mgg 0.25% Cu
aprrox. showed no fractures of *loop specimens’® in mater-
lal alr cooled and elevated temperature aged after soclutiop
heat trestment. The authors (Bollenrath and Bungardt)
conaider that the period of exposure in the Catania tests
was really insufficiently long.

Appendices 4 end S

It hed been intended to asasrtalin the views of Dr.
Siebel formerly of I.G. Bitterfeld on metters relsting to
these meoterials but he could not be located et the time,
Repliss to a number of guestions submitted later to Dr.
3icbel are given in Apvendlx IV,

A 1list of Hydronalilum Alloys of I.0. manufecture is
given in Appendixz V.

Suntmery,

1 Wrought aluminium-zinc-magnesium slloys had been
under development in Germany and had reached a considere
able productlon durling the war.

Ze The 4,57 zine 3.5 magnesium type had been selected
as the typs preferred. Additloms of small amounts of
chromium and vanadium had beenr advocated by I.G. fer
improvement of stress-corrosion resistance of the alloys.
VoLes claimed to achleve satisfactory resistance to
stress~corrosion in alloys not contalning additions of
chriomium end vanadium by special hest-treatments,

%+ The alloys were studied initlslly a=s a possible means
of providing materisl having propertiss as good as those
of duralumin but free from copper which was in short
supTlye

4, The high strengih properties of the elsvated tempera~
ture sged alloys and the improvement in stress-—corrosion
resistance by elevated tempersture ageing came o be
recogniged ss development of the alloys procseded,

There appears however to have been a good desl of sppre-
hension regerding stress-corroalon tendencye.

B5s« The alloys had been used to a moderate extent in the
form of highly stressed forgings, sections and un-clad
sheets for aircraft mede in the later part of the war.
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APFINDIX L

The ma pequirements of Specification Flw 34316
lMarcE 7842 issue)

n Mg Mn Cu _ 51 Fe
4571 2-39 Qo417 0e1~0e3% L 07% L 0.5}
% Prgof UTs -
T/in T/in® KM%
Sheets up to 6 mm thickness. Normal
temperature cgede
Strips up te 5 mm thickness. Normal 15.5 265+4 15
temperature aged.
Sheeta up to 6 mm thickness. Normal
temperature aged and straightened.
Strips up to 3 mm thickness. Normal 17 .8 26,7 1%
temperature aged and straightened.
Sheete up to 6 mm thicknesse.
Blevated temperature aged. )
Strips up to 3 mm thickness. 2249 85,2 8
Blevated tempersture aged.
Bxtruded sections 1.5-15 mm wall
thickness. Kormal temperature 17 .8 2564 10
aged snd straightened.
Extruded sections. BElevated
tenperature aged. 21.6 27 .9 8
(Trensverse 21.0 2)
Wires end rods up to 2000 mm< J.]
Normal temperature aged and
straightened, 17«8 2647 i0
Extruded bars 2000-5000 mmZ, normel
temperature aged. 15.9 26.4 10
(Transverseid.0 19,0 3)
Bars 5000-8000 mme, extruded or
Torged, normal temperature aged. 15.2 24.1 10
(Transverse 14,0 19,0 3)
Bars 8000-11300 mm¥, extruded or forged,
nermal temperature nged. 14,6 2849 8
(Transverse 14,0 19,0 3)
Bars 11300-20000 nm%<, forged, normal
temperature aged. 14.0 2249 8 p
(Trapsverse 14.0 _19.0 slﬂ

P Elongetion on 5 mm.
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Sclution trestment temperature 440-460°C

Normal temperature ageihg st least 30 days at 20°C or
4 days at 50-600C,

Elevated tempersture sgeing 2 to 4 days at 120-90°%.
+% Praoof stress/ult., stress ratio should be less than
8 #

o
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APFERDIX 2.
The Mgln Requirements of Specgification Flw 3486
an Mg. Mn Cu Si Fe gx Y i
4.5 3B, Oel 0e2 >0sd 0,5 el 0s02 7> o1
to to to- to té to
48 3,8 065 (B 0.2 0,06

2% Proof UTS
/ing T/in® Ei%

Extruded sections 1,.5-6mm thick,
Kormal itemperature sgede 16.5 25.4 iz

Extruded sections 1.5-6mm thick,
FRornal tempersture asged and
stralghtenad. 1768 25.4 123

Extruded sections over & mm thick,.
Normal tempersiture asged. 17.8 26.7 10

Extruded sections over 6 mm thick.
FWormal temperature aged and

straightened, 19,0 26,7 10
Drawn bers up to 2000 rmZ, Normal

temperature aged and straightened. 17.8 28,7 10
Extruded bars 2000-8000 mmZ2., Normsl

temperature aged. 17.8 26,7 10
Extruded, forged bars 5000-8000 mm2,

Normal temperzsture sged. 16.5 A5.4 10
Extruded, forged bars 8000-11,300 m?,

Normal temperature sged. 1849 241 8
Forged propellers (root). INormsl

temperature aged. i 17.8(L)} 26.7(L) 10(L

21.6(T 6(T

Forged bars 11300-2000Q. Normal
temperature aged. 158 24,2 8

Extruded sectlons 1.5 to 3 mm thick.
Elevated temperature sged and

gtraightened, _ 25443 3045 8

(L) - Longitudinal, (T) - Transverse. + o8 Proof Siress
" UeTeSe *90%
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+2% Proof  UTS
T in% 7/in®  _Elg
Bxtruded sections 3 to 6 mm thicke

Elevated temperaiure aged and
stralghtened. 25 od+ 31,75 8

EBxtruded sections over 6 rm thick.
Elevated temperature sged and

straightened. 28.7+ 31.75 B
Forged propellers (root)., Elevated
temperature aged 26.?EL 31.75(L)8(L
21.6(T 25e4 (T)4(T
Press forging, Elevzted termpersturs
aged. 26.7(L 51.752L;8EL
21.6(T 26.7 (T)4(7T
Open forgingse As reculred.

Drawn or extyuded, or forged bars up 26.7(L)+  31.75(L)8(L)
to 8000 rm?. RKleveted tempsra—
ture aged. . 22,9(T) 26,7{1T) 4(T)

Extruded or forged bars over 8000 mme ( 264,7(L)+ 31.75(L)8(L)
up to 11300 mme,. Elevated tempera-

ture eged. ( 21.6(T) 25.4(T) 4(T)
Forged bars 11300-20000 mm2. 25.62L'+ SO.SEL SEL
Hievated temperature aged, 20.3(T 24.1(T) 4T

(L} - Longitudinal. (T) - Transverse. -+ o2 Proof Stress
UsT oS 907
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AFPENDIX 3§

Fliepworketoff 3415,
(Note by Professor Max Eass, October 1546)

The constantly increazsing scarcity of eccpper in Germeny
mede it Inperative to develor a "Fliegwerkstoff® which con~
slgted of the materiagls that were avsilable on the home
markedt i.e, sluminium, zine and magnesium, The RIM
(Minisiry of Airways) took up again the old alloying type
Conztructal which had been brought on the market 20 years
ag0d by Messrs, Geldschmidt, Essen. This slloying type was
very sensitive towards stress corresion axnd had, therefore,
not been further developsed. The age heprdsning component
was Mg Zng. In the meantime the influence ol the proper
besat trea%ment resps 0f the stabilizers chromium, vanadium,
titan and manganese snd their intercrystaslline and surfacs
gliding preventing nropertlies of the crystals ss a counter
action agsinst strese corrcsion hed heen explored, and
practical tests had been mede with success.

Since nunber of years the demand for a super-duralumin
had Been reised and famous Americsn, English, German,
French and Japasnese explorsrs have been busy wlth this
problem on the bese of the Al-Zn-Mg-eliloys,. In Germany
the I.G+ Farbenindustrie worked chiefly with the stsbllizers
chromium and venadium in the presence of copper, whereas
the Vereinigte Leichtmetallwerke propagsted the addition of
manganese and & proper heat trestment, which latter ons
was alsc recoenmended by the DHrener Metallwerke. EBefore
the end of the war the RIM had just started s large scale
testing program by conblned efforts and for this purpoze
the "Pliegwerkestoff®™Form 3415 had been drafted,

Descriptiont Only about 10G forme of the "Fliiegwerkscoff®
Form 3415 bave been printed and it never has been officlally
issued,. This gives alssc an explanaticn to the faet that
this form is missing in the "Fliegwerkstoff-Handbuch® which
had been edited by the Technical 0ffice of the RIM and the
last el-glloying page of whilch was 3350, It ran thus:

Fliegwerkstoff-Leistungsblatt

Greup: Aluminium Alloy 3415
Type: Al-En-ilg.

Chemical composition: ind.
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Mg 2 - 208‘%

Zn 405"'5.-5%

st 0.7%

Mn 0.2-0.3% according to RIM prescription x}
Cu 005%

V0,087

Cr 0.23%

Fe up to 0.5%

VIW Hannover used 0.35-17 Kn., The RIM was of opinion thet
primary FR Alz segregstions would tske »lase which might
give ceause for troubleg,

Meterial-Indsx,

Ehepes shaping sheets,

Proof Stress sz F {0.2) 25 kzmme
Tensile Strengths & 3 38 kgnme

0 127

Elongation on Bresgk: 5 1 ;
Cold sge hardening.

Treatment:

Griticisme

The Fliegwerkstoff 3415 Al-Zn-¥g was eouivalent to
the Flisgwerkstorf 3116 Al-Cu-g plated, but efforts weps
being made %to reglise g guper—~dursluminium quality with
Fliegwerkstoff 3425, having the index numbers 42/50/8,
The aim was to realise 45/55/6,

According to German opinion the English elloy Eango
containing 7-87 of zine end 2 Mg with chromium as 8tabhii-
izer contains too much zine end magnesium. The same
applies to the American alloy 75 § with TeI. Zm, 157 Mg,
00553 Mn and 055:.: Cue

It was an impossibility to introducs the A2-Zn-MNg
alloy during the war in Germany becszuss of the scarcity
of raw materlals (%oo high virzin aluminium stock regquired
and two sorts of scrap).

In times of pesce and under international aspects,
the Introduction and use of this kind 0f super-duralunin-
lum will be of interest and successful. Scrap refining
would be given a fair chsnce and good prospects wilth
this new process. To eliminste eny set-back, large
scale trials must be made, For the purpose to avoid any
mlz-up of scraps and to clear the scrap situation once

end for all, it would be neceszary to exclusively usge
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zine~alumin instead of the copper-duralumin used up $111
NIOW,.

I have Tound out later on that three of the largest
plents have mede a large scale trial in 1943 for forging
purpoges and hove used 120-150 tonz with suecess. The
analysis of the Fllegwerkstoff 3415, June 42 (anslysis
for propellers) was a compromise which met the demands
of all menufactursrs. The discrepancies of the analysis
compared with the figures given in this report may be
explained thershy. The superiority of the Al-Zn-Mg alloys
compered to Duralumin was the better hot forming property
and the better values by forging the pressed parts, further-
more the subseqguent ageing wvhen being stocked. Regard-
less whether cold or hot sge hardening tcok place the
alloys become more compact or more hrittle and show bad
workability figures especially for sheets.

Prof. Dr. Ing. Haas,
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APPENDIX 4.
cuestions submitied to Dr. Sishel (T.G.) and renlies.

A% the time of the author's visit Dr. Siebel was awey
from hone. By courtesy of F,.I,A.T., Franicfurt the
following questlons were submitted to Dr. 3iebel end he
supplied the answers given below.

1. What scientific Investigations led to the compogition
selected by I.G. Research staff as the best ons for this
type of moteriali?

Dr, Slebel - Systematic investigetions of the ternary
Al-Zn-Ng system showed thot glloys on the 3sction Al-ily
43 possesced geod stress—corrosion resistance and pood
elongation valuss. Alloye on the A1-AlgMg.-4Ing and

A1-Mg~Zn. sections were ~tress—corrosicn senzitiVe (see
1list of “publications).

Z« Can Dr. Siebel give titles snd nusbers of reports
dealing with sxploratory work of I.G. Resemrch Labora-
tory or other lsboratories on these alloys®

Dr, 3isbel -~ List of reports is apvended.

3. Did I.G. investigate the constitution of the zlloys
containing small smcounts of Cr sand V and did they reach
any conclusion as to-the mechanism by which these
gdditions gave improvement of the stress-—corrosion
resistance? References to relevant reports should be
Tiven if possible vnlease.

Dr. Siebel =.The solubility of Cr, V, Ti and other
stabiligers in gy 43 was determined. Further, the
influence of these stabllisers on the mechanical pro-
pertiss and stress—corrosion properities was determined
on both extruded and rolled material very theoroughly.
The results sre given in the reports.

4, What are the genersl impressiocnes of the I.G. Research
Team on the relisbility of the a2lloys end thelr sulte-
bility for use as engineering msterisls where s long
life, e.g. 10-15 years iz required?

Dr. siebel ~ Extruded material, Hy 43 fully heat-
trected can be used without cuestion in practical
applizstions for long periods of 10-15 years. It should
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be superior to the Duralumin hitherto used, especially
the elevated temperature aged Durelumin.

For sheets Hy 43 In the normsl temperature-sged con-—
ditlon only, the workability and stress—corrosion resist-—
ance are somewhat inferior tc¢ those of Duralumine. Other
4l-Zn-H#g sheet alloys have bheen developed which, when
plated are apparently as good as Duralumin. In this
field there have been extensgive Iinvestlgations whiech
have not yet been pubilshed,

5. Does Dr. Siebel consider that uncosted sheets in Hy 48
would be satisfactorily resistant to stress—-corrosion
during periods of 10-1b5 yearsg in c¢ivil aircraft?

Dr. Siebel - Iy 43 unplated ls infericr to Duralumin
and especially to Duralplatt (vide 4).

6. Does Dr. Siebel consider that profiling operations on
sheet and strlp and slight bending or straightening of
axtruded sections should be carried cut in the annesled
or sciution-treated eondition rather than after the
compietion of heat-treatment operastions?

Dr, Slebel - All forming operations should in princi-
ple ©e carried out om homogenised Hy 43 wrought material
cnlyas In the fully heat-treated condition the material
ls capable of withstanding quite consideratle deformation
¢f an extrusion ratlo under 9G7, but from the point of
view of stregs—corroslon, working of material in thils
aondition should be avoided wherever possible,

7+« Does Dr, Siecbel consider thst all the stress—corrosion
tests they made in the laboratory geve them the best

alloy for freedon from stress-corrosion troubles in
service or that the tests gave exaggereted Aifferences

in stress-corrosion behaviour which would not be of
significance in service? How were results of lsboratery
tests correlated with service performance of the alloys?

Dr. Siebel - In the laboratorv tests (Gabel (fork)
tests, Bchlaufen (loop) tests, ete) rapid methods are
concerned and these serve the purposes of -

1. evolving alloys having lmproved stress-corrosion
resistance,

2. ¢larifying the whole problem of stress—corrosion

Ja distinguishing susceptible msteriel from thet

which 1s resistent to stress—corrosion in works
control,.
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In compsrilson with stress-corrosion conditions in
service, the Lsberatory test methods are nsturally much
too severe, and there ls today still no relationship
between hehsviour under the rapid tests and behsviour
in service. However, there can bs no doubt that for
further development of high strength light alloys,
stress corrosion testing in the leborstories is Necessary,
and that the present test methods in spiite of their
disadvantages, do glve a sgignificent indiecstion of the
stress—corrosion behaviour of a material, and of the way
1t will behave in serviee, With the help of these
methods, the ctress-corrosion resistant al-Mg, snd Al-
&n-Mg zlloys were develorpsd by .G

8« Does Dr. 3icbel regard L1-Mg alloys containing more
than 5% of magnesium as being capshle of being free from
stress—-corrosion troubles if they are either

a} correctly heterogenised,
B contein aprox. 19 of zinc,.

Dr, 3iebel -~ according to the improved heterogenisation
treatrents ovolved by ourselves, the binary Al-Mgz sheet
alloys e.ge with 8,57 Mg, 0.37 Mn. ere practlcally resist-
ant to stress-—corrosion sven after rehezting to 100°C.
(Aluminium 1942 pp 129-130),

The Al-Zn-Ng alley Hy 18 (87 Mg, 17Zn, 0.5 Mn and
O0el2’ Cr) is, in the homogeneous condition, aprreciusbly
more stress—corrosicn resistant than the homogeneous
binary Hy 9 sllecy, but not so stress—corrosion resistant
as Iy 9 sheet produced by the latest heterogenising pro-
CES53 s The penersl covrosicn resistance of Iy 18 sheate
is also somewhat inferior to that of Hy 9 sheet (Vide
deits Tlr HMetallk, Vol. 32, 1940, pp 298-30%2 and Jahrbuch
1938 der deutschen Luft fchrt forschung).

9s Were T.Ge. completely zatisfied thet Iy 18 could be
used sotisfactorlly in conditions of hest-treatment snd
cold work other than thet in vhich the gheet or strip
was suprlied by T.%.7

Dr, SBlebel -~ Experience in practice has not yet shown
vhether Hy ¢ or Hy 18 has the grester zdvantages. Since
the beginning of the war, these alloys have not heea in
production, Fo loarge cuantity of Ey 9 sheets has vet
been made by the latest heterogenising process, so that

& setisfactory comparison between the new Hy 9 and Ey 18
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is not yet possidble. On the grounds of laborastory
test results, the heterogeneous Hy 9 should give better
performance than Hy 18 sheets.

10. D1d I.G. do =ny electron-mieroscope work on light
alloys, particulerly on precipitatlon hardening?

Dre 8lebel - Investligations with the electron micro—
gscope on 1ignt metals have not up to the present been
made by us owing to pressure of more lmportant prcblems
but were planned.

1l. References to the more important I.G. reports on
these alloys ?Hydronalium.alloys - including Hy 43?
ghould be given please.

Dr, Siebhel - List of papers attached,

12. What were the results of I.G. investigstions of the
fetigue properties and notch sensitivity of Hy 45 in
wrought forms - forged and also extruded? Are there
any IT.G. reports?

Dr. Siebel — Extensive lnvestigations on the bending
fatighe strength of Hy 43 extruded, forged, and rolled
have been made, One can surmsrise by saying that the
fatipgue strength of Hy 43 1s practically equal to thet
of Duralumin. By elevated temperature ggeing of Hy
43 the strength properties (Proof Stress, Ultimste
Tensile Stress) are raised appreciably but the fatigue
properties are not improved apprecigbly.

I.0. Publications on Al-Zrn-Mg Alloys.
1. C. Siebel and H, Vosskllhler. "Influence of additions,

especlally of Zinc, on the cerrosion behaviour of Al-Mg
alloys™ Z. fiir Metallie 32 (1940) 298-302.

2. G. 3iebel and H, Vosskiihler. “Strength properties of
cold hardened (normal temperature aged) Al-Zn-Mg alloys

of 99 Mg + En“. Metallwirts 19 {1940) pp 1167-1170.
Jahrbuch der Deut. Luftfabrtf 1, 1540, p 1062-1068,

%3. Ha Vosskihler. ®Development of a stresa-corrosion
resistant, cold and warm sge-hardening Al-En-Mg slloy
with high strength properties®. Jehrbuch der Deut,
Luftfahrtt 1, 1940, pp 1044~1056,.
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4y Hu.Ge Petri, G. Siebel snd H. VosskWhler. *3trength
properties of an Al-Zn-Mg slloy with 5.54 Mg and 4.5% Zn
cold aged®, Aluminium Z4 {1942) pp 385-389.

5 H.Ges Petri, G. Siebel and H. VosskBhler. "Strength
properties of an Al-Zn-Mg Alloy with 3.57% Mg, 4.5% Zinc“.
Iilienth=l Report A.165. Jahrbuch der Deut. Luftfehrif,
I, 1642, pp 744753,

Be. Wo Rosenkranz. ®Preparation and working of the alloy
Hy 43/DVL and strengih properties of extruded snd forged
products®, Lilienithal report &4.155. Jahrbuch der Deut.
Luftfahrtfe I 1942 pp 766/72.

7e Hu3e Potri, G. Sicbel ani H. Vosskihler, ®Influence
of additiovns on the stress—corrcsion behavicur of an Al-
En-Hg Alloy with 4.5% Bn, 3.5% Mg®, aAluminium 26 (1944)
e 2=10.

Be Ge Slebel, ®*Determination of sclubility of Mg.Bng in
Aluninium®, Z. P8r Elcktrochemis 49 {(1943) s.218/20.

9, H. Vossk¥hler. *aonstitutlionsl investigation of sn
Al-Zn-Mg slioy with 4.5% and 3.5% Mge. (Ey.43). 3. fAr
Hetellic 36 (1944) pp 195-197..

10, H.Ge Petrl and G, Siebel. Comparative stress-
corrosion tests or Al-Cu-Mg and Al-Zn-Mg Alloys™.
Aluninium 26 (1944) pp 190 & £f.
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APPENDIX 5.

Hydromalivom Alloys.
The following schedule was kindly suprlied by Golonel
W.Te Vigers and Mr. H.G. Ridge of Metsllurgy Brench, Trade
aend Indusiry Division, 64 H), CCG(BE), Minden, B.l.0.R.

WROUGHT AL7.0YS.

 F.L.¥. Desig- Composition
Furber nstion Mgl!  Znd  Mnd Bi% G Remerks

H}i'25 2 —— 902“096 0»5 ——— Thin Wire
(for filters)
Rivets: good
gpinning,
welding and
polishing
properties.

Hy25 2 — - C.5 -  As gbove,
Good snodls-—~
ing preoper-
ties,

Hy 3 3 == 0u2~048 — ~«=  Deep drawing
and spinning

3505 Hy & 5 — Cu2=0,.5

- ~—  Deep drawing
A high strength
alley exhibit-
ing considersgble
work herdening.
Sea~water
Qo206 mre —- registent,

8510 Oy 7

-3
1
I

3316 Ey 9

l

Qu=0e —— - Never came
into pro-
duction.
Only small

amounts made,

Ce2=046 —— —=  Better stress
corrogion
properties
than Hy9.
Experimental

alloy oply,

Hyi8

[
Ry
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WROUGHT ALTOYS (Continued}

F.L.i{s Des ig—
Nurber nastion Mgl Znd Mn,

51

crs

Remarks

5425  Hy43 3=5e5 4=4,5 0.2-0.6

015-.25

Forgings and
high tenaile
sheets. (Cr.
gdded as
gtabiliser}.

Hy46 4 6 02046

Experimental
alloy: did
ngt come inte
usc e

CASTING ALTOYS,

Hys1 5 - —

Grevity die
and sand
castings: sea
water resist-
ent .

Hy71 7 —— —

',..\

Send castlngas:
shandoned
owing to hot-
shortness and
poor casting
properties,

37=239,GensLabtd6-48.



