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1. GENERAL
AZ 92 A ig a heat treatable casting alloy which is a mem-
ber of the alumi &pd Zine ¢ tning tamily. Of this
tamily it has the highest yield strength combined with
maoderate elongation and good pressure tightness. It is
svailable in the form of sand, per mold, i
castings sod welding rod. Caetings of this alloy give stable
properties up to 200 F apd under [ow opetating streases
give satisfactary service up to 350 #. It has god machin-
ability and can be welded.

1.01 Canmercizl Designation. AZ 92 A.

102 Alternate tion
1.03 Specifications, Table 1.03.
TABLE 1.03
Foren Milteary ASTM
4434 F |Castings, sand (T6 Cond)}] QQ-M-56(F. T?7)| B 80-56T (F.T6]
4453 Castings, inveatment
(Tt Cand) - -
4454 E |Castings. permanent
motd {T6 Cond) |QQ-M-55(F. T6] B 199-56T
- Inget - B 93-36T

1.04 Composition, Tahble 1.04.
TABLE 1 04
Source AMS (1) (2) (3
Percent
Min l Max
Alumizumn 8.3 9.7
Zinc 1.6 .4
Manganege 0.10 -
Sttten - 0.3
Copper - 0.10
Nickel - 0.01
€xbher impuritiea
tatal - 0.30
| Ma gnesium Balapce
1.05 Heat Treatment
1.051 Solutian treat. As cast P Condition to T4 Condition.
1.05E) Load into preheated furmece (appraximsiely 500 F), ralse
to 760 10 770 F tn abaw 2 br, hold at temperature for 18hr,
air coal. Use 0. 4 SO, (min) tn furnsce stmosphere during
heat and sosk periads, (4, p.3).
1.0512  Lawed into preheated furasce (appraximately 500 F), raise
10 760 1o 770 P in abowr 2 hr, hold at temperature for 6 br,
furoace cool to 660 to 670 F, hold for 2 hr, ralse to 760 o
770 7, hold for 10 hr, sir cocl. Use 0.5% SO (min) in fur-
mace stmosphere during heat aod sk cycles. This treat-
ment prevente germination, (4, p-3).
1.052  Age :
1.0521 As cast to TS Condition, age at 490 to 510 F for 4 hr, 2ir
cooal, (4, p. 2+3). X
1.0522 T4 to T Condition, after solution heat treat, gt at 490 to
510 P for 4 br, air cool, (4, p.4).
1.06 Hardenabiliry
1.07 Forma and Coxxdl Available
1071 Alloy is labic tn the &l I range of sizes far
aand, § mold and Thogs
1.072 Castings are svailadle in P, T4, TS and TS Conditicns al-

though use 18 almam exclustvety tn the T6 Condirion.

1.08 Melting and Cxsxing Practice

aicm alloy meiticg and ca sting practice.
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L0V Special Congiderations Mg

1.0%) Heat treat temperature must not exceed 772 F to prevent 9 Al
burning, (6)-

2. PHYSICAL AND CHEMICAL PROPERTIES 2 12n

201 Thermal Properties

2.0t Melting range. 830 to 1100 F minimum, Liquation (burning) AZ92A
temperature 770 F, (6).

2.012 Transfermation temperature. Nooe.

2.013 Thermal canductivity, Table 2.043.

TABLE 2.013*
Souree O, T V)
codition F_ ] 14 ] 15 1 716
Temp - F Bru f1 pexr { hr sq &t
68 30.2 256 33.6 1.6
100 - - 35.1 35.1
200 - - 38.7 38.7
300 - - - 1.8
400 - - - 4.8
500 - - - 47.6
* Caiculated from electrical resistivity data

2.014 Thermal expangion at low and cl temperutures, Fig.
2.014.

2.0141 Dimensional growth due 10 ¢Xposure ar various (empera -
rres, Fig. 2.0141.

2.015 Specific heat. 0. 245 Eu per {Ib F).

2.016 Emlasivity. Variations in alloy composition do axt signif-
icantly effect emigsivity values,

2,0161  Effect of test temperature on emisaivity of alloy, Fig.
2.0161.

2.7 Diffusivity. Thermal, 0.135 aq in per scc, (9, p.19).

2.02 Cxher Physical Properties

2,024 Density. 0.066 ib per cuin, 1.828 gx per cu cm.

2.0 Electrical resistivity, Table 2.022.

TABLE 2.022
 Source
ondjti
| Temp - F

68

100
200
300
400
500

2.023 Magnetic properties. Noomagaetic.

2.03 Chemical Propertice

2.031 Corroston resiatance

2,0311  Alloy is reslstant 1o Toat alkalis, some hydrocarbans,
aldetydea, ethyl alcohol, phenols, amines, esters ami
mast otle as well an pure chromic aod hydroflpurie acida.

2.0312 Swess corroston may occur after welding unless giresa
relleved.

2.0313  Suscepible to galvanic coxrosion in preaence of more noble
meml unless protected.’

2.032 Oxidation resisance. jn moist air, alioy forme oxide film
which retaxds tat does oot stop further axddation. Needsa
full protection ln marine stnospheres.

kN MECHANICAL PROPERTIES

.ol Specified Mechanical Propertics

3.01% AMES epectfied and producer’s mini h } proper-

ties, Talle 3.011.
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TABLE 3.0il
Mg [Source AMS (1) (3) ] AMS (2) Dew {9, p.23)
9 Al | Alloy Mg-9A1-2Zn
Porm Sa:::"up:dr:;:‘m Investment castings Sand and permanent mold castings
2 Zn Condition T6 T6 F T4 e T6
Frur min - kai 34 (), 25.5(0) 17 () 37 (@), 27.5 (), 19 {c) 20 34 0 4
AZ 92 A Fy mis - ksi 18 (a), 16 (&), 13.5 (¢) 20 {a), 17.5(®), 15 {c) 10 (N 10 (N 110 184N
€, min - percem E(a) (d) O.75 (1) 1()}(e) 0.7 (0)Y () 1 {d) 6 (d) 1
Hardness,
BHN - min 70 M 63 (N
. max 95 (h 93 (N
(a) For cast tensile specimens (e} In1 in gage length
(b) Average for tensile specimens (N Converted {rom Rockwell E 75-95
cut fram castings (oot bess than 4, preferably 10 spectmens) (g) In4 D
{c) For individusl tengile specimen cwn from castings () 500 kg - 10 mm ba!l
(d) In 2 in gage length (i) AMS 4434 F specifies 2 in gage length
AMS 4484 E specifies 4 D gage length
305 Fatigue Preperties
3.02 Mechanical Propersies at Room Temp e 3.J51 S-N curves for fatigue properties of alley, Fig. 3.051.
3.021  Typical mechanical properties, Table 3,021, 3.052  Shat pecning or surface rolling of castings induce residual
.campressive elresses favorahle wo Increaged fatigue life,
(8, p.36).
TABLE 3.02]
| Source 9. p.2])
Alloy 1 Mg-9Al-2Zn ix Blastic Propertica \evated
rorm Sand and permanem mold cagiings 061 :‘dudu;u.:x;:ll clasticity at room and elevated Lemperatures,
{separately cast toat hars) ‘B 5B
- 3.062 Modulus of rigidity, 2,400 kei.
Condithon E T4 T5 TS
b;-— 3.083 Poisson’s ratio, 0.35.
w 1yp - ksl F2) 0 24 40
P cyp *+ kat 14 14 14 P11 4, FABRICATION
ea (n} ryp - percent 2 1¢ 2 2
Fcy' typ - ki 14 14 _ un 4.0! Porming atd Casting . _
Fau ryp - ksi 19 19 20 22 4.011 Gen'eral. Standard fiux melting procedure is used rnr_ mag-
Frrwr yp - ksi 50 68 50 0 nesiym all_ays. Mol;en metal must ba kept covered with
Fiyrye typ - kei % 46 4% 85 flux. Crucibles having clay ag a bond are attacked by malten
Hardness, magnestum while steel crucibles are net attacked. Welded
|_8§|£ - typ 65 63 - 84 low carbon or cast steel crucibles are almost always vsed.
Impurities may be picked up from nickei steel crucibles.
Moisture must be avoided.
3.022 Effect of exposure to elel-vaxed temperature on oo m-_n- 4.012 Casting lemperature. Sand, 1350 1o 1550 F. Permanent
;e;;tzure tensile properties of atloy in T Condition, Fig. mold, 1200 to 1500 F. Ingoks, 1200 to 1300 F, (6)-
3.023  The compressive yicld strength of this alloy is essentiaily 4.02 Machining
the zame as the tensile yield strength, (8, p. 28). This alloy possesses excellent machinability.
J3.024 Swregs strain curves in tension at room temperature for
alloy in F, T4 and T6 Conditioa, Fig. 3.024. i
! 4,03 Welding
3.025 Stress sirain curves in campression 31 room temperatures Alloy has fair weldability.
for alloy in F, T4 and Té Condition, Fig. 3.025. 4.031 Allcy is welded by the incrt shielded tungsien arc method,
3.026 Tangent modulus curves in tension at Toom temperature using an AZ 92 A welding rod, (6).
s0m for allgy in F, T4 and Té Condition, Fig. 3.026. 4.032  Gas welding i used mostly for emergency Tepairs. When
O areTos attoy in F. T4 and T6 Candition, Fige 3,087 e g o ot vty Part ahowld be given
. . i VTR mersion und scrubbing in hot waier. Pan should be given
3.028 Elfect of streas concentration facior on room temperature chrome pickle Lreatment and then boiled for 2 hr in 5 pur-
n.!lch tensile strength rotio of abloy in T4 and T6é Condition, cent sodium dichromate sclution.
Fig. 3.028. 4.033  This alloy can be satisfactorily resistance welded, (6).
. dy reli afier welding, sec 4,042},
3.08  Mechamcal Properiies at Various Tempurutyres GO Sress rellere .
.01 Short time teskite properties A 404 Heating snd Heat Tredting
3,030 Sl”rtsusmnlr:m curves atFmav; nﬂn: clevatad temperarure of 4.041 Solution wreatments require an atmosphere of at least
alloy in T6 Conditlon, Fig. 3.03)1. 0.5 percent sulfur dioxide,
3.0a312 g[c:;a;;e:m:fn.pctigr: c;na;xl:;i.ie properties of alloy in 4.042 Heat treatment after welding with AZ 92 A welding rod.
3 ition, Fig. 3. . 4.0421 From T4 or T6 Conditicn before welding 10 T4 Candition
e T a2 B oy s ot
4 - - 4.0422 From T4 or T6 Conditian befare welding to Té Cenditian
3.0314 Eﬂc;: d;cﬁ tcmp;x;ag:;;,qd slr:i.n r;:;;n tensike pro- after welding, heat 30 min at 760 t0 770 F, age 4 hr at
perties of alloy in ition, Fig. 3.0314.. S00 F, (5).
3,032 Short time propertiea other than rension 4.0423  Suress :e}iei after welding, 500 F, 30 min, {5).
3.0321 Effect of test temperature on shear strength of atloy in T
Condition, Fig. 3.0321. ) 4.05 Surface Treating
3.0322 _Erreu of 1eST temperature on bearing properties of alloy 4,051 Dip ceatings (chromic acid and sodium dichramate) and
in T6 Coandition, Fig. 3.0322 anodic coatings of various kinds are used. Both types serve
i i i i thin and
3. . R a3 a base for special paints. Dip coatings are_very
3 gl %::ﬁ :rwigzpa?lnxﬁe;gzﬂﬁi Fig. 5,041 lack abrasive resistance. For service in marine atmaspheres,
3.042 lsochronous stréss strain curves for ;Iloy .Ln Tb C-mdmm anodic coatings plus paint must be used. Electroplating may
2t 300 and 400 F, Fig. 3.042 be used for high wear resistance and protection at elevated
» g 9.08L temperatuzes, (8, p.157, 136}
cove 3403



REVISED'MARCH 1963

18
Mg-9A} -I2a
) / ',/
[N /
o
F et
& MEAN COEF LINEAR
§ THERMAL EXPANSION
Zy / !
e FROM RT TO TEMP
= INDICATED
10 /
8l - —_
400 -200 [ 200 400 600 800 1000
TEMP - F
FIG. 2.014 THERMAL EXPANSION AT LOW AND ELEVATED TEMPER -
ATURES @, TRLD
EXPOSURE Mg-9Al-22Zn
AN T4 COND|

[N

o

/ /1N

-4

PERMANENT UNIT GROWTH
10 "IN PER iIN

10 HR

]

v/
//

200

300 400 300 600
TEMP - F

FIG, 2.0141 DIMENSIONAL GROWTH DUE TO

EXPOSURE AT VARIOUS TEMPER -

ATURES (8, p.16-17)
. . '
Mg-9Al-2Zn
® AS RECEIVED
@ CLEAN AND SMOOTH
& POLISHED [
] /

o
»

Sl
u. 10
-400 -200 ¢ 200 400 &0¢
TEMP - F
F1G. 2.0161 EFPECT OF TEST TEMPERATURE ON EMISSIVITY

F
OF ALLOY Py

NONFERROUS ALLOYS

MgC

w g
Mg-9Ai-2Zn Mg
9 Al
40 §O~—ng
" I 2 Zn
TV
EXPOSURE
5 sof- ® OHR AZ92A
0 100 HR
4 5000 HR
20
Pry
TESTED AT 70 7
£ 10
g e {2 IN}
[
g o L
(] 100 200 300 0
TEMP - F
PIG. 3.022 EFFECT OF EXPOSURE TO ELEVATED
TEMPERATURE ON ROOM TEMPERATURE
TENSILE PROPERTIES OF ALLOY IN T6
CONDITION & 5.9
-8A1-2Z0
2 e A
? 7
/ 7
16
/ "
€ n /
N /i
‘
TENSION
o
0 0.002  0.004 0.006 0008
STRAIN - IN PER IN
FIG. 3.02¢ STRESS STRAIN CURVES IN TENSION
AT ROOM TEMPERATURE FOR ALLOY
IN F, T4 AND T6 CONDITION
(11, p.4.62-4.69)
coDE 3403
PAGE 3




MgC

NONFERROUS ALLOYS

Mg Mg-941-2Zn

AZ92A d\ L
; 1

0 0.002 0.004 0.006  0.008
STRAIN - [N PER IN

PIG. 3.025 STRESS STRAIN CURVES [N COMPRES-
SION AT ROOM TE MPERATURE FOR
ALLOY IN P, T¢ AND T6 CONDITION

(11, p.4.62-4.69)

Mg-9A1-2Za
16 lll)ﬂ/
g u \ //
1~
a - Jﬂu
4
TENSION
o ]
0 0.002 0. 004 0.006 0.008

STRAIN - IN PER [N
FIG. 3.026 TANGENT MODULUS CURVES IN TEN-
SION AT ROOM TEMPERATURE FOR
ALLOY IN P, T4 AND T6 CONDITION
(11, p. 4.62-4.69)

cooe 3403

PAGE 4

24

16

Ks1

12

o

0

REVISED:MARCH {963

Mg-9A1-2Zn

T

3

'"\,/

\

A

7

COMPR ESSION

|

0.002 0. 004 0. 006 0.008
STRAIN - [N PER IN

FIG. 3.027 TANGENT MODULUS CURVES IN COM-

PRESSION AT ROOM TEMPERATURE
FOR ALLOY IN F, T4 AND TS CONDI-

TION (11, p.4.62-4.69)

NOTCH STRENGTH RATIO
o

FIG. 3.028 EFFECT OF STRESS CONCEN-
TRATION FACTOR ON ROOM
TEMFPERATURE NOTCH TEN-
SILE STRENGTH RATIO OF
ALLOY IN T4 AND T6 CONDI-

TION (8. p.185)



REVISED MARCH 1963

NCONFERROUS ALLOYS

35 .
Mg-%Al-2Zn
0
RT
=
20
~ A swe
g /
400
15 / o F
o ///
s /
TENSION
o
0 0.002  0.004  0.006 0.008  0.010

STRAIN - IN PER IN
FIG. 3.0311 STRESS STRAIN CURVES AT ROOM AND

ELEVATED TEMPERATURE OF ALLOY

IN T6 CONDITION

{11, p.4.6%-4.70)

1 Mg-9Al- 2Zn
) o <
0 F
[- 2
f b\&? o
10
CORIATION oy
*Ts
oTs
0
20
E
m
G40
[
£ .
) —
) 100 200 300 00 500 500
TEMP - F

PIG. 3.0312 EFFECT OF TEST TEMPERATURE ON TENSILE PROPER -

TIES OF ALLOY IN TS AND T6 CONDITION

(8, p.179)

MgC

M,g-9‘A1'22.n Mg
0 |—a SAND CAST —
\ T6 COND 9 Al
,\ 2 Zn
0
AZ92A
g x
b3 FTU
10 JEXPOSURE
® 1/2HR
© 100 HR
& 1000 HR Py
160
: P
2 be e (4 D)
g
1] ..(
0 200 400 600 800
TEMP - F
FIG. 3.0313 EFFECT OF EXPOSURE AND TEST
TEMPERATURE ON TENSILE PROP-
ERTIES OF ALLOY INT6 CONDI-
TION o
cooe 3403

PAGE 5




MgC

NONFERROUS ALLOYS REVISED MARCH 1963
30
Mg % ) IMg-oM1-220 Mg-oAl-2Zn
SAND CAST TEST BAR 1/5 IN DIA Pl
9 Al T6 COND T6 COND
P N
2 Zn 25
© F — » —
2006 F —O——<> —} O
_—
_® e Fsu
3 / 15
! [
ma / ‘
B wE /‘ 10
o 200 400 600
””’,«0’ TEM? - F
500 F FiG. 3.0321 EFFECT OF TEST TEM-
0 /// PERATURE ON SHEAR
600 F -O"‘(:// STRENGTH CF ALLOY IN
o e T6 CONDITION a3
1]
30
75 7 -» »—-’—"_ﬁ
P P e ]
207 /-"_ /
2 mwih.”_”,,H@,——-——"o—‘,,.,_—v
Fo| wrot— LT o
00 F ] /
600 F .o /
700 F a—1
0
0.051 0.01 0.1 1.0 10
STRAIN RATE - IN PER IN PER MIN
F1G. 3.0314 EFFECT OF TEST TEMPERATURE AND STRAIN RATE
ON TENSILE PROPERTIES OF ALLQY IN T6 CONDITION
2, Tel.™) Mg-5A22n
80 eI TECOND |
e !
Faru
70
60
— Fary
)
50
[ ]
“
e/D=2.0 \
*
30
Q 200 400 600
TEMP - F

FiG. 3.0322 EFFECT OF TEST TEMPERATURE
ON BEARING PROPERTIES OF ALLOY
IN T6 CONTHTION us

copE 3403
PAGE 6




MgC

REVISED: MARCH 1963 NONFERROUS ALLOYS
0 Mg-9Al-2Zn _ M;;-‘IA_I.-Z'I,H Mg
It S T6 COND 2 A SAND CAST TEST BAK 9 Al
-~ P T GOND
20 — ~ -~
I -4 = 2 Zn
L _—_ A
-~ -
- Bl 16 ///. T
i~ -
== q -~ T A7,
* . - . . — — a ,},I_ —
8 T = = w12 — =
P . \\ ~ / I ,l’ -
¢ = P 300 F ’ A
~ ~ I~ 7 - L el .
R y 7
\\ \_ ~ 8 ,1 A // -
. : SN A EXPOSED 3 HR e 400 F
=~ v j /| ProrTO :
~ RN v/ -
K N / LOADING I’ 4 -
PR AN L — 15SEC —
NS ] —-- s if/ It
2 N Y ; —-= 15MIN If/ -
N1~ -——= IHR -
—_—— NN 0 =-= 0HR
T sz} TOTAL \ o 0.004 0,008 0 0.004 0.008  0.082
_____ 0.2g] STRAIN 400 F \ STRAIN - IN PER IN
o b FIG. 3.042 ISOCHRONOUS STRESS STRAIN CURVES FOR ALLOY IN
woL T6 CONDITION AT 300 AND 400 F as
b - -
S—_— -
-~. - ‘-.\\\
10— ]
8 = s ~.\
haR L -~
6 ~ — . ™y
— .‘\“! 0 \\ — i
=y .
- ~ o N EI
4 -~
h - N ~
~ ~ ~ \.
. ~
. ~. ~
~ ] S0OF
z -
~
\.
~
~
1
0.1 1 10 100 1000
TIME - HR
FIG. 3.041 CREEP CURVES OF ALLOY IN T& CONDITION 50 oAl
(8, p.183) Mg-9Al-2Zn
40
NOTE: FATIGUE PROPERTIES NOT DEPENDENT ON
% CONDITION
g 30
m
i \
a
Z —
2 S~
» -1
3 ~oe =L

—— R R MOORE ROT BEAM R = -1. T6 CONDITION (10}
— — AXIAL LOADING R = 0.25 (8)
—— REVERSE BENDING R = -1 (16}
w0t 16° 10° 1w’ 108
NUMBER OF CYCLES

FIG. 3.0531 5-N CURVES FOR FATIGUE PROFERTIES OF ALLOY
A8, p.38) (10) (18)

0

cooe 3403

PAGE 7




MgC

NONFERROUS ALLOYS

I Mg-9ar-2za
SAND CAST TEST BAR
— T6 COND

AZ92A

AN

5000 KSI

E ANDE_ \\

AN

100 200 300 400 560 600
TEMP - P

FIG. 3.061 MODULUS OF ELASTICITY AT ROOM AND ELEVATED

- N -

12

13

14

16

CooE 3403
PAGE 8

TEMPERATURES (11, p.4.68)

REFERENCES

AMS 4434 F, (Aug. 15, 1958)

AMS 4453, (Jan. 15, 19560)

AMS 4434 B, (Jon. 13, 1959)

The Dow Chemical Co., Magnesium Departmemt, “Heat
Treating of Magnesium Sand snd Per Motd Castinga®,
Bulletin No, 141-35-957 (1957}

Brooks, M. E., The Dow Chemical Co., Personal Com-
munication, (Juy 18, 1961)

ASM Metals Handbook, “Properties and Selection of Mctala™,
Vol. 1, 8th Bditlon {1961)

The Dow Metsla Products Co., Magnesium Technical Ser-
vice and Development, “Elecwrical and Thermal Properties
of Magneejum and Magnesium Alloys”, Letier Enclosure,
Code 2.51 HB, (Cee. 23, 1959)

The Dow Chemlical Co., Magnesium Department, “Magne-
slum Design”, Bulletin Form No. 141-91-57,(1957)

The Dow Chemical Co., Magnesiunm Department, "Magne-
sium Alloys and Products”, Bulletin Form No, 141-96-58,
(1958)

Alcos Resenrch Labaratories, "Mechanical Propertics st
Various Temperatures of AZ 92 A-T6 Sand Castings”,
Dsw Sheet, (Aug. 29, 1957)

"Strength of Metal Aircrafr Elements™, Supply and Logls-
tics Handbook, BMI, MIL-HDBK-5, (Dec. 30, 1958)

The Dow Chemical Co., o Technical Service and
Development, “Bifect of Testing Speed and Temperature on
the Mechanical Properties of Same Magnesium Alioye™,
Letter Enclasure, Code 2.52, (June &, 1959)

The Dow Chemical Co., Magneshum Technical Service and
Developxnent, “Shear, Bearing and Hardness Dats for Cast
Alloys*”, Lemer Enclosure, Code 2.32 WB, (Feb. .11, 1957)
The Dow Chemical Co., Magnesium Techaical Service and
Developrnern, "Heat Tranafer Characteristica of Magne-
alum Alloya", Letter Enclosure, Code 2,46 HB, (Pcb. 24,
1959)

The Dow Chemical Co., Magnesium Technicsl Service and
Development, “isochromous Sircas-Strain Curves of Mag-
nesium Casting Alloys”, Leuer Enclosure, Code 1.8 HB,
(Oct, 31, 1958)

The Dow Chemics! Co., Unp hed Owta Sheet ROB/was,
(May 20, 195E)

REVISED' MARCH 1963



