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GENERAL

Thie ailoy Lo used for reactor fuel ¢ladding because of
s exceilem corrosion resiswance, its srucrural
stabilicy at resctor operating temperatures, and its
Jow thermsl neviron sbeorpion croes section. k is
available o form of strip, wire, forgings nmd tubing.

1.01 Cornreercial Designation. Zircaloy-2,
1.02 Alternate Desigontions. None.
1.03 Specificadans. Table 1.03.
TABLE 1.03
I Form 1 Milltary ]
I 1 Strip [ miL-Z-19859a 1
1.04 Composition. Tahle i.04.
TABLE 1.04
Sauxce 4]
Percent Impurities
Min | Max Flemest ppm®; Element ppm*
in 1.20 1.70] Aluminum 75 Mangenese | SO
Iroo 0.07| 0.20| Boron 0.5 Mdybd -
Chrcmiuen 0.0% | 0.15| Cadmivm - 0.5 pirrogen -
MNckel 0.03 | 0.08{ Carbm 70 Average 80
iron - - Cobalt 20 Individual | 100
+ Chromium - - | Copper 50 |Sillcen 120
+ Nickel Q.18 | 6.38| Hafnlum u] Tlanlum 50
21 1 Ba) Lead 30  |[Tungsten | 100
Magnesium {20 |Vanadlum -
Uranlum 3.5
U 235 . 025

* Maximum ppm, welght bagls.

1.05 Heat Treatment

1.051 Anbeal.

1.0511 1550 F, 15 min t6 1 br, o vacunm, air coot or furnace
cool.

1.0512 “Base anneal™. 1380 F, 20 hr ia vacuum, furmace cool.

1.052 Solution treat. 1850 P, 1 br, water quench.

1053 Age soluriom tresved copditian, £300 F.

1.06 Hardenability. Hardening of this alloy is cbtained
primarily by cotd work, although quenching from the
betz range, about 1850 F, alse iacreases the srength.
Bffect of cold reduction oo tensile properties, Fig. 1.06.

1.061 Effect of cold work, bot work and size on bardsees of
plate, Table 1,061,

TABLE 1.001*
e {16, p.3}
YT Zr-1.55n
lForm Plate

Conditio.

Size - in 0.50] 0.25 0.05

Hee W % 0 75 95 95 | 95 95 | 95

cCwg - - 0 10 25 40 | 60

Rolling Plane DPH 183 188 {193 228 1231 243 | 256

1, crosc-gect DPH

ima - g2 [203 218 ] 205 |224

* Avg.ol 5 readings for 20 kg load. |5 sec.

1.7
1.071

1.08

1.09

2.0k
2,01

Forme apd Coodinions Avalable
Alloy in avallable (o the full commerclal rasge o sizes
for sheet, strip, plate, bar, tubing aod lngocs.

Melilng and Casting Practice. Consumabdie electrade
double vecmm meit.

Specisi Casideracions

PHYSICAL AND CHEMICAL PROFERTIES

Thermal Properties
Melting repge. Fure zircoaninm, 3360 to 3370 F.

2.012

2.013
2,014
2.0141
2.0142
2,015

2.02

2,021
2.022
2.0

2.03
2,031
2.0311

2.0312

2,013

2.0314

2.0315

2.032

2.04
2.041

2.042

2.043

2.0432

2.0434
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Phase changes. Ailoy is subject to transformation from
beta tg alpha oa cooling. Begin 1705 to 1760 F, end 1420
to 1445 B, Begin of transformation on heating 1500 to
1525 P, end 1785 o J820 F.

2r

15 5n

Thermal conductivity, Fio. 2.013.

Thermal expansion, 3.5 x 10 ksi, in per in per F, {5).
Room temperature to 1290 F, 3.6 x 10™ in per in per F.
Thermal exp ion for pure zi Fig. 2.0542.
Speclfic heat. Pure zirconium, 0.067 Biu per {lb F).
Zircsloy-2, estimated, 0.077 Biu per {ib F).

(rher Physical Properiies
Density. 0.237 ib per cu In. 6.55 gr per cu m, (5).

Electrical resistivity, Fig. 2.022, {5).
Magnetic properties.

Chemical Propertics

Corrosion resistance.

In general the corrosion resistance of Zircaloy-2 is
similar to that of zirconium. It has been found that the
corrosion rate decreages with increasing total iron,
nickel and chromium content.

Pure zirconium has good resistance to sroog alkalles
and molten caustic, as well as to liquid metals such as
sodium, potassivm and sedium -potassium allay, ks
extremcly resistant 10 most aclde except hydrofluorie and
hot concentrated sulfuric or phosphoric. Severe embrit-
tling attack i6 caused by ferric and cupric chlorides.
Zircaloy-2 has good registance to lquid sodium, potas-
alum aod sodium -pomesiun alloys, provided that these
metals are low ir oxygen.

The corrasion resistauce of Zircaloy -2 in water and
steam up to 850 F s better than that of commerclally
pure zirconjum, provided that Its nitrogen content does
not exceed 001 percest. Specifications for Zircaloy+2
require that gtrip apetimens exposad to 1500 pai steam
for 14 daye shail show the following: @) a continuous
black lustrous temper film, b) freedom fram corrosion
products, ¢} freedom from stains, cracks, streaks and
bi{aters, and, d) 2 weight gain of 0.18 10 0.38 mg per
sq cm, Weight gain due to carrosion in water and steam
at elevated temperatures. Fig. 2.0314.

Zircaloy=2 cled uranium cas be stretched in water by
about 5 percent and in molten aodium by abast 2 percent
before the cladding cracka.

Oxidation reslstance. FPure zircotium will abgorb and
hold in sclution large quantitiea of oxyged, nitrogen and
ydrogen at relatively 1ow temperatures. beginning below
390 F. 750 F and 390 F respectivety. The rates of reac-
tion increage with increasiog temperature. Nitrogen
cannot be removed, Some oxygen Cap be remaved by
hearing tn molten calclum. Hydrogen can de eliminated
by heating above 1470 F in vacuum.

Nuclear Properties

Thermal peutron abgorption croes section of zirconium is
0.18, amd of Zizrcaloy-2, 0.22 10 0.24. {5).

Irradiation ffects op Zircaloy-2 are similar to those oo
commercially pure Zircoulom.

The effects of fast peutron Lrradiation on mechanical
properties of zirconiwmn are greatest for the anneaied
condition and decrease with increasing cold work, The
different hanical istice are d an
followe.

The hardoess of the annealed condition may increase by
20 1o 40 percent, that of cold worked material by S© 15
percent. Amnesling at 660 F eliminates this effect.

The increase in tensile strength may be 10 to 15 percent.
The yicld strength of the annealed condition has deen
fourd to be Increased by up to 60 percent of 118 velue,
that of material cold rolled 20 percent by 18 percent and
that of material cold rolled 50 percent by 13 percent.
The elongatica may be reduced by about 35 percent, for
both annealed and cold worked material. Reduction in
ares alas appears to be reduced, according to Limited
datz.

The impuct awength was found to be subatantially un-~
changed after exposures of 3 to 6 x 109 ovt at tempera-

g

ZIRCALOY-2

CODE

5701

PAGE




Zr

NONFERROUS ALLOYS

REVISED: MARCH 1963

tures below 240 F.
Zf 2.0435  The fatgue strengy appeared 1o be vor affected, accord- 302 Mechanical Properties at Room ‘Temperamre. See 3.03

L5 Sn ing to limited data. aiso.

prd 2,0436 Creep was cansiderably slowed down by exposure to
3 1012 vt 2t 500 P, but litle affected by exposure 1o 3.00 Mechagical Properties at Various Temperatures
6 x 1012 vt 21 930 F. 3,031 Short time tensjon propertics.

ZIRCALOY-2 2.0437 The microstructure was chserved to remain the same 30311 Bffect of test temperature oo tensile properties of

after exposure to 1019 sve at 135 to 200 F.  Evidevce of annealed strip, Fig. 3.0311.
recrymallization, asscciated with twignlog, was present, 3.0312  Effect of test temperature on tensile properties of sheet
when exposed to 2 x 1020 ovt at 360 to 265 F. in various ¢conditions, Fig. 3.0312.

2.045 Piysical properties of clally pure jum are 3.0313  EfHect of lgw and elevated temperature on kot and cold
atfected try lrradiaton aa follows. rolled sheet, Fig. 3.0813.

2.0451  Depsity do=s not change significantly. 3.0314 Effect of true strain oa nominal tensile strength of sheet,

2.0452  The electrical resistivity at -320 F ia increased by about Fig. 3.0314,

25 percert by exposurc to 1077 nvi. Annealing at 750 3.0315  True strain curves at 482 F for cold rolled sheet, Fig.
to 1100 F causes pearly complete recovery. 3.0315.

2. (46 Zircaloy-2 in the led comdition showed effects of 3.03t6  Effect of cold work on ductility of sheet, Fig. 3.0316.
{rradiatiop on the tensile tesis simblar to, but less 3.0317 Effect of cold work oo tensile properties of sheet, Fig,
provmmeed than those of ciatly pure zir 3.0317.

The itnpact streageh of raterial cantaining 0. 002 percent 3,032 Short time properties other than tension.
(20 ppm) hydrogen iccreasad by irradisiicn at 300 F, 3.0321  Effect of teat temperaryre on hardness, Fig. 3.0321.
while material contalning 0. 010 percent exhibited 3.0522 Compression properties, Table 3.0322.
embrittiement.
TABLR 3,0322
3. MECHAMICAL PROPERTIES |Source {1}
Alloy Zzr-1.55n
3.01 Specified Mechanical Properuies __Ag]ﬂgu_ﬂ___ﬂlae Agncalinl
3.011  Military specifled mechsnical properties, Table 3.011. | Tent Temp - F RT 500 RT 500
*tvp - 384 | 18 115.2 o7
TABLE 3.011 * Averages of vicuum ard inert armoapherc arc melied
Source ) Zirealoy-2 at 25 percem suraln.
Ailoy Zr-1.5n
Form Strip
Conditian Annealed 3.0323  Effect of rest temperature oo impact sirength of alloy
Fyy min ~kal L 3" tp various conditions, Fig, 3.0323.
T 29° 3.033 Static stress concemration effects.
F!\," win ~kai L i5*
T 18.4* 3.04 Creep and Creep Rupture Properties
o2 in), min-percent L 24* 3.041 Creep rupture curves at 300 1o 932 F for annealed and
T as* cold worked sheet, Fig. 3.041.
Hardneas 3.042 Stress for | percent total defarmnation at 932 F in 1000 hr,
RB 93 S ksl and 10, 000 hr, 2 ksi.
RIST a2
R30T 80 3.05 Fatigue Properties
RISN 68 3.051  Fatigue mmngth at various temperatures, Table 3.051.
BHN (500 kg) 158
EHN {3000 kg) ‘2_113
* Teoted at 560 F
TABLE 3.051
aurce
Allav Zx-158n
Condition Temp Method Sirese Stress Patigue Strength - ksl
P Rato Concen- at Cycles
T ¥ | woton 10 10 10 10’ 10
Annzaled AT - - - Smooh - - - - 7.3
Bage aan 602 - - - Smooth - - - - 28.0
Notched - - - - g
ST +age 600 - - - Smooth - - - - 7.5
Notched - - - - 11
Degaaacd 500 Tenalon Tmooth - b1 b1 - =
S00 apm 500 ~tension [0.82 | 0.1 | Netched - - 19 - -
Ha Noxched - - 19 9 -
| Source (4)
Corrdition Temp Method | Strees Stress Fatigue Sirength - ksi
F Ratio Canten~ " 5 at %Yﬂlﬂﬁ 2 8
A tration 10 10 10 10 10
Base 2nn ] - - 3 m 35 37 .S i 40—
Norched
K=3.5 32.% 22 - 13 10 9
Annect 600 - - - Smooth - 35.5 29.5 7.5 27
Neaehed
K=35 k7] 24 15.5 11.5 11
cope 570l
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3.052

3.06
3.061

3.062

3.063

4.01
4.01}

4.012

4.02
4.021

4.022

4.03

4.04

4.05

Strain eyeling curves for bar, Fig. 3.052.

Bastic Properties

Modulus of elasticity of Zirealoy-2 2od Zirconlum ar
roomn amd elevated temperatures, Fig. 3.061.
Modulus of rigidity. Hot rolled or base anpealed

S, 240 kai.

Poisson's ratio. 0.37 to 0.41.

FABRICATION

FPorming and Cast

General. Zircaloy-2 cao Le formed by all common methods,

if speclal precautions are taken and careful amention is paid
to details of suitable techniques.

Farging. Starting temperature 1700 F maximum, finishing
temperature 750 F mintmum. Porging of cast materiat
should begin with small reductions. The exide layer.

which is formed cn heating and forging, acts as 2 lubricant.
Pinish working should be within the alpha raege gince fin-
ishing ip the betz or alpha + beta field may result in
stringers of intermetallic compounds. Forged material

iz usually annealed at 1450 to 1500 P.

Machinieg

General. Alloy is adapiable 1o all standard machining
operations.  Since turnings present a fire hazard, cutting
toola should be kept sharp, and a lubricating coolant is
recommended.

Gripding ahould be done with extreme care, preferably
on an enxdless belt. Zirconium particles have a tendency
to Teweld to the ground surface, causing reducticn in
corrosion resistance.

Welding. Ductile welds can be made in thin sheets by
using the inert ges ghielded t Arc Or { bl
electirode methads with direct currem. Weidling of thicker
sections should be done in a gas tight box with an ipert
gas atmodphere. Any pick up of nitrogen ahould be pre-
vented o avold reduced corrosion resistance.

Heating and Heat Treating Should be done in a vacuum or
inert gas atmosphere,

Surface Treating, Scale removal from forged material
ckn be effected ouly by grinding, shot blasting or cther
mechanical processes, followed by ptekling in sulfurie
acid and in nitric-hydroflucric acid solution.
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