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INTERNATIONAL
Standard Specification for
Seamless and Welded Zirconium and Zirconium Alloy
1
Tubes
This standard is issued under the fixed designation B 523/B 523M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 3. Terminology
1.1 This specificatiohcovers three grades of zirconium and 3.1 Definitions of Terms Specific to This Standard:
zirconium alloy seamless and welded tubes. 3.1.1 annealed—for purposes of this specification “an-

1.2 Unless a single unit is used, for example corrosion massealed” denotes material that exhibits a recrystallized grain
gain in mg/dm, the values stated in either inch-pound or Sl structure.
units are to be regarded separately as standard. The values3.2 Lot Definitions:
stated in each system are not exact equivalents; therefore, eacltB.2.1 castings—a lot shall consist of all castings produced
system must be used independently of the other. S| valuesom the same pour.
cannot be mixed with inch-pound values. 3.2.2 ingot—no definition required.

1.3 The following precautionary caveat pertains only to the 3.2.3 rounds, flats, tubes, and wrought powder metallurgical
test methods portion of this specificatiorhis standard does products (single definition, common to nuclear and non-
not purport to address all of the safety concerns, if any,nuclear standards}a lot shall consist of a material of the
associated with its use. It is the responsibility of the user of thisame size, shape, condition, and finish produced from the same
standard to establish appropriate safety and health practicesngot or powder blend by the same reduction schedule and the
and determine the applicability of regulatory limitations prior same heat treatment parameters. Unless otherwise agreed

to use. between manufacturer and purchaser, a lot shall be limited to
the product of a 8 h period for final continuous anneal, or to
2. Referenced Documents a single furnace load for final batch anneal.
2.1 ASTM Standards: 3.2.4 sponge—a lot shall consist of a single blend produced
A 370 Test Methods and Definitions for Mechanical Testingat one time.
of Steel Products 3.2.5 weld fittings—definition is to be mutually agreed upon

B 551 Specification for Zirconium and Zirconium Alloy between manufacturer and the purchaser.
Strip, Sheet, and Pldte .
E 8 Test Methods for Tension Testing of Metallic Materfals 4- Classification
E 29 Practice for Using Significant Digits in Test Data to 4.1 The tubes are furnished in three grades as follows:

Determine Conformance with Specificatiéns 4.1.1 Grade R60702-Unalloyed zirconium.
E 213 Practice for Ultrasonic Examination of Metal Pipe 4.1.2 Grade R60704-Zirconium-tin alloy.
and Tubingd 4.1.3 Grade R60705-Zirconium-niobium alloy.

E 426 Practice for Electromagnetic (Eddy-Current) Exami- . .
nation of Seamless and Welded Tubular Products, Auster?- Ordering Information
itic Stainless Steel and Similar Allo¥s 5.1 Orders for material under this specification should
include the following information:
5.1.1 Quantity (weight or number of pieces, or both),

1 This specification is under the jurisdiction of ASTM Committee B10 on 5.1.2 Name of material (Zirconium seamless or welded
Reactive and Refractory Metals and Alloys and is the direct responsibility of
Subcommittee B10.02 on Zirconium and Hafnium. tUbe)’ i i . . i
Current edition approved Oct. 10, 2002. Published December 2002. Originally 5.1.3 Dimensions (diameter, wall thickness as either aver-
put;lished as B 523 — 70. Last previous edition B 523/B 523M — 01. age or minimum, |engths),
For ASME Boiler and Pressure Vessel Code Applications, see related Specifi- ; ; ;
cation SB-523 in Section Il of that Code. 5.1.4 ASTM designation and year of issue,

2 Annual Book of ASTM Standardgol 01.03. 5.1.5 Gragjg number (See 4'.:'|.), and ) ]
“ Annual Book of ASTM Standardéol 02.04. 5.1.6 Additions to the specification, if required. See 6.3.1,
° Annual Book of ASTM Standardebl 03.01. 7.3, 10.1, 12.7.3, 14.1, and 15.1 for additional optional

8 Annual Book of ASTM Standardgol 14.02.

7 Annual Book of ASTM Standardéol 03.03. requirements for the purchase order.
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Note 1—A typical ordering description is as follows: 1000 pieces of = TABLE 2 Permissible Variation in Product Analysis Between

seamless zirconium tubes, 2 in. (50 mm) in outside diameter by 0.06 in. Different Laboratories
(15 mm) in average wall thickness by 10 ft (3 m) in length, vacuum Permissible Variation in Product
annealed, ASTM B 523 - 01, Grade R60702. Element Analysis, %
. Hydrogen 0.002
6. Materials and Manufacture Nitrogen 001
6.1 Seamless tube shall be made by any seamless methodcarbon 0.01
that will yield duct meeting th i ts of this |omem o
at will yield a product meeting the requirements of this ;1 chromium 0025
specification. Tin 0.05
6.2 Welded tube shall be made from sheet or strip meeting Niobium 0.05
Oxygen 0.02

the requirements of Specification B 551 by an automatic
arc-welding process or other method of welding that will yield

a product meeting the requirements of this specification. Filler TABLE 3 Tensile Requirements
metal shall not be used. Welded tubing shall be supplied as —
follows: UNS Grade Designation
6.2 1. As welded, or R60702 R60704 R60705
6.2.2 As welded and further reduced. Tegqsi:eksstirmg;g,) 55 (380) 60 (415) 80 (550)
6.2.3 Welds in grade R60705 shall be stress relief annealedyieiq strength, min, 30 (205) 35 (240) 55 (380)
within 14 days after welding to prevent delayed hydride  ksi (MPa)
Cracking_ Elongation in 2 in. 16 14 16

6.3 The tube shall be furnished annealed. or 50 mm, min, %

6.3.1 Purchaser shall specify one of the following:
(a) annealed in air
(b) annealed in vacuum

of the tube, the variation in outside diameter shall not exceed
7. Chemical Composition those prescribed in Table 4.

7.1 The material shall conform to the requirements as to 9-2 Length—When tubes are ordered cut to length, the
chemical composition prescribed in Table 1. length shall be not less than that specified, but a variaticfs of

7.2 The manufacturer’s ingot analysis shall be considered- (3-2 mm) will be permitted on tube up to 10 ft (3 m),
the chemical analysis for tubing, except for hydrogen andnclusive. For lengths over 10 ft, an additional over-tolerance
nitrogen, which shall be determined on the finished product. ©f ¥8in. (3.2 mm) for each 10 ft (3 m) or fraction thereof shall

7.3 When requested by the purchaser and stated in tHR€ Permissible up t&% in. (13 mm), maximum. .
purchase order, a product analysis for any elements listed in 9-3 Straightness-The tube shall be free of bends or kinks
Table 1 shall be made on the finished product. and the maximum uniform bow shall not exceed the values

7.3.1 The manufacturer's analysis shall be considered a¥'0Wn in Table 5.
verified if the check analysis confirms the manufacturers 9-4 Squareness of CutThe angle of cut of the end of any

reported values within the tolerances prescribed in Table 2. tUP€ up to ¥2in. (40 mm) in outside diameter may depart from
. _ square not more than 0.016 in./in. (mm/mm).
8. Tensile Requirements
8.1 The material, as represented by the test specimens, shaff- Workmanship and Quality Level Requirements
conform to the tensile properties prescribed in Table 3. 10.1 The finished tube shall be clean and free of foreign
L o . material, shall have smooth ends, free of burrs, and shall be
9. Permissible Variation in Dimensions AT . . . .
) ) ) free of injurious external and internal imperfections in accor-
9.1 Diameter—At any point (cross section) along the length gance with standards of acceptability agreed upon between the

TABLE 1 Chemical Requirements A manufacturgr and thg purc_haser. Minor defects may be re-
— moved provided the dimensional tolerances of Table 4 are not
Composition, %
exceeded.
Element UNS Grade Designation
R60702 R60704 R60705 11. Significance of Numerical Limits
f{"‘;o,nium + hafnium, min® 395;2 3755 2555 11.1 For the purpose of determining compliance with the
armnium, max . . . . .. . . . .
ron + chromium 0.2 max 0.2 1o 0.4 0.2 max specified limits for requirements of the properties listed in the
Tin o 1.0t0 2.0 o following table, an observed value or a calculated value shall
Hydrogen, max 0.005 0.005 0.005 be rounded as indicated in accordance with the rounding
Nitrogen, max 0.025 0.025 0.025 thod fp ti E 29
Carbon, max 0.05 0.05 0.05 methods or Fracuce -
Niobium S S 2.0to0 3.0 Rounded Unit for Observed
Oxygen, max 0.16 0.18 0.18 Property or Calculated Value
“By agreement between the purchaser and the manufacturer, analysis may be . ” " .
Chemical composition, and toler- nearest unit in the last right-hand

required and limits established for elements and compounds not specified in the
table of chemical composition.

BThe value for zirconium + hafnium, min, is a warranted but not a measured
value.

ances (when expressed as decimals) place of figures of the specified limit
Tensile strength and yield strength nearest 1000 psi (10 MPa)
Elongation nearest 1 %
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TABLE 4 Permissible Variations in Outside Dimensions Based on Individual Measurements

Permissible Variations€ in Wall

i i i i i A,B
Outside Diameter, in. (mm) Diameter Tolerance, in. (mm) Thickness, ¢ %
Under 1 (25), excl +0.004 (+0.100) 10
1 to 1¥%2 (25 to 40), incl +0.005 (+0.125) 10
1%2 to 2 (40 to 50), excl +0.006 (+0.150) 10
2 to 2%2 (50 to 65), incl +0.007 (+0.180) 10
22 to 3Y2 (65 to 90), excl +0.010 (+0.250) 10

AThese permissible variations in outside diameter apply only to tubes as finished at the mill before subsequent swaging, expanding, bending, polishing, or other
fabricating operations.

BQvality is the maximum and minimum outside diameter of a tube measured at any one cross section. If the measurement is made with a ring gage, the following formula
shall apply: Ovality = specified OD tube + diameter tolerance +0.002 in. (.05 mm) (length of ring gage, 1 in. (25 mm)) X specified tube OD.

“When minimum wall tubes are ordered, tolerances are all plus and shall be double the values shown.

TABLE 5 Straightness (a) The calibration tube shall contain, at the option of the
L Maximum Curvature Depth producer, any one of the following discontinuities to establish
ength, ft (m) f Arc L. . . . .
0 a minimum sensitivity level for rejection. Place the disconti-
Over 3 to 6 (0.9 to 1.85), incl Yain. (3.2 mm) nuity in the parent metal.
Over 6 to 8 (1.8 to 2.5), excl F1e6in. (5 mm) . . .
Over 8 10 10 (2.5 to 3.0), incl Yiin. (6.4 mm) (b_) D_rllled HoIe—.DnII a hole not larger than 0.031 in. (0.8
Over 10 (3.0) Y4 in.Jany 10 ft (2.1 mm/m) mm) in diameter radially and completely through the tube wall,

taking care to avoid distortion of the tube while drilling.
(c) Transverse Tangential Notchdsing a round tool or file
12. Number of Tests and Retests with a 0.25-in. (6.4 mm) diameter, file or mill a notch
N . tangential to the surface and transverse to the longitudinal axis
frolrﬁ.éag)r?tlaoltongltudlnal tension test, see 13.1, shall be madgf the tube. The notch shall have a depth not exceeding 12.5 %
12.2 One chemistry test, see 7.2 and 13.7, for hydrogen a of the sp_ecmed yvall thickness of the tube or 0.004 in. (0.10
. o m), whichever is greater.
nitrogen shall be made from each lot of finished product. d) Lonaitudinal Notch-Machin notch 0.031 in (0.8
12.3 One flare test, see 13.5, shall be made from each lot, (d) Lo griudinal Motch—viachine a noten ©. ©. .
m) or less in width in a radial plane parallel to the material

12.4 One reverse, see 13.6, flattening test shall be madg" : i
from each lot of welded tubing. axis on the outside of the tube to have a depth not exceeding

.JCZ.S % of the specified wall thickness of the material or 0.004

12.5 Each tube shall be tested by a nondestructive electri : )
test, see 13.2. Seamless tubes shall be tested by the ultraso C(O'lo mm), vyh|che.ver IS greater. The length of the notch
shall be compatible with the testing method.

test only, see 13.2. . . . .
12.6 Each tube shall be tested by either a hydrostatic or a 13.2.1.2 Ultrasonic Testing—For ultrasonic testing, the lon-
pneumatic test, see 13.3 and 13.4 gitudinal calibration reference notches shall be at the option of
127 Retests’ ' o the manufacturer, and be any one of the three common notch
12.7.1 If any sample or specimen exhibits obvious surfac§hapes in accordance with Practice E 213. The depth of the

contamination or improper preparation disqualifying it as anotch shall not exceed 12.5 % of the specified wall thickness of

truly representative sample, it shall be discarded and a nef’® Material or 0.004 in. (0.10 mm), whichever is greater.
sample or specimen substituted. 13.2.2 Set aside any tubes showing an indication in excess

12.7.2 Ifthe results of any tests of any lot do not conform toOf that obtained from the calibration standard and subject them
g rework, retest, or rejection. A tube, therefore, set aside may
e further examined for confirmation of the presence of a
defect and may be resubmitted for inspection by the same
dechnique if no defect is found. Any tube may also be
resubmitted for inspection if reworked so as to remove the
defect within the specified diameter and wall thickness toler-
13. Test Methods ances as prescribed in Table 4. (Rework by weld repair is not

the requirements specified, retests shall be made on additio
tubes of double the original number from the same lot, each
which shall conform to the requirements specified.

12.7.3 Retesting after failure of initial retests may be don
only with the approval of the purchaser.

13.1 Tension Tests-Conduct the tension test in accordanceperm'tted') .
with Test Methods E 8. Determine the yield strength by the 13-3 Hydrostatic Test . _
offset (0.2 %) method. Determine the tensile properties using a 13-3-1 Each tube, so tested, shall withstand, without show-
strain rate of 0.003 to 0.007 in./in. (mm/mm)/min through theiNd bulges, leaks, or other defects, an internal hydrostatic
yield strength. After the yield strength has been exceeded, tHaréssure that will produce in the tube wall a stress of 50 % of
cross-head speed may be increased to approximately 0.48e minimum sp_ecn‘led yield strength at room temperature,
in./in. (mm/mm)/min to failure. except as restricted by 13.3.2. Determine the hydrostatic

13.2 Nondestructive Electric or Ultrasonic Test pressure as follows:

13.2.1 Test each tube with a nondestructive electric test in P = 2STD 1)
accordance with Practices E 213 or E 426, or a purchaser-

here:
approved procedure. w S . .
13.2.1.1Eddy Current Testing P = minimum hydrostatic test pressure, psi (MPa),
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S = allowable fiber stress of one half the minimum yield Purchaser's inspection at the place of manufacture to be
strength, psi (MPa), waived.

t = wall thickness, in. (mm), and 14.2 The manufacturer shall afford the inspector represent-

D = outside diameter, in. (mm). ing the purchaser, without charge, all reasonable facilities to

13.3.2 The maximum hydrostatic test pressure shall nosatisfy him that the material is being furnished in accordance
exceed 2500 psi (17.2 MPa) for sizes 3 in. (75 mm) and undeyith this specification. This inspection shall be so conducted as
or 2800 psi (19.3 MPa) for sizes over 3 in. (75 mm). Maintainnot to interfere unnecessarily with the operation of the works.
the hydrostatic pressure for not less than 5 s. When requested o
by the purchaser and so stated in the order, test the tube in siz&3- Rejection
14 in. (350 mm) in diameter and smaller, to one and one half 15.1 Rejection for failure of the material to meet the
times the specified working pressure, provided the fiber stregequirements of this specification shall be reported to the
corresponding to those test pressures does not exceed one hakinufacturer within 60 calendar days from the receipt of the
the minimum specified yield strength of the material asmaterial by the purchaser. Unless otherwise specified, rejected
determined by the equation given in 13.3.1. When one and onmaterial may be returned to the manufacturer at the manufac-
half times the working pressure exceeds 2800 psi (19.3 MPajurer's expense, unless the purchaser receives, within three
the hydrostatic test pressure shall be a matter of agreemeweeks of the notice of rejection, other instructions for dispo-
between the manufacturer and the purchaser. sition.

13.4 Pneumatic Test-Each tube so tested shall withstand o
an internal air pressure of 150 psi (1.0 MPa), minimum, for 516. Certification
s, minimum, without showing evidence of leakage. Use the test 16.1 A producer or supplier shall furnish the purchaser with
method that permits easy visual detection of any leakage, such certificate that the material was manufactured, sampled,
as by placing the tube under water or by using the pressurested, and inspected in accordance with this specification and
differential method. Any evidence of leakage shall be cause fohas been found to meet the requirements. The certificate shall
rejection of that tube. include a report of the test results.

13.5 Flare Test—A section of the annealed tube, approxi-
mately 4 in. (100 mm) in length, shall be capable of beingl?- Referee
flared without cracking visible to the unaided eye. Make the 17.1 Inthe event of disagreement between the manufacturer
flare with a tool having a 60° included angle until the specifiedand the purchaser on the conformance of the material to the
outside diameter has been increased by 15 %. requirements of this specification or any special test specified
aby the purchaser, a mutually acceptable referee shall perform
the tests in question. The results of the referee’s testing shall be
used in determining conformance of the material to this
%pecification.

Note 2—Samples of tube supplied in tempers other than annealed m
be annealed before testing.

13.6 Reverse Flattening TestSubject welded tube to a
reverse flattening test in accordance with Test Methods an
Definitions A 370. Open and flatten a section of the tubeyg product Marking
approximately 4 in. (100 mm) long that is slit longitudinally
90° either side of the weld with the weld at the point of
maximum bend. No cracking is permitted

13.7 Chemical Tests-Conduct the chemical analysis by the
standard techniques normally used by the manufacturer.

18.1 Each length of tubé2 in. (13 mm) and larger in
outside diameter, manufactured in accordance with this speci-
fication shall be marked legibly, either by stenciling, stamping,
or rolling, with the manufacturer’'s private identifying mark,

_ the ASTM designation, method of manufacture, the grade, and
14. Inspection heat number. On smaller tha¥ in. (13 mm) in outside

14.1 The manufacturer shall inspect the material covered bgliameter tubing that is bundled, the same information may be
this specification prior to shipment and, on request, shalstamped legibly on a metal tag securely attached to each
furnish the purchaser with certificates of test. If so specified irbundle.
the purchase order, the purchaser or his representative ma ) )
witness the testing and inspection of the material at the place df- Packaging and Package Marking
manufacture. In such cases, the purchaser shall state in his19.1 The tube shall be packaged in such a manner as to
purchase order which tests he desires to witness. The manassure safe delivery to its destination when properly trans-
facturer shall give ample notice to the purchaser as to the timported by common carrier.
and place of the designated tests. If the purchaser’s represen-
tative does not present himself at the time agreed upon for thé0- Keywords
testing, the manufacturer shall consider the requirement for the 20.1 tubes; tubing; zirconium; zirconium alloy
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



