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INTERNATIONAL
Standard Specification for
Copper and Copper-Alloy Seamless Condenser Tubes and
1
Ferrule Stock
This standard is issued under the fixed designation B 111; 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.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope* Note 2— Warning—Mercury is a definite health hazard in use and

1.1 This specificatioh covers seamless tube and ferrule disposal. (See 12'1:) _
stock of copper and various copper alloys up t& 3n., 1.2 The following safety hazards caveat pertains only to the
inclusive, in diameter, for use in surface condensers, evapordest methods portion, Section 18, of this specificatiohis
tors, and heat exchangers. Tubes for this application argtandard does not purportto address all of the safety concerns,

normally made from the following coppers or copper alldys: if any, associated with its use. It is the responsibility of the user
of this standard to establish appropriate safety and health

Copper or . . ! . o

Copper Previously | | | 1 u Imita-
ractices and determine the applicability of regulatory limita

Alloy Used tions prior to use.

UNS No. Designation Type of Metal

C10100 OFE Oxygen-free electronic 2. Referenced Documents

€10200 OF*  Oxygen-free without residual deoxidants 2.1 The following documents of the issue in effect on date

C10300 Oxygen-free, extra low phosphorus f terial h f t of thi ificati to th

©10800 """ Oxygen-free. low phosphorus of material purchase form a part of this specification to the

C12000 DLP”A  Phosphorized, low residual phosphorus extent referenced herein:

C12200 DHP#  Phosphorized, high residual phosphorus 2.2 ASTM Standards“

C14200 DPA*  Phosphorized, ical ; : . .

C19200 o Ph;’:ghg[;jgd Lo ,“,'g,? B 153 Test Method for Expansion (Pin Test) of Copper and

C23000 ... Red Brass Copper-Alloy Pipe and Tubing

€28000 -+ Muntz Metal B 154 Test Method for Mercurous Nitrate Test for Copper

C44300 S Admiralty Metals, B, C, and D

C44400 and Copper Alloys

C44500 B 170 Specification for Oxygen-Free Electrolytic Copper—

gggggg o Aluminum Bronze Reﬁnery Shapes

C61400 Aitjminum Bronze, D B 224 Classification of Coppers

C68700 ... Aluminum Brass, B E 8 Test Methods for Tension Testing of Metallic Materials

€70400 +++ 955 Copper-Nickel E 29 Practice for Using Significant Digits in Test Data to

C70600 L 90-10 Copper-Nickel . . = L

C71000 . 80-20 Copper-Nickel Determine Conformance with 'Spe'cmcatlons .

C71500 ... 70-30 Copper-Nickel E 53 Test Methods for Determination of Copper in Unal-

g;;ggg L Copper-nickel-iron-manganese oned Coppers by Gravimetry

E 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes

Note 1—A complete metric companion to Specification B 111 hasbeen E 62 Test Methods for Chemical Analysis of Copper and
developed—B 111M; therefore, no metric equivalents are presented in this Copper Alloys (Photometric Methods)

specification. E 75 Test Methods for Chemical Analysis of Copper-Nickel
and Copper-Nickel-Zinc Alloys

* This specification is under the jurisdiction of ASTM Committee BO5 on Copper E 112 Test Met?Odslfor Determm.lng Average Grain Size .

and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe E 243 Practice for E ectromagnetic (Eddy Current) Exami-

and Tube. nation of Copper and Copper-Alloy Tubes
Current edition approved May 1, 2004. Published May 2004. Originally
approved in 1937. Last previous edition approved in 1998 as B 111'- 98
2 For ASME Boiler and Pressure Vessel Caafgplications, see related Specifi- —————————
cation SB-111 in Section Il of the Code. “For referenced ASTM standards, visit the ASTM website, www.astm.org, or
3The UNS system for copper and copper alloys (see Practice E 527) is a simpleontact ASTM Customer Service at service@astm.org.Afowual Book of ASTM
expansion of the former standard designation system accomplished by the additiGtandards/olume information, refer to the standard’s Document Summary page on
of a prefix “C" and a suffix “00.” The suffix can be used to accommodate the ASTM website.
composition variations of the base alloy. 5 Withdrawn.

A Designations listed in Classification B 224.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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E 255 Practice for Sampling Copper and Copper Alloys for4. Ordering Information

the Determination of Chemical Composition 4.1 Orders for material under this specification shall include
E 478 Test Methods for Chemical Analysis of Copperi,e following information:
Alloys

4.1.1 Quantity of each size (number of pieces and number of
feet),

4.1.2 Material (Section 1),
o 4.1.3 Form (tube or ferrule stock),
3.1 Definitions: o 4.1.4 Temper (Section 7),
e o o in &1 Yinehor ensin st s requid (Secion 7)

o ’ 4.1.6 Whether a pressure test is to be used instead of the

length, as specified, and subject to established length tolegdd current test (see 13.1)
ances. y Y

3.1.2 tube, seamless—a tube produced with a continuous 4.1.7 Dimensions, the diameter, wall thickness, whether
peri'prllery in,aII stages of the opgrations minimum or nominal wall, and length (see Section 14),
3.1.2.1tube. condenser—nSeetube héat exchanger 4.1.8 Whether cut ends of the tube are to be deburred (see

3.1.2.2tube, ferrule, r—a tube from which metal rings or 15.), .
collars (ferrules) are made for use in installing condenser tubes. 4-1:9_If the product is to be subsequently welded (see Table

3.1.2.3tube, heat exchanger—na tube manufactured to 1 @nd Footnote§ andH). _
special requirements as to dimensional tolerances, finish, and4-1.10 Specification number and year of issue,
temper for use in condensers and other heat exchangers. ~ 4.1.11 Certification, if required (see 22.1), and

3.2 Description of Term Specific to This Standard: 4.1.12 Mill test report, if required (see 24.1).

3.2.1 capable of-the test need not be performed by the 4.2 When material is purchased for agencies of the U.S.
producer of the material. However, should subsequent testingovernment, this shall be specified in the contract or purchase
by the purchaser establish that the material does not meet thesaler, and the material shall conform to the Supplementary
requirements, the material shall be subject to rejection. Requirements as defined herein.

E 527 Practice for Numbering Metals and Alloys (UNS)

3. Terminology

TABLE 1 Chemical Requirements

Copper or Composition, %

Copper . Other
Alloy UNS  copper4 Tin  Aluminum . Nickel, Lead, Iron Zinc  Manganese Arsenic  Antimony Phosphorus Chromium Named

No. incl Cobalt ~ max Elements

C10100  99.99 min® L S S 0.0010 S 0.0001 max S L L 0.0003 max S c
C10200” 99.95 min
C10300 99.95 minf . s L . L. . - . . 0.001-0.005
C10800 99.95 min® L S S L S L S L L 0.005-0.012
C12000 99.90 min L C Ce L e L S L L 0.004-0.012
C12200 99.9 min . L - . L. . - . . 0.015-0.040
C14200 99.40 min L. S - L L L - 0.15-0.50 L. 0.015-0.040
C19200 98.7 min L Ce - L 0.8-1.2 L - L L 0.01-0.04
C23000 84.0-86.0 R L S 0.05 0.05max remainder
C28000 59.0-63.0 e L S 0.30 0.07 max remainder S e
C44300 70.0-73.0 0.9-1.2 Ce C 0.07 0.06 max remainder Ce 0.02-0.06 L
C44400 70.0-73.0 0.9-1.2 . . 0.07 0.06 max remainder . L 0.02-0.10 o
C44500 70.0-73.0 0.9-1.2 L S 0.07 0.06 max remainder S e e 0.02-0.10
C60800 remainder L 5.0-6.5 Ce 0.10 0.10 max ce - 0.02-0.35 S e L
C61300 remainder  0.20-0.50 6.0-7.5 0.15 max 0.01 2.0-3.0 0.10max 0.20 max . 0.015 max o FG
C61400 remainder e 6.0-8.0 L 0.01 1.5-35 0.20 max 1.0 max .
C68700 76.0-79.0 L 1.8-2.5 ce 0.07 0.06 max remainder S 0.02-0.10
C70400 remainder L S 4.8-6.2 0.05 1.3-1.7 1.0 max 0.30-0.8 o L
C70600 remainder .. o 9.0-11.0 0.05%¥ 1.0-1.8 1.0max” 1.0 max H H
C71000 remainder .. e 19.0-23.0 0.05" 050-1.0 1.0 max” 1.0 max H H
C71500 remainder L. o 29.0-33.0 0.05" 0.40-1.0 1.0max” 1.0 max H H
C71640 remainder .. o 29.0-320 0.05" 1.7-23 1.0max” 15-25 H o H
C72200 remainder .. e 15.0-18.0  0.05"” 0.50-1.0 1.0 max” 1.0 max H 0.30-0.70 H

A Copper (including silver).

B This value is exclusive of silver and shall be determined by difference of “impurity total” from 100 %. “Impurity total” is defined as the sum of sulfur, silver, lead, tin,
bismuth, arsenic, antimony, iron, nickel, mercury, zinc, phosphorus, selenium, tellurium, manganese, cadmium, and oxygen present in the sample.

€ Impurity maximums in ppm for C10100 shall be: antimony 4, arsenic 5, bismuth 1, cadmium 1, iron 10, lead 5, manganese 0.5, mercury 1, nickel 10, oxygen 5,
phosphorus 3, selenium 3, silver 25, sulfur 15, tellurium 2, tin 2, and zinc 1.

P Oxygen in C10200 shall be 10 ppm max.

E Copper plus sum of named elements shall be 99.95 % min.

F Silicon shall be 0.10 % max.

G When the product is for subsequent welding applications and is so specified by the purchaser, chromium shall be 0.05 % max, cadmium 0.05 % max, zinc 0.05 % max,
and zirconium 0.05 % max.

" When the product is for subsequent welding applications, and so specified by the purchaser, zinc shall be 0.50 % max, lead 0.02 % max, phosphorus 0.02 % max,
sulfur 0.02 % max, and carbon 0.05 % max.
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5. Materials and Manufacture 7.4 Tubes of Copper Alloy UNS No. C19200 shall be
5.1 The material shall be of such quality and purity that theSuPplied in any one of the following tempers, one of which

finished product shall have the properties and characteristicall be specified:1) annealed (0),9) light-drawn (H55), )
prescribed in this specification, and shall be cold worked to th&ard-drawn (H80), or4) hard-drawn, end-annealed.

specified size. 7.5 Tubes of Copper Alloy UNS Nos. C70400, C70600, and
C72200 may be supplied in either light-drawn (H55) or
6. Chemical Composition annealed (O) temper.

6.1 The material shall conform to the chemical requirements /:6 Tubes for ferrule stock shall be annealed sufficiently to
specified in Table 1. be fully recrystallized.

6.2 These specification limits do not preclude the presence Nore 3—Some tubes, when subjected to aggressive environments, may
of other elements. Limits for unnamed elements may bebe subjected to stress-corrosion cracking failure because of the residual

established by agreement between manufacturer or supplitansile stresses developed in straightening. For such applications, it is
and purchaser. suggested that tubes of Copper Alloy UNS Nos. C23000, C28000,

6.2.1 Copper Alloy UNS No. C192060Copper may be C44300, C44400, C44500, C60800, C61300, C61400, and C68700 be

. ubjected to a stress-relieving thermal treatment subsequent to straighten-
taken as the difference between the sum of a_" the elemen ﬁg.llf required, this must begpecified on the purchaseqorder or con?ract.
analyzed and 100 %. When all the elements in Table 1 argjerances for roundness and length, and the condition of straightness, for
analyzed, their sum shall be 99.8 % minimum. tube so ordered, shall be to the requirements agreed upon between the

6.2.2 For copper alloys in which copper is specified as thenanufacturer and the purchaser.
remainder, copper may be taken as the difference between tlée hanical .
sum of all the elements analyzed and 100 %. - Mechanical Properties

6.2.2.1 When all the elements in Table 1 are analyzed, their 8.1 Material specified to meet the requirements ofABME
sum shall be as shown in the following table. Boiler and Pressure Vessel Codball have tensile properties

as prescribed in Table 2.

Copper Alloy Copper Plus Named

UNS No. Elements, % min . . . .
9. Microscopical Examination

C60800 99.5
C61300 998 9.1 Samples of annealed-temper tubes selected for test shall
C61400 99.5 be subjected to microscopical examination at a magnification
ggggg ggg of 75 diameters and shall show uniform and complete recrys-
C71000 995 tallization. Materials other than Copper Alloy UNS Nos.
C71500 99.5 C19200 and C28000 shall have an average grain size within the
g;ggg ggg limits of 0.010 to 0.045 mm. These requirements do not apply

to tubes of light-drawn (H55), hard-drawn (H80), hard-drawn,

. ) L . end-annealed, or drawn, stress-relieved tempers (HR50).
6.2.3 For copper alloys in which zinc is specified as the

remainder, either copper or zinc may be taken as the differenced. Expansion Test

between the sum of all the elements analyzed and 100 %. 1091 Type specimens selected for test shall withstand the
6.2.3.1 When all the elements in Table 1 are analyzed, theiyyansion shown in Table 3 when expanded in accordance with

sum shall be as shown in the following table. Test Method B 153. The expanded tube shall show no cracking
Copper Alloy Copper Plus Named or rupture visible to the unaided eye.
UNS No. Elements, % min

Note 4—The term “unaided eye” as used herein permits the use of

gggggg gg:? corrective spectacles necessary to obtain normal vision.
€44300 99.6 10.2 Hard-drawn tubes not end annealed are not subject to
Sy e this test. When tubes are specified end annealed, this test is
C68700 99.5 required and shall be made on the annealed ends.
10.3 Tubes for ferrule stock are not subject to the expansion
7. Temper test.

7.1 Tubes of Copper Alloy UNS Nos. C23000, C28000, .
C44300, C44400, C44500, C60800, C61300, C6140011. Flattening Test
C68700, and C71000 shall be furnished in the annealed (O) 11.1 Test specimens at least 18 in. in length in the annealed
temper unless otherwise specified on the purchase order. condition shall be flattened on different elements throughout
7.2 Tubes of Copper Alloy UNS Nos. C71500 and C71640the lengths remaining after specimens for the expansion and
shall be supplied in one of the following tempers as specifiedmetallographic tests have been taken. Each element shall be
(1) annealed (O) or2) drawn, stress-relieved (HR50). slowly flattened by one stroke of a press. The term “flattened”
7.3 Tubes of Copper Alloy UNS Nos. C10100, C10200,shall be interpreted as follows: a micrometer caliper set at three
C10300, C10800, C12000, C12200, and C14200 shall bemes the wall thickness shall pass over the tube freely
supplied in any one of the following tempers, one of whichthroughout the flattened part except at the points where the
shall be specified: 1) light-drawn (H55), 2) hard-drawn change in element of flattening takes place. The flattened
(H80), or @) hard-drawn, end-annealed. elements shall not show cracking or rupture clearly visible to
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TABLE 2 Tensile Requirements

Copper or Copper Alloy UNS No. Temper Designation Tensilg Strg;gth, Yield Strquth,B EIongatipn in2in.,
Standard Former min ksi min ksi min %
C10100, C10200, C10300, C10800, C12000, C12200, H55 light-drawn 36 30
C14200
C10100, C10200, C10300, C10800, C12000, C12200, H80 hard-drawn 45 40
C14200
C19200 H55 light-drawn 40 35
C19200 H80 hard-drawn 48 43
C19200 061 annealed 38 12
C23000 061 annealed 40 12
C28000 061 annealed 50 20
C44300, C44400, C44500 061 annealed 45 15
C60800 061 annealed 50 19
C61300, C61400 061 annealed 70 30
C68700 061 annealed 50 18
C70400 061 annealed 38 12
C70400 H55 light-drawn 40 30
C70600 061 annealed 40 15
C70600 H55 light-drawn 45 35
C71000 061 annealed 45 16
C71500 061 annealed 52 18
C71500:
Wall thicknesses up to 0.048 in., incl HR50 drawn, stress-relieved 72 50 12
Wall thicknesses over 0.048 in. HR50 drawn, stress-relieved 72 50 15
C71640 061 annealed 63 25
C71640 HR50 drawn, stress relieved 81 58
C72200 061 annealed 45 16
C72200 H55 light-drawn 50 30
A ksi = 1000 psi.

B At 0.5 % extension under load.

TABLE 3 Expansion Requirements

Temper Designation Expansion of Tube Outside
Copper or Copper Alloy UNS No. Diameter, in Percent of

Standard Former Original Outside Diameter
061 annealed C19200 30
C23000 20
C28000 15
C44300, C44400, C44500 20
C60800 20
C61300, C61400 20
C68700 20
C70400 30
C70600 30
C71000 30
C71500 30
C71640 30
C72200 30
H55 light-drawn C10100, C10200, C10300, C10800, C12000, C12200 20
C14200 20
C19200 20
C70400 20
C70600 20
C72200 20
HR50 drawn, stress relieved C71500 20
C71640 20
hard-drawn, end annealed C10100, C10200, C10300, C10800, C12000, C12200, C14200 30

the unaided eye (Note 3). When tubes are specified in a tempeapor produced in volatilization is recommended. The use of
other than annealed this test is required but shall be made auobber gloves in testing is advisable.

annealed specimens. _ _ 12.2 The test specimens, cut 6 in. in length, shall withstand
11.2 Tubes for ferrule stock are not subject to flattening testyithout cracking, an immersion in the standard mercurous
12. Mercurous Nitrate Test nitrat_e solution .prescribed in .Test Method B 154. The test
specimen shall include the finished tube end. The mercurous

12.1 Warning—Mercury is a definite health hazard and . . .
therefore equipment for the detection and removal of mercur;r/mrate test is required only for Copper Alloy UNS Nos.
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C23000, C28000, C44300, C44400, C44500, C60800, TABLE 5 Diameter of Drilled Holes
C61300, C61400, and C68700. Tube Outside Diameter, in. Diam:;elz;sofirlirilled Drill No.
13. Nondestructive Testing Ya —% |, incl 0.025 72
13.1 Each tube shall be subjected to the eddy-current test in 8:‘; i '“Iﬁ'cl 8:82; gi
13.1.1. Tubes may be tested in the final drawn, annealed, or Over 1% —1% , incl 0.042 58
heat-treated temper or in the drawn temper before the final Over 1¥2 194, incl 0.046 56
Over 1% -2, incl 0.052 55

anneal or heat treatment unless otherwise agreed upon by the
supplier and the purchaser. The purchaser may specify either of
the testsin 13.1.2 or 13.1.3 as an alternative to the eddy-current
test. evidence of leakage. The test method used shall permit easy

13.1.1 Eddy-Current Test-Each tube shall be passed visual detection of any leakage, such as by having the tube
through an eddy-current testing unit adjusted to provideunder water or by the pressure differential method. Any
information on the suitability of the tube for the intended evidence of leakage shall be cause for rejection.
application. Testing shall follow the procedures of Practice
E 243. 14. Dimensions and Permissible Variations

13.1.1.1 The depth of the round-bottom transverse notches 14.1 Diameter—The outside of the tubes shall not vary
and the diameters of the drilled holes in the calibrating tub&rom that specified by more than the amounts shown in Table
used to adjust the sensitivity of the test unit are shown in Tableg as measured by “go” and “no-go” ring gages.
4 and 5, respectively. 14.2 Wall Thickness Tolerances:

13.1.1.2 Tubes that do not actuate the signaling device of 14.2.1 Tubes Ordered to Minimum WaklNo tube wall at its
the eddy-current tester shall be considered to conform to thghinnest point shall be less than the specified wall thickness.
requirements of this test. Tubes causing irrelevant signal$he maximum plus deviation from the specified wall at any
because of moisture, soil, and like effects may be reconditionegoint shall not exceed twice the values shown in Table 7.
and retested. Such tubes, when retested to the original test14.2.2 Tubes Ordered to Nominal WalThe maximum
parameters, shall be considered to conform if they do not caugstus and minus deviation from the nominal wall at any point
output signals beyond the acceptable limits. Tubes causinghall not exceed the values shown in Table 7.
irrelevant signals because of visible and identifiable handling 14.3 Length—The length of the tubes shall not be less than
marks may be retested by the hydrostatic test prescribed ithat specified when measured at a temperature of 20°C, but
13.1.2, or the pneumatic test prescribed in 13.1.3. Tubegmay exceed the specified value by the amounts given in Table
meeting requirements of either test shall be considered tg.
conform if the tube dimensions are within the prescribed limits, 14.4 Squareness of CutThe departure from squareness of
unless otherwise agreed upon between the manufacturer agtée end of the tube shall not exceed the following:

the purchaser. Tube, Outside
13.1.2 Hydrostatic Test-Each tube shall stand, without Diameter, in. Tolerance
showing evidence of leakage, an internal hydrostatic pressure _ _
. . . . . Up to %, incl 0.010 in.
sufficient to subject the material to a fiber stress of 7000 psi, Over % 0.016 in fin. of diameter

determined by the following equation for thin hollow cylinders
under tension. The tube need not be tested at a hydrostat(ijp
pressure of over 1000 psi unless so specified. '

14.5 For the purpose of determining conformance with the
mensional requirements prescribed in this specification, any
measured value outside the specified limiting values for any

P =2Si(D - 0.8) dimensions may be cause for rejection.
where: . -
P = hydrostatic pressure, psig: 15. Workmanship, F|n|sh and Appegrancg .
t = thickness of tube wall, in; 15.1 Roundness, straightness, uniformity of the wall thick-
D = outside diameter of the tube, in.; and ness, and inner and outer surface of the tube shall be such as to
S = allowable stress of the material, psi. make it suitable for the intended application. Unless otherwise

13.1.3 Pneumatic Test-Each tube shall be subjected to an specified on the purchase order, the cut ends of the tubes shall
internal air pressure of 60 psig, min,rf6 s without showing be deburred by use of a rotating wire wheel or other suitable
tool.

TABLE 4 Notch Depth 15.2 Annealed-temper or stress-relieved tubes shall be clean
and smooth but may have a superficial, dull iridescent film on
both the inside and the outside surface. Drawn-temper tubes
shall be clean and smooth, but may have a superficial film of

Tube Outside Diameter, in.
Tube Wall Thickness, in.  Over ¥4 to %4, Over ¥ to 1% , Over 1% to 3% ,

incl incl incl
Over 0.017-0.032 0.005 0.006 0.007 drawing lubricant on the surfaces.
Incl 0.032-0.049 0.006 0.006 0.0075 i
Incl 0.049-0.083 0.007 0.0075 0.008 16. Sampling
Incl 0.083-0.109 0.0075 0.0085 0.0095 . . . . .
el 0100-0 120 0.000 .00 0011 16.1 Sampling—The lot size, portion size, and selection of

sample pieces shall be as follows:
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TABLE 6 Diameter Tolerances

Wall Thickness, in.

0.020%

0.022 0.035 0.042 0.049 and Over

0.025

Outside Diameter, in. 0.028 0.032
Diameter Tolerance, Plus and Minus, in.

Up to 0.500, incl 0.003 0.0025 0.0025 0.0025 0.0025
Over 0.500-0.740, incl 0.0040 0.004 0.004 0.0035 0.003
Over 0.740-1.000, incl 0.0060 0.006 0.005 0.0045 0.004
Over 1.000-1.250, incl 0.009 0.008 0.006 0.0045
Over 1.250-1.375, incl 0.008 0.005
Over 1.375-2.000, incl 0.006
Over 2.000-3.125, incl 0.0065

A Tolerances in this column are applicable to light drawn and drawn tempers only. Tolerances for annealed tempers shall be as agreed upon between the manufacturer

and the purchaser.

TABLE 7 Wall Thickness Tolerances, Plus and Minus in.

Outside Diameter, in.

Wall Thickness, in.  over v to % Over % to 1, Over 1t0 2, Over 2 to
, incl incl incl 3.125, incl
0.020, incl to 0.032 0.003 0.003 L.
0.032, incl to 0.035 0.003 0.003 0.004 ...
0.035, incl to 0.058 0.004 0.0045 0.0045 0.005
0.058, incl to 0.083 0.0045 0.005 0.005 0.0055
0.083, incl to 0.120 0.005 0.0065 0.0065 0.0065
0.120, incl to 0.134 0.007 0.007 0.0075 0.008

TABLE 8 Length Tolerances

Specified Length, ft

Tolerance, all Plus, in.

Upto 15

Over 15-20, incl
Over 20-30, incl
Over 30-60, incl

Over 60—

100, incl?

Y32
Ve
Y32
s
Y2

A Condenser tubes in lengths over 100 ft are not in present demand. Tolerance
values for the lengths will be developed as experience dictates. Tolerance values
for lengths in wall thicknesses of 0.020, incl. to 0.032 shall be as agreed upon
between the manufacturer or supplier and the purchaser.

16.1.1 Lot Size—600 tubes or 10 000 Ib or fraction of either,
whichever constitutes the greater weight.

16.1.2 Portion Size—Sample pieces from two individual
lengths of finished product.

samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product. The number of samples taken for
determination of chemical composition shall be as follows:

17.1.1.1 When samples are taken at the time the castings are
poured, at least one sample shall be taken for each group of
castings poured simultaneously from the same source of
molten metal.

17.1.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 Ib or
fraction thereof, except that not more than one sample shall be
required per piece.

17.1.1.3 Because of the discontinuous nature of the process-
ing of castings into wrought products, it is not practical to
identify specific casting analysis with a specific quantity of
finished material.

17.1.1.4 In the event that heat identification or traceability is
required, the purchaser shall specify the details desired.

17.2 Other Tests-For tests specified in Sections 8-12
inclusive, specimens shall be taken from each of the pieces
selected in accordance with 16.1.2.

17.3 If any test specimen representing a lot fails to conform
to the requirements of Sections 6-12, two additional specimens,

16.2 Samples taken for the purpose of the tests prescribed jt the option of the manufacturer, may be taken as before, and
the specification shall be selected in a manner that wilkybmitted for check analysis or subjected to any tests in which
represent correctly the material furnished and avoid needlesge original specimen failed, but each of these specimens shall
destruction of finished material when samples representative @onform to the requirements specified.
the material are available from other sources.

17. Number of Tests and Retests

17.1 Chemical Analysis-Samples for chemical analysis
shall be taken in accordance with Practice E 255. Drillings
millings, and so forth shall be taken in approximately equal
weight from each of the sample pieces selected in accordance
with 16.1.2 and combined into one composite sample. The
minimum weight of the composite sample that is to be divided

into three equal parts shall be 150 g.

17.1.1 Instead of sampling in accordance with Practice
E 255, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-

18. Test Methods

18.1 The properties and chemical compositions enumerated
in this specification shall, in case of disagreement, be deter-

mined in accordance with the following ASTM methods:
Test ASTM Designation

Chemical analysis B 170, E 53, E 54, E 62, E 75, E 478

Grain size E 112
Expansion (pin test) B 153
Mercurous nitrate B 154

Tension E8
Nondestructive test E 243

A Reference to Specification B 170 is to the suggested chemical methods in the

ance shall be determined by the manufacturer by analyzinghnex thereof. When E01 Committee has tested and published methods for
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assaying the low-level impurities in copper, the Specification B 170 annex will be 20.2 If in addition the purchaser elects to perform his own

eliminated. : . ;
18.2 The surface of the test specimen for microscopica'InSpeC“on’ the manufacturer shall afford the inspector all

examination shall approximate a radial longitudinal section Oreas_onable_ facilities to satls_fy h'”? that thg tu_bes are being
the tube. furnished in accordance with this specification. All tests

18.3 Tubes selected for test shall be subjected to the tensicgﬁgg?gf i‘:ﬁlﬁf:&i%sgéf;nedsmsFr)fgrt]'to r:mslgzg gt(?]en:v?/;jsz zt g;?_
test which shall, in case of disagreement, be made in accof- P ' P

dance with Test Methods E 8. Tension test specimen shall be o']ed’ a_nd shall be so conducted as not tp_lntgrfere V\."th the
the full section of the tube and shall conform to the require-o.perat'o.n of the_ Work_s. When auto_mated finishing and InSpec-
ments of the section, Specimens for Pipe and Tube, of Te&On equipment is available at afacmty_, purchas_er an_d supp_her
Methods E 8, unless the limitations of the testing maching &Y by mutual agreement accomplish the final inspection
preclude the use of such a specimen. Test specimens conforr‘?{mu“aneousw'

ing to Type No. 1 of Fig. 13, Tension Test Specimens for21. Rejection and Rehearing

Large-Diameter Tubular Products, of Test Methods E 8, may 27 1 Material that fails to conform to the requirements of

be used when a full section specimen cannot be tested. s specification when inspected or tested by the purchaser or
18.4 Whenever tension test results are obtained from bothis 5gent may be rejected. Rejection should be reported to the
full-size and machined specimens and they differ, the results,snufacturer or supplier promptly and in writing. In case of

obtained from full-size test specimens shall be used to detegissatisfaction with the results of the test, the manufacturer or
mine conformance to the specification requirements. supplier may make claim for a rehearing.

18.5 Tension test results on material covered by this speci-
fication are not seriously affected by variations in speed of2. Certification
testing. A considerable range of testing speed is permissible; 22.1 When specified on the purchase order, the manufac-
however, the range of stressing to the yield strength should nairer shall furnish to the purchaser a certificate stating that each
exceed 100 ksi/min. Above the yield strength the movemenlot has been sampled, tested, and inspected in accordance with
per minute of the testing machine head under load should nahis specification and has met the requirements. When material
exceed 0.5 in./in. of gage length (or distance between grips fas specified to meet the requirements ASME Boiler and
full-section specimens). Pressure Vessel Codthe certification requirements are man-

o , . datory.

19. Significance of Numerical Limits _ )

19.1 For purposes of determining compliance with the?3: Packaging and Package Marking
specified limits for requirements of the properties listed in the 23.1 The material shall be separated by size, composition,
following table, an observed value or a calculated value sha@nd temper, and prepared for shipment in such a manner as to
be rounded as indicated in accordance with the roundingnsure acceptance by common carrier for transportation and to

method of Practice E 29: afford protection from the normal hazards of transportation.
o Rounded Unit for Observed 23.2 Each shipping unit shall be legibly markgd with the
roperty or Calculated Value purchase order number, metal or alloy designation, temper,
, y o , size, shape, total length or piece count, or both, and name of
Chemical composition nearest unit in the last right-hand place of . e .
figures supplier. The specification number shall be shown, when
specified.
Tensile strength nearest ksi, for over 10 to 100 ksi, )
Yield strength incl 24. Mill Test Report
Elongation nearest 1 % 24.1 When specified on the purchase order, the manufac-
Grain size nearest multiple of 0.005 mm turer shall furnish to the purchaser a test report showing results

20. Inspection of tests required by the specification.

20.1 The manufacturer shall inspect and make necessaRp- Keywords
tests to verify that the tubes furnished conform to the require- 25.1 condenser tube; copper; copper alloys; evaporator;
ments of this specification. ferrule stock; heat exchanger; seamless tube
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U.S. government.

S1. Referenced Documents purchaser at the time the order is placed. The purchaser shall
S1.1 The following documents of the issue in effect on datehave the right to perform any of the inspections or tests set
of material purchase form a part of this specification to theforth when such inspections and tests are deemed necessary to
extent referenced herein: assure that the material conforms to prescribed requirements.

S1.1.1Federal Standards: S3. Identification Marking

Fed. Std. No. 102 Preservation, Packaging and Packing S3.1 All material shall be properly marked for identification

Levels . .
Fed. Std. No. 123 Marking for Shipment (Civil Agencies) n ac_c_ordgnce with Fed. Std. No. 185 except that the ASTM
specification number and the alloy number shall be used.

Fed. Std. No. 185 Identification Marking of Copper and

Copper-Base Alloy Mill Products S4. Preparation for Delivery
S1.1.2 Military Standard® S4.1 Preservation, Packaging, Packing:
MIL-STD-129 Marking for Shipment and Storage S4.1.1 Military Agencies—The material shall be separated
S1.1.3 Military Specification® by size, composition, grade or class and shall be preserved and
MIL-C-3993 Packaging of Copper and Copper-Base Alloypackaged, Level A or C, packed Level A, B, or C as specified
Mill Products in the contract or purchase order, in accordance with the
S2. Quality Assurance requirements of MIL-C-3993.
S2.1 Responsibility for InspectierUnless otherwise speci-  S4.1.2 Civil Agencies—The requirements of Fed. Std. No.

fied in the contract or purchase order, the manufacturer i402 shall be referenced for definitions of the various levels of
responsible for the performance of all inspection and tespackaging protection.
requirements specified. Except as otherwise specified in the g4.2 Marking:

contract or purchase order, the manufacturer may use his owngy 5 1 Military Agencies—In addition to any special mark-

or any other suitable facilities for the performance of theing required by the contract or purchase order, marking for
inspection and test requirements unless disapproved by t'%‘hipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
6 Available from Standardization Documents Order Desk, Bldg. 4, Section D,requ'red by the contract or purchase order, marking for

700 Robbins Ave., Philadelphia, PA 19111-5094. Attn: NPODS. shipment shall be in accordance with Fed. Std. No. 123.
APPENDIX
(Nonmandatory Information)

X1. DENSITY OF COPPER AND COPPER ALLOYS

X1.1 The densities of the alloys covered by this specifica- TABLE X1.1 Densities
tion are given in Table X1.1. Copper or Copper Alloy UNS No. Density, Ib/in.®
C10100, C10200, C10300, C10800, C12000, 0.323
C12200, C14200
C19200 0.320
€23000 0.316
C28000 0.303
C44300, C44400, C44500 0.308
€60800 0.295
C61300, C61400 0.285
C68700 0.301
C70400 0.323
C70600 0.323
C71000 0.323
C71500 0.323
C71640 0.323
C72200 0.323
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SUMMARY OF CHANGES

Committee BO5 has identified the location of selected changes to this standard since the last issue of B
111 — 95 that may impact the use of this standard.

(1) Tables 6 and 7 were modified to include tolerances for
diameters over 2 in. up to and including 3.125 in.

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).



