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INTRODUCTION

Consistent evaluation and comparison of the response of polymer matrix composites to moisture
absorption can only be performed when the material has been brought to a uniform through-the-
thickness moisture profile. The procedures described in Test Method D 570 and Practices D 618 do not
guarantee moisture equilibrium of the material. A similar, but more rigorous, procedure for
conditioning to equilibrium is described by this test method, which can also be used with fluid
moisture other than water, and which, additionally, can provide the moisture absorption properties
necessary for the analysis of single-phase Fickian moisture diffusion within such materials.

1. Scope multi-phase moisture absorption model. While the test proce-

1.1 This test method covers a procedure (Procedure A) fofures themselves may be used for multi-phase materials, the
the determination of moisture absorption or desorption propalculations used to determine the moisture diffusivity constant

erties in the through-the-thickness direction for single-phasé? Procedure A are applicable only to single-phase materials.
Fickian solid materials in flat or curved panel form. Also Other examples of materials and test conditions that may not

covered are procedures for conditioning test coupons prior tg1€€t the requirements are discussed in Section 1.4. 3
use in other test methods; either to equilibrium in a non- 1.3 The evaluatlor] by Procedure A of the moisture equmb_—
laboratory environment (Procedure B), to equilibrium in afium content material property does not assume, and is
standard laboratory atmosphere environment (Procedure C), Berefore not limited to, single-phase Fickian diffusion behav-
to an essentially moisture-free state (Procedure D). WhildOr )

intended primarily for laminated polymer matrix composite 1-4 The procedures used by this test method may be
materials, these procedures are also applicable to other materformed, and the resulting data reduced, by suitable auto-
rials that satisfy the assumptions of 1.2. matic equipment. . . _ .

1.2 The calculation of the through-the-thickness moisture 1.5 This test method is consistent with the recommendations
diffusivity constant in Procedure A assumes a single-phas@f MIL-HDBK-17B (1) which describes the desirable at-
Fickian material with constant moisture absorption propertiedfibutes of a conditioning and moisture property determination
through the thickness of the specimen. The validity of theProcedure. o _ . .
equations used in Procedure A for evaluating the moisture 1.6 The values stated in either SI units or inch-pound units
diffusivity constant in a material of previously unknown are to be regarded separately as standard. Within the text the
moisture absorption behavior is uncertain prior to the test, aich-pound units are shown in brackets. The values stated in
the test results themselves determine if the material follows th8ach system are not exact equivalents; therefore, each system
single-phase Fickian diffusion model. A reinforced polymermust be used independently of the other. Combining values
matrix composite material tested below its glass-transitiorffom the two systems may result in nonconformance with the

temperature typically meets this requirement, although twoStandard.

phase matrices such as toughened epoxies may require al-7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-

1 This test method is under the jurisdiction of ASTM Committee D30 on | .,. R .
JDility of regulatory limitations prior to use.

Composite Materials and is the direct responsibility of Subcommittee D30.04 o
Lamina and Laminate Test Methods.
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2. Referenced Documents 3.2.3 Fickian diffusion n—a model of material moisture
2.1 ASTM Standards3 absorption and desorption that follows Fick’s second law, as
D 570 Test Method for Water Absorption of Plastics follows in one-dimension:

D 618 Practice for Conditioning Plastics for Testing e o

D 792 Test Methods for Density and Specific Gravity (Rela- ﬁ=ng
tive Density) of Plastics by Displacement

D 883 Terminology Relating to Plastics 3.2.4 glass transition temperature, [®], n—the approxi-

D 2584 Test Method for Ignition Loss of Cured Reinforced mate midpoint of the temperature range over which a reversible
Resins change takes place between a viscous or rubbery condition and

D 2734 Test Methods for Void Content of Reinforced Plas-a hard, relatively brittle condition, in an amorphous polymer, or
tics ) ~in amorphous regions of a partially crystalline polymer.

Dl\igelri;?t Method for Constituent Content of Composite 3 5 4 1 piscussion-The glass transition temperature of

D 3878 Terminology for Composite Materials many polymer matrix composites is lowered by the presence of

- ) absorbed moisture.
2.2 Military Standard: _ - :
MIL-B-131 Barrier Materials, Watervaporproof, ~ 3:2.5 moisture n—liquid (water, jet fuel, salt water, or any

Greaseproof, Flexible, Heat-Sealable other liquid) that is either diffused in relatively small quantity
and dispersed through a gas as a vapor, condensed on a surface
3. Terminology as visible dew, or present in quantity sufficient for immersion

3.1 Definitions—Terminology D 3878 defines terms relat- of an object.
ing to high-modulus fibers and their composites. Terminology 3.2.5.1 Discussior-The dictionary definition of moisture
D 883 defines terms relating to plastics. In the event of gor this test method is extended to include not only the vapor

conflict between terms, Terminology D 3878 shall have precepf 3 liquid and its condensate, but the liquid itself in large
dence over the other terminology standards. quantities, as for immersion.

3.2 Definitions of Terms Specific to This Standatfl-the . .
term represents a physical quantity, its analytical dimensions 3.2.6 moisture concen'tratlonz ¢ [MLC], T‘_the absolute
are stated immediately following the term (or letter symbol) jnamount of a}bsorbed mo!sture in a material expressed as the
fundamental dimension form, using the following ASTM mass of moisture per unit volume.
standard symbology for fundamental dimensions, shown 3.2.7 moisture diffusivity constant, J.*T"*], n—the prop-
within square bracketsM] for mass, [] for length, [T] for erty of a material that describes the rate at which the material
time, [O] for thermodynamic temperature, andd] for non-  absorbs or desorbs moisture.
dimensional quantities. Use of these symbols is restricted to 3.2.7.1 Discussior—In Fickian materials this property is
analytical dimensions when used within square brackets, as thg|atively independent of the moisture exposure level (and thus
symbols may have other definitions when used without thehe moisture equilibrium content material property). However,
brackets. o _ the moisture diffusivity constant is strongly influenced by
3.2.1 accuracy criterion n—the maximum amount of (emperature. Moisture diffusivity can be anisotropic; the sub-
change in average moisture content for a test coupon, over thein: 7 indicates the value in the through-the-thickness direc-
span (_)f the reference time perl_od, which is a_IIowabIe for the;io for anisotropic diffusion behavior.
establishment of effective moisture equilibrium. (See also _ S .
average moisture content, moisture equilibritandreference ~ >-2-8 moisture equilibriumn—the condition reached by a
time period) material wht_en there is essgnnally no furth(_ar change in its
3.2.2 average moisture content, M (%Ji—the average average m0|sFL_|re_ content with the surrounding envm_)nment.
amount of absorbed moisture in a material, taken as the ratio dfloisture equilibrium can be eitheabsolute or effective
the mass of the moisture in the material to the mass of thé@bsolute moisture equilibrium requires no measurable change
oven-dry material and expressed as a percentage, as follow§? moisture content, while effective moisture equilibrium
allows a specified small change in the average moisture content

W,—W, ) 2 e
M, %= W, %100 (1)  of a material (the accuracy criterion) over a specified time span
(the reference time period). (See alsscuracy criterion,
where: ) average moisture conterdndreference time periojl.
W, = current specimen mass, g, and

3.2.8.1 Discussior—Effective moisture equilibrium is a sat-
isfactory definition for most engineering applications. Unless
otherwise specified, references to moisture equilibrium in this
test method mean effective moisture equilibrium, as quantified

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, orlN 10'2' M0|Stur.e equ'“b”um can also be eitheatic, when
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM  there is no moisture transport at all across the surfaces, or
Standards/olume information, refer to the standard’s Document Summary page Ordynamic when moisture transport exists. but the net sum for
the ASTM website. h t, ial i This test th d . t bl f

4 Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700t _e ma_ erial IS zero. IS test metho _IS no capg 'e 0
Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS. discerning between these two types of moisture equilibrium.

W, = oven-dry specimen mass, g.
(See alsmven-dry)
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3.2.9 moisture equilibrium content, M%), n—the maxi- 3.3.3 G(T,t—moisture absorption or desorption function
mum amount of absorbed moisture that a material can contaifor materials that follow Fickian diffusion.
at moisture equilibrium for a given moisture exposure level, 3.3.4 h—thickness of a material panel or plate in the
expressed as a percent of dry material mass. (Seeralsture  through-the-thickness direction for double-sided moisture ex-
saturation conteny. posure.
3.2.9.1 Discussior—In polymer matrix composites, this  3.3.5 M—average moisture content of a material. The fol-
property is relatively independent of temperature (and thus thewing subscripts denote the average moisture content for
moisture diffusivity constant material property), but it is a specific conditions:M,, the average moisture content at a
function of the moisture exposure level. For the purposes obaseline timeM;, the average moisture content at establish-
this test method\,,, is assumed to be equivalent to the averagement of effective moisture equilibriunhl;, the average mois-
moisture content at effective moisture equilibriulu, ture content at a given timey, _,, the average moisture
3.2.10 moisture exposure level—a measure or description content at the previous time; ai},, the moisture equilibrium
of the severity of a conditioning environment in terms of thecontent that is reached when a uniform through-the-thickness
amount of liquid or vapor present. (See alswistureand  moisture profile occurs for a given temperature and moisture
relative vapor leve). exposure level.
3.2.11 moisture saturation contem—the moisture equilib- ~ 3.3.5.1 Discussior—For the purposes of this test method
rium content at the maximum possible moisture exposure leveMm andM; are assumed to be equivalent.
wherein the material contains the greatest possible amount of 3.3.6 t—time.
absorbed moisture. (See alswisture equilibrium content. 3.3.7 t;—the maximum time required for a material to
3.2.12 oven-dry n—the condition of a material that has reach moisture equilibrium under specified conditions of tem-
been dried in accordance with Procedure D of this test methoBerature and initial moisture content.
until moisture equilibrium is achieved. 3.3.8 Ty—glass transition temperature. .
3.2.13 reference time periach—the time interval for mass _ 3-3.9 w—the width of a nominally square moisture absorp-
measurement used to define effective moisture equilibrium in 0N test coupon. _
material. (See alsaccuracy criterion, average moisture con-  3-3.10 W—the mass of a test coupon. The following sub-
tent, and moisture equilibriun). scripts are used to denote the mass of a test coupon for specific
3.2.13.1 Discussion—A small change in the average mois- conditions:W,, the mass at the baseline tin#}, the mass at
ture content (the accuracy criterion) for a material during the? 9iven time; and/; _,, the mass at the previous time.
reference time period indicates effective moisture equilibrium. 3-3:11 z—the coordinate axis in the through-the-thickness
3.2.14 relative vapor level (%)n—the ratio of the pressure diréction for a plate or panel.
of a vapor present to the pressure of the saturated vapor, at the symmary of Test Method
same temperature, expressed as a percent. Applicable only to

X . 4.1 This is a gravimetric test method that monitors the
the gaseous form of a fluid. When the vapor is water vapor the , . ;
. ) - : Change over time to the average moisture content of a material
term is calledrelative humidity.(See alsomoisture exposure

level) _specimen by measu_ring the total mass change of a coupon that
’ is exposed on two sides to a specified environment. There are
3'2.'15 standard Iab_oratory atmosphere—an atmospf:ere four test procedures described by this test method. Procedure A
(enwronm(znt) having _a temperature 0:: 232°C overs the determination of the two Fickian moisture diffusion
[73.4=3.6°F] and a re!aﬁve humld!ty of 5& 10 %. . material properties, the moisture diffusivity constant and the
_3:2.16 standard conditioned specimam—the material con-  nyqigtre equilibrium content. The other three procedures cover
dition of a test coupon that has reached effective moisturg,aserial conditioning to a specific moisture environment;
equilibrium at a nominal relative humidity of 50 % in accor- prgcequre B covers general moisture conditioning of material
dance with Procedure C of this test method. coupons prior to other types of testing; Procedure C covers the
3.2.17 test temperaturen—the environmental temperature qnditioning of material coupons to a nominal relative humid-
used in Procedures A, B, C, or D. ity level of 50 %, prior to other types of testing; and Procedure
3.2.17.1Discussior-This is distinguished, for the purposes p covers the conditioning of material coupons to an essentially
of this test method, from the environmental temperature useghoisture-free condition.
during any subsequent material evaluation testing. 4.2 In Procedure A, the percent moisture mass gain versus
3.2.18 traveler couponn—a surrogate coupon of the same time is monitored for a material specimen that is maintained in
material and thickness, and of appropriate size (but withouk steady-state environment at a known temperature and mois-
tabs) that is used in a conditioning procedure to determingure exposure level until the material reaches effective moisture
moisture content for specimen configurations (such as a tabbegyuilibrium. From this data the moisture equilibrium content,
mechanical coupon, or a coupon that does not meet thgy  and the one-dimensional moisture absorption rate of the
minimum mass requirement) that cannot otherwise be properlyoupon may be determined and the through-the-thickness

measured by this test method. moisture diffusivity constant),, calculated.
3.3 Symbols: 4.3 In Procedure B, a general test coupon (not necessarily
3.3.1 c—moisture concentration. the coupon of Procedure A) is maintained, similarly to Proce-
3.3.2 D,—moisture diffusivity constant in the through-the- dure A, in a steady-state environment at a specified temperature
thickness direction. and moisture exposure level until the material reaches effective
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moisture equilibrium. However, the periodic monitoring re- previous investigators have shown that for diffusion to be
quirement of Procedure A is not necessary, and the data needgdorously classified as Fickian it must satisfy the following
to calculate the moisture diffusivity constant is not obtained. three conditions:
4.4 In Procedure C, a general test coupon is maintained in a 6.1.1 Both absorption and desorption curves must be essen-
steady-state environment at a specified temperature and tially linear up to 60 % ofM,,,;
relative humidity of 50 % until the material reaches effective 6.1.2 Beyond the initially linear portion, both absorption
moisture equilibrium. and desorption curves must be concave to the abscissa axis
4.5 In Procedure D, a general test coupon is maintained iqntil M, , is reached; and
an air-circulating oven at a prescribed elevated temperature 6.1.3 For the same environmental exposures, absorption
environment until effective moisture equilibrium is reached. cyrves resulting from different specimen thicknesses of the
same material must be essentially superimposable if each curve

5. Significance and Use is plotted in the form of a normalized sorption curve in which
5.1 Procedure A is designed to produce moisture diffusiorihe abscissa is,/time/h, instead ofy/time.

material property data that may be used as follows: 6.2 These conditions are rigorous, and may not be fully met
5.1.1 To determine approximate exposure times for coupohy many engineering materials. In fact these conditions may be

conditioning in Procedures B, C, or D; difficult to experimentally verify for certain materials, and for
5.1.2 As input to moisture prediction analysis computerthis reason the decision on how rigorously these conditions

codes; or must be met for a given test material is left to the user. For

5.1.3 For making qualitative decisions on material selectiorexample, a severe complete absorption/desorption cycle may
or performance under environmental exposure to various formgause damage to a given material, causing cracking and
of moisture. providing a non-Fickian diffusion path, making evaluation of

5.2 Procedures B, C, and D are designed to condition teghese conditions impossible.
coupons to a specified moisture equilibrium state prior to other 6.3 However, there are a number of material forms or test
material property testing (including but not limited to mechani-conditions that are known to have the potential to violate one
cal testing). or more of the assumptions used by this test method, or to

5.3 A single test using Procedure A provides the moisturgootentially cause non-Fickian material behavior. Many of these
diffusivity constant,D,, and the moisture equilibrium content, issues are discussed by several of the papers in ASTM STP 658
M,, at the given moisture exposure level and temperaturg3) or in the paper by Blikstad et &4). They include:

Multiple tests at differing temperatures are required to establish 6.3.1 Materials with fibers that are distributed in three

the dependence @, on temperature. Multiple tests at differing dimensions, and that affect the moisture diffusion mechanism
moisture exposure levels are required to establish the depeby means such as wicking along the fiber/matrix interface, such
dence ofM,,, on moisture exposure level. as: materials stitched through-the-thickness, or, some injection-

5.4 Vapor-exposure testing shall be used to condition thenolded materials;
specimen when the in-service environmental condition is a 6.3.2 Materials with a significant amount of surface crack-
vapor such as humid air. Immersion in a liquid bath should beéng;
used to simulate vapor exposure only whegparentabsorp- 6.3.3 Material systems that have been shown to behave in a
tion properties are desired for qualitative purposes. Propertiegon-Fickian manner, or that have multi-phase moisture diffu-
determined in the latter manner shall be reported@garent  sion mechanisms as discussed by Bonniau and Bu¢Sell
properties. 6.3.4 Material systems that are known to have a moisture

Note 1—For many polymer matrix composites the volume percentdiffusivity constant that is strongly dependent upon moisture
reinforcement can be determined by one of the matrix digestion proceconcentration;
dures of Test Method D 3171, or, for certain reinforcement materials such 6.3.5 Material systems that are known to have a moisture
as glass and ceramics, by the matrix burn-off technique of Test Methogjiffusivity constant that is significantly time-dependent;

D 2584._ Test Me@hods D 2734 _descnbes th_e Ilmltatlon_s and use of _the 6.3.6 Material systems that are known to have a moisture
calculations required to approximate the void content in the composite.

The void content equations of Test Methods D 2734 are applicable to botq'ﬁus'v'ty cons_tant that_ IS 3|gnlflcan_tly St_res_s_-dependent, and
Test Methods D 2584 and D 3171. Test Methods D 792 can be used t§1at are used in a laminate containing significant amounts of

determine specific gravity. residual stress;
6.3.7 Material systems containing an abnormal amount of
6. Interferences voids, or with a nonuniform void distribution, as discussed by

6.1 The calculation of the through-the-thickness moisturéHarper et al(6);
diffusivity constant in Procedure A assumes a single-phase 6.3.8 Test apparatus that produces a significant temperature
Fickian material that possess constant moisture diffusivitygradient in the specimen, either through-the-thickness or in-
properties through the thickness of the specimen. The validitplane, as the material moisture diffusion constant is generally a
of Procedure A for evaluating the moisture diffusivity constantstrong function of temperature; or
in a material of previously unknown moisture absorption 6.3.9 Testing above the glass transition temperature of any
behavior will be uncertain prior to the test, as the test resultsonstituent or phase-component within the composite material,
themselves determine whether the material follows the singlexhich generally results in non-Fickian or multiphase moisture
phase Fickian diffusion model. As discussed by Shir(2)| diffusion behavior, or both.
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7. Apparatus 8.2 Test Specimen Geometry
7.1 Balance—An analytical balance is required that shall be 8-2.1 Summary-The following requirements are summa-
capable of the appropriate accuracy shown in Table 1. rized in Table 2 for ease of reference.

8.2.2 Specimen Mass Requiremefrtbpecimens (including
Note 2—These accuracy requirements are derived from the definitioqravebrs) shall have a mass of at least 5.0 g. Specimen mass
of effective moisture equilibrium (Eq 6) and the specimen mass of 8'2'2affects the balance accuracy requirement established in 7.1
as discussed in X2.10. . . . . "
et ' _ o ) 8.2.3 Specimen ThicknessThe specimen thickness shall
7.2 Oven or Vacuum Drying ChamberAn air-circulating ot vary by more thar:5 % over the surface of the specimen

oven is required that shall be capable of maintaining theyng shall comply with 8.2.2 and Eq 2, as applicable.
required uniform temperatures to withim1°C [£2°F]. A

vacuum drying chamber or a vacuum oven may also be used.Note 3—No minimum specimen thickness is required. However, the
7.3 Conditioning Chamber-A conditioning chamber is re- specimen thickness has a profound effect on the total time required to

ired th hall b bl f LT h . reach equilibrium, as well as on the reference time period of 10.1.7.1.
quired that sha e capable of maintaining the require Iso, when designing a coupon, consideration should be given to the

temperature to within=1°C [£2°F]. The chamber shall beé macrostructure of the composite material in the through-the-thickness
monitored either on an automated continuous basis or on direction. If the moisture absorption coupon is substantially thinner than
manual basis at regular intervals. The chamber shall consist dfe material in the end-use form, there should be sufficient number of
either of the following: fibers through the thickness that the absorption properties of the material

7.3.1 For Absorption by Vapor ExposueA temperature coupon can be considered equivalent to the absorption properties of the
. .same material in a much thicker form, under the same environmental

and vapor-leve_l cc_mltrolled Vapor. exposur.e chamber that i onditions. A thin (even one-ply) laminate, if reinforced by a significant
capable of maintaining the required relative vapor level to, mper of fibers that are small in diameter relative to the thickness, could

within =3 %, or _ o _ be acceptable if it met the other specimen geometry requirements of 8.2.
7.3.2 For Absorption by Liquid ImmersienA temperature-  However, a substantially thicker multi-ply laminate, reinforced by fibers
controlled liquid bath. having a diameter on the order of the ply thickness, may not be acceptable.

7.4 Micrometers—A 5-mm [0.2-in.] nominal diameter A minimum laminate thickness of 10 times the nominal fiber diameter is
double-ball micrometer, accurate to 0.1 % of the specimefiecommended.
thickness, shall be used to measure the thickness of the 8.2.4 Specimen Size and Shape For Use With Procedure
specimen. For _typiqal coupon dimensions an acquraCyZ)t'? A—As edge effects must be minimized in materials with
um [+0.0001 in.] is adequate. A 5-mm [0.25-in.] nominal anisotropic moisture diffusivity constants, the test specimen for
diameter flat-flat micrometer or caliper, accurate to with?5 ~ moisture diffusivity constant determination shall consist of
pum [£0.001 in.], shall be used to measure the length and widtleither 8.2.4.1 or 8.2.4.2.
of the specimen.
7.5 Desiccator—A clean, dry desiccator in which speci-
mens being oven-dried shall be brought to laboratory tempera- taBLE 2 Summary of Specimen Geometry Requirements
ture following removal of the specimens from the oven.
7.6 SpeCI.men Bag-A Sealable’. flexible, mmstureprpof b.ag Known Reference Time Period: ~ Known Specimen Thickness:
(Or other suitable Sea!able Contamer) made of material swtabI@ Determine the maximum thickness 1. Determine the reference time period
for exposure to specimens that have been removed from them h = ~/D,U0.02. If a thicker from 10.1.7.1. If this is unacceptable
Conditioning chamber for cooling pl’iOf to Weighing. Bags thatspecimen is required then the refer-  then the specimen thickness must be

Property Testing Procedure A Conditioning Procedures B, C, or D

. . _ence time period must be changed. changed.
meet the requ”ements of MIL-B-131 have been found satlSz. petermine the plate size from either 2. Estimate the specimen mass from
factory for use in standard applications. Eq 2 (non-sealed edges) or 8.2.4.2 the material density, known thickness,
7.7 Absorbent Cloth-Clean, non-linting absorbent cloth (seaed edges). and the configuration. Specimen mass

A L ; 3. Estimate the specimen mass from shall be =5 g. If the estimated mass is
for use in wiping exuded or condensed moisture from teShsass = w?x h x density.The speci-  too small, or the specimen has attached
specimens. men mass shall be =5 g. If the tabs or other features that violate the
estimated mass is too small then the  assumptions of this test method, then a

_7‘8 GIov_es—CIean, non-llntlng gloves for use when han- plate size must be increased (or the  traveler coupon must be used.
dling specimens. specimen made thicker and the
reference time period correspondingly
8. Test Specimen increased).

. . . . Known Specimen Thickness:
8.1 Sampling of Test Specimen#t least five specimens 1. Determine the reference time period

per test condition should be tested unless valid results can B@m 10-1.7.1. If the value so
etermined is unacceptable then the

gained through the use of fewer specimens, as in the case oﬂ@cimen thickness must be changed.
designed experiment. The number of specimens tested and theDetermine the plate size from either

method of sampling shall be determined from the statisticagl;égoe”d'ggged edges) or 8.2.4.2

rEqwrementS- 3. Estimate the specimen mass
fromMass = w?X h X density.The
specimen mass shall be =5 g. If the
TABLE 1 Balance Accuracy estimated mass is too small then the
plate size must be increased (or the

Specimen Mass Balance Accuracy Requirement, m f )
P ' 9 y Req » M9 specimen made thicker and the
=5 but <50 0.1 reference time period correspondingly
=50 1.0 increased).
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8.2.4.1 A nominally square plate or curved panel withprevent loss of the wire, but loosely enough that it doesn't interfere with
dimensions that satisfy the relation: the absorption process. The wire is coded by various means, including but
not limited to tags, notches, knots, or color.

W

F=100 @ 9. calibration of Apparatus
where: 9.1 The accuracy of all measuring equipment shall have
w = nominal length of one side, mm [in.], and certified calibrations that are current at the time of use of the
h = nominal thickness, mm [in.]. equipment.

8.2.4.2 A 100+ 10-mm [4.0% 0.5-in.] square plate with
stainless steel foil bonded to the edges such that moisturt)- Procedures
absorption through the edges is essentially eliminated. When 10.1 Parameters To Be Specified Prior To Test
this specimen is prepared care shall be taken to weigh the 10.1.1 The procedure to be used (A, B, C or D).
coupon both before and after bonding of the foil in order to 10.1.2 The density and fiber volume sampling method,
obtain the mass increase due to the foil and the adhesive. Tig@upon geometry, and test method (see Note 1 for guidance).
adhesive used shall be incapable of absorbing sufficient mois- 10.1.3 The moisture absorption specimen sampling method,
ture to affect the results. type, and geometry (and travelers, if required), from Section

1.7.
Note 4—Atypical specimen for the carbon/epoxy material described in
%2.2 would have dimensions of 1 mm [0.040 in ] thick by 100 mm [4in] _ +0:1-4 The balance measurement accuracy, 1.0 mg or 0.1

square and would have a mass of approximately 18 g. If conditioned "9 from 7.1 .
74°C [170°F] and 90 % relative humidity, use of Eq X1.7 predicts that this  10.1.5 Conditioning chamber test temperature. Ma>f|mum
specimen would reach equilibrium in approximately 22 days. The mini-test temperatures are recommended for all Procedures in Table
mum reference time period used to test equilibrium is established b. Keep the test temperature for any material not listed in the
10.1.7.1 as the greater of 0.02Mb,(equal to 22 h) or 24 h. Coincidentally, tgple at least 25°C [45°F] below the W&} of the material.
this specimen satisfies the criteria of both 8.2.4.1 and 8.2.4.2. 10.1.6 Moisture type and moisture exposure level.

8.2.5 Specimen Size and Shape For Use With Procedures B, Note 6—MIL-HDBK-17B (1) notes that a worst-case aircraft service

C, or D—The spec_lmen size a_nd shape requwem_e_nt _fO(/vater vapor environment is generally considered to be 85 % relative
Procedure A (8.2.4) is not a requirement for the conditioninghumidity. Two-step accelerated conditioning schemes consisting of 95 to
procedures (B, C, or D) of this test method. The coupon siz@8 % relative humidity exposure for a period of time followed by
and shape used in Procedures B, C, and D is normally thadditional exposure time at a lower relative humidity level can be used to
required for Subsequent material evaluation fo”owing Condi_reduce the cond_itioning tlme in Procedure B, as I_ong as equilibrium is
tioning, as long as the coupon meets the mass and thicknefggched at the final humidity level. Refg) and (8) discuss methods of

. . ccelerated conditioning. Also note that exposure to liquid immersion is
requirements of 8.2.2 and 8'2‘3' When the COPPO” is of SU_C ot generally equivalent to exposure to an environment of 100 % relative
type or geometry that the moisture change in the materighymigity.
cannot be properly measured by weighing the specimen itself, ) . i
a traveler coupon of the same material and thickness, and of 10.1.7 Time interval between weighings. Pracedure A re-

appropriate size (but without tabs, if present) shall be used tg_uires repeated weighings for the determination of the diffu-

determine moisture equilibrium for the specimens being con\-?\;m?/n (iof;s;?r':;{evxglr%?nZr?rlLeb?nt?r(\a/ZISlfArﬁd r?c:c?u?ecsctjeraﬁ?/rem
ditioned. Material evaluation tests that require traveler mois- y AP d

ture conditioning coupons include mechanical tests usinr% f|_nal set of weighings spaced apart by the reference time
tabbed coupons and test methods using coupons that do c?nod.

meet the minimum mass requirement for this test method, sucllf
as commonly used in thermo-mechanical analysis methods.

10.1.7.1 Determine the reference time period from Table 4.

the moisture diffusivity constantp,, is known, or if a

8.2.6 Preparation—In specimens cut from plates precau- reasonable value fdb, can be assumed from past experience,
revious testing, data from the literature, or similarity to other

tions shall be taken to avoid notches, undercuts, rough nown materials, then the minimum length of the reference
uneven surfaces, or delaminations due to inappropriate ma- ’ 9

chining methods. Final dimensions should be obtained b me period shall be established by use of the YES value from

water lubricated precision milling or grinding, or both, or the able 4. IfD, is unknown then the NO value from Table 4 shall

use of a wet diamond saw. The procedure used shall bge used. - . : T

reported. _ lQ.Z_Deflmtlon of Effectl_ve M0|§ture Equn_lk_)n_u-mA mate-
8.2.7 Labeling—Label the specimen coupons so as to berlal is in a state of effective m0|sture_eqU|I|br|um when the

distinct from each other in a manner that will both be&/¢'a9€ moisture content of the matenal.change.s by Ie_ss than

unaffected by the test and not influence the test. The coupo 01 % within the span of the reference time period. This can

must be weighed prior to adding the label (see 10.3.7) when

using a marking method that adds mass to the coupon. TABLE 3 Maximum Recommended Test Temperatures

Examples of various marking methods include coded wire . 4 Maximum Recommended Test

overwrap and edge marking. Polymer Matrix Material Temperature, °C [°F]

. . . . 121°C [250°F] cure epoxies 70 [158
Note 5—A coded-wire overwrap is a wire, of a material (such as ;77 {SSOOF} cure egoxies 80 %176}
stainless steel) that is substantially unaffected by the pending environmether 25 [45] less than wet T,

tal exposure. The wire is wrapped around the specimen tightly enough to
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TABLE 4 Establishing the Reference Time Period 10.4.2 Moisture Absorption
Is D,Known? Reference Time Period 10.4.2.1 Record the oven-dry specimen mass as the baseline
Yes 0.02 - IID,s mass,W,, for moisture absorption. Place the specimen in the
the greater of conditioning chamber, which has previously reached the speci-
{ or fied steady-state environment.
10.4.2.2 At the end of each time interval, remove the

86 400 s (1 day) . e .
No 604 000s (7 days) specimen from the conditioning chamber and place the speci-

men in the specimen bag. Close or seal the bag and allow the
specimen to come to laboratory temperature. Remove the
) . ) specimen from the bag (resealing the bag if other specimens
be expressed in several equivalent ways; four equivalenmain within) and wipe the specimen free of surface moisture
expressions are shown below: with an absorbent lint-free towel. Immediately weigh the

IM;—M;_;1<0.01 % (3)  specimen to the required precision. Record each measurement
or asW,, along with the corresponding total elapsed time and the
time interval since the previous weighing, and return the
W Wo WiiWol | 1 00<0.01 9 i ither th ' b h ditioni
B Wl 01% (4) specimen to either the specimen bag or the conditioning
Wb Wb . - .
chamber. The specimen shall not be out of the conditioning
or chamber for more than 30 min/weighing and shall not be out of
W-W, W_,—W, the specimen bag for more than 5 min/weighing.
W <0.0001 (5)
b b Note 7—Minimizing the specimen time out of the conditioning cham-
or ber, and especially time out of the specimen bag, is critical to getting a
-~ smooth and accurate moisture absorption curve. The maximum allowable
W-Wi_; . ; :
—w | <0.0001 (6) times of 10.4.2.2 may need to be shortened for some specimen/material
combinations, particularly early in the moisture absorption test.
where: . ) 10.4.2.3 Calculate and record the percent mass change at
M = specimen average moisture content, %, each time interval by Eq 7. Monitor the absorption of moisture
W = specimen mass, g [Ibm], and the subscripts indicate:ynjl effective moisture equilibrium is reached as determined
L |- va:ue at current time, g by 10.2. Record the last value of percent mass change as the
! = value at previous time, an moisture equilibrium conteniyl,,,.
b = value at baseline time.

10.4.3 Moisture Desorption Following Absorptierlf the
material is known to contain, or suspected to contain, any
appreciable amount of moisture-soluble ingredients, the speci-
men (following moisture absorption) shall be dried in an oven

10.3.2 Shield the balance from air drafts and isolate it frorqn accordance with Procedure D to a state of essentially

V|blrgt:|30:r;svt\;1at C?UId aﬁeCtl.'tSt. aCCL:racy. hen handii .moisture-free equilibrium. This may also be done for evalua-
mené : ear ciean, non-iinting gioves when handiing SpeCly,, of the moisture desorption characteristics of the material.

. 10.4.3.1 If the post-test oven-dry equilibrium mass is lower
1(.)'3‘4 Expose b.Oth surfaces of the specimen fto the %han the preconditioned mass, the difference shall be consid-
environment. Provide adequate vapor circulation in vapo

. bred soluble matter lost during the testing process, as calcu-
exposure environments.

1035 Followi ditioni ¢ d tlated by Eq 9. For such materials, the effective moisture
->-2 Following any preconditioning, perform and repor equilibrium content shall be calculated by adding the mass of
representative material density and fiber volume tests.

10.3.6 Followi ditioni h .the moisture-soluble matteM{, - W,) to the mass of the
-2.0 Following any preconditioning, measure the SloeC"c:oupon at establishment of effective moisture equilibrium from
men thickness in a minimum of three locations and report th

) ) 0.4.2.3. This corrected moisture equilibrium mass shall be
average measurement with an accuracy of 1 % of the thlckne%%ed in Eq 7 to calculate the percent mass change, and the

or better. For typical coupon dlmen3|ons, a measurement to tr}%sulting value shall be recorded as the moisture equilibrium
nearest 0.01 mm [0.0005 in.] is adequate. The nominal platgOntent

side dimensions shall also be measured to the nearest 1.0 mm
[0.050 in.] and reported. Note 8—If specimen mass loss due to solvent degradation or physical
10.3.6.1 Measure and report, as post-test observations, eal@ﬂdling is detected, then the calculated moisture diffusion properties may
of these same dimensions again following completion of thé’® N €ror.
applicable procedure. 10.5 Procedure B—Wet Specimen Conditioning
10.3.7 Remember to subtract the mass of any additional 10.5.1 Specimen PreconditionirgPerform Procedure D as
material such as wire overwrap label or edge sealant from tha preconditioning step if the moisture of interest is not water or
mass of the specimen at each time interval weighing. humid air.

10.4 Procedure A—Moisture Absorption Property Determi- Note 9—This step is not required if the moisture being used is water or

natiort . o humid air. However, if this step is skipped then the increase in moisture
1041 Spec!r_ner_\ Pre-ConditionirgPerform Procedure D measured during conditioning will, in general, not be equal to the effective
as a pre-conditioning step. moisture equilibrium content, due to the presence of initial moisture.

10.3 General Instructions
10.3.1 Report any inadvertent deviations from the proce
dure.
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10.5.2 Conditioning—Perform the absorption steps of purpose of humidity control, in a facility that has a standard
10.4.2 to uniform equilibrium. However, for Procedure B, laboratory atmosphere.

periodic Wei_ghi_ng of the specimen is not required. A minim.um Note 12—A vacuum drying chamber or a vacuum oven may be used in
of thfee_ weighings are nece_sszf’try to ensure e_ffectlve_ mplstu ace of a standard oven. Such equipment can provide a substantial
equilibrium; the pre-test weighing, and two final weighings. reduction in the time required to reach equilibrium.

However, additional conditioning time and weighings may be 10.7.2 At the end of each time interval, remove the speci-

required to establish effective moisture equilibrium. Prewousmen from the oven and place the specimen in a desiccator to

experience (such as a curve showing equilibrium time Verstizool to laboratory temperature. After the specimen has cooled

thickness), or ar_lalytical estim_ation using techniques such & laboratory temperature, remove the specimen from the
those described in the Appendixes, together with data obtaing esiccator and wipe the specimen free of surface moisture with

ggr%igé?]?r?dz:ﬁep\a{n%arzigirr?:i”ziethaenrspEirr%)grES:ﬁbt:rtilf \(/avlgip she n absorbent lint-free towel. Immediately weigh the specimen
inas 9 q Mo the required precision. Record each measuremew/,as
gs: along with the corresponding total elapsed time and the time

Note 10—While similar to Procedure F of Practices D 618, this interval since the previous weighing, and return the specimen
procedure requires quantified moisture equilibrium instead of the fixedg either the oven or the desiccator. The specimen shall not be

conditioning time period used by Procedure F of Practices D 618. out of the oven for a total of more than 30 min/weighing and
10.6 Procedure C—Conditioning for Standard Conditioned shall not be out of the desiccator for a total of more than 5
Specimen min/weighing.

10.6.1 Initially weigh the specimen to the required precision 10.7.3 Calculate and record the percent mass change at each
and record this value as the baseline m&fgg,for condition-  time interval by the use of Eq 7. Monitor the desorption of
ing. Place the specimen in the conditioning chamber, which hamoisture until effective moisture equilibrium is reached as
previously reached a steady-state environment at the specifiei¢termined by 10.2. Calculate and record the original moisture
temperature and a relative humidity level of 50 %. content of the material in accordance with Eq 8.

10.6.2 At the end of each time interval, remove the speci- 10.7.4 Following establishment of oven-dry equilibrium,
men from the conditioning chamber and place the specimen inool the specimen in a desiccator and store in a desiccator until
the specimen bag to cool to laboratory temperature. Remowviénal use.

the specimen from the bag (resealing the bag if other Speci- .. 13 \hile similar to Procedure B of Practices D 618, this

mens remain within) and wipe the specimen free of surfacgocedure requires quantified moisture equilibrium instead of the fixed

moisture with an absorbent lint-free towel. Immediately weighconditioning time period used by Procedure B of Practices D 618.

the specimen to the required precision. Record each measure- )

ment asW,, along with the corresponding total elapsed time11. Calculation

and the time interval since the previous weighing, and return 11.1 Absorption/Desorption RateFor Procedure A, plot

the specimen to either the specimen bag or the conditioninthe percent mass change (as calculated by Eq 7) veydirse

chamber. The specimen shall not be out of the conditionings illustrated by Fig. 1.

chamber for more than 30 min/weighing and shall not be out of 11.2 Absorption/Desorption Percent Mass Chanrge

the specimen bag for more than 5 min/weighing. Calculate the percent change in mass for moisture absorption
10.6.3 Calculate and record the percent mass change at eashdesorption as follows:

time interval by the use of Eq 7. Monitor the specimen mass

until effective moisture equilibrium is reached as determined Mass change, %‘W'WZN” %100 M
by 10.2. Periodic weighing of the specimen is not required. A
minimum of three weighings are necessary to ensure effective
moisture equilibrium; the pre-test weighing, and two final 3¢ I | I |
weighings. However, additional conditioning time and weigh- 22 P R.H. = Relative Humidily ]
ings may be required to establish effective moisture equilib- 20 7% RH
rium. 18

10.6.4 Following establishment of moisture equilibrium, § 15
store the material at the standard laboratory atmosphere ungl , ,
required for subsequent material testing. EI . il

Note 11—While similar to Procedure A of Practices D 618, this %: 1.0 = = —
procedure requires quantified moisture equilibrium instead of the fixecﬂﬁ) 08 . PR
conditioning time period used by Procedure A of Pragtiqes D 618. This 06 A - -
procedure also allows for elevated temperature conditioning to accelerate p)" _/>/
the process. 0.4 //,.@

10.7 Procedure D—Oven-Dry Specimen Conditioning oz i

10.7.1 Select an oven-drying temperature from Table 3. °°% 1 2 3 4 5 6 7 8 9
Initially weigh the specimen to the required precision and Exposure Time — (Days)!'2
record this value as the baseline maag, for oven-drying. FIG. 1 Moisture Absorption of Carbon/Epoxy (0,45,-45,0) ¢
Place the specimen in the oven, which is located, for the Eight-Ply Laminates at 120°F (7)
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where: form or weave, fiber areal weight, polymer matrix type,
W, = current specimen mass, g, and precursor polymer content, and preply volatiles content.
W, = baseline specimen mass, g. 12.1.6 Description of the fabrication method used in prepar-

11.3 As-Received Moisture ContenCalculate the average ing the material including: cure cycle, consolidation method,
moisture present in the material prior to conditioning asand a description of the equipment used.

follows: 12.1.7 Ply orientation stacking sequence of the laminate.
W, W, 12.1.8 Density, volume percent reinforcement, void content,
As—Received Moisture Content, $é—yp——x100 (8) and average ply thickness of the material.
12.1.9 Results of nondestructive evaluation tests.
where: 12.1.10 Method of preparing the test specimen.
W, = as-received specimen mass, g, and 12.1.11 Calibration dates and methods for all measurement
Wod = OVen'dry SpeCImen mass, g and test equipment_
11.4 Percent Soluble Matter LostCalculate the percent 12.1.12 Results of preconditioning_
soluble matter lost, if determined, as follows: 12.1.13 Dimensions of the specimen following precondi-
W= W, tioning prior to moisture conditioning and at the completion of
Soluble matter lost, %W—aleoo 9) the test procedure.

12.1.14 Type of test chamber used, the moisture used for the

Where_: bsorotion baseli . q test, the nominal and actual test temperatures, moisture expo-
ab ~— absorption baselineé specimen mass, g, an sure levels, and the measurement time interval.
W, = post-desorption oven-dry specimen mass, g.

12.1.15 Relative humidity and temperature of the testing
laboratory.
12.1.16 Specimen mass at each time interval.

11.5 Diffusivity—For Procedure A, calculate the diffusivity,
D,, as follows:

Dfﬂ(%)? MZ:Ml >2 (10) 12.1.17 Plots of percent mass change veng(time, calcu-
m/ \Vt=Vi lated by Eq 7.
12.1.18 Material effective moisture equilibrium content (in
\;7Vhere: = average specimen thickness in accordance with 10.3.6 mass percent)-' . o
o o, e 12.1.19 Moisture diffusivity constant, as calculated by Eq
M,, = effective moisture equilibrium content, %, and 10.
\M/zt_z M_l\/t_l ﬁLoep; g{) ggftgfr?hszxg?%ﬂ't'a' 12.1.20 Percent of soluble matter lost calculated by Eq 9.

12.1.21 Any unusual test observations such as warping,
cracking, or change of appearance, or combination thereof, of
Note 14—Time units must be converted from those time units usedthe test specimen.
during testing to those time units desired for the moisture diffusivity 12.1.22 Average, standard deviation, and coefficient of
constant (for example, days to seconds). variation of the moisture properties for sample populations of

Note 15—If there is no discernible initial linear portion of the moisture - . -
absorption versusy/fime plot, then the assumption of single-phase three or more (having the same nominal reinforcement content

Fickian moisture absorption (and the calculated moisture diffusivity@nd SUbjeCted_ to the same gonditioning environment). _
constant) may be invalid. 12.1.23 Moisture desorption data shall be reported in the

same manner as the absorption data.
12. Report
12.1 Report the following information, or references point-13- Precision and Bias
ing to documentation containing this information, to the 13.1 Precision—The data required for the development of a

maximum extent applicable: precision statement are not available for this test method.
12.1.1 The data of issue of this test method and th€ommittee D-30 is currently planning a round-robin test series
procedure used (A, B, C, or D, or combination thereof). for this test method in order to determine precision.
12.1.2 The date(s) and location(s) of the test. 13.2 Bias—Bias cannot be determined for this test method
12.1.3 The name(s) of the test operator(s). as no acceptable reference standard exists.

12.1.4 Any variations to this test method, anomalies noticed
during testing, or equipment problems occurring during testingl4- Keywords

12.1.5 Identification of the material tested, including: type, 14.1 conditioning; moisture absorption; moisture desorp-
source, manufacturer’s lot or batch number, previous historytion; moisture diffusivity; moisture equilibrium; polymer ma-
filament diameter, tow or yarn filament count and twist, sizing,trix composite materials
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APPENDIXES
(Nonmandatory Information)

X1. PREDICTION OF MOISTURE CONTENT

X1.1 The prediction of moisture content in advanced where:
composite materials is discussed in detail by Sprir{@grThe T
following equations (excerpted from the reference with minor M(T,t)

temperature, °C [°F],
moisture content of material as a function of time

notational changes) have several restrictions, but are useful for and temperature, % of oven-dry mass,
simple predictions of material behavior such as the design oM, = baseline moisture content of material, % of oven-
material conditioning experiments. The restrictions and as- dry mass,
sumptions include: M = moisture equilibrium content of material, % of
X1.1.1 Must be a single-phase Fickian material, a material oven-dry mass, _
that behaves according to Fick's law: h = thickness of material for double-sided exposure,
' mm [in.], and
8_<::D ic (X1.1) G(T,t) = moisture absorption function (nondimensional)
a "7 ' and can be given as follows:
. D,(T)t
where: . . on, g/iom/ g = exp[—<21+1>2w2<%)
c = specimen moisture concentration, g _4_8
n3, G(TH=1 = ,;o e (X1.5)
t = lime, s, X1.3 The function of Eq X1.5 may be approximated by:
ac = time rate of change of moisture concentration, ) q AL y Pp y:
at g/mnt/s [Ilbm/in3/s], oo o o DATIE\OTS
D, = Fickian material diffusion constant through-the- GTH=1-exp =7.3 h? (X1.6)
thickness of the material, ms [in.%/s], and . . .
7 = through-the-thickness direction[ mm][in 1 X1.4 The moisture equilibrium conteml,,, of a material is
X1.1.2 The boundary and initial conditions are: a function only of the ambient moisture exposure level (such as
o ' relative humidity). However, the speed at which this moisture
c=¢ 0<z<h t=0 (X1.2)

equilibrium content is attained is a function of the ambient
c=c, x=0; x=h t>0 (X1.3)  temperature, due to the temperature dependence of the mois-

X1.1.3 Temperature and moisture diffusion are uncoupledure diffusivity constant. The time necessary to reach a given

(there is generally a six-order-of-magnitude difference betweefoisture content for fixed temperature and moisture exposure

the two differing diffusion speeds, which makes this a reasonlevel is (from Eq X1.6):

able assumption); R2r—1 M(O)— My 42
X1.1.4 No variation in moisture diffusivity properties t=ﬁz[ﬁln<1—m>]

through the thickness of the material; and

X1.1.5 Limited to one-dimensional, steady-state problems. X1.5 Thus, the time necessary for a completely oven-dry
specimen to reach 99.9 % of material moisture equilibrium at

X1.2 Given the above assumptions, the moisture content if given temperature, regardless of the ambient moisture expo-
the material for a given moisture exposure level is given asure level, is approximately:
follows: 0.992

M(T.)=M, + G(T.)(M;,— M) (X1.4) tnad D=5 (X1.8)

(X1.7)

X2. RATIONALE FOR DETERMINATION OF TEST METHOD PARAMETERS

X2.1 The principal test parameters for evaluation of the X2.1.2 Specimen Size:
material moisture properties are tightly coupled. The values of X2.1.2.1 Aspect ratio,
these parameters selected by this test method are believed t0X2.1.2.2 Thickness, and
produce acceptable results within the current range of appli- X2.1.2.3 Mass.
cable engineering materials. The rationale for their selection is x2.1.3 Definition of Effective Equilibrium:
described as follows by an illustration of the check of critical x2.1.3.1 Reference time period, and
test parameters, using a common polymer matrix composite x2 1.3.2 Accuracy criterion.

material. The parameters include the following: X2.1.4 Equipment:
X2.1.1 Material: X2.1.4.1 Accuracy of balance.
X2.1.1.1 Speed of absorption (diffusivity), and X2.1.5 Procedure:
X2.1.1.2 Moisture equilibrium content. X2.1.5.1 Weighing precision.

10
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X2.2 A common material used in the aerospace industryequirements. This value, ob,t/h?>. 0.02119, produces a
uses oriented carbon filaments reinforcing an epoxy matrixsatisfactory effective equilibrium state (within 0.02 % of the
Springer(9) reports the diffusivity of a carbon/epoxy at 74°C true equilibrium moisture content) for the accuracy criterion of
[170°F] asD, = 2.6 X 107" mn/s [4.0X 10 %in.%/s] and the 0.01 %. FromD,t/h®. and knowing the moisture diffusivity
moisture equilibrium content at 90 % relative humidity asconstant and coupon thickness, a reference time period can be
1.5%. This material is used in the following examples todetermined that ensures thet is within 0.02 % ofM,,. The
illustrate both the use of the moisture prediction equations angdarameterD,t/h? can also be used to guide the selection of
the rationale for the selection of test parameters required bgpecimen thickness for a specific, or more desirable, equilib-
this test method. rium reference time period. (Since this is an approximation, the

coefficient 0.02119 was rounded for convenience to 0.02 in

X2.3 Atypical specimen thickness might be as great as 2.90.1.7.1 of the test method.)

mm [0.1 in.], although a thinner specimen of approximately 1.0

mm [0.040 in.] will come to moisture equilibrium in a much  x2.8 Insertion of the accuracy criterion (in percent) into Eq
shorter time. A much thicker specimen could take prohibitivelyx1 4 results in the following equation relating; andM,;
long to reach moisture equilibrium. 1
) ] o ] ] ] M;=M,+accuracy criteriow(l—c) (X2.4)

X2.4 Effective moisture equilibrium is defined by specify-
ing both an accuracy criterion and a reference time period, an@lhis equation was used to predict the effect of specimen
it approaches absolute moisture equilibrium as the accuraapickness, reference time period, and accuracy criterion on a
criterion is refined or the reference time period is extendedtest series. The results, shown in Table X2.1, predict values of
This test method fixes the accuracy criterion and allows thé/; for carbon/epoxy material at 74°C [170°F] and 90 %
user to select a reference time period that varies dependinglative humidity for various specimen thicknesses, reference
upon the material and the specimen thickness being evaluatetime periods, and accuracy criteria.
As the detectable weight change between two consecutive
weighings is on the order of 0.01 % (based upon the balance X2.9 Specimen size for moisture diffusivity property mea-
accuracy and the minimum specimen mass), 0.01 % is used garement on coupons without sealed edges is established from
the accuracy criterion in the definition of effective moisturea 100:1 aspect ratio requirement for a square specimen.
equilibrium. Rationale for the 100:1 aspect ratio comes from Springer’s

derivation (from 1-D theory) of correction factors accounting

X2.5 The coupon mass for the final two weighings of afor moisture ingress through the edges of a rectangular
moisture absorption experiment can be predicted using Edspecimen. While the correction factor is extremely complicated
X1.4 and X1.6. The average moisture content at the finajor |aminated anisotropic materials, the point is illustrated by
weighing is M;, and the average moisture content at thegyaluating the width-to-thickness aspect ratio for a square

previous weighing i#/; _,. My. in general, differs fronM... the ~ specimen versus edge effect error for a nominally isotropic
absolute moisture equilibrium content, because the material i$\aterial. For this case the correction factor is:

still absorbing moisture at the conclusion of the test. By

- . : : . 1
providing a suitable reference time period the difference D,=DaX7—5m3 (X2.5)
betweenM,,, andM; can be limited to any reasonable value. In (”W)
this test method the difference is=0.02 %, or, ) o
M,,,— M, = 0.02 %. where D, = apparent through-the-thickness diffusivity con-

stant, mnd/s [in.?/s], as measured by this test method. The
X2.6 Redefining Eq X1.4 in terms of the final two resulting predicted percent error is tabulated versus specimen
weighings andVl,,, allows the calculation of a value @&(T,t)  aspect ratio in Table X2.2. This table indicates that determina-
that satisfies the requirement for bounded error while using #&on of diffusivity, within acceptable engineering accuracy on
given accuracy criterion: specimens not using sealed edges, requires an aspect ratio on
M,=M,_,+G(T.O)(M,—M,_,) (x2.1) the order of 100; thus the requirement.

or X2.10 The minimum specimen mass requirement was

G(TH— Mi—M;, (X2.2) established from the balance accuracy*di.1 mg 0.0001
7 My =My g), the equilibrium accuracy criterion of 0.01 % (0.0001), and
or the desire to keep the balance about five times more accurate
001 than the required resolution. Therefore:
G(TH=g5703 (x2.3) o _ 5% balance accuracy
Minimum specimen mass chtenon
X2.7 G(T,t)is the multiplier of the difference between the (X2.6)
moisture content at the beginning of a time span and the 5% 0.0001 g
moisture equilibrium content. Insertirgg(T,t) = 0.3333 into Eq =7 0.0001
X1.6 yields a value of the paramet@rt/n® that satisfies these =5g

11
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TABLE X2.1 Predicted M; Values for Various Moisture Absorption Parameters

Thickness, Time, Accuracy Criterion, %

mm h D/ G 0.05 % 0.01 % 0.005 %
Predicted M;
0.25 24 0.359 0.966 1.498 1.500 1.500
246
1.0 24 0.022 0.345 1.405 1.481 1.491
4 303
15 24 0.010 0.205 1.307 1.461 1.481
919
2.0 24 0.005 0.139 1.191 1.438 1.469
6 085
25 24 0.003 0.101 1.058 1.412 1.456
6 617
25.0 24 0.000 0.032 0.000 0.000 0.000
036 258
0.25 48 0.719 0.996 1.500 1.500 1.500
651
1.0 48 0.044 0.509 1.452 1.490 1.495
9 524
15 48 0.020 0.321 1.394 1.479 1.489
0 431
2.0 48 0.011 0.222 1.325 1.465 1.483
2 649
25 48 0.007 0.164 1.247 1.449 1.475
2 913
25.0 48 0.000 0.032 0.000 0.000 0.000
072 258
0.25 168 251 0.999 1.500 1.500 1.500
999
1.0 168 0.157 0.838 1.490 1.498 1.499
442
1.5 168 0.069 0.629 1.471 1.494 1.497
9 261
2.0 168 0.039 0.475 1.445 1.489 1.494
3 070
25 168 0.025 0.369 1.415 1.483 1.491
1 448
25.0 168 0.000 0.032 0.000 0.000 0.000
25 258
TABLE X2.2 Specimen Aspect Ratio Versus Error
w/h D,/D, Error, %
10 0.694 44.1
25 0.857 16.7
40 0.907 10.3
100 0.961 4.1
200 0.980 2.0
1000 0.998 0.2
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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).
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