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QHny) Designation: D 5744 — 96

Standard Test Method for
Accelerated Weathering of Solid Materials Using a Modified
Humidity Cell *

This standard is issued under the fixed designation D 5744; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope and analytical requirements that may be associated with its

1.1 This test method covers a procedure that accelerates tR@Plication. _ .
natural weathering rate of a solid material sample so that 1.9 The values stated in SI units are to be regarded as the
diagnostic weathering products can be produced, collected, asiandard. The values given in parentheses are for information
quantified. Soluble weathering products are mobilized by @nlY- _
fixed-volume aqueous leach that is performed, collected, and 1.10 This standard does not purport to address all of the
analyzed weekly. When conducted in accordance with théafety concerns, if any, associated with its use. It is the
following protocol, this laboratory test method has acceleratedeSponsibility of the user of this standard to establish appro-
metal-mine waste-rock weathering rates by at least an order d¥fiate safety and health practices and determine the applica-
magnitude greater than observed field rgts’ bility of regulatory limitations prior to use.

111 This test meth.od is intended_ for use to meet kinetic, Referenced Documents
testing regulatory requirements for mining waste and ores.

1.2 This test method is a modification of an accelerated 2-1 ASTM Standards:
weathering test method developed originally for mining wastes D 7> Practices for Sampling Aggregates .
(2-4). However, it may have useful application wherever D 276 Test Methods for Identlflpatlpn of F|ber§ in Tgxtﬂes
gaseous oxidation coupled with aqueous leaching are important D 420 Guide to Site Characterization for Engineering, De-
mechanisms for contaminant mobility. sign and Construction PurpoSes _

1.3 This test method calls for the weekly leaching of a D 653 Terminology Relating to Soil, Rock, and Contained

1000-g solid material sample, with water of a specified purity, Fluids® , . _
and the collection and chemical characterization of the result- 2 737 Test Method for Air Permeability of Textile Fabrics
ing leachate over a minimum period of 20 weeks. D 1067 Test Methods for AC|d|ty_ or Alkallmty_o_f Watkr

1.4 As described, this test method may not be suitable for D 1125 Test Methods for Electrical Conductivity and Re-
some materials containing plastics, polymers, o refined met- _Sistivity of Water
als. These materials may be resistant to traditional particle size D 1193 Specification for Reagent Wafter

reduction methods. D 1293 Test Methods for pH of Water
1.5 Additionally, this test method has not been tested for D 1498 Practice for Oxidation-Reduction Potential of Wa-
applicability to organic substances and volatile matter. ter’

1.6 This test method is not intended to provide leachates D 2234 Test Methods for Collection of a Gross Sample of

that are identical to the actual leachate produced from a solid Coaf ] )

material in the field or to produce leachates to be used as the D 3370 Practices for Sampling Wafer ,

sole basis of engineering design. E 276 Test Method for Particle Size or Screen Analysis at
1.7 This test method is not intended to simulate site-specific NO- 4 (4.75-mm) Sieve and Finer for Metal-Bearing Ores

leaching conditions. It has not been demonstrated to simulate _and Related Materials _ _

actual disposal site leaching conditions. E 877 Practice for Sampllng and Sample Preparation of Iron
1.8 This test method is intended to describe the procedure ©Ores and Related Materiafs

for performing the accelerated weathering of solid materials to

generate leachates. It does not describe all types of sampling

2 Annual Book of ASTM Standardgol 04.03.

4 Annual Book of ASTM Standardgol 07.01.

1 This test method is under the jurisdiction of ASTM Committee D-34 on Waste  ° Annual Book of ASTM Standasdégol 04.08.
Management and is the direct responsibility of Subcommittee D34.02 on Physical ° Discontinued see1994 Annual Book of ASTM Standardel 07.01.

and Chemical Characterization. 7 Annual Book of ASTM Standardgol 11.01.
Current edition approved March 10, 1996. Published May 1996. 8 Annual Book of ASTM Standarg#/ol 05.05.
2The boldface numbers in parentheses refer to the list of references at the end of ° Annual Book of ASTM Standardgol 03.05.
this standard. 10 Annual Book of ASTM Standardgol 03.06.
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b D 5744
3. Terminology humidity) pumped up through the sample, followed by a leach
3.1 Definitions: with water on Day 7. A test duration of 20 weeks is recom-

3.1.1 acid producing potential (AP)n—the potential for a Mended(3, 4).
solid material sample to produce acidic effluent, based on the  sjgnificance and Use

percent of sulfide contained in that sample as iron-sulfide 51 Th . . .
. : . . . e purpose of this accelerated weathering procedure is
mineral (for example, pyrite or pyrrhotite(B). The AP is to determine the following:1) whether a solid material will

commonly converted to the amount of calcium carbonate

required to neutralize the resulting amount of acidic efﬂuentorOduce an acidic, alkaline, or neutral effiuei hether that

produced by the oxidation of contained iron sulfide minerals: itefﬂuent will contain diagnostic cations (including trace metals)

! . . and anions that represent solubilized weathering products
is expressed as the equivalent tons of calcium carbonate PRl med during a soecified period of time arg) (he rate at
1000 tons of solid materigh). The AP is therefore calculated . g & Specl P - )
L . ; . - which these diagnostic cations and anions will be released
by multiplying the percent of sulfide contained in the material S
by a stoichiometric factor of 31.26) (from the solids in the effluent) under the closely controlled
y : o N ... conditions of the test.
3.1.2 interstitial water, n—the residual water remaining in
the sample pore spaces at the completion of the fixed-volume Note 1—Examples of products that can be produced from the test
weekly leach. include the following: {) weekly effluent acidity and alkalinity deter-
3.1.3 leach n—a weekly addition of water to solid material mined by titration and2) weekly aqueous concentrations of cations and

that i f d either d . by flooding f if dranions converted to their respective release rates (for example, the average
alis performed either dropwise or by 1looding for a Specilieq g ease of Mg sulfate ion/g of solid material sample/week, over a 20-week

time period. period). In acid drainage studies, for example, the average weekly rates of
3.1.4 loading n—the product of the weekly concentration acid production (measured as pg/giwk of sulfate released) determined

for a constituent of interest and the weight of solution collectedrom accelerated weathering tests of mine waste samples are compared

that may be interpreted for water quality impacts. with the AP present in each sample. The number of years of acidic effluent
3.1.5 mill tailings, n—finely ground mine waste (commonly expected to be produced under laboratory accelerated weathering condi-

i 150-um (100 mesh screen) lting from the mi jons can then be estimated from this comparison. The years of accelerated
passing a um ( esh screen) resulting fro € eathering required to deplete a mine waste sample’s NP are calculated

processing of ore. _ _ similarly by determining the average weekly calcium and magnesium
3.1.6 neutralizing potential (NRB) n—the potential for a release rates and dividing the sample’s NP by the sum of those(7ates

solid material sample to neutralize acidic effluent produced g5 The principle of the accelerated weathering test method

from the oxidation of iron-sulfide minerals, based on thejs 1o hromote more rapid oxidation of solid material constitu-

amount of carbonate present in the sample. The NP is alsgyq than can be accomplished in nature and maximize the
presented in terms of tons of calcium carbonate equivalent pghadings of weathering reaction products contained in the
1090 tons O,f SO“,d materig#). Itis calculateq by dlggstlng the resulting weekly effluent. This is accomplished by controlling
solid material with an excess of standardized acid and backpe eynosure of the solid material sample to such environmen-
titrating with a standardized base to measure and convert thg| h3rameters as temperature, volume, and application rate of
acid consumption to calcium carbonate equival€Biss) \yater and oxygen. Specifically, an excess amount of air
3.16.1 Dlscussmn.—Th.e AP and NP are ;peuﬂcally appli- pumped up through the sample during the dry- and wet-air
cable to the determination of AP from mining wastes cOm-y4riions of the weekly cycle ensures that oxidation reactions
prised of iron-sulfide and carbonate minerals. These terms may.e ot limited by low oxygen concentrations. Weekly leaches
be applicable to any solid material containing iron-sulfide andyith |ow ionic strength water ensure the removal of ieachable
carbonate minerals. o oxidation products produced from the previous week’s weath-
3.1.7 run-of-ming adj—usage in this test method refers 10 gring cycle. The purpose of the three-day dry-air portion of the
ore and waste rock produced by excavation (with attendanfeekly cycle is to evaporate water that remains in the pores of
variable particle sizes) from open pit or underground miningne sample after the weekly leach. Evaporation increases pore
operations. _ water cation/anion concentrations and may also cause in-
3.1.8 waste rock n—rock produced by excavation from creased acidity (for example, by increasing the concentration
open pit or underground mining operations whose economigf nydrogen ion generated from previously oxidized iron
mineral content is less than a specified economic cutoff valueyyfige). Increased acid generation will accelerate the dissolu-
tion of additional sample constituents. Precipitation occurs as
4. Summary of Test Method evaporation continues, and the remaining water becomes
4.1 This accelerated weathering test method is designed twver-saturated. Some of these precipitated salts are potential
increase the geological-chemical-weathering rate for selectesburces of acidity when re-solubilized (for example, melanter-
1000-g solid material samples and produce a weekly effluenite, FeSQ-7H,0; and jarosite, KFe;(OH),(S0O,),). During
that can be characterized for solubilized weathering productshe dry-air portion of the cycle, the oxygen diffusion rate
This test method is performed on each sample in a cylindricathrough the sample may increase several orders of magnitude
cell. Multiple cells can be arranged in parallel; this configura-as compared to its diffusion rate under more saturated condi-
tion permits the simultaneous testing of different solid materiations of the leach. This increase in the diffusion rate under
samples. The test procedure calls for weekly cycles comprisekear-dryness conditions helps to accelerate the abiotic oxida-
of three days of dry air (less than 10 % relative humidity) andtion of such constituents as iron sulfide. The wet (saturated)-air
three days of water-saturated air (approximately 95 % relativportion of the weekly cycle enhances t@@éﬂimmg
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oxidation of solid material sample constituents (for example, 6.1.1 Cells having suggested dimensions of 10.2-cm (4.0-
iron sulfide) by providing a moist micro-environment through-in.) inside diameter (ID) by 20.3-cm (8.0-in.) height can be
out the available surface area of the 1000-g sample. Thiased to accommodate coarse solid material samples that have
micro-environment promotes the diffusion of weathering prod-been either screened or crushed to 100 % passing 6.3%nm (
ucts (for example, resolubilized precipitation products) andn.).

metabolic byproducts (for example, ferric iron) between the 6.1.2 Cells with suggested dimensions of 20.3-cm (8.0-in.)
microbes and the substrate without saturating the sample and by 10.2-cm (4.0-in.) height can be used to accommodate
affecting oxygen diffusion adversely. solid material samples that pass a 150-um (100-mesh) screen

Note 2—Under idealized conditions (that is, infinite dilution in air and (examples would be pr,ocessed m'” talllngs or _ﬂy aSh,)'
water), published oxygen diffusion rates in air are five orders of magnitude 6-1.3 A perforated disk (comprised of materials suitable to
greater than in water (0.178 éms* versus 2.5< 105cn? - s*at0Oand the nature of analyses to be performed), approximately
25°C, respectively]8). However, in the humidity cell setting, correspond- 3.15-mm {s-in.) thick, with an outside diameter (OD) suitable
ing oxygen diffusion rates in porous media are also functions of solitg the suggested vessel ID (6.1.1 and 6.1.2) is elevated
phase porosity and attendant to_rtuosity. Actual diffL_Jsion rates will thereapproximately 12.5 mm¥% in.) above the cell bottom to
fore be somewhat slower than five orders of magnitude. support the solid material sample (see Fig. 1).

5.3 This test method has been tested on both coal and metal _ _ _ _ _
mine wastes to classify their respective tendencies to produciﬁgS‘gEui;Ttinfﬂmndfpa”'c'e size dimensions described a_bove are

- - y for assessing the potential of waste-rock and
acidic, alkaline, or ne_UtraI effluent, and ,to SUbS,equemly mear'nill-tailings samples associated with coal and metal mining operations to
sure the concentrations of selected inorganic componenigoduce acidic effuent. A “shoe box’-shaped cell design with similar
leached from the wasi@-4, 7) The following are examples of dimensions is preferred by some researci(@)s
parameters for which the weekly effluent may be analyzed:

5.3.1 pH, Eh (oxidation/reduction potential), and conductiv-
ity (see Test Methods D 1293, Practice D 1498, and Tes
Methods D 1125, respectively, for guidance);

5.3.2 Dissolved gaseous oxygen and carbon dioxide;

5.3.3 Alkalinity/acidity values (see Test Methods D 1067
for guidance);

5.3.4 Cation and anion concentrations; and

5.3.5 Metals and trace metals concentrations.

6.2 Cylindrical Humidifier with suggested dimensions of
2.1-cm (4.75-in.) ID by 134.6-cm (53.0-in.) length. The
ollowing associated equipment are needed to provide satu-
rated air for the three-day wet-air portion of the weekly cycle:

6.2.1 Athermostatically controlled heating element to main-
tain the water temperature at 30°C during the wet-air cycle.

6.2.2 An aeration stone (similar to aquarium-aeration equip
ment) or commercially available gas dispersion fritted cylin-
ders or disks to bubble air into the humidifier water.

Note 3—Sulfate and iron concentrations in the weekly leachates from 6.3 Flowmeter capable of delivering air to each humidity
solid material containing iron-sulfide minerals should be monitoredeg|| at a rate of approximately 1 to 10 L/min/cell.

because their release rates are critical measurements of iron-sulfide . . . . .
mineral oxidation rates. Acidic effluent or acid drainage is a consequenc 6.4 Oil/water Trap 0.01-um, for inclusion in the feed-air

of iron-sulfide mineral oxidation and the subsequent aqueous transport f1€- o . . .
resulting hydrogen ion and oxidation/dissolution products to the receiving 6.5 BK Bacteria Filter Tube for inclusion in the feed-air
environment (for example, surface and ground waters). line, which must be capable of retaining 99.99 % of 0.1-um

5.4 An assumption used in this test method is that the pH oparticles. .
each of the leachates reflects the progressive interaction of the6-6 Air-Exit Port Bubbler—A 50-mL Erlenmeyer flask with
interstitial water with the buffering capacity of the solid & rubber stopper containing a vent and air-inlet tube (Fig. 1).
material under specified laboratory conditions. The bubbler is connected to the air exit port in the humidity cell

5.5 This test method produces leachates that are amenafi@ with flexible tubing. This helps maintain similar positive air
to the determination of both major and minor constituents. It ig°ressure throughout all of the humidity cells. '
important that precautions be taken in sample preservation, 6.7 Flexible-Tubing Quick DisconneetA fitted, two-piece
storage, and handling to prevent possible contamination of thgonnection placed in the middle of the air-exit port flexible
samples or alteration of the concentrations of constituenti!bing so that the bubbler can be disconnected from the
through sorption or precipitation. humidity cell to facilitate the measurement of air flow and

5.6 The leaching technique, rate, liquid-to-solid ratio, andrelative humidity.
apparatus size may not be suitable for all types of solid 6.8 Separatory-Funnel Rackapable of holding 500-mL or

material. 1-L separatory funnels above the humidity cells.
6.9 Desiccant Column5.1-cm (2-in.) ID by 50.8-cm (20-
6. Apparatus in.) length, plastic or glass cylinder capped on both ends (one

6.1 Humidity Cell—A modified column constructed of ma- cap should be removable for desiccant replacement), with an
terials suitable to the nature of the analyses to be performeair inlet port on the bottom and an air exit port on the top.
(see Practices D 3370 for guidance). Multiple humidity cells 6.10 Dry Air Manifold—A line of plastic tubing exiting the
can be arranged in an array to accommodate the simultaneodssiccant column and containing multiple regularly spaced
accelerated weathering of different solid material types (Fig:tee” connectors to supply air to each humidity cell.

1). Two different sets of humidity cell dimensions are used to 6.11 Filter Media, such as a 12-oz/fdpolypropylene felt
accommodate particle size differences present in the solidharacterized by 22-um (0.009-in.) diameter filaments. The

material: media should be able to transmit dry air Be@a ph?éﬁf?g
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FIG. 1 Side View of 16-Cell Array

cfm (see Test Methods D 276 and D 737 for guidance). 6.16 Screen 150 pm (100 mesh).

Note 5—Caution must be used in the selection of filter media materials 6.17 Drying Over-\_—Ar_1y_ thermostatically controlled drying
since they may affect the effluent pH and chemistry adversely. Both pyreV€N capable of maintaining a steady temperature of 20C.
wool and quartz wool retain as much as 10 to 15 g of water per g of wool 6.18 pH Meter—Any pH meter with a readability of 0.01

(retained water tends to re-humidify the dry-air cycle to as much as 85 %nits and an accuracy of0.05 units at 25°C; two-channel
relative humidity). Additionally, pyrex wool causes the neutral efluent pH operation (that is, pH and Eh) is desirable.

to be raised by as much as 2 pH units due to leaching of the Wivol. o . . .
addition, pyrex (borosilicate) can contribute boron if this is a constituent 6_'19 C_OndUCt'V'ty_Mete’r capable of reading in micromohs
of interest. (microseimens); calibrate at 25°C.

6.12 Two Riffle Splitterswith 0.63-cm (0.25-in.) and 2.5-cm 620 Separatory Funnel500 mL or 1 L, one per each
(1.0-in.) wide riffles, respectively; the riffle splitter is a com- numidity cell.
monly used device for obtaining representative splits of dry, 6-21 Erlenmeyer Flask 500 mL or 1 L, one per each

free-flowing granular materials. umidity cell.
6.13 Laboratory Balancgcapable of weighing to 0.1 g. 6.22 Volumetric Flask 500 mL or 1 L.
6.14 Analytical Balance capable of weighing to 1.0 mg. 6.23 Digital Hygrometer/Thermometewith a relative hu-
6.15 Screen6.3 mm {4 in.). midity range of 5 to 95 %, and temperature range of — 40 to
Documents
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