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RÉSUMÉ 
Dans le cadre du décret 166-2022, MFQ a mandaté LCS Laboratories en Ontario pour 

déterminer la teneur en silice cristalline de prélèvements réalisés sur les routes du site 

minier du Lac Bloom, à l’été 2022. L’analyse par FTIR réalisée par le laboratoire LCS 

a montré que l’échantillon « MFQRouteA » correspondant au composite des neuf 

prélèvements présentait une teneur en silice cristalline de 1.7 %pds pour les fractions 

PM10 et PM4. Les analyses réalisées sur les triplicatas ont démontré une très bonne 

reproductibilité de l’analyse et de l’échantillonnage. 
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1 INTRODUCTION 
Dans le cadre du décret 166-2022, MFQ a mandaté LCS Laboratories en Ontario pour déterminer la 

teneur en silice cristalline de prélèvements réalisés sur les routes du site minier du Lac Bloom, à l’été 

2022.  

2 MÉTHODOLOGIE 
2.1 ÉCHANTILLONS ET LOCALISATION 

Un total de neuf prélèvements a été réalisé sur trois routes du site minier du Lac Bloom. Les localisations 

des routes et sites de prélèvement sont précisés sur la carte à la figure 1.   

Les neuf prélèvements ont été mélangés en parts égales afin de constituer l’échantillon final 

« MFQRouteA » (voir tableau 1). Afin de s’assurer de la reproductibilité des analyses, l’échantillon 

« MFQRouteA » a été séparé en 3 lots en suivant les règles de quartage (annexe A). Ainsi, le laboratoire 

a reçu 3 sous-échantillons correspondant aux triplicatas de l’échantillon « MFQRoute A » : 

• MFQRouteA1 

• MFQRouteA2 

• MFQRouteA3 

Tableau 1. Description des prélèvements et de l'échantillon final 

Routes Prélèvements Mélange Échantillon final 

Route 1 

S1-P1 ±11.0 % 

MFQRouteA 

S1P2 ±11.0 % 

S1-P3 ±11.0 % 

Route 2 

S2-P1 ±11.0 % 

S2P2 ±11.0 % 

S2-P3 ±11.0 % 

Route 3 

S4-P1 ±11.0 % 

S4P2 ±11.0 % 

S4-P3 ±11.0 % 
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Figure 1. Carte du site du Lac Bloom avec lieux de prélèvements 

2.2 MÉTHODE 

Les triplicatas ont été préparés et analysés par le laboratoire LCS selon les méthodes ASTM D7928 et 

NIOSH 7602 par FTIR (Spectroscopie infrarouge à transformée de Fourier). Cette dernière est une 

méthode non destructive utilisée pour l’identification et la quantification de liens chimiques présents 

dans un échantillon. Dans le cas de l’analyse de la silice cristalline, la méthode FTIR est adéquate pour 

l’identification des liens Si-O, caractéristiques aux minéraux silicatés.  

Les triplicatas ont d’abord été tamisés à 75 µm puis préparés afin d’en extraire les fractions PM10 et 

PM4. L’échantillon de -75 µm a été mis en suspension dans l’eau déionisée avec un surfactant selon la 

méthode ASTM D7928. Après une sédimentation contrôlée, les fractions PM10 et PM4 ont été extraites 

du surnageant puis filtrées sur un filtre de 0.45 µm.  

Les échantillons (PM10 et PM4) obtenus ont été calcinés à 500°C puis lavés à l’acide afin de retirer la 

matière organique, les carbonates et les impuretés solubles. Les échantillons calcinés (PM10 et PM4) 

ont ensuite été broyés à 4µm afin de rencontrer les paramètres optimaux de l’analyse puis mixés avec 

du bromure de potassium (KBr) et pressés en pastille pour l’analyse.  
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Les détails sont fournis en annexe B (détail de la méthode NIOSH7602), annexe C (détail de la méthode 

ASTM D7928) et en annexes D et E (rapport du laboratoire et lettre technique).  

3 RÉSULTATS 
Le tableau 2 présente les résultats obtenus par FTIR sur les fractions PM10 et PM4 des triplicatas 

envoyés au laboratoire LCS. Les deux fractions montrent en moyenne une teneur de 1.7 %pds de silice 

cristalline. Un écart à la moyenne de 0.1%pds a été observé entre les triplicatas, correspondant à une 

erreur moyenne de moins de 4%, confirmant la reproductibilité de l’analyse et de l’échantillonnage.  

Par ailleurs, aucune variation de teneur en silice cristalline n’a été observée entre les fractions PM10 et 

PM4.  

Tableau 2.Teneur (%pds) en silice cristalline mesurée par fraction granulométrique 

Échantillons Désignation PM10 PM4 

MFQRouteA1 Triplicata 1 1.8 1.8 

MFQRouteA2 Triplicata 2 1.6 1.6 

MFQRouteA3 Triplicata 3 1.7 1.7 

MFQRouteA Moyenne 1.7 1.7 

RL : 0.5% (reporting limit) 

 

Le rapport du laboratoire (annexe D) fournit une teneur additionnelle de silice cristalline pour la fraction 

PM75, (moyenne de 3.0 %pds) mais il est précisé dans la lettre technique (annexe E) que la sensibilité 

de l’analyse dépend largement de la taille des particules. Ainsi, il est estimé que pour les particules 

supérieures à 20 µm, la méthode FTIR sous-estime de 2 à 5 fois la teneur réelle. La teneur mesurée 

pour la fraction PM75 n’est pas considérée dans le reste de l’étude.  

4 CONCLUSION 
L’analyse par FTIR réalisée par le laboratoire LCS a montré que l’échantillon « MFQRouteA », 

correspondant au composite des neuf prélèvements effectués sur les routes de halage du site minier 

du Lac Bloom, présentait une teneur en silice cristalline de 1.7 %pds pour les fractions PM10 et PM4. 

Les analyses réalisées sur les triplicatas ont démontré une très bonne reproductibilité de l’analyse et de 

l’échantillonnage.   
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ANNEXE A : PROCÉDURE EPA PRÉPARATION 
ÉCHANTILLON EN VRAC 

  



APPENDIX C.2

PROCEDURES FOR LABORATORY ANALYSIS OF SURFACE/BULK DUST
LOADING SAMPLES
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Appendix C.2

Procedures For Laboratory Analysis Of Surface/Bulk Dust Loading Samples

This appendix discusses procedures recommended for the analysis of samples collected from
paved and unpaved surfaces and from bulk storage piles. (AP-42 Appendix C.1, "Procedures For
Sampling Surface/Bulk Dust Loading", presents procedures for the collection of these samples.) These
recommended procedures are based on a review of American Society For Testing And Materials
(ASTM) methods, such as C-136 (sieve analysis) or D-2216 (moisture content). The recommendations
follow ASTM standards where practical, and where not, an effort has been made to develop
procedures consistent with the intent of the pertinent ASTM standards.

C.2.1 Sample Splitting

Objective -
The collection procedures presented in Appendix C.1 can result in samples that need to be

reduced in size before laboratory analysis. Samples are often unwieldy, and field splitting is advisable
before transporting the samples.

The size of the laboratory sample is important. Too small a sample will not be representative,
and too much sample will be unnecessary as well as unwieldy. Ideally, one would like to analyze the
entire gross sample in batches, but that is not practical. While all ASTM standards acknowledge this
impracticality, they disagree on the exact optimum size, as indicated by the range of recommended
samples, extending from 0.05 to 27 kilograms (kg) (0.1 to 60 pounds [lb]).

Splitting a sample may be necessary before a proper analysis. The principle in sizing a
laboratory sample for silt analysis is to have sufficient coarse and fine portions both to be
representative of the material and to allow sufficient mass on each sieve to assure accurate weighing.
A laboratory sample of 400 to 1,600 grams (g) is recommended because of the capacity of normally
available scales (1.6 to 2.6 kg). A larger sample than this may produce "screen blinding" for the
20 centimeter (cm) (8 inch [in.]) diameter screens normally available for silt analysis. Screen blinding
can also occur with small samples of finer texture. Finally, the sample mass should be such that it can
be spread out in a reasonably sized drying pan to a depth of < 2.5 cm (1 in.).

Two methods are recommended for sample splitting: riffles, and coning and quartering. Both
procedures are described below.

Procedures -
Figure C.2-1 shows 2 riffles for sample division. Riffle slot widths should be at least 3 times

the size of the largest aggregate in the material being divided. The following quote from ASTM
Standard Method D2013-72 describes the use of the riffle.

Divide the gross sample by using a riffle. Riffles properly used will reduce sample variability
but cannot eliminate it. Riffles are shown in Figure C.2-1. Pass the material through the riffle from a
feed scoop, feed bucket, or riffle pan having a lip or opening the full length of the riffle. When using
any of the above containers to feed the riffle, spread the material evenly in the container, raise the
container, and hold it with its front edge resting on top of the feed chute, then slowly tilt it so that the
material flows in a uniform stream through the hopper straight down over the center of the riffle into
all the slots, thence into the riffle pans, one-half of the sample being collected in a pan.
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Figure C.2-1. Sample riffle dividers.

Figure C.2-2. Procedure for coning and quartering.
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Under no circumstances shovel the sample into the riffle, or dribble into the riffle from a small-
mouthed container. Do not allow the material to build up in or above the riffle slots. If it does not
flow freely through the slots, shake or vibrate the riffle to facilitate even flow.1

Coning and quartering is a simple procedure useful with all powdered materials and with
sample sizes ranging from a few grams to several hundred pounds.2 Oversized material, defined as >
0.6 millimeters (mm) (3/8 in.) in diameter, should be removed before quartering and be weighed in a
"tared" container (one for which its empty weight is known).

Preferably, perform the coning and quartering operation on a floor covered with clean 10 mil
plastic. Take care that the material is not contaminated by anything on the floor or that any portion is
not lost through cracks or holes. Samples likely affected by moisture or drying must be handled
rapidly, preferably in a controlled atmosphere, and sealed in a container to prevent further changes
during transportation and storage.

The procedure for coning and quartering is illustrated in Figure C.2-2. The following
procedure should be used:

1. Mix the material and shovel it into a neat cone.

2. Flatten the cone by pressing the top without further mixing.

3. Divide the flat circular pile into equal quarters by cutting or scraping out 2 diameters at
right angles.

4. Discard 2 opposite quarters.

5. Thoroughly mix the 2 remaining quarters, shovel them into a cone, and repeat the
quartering and discarding procedures until the sample is reduced to 0.4 to 1.8 kg (1 to
4 lb).

C.2.2 Moisture Analysis

Paved road samples generally are not to be oven dried because vacuum filter bags are used to
collect the samples. After a sample has been recovered by dissection of the bag, it is combined with
any broom swept material for silt analysis. All other sample types are oven dried to determine
moisture content before sieving.

Procedure -
1. Heat the oven to approximately 110°C (230°F). Record oven temperature. (See

Figure C.2-3.)

2. Record the make, capacity, and smallest division of the scale.

3. Weigh the empty laboratory sample containers which will be placed in the oven to
determine their tare weight. Weigh any lidded containers with the lids. Record the tare
weight(s). Check zero before each weighing.

4. Weigh the laboratory sample(s) in the container(s). For materials with high moisture
content, assure that any standing moisture is included in the laboratory sample container.
Record the combined weight(s). Check zero before each weighing.
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5. Place sample in oven and dry overnight. Materials composed of hydrated minerals or

Figure C.2-3. Example moisture analysis form.

MOISTURE ANALYSIS

Date: ___________________________________ By: _________________________________

Sample No: ______________________________ Oven Temperature: _____________________

Material: ________________________________ Date In: _________ Date Out: _________
Time In: _________ Time Out: _________

Split Sample Balance: _____________________ Drying Time: ________________________
Make ________________________________

Capacity ______________________________ Sample Weight (after drying)

Smallest division _______________________ Pan + Sample: _______________________
Pan: ________________________________

Total Sample Weight: _____________________ Dry Sample: _________________________
(Excl. Container)

Number of Splits: ________________________ MOISTURE CONTENT:
(A) Wet Sample Wt. ___________________

Split Sample Weight (before drying) (B) Dry Sample Wt. ___________________

Pan + Sample: __________________________ (C) Difference Wt. ___________________

Pan: ___________________________________ C x 100

Wet Sample: ____________________________ A = __________ % Moisture

organic material such as coal and certain soils should be dried for only 1.5 hours.

6. Remove sample container from oven and (a) weigh immediately if uncovered, being
careful of the hot container; or (b) place a tight-fitting lid on the container and let it cool
before weighing. Record the combined sample and container weight(s). Check zero
before weighing.

7. Calculate the moisture, as the initial weight of the sample and container, minus the oven-
dried weight of the sample and container, divided by the initial weight of the sample
alone. Record the value.

8. Calculate the sample weight to be used in the silt analysis, as the oven-dried weight of the
sample and container, minus the weight of the container. Record the value.

C.2.3 Silt Analysis

Objective -
Several open dust emission factors have been found to be correlated with the silt content

(< 200 mesh) of the material being disturbed. The basic procedure for silt content determination is
mechanical, dry sieving. For sources other than paved roads, the same sample which was oven-dried
to determine moisture content is then mechanically sieved.

For paved road samples, the broom-swept particles and the vacuum-swept dust are individually
weighed on a beam balance. The broom-swept particles are weighed in a container, and the vacuum-
swept dust is weighed in the bag of the vacuum, which was tared before sample collection. After
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weighing the sample to calculate total surface dust loading on the traveled lanes, combine the broom-
swept particles and the vacuumed dust. Such a composite sample is usually small and may not require
splitting in preparation for sieving.

Procedure -
1. Select the appropriate 20-cm (8-in.) diameter, 5-cm (2-in.) deep sieve sizes.

Recommended U. S. Standard Series sizes are 3/8 in., No. 4, No. 40, No. 100, No. 140,
No. 200, and a pan. Comparable Tyler Series sizes can also be used. The No. 20 and the
No. 200 are mandatory. The others can be varied if the recommended sieves are not
available, or if buildup on 1 particulate sieve during sieving indicates that an intermediate
sieve should be inserted.

2. Obtain a mechanical sieving device, such as a vibratory shaker or a Roto-Tap® without the
tapping function.

3. Clean the sieves with compressed air and/or a soft brush. Any material lodged in the
sieve openings or adhering to the sides of the sieve should be removed, without handling
the screen roughly, if possible.

4. Obtain a scale (capacity of at least 1600 grams [g] or 3.5 lb) and record make, capacity,
smallest division, date of last calibration, and accuracy. (See Figure C.2-4.)

5. Weigh the sieves and pan to determine tare weights. Check the zero before every
weighing. Record the weights.

6. After nesting the sieves in decreasing order of size, and with pan at the bottom, dump
dried laboratory sample (preferably immediately after moisture analysis) into the top sieve.
The sample should weigh between∼ 400 and 1600 g (∼ 0.9 and 3.5 lb). This amount will
vary for finely textured materials, and 100 to 300 g may be sufficient when 90% of the
sample passes a No. 8 (2.36 mm) sieve. Brush any fine material adhering to the sides of
the container into the top sieve and cover the top sieve with a special lid normally
purchased with the pan.

7. Place nested sieves into the mechanical sieving device and sieve for 10 minutes (min).
Remove pan containing minus No. 200 and weigh. Repeat the sieving at 10-min intervals
until the difference between 2 successive pan sample weighings (with the pan tare weight
subtracted) is less than 3.0%. Do not sieve longer than 40 min.

8. Weigh each sieve and its contents and record the weight. Check the zero before every
weighing.

9. Collect the laboratory sample. Place the sample in a separate container if further analysis
is expected.

10. Calculate the percent of mass less than the 200 mesh screen (75 micrometers [µm]). This
is the silt content.
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SILT ANALYSIS

Date: ____________________________________ By:____________________________________

Sample No: _______________________________ Sample Weight (after drying)
Material: ________________________________ Pan + Sample:_________________________

Pan:___________________________________
Split Sample Balance: ____________________
Dry Sample: ____________________________

Make ___________________________________ Capacity:_____________________________
Smallest Division _________________________ Final Weight:___________________________

Net Weight <200 Mesh
% Silt = Total Net Weight x 100 =__%

SIEVING

Time: Start: Weight (Pan Only)

Initial (Tare):

10 min:

20 min:

30 min:

40 min:

Screen
Tare Weight

(Screen)
Final Weight

(Screen + Sample) Net Weight (Sample) %

3/8 in.

4 mesh

10 mesh

20 mesh

40 mesh

100 mesh

140 mesh

200 mesh

Pan

Figure C.2-4. Example silt analysis form.
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ANNEXE B : MÉTHODE NIOSH7602 

 

  



NIOSH Manual of Analytical Methods (NMAM), Fifth Edition 

    
 SILICA, Respirable Crystalline, by IR (KBr pellet) 7602 

 SiO2  MW: 60.08 CAS: 14808-60-7 RTECS: VV7330000 (quartz)  
    14464-46-1   VV7325000 (cristobalite)  
  15468-32-3  VV335000 (tridymite) 
 
METHOD:  7602, Issue 4 EVALUATION:  FULL Issue 1:  15 February 1984 
  Issue 4:  25 July 2017 

 
OSHA:   0.05 mg/m3 
NIOSH:   0.05 mg/m3; carcinogens 
OTHER OELS:   [1,2]

PROPERTIES:  solid; d 2.65 g/cm3; crystalline transformation: 
α-quartz to β-quartz @ 573 °C; quartz to tridymite @ 867 °C; 
tridymite to cristobalite @ 1470 °C  

SYNONYMS:  free crystalline silica; silicon dioxide 

SAMPLING 

SAMPLER:   CYCLONE + PRE-WEIGHED FILTER (PVC), 
with conductive filter holder 

FLOW RATE:  ~2 to ~4 L/min, specific for the cyclone 
used 

VOL-MIN:  400 L 
       -MAX:   1000 L (total dust < 4 mg) 

SHIPMENT:  Routine 

SAMPLE 
STABILITY:  Stable 

BLANKS:   3 field blanks minimum per sample set 

ACCURACY 
RANGE  
STUDIED:  5 to >160 µg 

BIAS:  Varies depending on matrix effects 

OVERALL 
PRECISION (𝐒𝐒�𝐫𝐫𝐫𝐫): 0.18 [3] 

ACCURACY:   ±19% at ≈40-160 µg per sample; ±36% at 
≈15 µg per sample [4] 

MEASUREMENT 

TECHNIQUE: INFRARED SPECTROMETRY 

ANALYTE:   Quartz / Cristobalite 

ASHING:  Muffle furnace or RF plasma asher 

PELLET:  Mix residue with KBr; press 13-mm pellet 

IR DETECTION: Scan absorbance between 400 cm-1 and           
1000 cm -1 

CALIBRATION:  Certified reference material (CRM) 
respirable crystalline silica (RCS) quartz & 
cristobalite; e.g., NIST SRM 1878b quartz, 
NIST 1879a cristobalite, and/or other RCS 
CRMs; diluted in KBr and pressed into 13-
mm pellet 

RANGE:  10 to >160 µg  

ESTIMATED LOD: 5 µg 

PRECISION (𝐒𝐒�𝐫𝐫): < 0.15 @ 30 µg per sample 

APPLICABILITY:  The working range is 0.025 to 0.4 mg/m3 for a 400-L air sample or 0.02 to 0.25 mg/m3 for a 1000-L air sample.  
Quartz and cristobalite have a major IR absorbance band at ≈800 cm-1 and can be measured together if present in samples; 
tridymite can also be measured by IR, but its presence is rare in workplaces [5-9]. 

INTERFERENCES:  Amorphous silica, kaolinite, muscovite, talc, albite, vermiculite and other minerals that absorb IR radiation in 
the 800 cm-1 region are potential interferences to RCS measurement [5,10] [Table 1].  Potentially interfering silicates can be 
removed using a phosphoric acid cleanup procedure [11].  Calcite at >20% dust loading can negatively interfere by reacting with 
quartz during muffle ashing [11, 12].  The sample preparation procedures described in this method enable minimization of 
interferences. 

OTHER METHODS:  NIOSH Method 7603 describes IR measurement of respirable crystalline silica (RCS) after redeposition onto a 
filter for analysis (vs. use of a KBr pellet) [13].  X-ray diffraction (e.g., NIOSH Method 7500 [13]) is a complementary method for RCS 
measurement.  An international voluntary consensus standard describing the measurement of RCS by IR spectrometry, ASTM 
D7439, has been promulgated [14]. 
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NIOSH Manual of Analytical Methods (NMAM), Fifth Edition 

REAGENTS: 

1. Respirable crystalline silica (RCS) primary 
certified reference materials (CRMs); e.g., 
NIST SRM 1878b (quartz), NIST SRM 1879a 
(cristobalite) [15]. 

2. Potassium bromide (KBr), IR quality. 
3. Kaolinite (kaolin) CRM. 
4. Deionized water, ≥18 MΩ-cm resistivity. 
5. 2-Propanol, reagent grade. 
6. Ethanol, 95%, for cleaning of sample 

handling equipment.* 
7. Hydrochloric acid (HCl), 9% w/w.* Add 25 mL 

conc. HCl (37% w/w) to 50 mL of deionized 
water, cool, and bring to 100 mL with 
deionized water. 

8. Calibration stock standard, 0.5% w/w. 
Accurately weigh and thoroughly mix 5 g 
KBr (dried overnight at 110 ˚C) with 25 mg 
quartz.  Store in a bottle in a desiccator.  
 
*See SPECIAL PRECAUTIONS. 

 

EQUIPMENT: 

1. Sampler: 
a. Filter, 37-mm dia., 5-µm pore size, polyvinyl 

chloride (PVC), supported with backup pad 
or screen in 2-piece, conductive / static-
dissipative filter holder. 

b. Cyclone, respirable, designed to operate at 
a flow rate of ≈2 or ≈4 L/min, specific for 
each sampling device. 

c. Sampling head holder, for keeping the 
cassette, cyclone and coupler tightly 
together so that air enters only through 
cyclone inlet. 

2. Personal sampling pumps, for RCS sample 
collection at ≈2 or ≈4 L/min. 

3. Infrared spectrometer, double-beam 
dispersive or Fourier transform device, with 4 
cm-1 resolution or better. 

4. Laboratory press (10 tons pressure), for 
preparing KBr pellets, with evacuable 13-mm 
KBr pellet die. 

5. Vacuum pump, for connecting to laboratory 
press. 

6. Low-temperature (RF plasma) asher and 
aluminum weighing pan, or muffle furnace 
and porcelain crucibles. 

7. Analytical balance, capable of weighing to 
the nearest 0.001 mg. 

8. Mortar and pestle, 50-mm agate or mullite 
9. Metal microspatula 

10. Non-serrate, non-magnetic forceps 
11. Desiccator 
12. Camel’s hair brush 
13. Glassine paper / weighing boats 
14. Membrane filtration apparatus (47-mm) 
15. Laboratory oven  

SPECIAL PRECAUTIONS:  Wear appropriate personal protection during sampling activities, sample 
preparation and analysis.  It is essential that suitable gloves, eye protection, laboratory coat, etc., be used, 
especially when working with concentrated acids.  Note that KBr is incompatible with strong acids.  Ethanol 
and 2-propanol are flammable.  Avoid exposure by inhalation of silica dust or acid fumes.  Perform sample 
preparation and analysis in a clean, well-ventilated area that is well removed from any possible 
contamination.  Any skin affected by exposure to acids must be immediately washed with plenty of water.  
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SAMPLING: 

1. Calibrate each personal sampling pump with a representative sampler in line. Use a conductive filter 
holder. 

2. Sample at ≈2 L/min [16] or ≈4 L/min [17] using a pump set at a specific flow rate for the selected 
cyclone, designed to collect the respirable aerosol fraction (in accordance with ISO 7708[18]), for a 
total sample size of 400 to 1000 L.  Take care not to overload the filter. 
NOTE 1:  Do not allow the sampler assembly to be inverted at any time when using a cyclone.  Turning 

the cyclone to anything more than a horizontal orientation may deposit oversized material 
from the cyclone body onto the filter. 

NOTE 2:  Higher sampling flow rates may be suitable for certain sampler designs [19]. 
3. After collection of samples, remove the filter holders from the cyclones.  Seal the filter holders 

(cassettes) and transport them to the laboratory in a container designed to prevent damage in transit. 

SAMPLE PREPARATION: 

4. Use one of the following methods to prepare samples and blanks: 
a. Low-temperature (RF plasma) asher: Remove the filters from filter holders and place them in clean, 

labelled aluminum dishes.  Place the dishes in the low-temperature asher so that sample exposure 
to the plasma is optimized.  Ash the samples according to manufacturer’s instructions.  Carefully 
bring the asher to atmospheric pressure and remove the dishes. 

b. Muffle furnace:  For samples expected to contain a significant amount of calcite (>20% of the total 
dust loading), wash filters with 9% w/w HCl per procedure in 4.b.i.  For other samples, proceed to 
step 4.b.ii. 
i. Place a 0.5-µm pore size, 47-mm dia. PVC filter in the filtration apparatus.  Remove the 37-mm 

dia. sample filter from the filter holder and center atop the 47-mm PVC filter.  Clamp a funnel 
over the frit so that the dust deposit on the filter is completely exposed to rinsates. Add 10 mL 
of 9% HCl and 5 mL of 2-propanol; allow to stand for 5 min.  Apply vacuum and slowly aspirate 
the acid and alcohol in the funnel.  Wash with three successive 10-mL portions of deionized 
water.  Release vacuum. 

ii. Place 37-mm filter samples and blanks in porcelain crucibles, loosely cover, and ash in muffle 
furnace for 2 h at 600 ˚C (800 ˚C if graphite present).  Allow to cool to room temperature. 

5. Add approximately 300 mg KBr, weighed to the nearest 0.1 mg and dried overnight at 110 ˚C, directly 
to each sample.  Mix the sample residue (remaining from the above ashing procedure) with KBr using a 
pestle and grind / homogenize the mixture with mortar and pestle.  Quantitatively transfer the mixture 
to a 13-mm evacuable pellet die using glassine paper and camel’s hair brush.  Place the die into the 
laboratory press and apply requisite pressure to prepare the sample KBr pellet.  Weigh the finished 
pellet to the nearest 0.1 mg and calculate the ratio of the weight of the finished pellet to the weight of 
KBr initially added.   Clean sample handling equipment with ethanol between samples. 
 

CALIBRATION AND QUALITY CONTROL: 

6. Prepare at least 5 working standard KBr pellets.  Calibration standards shall be prepared from primary 
RCS CRMs.   
NOTE:  Suitable RCS standards include primary reference materials such as NIST SRMs 1878b (quartz) 

and 1879a (cristobalite) [15]; the use of secondary reference materials as calibration standards is 
not appropriate for IR measurements [12, 20]. 

a.  Weigh, to the nearest 0.001 mg, portions of primary CRMs containing 10 to 200 µg RCS of material. 
b. Add an accurately weighed (to the nearest 0.001 mg) 300 mg portion of KBr.  Prepare KBr pellet 

samples as in Step 5.  Compute the ratio of the weight of finished pellet / weight of solids added. 
c. Measure the absorbance at 800 cm-1 for each KBr pellet calibration standard following the 

analytical procedure below (Step 9).  Plot the absorbance vs. mass of SiO2 (µg). 
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7. If samples were low-temperature ashed (Step 4.a.) and kaolinite is known to be present in the matrix of 
the collected samples, prepare at least five different KBr pellets containing 100 to 600 µg of kaolinite. 
Measure the absorbance at 800 cm-1 (RCS) and at 915 cm-1 (kaolinite).  Use the relationship between 
the RCS and kaolinite peak to correct the absorbance value at 800 cm-1 samples containing kaolinite 
[21]. 

8. Carry media blanks and filters spiked with known amounts of RCS (e.g., quartz) through the sample 
preparation procedures (Steps 4 and 5) to monitor for contamination and losses.  
NOTE:  Knowledge of and training in geochemistry and mineralogy is strongly recommended for users 

of this method.  Although many analytical chemists are familiar with IR spectroscopy (e.g., as 
applied to organic analysis), mineralogical samples such as those containing RCS require 
additional knowledge of geochemistry and mineralogy to correctly interpret IR spectra and 
account for matrix interferences and mineral transformations. 

MEASUREMENT: 

9. Set the infrared spectrometer to absorbance mode and to the appropriate settings for quantitative 
analysis.  For each IR scan, place a KBr pellet in the sample holder and obtain a spectrum at 4 cm-1 
resolution or better from 400 cm-1 to 1000 cm-1.  Rotate the KBr pellet 45˚ and scan again.  Repeat twice 
more until 4 scans have been obtained.  Draw an appropriate baseline under the absorbance band at 
800 cm-1 from approximately 820 to 670 cm-1.  Measure the absorbance from the 800 cm-1 peak 
maximum to baseline in absorbance units.  Average the four absorbance values for each KBr pellet 
sample. 
NOTE:  If the peak at 800 cm-1 is small, expand the ordinate to enhance the peak height.  

10. If the sample was ashed at low temperature (Step 4.a.), the presence of kaolinite will be indicated by an 
absorption band with maximum at 915 cm-1.  Draw an appropriate baseline under the absorbance 
band at 915 cm-1 from approximately 960 to 860 cm-1.  Measure the absorbance from the 915 cm-1 peak 
maximum to baseline. 

 

 

 

CALCULATIONS: 

11. To correct for the presence of kaolinite (if necessary), use the measured absorbance at 915 cm-1 (Step 
10) and refer to the kaolinite curve (Step 6) to establish the corrected absorbance for RCS at 800 cm-1.  
Use this corrected RCS absorbance value in Step 13. 

12. If correction for kaolinite is not required, use the measured (uncorrected) absorbance at 800 cm-1 to 
determine the weight (Ws, µg) of RCS (e.g., quartz) from the calibration graph.  

13. From the weight of RCS (Ws, µg), calculate its concentration, C (mg/m3), in the volume of air sampled, V 
(L): 

C = [Ws / V], mg/m3 

14. If percent RCS (%Q) is of interest, divide the weight of RCS, Ws (µg), by the total sample weight, Wt (µg):   

%Q = [Ws / Wt] × 100 

EVALUATION OF METHOD: 

From various experimental studies, analytical figures of merit for the KBr pellet IR method for RCS have 
been summarized in Ref. [14].  Filter collection was carried out using respirable cyclone samplers with flow 
rate ≈2 L/min, with sampling volumes ranging from 300 to 1000 L.  Following sample ashing with a plasma 
asher or muffle furnace, the remaining material was homogenized with KBr and pressed into a KBr pellet.  
IR spectrometric measurements were then carried out on the as-prepared KBr discs.  By comparison of 
sample IR response to the signal from similarly-prepared CRM quartz standards, and with interference 
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correction [21], the RCS content was measured.  Applicable analytical ranges were from 3 to 900 µg per 
sample, with estimated method detection limits (MDLs) of 5 µg or less.  Reported precision estimates, in 
terms of relative standard deviation, were 0.15 or below at RCS mass per sample of 30 µg.  To further 
optimize the method, matching CRM particle size distribution to that of RCS samples [20] has been applied 
to minimize the effect of particle size on the IR response.  The KBr pellet IR method has been used to 
measure the crystalline silica content of respirable dusts collected at various workplaces, including coal 
mines [7,8,22], construction sites [23], granite quarries [9] and gold mines [24].  Laboratories using the KBr 
disc method have performed successfully in interlaboratory proficiency analytical testing programs 
[3,25,26]. 
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Table 1. Minerals potentially encountered and their characteristic IR bands (450-1000 cm-1) 

Mineral Major/Interfering Peaks, cm-1 Identifying Peaks, cm-1 
Quartz 800, 780 694, 512, 467 
Cristobalite 798 623, 490 
Tridymite 789 617, 476 
Amorphous silica 800 464 
Kaolinite 795, 754 915, 547, 474 
Muscovite 800, 750 535, 481 
Mullite 837, 748 556, 468 
Pyrophyllite 830, 814 948, 477, 457 
Albite 788, 746 726, 652, 598, 470 
Montmorillonite 797 918, 668, 526, 470 
Daphnite 798, 771 667, 610, 539, 467 
Anorthite 760, 730 577, 538, 481 
Orthoclase 765, 745, 730 645, 593, 540 
Talc 797, 778 668, 641, 620 
Vermiculite 810, 755 685, 510 
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Designation: D7928Designation: D7928 −− 1717

Standard Test Method forStandard Test Method for
Particle-Size Distribution (Gradation) of Fine-Grained SoilsParticle-Size Distribution (Gradation) of Fine-Grained Soils
Using the Sedimentation (Hydrometer) AnalysisUsing the Sedimentation (Hydrometer) Analysis11

This standard is issued under the fixed designation D7928; the number immediately following the designation indicates the year of This standard is issued under the fixed designation D7928; the number immediately following the designation indicates the year of 

originoriginal adoption or, in al adoption or, in the case of the case of revisrevision, the ion, the year of year of last revisiolast revision. A number in n. A number in parenparenthesetheses indicates the year s indicates the year of last of last reapprreapproval. Aoval. A

superscript epsilon (superscript epsilon (´́) indicates an editorial change since the last revision or reapproval.) indicates an editorial change since the last revision or reapproval.

1. 1. ScoScopepe

1.1 1.1 This test method covers the quantitativThis test method covers the quantitative determinatioe determinationn
of the distribution of particle sizes of the fine-grained portionof the distribution of particle sizes of the fine-grained portion
of soils. The sedimentation or hydrometer method is used toof soils. The sedimentation or hydrometer method is used to
detedetermirmine ne the the parparticlticle-se-size ize disdistribtributioution n (gr(gradaadatiotion) n) of of thethe
material that is finer than the No. 200 (75-µm) sieve and largermaterial that is finer than the No. 200 (75-µm) sieve and larger
than about 0.2-µm. The test is performed on material passingthan about 0.2-µm. The test is performed on material passing
the No. 10 (2.0-mm) or finer sieve and the results are presentedthe No. 10 (2.0-mm) or finer sieve and the results are presented
as the mass percent finer versus the log of the particle diameter.as the mass percent finer versus the log of the particle diameter.

1.2 1.2 ThiThis s methmethod can od can be be useused d to evaluato evaluate te the fine-gthe fine-grairainedned
frfracactition on of of a a sosoil il wiwith th a a wiwide de rarangnge e of of papartrticicle le sisizezes s byby
comcombinbining ing the the sedsedimenimentatitation on resresultults s witwith h a a siesieve ve anaanalyslysisis
resulting in the complete gradation curve. The method can alsoresulting in the complete gradation curve. The method can also
be used when there are no coarse-grained particles or when thebe used when there are no coarse-grained particles or when the
gradation of the coarse-grained material is not required or notgradation of the coarse-grained material is not required or not
needed.needed.

NNOTEOTE   1—The significant digits recorded in this test method preclude  1—The significant digits recorded in this test method preclude
obtaining the grain size distribution of materials that do not contain aobtaining the grain size distribution of materials that do not contain a
sigsignifinificancant t amoamount unt of of finefines. s. For exampFor example, clean le, clean sansands ds wilwill l not yieldnot yield
detectable amounts of silt and clay sized particles, and therefore shoulddetectable amounts of silt and clay sized particles, and therefore should
not be tested with this method. The minimum amount of fines in thenot be tested with this method. The minimum amount of fines in the
sedimentation specimen is 15 g.sedimentation specimen is 15 g.

1.3 1.3 WheWhen n comcombinbining the ing the resresults of ults of the the sedsedimenimentatitation on andand
sievsieve e testests, ts, the the proprocedcedure for ure for obtobtainaining ing the the matemateriarial l for thefor the
sedsedimenimentatitation on anaanalyslysis is and and calccalculaulationtions s for for comcombinbining ing thethe
results will be provided by the more general test method, suchresults will be provided by the more general test method, such
as Test Methodsas Test Methods  D6913 D6913 ((Note 2Note 2).).

NNOTEOTE   2—S  2—Subcomubcommittee D18.03 is mittee D18.03 is currencurrently tly develodeveloping a ping a new testnew test
method “Test Method for Particle-Size Analysis of Soils Combining themethod “Test Method for Particle-Size Analysis of Soils Combining the
Sieve and Sedimentation Techniques.”Sieve and Sedimentation Techniques.”

1.4 1.4 The terms “soil” and “material” are used interchanThe terms “soil” and “material” are used interchange-ge-
ably throughout the standard.ably throughout the standard.

1.5 1.5 The sedimenThe sedimentation analytation analysis is based on sis is based on the concept thatthe concept that
larlarger ger parparticlticles es will fall will fall thrthrougough h a a fluifluid d fasfaster ter thathan n smalsmallerler
parparticlticles. es. StoStokeskes’ Law ’ Law givgives es a a govgovernerning ing equequatioation n useused d toto

determine the terminal velocity of a spherical particle fallingdetermine the terminal velocity of a spherical particle falling

through a stationary liquid. The terminal velocity is propor-through a stationary liquid. The terminal velocity is propor-

tional to the square of the particle diameter. Therefore, particlestional to the square of the particle diameter. Therefore, particles

are sorted by size in both time and position when settling in aare sorted by size in both time and position when settling in a

container of liquid.container of liquid.

1.5.1 1.5.1 StokesStokes’ Law has ’ Law has severaseveral l assumpassumptions which are: tions which are: thethe

parparticlticles es are are sphspherierical cal and and smosmoothoth; ; thethere re is is no no intinterferfereerencence

bebetwtweeeen n ththe e papartrticlicleses; ; ththerere e is is no no didifffefererencnce e bebetwtweeeen n ththee

current in the middle of the container and the sides; flow iscurrent in the middle of the container and the sides; flow is

lamlamininarar; ; anand d ththe e papartrticicles les hahave ve ththe e samsame e dedensnsityity. . ThTheseese

assumptions are applied to soil particles of various shapes andassumptions are applied to soil particles of various shapes and

sizes.sizes.

1.6 1.6 A hydrA hydromeometer is ter is useused d to to meameasursure e the fluid densitthe fluid density y andand

determine the quantity of particles in suspension at a specificdetermine the quantity of particles in suspension at a specific

time time and and pospositioition. n. The The dendensity sity of of the the soisoil-wl-water ater sussuspenpensiosionn

dependepends upon the ds upon the concenconcentratiotration n and specific gravity of and specific gravity of the soilthe soil

particles and the amount of dispersant added. Each hydrometerparticles and the amount of dispersant added. Each hydrometer

memeasasururememenent t at at an an elelapapsesed d timtime e is is usused ed to to cacalculculatlate e ththee

percentage of particles finer than the diameter given by Stokes’percentage of particles finer than the diameter given by Stokes’

Law. The series of readings provide the distribution of materialLaw. The series of readings provide the distribution of material
mass as a function of particle size.mass as a function of particle size.

1.7 This 1.7 This testest t methmethod does od does not cover procunot cover procuremrement of ent of thethe
samsample or ple or proprocescessinsing g of of the sample prior to the sample prior to obtobtainaining theing the

reduced sample in any detail. It is assumed that the sample isreduced sample in any detail. It is assumed that the sample is
obtainobtained ed using appropusing appropriate methods and riate methods and is is reprerepresentativsentative e of of 
site materials or conditions. It is also assumed that the samplesite materials or conditions. It is also assumed that the sample

has been processed such that the reduced sample accuratelyhas been processed such that the reduced sample accurately
reflects the particle-size distribution (gradation) of this finerreflects the particle-size distribution (gradation) of this finer

fraction of the material.fraction of the material.

1.81.8   Material Processing—   Material Processing— Material is tested in the moist orMaterial is tested in the moist or

as-received state unless the material is received in an air-driedas-received state unless the material is received in an air-dried
state. The moist preparation method shall be used to obtain astate. The moist preparation method shall be used to obtain a

sedsedimeimentatntation ion test test spespecimcimen en frofrom m the the redreduceuced d samsampleple. . AirAir--
dried preparation is only allowed when the material is receiveddried preparation is only allowed when the material is received
in the air-dried state. The method to be used may be specifiedin the air-dried state. The method to be used may be specified

by by the the requesrequesting authority; howeverting authority; however, , the the moist preparatiomoist preparationn
method shall be used for referee testing.method shall be used for referee testing.

1.1.9 9 ThThis is tetest st metmethohod d isis notnot   app  applicable for licable for the the followfollowinging
soils:soils:

1.9.1 1.9.1 Soils containSoils containing fibrous peat.ing fibrous peat.

11 This test method is under the jurisThis test method is under the jurisdiction ofdiction of ASTM CommitteeASTM Committee D18 D18 on Soil and on Soil and

Rock and is the direct responsibility of SubcommitteeRock and is the direct responsibility of Subcommittee D18.03 D18.03 on Texture, Plasticity on Texture, Plasticity

and Density Characteristics of Soils.and Density Characteristics of Soils.
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1.9.2 1.9.2 Soils containSoils containing less than approximaing less than approximately 5 % of tely 5 % of fine-fine-
grained material (grained material (Note 1Note 1))..

1.9.3 1.9.3 Soils conSoils containing extaining extraneotraneous matterus matter, such as orga, such as organicnic
solvents, oil, asphalt, wood fragments, or similar itemssolvents, oil, asphalt, wood fragments, or similar items ((NoteNote
33).).

NNOTEOTE 3—If extraneous matter, such as wood, can be easily removed by 3—If extraneous matter, such as wood, can be easily removed by
hand, it is permissible to do so. However, there may be cases where thehand, it is permissible to do so. However, there may be cases where the
extraneous matter is being evaluated as part of the material and it shouldextraneous matter is being evaluated as part of the material and it should
not be removed from the material.not be removed from the material.

1.9.4 1.9.4 MateriaMaterials that ls that contaicontain cementitious compon cementitious components, suchnents, such
as cement, fly ash, lime, or other stabilization admixtures.as cement, fly ash, lime, or other stabilization admixtures.

1.1.10 This 10 This tetest st metmethohod d mamay y nonot t prprododucuce e coconsnsisistentent t testestt
results within and between laboratories for the following soils.results within and between laboratories for the following soils.
To test these soils, this test method must be adapted and theseTo test these soils, this test method must be adapted and these
adaptations documented.adaptations documented.

1.10.1.10.1 1 Soils that flocculate durinSoils that flocculate during sedimentatiog sedimentation. Such ma-n. Such ma-
terials may need to be treated to reduce salinity or alter the pHterials may need to be treated to reduce salinity or alter the pH
of the suspension.of the suspension.

1.10.1.10.2 2 FriablFriable soils in e soils in which procwhich processing changessing changes the es the gradagrada--
tiotion n of of ththe e sosoil. il. TTypypicaical l exexamamplples es of of ththesese e sosoils ils arare e sosomeme
resresiduidual al soisoils, ls, mosmost t weatweatherhered ed shashales, and les, and somsome e weaweakly ce-kly ce-
mented soils.mented soils.

1.10.1.10.3 3 Soils that will not Soils that will not readily dispreadily disperse, such as glauco-erse, such as glauco-
nitic clays or some dried plastic clays.nitic clays or some dried plastic clays.

1.11.11 1 Samples thaSamples that are not soils, but are made up of particlest are not soils, but are made up of particles
may be tested using this method. The applicable sections abovemay be tested using this method. The applicable sections above
should be used in applying this standard.should be used in applying this standard.

1.121.12   Units—   Units— The values stated in SI units are to be regardedThe values stated in SI units are to be regarded
as standard. Except the sieve designations, they are identifiedas standard. Except the sieve designations, they are identified
using the “alternative” system in accordance with Practiceusing the “alternative” system in accordance with Practice E11 E11,,
such as 3-in. and No. 200, instead of the “standard” of 75-mmsuch as 3-in. and No. 200, instead of the “standard” of 75-mm
and 75-µm, respectively. Reporting of test results in units otherand 75-µm, respectively. Reporting of test results in units other
than SI shall not be regarded as non-conformance with this testthan SI shall not be regarded as non-conformance with this test
methmethod. The od. The use of use of balbalancances es or or scalscales es recrecordording pounding pounds s of of 
mass (lbm) shall not be regarded as nonconformance with thismass (lbm) shall not be regarded as nonconformance with this
standard.standard.

1.13 1.13 All observed and All observed and calculated values shall conform calculated values shall conform to theto the
guidelguidelines for ines for signifisignificant digits cant digits and rounding establishand rounding established ined in
PracticePractice D6026 D6026,,  unless superseded by this test method. unless superseded by this test method.

1.1.1313.1 Th.1 The e prprococededurures es usused ed to to spspececifify y hohow w dadata ta araree
collected/recorded and calculated in the standard are regardedcollected/recorded and calculated in the standard are regarded
as the industry standard. In addition, they are representative of as the industry standard. In addition, they are representative of 
the the sigsignifinificancant t digdigits its thathat t gengeneraerally lly shoshould uld be be retretaineained. d. TheThe
procedures used do not consider material variation, purpose forprocedures used do not consider material variation, purpose for
obtaining the data, special purpose studies, or any consider-obtaining the data, special purpose studies, or any consider-
ations for the user’s objectives; and it is common practice toations for the user’s objectives; and it is common practice to
incrincrease or ease or redreduce uce sigsignifinificancant t digdigits its of of repreportorted ed data to data to bebe
commensurate with these considerations. It is beyond the scopecommensurate with these considerations. It is beyond the scope
of of thethese se test methotest methods ds to to conconsidsider er sigsignifinificancant t digdigits its useused d inin
analysis methods for engineering data.analysis methods for engineering data.

1.141.14   This standard does not purport to address all of the  This standard does not purport to address all of the

sasafetfety y coconcncerernsns, , if if ananyy, , asassosociaciateted d witwith h its its ususe. e. It It is is ththee
responsibility of the user of this standard to establish appro-responsibility of the user of this standard to establish appro-

 priate  priate safety safety and and health health practices practices and and determine determine the the applica-applica-

bility of regulatory limitations prior to use.bility of regulatory limitations prior to use.

1.151.15   This   This interninternationaational l standstandard was ard was developdeveloped ed in in accoraccor--

dance with internationally recognized principles on standard-dance with internationally recognized principles on standard-

izizatatioion n estestabablislishehed d in in ththe e DeDecicisiosion n on on PrPrinincipciples les fofor r ththee

 Development  Development of of International International Standards, Standards, Guides Guides and and Recom-Recom-

mendations issued by the World Trade Organization Technicalmendations issued by the World Trade Organization Technical
 Barriers  Barriers to to TradTrade e (TBT) (TBT) Committee.Committee.

2. 2. ReferencReferenced Documentsed Documents

2.12.1   ASTM Standards:  ASTM Standards:22

D653D653 TTerminoerminology Relating logy Relating to to Soil, Rock, Soil, Rock, and and ContainContaineded
FluidsFluids

D854D854  Test Methods for Specific Gravity of Soil Solids by  Test Methods for Specific Gravity of Soil Solids by
Water PycnometerWater Pycnometer

D1140D1140 Test Methods for Determining the Amount of Mate- Test Methods for Determining the Amount of Mate-
rial Finer than 75-µm (No. 200) Sieve in Soils by Washingrial Finer than 75-µm (No. 200) Sieve in Soils by Washing

D2216D2216 Test Methods for Laboratory Determination of Water Test Methods for Laboratory Determination of Water
(Moisture) Content of Soil and Rock by Mass(Moisture) Content of Soil and Rock by Mass

D2487D2487  Practice for Classification of Soils for Engineering  Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System)Purposes (Unified Soil Classification System)

D2488D2488 PracticPractice e for for DescriDescription and ption and IdentIdentification of ification of SoilsSoils
(Visual-Manual Procedure)(Visual-Manual Procedure)

D3740D3740 PracticPractice e for for MinimuMinimum m RequirRequirements ements for Agenciesfor Agencies
Engaged in Testing and/or Inspection of Soil and Rock asEngaged in Testing and/or Inspection of Soil and Rock as
Used in Engineering Design and ConstructionUsed in Engineering Design and Construction

D4220/D4220MD4220/D4220M PracticPractices es for for PreserPreserving ving and and TranTransportsportinging
Soil SamplesSoil Samples

D4318D4318 TTest est MethMethods ods for for LiquLiquid id LimLimit, it, PlasPlastic tic LimiLimit, t, andand
Plasticity Index of SoilsPlasticity Index of Soils

D4753D4753 Guide for Evaluating, Selecting, and Specifying Bal- Guide for Evaluating, Selecting, and Specifying Bal-
ances and Standard Masses for Use in Soil, Rock, andances and Standard Masses for Use in Soil, Rock, and
Construction Materials TestingConstruction Materials Testing

D6026D6026 Practice for  Practice for Using SignificUsing Significant Digits ant Digits in Geotechnicalin Geotechnical
DataData

D6913D6913 Test Methods for Particle-Size Distribution (Grada- Test Methods for Particle-Size Distribution (Grada-
tion) of Soils Using Sieve Analysistion) of Soils Using Sieve Analysis

E11E11 Specification for Woven Wire Test Sieve Cloth and Test Specification for Woven Wire Test Sieve Cloth and Test
SievesSieves

E100E100  Specification for ASTM Hydrometers  Specification for ASTM Hydrometers
E126E126  Test Method for Inspection, Calibration, and Verifica-  Test Method for Inspection, Calibration, and Verifica-

tion of ASTM Hydrometerstion of ASTM Hydrometers

3. 3. TTerminologyerminology

3.13.1   Definitions:  Definitions:

3.1.1 3.1.1 For definiFor definitions of commotions of common technical termn technical terms used in thiss used in this
standard, refer to Terminologystandard, refer to Terminology  D653 D653..

3.23.2  Definitions of Terms Specific to This Standard: Definitions of Terms Specific to This Standard:

3.2.13.2.1   reduced sample, n—   reduced sample, n— the minusthe minus 33 ⁄  ⁄ 88-in. (9.5-mm) sieve-in. (9.5-mm) sieve
or finer material that has been separated from the sample andor finer material that has been separated from the sample and
then worked to reduce the mass while still having sufficientthen worked to reduce the mass while still having sufficient
quantity to meet the minimum mass requirements of quantity to meet the minimum mass requirements of  Table 1 Table 1..

3.2.23.2.2   samp  sample, le, n— n— material collected without limitation onmaterial collected without limitation on
the total mass or size range of particles meeting the minimumthe total mass or size range of particles meeting the minimum
mass requirements provided inmass requirements provided in  Table 1 Table 1..

3.2.33.2.3   sedimentation sample, n—   sedimentation sample, n— the minus No. 10 (2.0-mm)the minus No. 10 (2.0-mm)
or or finefiner r matmateriaerial l thathat t is is sepseparaarated ted frofrom m the the redreduceuced d sampsamplele

22 For referenced ASTM standards, visit the ASTM website, www.astm.org, orFor referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at service@astm.org. Forcontact ASTM Customer Service at service@astm.org. For  Annual Book of ASTM  Annual Book of ASTM 

StandardsStandards volume information, refer to the standard’s Document Summary page on volume information, refer to the standard’s Document Summary page on

the ASTM website.the ASTM website.
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using the separation sieve from which the sedimentation
specimen and water content are obtained.

3.2.4   sedimentation specimen, n— the material obtained
from the sedimentation sample having a maximum particle-
size no greater than the No. 10 (2.0-mm) sieve to be used in the
sedimentation test and in sufficient quantity to satisfy the
minimum mass requirements of  Table 1.

3.2.5   separation sieve, n— the No. 10 (2.0-mm) sieve or
finer (Note 4) used to separate the reduced sample to obtain the
material for the sedimentation sample.

NOTE 4—The methodology for using a sieve finer than the No. 10 (2.0
mm) is not defined in this standard. The methodology used to obtain a
representative sample using a sieve finer than the No. 10 (2.0 mm) is not
the same as obtaining the representative sample using the No. 10 (2.0 mm)
sieve as presented in this standard. Additional effort or steps are necessary
to make sure the material passing the finer sieve adequately represents the
sample. Such additional effort or steps should be documented if using a
sieve finer than the No. 10 (2.0 mm) sieve to obtain the sedimentation
specimen.

4. Summary of Test Method

4.1 This test method is used to determine the particle-size
distribution (gradation) of material finer than the No. 200
(75-µm) sieve as a percentage of the mass used in the
sedimentation test.

4.2 When the source material contains particles larger than
the 3 ⁄ 8-in. (9.5-mm) sieve, a reduced sample passing the 3 ⁄ 8-in.
(9.5-mm) sieve shall be obtained using techniques presented in
Test Methods D6913 or another standard. This reduced sample
shall meet the minimum mass requirements in  Table 1 for the
3 ⁄ 8-in. (9.5-mm) sieve. The material is processed using the
moist (referee) preparation method unless the material is
received in the air-dried state.

4.3 The entire reduced sample is separated using the sepa-
ration sieve. The sedimentation sample is then split to obtain
the appropriate mass for the sedimentation test specimen and a
water content test specimen.

4.4 The sedimentation test specimen is mixed with a dis-
persing agent and test water. The slurry is allowed to condition
and is then thoroughly mixed and placed in a cylinder with
additional test water. Readings are taken with a hydrometer and
thermometer over specific time intervals.

4.5 The mass of particles passing specified particle diam-
eters are calculated and recorded. The results produce a
tabulation of particle size versus percent passing that can be
graphically presented as a gradation curve. The plot is typically
expressed as percent passing/finer than the separation sieve
size versus the log of the particle size in millimetres.

5. Significance and Use

5.1 Particle-size distribution (gradation) is a descriptive
term referring to the proportions by dry mass of a soil
distributed over specified particle-size ranges. The gradation
curve generated using this method yields the amount of silt and
clay size fractions present in the soil based on size definitions,
not mineralogy or Atterberg limit data.

5.2 Determination of the clay size fraction, which is mate-
rial finer than 2 µm, is used in combination with the Plasticity
Index (Test Methods   D4318)   to compute the activity, which
provides an indication of the mineralogy of the clay fraction.

5.3 The gradation of the silt and clay size fractions is an
important factor in determining the susceptibility of fine-
grained soils to frost action.

5.4 The gradation of a soil is an indicator of engineering
properties. Hydraulic conductivity, compressibility, and shear
strength are related to the gradation of the soil. However,
engineering behavior is dependent upon many factors, such as
effective stress, mineral type, structure, plasticity, and geologi-
cal origin, and cannot be based solely upon gradation.

5.5 Some types of soil require special treatment in order to
correctly determine the particle sizes. For example, chemical
cementing agents can bond clay particles together and should
be treated in an effort to remove the cementing agents when
possible. Hydrogen peroxide and moderate heat can digest
organics. Hydrochloric acid can remove carbonates by washing
and Dithionite-Citrate-Bicarbonate extraction can be used to
remove iron oxides. Leaching with test water can be used to
reduce salt concentration. All of these treatments, however, add
significant time and effort when performing the sedimentation
test and are allowable but outside the scope of this test method.

5.6 The size limits of the sedimentation test are from about
100 µm to about 1 µm. The length of time required to obtain a
stable initial reading on the hydrometer controls the upper
range of results, and the test duration controls the lower range.

5.7 The shape and density of the grains are important to the
results. Stokes’ Law is assumed to be valid for spherical
particles even though fine silt- and clay-sized particles are
more likely to be plate-shaped and have greater mineral
densities than larger particles.

NOTE   5—The quality of the result produced by this standard is
dependent on the competence of the personnel performing it, and the
suitability of the equipment and facilities used. Agencies that meet the
criteria of Practice D3740  are generally considered capable of competent
and objective testing/sampling/inspection/etc. Users of this standard are
cautioned that compliance with Practice D3740  does not in itself assure
reliable results. Reliable results depend on many factors; Practice D3740

TABLE 1 Minimum Dry Mass Requirements

Maximum  Pa rticle  Size  of  Material  (99%  or  more  passing)  Min imum  Dry  Mass  Comments  on  separating  and  splitting
requirements for sample reductionSieve  Designation  Particle  Size,  mm

6  in.  152.4  500  kg  Several  separations

3  in.  76.2  70  kg  Several  separations
1  in.  25.4  3  kg  At  least  one  separation
3 ⁄ 4 in.  19.1  1.3  kg  Most  likely  one  separation
3 ⁄ 8 in.  9.5  165  g  Separation  for  sedimentation  analysis

No.  10  2.0  50  g  Splitting  only
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provides a means of evaluating some of those factors.

6. Apparatus

6.1   Hydrometer— ASTM hydrometer type 151H or 152H.
These hydrometers shall conform to the requirements in
Specification E100.  See  Annex A1.

6.2   Sedimentation Cylinder— At least two glass cylinders
essentially having a height of about 457 mm, an inside
diameter between 55 and 64 mm, and a capacity of 1,000 mL.
The cylinders shall have an indication mark at 1,000 6 5 mL.
One cylinder is used for the soil suspension and the other one
can be used as the control cylinder or the wash cylinder. The
control cylinder shall have the same amount of dispersant as
the soil suspension cylinder. See  Annex A1.

6.3   Separation Sieve— No. 10 (2-mm) or finer sieve used to
separate the reduced sample. This sieve is subjected to rough
operation and shall not be used for quantitative grain size
analysis.

6.4   Thermometric Device— A thermometric device capable
of measuring the temperature range within which the test is
being performed readable to 0.5°C or better and having an
accuracy of at least 60.5°C. The thermometric device must be
capable of being immersed in the suspension and reference
solutions to a depth ranging between 25 and 80 mm. Full
immersion, also known as complete or total immersion
thermometers, shall not be used. The thermometric device shall
be standardized by comparison to a nationally or internation-
ally traceable thermometric device and shall include at least
one temperature reading within the range of testing. The
thermometric device shall be standardized at least once every
twelve months. The same thermometric device shall be used
for all measurements.

6.5   Timing Device— A clock, stopwatch, digital timer, or
comparable device readable to one second or better.

6.6   Balance— Balances shall conform to the requirements of 
Specification D4753.

6.6.1 To determine the mass of the specimen, the balance
shall have readability without estimation of 0.01 g. The
capacity of this balance will need to exceed the mass of the
container plus soil used to contain the soil suspension after the
completion of the sedimentation test. In general, a balance with
a minimum capacity of 1,800 g is sufficient.

6.7   Drying Oven— Vented, thermostatically controlled oven
capable of maintaining a uniform temperature of 110 6 5°C
throughout the drying chamber. These requirements typically
require the use of a forced-draft oven.

6.8   Plate— A clean, nonporous, smooth, solid surface that is
large enough to pile and split about 500 g of material. The
surface shall not be made of any type of paper product.

6.9   Specimen-Mixing Container— A 250-mL glass beaker or
equivalent inert container with enough capacity to hold the
specimen, the test water, and dispersant.

6.10   Temperature Maintaining Device— Unless otherwise
specified by the requesting agency, the standard test tempera-
ture shall be in the range of 22 6   5°C. In addition, the
temperature of the soil suspension shall not vary more than

62°C. Normally, this temperature maintenance is accom-
plished by performing the test in a room with a relatively
constant temperature. If such a room is not available, the
cylinders shall be placed in an automatically temperature
controlled insulated chamber or water bath that maintains a
temperature within the tolerance specified above.

6.11   Soil Suspension Oven-Drying Container— A container
having smooth walls and capable of holding approximately
1.5-L of the soil suspension. This container shall have a tight
fitting lid or fit into a desiccator, to prevent moisture gain
during cooling of the oven-dried specimen.

6.12   Dispersion Apparatus— Use one of the following de-
vices to disperse the specimen; however for referee testing, the
stirring apparatus shall be used.

6.12.1   Stirring Apparatus (Referee)— A mechanically oper-
ated stirring device in which a suitably mounted electric motor
turns a vertical shaft at a minimum speed of 10,000 rpm
without load. The shaft shall be equipped with a replaceable
stirring paddle made of metal, as shown in   Fig. 1. The shaft
shall be of such length that the stirring paddle will operate
between 19.0-mm and 37.5-mm above the bottom of the
dispersion cup (Note 6).

NOTE  6—The SI units presented are basically soft conversions of the
inch-pound units; other rationalized SI units should be acceptable provid-
ing they meet the requirements established by the inch-pound apparatus.

6.12.1.1   Dispersion Cup— A special dispersion cup con-
forming to either of the designs shown in   Fig. 2   shall be
provided to hold the sample while it is being dispersed. The
cup shall contain two sets of three long baffle rods and two sets
of three short baffle rods rigidly mounted to the interior sides
of the cup. This cup is used with the stirring apparatus.

6.12.2  Air Jet Dispersion Device (Optional)— A tube type or
other comparable device that uses compressed air to disperse
the slurry (Note 7). The device requires an air source capable
of providing up to 0.0024 m3 /s of air to operate the device,
such that pressures of 69 and 172 kPa can be achieved. The
device shall be fitted with a pressure gauge on the line between
the device and the air source. Water may condense in the lines
when not in use and this water must be removed. There are two
ways to remove the water: use of a water trap or purging the
lines before use. If a water trap is used, it shall be installed on
the air line in such a manner to prevent condensed water from
entering the slurry. This device shall not be used in referee
testing.

NOTE   7—Use of this device or others, causes differing amounts of 
dispersion and should be used with caution. Information on how to
appropriately use this device should be obtained from the manufacturer.
0.0024 m3 /s is equivalent to 5 ft3 /min. The device typically needs at least
0.0009 m3 /s (2 ft3 /min) to operate and therefore, some small air compres-
sors are not capable of supplying sufficient air to operate the device.

6.13 Agitator (Optional/Referee)— A hand-held device to
mix the soil suspension in the sedimentation cylinder prior to
testing, as shown in Fig. 3. The agitator must not have any type
of metal, such as a screw head, protruding from the bottom of 
the disk. To aid in strengthening the connection between the
rod and the disk, a smaller disk (about 25 mm or less) having
similar thickness and material as the larger disk, may be
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inserted on top of and in the center of the larger disk. This
device shall be used for referee testing.

6.14   Agitation of the Soil Slurry— Any of the following
items may be used to break up the soil aggregations as
described in 11.1:

6.14.1   Erlenmeyer Flask— A glass flask having a capacity
between 250-mL and 500-mL.

6.14.2   Dispersion Shaker— A platform, wrist action or simi-
lar type shaker having a gyratory, orbital, reciprocating, or
similar motion to assist in the dispersion process by continu-
ously agitating the soaking soil.

6.14.3   Ultrasonic Water Bath— The ultrasonic water bath
must be large enough to hold a beaker or flask containing the
soil slurry to be agitated for use in the sedimentation test. The
water level in the bath should be equal to or higher than the
water level in the specimen container.

6.15   Desiccator (Optional)— A desiccant containing device
of suitable size used to prevent moisture gain during cooling of 
the oven-dried specimen.

6.16   Mortar and Rubber-Covered Pestle (Optional)— 

Apparatus suitable for breaking up aggregations of air-dried
soil particles without breaking individual particles.

6.17 Miscellaneous Items— Items such as a wash/rinse
bottle (squirt bottle), rubber scraper, spatula, and stirring rod
may be useful.

7. Reagents and Materials

7.1   Sodium Hexametaphosphate (NaPO3)6  — Also referred
to as sodium metaphosphate is the dispersion agent (defloccu-
lant) required to prevent the fine particles in suspension from

coalescing or flocculating (Note 8). Consult the Safety Data
Sheet (SDS) for specific information regarding this chemical.

7.2   Isopropyl Alcohol— Also referred to as isopropanol al-
cohol or rubbing alcohol is used as a foam inhibitor. Commer-
cially available in concentrations ranging from 70 % to 99 %.

7.3   Test Water— Distilled or demineralized water is the only
permissible test fluid. The use of tap water is not permitted.

NOTE 8—Fine-grained soils requiring the use of a dispersant are those
that do not readily slake in water, such as some highly plastic clays and
most tropical soils. Typically, 5 grams per test of dispersant is used to
prevent flocculation and is added directly to the soil, such that the
concentration will equal 5 g/L in the final soil suspension volume. The
chemical formula for the dispersant shown above is approximate.

8. Sampling

8.1   General— This test method does not address, in any
detail, procurement of the sample. It is assumed the sample is
obtained using appropriate methods and is representative of the
material under evaluation. However, the testing agency shall
preserve all samples in accordance with Practice   D4220/ 
D4220M, Group B, except if the as-received sample does not
meet those requirements. In which case, the water content of 
the material does not have to be maintained.

8.2 Where data from this test are to be used for correlation
with other laboratory or field test data, use the same material as
used for these tests where possible and as much is practical.

8.3 The sample can be from a variety of sources and contain
a wide range of particle sizes. Typically, samples for particle-
size analysis are obtained from the following sources: large
bags or buckets, small bags, jar samples, tube samples, or

Dimensional EquivalentsA

mm  in.
19  0.75

13  0.51
5.16  ±  0.03  0.203  ±  0.001

1.24  0.049  (No.  18  BW  Ga.)
Note: All dimensions are shown in millimetres unless otherwise noted.

AThe SI units presented are basically soft conversions of the inch-pound units; other rationalized SI units should be acceptable providing they meet the technical
requirements established by the inch-pound apparatus.

FIG. 1 Detail of Stirring Paddles
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specimens from other tests, such as consolidation, hydraulic
conductivity or strength tests. In some cases, such as compac-
tion testing, prior testing may have caused a reduction in
particle sizes; therefore, it may be required to obtain a sample
of the original material, the degraded sample, or both. Test
Methods   D6913,   Section 9, gives additional information re-
garding sampling from the different sources.

8.3.1 Preserve the sample at its original moisture condition
unless excluded above, and at no time shall the sample be
allowed to undergo undesirable temperature changes such as
freezing or heating.

8.4 When the sample contains particles larger than the 3 ⁄ 8-in.

(9.5-mm) sieve, it shall be processed to obtain the reduced

sample. If particle-size separation is necessary, process the

sample to meet this requirement using the separation proce-

dures provided in Test Methods  D6913.

8.4.1 The reduced sample shall have a maximum particle

size that passes through the 3 ⁄ 8-in. (9.5-mm) sieve.

8.4.2 The mass of the reduced sample shall meet or exceed

the mass requirements given in  Table 1.

Dimensional EquivalentsA

mm  in.
33  1.30

66  2.60
95  3.75

178  7.01
Note: All dimensions are shown in millimetres unless otherwise noted.

AThe SI units presented are basically soft conversions of the inch-pound units; other rationalized SI units should be acceptable providing they meet the technical
requirements established by the inch-pound apparatus.

FIG. 2 Dispersion Cup
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8.4.3 Preserve the original moisture condition of the re-
duced sample, and at no time shall the reduced sample be
allowed to undergo undesirable temperature changes such as
freezing or heating.

9. Preparation of the Test Specimen

9.1   Specimen Procurement— This standard presents two
preparation methods to obtain the sedimentation specimen
from the reduced sample: moist and air-dried. In these prepa-
ration methods, moist and air-dried refers to the condition of 
the material or sample as it is being reduced to an appropriate
particle size and mass. The test shall not be performed on
oven-dried material. The moist preparation method shall be
used for referee testing and for samples not received in the
air-dried state. The air-dried method shall only be used on
materials received in the air-dried state (Note 9). Since some
fine-grained, air-dried soils aggregate, a mortar and rubber
covered pestle is used to break up aggregations. Care must be
taken to avoid disintegration or reduction of individual par-
ticles. Use only enough force as necessary to break up the
aggregations without destroying the individual particles. Addi-
tional guidance for splitting material to obtain a representative
specimen using a splitter, quartering, or moist stockpile sam-
pling is given in Test Methods  D6913, Annex A2.

NOTE   9—Air drying causes irreversible changes to the clay particles
that cause permanent flocculations and decreases the fine fraction.3

9.2   Moist Preparation (Referee)— This preparation method
shall be used for materials not received in the air-dried state.
This method is especially important for any soil whose
properties are altered due to drying such as, most organic soils,

many highly plastic fine-grained soils, tropical soils and soils

containing halloysite. The material is thoroughly mixed to

obtain a uniform reduced sample. Intact fine-grained samples

should be chopped/reduced into small pieces, less than ap-

proximately 13 mm, and mixed to make uniform. Test water

can be added to assist in making a uniform sample. There is no

need to process the fine-grained materials through a sieve.

9.3   Air-Dried Preparation— This preparation method shall

only be used if the sample is received in the dried condition. In

order to obtain a uniform reduced sample, the sample is

blended at room temperature.

9.4 If the reduced sample contains particles which are larger

than the No. 10 (2.0-mm) sieve, the material shall be separated

using a No. 10 (2.0-mm) or finer sieve. Process the entire

reduced sample over the No. 10 (2.0-mm) or finer sieve using

a rubber scraper and, if needed, test water to aid in working the

material through the sieve. Check that the material retained on

the sieve does not contain aggregations of finer particles. Any

aggregations should be broken and passed through the sieve. It

is not necessary that the separation be totally complete but the

material passing the sieve shall be representative. The material

passing the separation sieve is termed the sedimentation

sample and shall meet the minimum mass requirement of  Table

1. Record the separation sieve size that is used to separate the

sample.

9.5 Estimate the amount of moist mass needed for the

sedimentation test using the equation (Note 10):

 M mest 5  H c3S 100

%es t 
D 3S 1 1 S w cest 

100
D D (1 )

where:

 M mest  = estimated moist mass, nearest 1 g,

3 Sridharan, A., Jose, B.T., and Abraham, B.M., Technical Note on “Determina-

tion of Clay Size Fraction of Marine Clays,”   Geotechnical Testing Journal,

GTJODJ, Vol. 14, No. 1, March 1991, pp. 103-107.

Dimensional EquivalentsA

mm  in.
2  to  5  0.0781  to  0.200

6  to  10  0.250  to  0.375
533  to  585  22  ±  1

44  to  51  1.75  to  2.00

Note: All dimensions are shown in millimetres unless otherwise noted.

AThe SI units presented are basically soft conversions of the inch-pound units; other rationalized SI units should be acceptable providing they meet the technical
requirements established by the inch-pound apparatus.

FIG. 3 Detail of Agitator
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 H c = hydromter capacity, g (either 45 for 151H or 55 for
152H),

%est  = estimated percentage of material passing the No.
200 (75-µm) sieve, nearest 1 %, and

wcest  = estimated water content, nearest 1 %.
NOTE   10—The mass of the sedimentation test specimen should be

selected based on the amount of material that will be in suspension at the
time of the first reading. The capacity of the 152H hydrometer is about 55
g of dry soil and the capacity of the 151H is about 45 g. The wet mass
should be adjusted to account for the water content and the fraction of 
particles larger than the No. 200 (75-µm) sieve. For example, if the water
content is estimated at 20 %, using a 151H hydrometer, and an estimated
percent passing the No. 200 (75-µm) sieve of 95 %, the estimated moist
mass needed is 57 g.

9.6 If the sedimentation sample contains sufficient material,
then split or quarter the sedimentation sample into at least two
portions: one for the water content determination and one for
the sedimentation test. The water content specimen shall
contain 506 10 g of material.

9.7 If the sedimentation sample has limited material, reduce
the mass to obtain the sedimentation specimen. Do not obtain
a water content specimen. Obtain the dry mass, M d , of the
sedimentation specimen at the end of the test as discussed in
11.12  and calculated in 12.1.2.

NOTE 11—If there is enough material after splitting/quartering to obtain
the necessary masses for both the sedimentation and water content
specimens, the sedimentation sample is considered to have sufficient
material. If there is not enough material to obtain both the necessary
masses of the specimens, the sedimentation sample is considered to have
limited material.

9.8 Record the mass of the moist soil, M m, used for the
sedimentation test to the nearest 0.01 g.

9.9 Place the sedimentation specimen in the specimen-
mixing container and record the identification of the specimen-
mixing container.

9.10 If sufficient material is available, immediately use the
other specimen for determination of the water content in
accordance with Test Methods   D2216, and record the water
content,  wc, to the nearest 0.1 %.

10. Verification/Preparation of Apparatus

10.1   Hydrometer— Check and record the dimensions of the
151H or 152H hydrometers as presented in   Annex A1 in
accordance with the interval listed in the Annex. The hydrom-
eter shall be free of cracks and chips, which can compromise
the integrity of the hydrometer. The body and stem of a
hydrometer seldom change over time, unless they have been
subjected to corrosive materials or have been damaged, that is,
chipped or cracked. They only need to be checked before use
or after damage has been suspected or seen. Since it is possible
for the paper scale inside the hydrometer stem to slide down,
the length of the stem above and below the top and bottom
graduations, respectively, as well as the hydrometer reading in
the test water, shall be checked and documented according to
the interval presented in Annex A1 to make sure the scale has
remained in its proper place. If the scale has moved, the
hydrometer shall be replaced.

10.1.1 Hydrometer Readings— Hydrometer readings are
taken to the nearest 1 ⁄ 4   division (Note 12). Reading the

hydrometer can be difficult. A properly placed hydrometer
should neither bob nor rotate appreciably when released in the
soil suspension. It is important for the stem to be dry and clean
when inserting it into the soil suspension. If the stem is wet
above the reading point it will add mass to the hydrometer
causing the reading to be too low. If the stem is not clean,
variations in the meniscus rise will result. In this application,
the hydrometers are always read at the top of the meniscus for
the reason stated in  10.3.

NOTE   12—Reading the 152H hydrometer to the nearest 1 ⁄ 4   division
during the first 5 to 8 minutes of the test can be difficult. During that time
it is acceptable to read the 152H hydrometer to the nearest 1 ⁄ 2  division.

10.1.2 To insert the hydrometer correctly do the following:
First, make sure the stem is dry. Then, gently hold it by the
stem with one or both hands and slowly lower it to the depth
at which it just floats. This insertion process should take
between 5 to 15 seconds.

10.2   Temperature-Density Correction— During a test, the
suspension fluid density changes, therefore calculations for the
quantity of particles in suspension must account for fluid
density changes due to temperature, presence of dispersant and
the meniscus rise. The temperature-density correction is shift-
ing the hydrometer scale, which is factory set for distilled
water at 20°C. There are two ways to determine this correction:
take companion measurements in a control cylinder filled with
the reference solution during the testing or generate a reusable,
calibration relationship. Both options require the use of a
reference solution composed of test water and the same amount
of dispersant used in the sedimentation test cylinder. The
meniscus correction is automatically accounted for in the
temperature-density correction for both options by consistently
reading the hydrometer at the top of the meniscus as described
in 10.3.

10.2.1   Reference Solution— The reference solution shall be
prepared with the same amount of dispersant as the soil
suspension. Fill a control cylinder to the 1,000 mL mark with
a mixture of test water and the same amount of dispersant used
in the soil suspension cylinder. The test water and dispersant
shall be well mixed such that no visible crystals can be seen
and the reference solution shall be agitated to make sure the
dispersant is adequately mixed throughout the control cylinder.

10.2.1.1  Companion Measurements— Use a control cylinder
filled with the reference solution in conjunction with the soil
suspension cylinder to obtain the correction. Position the
control cylinder in the same temperature controlled location as
the test cylinders so that all cylinders are at or near the same
temperature. For each hydrometer and temperature reading
taken in the soil suspension cylinder, take a corresponding
hydrometer reading and temperature reading in the control
cylinder. However, it is permissible for one control cylinder
hydrometer reading taken at the start of the sedimentation test
to be used for the initial series of time readings in the soil
suspension up to 30 minutes. It is also permissible for one
control cylinder temperature reading taken at the start of the
sedimentation test to be used for the initial series of time
readings in the soil suspension up to the first 30 minutes if the
temperature changes in the soil suspension cylinder vary less
than 0.5°C between each temperature reading. Record the
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elapsed time and the hydrometer and temperature readings of 

the control cylinder on the data sheet(s) only when measured

(Note 13).

NOTE   13—Readings taken in one control cylinder may be used for
multiple test cylinders. Therefore, if the hydrometer and temperature
readings in the control cylinder are only taken once during the first 30
minutes of the test, only that reading is recorded on each of the data
sheet(s) to which it applies. These measured readings are not to be written
in for the other times during the first 30 minutes when a measurement was
not actually determined.

10.2.2   Calibration Relationship— This option generates a

general calibration relationship between the hydrometer read-

ing of a control cylinder filled with the reference solution and

the temperature, which eliminates the need for companion

measurements during the test. A temperature-based general

calibration relationship is required and established for each

hydrometer. A sedimentation cylinder is filled to the 1,000 mL

mark with test water with the same amount of dispersant used

in the soil suspension. Be sure the solution is thoroughly mixed

and the temperature is allowed to equilibrate. Then insert the

hydrometer as described in  10.1.2. Take the reading at the top

of the meniscus and record this reading and the temperature of 

the solution. Rinse the hydrometer well with test water

between readings and dry it prior to taking the next reading.

Increase/Decrease the temperature of the cylinder, allow it to

come to temperature equilibrium and repeat the measurement

process. Take at least five different hydrometer and temperature

readings within the range of temperatures expected during the

sedimentation test. Calculate the constant A or B as discussed

below.

10.2.2.1 The 151H hydrometer measures the specific grav-

ity of the fluid relative to distilled water at 20°C. The

calibration measurements are used to compute the constant A in

the following equation. The standard deviation of the five

measurements shall be less than 0.0005. The average value of 

A is used when computing the temperature-density correction.

 A 5  R
151, t 1~7.784 3 1026

3 T 
t !1~4.959 3 1026

3 T 
t 
2! (2 )

where:

 A = average specific gravity shift (151H hydrometer),
nearest 0.0001,

 R151,t  = 151H specific gravity hydrometer at reading, t , in
reference solution, readable to 0.00025 or better,

T  = temperature at reading, t , readable to 0.5°C or better,
and

t  = subscript indicating the reading number during
calibration.

10.2.2.2 The 152H hydrometer measures the mass of par-

ticles (specific gravity of 2.65) in a suspension of distilled

water at 20°C. The temperature-density correction provides the

offset mass reading for the hydrometer for a specific tempera-

ture and dispersant concentration. The calibration measure-

ments are used to compute the constant B in the following

equation. The standard deviation of the 5 measurements shall

be less than 0.5 g/L. The average value of B is used when

computing the temperature-density correction.

 B 5  R152, t 1~1.248 3 1022
3 T t !1~7.950 3 1023

3 T t 
2! (3 )

where:

 B = average mass reading shift (152H hydrometer),
nearest 0.1,

 R152,t  = mass in reference solution hydrometer at reading, t ,
readable to 0.25 g/L or better,

T  = temperature at reading, t , readable to 0.5°C or better,
and

t  = subscript indicating the reading number during
calibration.

NOTE  14—The equations relating the hydrometer readings to tempera-
ture are based on the same water density-temperature expression as used
in Test Methods  D854.   For the 151H specific gravity hydrometer, the
constants in the water density-temperature equation from Test Methods
D854 are divided by the density of water at 20°C (0.99821 g/mL). For the
152H mass in suspension hydrometer, the constants are multiplied by
1606 setting the scale to read mass of solids in solution for a particle
specific gravity of 2.65.

10.3   Meniscus Correction— Hydrometers are designed to be
read at the fluid surface, however, the fluid is wetting to the
glass such that the soil suspension will rise up the hydrometer
making a reading at the fluid surface impossible at times. It is
common practice to read the hydrometer at the top of the
meniscus and it must be taken there even when it is possible to
see through the soil suspension. The meniscus rise has a small
impact on the effective depth determination since the reading is
taken slightly above the surface of the suspension. This rise
causes a change to the third significant digit in the computed
particle size. The meniscus correction is performed before
initial use of the hydrometer and after damage has been
suspected or noticed.

10.3.1 The meniscus correction, C m, as shown in Fig. 4, is
determined by inserting the hydrometer with a clean and dry
stem and without bobbing into the test water with the proper
amount of dispersant. The reading at the top of the meniscus
and the reading where the plane of water surface intersects the
stem are recorded. The difference between these two readings
is the meniscus correction, C m. In accordance with Test
Method   E126,   the latter reading shall be obtained using the
following guidance. Observe a point slightly below the plane
of the water surface and raise the line of vision until this
surface, seen in an ellipse, becomes a straight line. The point
where this line cuts the hydrometer scale is the hydrometer
reading. Holding a white card behind the cylinder just below
the water level will improve the visibility of the surface. The

FIG. 4 Meniscus Correction Diagram
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hydrometer readings shall be recorded to the nearest 1 ⁄ 4
division. The meniscus correction is a positive number for
either hydrometer used.

10.4   Effective Depth— The effective depth, also referred to
as “true depth,” is used in the calculation of the particle fall
distance for each reading. The effective depth is defined as the
center of (volume) buoyancy of the hydrometer to the surface
of the soil suspension. The equation to calculate the effective
depth when the hydrometer is inserted and removed between
readings requires certain dimensional measurements in order to
do the calculation. Refer to Fig. 5.

10.4.1 Determine and record the volume of the hydrometer
bulb, V hb, to the nearest 1 cm3 using the procedure given in
Annex A1.3.4. The bulb includes everything from the bottom
tip up to the base of the stem.

10.4.2 Determine and mark the center of (volume)
buoyancy, cb, using the procedure given in  A1.3.5.

10.4.3 Measure the distance between the center of (volume)
buoyancy, cb, and the maximum hydrometer reading H r2, as
well as the minimum hydrometer reading, H r1. Record both
values to the nearest 0.1 cm. Refer to  Fig. 5.

10.4.4 Measure and record the inside cross-sectional area of 
the sedimentation cylinder, Ac, to the nearest 0.1 cm2 using the
procedure given in  A1.4.2.1.

10.5   Sedimentation Cylinder— Check and record the dimen-
sions of the sedimentation cylinders as presented in  Annex A1
in accordance with the interval presented in  Annex A1.

10.6   Sieves— See Practice E11  for the verification require-
ments of the sieves used in this test method.

10.7   Miscellaneous— The ancillary equipment used in con-
 junction with these test methods shall be calibrated/verified/ 
checked according the intervals listed in Practice  D3740 and
performed in accordance with their applicable standards.

11. Procedure

11.1 Add 5.0 6 0.1 g of sodium hexametaphosphate to the
sedimentation specimen in the specimen-mixing container
obtained in 9.9 or dissolve this amount of dispersant in 100 mL
of test water and add it to the sedimentation specimen. Record
to the nearest 0.01 g the actual amount of dispersant, M disp,
placed in the container or dissolved in the test water. If added
directly to the sedimentation specimen, add at least 100 mL of 
test water to the specimen and dispersant to form a slurry of 
milkshake consistency. The amount of test water to be added
during this step should be sufficient enough only to facilitate
the process of breaking apart the soil aggregations. Mix the
contents with a spatula or similar device until all of the soil
aggregations are broken-up (Note 15).

NOTE   15—If hand mixing is not efficient, use a 250 to 500 mL
Erlenmeyer flask along with either a wrist or orbital dispersion (mechani-
cal) shaker to vigorously agitate the soil slurry in a minimum of 150 mL
of test water for a few hours or until all the soil aggregations are
broken-up. Be aware the dispersion cup has a capacity of about 400 mL
and the stirring apparatus is only efficient in dispersing soil aggregations
that will pass between the baffle rods. An ultrasonic water bath, along with
the flask, may also be used to agitate the slurry.

11.2 Prior to the overnight conditioning period, disperse the
slurry using either the stirring apparatus or an air jet device.

11.2.1 If using the stirring apparatus, transfer the slurry to
the dispersion cup. Use a wash/rinse bottle filled with test
water to aid in the transfer and make sure all of the slurry has
been transferred to the dispersion cup. Add additional test
water as necessary such that the cup is half full, then use the
stirring apparatus to blend the soil for about 1 minute.

FIG. 5 Effective Depth Dimensional Measurements
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11.2.1.1 Transfer all the dispersed slurry into the sedimen-

tation cylinder. Use the wash/rinse bottle filled with test water
as needed to make sure all of the slurry is transferred to the

cylinder. Add test water to the sedimentation cylinder to bring
the bottom of the meniscus of the slurry to the 1,000 mL 6 1
mm mark. Proceed to  11.3.

11.2.2 If using the tube type air jet device, transfer the slurry

to the sedimentation cylinder. Use a wash/rinse bottle filled
with test water to aid in the transfer and make sure all of the
slurry has been transferred to the cylinder. Add additional test

water as necessary to bring the volume to no more than 250 mL
in the sedimentation cylinder.

11.2.2.1 Before placing the device into the cylinder, slowly
allow air to flow until the gauge reads 7 kPa. This initial

pressure is needed to prevent the slurry from entering the air
 jets when the device is inserted into the cylinder and to remove

any water that has condensed in the lines. Then, slowly lower
the device into the slurry. Make sure the rubber stopper is

securely in place at the top of the cylinder to prevent the slurry
from being ejected from the cylinder.

11.2.2.2 For clayey soils increase the pressure to 172 kPa
and for sandy soils increase the pressure to 69 kPa. Once the

pressure is reached, disperse the slurry for five minutes. At the
end of five minutes, reduce the pressure to 7 kPa and lift the air

 jets out of the slurry and wash any slurry remaining on the

device back into the cylinder. Once the device is washed off,
turn off the air flow to the device and add test water to the

sedimentation cylinder to bring the bottom of the meniscus of 
the slurry to the 1,000 mL 6 1 mm mark. Proceed to  11.3.

11.3 Mix the slurry using the agitator (referee) or the tipping
method (Note 16). The agitator device is the preferred/referee

method for mixing. Check for the presence of foam on top of 
the slurry after mixing. If a significant amount of foam is
present, it may be necessary to reduce the foam using isopropyl

alcohol just prior to the start of testing (See  11.7.1).

11.3.1 To use the agitator, insert the paddle to the lower 1 ⁄ 4
of the cylinder. Stroke the agitator at a rate of about one cycle
per second over a distance of several centimeters to dislodge

any material stuck to the bottom of the cylinder. After the
material is dislodged, the agitator should be rapidly moved

downwards until the paddle almost comes into contact with the
bottom of the cylinder and then upwards with a slower motion.

The downward stroke should take about one to two seconds
while the upward stroke should take about two to three
seconds. As this process is repeated, the elevation of the

starting position of the agitation cycle is raised until the bottom
of the agitator is significantly above the mid-height of the soil

suspension. Keep the paddle submerged at all times during
mixing. Mix for about one minute or until the suspension

appears uniform.

11.3.2 To use the tipping method, first place a rubber

stopper in the open end of the cylinder or use the palm of the
hand to cover the opening. Then turn the cylinder upside down

and back for a period of one minute to complete the agitation
of the slurry (Note 17). Using the cylinder tipping method is
not very efficient and tipping for more than one minute will
typically be required when testing highly plastic clays. This

method of agitation may leave some soil aggregations. Use of 

the agitator is greatly encouraged.

NOTE   16—When using the tipping method, there will likely be some
soil particles remaining on the rubber stopper or hand and on the sides of 
the sedimentation cylinder above the 1,000 mL mark. Be careful not to
lose much material by scraping the material adhering to the rubber stopper
or hand off onto the rim of the cylinder. Do not rinse these particles back 
into the cylinder. The minor loss of mass (~0.02 g or less, if care is taken)
is less critical with respect to the calculations than the addition of water
(~5 mL) to the cylinder.

NOTE 17—The number of turns during this minute should be approxi-
mately 60 counting the turn upside down and back as two turns. Any soil
remaining in the bottom of the cylinder during the first few turns should
be loosened by vigorously shaking of the cylinder while it is inverted.

11.4 If using a companion measurement to obtain the

temperature-density correction, prepare the reference solution
in a control cylinder by dissolving the same amount (5.0 6 0.1
g) of sodium hexametaphosphate as used in the soil suspension

cylinder in test water. Add test water to the sedimentation
cylinder to bring the bottom of the meniscus of the solution to

the 1,000 mL 6 1 mm mark.

11.5 Cover the cylinder(s) to prevent evaporation and allow

the cylinder(s) to sit overnight either in a temperature con-
trolled insulated chamber or water bath or in an area of 
relatively constant temperature. This conditioning period al-

lows the temperature to equilibrate and for the specimen to
deflocculate (Note 18). The soil slurry is now referred to as a

soil suspension since the specimen is basically ready for
testing.

11.6 At the end of the conditioning period, check the
suspension for indications of flocculation (Note 19). If the

suspension has indications of flocculation, then the test is
invalid and the suspension should be discarded since it has
been contaminated with dispersant. A new specimen would

need to be treated to prevent flocculation. Such treatment is
beyond the scope of this test method.

NOTE 18—Strong interparticle bonding can occur in suspension having
high salt concentrations. The dispersant will not be effective in breaking
these bonds. In such circumstances the salt should be leached from the soil
before proceeding with the sedimentation test. This leaching results in a
considerable increase in effort and difficulty to process the material and is
not discussed in this standard.

NOTE 19—Flocculation of clay particles can be difficult to detect. Minor
flocculation will shift the particle-size distribution (gradation) towards a
finer fraction. Moderate flocculation will cause a plateau in the curve as
the sedimentation process stops. Major flocculation will completely halt
sedimentation at an early stage. Only major flocculation is visually
detectable showing a lack of material collected at the bottom of the
cylinder, a surface layer of clear fluid, or horizontal cracks in the
suspension.

11.7 Once the suspension has temperature equilibrated and
deflocculated, the suspension shall once again be mixed to

create a uniform suspension. Repeat the mixing procedure as
described in 11.3. Upon completion of agitation, make sure the

cylinder is on a stable surface and in a location where it will not
be subjected to any jarring or disturbance and immediately start
the timer as directed in either   11.7.2 or   11.7.3.   If using a

temperature controlled water bath, immediately place the
cylinder back into the water bath after agitation.
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11.7.1 If significant foam develops on top of the suspension
after mixing, immediately add up to three drops of isopropyl
alcohol to the suspension to reduce or eliminate the foam.

11.7.2 If using the agitator, start the timer when the paddle
of the agitator breaks the surface of the soil suspension. After
removing the agitator allow the “free” liquid on it to drain back 
into the sedimentation cylinder.

11.7.3 If using the tilting method, start the timer after
completion of the last inversion.

11.8 Hydrometer readings shall be taken at elapsed times of 
approximately, 1, 2, 4, 15, 30, 60, 240, and 1440 minutes.
Additional readings can be taken to better define the particle-
size distribution (gradation) relationship.

11.8.1 About 15 to 20 seconds before a reading is required,
gently place the hydrometer into the sedimentation cylinder to
a depth approximately equal to the level at which it will float
as described in 10.1.2. At the prescribed elapsed times and
when the hydrometer is stable, read and record the hydrometer
reading, r m, to the nearest 1 ⁄ 4  division, and record the elapsed
time,  t m.

11.8.2 When removing the hydrometer from the suspension,
the removal process should take about 5 to 10 seconds and be
with a steady motion. Generally there will be a drop of 
suspension at the tip of the hydrometer. Touch the tip to the
inside lip of the cylinder and allow the drop to flow back into
the cylinder.

11.8.3 With a spinning motion, place the hydrometer into a
wash cylinder filled with test water to clean off the hydrometer
(Note 20). Once the hydrometer is clean, remove and dry it off 
prior to the next reading or the reading in the control cylinder
if using companion measurements.

NOTE   20—While it is ideal to rinse the hydrometer off in a wash
cylinder that can be easily cleaned, it is permissible to rinse the
hydrometer in another suitable container filled with test water providing
there is ample room for the hydrometer to spin.

11.9 Immediately after taking a hydrometer reading, gently
insert the thermometric device into the soil suspension and
record the temperature, T m, to the nearest 0.5°C or better. Do
not allow the thermometric device to create disturbance in the
suspension. After removing the thermometric device, cover the
cylinder to prevent evaporation when the time between the
readings exceeds five minutes.

11.9.1 The temperature reading taken at the start of the
sedimentation test may be used for the initial series of time
readings up to 30 minutes. The temperature does not need to be
measured more frequently than 30 minutes and shall be
recorded at the elapsed times of actual measurements.

11.10 When using a companion measurement to determine
the temperature-density correction, the hydrometer, r d,m, and
temperature, T m, readings of the control cylinder shall be
measured and recorded in accordance with 10.2.1.1.

11.11 If the dry mass, M d, of the sedimentation specimen
has been or will be determined from a companion specimen,
the soil suspension is now ready to be washed over the No. 200
(75-µm) sieve.

11.11.1 Pour the soil suspension over the No. 200 (75-µm)
sieve. Take care in transferring the soil suspension from the

cylinder to the wash sieve so as not to lose material. Make sure
there is no remaining material in the cylinder and that the wash
water is running clear before transferring the material retained
on the sieve into the oven drying container. Record the
identification of the container and proceed to  11.13.

11.12 If the dry mass, M d, of the sedimentation specimen
was not determined using the water content taken in 9.10, then
the dry mass is obtained from the soil suspension used for the
sedimentation test.

11.12.1 After the last hydrometer reading is obtained, trans-
fer all of the soil suspension to the oven drying container as
described in 6.11. To facilitate the complete removal of all of 
the suspension, agitate the cylinder to distribute the soil as
described in 11.3 (Note 21). Pour the agitated suspension into
the container and record the identification of the container. If 
using the container as the tare to calculate the dry mass, also
record the mass of the container prior to adding the suspension
to the nearest 0.01 g. Use a wash/rinse bottle to aid in
transferring the slurry.

NOTE 21—It is not necessary to duplicate the exact requirements of  11.3
in order to sufficiently distribute the soil. Use only as many turns (tipping
method) or strokes (agitator method) as needed to dislodge the material
from the bottom of the cylinder. The purpose of this agitation is to reduce
the amount of additional water needed to remove all of the suspension
from the cylinder. Additional test water may be added to thoroughly clean
the cylinder and remove all of the suspension.

11.12.2 Dry the suspension to a constant mass in the drying
oven at 110 6 5°C. Usually constant mass is achieved after 24
hours when forced-draft type ovens are used. If there is any
uncertainty if the specimen has thoroughly dried, it is neces-
sary to perform the constant mass test after an additional six
hours in the drying oven, to verify it has indeed completely
dried before proceeding (Note 22).

NOTE 22—Determining the dry mass after the test adds additional time
and consideration. Because the oven must remove large amounts of water,
the drying time takes longer and the constant mass check interval is
extended. The large surface area of the specimen in the container allows
the material to potentially absorb more moisture from the air as it cools.

11.12.3 Remove the container from the drying oven and
allow it to cool in a desiccator or a tightly covered/sealed
container. After the container has cooled, determine and record
the dry mass of the soil plus dispersant,  M dd, to the nearest 0.01
g.

11.12.4 After recording the dry mass of soil plus dispersant,
 M dd, cover the specimen with tap water and allow the specimen
to soak. During soaking, gently stir the specimen to facilitate
the separation of particles. Pour the soaked material over the
No. 200 (75- µm) sieve. Take care in transferring the soil
suspension from the container to the wash sieve so as not to
lose material. Make sure there is no remaining material in the
container and that the wash water is running clear before
transferring the material retained on the sieve into the oven
drying container. Record the identification of the container if a
different container is used and proceed to  11.13.

NOTE  23—Test Methods  D1140  provides information on the washing
technique to use.

11.13 Dry the retained material to a constant mass in the
drying oven at 110 6 5°C. Usually constant mass is achieved
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overnight (~12-16 hours) when forced-draft type ovens are
used. If there is any uncertainty if the specimen has thoroughly
dried, perform the constant mass test after an additional two
hours in the drying oven, to verify it has indeed completely
dried before proceeding.

11.14 Remove the container from the drying oven and allow
it to cool in a desiccator or cover the container with a tight
fitting lid. After the container has cooled, determine and record
the dry mass of the soil retained on the No. 200 (75-µm) sieve,

 M dr, to the nearest 0.01g. During the washing process, the
dispersant has been removed and the resulting dry mass will
only include the particles retained on the sieve.

12. Calculations

12.1 Calculate the dry mass, M d, of the sedimentation
specimen using either of the following methods.

12.1.1   Dry Mass Using Moist Mass and Water Content— 

Using the water content, wc, of the companion specimen
determined in 9.6   and the initial moist mass, M m,  of the
sedimentation specimen, calculate the dry mass of the sedi-
mentation specimen based as follows:

 M d 5
 M m

11S wc

100
D

(4 )

where:

 M d  = mass of dry soil, nearest 0.01 g,
 M m = mass of moist soil, nearest 0.01 g, and
wc = water content, nearest 0.1 %.

12.1.2 Dry Mass Using The Sedimentation Specimen— 

Calculate the dry mass, M d, of the sedimentation specimen
based on the oven-dried material as obtained in  11.12 using the
following equation:

 M 
d 5 M 

dd 2  M 
disp (5 )

where:

 M d  = mass of dry soil, nearest 0.01 g,
 M dd  = mass of dry soil plus dispersant, nearest 0.01 g, and
 M disp = mass of dispersant, nearest 0.01 g.

12.2 Temperature-Density Correction: Calibration
 Relationships— When using the calibration relationship to
determine the hydrometer offset reading, r rd,m, calculate the
corrected hydrometer reading using the equation below that
corresponds to the hydrometer used during the test.

12.2.1 For the 151H hydrometer, compute the offset reading
for each sedimentation test reading using the following equa-
tion:

r d ,m5  A 2 7.78431026
3T m2 4.95931026

3T m
2 (6 )

where:

r d,m = 151H specific gravity hydrometer offset at reading,  m,
nearest 0.0001 (dimensionless),

 A = average specific gravity shift (151H hydrometer),
nearest 0.0001 (dimensionless),

T  = temperature at reading, m, readable to 0.5°C or better,
and

m = subscript indicating the reading number during the
sedimentation test.

12.2.2 For the 152H hydrometer, compute the offset reading
value for each sedimentation test reading using the following
equation:

r d ,m5 B 2 1.24831022
3T m2 7.95031023

3T m
2 (7 )

where:

r d,m = 152H g/L hydrometer offset at reading,  m, nearest 0.1
g/L,

 B = average mass shift (152H hydrometer), nearest 0.1
g/L,

T  = temperature at reading, m, readable to 0.5°C or better,
and

m = subscript indicating the reading number during the
sedimentation test.

12.3 Temperature-Density Correction: Companion
 Measurement— When using the companion measurement to
obtain the temperature-density correction, use the recorded
hydrometer offset reading taken in the control cylinder, r d,m,
that corresponds to the hydrometer used during the test.

12.4   Mass Percent Finer— For each hydrometer reading
taken in the soil suspension, compute the mass of material still
in suspension as a percentage of the sedimentation specimen
using the appropriate equation for the type of hydrometer used
during the test.

12.4.1 For each 151H hydrometer reading, calculate and
record the mass percent finer using the following equation:

 N m5 S G s

G s2 1 D S V sp
 M d 

D ρc~r m 2 r d ,m! 3100  (8)

where:

 N m = mass percent finer material at reading m, nearest 1 %,
V sp = volume of suspension, nearest 0.1 cm3,
 ρc = mass density of water at the temperature of manufac-

turer calibrated, g/cm3 (Note 24),
 M d  = dry soil mass of the sedimentation specimen, nearest

0.01 g,
Gs = specific gravity of soil, nearest three significant digits,

(dimensionless),
r m = hydrometer reading in suspension at reading m, read-

able to 0.00025 (dimensionless),
r d,m = hydrometer offset reading from reference solution at

same temperature as reading m, nearest 0.0001
(dimensionless), and

m = subscript indicating the reading number during the
sedimentation test.

NOTE   24—The mass density of water at the time of calibration is
dependent upon the temperature at time of calibration. H151 and H152
hydrometers are calibrated to 20°C, which gives a mass density of 0.98821
g/cm3.

12.4.2   Mass Percent Finer— For each 152H hydrometer
reading, calculate and record the mass percent finer using the
following equation:

 N m5 0.62263S G s

Gs2 1 D 3S V sp
 M d 

D ~r m 2 r d ,m! 3S 100

1000D (9 )

where:

0.6226  = correction factor to adjust for particle specific
gravity,
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r m = hydrometer reading in suspension at reading m,
readable to 0.25 g/L, and

r d,m = hydrometer offset reading from reference solution
at same temperature as reading  m, nearest 0.1 g/L.

12.5   Effective Depth— This value is used in the calculation
of the particle fall distance for each hydrometer reading. The
following equation is used to calculate the travel distance of the
particles when the hydrometer is inserted immediately before a
reading and is removed until the next reading.

 H m5 H r 21S ~ H r 1 2 H r 2!
~r 

2
2 r 

1!
3 ~r 

2
2 r m 1 C m!D 2 S  V hb

2 Ac

D
(10)

where:

 H m = distance particles fall at reading m  when the hydrom-
eter is inserted only for an individual reading, 2
significant digits, cm,

V hb = volume of the hydrometer bulb up to the base of the
stem, nearest 1 cm3,

 Ac = cross-sectional area of the sedimentation cylinder,
nearest 0.1 cm2,

 H r  = distance between the center of (volume) buoyancy and
the minimum ( H r2) and maximum ( H r1) hydrometer
readings nearest 0.1 cm,

r m = hydrometer reading in suspension at reading m, 151H:
readable to 0.00025 (dimensionless) 152H: readable
to 0.25 g/L,

C m = meniscus correction: 151H nearest 0.25 division (di-
mensionless) 152H: nearest 0.25 g/L,

r  = the minimum (r 2) and maximum (r 1) hydrometer
reading (dimensionless or g/L), and

m = subscript indicating the reading number during the
sedimentation test.

12.6  Maximum Particle Diameter in Suspension— For each
hydrometer reading, calculate and record the particle diameter
of the soil using the following equation:

 Dm5 SŒ  18 µ

ρwg~Gs 2 1!
·
 H m

t m
D 310  (11)

where:

 Dm = particle diameter, two significant digits, mm,
 µ = viscosity of water at 20°C, 0.0100 g/cm-s,
 ρw = mass density of water at 20°C, 0.99821 g/cm3,
g = acceleration dues to gravity, 980.7 cm/s2,
Gs = specific gravity of soil, three significant digits

(dimensionless),
t m = elapsed (fall) time, two significant digits, s,

 H m = particle fall distance, two significant digits, cm, and
m = subscript indicating the reading number during the

sedimentation test.

12.7   Percent Passing the No. 200 (75-µm)— Calculate the
percent passing the No. 200 (75-µm) sieve using the following
equation:

P p5 100S 1 2
 M dr 
 M d 

D   (12)

where:

P p = percent passing the No. 200 (75-µm) sieve, nearest
0.1 %,

 M d  = initial dry mass of the sedimentation specimen with-
out dispersant, nearest 0.01 g, and

 M dr  = dry mass retained on the No. 200 (75-µm) sieve,
nearest 0.01 g.

13. Report: Test Data Sheet(s)/Form(s)

13.1 The methodology used to specify how data are re-
corded on the test data sheet(s)/form(s), as given below, is
covered in 1.13 and in Practice D6026.

13.2 Record as a minimum the following general informa-
tion (data):

13.2.1 Identification of the material being tested, such as the
project identification, boring number, sample number, and
depth.

13.2.2 Test number, if any, testing dates and the initials of 
the person(s) who performed the test.

13.2.3 The sample preparation method used: moist or air-
dried

13.2.4 The specific gravity of the sedimentation specimen
and indicate if the value is assumed or measured.

13.2.5 The following apparatus identification used during
the test:

13.2.5.1 Hydrometer type (151H or 152H) and identifica-
tion number.

13.2.5.2 Sedimentation cylinder identification number.
13.2.5.3 Thermometric device identification number.
13.2.5.4 Balance identification number.
13.2.5.5 Oven identification number.
13.2.5.6 Wet washing sieve identification number.
13.2.6 Description and classification of the soil in accor-

dance with Practice  D2488   or when Atterberg limit data are
available, Practice D2487.

13.2.7 Describe any material that was excluded from the
specimen.

13.2.8 Describe any problems that were encountered.
13.2.9 Indicate any prior testing performed on the specimen.

13.3 Record as a minimum the following test specimen
data:

13.3.1 The size of the separation sieve used.
13.3.2 The estimated percentage passing the No. 200 (75-

µm) sieve, moist mass, and water content calculated or used in
9.5.

13.3.3 The water content of the material passing the No. 10
(2.0 mm) or finer sieve, if determined.

13.3.4 Moist mass of the sedimentation specimen.
13.3.5 Dry mass of the sedimentation specimen and indicate

how obtained: using companion water content or direct mea-
surement after testing.

13.3.6 Amount of dispersant used in the test.
13.3.7 The dry mass of the specimen plus dispersant, if 

applicable.
13.3.8 The percent passing the No. 200 (75-µm) sieve.
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13.3.9 The start time and date of the test.

13.3.10 Indicate if a foam inhibitor was used.

13.3.11 The maximum particle diameter of the material for
each hydrometer reading.

13.3.12 The mass percent finer for each hydrometer reading.

13.3.13 The hydrometer, temperature, elapsed time, offset,
and effective depth readings from the sedimentation test.

13.3.14 Tabulation of the mass percent finer including the
particle diameter in mm.

13.3.15 A graph of the percent passing versus the log of 
particle size in mm.

NOTE 25—Appendix X1 shows an example data sheet and an example
of the graphical display of the results of the test.

14. Precision and Bias

14.1   Precision— Test data on precision is not presented due
to the nature of the soil materials tested by this test method. An
ISR round-robin testing program was conducted; however, the
data has not yet been compiled. Subcommittee D18.03 is in the
process of determining how to report the data from the ISR
round-robin testing.

14.2   Bias— There is no accepted reference value for this test
method, therefore bias cannot be determined.

15. Keywords

15.1 clay; grain-size; hydrometer analysis; particle-size dis-
tribution (gradation); sedimentation; sieve analysis; silt

ANNEX

A1. CHECK OF HYDROMETER AND SEDIMENTATION CYLINDER

(Mandatory Information)

A1.1   General— There are many factors controlling the over-
all accuracy of sedimentation (hydrometer) test results. This
section covers how the equipment constants used in calculating
the sedimentation (hydrometer) test results are determined or
checked. The equipment tolerances for the hydrometer and
sedimentation cylinder are presented below.

A1.2   Hydrometer Standard Dimensions — The 152H and
151H hydrometers have specified dimensions in accordance
with Specification E100, as shown in   Fig. A1.1,   and the
hydrometer constants or equipment accuracy checks are listed
with the accepted tolerances and summarized below.

A1.2.1 The distance from the key reference point on the
nominal scale to the top or bottom of the hydrometer bulb H t
and H b in mm. The key reference point on the nominal scale for
152H hydrometers is 0.0 g/L and 1.000 specific gravity for a
151H hydrometer.

A1.2.1.1 Ht = 103 – 130 mm, with an average of 116.5 mm.
A1.2.1.2 H b  = 244 – 246 mm.

A1.2.2 The overall length of the hydrometer bulb, H Lb in
mm.

A1.2.2.1 H Lb   = 115 – 142 mm, with an average of 128.5
mm.

A1.2.3 The distance from the top or bottom of the hydrom-
eter’s bulb to the maximum diameter of the bulb,  H ct or  H cb in
mm (Note A1.1).

NOTE A1.1—It is possible for the maximum diameter and the center of 
(volume) buoyancy to have different locations on the bulb. When
calculating effective depth, the location of the center of (volume)
buoyancy should be used to calculate H r1 and  H r2, not the location of the
maximum diameter.

A1.2.3.1 H ct or  H cb = 58 – 71 mm, with an average of 64.5
mm assuming the volume of the bulb is symmetrical.

A1.2.4 The distance from the key reference point on the
nominal scale to the center of the bulb’s volume, H Lc in mm.

A1.2.4.1 H Lc = 174 – 188 mm, with an average of 181 mm.

A1.2.5 The length of the quoted nominal scale as stated in
Specification E100, H s  in mm.

A1.2.5.1 H s  = 82 – 84 mm, with an average of 83 mm.

A1.2.6 The distance between scale divisions, ∆ H s   in mm/ 
division (Note A1.2).

A1.2.6.1 ∆ H s   for 152H: Quoted scale of 0 – 50 g/L or 50
divisions, ∆ H s = 1.66 6 0.02 mm. Full (actual) scale is -5 – 60
g/L.

FIG. A1.1 Soil Hydrometer (151H or 152H)
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A1.2.6.2 151H: Quoted scale of 1.000 – 1.031 specific
gravity or 31 divisions, ∆ H s  = 2.68 6  0.03 mm. Full (actual)
scale is 0.995 – 1.038 specific gravity.

A1.2.7 The submerged volume of the hydrometer bulb,  V hb
in mL or cm3.

A1.2.7.1 V hb   is not a constant and shall be measured for
each hydrometer.

A1.2.8 The accuracy of the scale key reference point(s) on
the hydrometer scale.

A1.2.8.1 The scale key reference point for the 152H hy-
drometer is 0.0 6 1 g/L and 1.0006 0.001 specific gravity for
the 151H hydrometer read at the bottom of the meniscus.

A1.2.9 The length of the stem above and below the scale in
mm.

A1.2.9.1 Stem shall be uniform and extend at least 15 mm
above the top of the graduation and remain cylindrical for at
least 3 mm below the lowest graduation.

NOTE A1.2—It is assumed that ∆ H s   is uniform over the length of the
scale; however, this assumption is not true in accordance with Test Method
E126.   The equation in Test Method  E126   works fine for the 151H
hydrometers, but not for the 152H hydrometers since they start at zero.
Based on the Test Method E126 equation, the difference in ∆ H s at the top
and bottom of the 151H scale is about 6 %.

A1.3   Checking the Dimensions— The dimensions provided
in   A1.2.1   through   A1.2.8   shall be checked and documented
prior to use. The dimensions provided in   A1.2.9   shall be
checked and documented once every 12 months. If any of the
standard dimensions do not fall within the allowable ranges,
the hydrometer shall not be used.

A1.3.1   Distance/Length— The length dimensions shall be
made and recorded to the nearest 0.5 mm. They can be made
using either, and given in order of preference: a height gauge
(digimatic, dial, or vernier), calipers (digimatic, dial, or
vernier), or a ruler and square (the square is used to transcribe
the measurement from the hydrometer to the ruler). The line of 
contact between the hydrometer stem and bulb can be estab-
lished and marked using one of two methods. The first choice
is to measure the diameter of the stem with calipers, increasing
this measurement by about 1 mm and marking the spot where
the calipers encounter the bulb. The other method is to visually
determine this line of contact and mark it. The visual determi-
nation may be assisted by feeling the contact point with fingers.
Marking can be accomplished by placing lengthwise a thin
strip of label paper/marking tape across the line of contact and
then marking it with a pencil.

A1.3.2   Scale Length— The quoted scale length shall be
measured and recorded to the nearest 0.5 mm using either
calipers or a machinist ruler. The distance between scale
divisions is simply that length divided by the number of 
divisions and recorded to the nearest 0.01 mm/div. The error
stated in Note A1.1   is ignored.

A1.3.3  Scale Key Reference Points— The 152H hydrometer
should read 0.0 6 1 g/L and 1.000 6 0.001 specific gravity for
the 151H hydrometer at the bottom of the meniscus when
placed in distilled water that is free of gas bubbles at the
calibration temperature of the hydrometers. At temperatures

other than the calibration temperature of the hydrometer, the
required reading shall be adjusted by the ratio of the density of 
water at the calibration temperature to the density of water at
the check temperature. The check temperature shall be mea-
sured to the nearest 0.5°C and the density value associated with
that temperature obtained from  Table A1.1.  If the hydrometer
does not read within the allowable range, it shall not be used.

A1.3.4   Volume— The volume dimension,  V hb, shall be made
and recorded to the nearest 1 cm3 using either the direct or
indirect method. The direct method is done by inserting the
hydrometer into a graduated cylinder filled with test water
having a minimum scale sensitivity of 5 mL per division. Read
and record the volume in the cylinder prior to inserting the
hydrometer to the nearest 2 mL. Insert the hydrometer into the
test water just to the base of the stem then read and record the
volume to the nearest 2 mL. The volume of the hydrometer is
the difference in the volume readings before and after insertion
into the test water. The volume is the average of three
determinations that are within 2 mL of each other. The indirect
method is done by determining the mass of the hydrometer.
The volume can be measured by placing a partially filled
beaker of room temperature test water on a balance, zero or
tare the balance, and then lowering the hydrometer into the
water just to the base of the stem. While holding the hydrom-
eter in place, read and record the mass of displaced water to the
nearest 0.1 g. Using an approximate mass density of water
equal to unity (1), the volume of the hydrometer bulb in cm 3

will be equal to the mass reading.

A1.3.5  Center of (Volume) Buoyancy— Determine the center
of (volume) buoyancy using the direct or indirect method
described in A1.3.4, except the bulb is inserted until the mass
or water level change is half of the volume of the bulb as
determined in A1.3.4.

A1.4   Sedimentation Cylinder Dimensions—The sedimenta-
tion cylinder constants or equipment accuracy checks are listed
with the accepted tolerances and summarized below. The
cylinder shall be checked and documented prior to use.

A1.4.1 The accuracy of key volume mark is 1,000 6 5 mL
in mL or cm3.

A1.4.1.1   Volume— Verify the 1,000 mL mark is correct by
performing the following steps. Place the cylinder on a balance
and zero it. Add distilled water free of air bubbles, having a
known temperature, T , nearest 1°C, to the cylinder until the
balance reads the required mass, M w. The mass, M w,  in g,
equals 1,000 times the density of water, ρw, at T   taken from
Table A1.1. Read the water level at the bottom of the meniscus.
The level should be within about 5 mL or ~2 mm of the 1,000
mL mark on the cylinder. If the mark is not correct, remark the
cylinder with the correct 1,000 mL line or do not use the
cylinder. If the cylinder is remarked, the correct or incorrect
line shall be clearly marked as such to prevent misuse of the
incorrect line marking. Record the volume to the nearest 0.1
cm3.

A1.4.2 The inside area,  Ac, in cm2.

A1.4.2.1   Area— Determine the inside area of the cylinder,
 Ac, by using a commercial-grade meter stick or tape measure
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reading in cm or mm. Insert the meter stick or tape measure
into the cylinder until it touches the inside bottom of the
cylinder. Read and record the distance from the inside bottom
of the cylinder to the 1,000 mL mark to the nearest 1 mm.
Repeat this procedure at two more locations on the inside
bottom of the cylinder for a total of three readings. Determine
and record the average distance, D1000, to the nearest 1 mm.
Calculate and record the area of the cylinder, Ac, ( Ac = 1,000 ×
(10/D1000)) to the nearest 0.1 cm2.

NOTE A1.3—For example, if the 1,000 mL mark is determined to be 360
mm from the inside bottom of the cylinder, the inside area is 27.8 cm2 and

the diameter is then 59.5 mm. For a 63.5 mm inside diameter cylinder, the
1,000 mL mark should be approximately 316 mm from the inside bottom.

A1.4.3 The inside area’s uniformity above the key volume
mark.

A1.4.3.1   Area Uniformity— Determine and record the uni-
formity of the area above the 1,000 mL. Add 150 6 1 mL or
150 6 1g × ρw at T   of bubble free, distilled water to the
cylinder filled with 1,000 mL of distilled water. If the water
surface raises 150 × (10/  Ac) 6   0.25 mm, then the area is
considered uniform. If this tolerance isn’t met, the cylinder
shall not be used.

TABLE A1.1 Density of Water (ρw) Versus Temperature (T )A

T  ρw T  ρw T  ρw T  ρw

(°C)  (g/ML)  (°C)  (g/ML)  (°C)  (g/ML)  (°C)  (g/ML)
15.0  0.99910  16.0  0.99895  17.0  0.99878  18.0  0.99860

.1  0.99909  .1  0.99893  .1  0.99876  .1  0.99858

.2  0.99907  .2  0.99891  .2  0.99874  .2  0.99856

.3  0.99906  .3  0.99890  .3  0.99872  .3  0.99854

.4  0.99904  .4  0.99888  .4  0.99871  .4  0.99852

.5  0.99902  .5  0.99886  .5  0.99869  .5  0.99850

.6  0.99901  .6  0.99885  .6  0.99867  .6  0.99848

.7  0.99899  .7  0.99883  .7  0.99865  .7  0.99847

.8  0.99898  .8  0.99881  .8  0.99863  .8  0.99845

.9  0.99896  .9  0.99879  .9  0.99862  .9  0.99843
19.0  0.99841  20.0  0.99821  21.0  0.99799  22.0  0.99777

.1  0.99839  .1  0.99819  .1  0.99797  .1  0.99775

.2  0.99837  .2  0.99816  .2  0.99795  .2  0.99773

.3  0.99835  .3  0.99814  .3  0.99793  .3  0.99770

.4  0.99833  .4  0.99812  .4  0.99791  .4  0.99768

.5  0.99831  .5  0.99810  .5  0.99789  .5  0.99766

.6  0.99829  .6  0.99808  .6  0.99786  .6  0.99764

.7  0.99827  .7  0.99806  .7  0.99784  .7  0.99761

.8  0.99825  .8  0.99804  .8  0.99782  .8  0.99759

.9  0.99823  .9  0.99802  .9  0.99780  .9  0.99756
23.0  0.99754  24.0  0.99730  25.0  0.99705  26.0  0.99679

.1  0.99752  .1  0.99727  .1  0.99702  .1  0.99676

.2  0.99749  .2  0.99725  .2  0.99700  .2  0.99673

.3  0.99747  .3  0.99723  .3  0.99697  .3  0.99671

.4  0.99745  .4  0.99720  .4  0.99694  .4  0.99668

.5  0.99742  .5  0.99717  .5  0.99692  .5  0.99665

.6  0.99740  .6  0.99715  .6  0.99689  .6  0.99663

.7  0.99737  .7  0.99712  .7  0.99687  .7  0.99660

.8  0.99735  .8  0.99710  .8  0.99684  .8  0.99657

.9  0.99732  .9  0.99707  .9  0.99681  .9  0.99654
27.0  0.99652  28.0  0.99624  29.0  0.99595  30.0  0.99565

.1  0.99649  .1  0.99621  .1  0.99592  .1  0.99562

.2  0.99646  .2  0.99618  .2  0.99589  .2  0.99559

.3  0.99643  .3  0.99615  .3  0.99586  .3  0.99556

.4  0.99641  .4  0.99612  .4  0.99583  .4  0.99553

.5  0.99638  .5  0.99609  .5  0.99580  .5  0.99550

.6  0.99635  .6  0.99607  .6  0.99577  .6  0.99547

.7  0.99632  .7  0.99604  .7  0.99574  .7  0.99544

.8  0.99629  .8  0.99601  .8  0.99571  .8  0.99541

.9  0.99627  .9  0.99598  .9  0.99568  .9  0.99538

AReference: CRC Handbook of Chemistry and Physics, David R. Lide, Editor-In-Chief, 74th Edition, 1993 – 1994.
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APPENDIX

X1. EXAMPLE DATA SHEETS, GRAPH, AND EQUIPMENT CHECKS

(Nonmandatory Information)

X1.1   General— The data sheets in  Fig. X1.1and   Fig. X1.2
are provided as examples to assist the user by showing results
of the calculations performed.   Fig. X1.3   is provided as an
example of how the results of   Fig. X1.1   can be displayed
graphically. Fig. X1.1   data is calculated using the calibration

relationship and   Fig. X1.2   data is calculated using the com-
panion cylinder.   Figs. X1.4-X1.6   are examples of typical
checks of the hydrometer and sedimentation cylinder.   Fig.
X1.7 is an example of the meniscus correction and determina-
tion of the A constant for a 151H hydrometer.
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FIG. X1.1 Example Data Sheet Using Calibration Relationship
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FIG. X1.2 Example Data Sheet Using Companion Measurement
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FIG. X1.3 Typical Graph of Data
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FIG. X1.4 Example Hydrometer Check 
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FIG. X1.5 Example Sedimentation Cylinder Check—No Adjustment
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FIG. X1.6 Example Sedimentation Cylinder Check—Adjustment
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in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk 
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FIG. X1.7 Example of Constant A and Meniscus Correction Determination
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CERTIFICATE OF ANALYSIS 

Client: WSP Canada Inc. 
7250 rue du Mile End, 
3e etage, Montreal, 
QC, Canada, H2R 3A4 

Work Order:   23MIS900 R02 2) 
Date Received: July 04, 2023 
Date Analyzed: July 17-27, 2023 
Date Reported: July 19, 2023 
Date Revised:  July 28, 2023 2) 

Requested by: Christian Sole Analysis: Crystalline Silica in PM75 2), PM4, 
PM10 fractions 

Client’s reference: - Reference Procedure: NIOSH 7602 with modification 1) 
 FTIR 

 
Results: 
 

Clients Laboratory 
Quartz 

in PM75 2,3) 

Cristobalite 

in PM75 2) 
Quartz 

in PM10 
Cristobalite 

in PM10 
Quartz 
in PM4 

Cristobalite 
in PM4 

Sample ID # Sample ID # % by Wt % by Wt % by Wt % by Wt % by Wt % by Wt 

MFQRoute 
A1 

23MIS900 
-A1 

3.2% <RL 1.8% <RL 1.8% <RL 

MFQRoute 
A2 

23MIS900 
-A2 

3.0% <RL 1.6% <RL 1.6% <RL 

MFQRoute 
A3 

23MIS900 
-A3 

2.9% <RL 1.7% <RL 1.7% <RL 

Reporting Limit (RL) RL=0.5% RL=0.5% RL=0.5% RL=0.5% RL=0.5% RL=0.5% 
 

Comments: 
1) Method is modified for the analysis of bulk materials. Samples were analyzed in duplicate and the average 

result is reported.  
2) Typo in fraction ID is corrected. 
3) The fraction PM75 was re-analyzed by implementing a diligent sample preparation technique: samples 

were ashed at 490C to remove organic interferences, washed with acids to remove water-soluble and acid-
soluble interferences, and then pulverized down to 4-micron dust to achieve the optimal analytical 
response.  

Notes: 

• Samples were accepted for analysis. 

• Reporting Limit (RL) is the lowest concentration reported by the laboratory. 

• Test results pertain only to the analysis of samples herein reported. 
 

       
Analyst: Raisa Stadnichenko, Ph.D.   Reviewer: Stepan Reut, Ph.D. 
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TECHNICAL LETTER 

Client: WSP Canada Inc. 
7250 rue du Mile End, 
3e etage, Montreal, 
QC, Canada, H2R 3A4 

Work Order:   23MIS900 
Date Received: July 04, 2023 
Date Prepared: July 19, 2023 
  
  

Requested by: Christian Sole   

Client’s reference: -   
 

 

Comparison of XRD and FTIR techniques in application to analysis of 
natural and industrial bulk materials.  

 
1. Introduction: Crystalline silica, commonly found in the form of quartz, is a naturally occurring mineral 

widely used in various industries. Its potential health hazards, particularly in the form of fine 
respirable dust, have led to an increased demand for accurate and reliable analytical techniques. In 
this technical bulletin, we present two alternative methods for the analysis of crystalline silica - 
Fourier Transform Infrared Spectroscopy (FTIR) and X-ray Diffraction (XRD). 

2. Fourier Transform Infrared Spectroscopy (FTIR): FTIR is a non-destructive technique used to identify 
and quantify different chemical bonds present in a sample. In the context of crystalline silica analysis, 
FTIR is effective in determining the presence of Si-O bonds, which are characteristic of silica minerals. 
2.1. Principle: FTIR works on the principle that molecules absorb infrared radiation at specific 

frequencies, corresponding to the vibrational modes of their chemical bonds. Silica's 
characteristic Si-O stretching vibration produces a distinct absorption band in the FTIR spectrum. 

3. Sample Preparation: The sample is ashed at 500C followed by washing in acids to remove organic, 
carbonate, and water-soluble impurities. The concentrated mineral residue is ground into micron size 
particles and mixed with potassium bromide (KBr). The mixture is then pressed into a pellet for 
analysis. 

4. Instrumentation: An FTIR spectrometer equipped with an infrared detector is used to measure the 
transmitted or reflected light through the sample. The resulting spectrum displays peaks at specific 
wavenumbers corresponding to different molecular vibrations. 

5. Advantages of FTIR: 

5.1. Detection limits suitable for most industrial applications (about 0.1-1% by weight). 

5.2. Identifies quartz using 3 bands and Cristobalite using 2 bands which reduces the possibility of 
false results. 

5.3. Typical relative standard deviation of our analytical procedure is 0.09 (9%-relative) 

6. Limitations of FTIR: 

6.1. Cannot differentiate between some crystalline forms of silica (e.g., tridymite). 

6.2. Sensitivity is particle size dependent and drops 3-5 fold for particles of above 20 microns.  

mailto:info@LCSlaborATORY.com
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6.3. Phosphates and insoluble sulphates may cause positive interference.  

7. X-ray Diffraction (XRD): XRD is a powerful technique used to determine the crystal structure and 
phase composition of crystalline materials, including silica minerals like quartz. 
7.1. Principle: XRD relies on X-rays' interaction with the sample's crystalline lattice. When X-rays pass 

through a crystalline material, they are diffracted at specific angles, producing a unique 
diffraction pattern characteristic of the crystal structure. 

8. Sample Preparation may include the separation of clay, graphite, and amorphous minerals that 
interfere with the determination of the Quartz. The details of sample preparation can be requested 
from the testing laboratory.   

9. Advantages of XRD: 

9.1. Can differentiate between different crystalline forms of silica (e.g., quartz, cristobalite, 
tridymite). 

9.2. Provides detailed information about the crystal structure and phase composition of pure 
materials. 

10. Limitations of XRD: 

10.1. Requires a pure, crystalline sample for accurate results. 

10.2. This is a low-resolution technique, which is prone to false positive interferences from 
various crystalline forms.  

10.3. Amorphous materials can cause positive interference due to increased background 

10.4. Clay causes positive interference due to increased background. 

10.5. Graphite causes positive interference due to the identical refractive angles with the 
quartz.  

10.6. More time-consuming than FTIR, and may involve more extensive sample preparation. 
Therefore the instrument is usually calibrated using 1-point calibration, which may cause biased 
results.  

10.7. The method is rarely used for the detection of trace analysis of minerals, due to all sorts 
of interferences from mineral objects 

10.8. The method rapidly loses sensitivity for particles smaller than 10 microns.  

11. Conclusion: Both FTIR and XRD are valuable analytical techniques for the analysis of crystalline silica.  
11.1. Both methods are particle size sensitive 

11.1.1. XRD produces negatively biased results for the samples with a particle size of under 10 
microns, and therefore more suitable for analysis of bulk materials 

11.1.2. FTIR produces negatively biased results for the samples with a particle size of above 10 
microns, and therefore more suitable for analysis of airborne dust. When the bulk material 
should be tested, the sample should be pulverized to micron size. 

11.2. In application to the analysis of natural materials, the XRD technique may be affected by 
impurities that can cause false positive results. Those interferences can be partially eliminated 
during sample preparation. Please discuss with the reference lab what sample preparation was 
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used.     
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Prepared by: Stepan Reut, Ph.D. 
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