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Abstract. We tested laser diffraction particle size analy- 1998), thus facilitating very detailed studies of particle size
sis in poorly coherent carbonate platform cataclastic brecdistributions in geological structures.

cias and unfaulted quartz-rich eolian sands, representing low- Laser diffraction particle size analysers provide indirect
and high-strength granular materials, respectively. We usedize measurements of spherically equivalent particles, based
two different instruments with different sample dispersion on the principle that particles of a given size diffract light
and pumping systems and several wet analytical proceduregirough a given angle that increases logarithmically with de-
that included different pump speeds, measurement precisioBreasing size (e.g. Beuselinck et al., 1998). In “wet proce-
tests with and without sample ultrasonication, and differentdures”, a few grams of material are dispersed into a liquid
dispersant liquids. Results of our work indicate that highthat circulates across a quartz measurement cell illuminated
strength material is not strongly affected by analytical op-by a laser beam (Fig. 1). Different instruments have dif-
erating procedures, whereas low strength materials are verferently designed systems for stirring the dispersant liquid
sensitive to the pump speed, ultrasonication intensity, andnto the tank and ensuring its circulation through the mea-
measurement run time. To reduce such a data variability, wgurement cell by mechanical pumping. A wide variety of
propose a workflow of analytical tests preliminary to the setstandard operating procedures (SOP) can be set up in laser
up of the most appropriate SOP. diffraction particle size analysers. They include the pump
speed, the number of measurement runs, the length of the
measurement time, and the use of dispersing agents and/or
ultrasonication to aid sample disaggregation and dispersion
(e.g. Blott et al., 2004; Sperazza et al., 2004). It follows that

Particle size distributions provide fundamental information Measurement results, particularly when dealing with datasets
for rock characterization and geological process descripproducgd by different operators and/ordlfferentlnstrumen'ts,
tion in earth sciences, including sedimentology, stratigraphycan Pe influenced by the adopted SOP. Sample ultrasonica-
structural geology, pedology, and volcanology (e.g. Krum-t'onj for example, can a|_d particle dlsaggregatlon by collision
bein, 1941; Irani and Callis, 1963; Engelder, 1974; Fried-O': In Some cases, particle agglomeration (e.g. Mason et al.,
man, 1979; Sheridan et al., 1987; Rieu and Sposito, 1991)2003; Blott et al., 2004).

In the last three decades, laser diffraction particle size analy- In this study we analysed particle size distributions of un-
sers have proved to be an effective tool for providing particlefaulted quartz-rich (83% quartz, 9% plagioclase, and 8%
size distributions of poorly coherent rocks and soils (Weissfeldspar) eolian sands from the Priverno quarry, on the
and Frock, 1976; McCave et al., 1986; de Boer et al., 1987:Tyrrhenian side of the Central Apennines (e.g. Angelucci
Wanogho et al., 1987; Agrawal et al., 1991; Loizeau et al.,and Palmerini, 1961), and carbonate cataclastic breccias
1994; Pye and Blott, 2004; Blott and Pye, 2006). This is be-from the active Assergi extensional fault system, which
cause they require little time for analysis, cover a wide sizebounds to the south the Gran Sasso Massif in the Central
range, and require small size samples (e.g. Beuselinck et alAPennines, Italy (e.g. D’Agostino et al., 1998). Our results
indicate that particle size data measurement by laser diffrac-
tion granulometry is not straightforward in fragile granular

Correspondence tcF. Storti materials. We provide an analytical workflow for prelimi-
BY (storti@uniromag3.it) nary testing, which is propedeutic to final SOP determination

1 Introduction
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Particle size distributions were measured from wet disper-

Computer sions using both small (Malvern Hydro 2000 S) and large

Stirring and ' (Malvern Hydro 2000 MU) volume sample dispersion units
ultrasonication — L available for the Mastersizer 2000 granulometer. The Hy-
Projection dro 2000 S unit has a capacity of 50 to 120 ml and is equipped

— lens with a continuously variable single shaft centrifugal pump

< Laser 5 and stirrer (up to 3500 revolutions per minute; in the follow-
S Measure © ing rpm), and by a continuously variable ultrasonic probe.
% The Hydro 2000 MU unit has a dispersion mechanism con-
—Q sisting of a sample recirculation head immerged into a stan-

[ | dard laboratory beaker (capacity of 600 to 1000 ml), which

Water-particle suspension ——4 gal pump (from 600 to 4000 rpm), and a continuously vari-
able ultrasonic probe (maximum power is 20 um of tip dis-
placement). A comparative wet analysis was performed by

Fig. 1. Schematic cartoon showing the main components of a lasela Cilas 930 laser diffraction granulometer manufactured by

diffraction particle size analyser. See text for details. Cilas, which measures particle size distributions in the 0.2 to

500 um size range of wet dispersions by diffraction of a laser

light of 830 nm wavelength, based either on the Fraunhofer

in granular rocks. The proposed testing procedure can resufiy wje diffraction theories. Sample recirculation is achieved
appropriate for a wide variety of rock types, including cata- by two peristaltic pumps.

clastic rocks in fault zones and clastic sediments that under- The analysed carbonate fault breccia sample, named

went burial-related grain microfracturing. CABRES3, was collected in the same site of sample CABRE1
described in Storti and Balsamo (2010), and was sieved
at 500 um to account for the analytical size range of the
Cilas 930 laser diffraction particle size analyser. Repro-
Most granulometric analyses were performed with a Mas-ducible sub-sampling up to about 20g weight of the total
tersizer 2000 laser diffraction granulometer and associate§ample amount was achieved by using a Quantachrome Siev-
dispersion units manufactured by Malvern Instruments Ltd.ing Riffler-Rotary Sample Splitter. Sub-sample aliquots nec-
This laser diffraction particle size analyser is designed foressary to produce laser obscuration values between 10% and
measuring particle sizes in the 0.02 to 2000 um range by us15% were randomly selected from sub-samples (from 0.5g
ing a blue (488.0 um wavelength LED) and red (633.8 umto few grams) and added into the liquid-filled beaker for anal-
wavelength He-Ne laser) light dual-wavelength, single-lensysis.

detection system. The light energy diffracted by the di-

lute suspension circulating through the cell is measured by

52 sensors. The light intensity adsorbed by the material ig3 Factors influencing data acquisition and processing
measured asbscurationand indicates the amount of sam-  from dilute suspensions: testing strategy

ple added to the dispersant liquid. Light scattering data are

accumulated in 100 size fractions bins, which are analyseddoth chemical and mechanical factors can influence light
at 1000 readings per second, and compiled with Malvern'sscattering data obtained from dilute suspensions (e.g. Sper-
Mastersizer 2000 software by using either full Mie or Fraun- 8zza et al., 2004). Chemical interactions can in fact oc-
hofer diffraction theories (de Boer et al., 1987). Light scatter-Cur between dispersion medium, the analysed material and,
ing data acquired by the Mastersizer 2000 granulometer wer80ssibly, dispersing agent. Mechanical sample alteration
all mathematically inverted using the Mie theory, which uti- ¢an be produced by two major factors: (i) ultrasonication
lizes the refractive index (RI) and absorption (ABS) of the during sample recirculation and (i) centrifugal pump and
dispersed granular material, and RI of the dispersant liquidstirrer speed. Moreover, the conversion of light scatter-
This theory is based on the assumption that: (1) particlednd data into particle size distributions depends on the op-
are mineralogically homogeneous; (2) particles are sphericaftical properties of both analysed material and dispersant lig-
(3) the optical properties of particle and dispersion mediumuid. The high variability of the optical properties of rocks
are known; (4) suspension dilution guarantees that light scatand sediments commonly requires iterative data reprocess-

tered by one particles is measured before being-re-scatterd@d unless essentially monomineralic materials are analysed
by other particles. (e.g. Sperazza et al., 2004). To investigate on the influence

of parameters listed above, we set up the following tests
on monomineralic materials like eolian quartz sand (sub-
sample aliquots SAND1x) and carbonate cataclastic breccia

l Pump — contains a built-in stirrer and sample recirculation centrifu-

2 Instruments overview
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(sub-sample aliquots CABRE3Xx): pump speed test, measure-

ment precision test (instrument precision test of Blott et al.,

2004), ultrasonication test, chemical test, and reprocessing 1 n

test. | pump speed range |
The pump speed test is labelledt@st, where is the mea- I |

surement run time (i.e. the number of readings that are aver-

aged in a single measurement), and consists of measurement MPt s,

runs performed on a given sub-sample aliquot, at different + +

stirrer and pump speed (in the following simply referred to as USdg,

pump speed) for a given The test starts with the set up of

laser obscuration values between 10% and 15% at half of the v

maximum pump speed. The pump speed is then lowered to
the minimum value and few (typically 10) measurement runs
are performed before increasing the pump speed (typically

best sample recirculation and
measure run time parameters

by 100 rpm). Progressive measurement steps are carried out v
up to the maximum pump speed. Results are plotted in a :
mean diameter versus pump speed graph to select the most Chemical test

appropriate rpm value for further analyses. The measurement

precision test is labelled Mp, wheres is the pump speed,
and consists of measurement runs acquired at given pump best dispersant liquid
speed and measurement run time during sub-sample recir-

culation through the measurement cell. OurMBnalyses V
typically consisted of 100 measurement runs, which means
some hundred thousands of instrument readings. Analysis of

Reprocessing test

data trends is included in the measurement precision test to 4

help selecting the most appropriate number of measurement Final

runs and to prevent significant mechanical bias. Addition SOP | SP test
of sub-sample ultrasonication to the measurement precision

test produces the ultrasonication test US, which is labelled P DT e aot precision test

as USls, whered is the probe tip displacement in the Hy- US = Ultrasonication test

dro 2000 MU dispersion unit. Chemical effects were inves- t = measurement run time

s = pump speed

tigated by repeating the above mentioned sample tests using d = probe fip displacement

different dispersion liquids. The suffixis added to the ap-

propriate test labelling in order to indicate the dispersion lig- iy > Fiow chartillustrating the main steps that constitute the pro-
uid used, which can be a solution with a dispersing agent. Weyosed workflow to select the most appropriate operating procedure
did not use specific labelling for decalcified tap water by cou-for analyzing granular materials. See text for details.
pled magnetic and chemical commercial devices, which was
used in most of our analyses. The reprocessing test consists
of changing the optical properties of both granular materialthe mode and percentiles, among whiRlhy, Dsp, and Dgg
and dispersant liquid during light scattering data processingre the most common ones. Once the most appropriate pa-
of a given analysis by the Mie theory through the Master-rameters in terms of best sample recirculation, measurement
sizer 2000 software. run time, and measurement run number are selected, all in-
Our preferred workflow (Fig. 2) starts with a pump speed formation for defining the most appropriate SOP is available
test to provide indications on the pump speed range for furfor a given dispersion liquid. The next step is to check the
ther testing. Short measurement run times (typically 5s asffectiveness of the selected dispersion medium by running
a starting value) are used in pump speed analyses, in ordéhe same test with different dispersion liquids. Comparison
to minimise sub-sample mechanical alteration without com-of all results leads to the selection of the final SOP, which
promising the statistical robustness of the data. Results frontcan be repeated for several sub-samples to perform a sam-
the P-test provide constraints for MP and US test pairs perpling precision test (Blott et al., 2004) that allows evaluating
formed at the same pump speed values. More than one testeasurement reproducibility (Fig. 2).
pair can be performed to investigate uncertainties associated The sequential logic of these tests implies that results from
with the pump test. Cross checking of results from the MPone test are then used to properly set up the following ones.
and US tests is commonly achieved by comparing the beConsequently, data interpretation is directly provided in sub-
haviour of mean diameters, of the corresponding laser obsections associated with the corresponding test descriptions.
scuration values, and of other statistical parameters includingn most tests, for comparative purposes we acquired 100
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Fig. 3. Results of the pump speed test performed on sub-sample aliquot SAND1a by the Hydro 2000 MU dispersion (@itVlean
diameter value evolution with increasing the pump speed from 600 up to 400Qpbraser obscuration value progression during the same
test.(c) Progression 0D, Dsg, andDgg during the same tes{d) Granulometric curves obtained by averaging data from the corresponding
10 measurement runs during representative pump speed @gpsstribution of clay, silt, and sand size fractions during the test. Note that
the sand fraction quickly reaches 100% of the sample material. See text for details.

measurement runs regardless of indications from previougpump speed values (Fig. 3b). The trendaab, Dso, andDgg
tests. This because of the short time required by laser diffracpercentile data points strongly resembles the distribution of
tion particle size analysers to acquire light scattering datathe mean diameters (Fig. 3c). Granulometric curves averaged
thus encouraging the collection of large datasets from whictover 10 measurement runs indicate a strongly unimodal par-
sub-sets can then be easily extracted. ticle size distribution with some variability of both volume
percentage and modal peak size between 900 and 1500 rpm.
Conversely, almost overlapping curves support strongly con-
sistent results at pump speed values greater than 2000 rpm
) (Fig. 3d). The well sorted particle size distribution of the
Results of the Btest of sub-sample aliquot SANDla ¢5mpie s illustrated by the pattern of clay, silt, and sand size

(i-e. 5000 readings of the scattered light energy distributionyactions: starting from 700 rpm, the latter includes 100% of
for each measurement run) are illustrated in Fig. 3. Meanye analysed material (Fig. 3e).

diameters show an asymmetric bell-shaped trend character-

ized by very low values at 600 and 700 rpm, a maximum at The R-test of sub-sample aliquot CABRE3a shows an
1000 to 1200 rpm, and an almost flat envelope of mean di-asymmetric bell-shaped trend characterized by very low val-
ameter values at pump speed higher than 1800 rpm (Fig. 3alles of mean diameters at 600 to 800 rpm, followed by an
The corresponding laser obscuration values show a muchbrupt increase up to 1100 rpm (Fig. 4a). With increasing
higher variability, with a peak at 900 rpm and a minimum the pump speed, mean diameter values rapidly decrease up to
at 1300 rpm, followed by a near constant increase at highed500 rpm and then continue to overally decrease quite slowly

4 Pump speed test
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Fig. 4. Results of the pump speed tesgt performed on sub-sample aliquot CABRE3a by the Hydro 2000 MU dispersion (ahiklean
diameter value evolution with increasing the pump speed from 600 up to 400Qphaser obscuration value progression during the same
test. (¢) Progression oD1q, Dsg, and Dgg percentiles during the same te@l) Granulometric curves obtained by averaging data from the
corresponding 10 measurement runs during representative pump spee@ejtejsribution of clay, silt, and sand size fractions during the
test.

up to the maximum pump speed. The corresponding laser obmodal values, and the volume percentage of finer particles
scuration values show a rapid initial increase up to about 18%equivalent diameter smaller than about 100 pm) correspond-
at 1000 rpm, followed by a rapid decrease towards the initialingly increases. The pattern of clay, silt, and sand size frac-
reference value (between 14.8% and 15.2%). A short-livedtion curves indicates an initial dominance of silt sizes, fol-
plateau occurs up to 2000rpm and then obscuration conlowed by their abrupt decrease and a corresponding increase
stantly increases with increasing the pump speed (Fig. 4b)of sand size fractions at pump speed values corresponding
The D1g, Dso, and Dgg percentiles show bell-shaped en- to the maximum mean diameter (Fig. 4e). At pump speed
velopes, qualitatively similar to that of the mean diametervalues higher than 1500 rpm, the sand size fraction slightly
(Fig. 4¢). From 2000 to 4000 rpm, thegg data point enve-  varies about a plateau value, the silt size fraction slightly de-
lope shows a constant and significant decrease, viigs creases, and the clay size fraction slightly increases.
characterized by a higher scattering and only a slightly de- Results of the Rtest of sub-sample aliquot CABRE3b are
creasing trendDjg values decrease as well and at 4000 rpmillustrated in Fig. 5. The overall behaviour of this test is sim-
reach almost half of the value at 2000 rpm. Granulometricilar to the previous one, with a slightly higher scattering of
curves averaged over 10 measurement runs, are characterisetan diameter and percentile values. Granulometric curves
by a strongly asymmetric shape that includes a major peakio not show the almost constant shape evolution that charac-
in the coarser fractions and a subordered “long tail” in theterises those acquired at 5 s of measurement run time, despite
finer ones (Fig. 4d). With increasing the pump speed, thethe overall trend is comparable with the latter.

height of the major peak decreases and shifts towards finer

www.solid-earth.net/1/25/2010/ Solid Earth, 1, 282010
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Fig. 5. Results of the pump speed test performed on sub-sample aliguot CABRE3b by the Hydro 2000 MU dispersion (@)iMean
diameter value evolution with increasing the pump speed from 600 up to 400Qphaser obscuration value progression during the same
test. (c) Progression oD, Dgq, and Dgg percentiles during the same tefd) Granulometric curves obtained by averaging data from the
corresponding 10 measurement runs during representative pump speedesteribution of clay, silt, and sand size fractions during the
test.

A comparative B-test of sub-sample aliquot CABRE3c Interpretation of the pump speed test results
was performed with the Hydro 2000 S dispersion unit. The

overall behaviour is quite similar to the previous test, with The meaning of the bell-shaped curve provided by pump
very low mean diameter values at 500 rpm, a maximum atgpeed tests is not straightforward. Low velocity stirring and
1200rpm, and a decrease up to 2000rpm. The last steppymping favour sedimentation of coarser particles at the bot-
with pump speed increments of 500 rpm, show quite smalkom of the beaker and/or slow motion in the recirculation unit
variations (Fig. 6a). A Rtest by the Hydro 2000 S dis-  and measurement cell, thus producing initial size distribu-
persion unit of sub-sample aliquot SAND1D, from 500 10 tions biased towards the finer particles. The rapid increase
2500rpm, shows a bell-shaped distribution of mean diametept mean diameter values derives from the improved recircu-
values similar to that produced by using the Hydro 2000 MU |5tion of progressively coarser particles with increasing the
dispersion unit (Fig. 6b). Comparison of pump speed test repymp and stirrer speed. The highest mean diameter values
sults from sample CABRE, acquired at 5s of measurementan either relate to the actual particle size distribution, or to
run time by the Hydro 2000 MU and S dispersion units, g artefact caused by stagnation/slow motion of coarser ma-
shows that the former systematically provides higher meaneria| in the measurement cell. In the first case, the subse-
diameter values at low pump speed ranges up to 1100 rpmyent decrease of mean diameter values should indicate on-
mcludmg the highest one (Fig. 6¢). Inthe 120_0 to 1600 rpMgoing particle size reduction, accompanied by a significant
range, higher mean diameter values are provided by the Hyicrease of laser obscuration at values higher than the ini-
dro 2000 S unit. At higher pump speed, values provided by reference interval. For sub-sample aliquot CABRE3a,

the two dispersion units are similar. such an increase occurs at pump speed values higher than
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18 granular materials. See text for details.
8
200 2
S eolian
12 sand 2100rpm, whereas obscuration remains almost constant and
100 - within the initial reference interval from 1500 to 2000 rpm
| . @ (Fig. 4b). This evidence suggests that highest mean diameter
0 ‘e values are coarseward biased through inefficient sample re-
T T T T T J | i 1 i 171
0 500 1000 1500 2000 2500 C|rculat|pn, and that values in the plgteau characterizing both
Pump speed (revolutions per minute) mean diameter and laser obscuration values, correspond to
500 the most likely measurement runs. In CABRE3b the obscu-
| Hydro MU ration data point plateau adjacent to the maximum value is
not well developed and, conversely, it seems to indicate a
400 slight increase of finer material during measurement. How-
. f;; ever, analysis of th®19, Dsg, and Dgg percentiles does not
300 & indicatg significant particle size reduction despite significant
|18 ! scattering.
200 3 i The behaviour of obscuration values associated with sub-
§ ! sample aliquot SAND1a is different and this can relate to the
1= different rock type and size. Initial values very close to zero
100 ! can be explained by the very good sorting of the sample, al-
) : most totally consisting of sand-size particles that, at very low
0 | ' | = pump speed, are almost entirely deposited at the bottom of
400 800 1200 1600 2000 the beaker. The constant increase of laser obscuration values
Pump speed (revolutions per minute) at pump speed higher than 1300 rpm indicates an increase of

the material amount in the dispersion unit. Percentiles, how-
Fig. 6. (a) Pump speed testsRperformed on sub-sample aliquot ever, would support much smaller size variations (Fig. 3c).
CABRE3c by the Hydro 2000 S dispersion unit; mean diame- This apparently contrasting evidence can be reconciled by
ter value evolution with increasing the pump speed from 500 ”padmitting an increase of very fine particles and negligible
to 3500 rpm. (b) Pump speed testsFperformed on sub-sample e rq)| particle size reduction. The source of such extremely

aliquot SAND1b by the Hydro 2000 S dispersion unit; mean di- . - . N

. 2 s fine grained material is likely collision-induced surface pol-
ameter value evolution with increasing the pump speed from 500, . . -, :
up to 2500 rpm(c) Comparison, in the range 500-2000 rpm, of the ishing of quartz grains, which are originally coated by iron

trends of mean diameter values obtained from pump speed tests diydroxide thin films imparting them a slightly orange colour.
sample CABRE. The solid line refers to data in Fig. 3a; the broken The same colour characterized water in the beaker at the end

line refers to data in Fig. 6a. of the analyses.
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Fig. 8. Results of the measurement precision test MP25@8formed on sub-sample aliquot SAND1c by the Hydro 2000 MU dispersion

unit. (a) Mean diameter value evolution with increasing the number of measurement runs. Data statistics are fl\idsedr obscuration

value progression during the same tgg). Progression oD, Dsg, and Dgg percentiles during the same teétl) Granulometric curves
representative of the particle size evolution. Note their virtually perfect overlap. The corresponding modal values (same colour code) are
illustrated in the inset graph, whose statistics are also provided. Note how average modal and mean values are vep) Biisifdyution

of the sand size fractions during the test. It represents 100% of the sample, without any significant amount of clay and silt.

Results from the pump speed tests illustrated above can b&he geometry of this last segment might be also influenced
schematically explained by a composite trend of mean valueby a differential velocity between coarse and fine particles:
as a function of pump speed values, where four major stagebeing the recirculation of the latter faster, this might create
can be identified (Fig. 7): (1) an initial segment characterizedthe illusion of a higher content of fines.
by very low mean diameter values, which is interpreted to in-
dicate fineward bias by ineffective material recirculation into
the dispersion unit and measurement cell; (2) the adjacen® Measurement precision test
bell-shaped segment containing the maximum mean diame- .
ter values, which is interpreted to indicate coarseward biadiesults from the pump speed test on the SAND1 sample in-

by ineffective material recirculation; (3) the third, flat-lying
or slowly dipping segment, which is interpreted to indicate
effective material recirculation without significant mechani-

dicate negligible influence of this parameter for values higher
than 2000 rpm. We performed a MP25@6st (i.e. 2500 rpm
of pump speed and 5s of measurement run time) on sub-

cal alteration, thus providing the most effective pump speeds@mple aliquot SAND1c (Fig. 8). Mean diameter values dis-
size range for further analyses; (4) the fourth segment, cha®!@y only slight variation between the 100 runs, as do the
acterised by progressively decreasing mean diameter valued10: Dso, and Dgo percentiles, while obscuration values are
indicating the occurrence of significant mechanical alterationScattéred and progressively increase. Granulometric curves

and consequent fineward biasing of the sample material datg€/€cted to monitor the evolution of the test show virtually
identical shapes, as supported by the very low variations of
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Fig. 9. Results of the measurement precision test MP2@#formed on sub-sample aliquot CABRE3d by the Hydro 2000 MU dispersion

unit. (a) Mean diameter value evolution with increasing the number of measurement runs. Data statistics are jl)\idsdr obscuration

value progression during the same test. Data statistics are proy@dttogression oD1q, Dsg, and Dgg percentiles during the same test.

(d) Granulometric curves representative of the particle size evolution. The corresponding modal values (same colour code) are illustrated in
the inset graph(e) Distribution of the clay, silt and sand size fractions during the test.

the corresponding mode values (Fig. 8d). This indicates thafirst run, followed by a drop of about 140 um in the sec-
no material finer than sand was produced during measureand one. Slightly higher values characterize runs 3 to 5, and
ment runs (Fig. 8e). then very similar values pertain to the following runs (about

The pump speed test for sample CABRES indicates that350 pum) with the exception of the last one, which has a higher

2000 rpm is the most suitable pump speed value to ensure e}g‘_qode, slightly .hlgher than 400 um. The distribution of sand,
. . ) . . : : silt and clay size fractions shows a scattered pattern about
fective material recirculation without very invasive mechan-

ical alteration. Moreover, 5s of measurement run time area slightly decreasing trend for the sand size, less scattering

. o about a slightly increasing trend for the silt size, and negli-

expected to provide more statistically robust results than 1s. . : ) 4

. L gible scattering with near constant values for the clay size
Accordingly, we initially performed a MP20@0test on sub- fraction (Fig. 9e)
sample aliguot CABRE3d (Fig. 9). Mean diameter values T
show significant scattering and a slightly decreasing trend Data from MP tests at 1200rpm and 4000rpm pump
with time, while laser obscuration progressively increased.speed, respectively, performed for comparative purposes on
The value ofDsg, and Dgg percentiles show a pattern simi- the influence of pump speed, are illustrated in Fig. 10. The
lar to the mean diameter, being the scattering of the formeffirst test is characterised by extremely high data scattering,
particularly higher. On the other hanf);g percentile val-  whereas in the second case scattering is quite small, aver-
ues are extremely small. Selected granulometric curves arage diameter values are lower, and laser obscuration val-
quite similar apart from the first run (Fig. 9d). The corre- ues increase at higher rate than the corresponding ones ac-
sponding modal values show a much higher mode for thequired at 2000rpm. Comparative measurement precision
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Fig. 10. Comparison between measurement precision test results performed on sample CABRES at the pump speed velocity corresponding tc
the mean diameter peak value of the pump speed test (Fig. 3a), and at the maximum pump speed, regpeteeelylP120g performed

on sub-sample aliquot CABRE3e by the Hydro 2000 MU dispersion unit; mean diameter value evolution with increasing the number of
measurement runs. Data statistics are providbjlLaser obscuration value progression during the same test. Data statistics are provided.

(c) Progression oD, Dsg, and Dgg percentiles during the same te@l) Test MP400§ performed on sub-sample aliquot CABRES3f by

the Hydro 2000 MU dispersion unit; mean diameter value evolution with increasing the number of measurement runs. Data statistics are
provided.(e) Laser obscuration value progression during the same test. Data statistics are pr@dyiBeagression oD, Dsg, and Dgg

percentiles during the same test. Note the very large difference between the average mean diameter obtained from the first (431.052 um) an
the second test (180.587 um), respectively. Both them are affected by strong recirculation-related mechanical bias.

tests designed to investigate the influence of measureme®30 laser diffraction particle size analyser. Results provided
run time were performed at 2000 rpm pump speed andsignificantly smaller mean diameter values with respect to
1ls, 10s, 20s, and 40s of measurement run time, respec¢hose provided by the Mastersizer 2000, and these values sys-
tively. The MP200g, test on sub-sample aliquot CABRE3g tematically decreased through time, as indicated by the very
(Fig. 11) is characterised by intense scattering of mean diamgood linear best fit (Fig. 13).
eter values that show an increasing trend with increasing the _ )
run number (i.e. time). Intense scattering also occuBdgy P lotting mean diameters of test MP2@Qiveraged every
and Dgg percentiles and in the sand, silt and clay size frac-five measurement runs, indicates a progressive decrease of
tion data. The selected granulometric curves show a higheY@lues with time. In particular, such a decrease can be effec-
variability and a non systematic trend, compared to the corlively fitted by an exppnentlal curve, a_nd the hlghe_st_vanatlon
responding ones acquired at 5s of measurement run time, £Fcurs between the firsttwo points (Fig. 14a). A similar trend
also indicated by the corresponding modal values (Fig. 11d)characterises the corresponding modal values, despite higher
For a constant total duration of the measurement precisiofcattering (Fig. 14b). A detail of laser obscuration data for
test, increasing the measurement run time causes a decreddé first ten runs shows a very slight, almost linear increase,
of mean diameter data scattering and more linearly increashich reaches about 1% at the end of the test (Fig. 14c).
ing trends of laser obscuration values (Fig. 12). We also ran d h€ corresponding granulometric curves indicate that only
MPs test on sub-sample aliquot CABRE3K by using the Cilasthe first and third runs provided coarser dlstr_lb_uuon_s, with a
modal peak of about 510 um, while the remaining eight ones
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Fig. 11. Results of the measurement precision test MP2@@0formed on sub-sample aliquot CABRE3g by the Hydro 2000 MU dispersion

unit. (a) Mean diameter value evolution with increasing the number of measurement runs. Data statistics are l\idsdr obscuration

value progression during the same test. Data statistics are proy@dttogression oD1q, Dsg, and Dgg percentiles during the same test.

(d) Granulometric curves representative of the particle size evolution. The corresponding modal values (same colour code) are illustrated in
the inset graph(e) Distribution of the clay, silt and sand size fractions during the test.

are quite similar and have a modal peak of about 400 um thabnes, suggesting that only short recirculation times ensure a
remains unchanged also after 50 and 100 runs (Fig. 14d). lsmall mechanical bias to particle size data from wet suspen-
particular, the third run curve provides the coarsest distribu-sion analyses.

tion, and the correspondinB10, D5, and Dgg percentiles

and modal value are outliers with respect to the overall trend

of the other data (Fig. 14e—g). This evidence questions thgy Jitrasonication test

validity of the third run data.

An ultrasonication test on eolian sand was performed on sub-

sample aliguot SAND1d, using the maximum ultrasonication
Interpretation of the measurement precision test results probe tip displacement (20 um), 2500 rpm of pump speed,

and 5s of measurement run time (UgR0Mean diameters
The measurement precision test provided contrasting resultemain almost constant in the first 26 runs, with an aver-
depending on the rock type. Carbonate cataclastic brecciaage value of 270.8 um, and then suddenly steps down to an
are sensitive to the material recirculation time (i.e. the num-average value of 262.3 um in the remaining 73 runs of the
ber of measurement runs and/or the measurement run time)est. The average value over 100 runs is 264.5 um (Fig. 15a).
whereas eolian sand data remains almost unaltered througbtaser obscuration values increase of about 12.5% during the
time. In particular, in carbonate cataclastic breccias a signifitest (Fig. 15b). When only the first 10 granulometric curves
cant difference occurs between the first run and the followingare compared, they show a virtually constant modal peak at
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Fig. 12. Results of measurement precision tests performed at different run times on sample CABRES3 by the Hydro 2000 MU dispersion unit.
(a) Test MP200gg on sub-sample aliquot CABRE3h; mean diameter value evolution with increasing the number of measurement runs. Data
statistics are providedb) Laser obscuration value progression during the same(®stest MP200gg on sub-sample aliquot CABRES;

mean diameter value evolution with increasing the number of measurement runs. Data statistics are g)Vidser obscuration value
progression during the same teg) Test MP200@g on sub-sample aliquot CABRE3j; mean diameter value evolution with increasing the
number of measurement runs. Data statistics are prov{fleldaser obscuration value progression during the same test.

about 259 um. The corresponding volume percentage dropiation probe tip displacement (Fig. 17). Moreover, shape
of about 1.75% from curve 7 onward (Fig. 15c). Modal val- differences among curves increase, particularly between test
ues remain almost constant for the entire test, about an avetdS255 and the remaining ones, and the modal peak volume
age value of 258.5 um (Fig. 15d). Contrasting these 10 curvepercentage of the bulk of the curves in each test decreases
from the ultrasonication test, against the first one from thewith increasing ultrasonication intensity. Comparison of the
measurement precision test on sub-sample aliquot SAND1éirst run curves from tests with and without ultrasonication

indicates negligible differences (Fig. 15c).

Solid Earth, 1, 2548, 2010

shows that the latter provide a significantly coarser particle
size distribution in the modal peak (Fig. 17e). The influ-
Ultrasonication intensities of 2.5um, 5pm, 10pm, andence of ultrasonication is also illustrated by the difference
20 um of tip displacement were applied to the carbonate cathetween first-run modal values and those averaged over the
aclastic breccia, using a pump speed of 2000 rpm and 5s ofirst 10 runs of the corresponding tests. The greater differ-
measurement run time. Results indicate that increasing th@nce occurs when no ultrasonication was used. The smaller

ultrasound energy causes (i) a faster decrease of mean diargifference occurs at the minimum ultrasonication intensity
eter values, which passes from linear to power law best fitand then it increases up to the U§16st.

curves, (ii) higher increases of laser obscuration, and (iii) a
decrease of average modal values up to 10 um, which remain
almost constant when the maximum probe tip displacementnterpretation of the ultrasonication test results
is used (Fig. 16). Analysis of granulometric curves pertain-
ing to the first 10 runs and to runs 50 and 100 in each tesResults from ultrasonication tests indicate negligible effects
shows a progressively increasing difference between first ruron eolian sand, particularly when only the first 10 to 20
curves and the remaining ones with increasing the ultrasonruns are considered, according to the measurement precision

www.solid-earth.net/1/25/2010/



F. Storti and F. Balsamo: Particle size distributions by laser diffraction 37

500— The corresponding modal values show an initial decrease of
'\-("leir_ﬂt:s“gom X+ 1665176782 less than 5 um, reaching a plateau value after 4 runs.
T Average Y = 144.614 Two measurement precision test were performed on
400 Ezzliiz';:;ﬂu% z?L;ZLeaSr::fi;;;M CABRE3p and CABRE3q sub-sample aliquots, using denat-
R-squared = 0.926673 ' urated ethyl alcohol and demineralised water, respectively
z 1 (Fig. 19). The first test provided quite scattered mean diam-
2 300 eter and mode values, both characterized by flat-lying best
2 fit lines, which are smaller than the corresponding ones ob-
5 17463 um tained from demineralised water of about 70 um and 53 pum,
T 200 // respectively. The increase of laser obscuration values is
é . 132.60 um greater for the dispersion in denaturated ethyl alcohol. Anal-
i M ysis of granulometric curves pertaining to the first 10 runs in-
// ° * dicates a higher variability for measurements acquired in de-
100 151.69 um \ naturated ethyl alcohol, of both curve shape and modal peak
il 136.69 um elevation (Fig. 19g, h). Such a higher variability is confirmed
by the analysis of the corresponding modal values. Finally,
0 J 16 2\0 36 comparison with the first run curve from the same test using

decalcified tap water as dispersant liquid, indicates that gran-
ulometric curves obtained from the denaturated ethyl alcohol

. . nsion have much gr r differen with r h
Fig. 13. Results of a measurement precision tests performed on su 2USPEnsion have much g eater differences with respect to the

sample aliquot CABRE3k by the Cilas 930 laser diffraction particle corresponding ones acquired using demineralised water as

size analyser; mean diameter value evolution with increasing theliSpersant liquid.
number of measurement runs. Data statistics are provided.

measure number

Interpretation of the chemical test results

t_est ewd_ence. On the other hand, in the _car_bonate cataclagygt results indicate that the use of denaturated ethyl alcohol
tic breccia sub-sample aliquots, ultrasonication has a much, s 4 negiigible influence on data acquisition in quartz eolian
greater influence causing S|gn|f|ca_1nt .partlcle size reduct|on%and. Variations of mean diameter and mode values are less
after few measurement runs, as indicated by the CONCOMIghan 5 um, which fall inside the variability associated with
tant reduction of mean diameter and mode values, by the ing,,,, sampling, even in well sorted sediments like dune sands.
crease of laser obscuration, and by the increase of volumg)n the other hand, the same dispersant liquid causes a de-
percentages in the 0.5um to 100 um segments of granulogeaqe of about 75um of mean diameter values when car-

metric curves. Even after a single measurement run, ultrap,nae cataclastic breccia is analysed. The evidence that,
sonication is able to shift fineward the modal peak value of\ne demineralised water is used, results are very similar
particle size distributions by 60 to 80 um. to those from the corresponding test in decalcified tap water
rules out any significant bias produced by sub-sampling and
supports particle fragmentation during suspension recircula-
tion. This is well illustrated by the systematic decrease of

L . modal peak volumes and size, and by the corresponding in-
In wet analyses, liquid dispersants can wet microfractures

7 Chemical test

. . o : .“crease of volume percentage values in the 0.5um to 110 um
and help cohesion loss, thus favouring disintegration of mi- . . . .
segments of granulometric curves in Fig. 19g. Higher varia-

crofractured particles. Fracture aperture thresholds for Cap”tions oceurs after only two runs. It is worth noting that many

larity permeability depend on the surface tension of the dis
persant liquid. Accordingly, dispersant liquids with low sur-

face tensions are expected to enhance particle disintegratial

in cataclastic materials, whereas this effect should be negli

other dispersants could be used, as well as various pretreat-

Wents. However, performing detailed investigations on this

IS out of our purposes in this paper.

gible for intact particles. To test this hypothesis, denaturated
ethyl alcohol was used as dispersant liquid for data acqui8 Reprocessing test

sition from eolian sand by performing a MP25@Qtest on

sub-sample aliquot SAND1e. Results are very consistent, ahe first run of the MP25Q0test was selected for data re-
illustrated by the almost constant mean diameter values, byrocessing following favourable behaviour in previous tests.

the flat lying best fit line of mode values, and by the very sim-
ilar granulometric curves in the first 10 runs, which provide
an extremely good overlap with the first curve from the same
test using decalcified tap water as dispersant liquid (Fig. 18)

www.solid-earth.net/1/25/2010/

Changing RI values from 1.4 to 1.8 causes negligible ef-
fects in eolian quartz sand (sub-sample aliguot SAND1c),
as illustrated in Fig. 20. The corresponding granulometric
curves almost perfectly overlap and percentiles and modal
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Fig. 14. Analysis of data from the test MP20§@n -sample aliquot CABRE3d (Fig. 9Ya) Mean diameter values averaged every five
measurement rungb) Average modal values corresponding to data in (a). In both cases, the best fits indicate an exponent{a) Hasay.
obscuration values recorded during the first 10 runs (black dots), compared with the values after 50 (red dot) and 100 (blue dot) measuremen
runs. (d) Granulometric curves computed for the first 10 runs, compared with the ones from the 50th and 10@#) Rungression of

D5 and Dgg percentiles during the first 10 measurement runs. Data after 50 (red dot) and 100 (blue dot) runs are provided for comparison.
(f) Progression o4 percentiles during the first 10 measurement runs. Data after 50 (red dot) and 100 (blue dot) runs are provided for
comparison(g) Progression of modal values during the first 10 measurement runs (colour code as in (d)). Data after 50 (grey dot) and 100
(black dot) runs are provided for comparison.

values show a very small variability. The same result was ob-do not significantly influence the computed particle size dis-
tained when varying ABS values from 1.00 to 0.01 (Fig. 21). tributions, as lower values do particularly for the volume per-
Changing RI in carbonate cataclastic breccia (first run of testentage of sizes lower than about 2 um (Fig. 22b). The major
MP200G on sub-sample aliquot CABRE3d) causes someeffect of changing ABS values from 1.00 to 0.01 on CABRE
variability in the corresponding grain size distributions, par- material is to progressively shorten the tail of granulomet-
ticularly from RI=1.4 to RI=1.6 (Fig. 22). Analysis of ric curves, from about 0.25 um (ABS =1.00-0.50) to 0.6 pm
residuals associated with best fit curves indicates that thevhen ABS=0.01 (Fig. 23). For ABS lower than 1.00, de-
most appropriate Rl value is 1.6. Higher values, however,creasing particle absorption causes an increase of percentile
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Fig. 15. Results of the ultrasonication test Ug2ferformed on sub-sample aliquot SAND1d by the Hydro 2000 MU dispersion (@)it.

Mean diameter value evolution with increasing the number of measurement runs. Data statistics are provided for the cumulative dataset, for
the first 26 runs, and for the remaining 73 runs, respectiybjyLaser obscuration value progression during the same(®@$ranulometric

curves computed for the first 10 runs, compared with the first curve from the test MP250Sub-sample aliquot SAND1c (Fig. 8).
Progression of modal values with increasing the number of measurement runs. Data statistics are provided.

values and a decrease of modal values. Analysis of residsizes in CABRE3 enhances the sensitivity of particles finer
uals associated with best fit curves indicates that the mosthat about 2 um.

appropriate ABS value is 0.01. Finally, changing the RI val-
ues of the dispersant liquid has negligible effects on eolian , .
quartz sand, and an influence on CABRE material that is” Discussion
comparable to what is produced by changing RI of carbonat

: : Results illustrated above indicate that particles with different
particles (Fig. 24).

strength respond in a very different way to the same testing
strategy during particle size determination by laser diffrac-
tion. Quartz eolian sand provided virtually identical particle
size distributions regardless of the adopted operating proce-

Results of these tests indicate that in the case of the analyzedre- On the other hand, carbonate cataclastic breccia is very

materials, the sensitivity of light scattering data reprocess-S€NSitive to operating procedures. Such a contrast indicates

ing by the Mie theory is mainly governed by the particle size that the variability associated with the sample CABRE3 does

range, rather than by their optical properties. In fact, the verynOt de_:pend on mstrument_al bias, but _mstead It relate_:s to the
good sorting of sample SANDL results in a virtually insen- peculiar fabric of cataclastic rocks derived from massive pro-

sitive behaviour to reprocessing, while the large spanning of!iths like platform carbonates.

Interpretation of reprocessing test results
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Fig. 16. Ultrasonication tests on sample CABRE3 by the Hydro 2000 MU dispersion (&)itJltrasonication test US85 performed on
sub-sample aliguot CABRES3I; mean diameter value evolution with increasing the number of measuremé} liaser obscuration value
progression during the same te@t) Mode value progression during the same téd}t.Ultrasonication test USbperformed on sub-sample
aliquot CABRE3m; mean diameter value evolution with increasing the number of measureme(gyLaser obscuration value progression
during the same test(f) Mode value progression during the same tég). Ultrasonication test USE0performed on sub-sample aliquot
CABRE3n; mean diameter value evolution with increasing the number of measuremerthjuraser obscuration value progression during
the same tes{i) Mode value progression during the same té$tUltrasonication test US20performed on sub-sample aliquot CABRE30;
mean diameter value evolution with increasing the number of measuremen{m)risaser obscuration value progression during the same
test.(n) Mode value progression during the same test. Data statistics are provided for all plots.
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Fig. 17. (a)Granulometric curves computed for the first 10 runs of test.B5@2erformed on sub-sample aliquot CABRE3I, compared with

the ones from the 50th and 100th rh) Granulometric curves computed for the first 10 runs of testdJ®Bformed on sub-sample aliquot
CABRE3m, compared with the ones from the 50th and 100th (anGranulometric curves computed for the first 10 runs of test S10
performed on sub-sample aliquot CABRE3n, compared with the ones from the 50th and 100¢d)r@Gmanulometric curves computed

for the first 10 runs of test US2Merformed on sub-sample aliquot CABRE30, compared with the ones from the 50th and 10Q@s) run.

First run granulometric curves from the four tests listed above, compared with the first run curve from test #4@2606-sample aliquot
CABRE3d (Fig. 9). The inset graph shows the modal values of the same first run cuves (filled dots, same colour code) compared with modal
values averaged over the first 10 runs of the corresponding tests (empty dots, same colour code).
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Fig. 18. Results of the chemical test MP25pperformed on sub-sample aliquot SAND1e by the Hydro 2000 MU dispersion unit, using
denaturated ethyl alcohol as dispersant liqual). Mean diameter value evolution with increasing the number of measurement runs. Data
statistics is provided(b) Laser obscuration value progression during the same fesProgression of modal values with increasing the
number of measurement runs. Data statistics are provid¢@ranulometric curves computed for the first 10 runs, compared with the first
curve from the test MP25@M®n sub-sample aliqguot SAND1c (Fig. &) Modal values corresponding to the curves in (d).

In fact, in this case particles are produced by multiple frac-ues close or higher than half of maximum speed (e.g. 2000—
turing, rolling and grinding of material within fault zones 3000 rpm) can be used without expecting any significant me-
(e.g. Borg et al., 1960; Storti et al., 2003; Sammis and Benchanical bias. On the other hand, operating procedures as
Zion, 2008). Particle size depends on the relative strengthess invasive as possible are required when analysing fragile
distribution along cleavage and microfracture sets as a funcgranular materials. In this case, finding the proper analyti-
tion of the applied stress (e.g. Sammis et al., 1987). Ac-cal workflow benefits of some general guidelines for broad
cordingly, the mechanical behaviour of these carbonate catsample categories, followed by further specific refinements.
aclastic particles can be compared to that of sedimentaryloreover, selecting an effective instrumentation plays a fun-
particles made of cohesive aggregate grains. ConverselyJamental role to determine particle size distributions of frag-
multiple collisions of quartz particles during eolian trans- ile materials. According to our tests, peristaltic pumping
port along coastal dunes ensures effective exploiting of preduring sample recirculation introduces a systematic bias to
existing flaws. The resulting rounded particles are strongthe final results and, consequently, laser diffraction analy-
enough for being not significantly influenced by mechanicalsers adopting this technical solution are inappropriate. On
solicitations in laser diffraction particle size analysers. the other hand, centrifugal pumping provides a much more
It follows that determining the appropriate operating pro- flexible ang effectlvelsolutg_n for qnaly5|_ng fragile dma:\enlals.
cedure bears a fundamental importance for heavily mi_Betweent e two Malvern dispersion unl'gs we used, t € large
crofractured materials, while it has secondary effect When;/(?[!umetl—:ydro 2000 MU er;surled effective s?jnlplfhreﬂrc(;-
high strength particles are analysed. In the latter case, onléao'gg; OwWer pump speed values compared to the Hydro
pump speed can influence the final results by not ensurin )

effective particle recirculation in the dispersion unit. How-

ever, given the high strength of this material, pump speed val-
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Fig. 19. Results of chemical tests performed on sample CABRE3e by the Hydro 2000 MU dispersiofa)ihést MP2008, performed
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43

on sub-sample aliquot CABRE3p using denaturated ethyl alcohol as dispersant liquid; mean diameter value evolution with increasing the
number of measurement runs. Data statistics are proviff®dLaser obscuration value progression during the same test. Data statistics

are provided. (c) Progression of modal values with increasing the number of measurement runs. Data statistics are pfdyitest.

MP200Gqy performed on sub-sample aliquot CABRE3q using demineralised water as dispersant liquid; mean diameter value evolution
with increasing the number of measurement runs. Data statistics are prof@jiedser obscuration value progression during the same test.
Data statistics are provide@) Progression of modal values with increasing the number of measurement runs. Data statistics are provided.

(g) Granulometric curves computed for the first 10 runs in (a), compared with the first curve from the test §IBAGQM-sample aliquot

CABRE3d (Fig. 9).(h) Granulometric curves computed for the first 10 runs in (d), compared with the first curve from the test MIBR00O
sub-sample aliquot CABRE3d (Fig. 9). The inset graph show the comparison between modal values corresponding to the curves in (g) (filled
dots) and in (h) (empty dots).
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Fig. 20. Reprocessing of the first run data from test MP2566 sub-sample aliquot SAND1c (Fig. 8ja) Light scattering data (black

curve) and corresponding best fits for variable RI values of quartz from 1.4 to 1.8 (colour code in (b)), constant ABS values of quartz=0.1,

and constant RI values of decalcified tap water = 1(BBGranulometric curves computed from reprocessed data ifdelR1g percentiles

for data in the 5 curves illustrated in ()d) Dsg percentiles for data in the 5 curves illustrated in (&) Dgg percentiles for data in the 5
curves illustrated in (b)(f) Modal values for data in the 5 curves illustrated in (b). It is worth noting that changing RI of quartz produces
negligible changes in the reprocessed data.

Finally, it is worth noting that, despite the effectiveness ity for analysing very different granular materials. This flex-
of statistical parameters like mean diameter, percentiles, anibility, however, can produce severely biased results when
others, they cannot replace the use of granulometric curvemappropriate analytical operating procedures are used, par-
for comparing results from different tests. This because veryticularly on fragile materials. We analysed both high strength
similar average values can relate to very different granulo-(eolian quartz sand) and low strength (carbonate cataclas-
metric curves (e.g. Selley, 2000).

10 Conclusions

tic breccia) essentially monomineralic materials to test the
impact of different analytical operating procedures involving
particle dispersion into a liquid, on the obtained particle size
distributions. Our results can be summarised by the follow-
ing points:

Particle size distributions significantly contribute to the de-
scription of many geological processes including sedimenta- 1. centrifugal pumping the particle-liquid dilute disper-

tion, rock fragmentation and soil formation. Modern laser
diffraction particle size analysers ensure fast data acquisition
over a wide size range, coupled with the appropriate flexibil-

Solid Earth, 1, 2548, 2010

sion at the most appropriate pump speed is cru-
cial in wet analyses of granular material to prevent
() dramatic underestimating coarser particles when
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Fig. 21. Reprocessing of the first run data from test MP25600 sub-sample aliquot SAND1c (Fig. &) Light scattering data (black curve)

and corresponding best fits for constant RI values of quartz =1.5, variable ABS values of quartz from 0.01 to 1.00 (colour code in (b)), and
constant Rl values of decalcified tap water = 1.88.Granulometric curves computed from reprocessed data iffdgl21g percentiles for

data in the 5 curves illustrated in (i) D5q percentiles for data in the 5 curves illustrated in (). Dgg percentiles for data in the 5 curves
illustrated in (b).(f) Modal values for data in the 5 curves illustrated in (b). It is worth noting that changing also ABS of quartz produces
negligible changes in the reprocessed data.

ineffective pumping and stirring allow particle sedimen-
tation; (ii) overestimating coarser particles when in-
effective pumping and stirring allow transient particle
stagnation within the measurement cell; (iii) underes-
timating coarser particles when fast pumping and stir-
ring produce significant particle size reduction in low
strength material during measurement running;

. high strength material is not significantly influenced by
the adopted instrumentation and standard operating pro-

cedure, provided that effective sample recirculation is g

obtained in the dispersion unit;

. adding ultrasonication in wet analyses of low strength
material systematically causes mechanical particle size

www.solid-earth.net/1/25/2010/

reduction during measurement that, however, is less ef-
fective than that caused by fast pumping and stirring
during sample recirculation and mainly produces very
fine particles by polishing of the larger ones;

4. in low strength material, the number of averaged mea-

surement runs has to be carefully determined by statis-
tical data analysis of large datasets in order to ensure
robust outputs and minimize mechanical biasing of par-
ticle size during recirculation in the dispersion unit;

Selecting appropriate optical properties for the analysed
sample material and dispersant liquid, respectively, is
particularly important for fine and very fine particles, as
coarser particles are less affected by this parameter.

Solid Earth, 1, 282010
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Fig. 22. Reprocessing of the first run data from test MP2960 sub-sample aliquot CABRE3d (Fig. 9r) Light scattering data (black

curve) and corresponding best fits for variable RI values of calcium carbonate from 1.4 to 1.8 (colour code in (b)), constant ABS values of

calcium carbonate = 0.1, and constant Rl values of decalcified tap water <th)33ranulometric curves computed from reprocessed data
in (a). (c) D1g percentiles for data in the 5 curves illustrated in (@) Dsg percentiles for data in the 5 curves illustrated in (@) Dgg
percentiles for data in the 5 curves illustrated in () Modal values for data in the 5 curves illustrated in (b).
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Fig. 23. Reprocessing of the first run data from test MP2960 sub-sample aliquot CABRE3d (Fig. 9r) Light scattering data (black

curve) and corresponding best fits for constant RI values of calcium carbonate = 1.6, variable ABS values of calcium carbonate from 0.01 to
1.00 (colour code in (b)), and constant Rl values of decalcified tap water =(b)3@ranulometric curves computed from reprocessed data

in (a). (c) D1g percentiles for data in the 5 curves illustrated in (@) Dsg percentiles for data in the 5 curves illustrated in (@) Dgg
percentiles for data in the 5 curves illustrated in () Modal values for data in the 5 curves illustrated in (b).
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