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Suspending Fluid Viscosity Requirements for Gravity

Sedimentation Particle Size Analysis

The Micromeritics SediGraph is designed to provide

particle size distribution analyses for materials based upon
sedimentation of the particles through a liquid of known
viscosity and density. Stokes' Law is used to determine the
equivalent spherical diameter of the settling particle from its
terminal velocity or sedimentation velocity, v. The velocity

is based upon the maximum distance that particles have
settled, h, and the elapsed time of the analysis, t. The known
density, p,, and viscosity, n, of the suspending liquid, and
the apparent skeletal density, p, of the settling particles are
provided at the start of the analysis. The acceleration due to
gravity, a constant, g, is the remaining calculation parameter.
Thus Stokes’ Law, as implemented by the SediGraph,

solved for particle diameter, d,, is given by equation (1).

It was shown by Stokes that the drag coefficient is
essentially independent of the particle velocity for slowly
moving particles. For particles moving with velocities
within the regime of laminar flow, generally applicable
for low Reynolds Numbers, Re < 0.3, as given in equation
(2), this assumption holds well, and results in a calculated
particle diameter with an uncertainty of less than 3%.

P, *v*dp

(2) Re= .

Note that the Reynolds number increases with the cube of
particle diameter, since the particle velocity increases with
the square of the particle diameter. Therefore the particle

settling with the highest velocity will be the largest particle
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present in the sample. To help ensure that all particles
present in the sample settle with a Reynolds Number
less than 0.3, and thus within the desired laminar
flow regime, a suspending fluid with a viscosity sufficient to
limit the settling velocity of the largest particle present to
the laminar flow regime is required. Combining equations

(1) and (2) and restricting the Reynolds Number to 0.3,
equation (3) can be used to calculate the minimum viscosity
needed, n,,;,, needed to support the largest particle present,
d, ... so as to settle with a Reynolds Number of 0.3.

d® *(p-p,) *P*g
5.4

(3) r]min=

Note that some conversion factors, such as powers of
ten, may be needed when customary units are used,
such as centipoise for viscosity, micrometers for particle
diameter, and cubic centimeters per gram for densities.

Values for the minimum viscosity needed to support
particles of different maximum diameter for a variety of
common materials are listed in Table 1. The density of the
suspended liquid in these calculations is that of water at
35°C. These materials are selected so as to provide values
over a wide range of particle skeletal density values. In this
table, the units used are those customary ones mentioned
above. Combinations of maximum diameter and particle
density that indicate that a liquid with a viscosity greater
than that of water at 35°C are shown highlighted in green.
Those that indicate that the minimum viscosity needed is
less than that of water at 35°C are shown highlighted in blue.
Note then that water can be used for these latter cases,
those with blue highlight, whereas the viscosity of water will
need to be modified, such as with addition of glycerol or
sucrose, in the former cases, those with green highlight.
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APPLICATION NOTE 1/3

Waterat  Density g9, Minimum Viscosity (cp) needed to give 0.30 Reynolds Number,
35C (g/cm?) as a function of maximum particle diameter (um)
Density | 300 | 250 [ 200 | 150 | 100 | 80 | 60 | 50 | 40 | 30 | 25 | 20 | 15 | 10
Material Symbol (ge/:zl..ts))l (Water with Glyc_erol or Sucrose added (Water alone)
to modify viscosity)
Siigi%”e Sio, 265 | 899 | 684 | 489 | 318 | 173 | 124 | 0.80 | 061 | 0.44 | 028 | 022 | 015 | 010 | 0.05
Aluminum | Ao, | 396 | 1203| 915 | 655 | 425 | 231 | 166 108 082 059 | 038 | 029 | 021 | 013 | 007
onll) | Fe0, | 524 | 1439 1095 | 783 | 509 | 277 | 198 | 129 | 098 | 070 046 | 035 | 025 | 016 | 0.09
Zirconium Ir 6.51 | 1639 | 1247 | 892 | 580 | 316 | 226 | 147 | 112 | 0.80 | 052 | 039 | 028 | 018 | 0.10
Iron Fe 787 1832|1393 | 997 | 648 | 352 | 252 | 164 | 125 | 0.89 | 0.58 | 0.44 | 0.32 | 020 | OM
Molybdenum | Mo 1022 | 2121 | 1613 | 11.55 | 750 | 408 | 292 | 190 | 144 | 1.03 | 067 | 051 | 037 | 024 | 013
Rhodium Rh 1241 | 2359 | 1795 | 12.84 | 834 | 454 | 325 | 211 | 161 | 115 | 075 | 0.57 | 041 | 026 | 014
T(‘:‘:ftjgee” WC 15.64 | 2672 [20.33 | 1455 | 945 | 514 | 3.68 | 239 | 182 | 130 | 0.85 | 0.64 | 0.46 | 030 | 0.6
Tungsten w 19.32 | 29.89 | 22.74 | 1627 | 10.57 | 575 | 412 | 267 | 2.03 | 146 | 095 | 072 | 051 | 0.33 | 018
Osmium Os 22.57 | 3244 | 2467 | 1766 | 1147 | 624 | 447 | 290 | 221 | 158 | 1.03 | 078 | 0.56 | 0.36 | 0.20

Table 1. Minimum viscosity needed for analysis of a variety of materials so as to provide a Reynolds Number of 0.3 for the largest particle believed to be present in the test sample.

Table 2 shows the largest particle, for a variety of materials, having a Reynolds Number of 0.3 when suspended in different
aqueous solutions, where the liquid viscosity has been modified by the addition of glycerol or sucrose. The percentages
shown are the mass of modifier added as a percentage of mass of the final solution, that is, on a (w/w) basis.

Maximum Diameter (um) for 0.30 Reynolds Number

Sample Material | Symbol I(Densitsy Water | 20% 40% 50% 60% 70% 20% 30% 40% 50%
g/cmd) Glycerol | Glycerol | Glycerol | Glycerol | Glycerol | Sucrose | Sucrose | Sucrose | Sucrose
Silicon Dioxide Sio, 2.65 55.89 | 78.05 | 12099 | 159.10 | 229.84 | 33648 | 8292 | 1147 | 164.64 | 280.28
Aluminum Oxide ALO, 396 46.02 | 6399 | 9872 | 12948 | 186.53 | 27230 | 6777 | 90.69 | 133.28 | 225.59
Iron (l11) Oxide Fe,O, 5.24 40.83 | 56.69 | 8729 | 11438 | 164.62 | 240.07 | 5996 801 17.51 | 198.51
Zirconium Zr 6.51 3743 5192 79.87 | 104.61 | 150.48 | 219.34 | 54.88 | 73.26 | 107.37 | 18119
Iron Fe 7.87 3476 | 4820 | 7410 97.01 | 139.50 | 203.26 | 5092 | 6794 | 99.50 | 167.80
Molybdenum Mo 10.22 3152 | 43.68 67.11 87.84 | 12626 | 18391 | 46.13 61.51 | 90.03 | 151.73
Rhodium Rh 12.41 29.36 | 40.67 | 6247 8174 | 11748 | 171.09 | 4294 5724 | 8376 | 14110
Tungsten Carbide WC 15.64 2702 | 3742 57.45 7517 | 108.01 | 15727 | 3950 | 52.64 | 7700 | 129.66
Tungsten W 19.32 2508 | 3472 | 5329 | 69.72 | 100.17 | 14583 | 36.64 | 48.82 | 71.39 | 120.20
Osmium Os 22.57 2375 | 32.88 | 5046 | 66.00 | 94.82 | 138.04 | 3469 | 4622 | 6758 | 11376
Aqueous systems at 35 C, Viscosity (cp) 0.7225 | 12027 | 2.3400 | 3.5400 | 6.1656 [10.9500| 1.3245 | 2.0767 | 3.7467 | 8.3548
Aqueous systems at 35 C, Density (g/cm®) | 0.9941 | 1.0407 | 1.0926 | 11184 | 11456 | 11728 | 1.0758 | 11211 | 11699 | 12226

Table 2. Maximum particle diameter for a variety of materials that will have a Reynolds Number of 0.3 when suspended in a variety
of aqueous solutions commonly used as suspending media for sedimentation particle size distribution analyses.

Table 3 contains similar information as Table 2, this time for a variety of organic liquids commonly used as suspending media. Note
that the viscosity for some of these are quite small, and so can only be used to adequately suspend small particles under analysis.
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APPLICATION NOTE 1/3

Maximum Diameter (um) for 0.30 Reynolds Number

Sample Material | Symbol l()ge/rc'fn't})l n-Butanol | Ethanol Eté\l;:::eorie Heptane Hexane | Methanol | i-Octane | i-Propanol
Silicon Dioxide SiO, 2.65 115.04 68.12 33700 38.26 3240 4430 41.78 93.67
Aluminum Oxide | ALO, 396 96.25 57.09 274.68 32.31 2740 3712 35.25 78.51
Iron (lll) Oxide Fe,O, 524 8594 51.01 242.79 2896 24.57 33.16 31.58 70.15
Zirconium Zr 6.51 79.05 4693 22212 26.69 22.66 30.51 29.10 64.56
Iron Fe 787 73.59 4370 206.02 24.88 2113 28.41 2713 60.11
Molybdenum Mo 10.22 66.89 39.73 186.57 22.65 19.24 25.83 24.69 54.65
Rhodium Rh 1724 62.39 37.06 173.65 2114 17.96 24.09 23.05 5098
Tungsten Carbide| WC 15.64 57.49 3416 159.70 19.50 16.57 22.20 21.25 46.99
Tungsten W 19.32 53.40 3173 148.13 18.12 15.40 20.63 19.75 43.65
Osmium Os 22.57 50.59 30.07 140.24 1718 14.59 19.55 18.72 41.36
Organic systems at 35 C, Viscosity (cp) 2.0217 09140 10.8924 0.3670 0.2828 0.4797 0.4217 1.4721
Organic systems at 35 C, Density (g/cm?®) |  0.7979 0.7764 11030 0.6680 0.6459 0.7785 0.6818 0.7735

Table 3. Maximum particle diameter for a variety of materials that will have a Reynolds Number of 0.3 when suspended in a variety
of organic liquids commonly used as suspending media for sedimentation particle size distribution analyses.

Micromeritics manufactures a range of dispersing media for use with the SediGraph when performing sedimentation
particle size analysis. Most of these SediSperse media are organic-based, with appropriate surfactants added to stabilize
the dispersion, useful when analyzing materials that react with or that dissolve in water. Two are aqueous systems, W-11
and W-12, which utilize non-ionic surfactants to help stabilize the dispersion. Table 4 contains the maximum particle size
that can be analyzed for a variety of materials when suspending in typical lots of the available SediSperse media.

Maximum Diameter (um) for 0.30 Reynolds Number

Sample Material | Symbol 'ée/’c‘f:;?)’ A-11 A-12 A-13 A-14 P-11 P-12 S-12 W-11 | W-12
Silicon Dioxide Sio, 2.65 7870 | 16459 | 312.36 | 358.61 | 8619 | 176.65 | 102.82 | 6079 | 152.81
Aluminum Oxide ALO, 396 6611 | 13763 | 260.81 | 299.32 | 7234 | 14766 | 8621 | 50.05 | 124.43
Iron (I11) Oxide Fe,O, 5.24 5913 | 122.86 | 232.68 | 26700 | 64.67 | 13179 | 7704 | 4441 | 10994
Zirconium Zr 6.51 5444 | 11299 | 21393 | 24545 | 5953 | 12119 | 7090 | 4070 | 100.56
Iron Fe 7.87 5071 | 10518 | 199.08 | 228.41 | 5544 | 112.80 | 66.02 | 3780 | 93.26
Molybdenum Mo 10.22 4612 | 9559 | 18090 | 20754 | 50.42 | 10252 | 60.03 | 3428 | 8445
Rhodium Rh 12.41 4303 | 8916 | 16870 | 19353 | 4704 | 9561 | 56.00 | 3193 | 7859
Tungsten Carbide e 15.64 3966 | 8215 | 15542 | 17829 | 4336 | 88.09 | 5161 | 2939 | 7227
Tungsten w 19.32 36.85 | 7630 | 14434 | 16558 | 4028 | 8182 | 4794 | 2727 | 6703
Osmium Os 22.57 3492 | 7230 | 13676 | 156.88 | 3817 | 7752 | 4543 | 2583 | 6346
SediSperse Dispersants at 35 C, Viscosity (cp) | 11199 | 3.4687 | 91300 | 11.2500 | 12900 | 3.8641 | 1.6900 | 0.8200 | 3.3300
SediSperse Dispersants at 35 C, Density (g/cm? | 0.7426 | 0.8053 | 0.8250 | 0.8300 | 0.7550 | 0.8107 | 0.7690 | 09960 | 11130

Table 4. Maximum particle diameter for a variety of materials that will have a Reynolds Number of 0.3 when suspended in SediSperse dispersing media.

As can be seen, the viscosity of the suspending media is one of the critical factors when performing sedimentation particle
size analysis using the SediGraph. A variety of means for obtaining adequately supporting viscosity are provided for a
variety of sample materials, including the use of SediSperse media manufactured by Micromeritics. Failure to have adequate
viscosity to support the largest particle present can result in error in particle diameter calculated using Stokes’ Law.
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