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Texture, aka Particle Size Analysis – an unfolding drama.

From Paul Heine, Dan Richter’s lab manager

Updated 2012

This is a work in progress.  Recent tests indicate that bias is introduced depending on the mass of soil used.  Currently, it is not known whether ‘truer’ results are obtained using a 5g or 50g sample as there isn’t a certified external standard to measure against.  For quality control, either use an internal standard (i.e. repeated measures of an in-house soil), or create a pseudo-soil using Bentonite Clay and Play Sand (kaolinite should not be used as it may contain appreciable amounts of silt size particles).

NOTE FROM DDR:  this is perhaps too pessimistic.   We are usually interested in sand, silt, clay to nearest 1 to 3%.  

Materials:

1) Stainless steel beakers, 125mL capacity, pre-weighed on an analytical balance (assuming proper cleaning between uses, these beakers will maintain a very consistent weight, are free of static, and are easy to clean).

2) Calgon (make sure it’s blue Calgon with a lot number beginning with the letter ‘R’ as other formulations don’t contain meta-phosphate).  Calgon = Na6O18P6.  Note: Calgon out of the box is approximately 20% water by weight.  Failure to correct for the air-dry/oven-dry weight loss may cause the clay fraction to be significantly underestimated.  Moreover, Calgon blanks and samples must be oven-dried at 150C (not 105C) to ensure dehydration.  Blue Calgon turns pink when completely dry.  As this is a gravimetric analysis, lack of tight control over the mass of Calgon, both from batch to batch and sample to sample, can result in poor reproducibility. [Can use hexametaphosphate, (NaPO3)6, instead of Calgon, but it doesn’t have the nice color indicator property.  No water by weight problem with fresh bottle, but you should check this for every batch.]
3) Stripettes, 25mL capacity, with a high visibility mark (such as white labeling tape) exactly 5cm from tip.  Note: If soil limited, 50mL Stripettes can be substituted in order to increase the amount of mass in your sub-sample. 

4) Manual or mechanical pipette pump.

5) Graduated cylinders, 1L capacity, plastic (aka Sedimentation cylinders).

6) Plunger specially designed for particle size analysis.

7) Countdown timer, easy to read, with 1s intervals, and audible alarm.

8) Thermometer (particle settling rate is temperature dependent).

9) Isopropyl alcohol for de-bubbling liquid surface after mixing with plunger (especially important for surface soils as their OM content causes them to froth a lot during mixing).

10) Milkshake mixer (Mechanical Analysis Stirrer, Part No. CL-272A from ELE International).

11) Analytical balance (+/- 0.0001g).

12) Top loading balance (+/- 0.01g).

13) Erlenmeyer flasks, 250mL capacity.

14) Oven

Procedure:

Day 1:

1) Prepare Calgon solution by weighing 50.00g per liter.  Use stirbar to ensure uniform mixing.  Note: Calgon will be a major source of phosphorus contamination if handled carelessly.

2) Using a top loading balance, weigh 50.00g air-dry soil** that has passed a #10 sieve and transfer to a 250mL Erlenmeyer flask.  Separately, an air-dry/oven-dry conversion will be needed for each soil as the calculations are based on oven-dry weight.  Note: 50g is not a magic number.  Using well maintained, properly calibrated balances and good technique, one can achieve excellent reproducibility at masses as low as 5g.  As mentioned above, results will vary somewhat depending on the mass of soil.  As of this writing, it is not known if this is due to mechanical interferences, electrostatic interferences, or artifacts of the method.  For best results, keep the soil mass and Calgon volume consistent.  Also, see attached “Peroxide pretreatment for texture” for soils with high organic matter content (>~5% carbon).  
3) Add 100mL of Calgon solution to Erlenmeyer flask, cap with Parafilm, swirl gently to wet soil thoroughly, and let stand overnight.

Day 2:

4) Using a DI squirt bottle, transfer entire contents of flask to stainless steel milkshake cup.  Use as many rinses as necessary to ensure complete transfer.  However, do not fill milkshake cup more than two-thirds full.  Mix contents for 1 minute.  Keep mixing time consistent from sample to sample.

5) Again using care to be thorough and avoid spills, transfer entire contents to sedimentation cylinder.  Use DI squirt bottle to flush bottom of cup as the sand fraction has a tendency to linger behind.

6) Dilute contents of sedimentation cylinder to volume (1000mL) with DI water and allow slurry to equilibrate to room temperature overnight (mixing raises temperature of slurry, and method is temperature dependent).

7) Make a blank by adding 100 mL of Calgon to a new cylinder and diluting it to 1000 mL.

Day 3:

8) Since the liquids cooled over night, they may have dropped below 1000 mL, so bring up to volume with DI water.

9) Before agitating sample with plunger, have ready a transfer pipette filled with isopropyl alcohol, a timer, a pipette pump, a clean Strippette with clearly visible 5cm line, a pre-weighed stainless steel beaker, a beaker of DI water (for drawing water into stripette to rinse remaining particles into sample beaker) and a well rested arm.

10) Record room temperature and select timing parameters from table below:

Table 1.  Settling times of particles of different size fractions at various temperatures.  Calculations are based on Stokes Law and assume a particle density of 2.60g/cm3.

	Temp (C)
	Aliquot 1

>50 micron (sec)
	Aliquot 2

<2 micron (hrs:min)

	20
	22
	4:00

	21
	
	3:54

	22
	
	3:49

	23
	
	3:44

	24
	
	3:38

	25
	20
	3:34

	26
	
	3:28

	27
	
	3:24

	28
	
	3:20

	29
	
	3:16

	30
	17
	3:11

	31
	
	3:07

	35
	15
	2:28


11) Plunging is the most difficult step as it takes good technique to keep soil particles uniformly distributed in the liquid column while preventing liquid from gushing out the top of the cylinder.  A stroke speed of about 1 per second is sufficient, but doesn’t guarantee good bottom to top mixing.  The problem is that sudden bursts of turbulence, while good for getting heavier particles carried to the top of the column, may cause unpredictable surges that result in overflow.  When this happens, the actual volume loss is usually less than 1%, but some of the overflow may end up in the beaker you placed beside the cylinder to capture your >50 micron aliquot.  If any overflow gets in the beaker, rinse it several times with DI, and begin again.  If you wish, you can estimate the volume loss and adjust your calculations accordingly.  In any event, your goal is to create controlled chaos, i.e. turbulence that’s contained within the sedimentation cylinder.

12) To plunge, place plunger at bottom of cylinder.  Find >50 micron settling time in table above as determined by temperature reading taken from a thermometer sitting in water that has equilibrated along with your samples.  To the settling time add 60 seconds for mixing.  Stir up the bottom of the cylinder with your plunger and start the timer.  As it counts down, start plunging at an even rate keeping your free hand cupped around the plunger and covering the top of the cylinder as much as possible to minimize incidental spills.  Try to traverse the entire length of the cylinder without breaking the surface of the liquid.  The ideal stroke speed will create turbulent eddies that sweep heavier particles upward without causing overflow.  Once the timer counts down to the predetermined settling time, withdraw the plunger.  Note: If any problems occur during mixing, e.g. not having everything in place, simply reset the timer and start over.

13) If frothing obscures your view of the liquid surface, quickly grab the transfer pipette pre-filled with isopropyl alcohol and run it around the edge of the cylinder.  As the alcohol hits the liquid, the bubbles will immediately dissipate.

14) As mentioned above, have your pre-weighed beaker positioned beside the cylinder, the beaker of DI handy and your Stripette loaded into the pipette pump.  As the timer approaches 0, carefully lower the Stripette into the cylinder to a depth of 5cm as indicated by a highly visible mark.  Ideally, use a timer with a buzzer so you can focus your eyes on maintaining the Stripette at the proper depth.  
15) At the proper time (or when the buzzer sounds) start drawing up your first aliquot = 25 mL.  By having the beaker positioned right next to the cylinder, any dripping from the Stripette as you transfer the aliquot can be directed into the beaker.  It is better to move a dripping aliquot over into the beaker than to hesitate over the cylinder in hopes that the dripping will stop.  Once the volume is transferred, immediately note the clock time to the nearest minute, and flush the Stripette with DI capturing the rinse water in the beaker.  The first aliquot contains silt + clay, the assumption being that all particles >50 microns settle out of the top 5cm very quickly.  Again, use the table above to determine the settling time required before collecting the second aliquot.  Don’t forget to sample the blank, collect 2-3 reps of the blank to average.  Note: Do not move, mix, or otherwise disturb the sedimentation cylinder once the first aliquot is withdrawn.

16) At the specified time, repeat step 13 to obtain the second aliquot.  By this time, the assumption is that only particles <2 microns remain suspended.  Also repeat sampling of the blank.
17) The number of samples you process is only limited by bench space, number of cylinders and beakers, and arm strength.  The record in one sitting is 24, but most people find it difficult to comfortably handle more than 12 samples at a time.

18) Once all aliquots have been gathered in beakers, transfer them to a 70C oven for evaporation overnight.  It is not recommended to expose them immediately to 150C temperatures since spattering may occur if the samples boil.  Once the liquid has evaporated, increase the temperature to 150C for several hours or overnight.

19) Allow samples to cool to room temperature in a desiccator and weigh the beaker + soil on an analytical balance.  Note: Samples must be blank corrected.  The most accurate blank value is obtained by taking the same volume of Calgon solution added to your soils and oven drying it at the same temperatures as the samples.  Ideally, two or three blanks should be averaged. 

20) The table below summarizes the equations used to determine the mass of sand, silt, and clay in your soil sample.  To express your results in percent, divide the mass of each fraction by the sum of all fractions and multiply by 100.  

Table 2.  Equations used to calculate the mass of each particle size fraction.

	Fraction
	Parameter A
	Parameter B
	Parameter C
	Parameter D
	Parameter E
	Parameter F

	
	Oven-dry wt.

 of soil (g) 
	OD wt. of 1st aliquot (g) 
	OD wt. of 2nd aliquot (g)
	Volume of Sed. cylinder (mL)
	Volume of aliquot (mL)
	OD wt. of Calgon blk (g)

	Sand 

>50 um
	A – [(B * D/E) – F] 

	Clay 

<2 um
	(C * D/E) – F

	Silt

2-50 um
	A – Clay – Sand
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