Slop / Dry Weight Calculations
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In the ceramic industry bodies and glazes are usually mixed with water to form a slip/slop (in this paper I refer to these suspensions as slops).  In order to calculate the dry weight content of the material in the slop mixture, we commonly use Brongniart’s formula:
Specific Gravity       
x (100cc weight – 100) = Dry Content

Specific Gravity – 1

Brongniart’s formula is not complicated but for the calculation to be correct, it is necessary to know the specific gravity of the materials in the slop.  Without this information, using Brongniart’s formula will not be accurate.
When working on glaze and body tests with slops, it is useful to know the percentage of dry materials (eg pigments, oxides etc) that make up the slops. With this information, you can work out the extra dry weight needed to give a specific percentage addition to the slop. I’ve also found it helpful to know the weight of slop that will give 100g of dry material, this makes percentage additions of other materials straightforward.

Many studio potters are not familiar with this method and make their tests by weighing out all the dry materials and then mixing them with water.  This has to be done for every test, even if they are using the same glaze or body.  A glaze or body may contain many different materials, which all have to be weighed out carefully, so this method is time consuming.  If a slop is used it is only necessary to check the weight of 100cc of the slop, then using the system explained in this paper, the dry content of any weight of slop can be ascertained quickly.

Recently I was thinking about this problem and how to make the slop system simple for potters to use and decided that a spreadsheet could be made giving the 100cc slop weights from 110g to 180g (all glazes and bodies are mixed within these parameters).  This spreadsheet includes dry weight, water weight, percentage dry weight, percentage water, and slop weight needed to give 100g of dry material.  I assumed a standard specific gravity of 2.65 which is appropriate for most ceramic materials and often used in Brongniart’s formula.  With the spreadsheet I made, it is possible to establish the dry content in any slop mixture.  It is however not completely accurate as the specific gravity of ceramic materials varies and so the use of 2.65 is approximate.
I contacted a mathematician friend Dr Michael Tuplin, who had worked with me on Queensberry Hunt’s publication on volumetric calculations, and thanks to his help the system has been refined and there is no longer a problem with the accuracy of the specific gravity.

Michael Tuplin has produced a spreadsheet which enables all the calculations to be adjusted according to the specific gravity.  It is only necessary to type in the specific gravity figure in the orange box on the spreadsheet and all the figures are automatically adjusted.  However to do this requires you to establish the specific gravity of the slop that you are using.  This can be done in two ways:
1. Consider a slop mixture of four different materials with different specific gravities.  If you know the specific gravity of the materials that are in the slop mixture, you proceed as follows:

Material A:        SpGr 2.5,          20% of mixture by wt
20/2.5 
= 8.00 cc
Material B:        SpGr 2.8,          30% of mixture by wt
30/2.8 
= 10.71 cc
Material C:        SpGr 3,             25% of mixture by wt
25/3.0 
= 8.33 cc
Material D:        SpGr 3.1,          25% of mixture by wt
25/3.1 
= 8.06 cc

 





Total volume 
= 35.10 cc
Total volume is 35.10 cc of solid for 100 grams
Therefore Specific Gravity = 100 / 35.10 = 2.849 g/cc
2. Consider a slop for which you do not know the specific gravity of the constituent dry materials.  You must first mix the slop weighing the dry materials and the water carefully.  You can aim at a likely 100cc weight by following the dry weight/water percentages in the spreadsheet using 2.65 as the specific gravity.

Once you have mixed your slop you need to check the weight of 100cc.  With this data you can now find the specific gravity of the dry materials in the suspension, by using Brongniart’s formula which Michael Tuplin has rearranged in the following way:

SpGr
=


DryWeight


  
 

( GlazeVolume - WeightOfGlaze + DryWeight )

For example, if you have a slop mixture that contains:
300g 
Material A (you can have any number of materials)
130g 
Material B
 30g  
Material C
40g   
Material D
Total Dry Weight
= 500g (35.7%)
Water added

= 900g (64.3%)
Total weight

= 1400g (100%

Mixed up to be homogenous, taking a 100cc sample and weighing.  

For the purpose of this calculation I will assume that the 100cc weight is 130g
We know the dry weight in the slop is 35.7%, so the dry weight figure to be used in the calculation is 130 x 0.357 = 46.41g

You can now use the rearranged Brongniart’s formula as follows:
 SpGr
=

46.41
     
= 
46.41 
= 
2.828 g/cc


(100 – 130 + 46.41)

16.41

Once you have established the specific gravity, in this case 2.828, you can mix up the same materials to form a slop using any water to dry weight ratio.  If you then check the weight of 100cc of slop, you can find out from the spreadsheet the dry weight content in the slop.  For this to be accurate you should enter in the specific gravity (2.828) into the orange box. 
I sent this paper to Nigel Wood, who suggested that a graph could be used to check the dry weight content of a slop with reasonable accuracy.  We prepared the following graph with specific gravities, 2.5, 2.65, 3, and 4.

[image: image1.jpg]%Weight of Dry Material

80.0

750

700

65.0

60.0

55.0

50.0

450

400

350

300

250

200

15.0

10.0

%Weight of constituents for varying slop weight

200

250

300

350

\
\\

400

450

50.0

55.0

60.0

—s6=25
——56=2.65
—s6=3
—sG=4

65.0

—F 700

75.0

80.0

850

90.0

110

115

120

125

130

135

140 145 150
Slop Weight (g/100cc)

155

160

165

170 175

180

%Weight of Water




Potters know that for their purposes slops need a certain 100cc weight to perform satisfactorily.  It makes sense to aim for a heavier slop as it is easier to add water than the dry materials.  Once a slop is mixed, water can evaporate, so you may need to adjust the glaze by adding water to compensate for this.  To adjust a slop to a lower 100cc weight, you need to establish the exact extra amount of water needed to achieve the required weight.

To do this you need to know the percentage of dry material and water in the slop mixture that is available and in the mixture that is required.  The spreadsheet will give you this information.  You need to adjust the available mixture by adding water to get to the same dry weight – water ratio of the required mixture.  Therefore, we can apply the following equation:

Amount of water adjustment = Slop Amount x  
(%DryWeight Current  - %DryWeight Required)







(%DryWeight Required)

As an example, let us consider a specific gravity of 2.828 g/cc, and an available 500g of available slop (at 140g per 100cc) and a required weight of 130g per 100c.

Entering the figure of 2.828 into the specific gravity box in the spreadsheet, we note the figures for the actual dry weight percentages of material for 130 and 140 g per 100cc ( = 35.7% and 44.2%)

Amount of water to add = 500 x 
( 44.2 - 35.7) 
= 119 g of water

 



      35.7

Thus we now have 619g of slop at 130g per 100c.

Conversely, if we wanted to add extra dry material to convert an existing known slop to increase the weight, we could use the following equation:

Amount of dry material to add = Slop Amount x (%Water Current - %Water Required)








(%Water Required)

As an example, let us use the reverse of the previous example, i.e. convert the previous final mixture of 619g of glaze at a weight of 130g per 100cc to be 140g per 100cc.

Again using the figure of 2.828 as the specific gravity in the spreadsheet, we note that the figures for the percentage of water to be 64.3% for the 130g per 100cc mixture, and 55.8% for the 140g per 100cc mixture.

Amount of material to add = 619 x ( 64.3 – 55.8 )

= 94.3g of extra dry material






55.8

The spreadsheet includes the specific gravities of a number of commonly used ceramic materials.
I am indebted to Dr Tuplin for his help in preparing this paper.
David Queensberry

Queensberry Hunt
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