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The determination of yield values using a BP plate plastometer 

JOHN D. TOPHAM. GARY P. MARTIN*. Deoartrnents of Pharmacy, Portsmouth Polytechnic POI 2 0 2  and *Brighton 
Polytechnic, Moulsecoornb, Brighton BN2 bGJ, U K  

The BP  1980 Appendix VJ, A79, describes a method 
determining the yield values of viscoelastic gels. The 
test relies upon four separate 0.1 g aliquots of the gel 
being compressed between two glass plates, the upper 
plate weighing 100 g. After allowing the plastometer to 
stand for 10 min, the resulting zone diameter of each of 
the four samples is measured. The Appendix states that 
a yield value (t) in N m-2 can be calculated from the 
expression: 

2.943 X 10’ 
‘I= (1) d’ 

where d = the mean zone diameter in centimetres of the 
four samples. 

The equation appears to be derived from that given 
by Voet & Brand (1950) for a single spread sample: 

12PV 
nd’ 

f=- 

where f is the yield value (interchangeable with the 
symbol t of the BP), P i s  the force applied to the sample 
by the top plate of the plastometer in dynes, V is the 
volume of the sample in cm3, d is the diameter of spread 
in cm. 

When the BP plastometer specifications are inserted 
in equation 2. it becomes: 

12 X 100 X 981 X 0.1 2.943 x loJ - - 
4nd’ nd’ f =  

* Correspondence. 

This assumes a density for the gel of 1 g cm-3. Conver- 
sion of the yield value from dynes cm-2 to N m-2, 
results in equation 3 (d still being measured in cm): 

(3) 

Equation 3 indicates that the BP  equation (equation 1) 
has omitted division by n. In addition a dimensional 
analysis of the units of measurement of equation 2 casts 
doubt upon the validity of the whole equation. 

Voet & Brand (1950) state that they derived equation 
2 from the work of Howink (1934). His work contains 
equation 4 which relates the effective weight of the top 
plate (W), to the radius (r) of the zone and the distance 
(h) between the plates of the plastometer: 

This can be rearranged to  give: 
12Wh 

nd3 
f=- 

(4) 

Assuming that spread occurs uniformly when the 
sample is compressed, then h can be expressed in terms 
of the volume of a cylinder, i.e. h = (4V/nd2). When this 
is substituted in equation 5 and W is replaced by the 
downward force, P, then the BP symbol ‘I will replace f 
for the yield value: 
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This equation for yield value was originally derived by 
Scott (1932) and expressed in the form: 

3n1'2 ph5'2 
t =  

2v3'2 
which reduces to equation 6, when h is expressed in 
terms of the volume of a cylinder, V. 

Equation 6 was used by Wilson & Bachelor (1971) to 
characterize the plastic nature of dental cements. 

When the BP Plastometer Test Values are inserted in 
equation 6 it becomes: 

48 x 0.1 x 9431 x 0.1 x 10-6 1.192 x 10-7 
N m-2 - t =  - 

4n2d5 d5 
the diameter, d, being measured in metres and assum- 
ing, again, a sample density of 1 g c w 3 ;  

or: 
1.192 X 103 

d5 
N m-* t =  (7) 

when d is measured in centimetres. 
Evidence suggests that the test is more accurate when 

a single 1 g sample is used (Brown et al 1984), in which 
case equation 7 becomes: 

4.77 x 104 

d5 
t =  N m-2 

However equation 6 is probably the most appropriate 
form of presenting a yield value, since it allows 
flexibility to adjust sample volume, and upper plate 
weight depending upon the nature of the sample. It 
must, however, be remembered that for equation 6 to 
be valid the material under consideration must be 

plastic, i.e. actually possess a yield value. Flow between 
the plates must have ceased for this yield value to be 
determined and thus the 10 min experiment referred to 
in the BP Appendix will be inadequate for some plastic 
materials. 

The theoretical analyses of equilibrium compression 
between parallel plates of cylindrical materials has been 
reviewed by Dukes (1968). Equation 6 is based upon a 
consideration of radial plug flow (Scott 1932). Whilst 
this may be valid for certain plastic materials, other 
theories and equations for yield value are thought to be 
more applicable (a) for the compression of rather hard 
materials which produce small axial deformations (Peek 
1932), and (b) when it is more appropriate to consider 
the specimen as a plastic solid rather than a flowing 
liquid (Dukes 1968). 
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