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ABSTRACT 

Equations are presented for the reduction of dilato- 
meter readings to AOCS solid fat index (SFI)values.  
The equations include corrections for expansion of 
the confining fluid. The corrections were derived 
from fundamental equations describing the thermal 
expansion of water. These equations permit machine 
calculation of  SFI values without the use of tables of 
corrections, resulting in a significant reduction in com- 
putational time. 

INTRODUCTION 

The AOCS dilatometric solid fat index (SFI) procedure 
(1) is widely used in the determination of the plastic range 
of many products. Unfortunately, the conversion of dilato- 
meter readings to SFI values can be a tedious task involving 
much computation. The need to interpolate volume correc- 
tions for thermal expansion of the confining fluid from a 
table does not make this task any easier. Furthermore, the 
occasional need to use reference temperatures other than 
60 C introduces additional complications as correction 
tables for other  reference temperatures do not accompany 
the method and must either be constructed or obtained 
from other sources. 

These problems can all be overcome by calculating SFI 
values with a programmable calculator or a computer. 
Machine calculation results in a great reduction in computa- 
tional time and eliminates the need for tables of volume 
corrections as the corrections can be rapidly calculated 
from first principles. The following paragraphs detail the 
appropriate equations which are presented in a general 
form. They can be reorganized to allow a number of 
approaches to machine calculation depending on the needs 
and constraints of  a specific laboratory, computer,  or cal- 
culator. 

M A T H E M A T I C A L  DESCRIPTION OF COMPUTATIONS 

The SFI of a fat at any temperature t can be thought of 
as the specific melting dilation (total dilation minus thermal 
expansion) between t and some reference temperature T at 
which the sample is completely liquid. The equation ex- 
pressing this quantity is: 

S F I  = R ( T ) - R ( t ) - - V c ( t )  - R ( T ) - R ( T ' ) - V c ( T ' )  X T - - t  (1)  

W W T - - T '  

where T = a reference temperature, usually 60 C, 
at which the sample is completely liq- 
uid. 

T' = a second, lower, reference tempera- 
ture, usually 37.8 C, at which the sam- 
ple is completely liquid. 

t = any temperature ~< T. 

R(t) = dilatometer reading at t in microliters. 

Vc(t) = volume correction for the thermal ex- 
pansion of glass and water between t 
and T in microliters. 

W = the sample weight, g. 

Unlike the expression in the official method, the above 
equation is general with respect to temperature. This ex- 
pression assumes the coefficients of thermal expansion for 
both solid and liquid fat to be identical and independent of 
temperature over the temperature range of interest. All 
other terms being measurable, let us direct our attention to 
the calculation of the required values of Vc(t). 

A number of assumptions and approximations are made 
in arriving at the volume corrections tabulated in the AOCS 
SFI procedure. These corrections are necessary because a 
certain amount of variability is allowed in the initial reading 
at the upper reference temperature. As a result, the volume 
of confining fluid immersed at any given temperature for a 
given sample may vary somewhat from laboratory to labor- 
atory. While this laboratory-to-laboratory bias is compen- 
sated for by the tabulated volume corrections, it is partic- 
ularly important to realize that these values do not correct 
for all of the variability in the volume of the confining 
fluid. Thus, no correction is made for the fact that the 
temperature of the confining fluid which is no t  immersed 
will vary from laboratory to laboratory and even from bath 
to bath within a laboratory. Nor is any adjustment made in 
the tabulated corrections for that variation in the immersed 
volume of confining fluid which results from changes in 
sample volume when going from one temperature to 
another. Of these two effects, the former is less significant 
and corrected for only with great difficulty. The second 
effect will, to a good approximation, be constant from one 
laboratory to the next for a particular sample. 

Recognizing that we wish to correct for lab-to-lab vari- 
ability in the initial reading at the upper reference temper- 
ature, we can proceed in developing the required equations. 
The expression for water expansion between t and T may 
be derived from the general expression for thermal expan- 
sion of water. Thus, for temperature t 

V t = V o ( l + ~ t + f l t 2 + 3 , t 3 + S t 4 ) .  ( I I )  

The values of the coefficients can be obtained from the 
literature, various reference works, or handbooks. The 
values used here are: 

a = - 6 . 5 8 1  x 10 .5 
/3 = 8 . 5 0 7  x 10 -6 
' 7=  - 6 . 7 6 9  x 10 .8  

= 3 .75  x 10 "10 

An expression similar to (II) can be written for temperature 
T, namely: 

V T = Vo(I+~T+~3T2+"t ,  T 3 + 6  T 4 ) .  ( I I I )  

Defining a function f ( t )  = at+fi t2+7 t 3 4 ~ t 4  and combining 
(II) and (Ill) we obtain an expression for the expansion of 
water between t and T, namely: 

V T - V t =  Vo[  ( f ( T ) - . f ( t )  ] ( I V )  

It now remains for us to define V o. Strictly speaking, it 
is the volume of water under consideration measured at 0 
C. Within the limits of temperature being considered here, 
no significant errors ( '(0.5%) are introduced by neglecting 
temperature effects. Thus, in the official method, 2 ml of 
water are used as the confining fluid, and the dilatometer is 
immersed to the 0.300 ml mark. The amount of water, in 
microliters, contained in that portion of  the dilatometer 
which is immersed is, therefore, given by the following 
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TABLE I 

Comparison o f  Volume C o r r e c t i o n s  f o r  60 C 

3 5 1  

Bath 
temp. 1000 

60 C Readin~ (microliters) 
1100 1200 1300 1400 

0 C 22.0 a 22.0 b 20.3 20.3 18.6 18.6 
5 22.2 22.2 20.4 20.5 18.7 18.7 

10 21.8 21.8 20.1 20.1 18.5 18.4 
15 21.1 21.0 19.4 t9.5 17.8 17.8 
20 19.9 19.8 18.4 18.4 16.8 16.8 
25 18.4 18.4 17.0 17.0 15.6 15.6 
30 16.6 16.6 15.3 15.3 14.0 14.0 
35 14.5 14.4 13.4 13.3 12.3 12.2 
40 12.1 12.0 11.2 11.0 10.2 10.2 
45 9.5 9.4 8.7 8.7 8.0 8.0 
50 6.6 6.6 6.1 6.1 5.6 5.6 
55 3.4 3.2 3.2 3.0 2.9 2.8 
60 0 0 0 0 0 0 

16.9 16.9 15.2 15.2 
17.0 17.0 15.3 15.3 
16.8 16.7 15.1 15.1 
16.2 16.2 14.6 14,6 
15.3 15.3 13.8 13.8 
14.2 14.1 12.7 12.7 
12.8 12.7 11.5 I 1.4 
11.1 11.1 10.0 10.0 

9.3 9,2 8.4 8.3 
7.3 7,2 6.6 6.5 
5.1 5.1 4.6 4,5 
2.6 2.5 2.4 2,3 
0 0 0 0 

aThis work. 
bReference 1. 

a p p r o x i m a t e  b u t  s a t i s f a c t o r y  e x p r e s s i o n :  

v o = 2000 - [R(T) - 300] .  (V) 

T h e  e x p a n s i o n  o f  g lass  ove r  t h e  t e m p e r a t u r e  r a n g e  o f  
i n t e r e s t  c a n  be  n e g l e c t e d .  S u b s t i t u t i o n  o f  (V)  i n t o  ( IV)  
gives:  

V e ( t )  = v T - V t = [2300 - R(T) ] [/(T) - . f ( t )  1 (Vl) 

F ina l l y ,  c o m b i n i n g  (I )  a n d  (V1) p r o v i d e s  a g e n e r a l  ex-  
p r e s s i o n  fo r  SF I ,  n a m e l y :  

SFI = R(T) R ( t )  -- 1 2 3 0 0 -  R(T) ] [.f(T) - f ( t )  ] 

W (VII) 

- R(T) - R(T')  -- 12300 - R(T) ] [ /(T) - / ( T ' )  I 

W 

x ( T -  t) 

( T -  T')  

RESULTS 

T a b l e  I p r o v i d e s  a c o m p a r i s o n  o f  v o l u m e  c o r r e c t i o n s  cal-  
c u l a t e d  f r o m  e q u a t i o n  (VI )  w i t h  t h o s e  t a b u l a t e d  in t h e  
o f f i c i a l  m e t h o d .  T h e  v a l i d i t y  o f  e q u a t i o n  (VI )  is c l ea r ly  
e v i d e n t .  I t  s h o u l d  be  n o t e d  t h a t  t h i s  e x p r e s s i o n  is va l id  f o r  
r e f e r e n c e  t e m p e r a t u r e s  o t h e r  t h a n  6 0  C; t h e  t e m p e r a t u r e  
l i m i t s  b e i n g  d e p e n d e n t  o n l y  o n  t h e  l i m i t s  f o r  t h e  c o e f f i e n t s  
o f  t h e r m a l  e x p a n s i o n  w h i c h  are  u s e d .  T h u s ,  in  s i t u a t i o n s  

w h e r e  p r o g r a m m a b l e  c a l c u l a t o r s  o r  c o m p u t e r s  a re  n o t  
r e a d i l y  a v a i l a b l e  f o r  r o u t i n e  c a l c u l a t i o n ,  e q u a t i o n  (VI )  c a n  
be  u s e d  to  g e n e r a t e  e x p a n d e d  t a b l e s  o f  v o l u m e  c o r r e c t i o n s  
f o r  a n y  r e f e r e n c e  t e m p e r a t u r e  o f  i n t e r e s t .  

DISCUSSION 

A g e n e r a l  e x p r e s s i o n  h a s  b e e n  d e r i v e d  w h i c h  a l l o ws  
d i r ec t  m a c h i n e  c a l c u l a t i o n  o f  SFI  v a l u e s  f r o m  d i l a t o m e t e r  
r e a d i n g s .  T h i s  e x p r e s s i o n  is va l id  f o r  c a l c u l a t i o n  o f  SFI  
v a l u e s  w i t h i n  t h e  l i m i t a t i o n s  a n d  a s s u m p t i o n s  i n h e r e n t  in 
t h e  o f f i c ia l  d i l a t o m e t r i c  p r o c e d u r e .  C o n s i d e r a b l e  r e a r r a n g e -  
m e n t  a n d  s i m p l i f i c a t i o n  is p o s s i b l e  in  s i t u a t i o n s  w h e r e  a 
g e n e r a l  e x p r e s s i o n  is n o t  n e e d e d .  T h i s  f l e x i b i l i t y  s h o u l d  b e  
u t i l i z e d  to  a d v a n t a g e  w h e n  c o d i n g  a l g o r i t h m s  fo r  u s e  w i t h  a 
c o m p u t e r  o r  p r o g r a m m a b l e  c a l c u l a t o r .  A c o m p l e t e l y  gen-  
eral  p r o g r a m  f o r  u s e  w i t h  a H e w l e t t - P a c k a r d  M o d e l  HP-6 5  
c a l c u l a t o r  a n d  t a b l e s  o f  c o r r e c t i o n s  fo r  a n y  r e f e r e n c e  t e m -  
p e r a t u r e  a re  ava i l ab l e  f r o m  t h e  a u t h o r  o n  r e q u e s t .  
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