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The Raw Linseed Oil Acetone Foots Test. I. A Centrifuge 
Tube and Method for Rapid Determination 
EGBERT FREYER and VICTOR B. SHELBURNE, Spencer Kellogg and Sons, Inc., Buffalo, N. Y. 

C laUDE or raw vegetable oils are generally graded 
by  tests which reveal qualities of direct concern 
in the pr incipal  applicat ion of the oil. Pract i -  

cally all crude cottonseed, peanut,  and near ly  all 
crude coconut and soybean oils are first alkali re- 
fined, and hence the refining loss test  is the pr incipal  
grading factor. Although a considerable quant i ty  of 
linseed oil used is also alkali refined for the produc- 
tion of high-grade varnish oils, or acid refined to make 
grinding oils, an even larger  quanti ty,  roughly one- 
half  o f  the total  amount  produced, is sold by  the 
processor as raw, p robab ly  in most cases af ter  being 
given a very simple clar i fying t reatment .  A very  
large pa r t  of this raw oil is used as such. 

I t  is na tura l  therefore that  raw linseed oil should 
be evaluated by  tests which show its quali ty as raw 
oil, ra ther  than  with par t icular  reference to its refin- 
ing loss. I t  is sold thus under  s tandard  specifications, 
general ly those of the American Society for  Testing 
Materials (hereinafter ,  A.S.T.M.),  al though the Fed- 
eral Specifications ( T T - 0 - 3 6 9 )  are pract ical ly the 
same. The A.S.T.M. specifications follow: 

Specific Gravi ty--15.5/15.5 .................................... 0.931~0.936 
Acid Number ,  maximum ........................................... 4.0 
Saponification Number  ............................................ 189.0-195.0 
Unsaponifiuble, maximum % .................................... 1.50 
Iodine Value (Wi j s ) ,  minimum ......................... ..... 177.0 
Loss on Hea t ing  at 105 to l l0~  max. v/s .......... 0.2 
Color- -not  darker  than  a freshly prepared solu- 

tion of 1.0 g. of K2Cr207 in 100 ml. of pure 
H,..SO4 (sp. gr. 1.84) 

Foots,  maximum, % - - H e a t e d  oil ............................ 1.0 
Chilled oil ............................ 4.0 

In  isolated cases buyers  may  have some modifica- 
tions of these specifications. 

I t  may be noted that  several of the items in the 
above are inherent  in the flaxseed and thus not sub- 
ject to control by  the processor except by  blending 
with oil f rom other lots of flaxseed, an action which 
may not always be possible. These are :  iodine value, 
specific gravi ty ,  saponification value, unsaponifiable 
content, and in a certain sense acid number.  (The 
last i s  subject  to control by  neutral izing par t  of the 
oil though that  pa r t  then ceases to be raw.) The other 
items are largely subject  to control, but  the chilled 
loots test only so by  the applicat ion of t rea tments  not 
ordinar i ly  regarded as being expected or necessary 
for  conditioning r a w  oil for  shipment. (Such a treat-  
ment  would be ref r igera t ing  the oil pr ior  to filtering 
or centr ifuging.)  

Therefore the main propert ies  determining raw lin- 
seed oil quality, not inherent  in the flaxseed, are both 

~A modification of this test has been developed specifically for use 
on crude soybean oil and a paper describing i~ is in preparation. 

controllable in the processing. These are the heated 
loots test and the " loss  on heating at 105 to l l0~  ' '  
and since the latter,  or the M. &V.,  must  be held con- 
s iderably below the A.S.T.M. max imum to assure rea- 
sonable clarity, it is generally not a factor.  We are 
thus left  with the heated loots test as the main cri- 
terion of quali ty in this oil, i.e., among those subject  
to convenient control in processing. The significance 
of the indications of this test and of the chilled loots 
test, as well as the nature  of the test itself and the 
limitations to reproducibi l i ty  of results, meri t  close 
consideration inasmuch as it was these things which 
led to the development of the centr ifuge modification. 

The official test procedure is as follows (1) : 

Foots 
14. a) Wi th  all materials  at a tempera ture  between 20 

and 27~ mix by shaking for  exactly 1 min. in a gradu- 
ated tube 25 ml. of the well-shaken sample of oil, 25 ml. 
of acetone, and 10 ml. of the acid calcium chloride solution. 
Clamp the tube in a vertical posit ion where sett l ing ma:~" 
take place fo r  24 hrs. The temperature  during this period 
should be between 20 and 27~ 

b)  At the end of the 24 hrs. determine the volume of the 
s t r a tum lying between the clear calcium chloride solution 
and the clear acetone and oil mixture  to the nearest  0.1 ml. 
or f ract ion thereof.  This volume multiplied by four  ex- 
presses the amount  of loots  present  as a percentage by 
volunle. 

Heated Oil Test 

15. Heat  a por t ion of the oil to 65~ hold it within 
2~ of tha t  tempera ture  for  10 min.;  then cool it to room 
tempera ture  (20 to 27~ Subject  the sample prompt ly  
to the loots  test  as described in Section 14. 

Chilled Oil Test 

16. Heat  a port ion of the oil to 65~ hold it within 
2~ of that  tempera ture  for  10 min. ;  then place in a dry, 
clean bottle, s topper  tightly, and place in a cracked ice and 
water  mixture  (0~ for  exactly 2 hrs. At  t he  end of 
this thne place the bottle fo r  exactly 30 min. in a water  
bath  at 25~ then subject  prompt ly  to the loots  test as 
described in Section 14. 
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Specific directions are given for  p repar ing  the 
sa tura ted  calcium chloride solution in hydrochloric 
acid. The acetone must  conform to A.S.T.M. speci- 
fications for  tha t  solvent, and these permit  up to 2% 
of moisture. All the work in our labora tory  shows 
tha t  variat ions of the mois ture  content in this range 
can significantly affect the loots test results, but  a 
survey of the acetone stocks in several of our labo- 
ratories indicated that  it appears  ordinar i ly  to be 
substant ia l ly  dry. So this variable p robab ly  does 
not contr ibute  to the poor reproducibi l i ty  of foots 
test results experienced in checking between different 
laboratories.  I t  may  be noted here tha t  before Ju ly  
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1949 the directions for  prepar ing the calcium chlo- 
ride was such that  wide variations in concentration 
could be expected, and indeed were experienced, as 
surveys of this factor  by  one of the authors revealed. 
This followed from the ease with which calcium-chlo- 
ride forms a super-saturated solution. 

Nature of the Foots Stratum. I t  is apparent  that  
the foots test result  is a highly empirical quanti ty,  
being percentage by volume of an emulsion consisting 
of a large par t  of the acetone-insoluble component of 
the raw oil, emulsified with the acetone-oil solution 
and a small amount of the calcium-chloride solution. 
The same is t rue of the chilled foots test result, ex- 
cept in this case we have the complicating effect of 
such wax and stearine as separate with the foots. 
Some of the results being reported here will show 
this to be a very  serious complication indeed since 
the lack of reproducibi l i ty  of chilled foots results is 
fa r  worse than in the case of the heated foots test. 
(See the check sample results and discussion of these 
accompanying.) The lack of concordance and varia- 
bility of results on a given sample therefore is clearly 
due to the variable amount  of the oil-acetone and 
of the aqueous solution components in the emulsion 
s t ra tum which is read and reported as foots. Since an 
emulsion composition formed under  conditions such 
as prevail in this test can be expected to vary  with 
the actual conditions applying in making a given 
test, it is not at all surprising to anyone familiar  
with the nature  of emulsions that  the results are of 
ra ther  poor reproducibil i ty.  The statement of the 
conditions in the official method is such that  signifi- 
cant variations may occur without violating the letter 
of the method. The effect of some of these variations 
will be il lustrated in results given here, but  at this 
point it will suffice merely to enumerate them with a 
few pert inent  comments. 

Temperature. A relatively wide temperature  range 
is permitted, 20 to 27~ to 80.6~ Results pre- 
sented below show that  test indications may be sig- 
nificantly affected by  variations within this range. I t  
is to be noted that  the top temperature  named is one 
that  cannot be maintained in most laboratories dur- 
ing the summer without employing a cooling bath, or 
air conditioning. 

Agitation. The intensity is limited by  spec i fy ing  
that  the oil and reagents be mixed in the foots tube 
itself. Shaking these tubes is a somewhat awkward 
operation, and the senior author found in the only 
two laboratories using this test which he has visited 
outside of his employer 's  laboratories that  agitation 
was performed by  al ternately invert ing the foots 
tube. Af ter  each up-ending the bubble or air space 
passes f rom the lower to the upper  position, thus 
giving a far  less intense agitation than would be 
obtained by  shaking. Although in many comparisons 
the degree of agitation seems to have little effect it 
has been found that  it jus t  as often does affect the 
results. I t  may be noted that the practice of mix- 
ing by  simply invert ing the tubes repeatedly does 
not conform li teral ly to the condition in the method 
which directs, " m i x  by  shaking."  (See Table I I ) .  

Concentratio~ of the Calcium-Chloride Solution. 
Experience has shown this to affect the results at 
times. This concentration is conveniently indicated 
by  the specific gravi ty  of the solution. While it would 
seem that  this concentration must be constant in ac- 

cordance with the precise and limiting directions for 
making the solution, such unfor tunate ly  is not the 
case. The solution may become supersaturated by  
cooling, say overnight. Then the excess salt may 
crystallize and concentrate in the bottom of the rea- 
gent bottle. As it is then warmed to 20~ or higher, 
the crystals are slow in redissolving, in fact, have a 
tendency not to dissolve at all unless agitated for a 
considerable time. Thus an unwary  chemist who uses 
the supernatant  solution is obviously using one which 
is considerably depleted in salt contenL 

Worse, it was recently found that  two different 
brands of calcium-chloride dihydrate  gave solutions 
with significantly different specific gravities when 
made into the test reagent by the official directions. 
One of these was correct for  the composition ex- 
pected, the proper  one, whereas the other was decid- 
edly higher, indicating that  the solution was highly 
supersaturated. This simply means that  the salt used 
did not have the composition indicated on the reagent 
ja r  label as the dihydrate  but  contained an appre- 
ciable quant i ty  of monohydrate.  

Handling the Tubes Before and on Reading the 
Results. While such handling should perhaps be con- 
sidered a violation of the spirit  of the official method, 
which directs that  the tubes shall be clamped in a 
vertical position during 24-hour settling period, it 
seems likely that  chemists using the test may (and 
probably most of them do) carry  them to a window 
or a good light to read the volume of the loots strata. 
To make this reading accurately may be a problem 
since both surfaces of the loots s t ra tum may be irreg- 
ular. Thus a reading of these surfaces to .025 ml. is 
a difficult mat ter  at best, and the right kind of light 
is a necessity. Careful handling at the time of read- 
ing will not change the results, but  vibrat ion or jar- 
r ing may do so, especially when visible pockets of 
bulk acetone-oil solution are t rapped in the foots 
layer ;  for such oil pockets can be released, by  a 
disturbance, into the phase where they r ightful ly  be- 
long. Indeed, at times the emulsion s tructure is what 
might be called massive, ra ther  than colloidal or mi- 
croscopic, and pockets of the oil phase may be held 
t rapped in the loots layer  by  filmy interfaces having 
dome-shaped elevations i r regular ly  spaced about the 
upper  surface of the stratum. When this condition 
occurs and a reading is taken on the foots test (ob- 
viously a rough estimate under  these conditions), 
this reading must be considered official as the official 
method ~ is stated. However if the tube is rotated 
rapidly just  once w i th  the thumb and forefinger, 
disturbing and breaking down the films which hold 
the pockets of oil phase in the foots stratum, the 
dome structures will collapse with the release of the 
oil. Then, if the test is allowed to sett le a few min- 
utes longer and another  reading taken, it will be 
decidedly lower than the first reading and of course 
more nearly representative of the quant i ty  which it 
is the intent  of the method to m easu re .  Still, the 
higher, less representative and less accurate value 
must be reported under  the present wording of the 
method. 

Compacting the Foots by Centrifuging 
The use of a centrifuge occurs natura l ly  to anyone 

using this test, and 11 years ago the senior author 
developed a method based on centrifugal  separation 
of raw linseed oil acetone foots by  actually isolating 
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the loots  in a t a r e d  vessel,  d r y i n g  f ree  of volat i les ,  
a n d  weigh ing .  The me thod  was not  p u t  in to  r e g u l a r  
use however  because  of  the t ime consumed  a n d  the  
a m o u n t  of m a n i p u l a t i o n  involved .  This  me thod  was 
of p a r t i c u l a r  i n t e r e s t  to us in  showing  j u s t  how much  
rea l  foo ty  m a t t e r  does occur  in  r aw  l inseed  oil on a 
we igh t  bas is  a n d  to show the  r e l a t i onsh ip  which  th is  
t r ue  loo ts  con ten t  bea r s  wi th  the  occas ional  f a n t a s t i c  
i nd ica t ions  of the  official acetone foots  test .  On us ing  
i t  a g a i n  a b o u t  a y e a r  ago, the  au tho r s  wen t  f u r t h e r ;  
t hey  then  t r e a t e d  the  c e n t r i f u g e d  a n d  v a c u u m - d r i e d  
" b a s i c  l o o t s "  wi th  ch i l l ed  acetone,  fo l lowing  the p ro-  
cedure  g e n e r a l l y  used  in the  ana lys i s  of lec i th in .  This  
gave the  ace tone- inso lub le  con ten t  of the  o r i g i n a l  oil 
( to the  ex t en t  t h a t  the  ace tone- inso lub le  m a t t e r  was 
s e p a r a t e d  in the  loo t s  l a y e r ) .  

The va lues  g r a v i m e t r i c a ! l y  d e t e r m i n e d  as " b a s i c  
l o o t s "  a v e r a g e d  abou t  one - fou r th  of the  loo ts  con- 
tent ,  as p e r c e n t a g e  b y  volume,  i n d i c a t e d  b y  the offi- 
c ia l  g r a v i t y - s e t t l e d  resu l t .  This  shows t h a t  w h a t  is 
m e a s u r e d  in  the  l a t t e r  tes t  is l a r g e l y  oil a n d  ace tone  
a n d  ca lc ium ch lor ide  emuls i f ied  wi th  the  t r ue  foots.  
The " b a s i c  l o o t s "  s e p a r a t e d  has  an  ace tone- inso lub le  
con ten t  r o u g h l y  of 5 0 % ;  or  the  foots  in  the  g r a v i t y  
t es t  is composed  of on ly  a b o u t  one-e ighth  acetone-  
inso luble  m a t t e r ;  i . e . ,  p h o s p h a t i d e s  a n d  o the r  compo- 
nen t s  g e n e r a l l y  r e f e r r e d  to as " g u m s "  or  muci lage ,  
m a t e r i a l  which  is not  t r i g l y c e r i d e  oil ( a n d  which  fo r  
the  most  p a r t  does not  be long  in the  unsapon i f i ab le  
f r a c t i o n ) .  Space  l i m i t a t i o n s  do not  p e r m i t  pub l i ca -  
t ion  of th i s  method ,  b u t  i t  is ava i l ab l e  to anyone  
i n t e r e s t ed  u p o n  reques t  to the  au thors .  

I n  1948 the re  was access to some co r re spondence  
d e s c r i b i n g  a n o t h e r  s imple  m e t h o d  fo r  s e p a r a t i n g  the  
foots  b y  c e n t r i f u g i n g  (3 ) .  The  p r o c e d u r e  invo lved  
c e n t r i f u g i n g  f irst  in  a s e p a r a t o r y  funne l ,  d r a w i n g  
off the  aqueous  phase ,  t hen  t r a n s f e r r i n g  the  oil  a n d  
foots  phases  to a c e n t r i f u g e  t ube  wi th  g r a d u a t e d  t ip .  
This  was c e n t r i f u g e d  a g a i n  to r e -compac t  the  loo ts  
a n d  the  loots  vo lume then  read .  The au tho r s  nex t  
reca l led  the  idea  which  one of t hem conce ived  (on 
f irst  be ing  i n t r o d u c e d  to the  loo ts  tes t  13 y e a r s  ago)  
of  des ign ing  a c e n t r i f u g e  t ube  in  which  the oil  a n d  
r eagen t s  cou ld  be mixed ,  t hen  c e n t r i f u g e d ,  a n d  the  
vo lume r e a d  a c c u r a t e l y  w i t h o u t  a n y  t r ans fe r s .  Re- 
cen t ly  the  des ign  for  a su i t ab l e  t ube  was made  and  
severa l  o r d e r e d  fo r  t r i a l  purposes .  The resul ts ,  g iven  
below, have seemed so p r o m i s i n g  t h a t  i t  a p p e a r e d  
des i r ab le  to p u b l i s h  a d e s c r i p t i o n  of th is  t ube  a n d  
i ts  m e t h o d  of use and  to discuss  the  s ignif icance of 
the  resu l t s  ob ta ined ,  e spec ia l ly  in r e l a t ion  to the  re- 
sul ts  o b t a i n e d  b y  the  p r e sen t  official method ,  which  
is ca l led  the  g r a v i t y  me thod  he r ea f t e r .  

I n  a d d i t i o n  to p rec i s ion  of resul t s ,  which  was of 
p a r a m o u n t  i m p o r t a n c e ,  the  fo l lowing  th ree  po in t s  
were  cons ide red  essent ia l  in deve lop ing  the  t e s t :  

a) Retain the general outline of the A.S.T.M. gravity test. 
b) Make the manipulation required as simple as possible. 
c) Reduce to a minimum the time required to obtain re- 

sults (limited by size and speed of centrifuge). 

A n  i~ves t i ga t i on  was made  of the  v a r i a b l e s  which 
could  affect the  c e n t r i f u g a l  tes t  a n d  a s t a n d a r d  
m e t h o d  of r u n n i n g  the  t es t  was chosen. The va r i a -  
b les  t e s t ed  were  t ime  of g r a v i t y  p re - se t t l i ng ,  speed  
of c e n t r i f u g i n g ,  t ime  of c e n t r i f u g i n g ,  a n d  effect of 
i n t e n s i t y  of ag i t a t ion .  
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FIG. 1. Working drawing for the centrifugal foots test tube. 

The C e n t r i f u g a l  Foots  Method 
A p p a r a t u s  : 

1. A graduated tube as shown in Figure 1. (Made by Ace 
Glass C0rparation, Vineland, N. J.) 

2. Bottom cushions, 1%" diameter by �88 thick sponge 
rubber. 

3. A centrifuge capable of swinging the tube in a 1�89 
diameter brass cup or tube holder. (A size 1, type C, 
International centrifuge equipped with a number 242 
head and number 364 trunnions is satisfactory.) . 

P r o c e d u r e  : 

Prepare the reagents and condition the oil sample for 
the heated or chilled test as specified in the A.S.T.M. offi- 
cial method (given above). Measure 25 ml. of the well 
mixed sample into the graduated tube, add 25 ml. of 
acetone to the upper mark, and add 10 __+ 0.2 ml. of acid 
calcium chloride solution. Stopper the tube and mix the 
contents thoroughly for one minute. Place the tube in the 
brass cup and allow to stand for 5-15 minutes during 
which time the tubes and cups may be balanced for cen- 
trifuging. Centrifuge for 15 minutes at a speed determined 
by the distance (radius) of the bottom of the cups from 
the center of rotation of the centrifuge as follows: 

For radius (R) of: Use the following speed (N) : 
20 cm~ 1850 RPM 
23 cm. 1730 RPM 
25 cm. 1660 RPM 
28 cm. 1570 RPM 
30.5 cm. 1500 RPM 

Or for a centrifuge of a different dimension use the for- 
mula, N ~ 8273 V1/R, where N -~ speed of operation, 
RPM, and R --~ distance from bottom of cup to center of 
centrifuge. 

Remove the tubes from the supporting cups, read the 
volume of the loots layer, estimating both interfaces to 
the nearest 0.01 ml. and multiply by 4 to obtain per cent 
of centrifugal foots by volume. 
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Results and Discussion 
A study made of the effect of g rav i ty  pre-sett l ing 

on the indicated value of the centr i fugal  foots shows 
that  the time of g rav i ty  pre-sett l ing has no effect 
on the centr i fugal  foots test provided a t  least five 
minutes is allowed before centrifuging,  which is 
about  the required time for the two solution layers 
to separate. When centr i fuging was s tar ted immedi- 
ately af ter  mixing the contents of the tube, there 
appeared  to be a slight and unpredictable  effect on 
the value of the foots test. In  F igure  2 are plotted 
values of the indicated centr i fugal  foots against  the 
time of centr i fuging at speed for  a single oil at vari-  
ous speeds of the centrifuge. Examinat ion  of the 
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curves shows tha t  at any given applied force there 
is an ul t imate indicated foots content which is not 
changed by  subject ing the foots to the force for  
longer periods of time. This is t rue even of the 
gravi ty  test though a t ime of 24 hours does not seem 
long enough to obtain the ul t imate value. I t  was 
f rom the data of F igure  2 tha t  the condition, 15 
minutes at 1850 RPM, was chosen as s tandard  for  
the series of tests repor ted  here. In  F igure  3 are 
plotted addit ional  data (chilled tests),  showing that  
the conditions chosen for  the centr i fugal  test  do yield 
ul t imate values of the loots content. I t  is part icu-  
lar ly  interesting to note that  for the chilled gravi ty  
test even af ter  275 hours of settling it was not cer- 
tain that  the tests had reached an ul t imate value. 

In  Figure  4 data derived f rom Figure  2 is plotted 
as ul t imate percentage centr i fugal  loots against  speed 
of centrifuging.  For  convenience the relative cen- 
t r i fugal  force is shown on the same axis. 

Studies of the effect of intensi ty of agitat ion show 
that  it has little if a n y  effect on the results of the 
centr i fugal  test. Table I shows that  intensi ty of agi- 

TABLE I 

Effect of In tens i ty  of Agitat ion on Percentage  of Foots by the 
Chilled Gravi ty  Method 

Sample 

1 .......................................... 
Recheck 1 ............................ 

I .......................................... 
J .......................................... 
K ......................................... 
V ......................................... 
V ......................................... 

Specified 
Agi ta t ion 
(Shak ing  
in Tube) 

.6% 
4.4 
4.0 
3.4 
3.7 
4.8 
4.0 
4.0 

Alternately 
Inve r t ing  

Tube 

3.2 
3.2 
3.4 
3.1 
3.2 
3.6 
2.8 
3.6 

Difference 
% Foots 

0.4 
1.2 
0.6 
0.3 
0.5 
1.2 
1.2 
0.4 

tat ion quite markedly  and uni formly  affects the re- 
sults of the chilled grav i ty  test. The more violent the 
agitation, the higher the result, an effect undoubtedly  
caused by  occluded air  bubbles, which may  even be 
seen in the foots layer. Studies were made on the 
effect of intensi ty of agitat ion on the heated gravi ty  
test. Results were quite variable and indicated that  
the relative effect may depend upon the value of the 
result. This effect on both the heated and chilled 
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grav i ty  test has been studied by  the A.S.T.M. Sub- 
committee I I  (D- l )  on Dry ing  Oils (2).  

Table I I  shows the degree of correlation of the 
heated centr i fugal  test with the heated grav i ty  test. 
The ratio of the gravi ty  test  to the centr i fugal  test  
(hereafter ,  Heated  Ratio G /C)  has been calculated 
for  each oil and its average value shown together 
with the high and low results. This is done princi- 
p a l l y  to enable the centr i fugal  test  to be evaluated in 
terms of the grav i ty  test ;  however its value fal l ing in 
the neighborhood of 3 is of par t icular  and significant 
pract ical  interest.  Actual  processing losses associated 
with the removal of a given percentage of acetone 
foots lie in the same range (i.e., official gravity-set t led 
acetone loots reduction divided by  processing shrink 
= 3.5 as a rough average but  may  va ry  f rom 2.5 to 
4.5). The la t ter  ratio is of the same order of magni- 
tude regardless of whether  the acetone foots reduction 
is accomplished by  complete or par t ia l  degumming 
(refining) or by  filtering. The percentage of centrifu- 
gal loots is therefore direct ly a very  useful indication 
of probable  or expected processing loss incident to 
gum removal alone. 

T A B L E  I I  

Cor re la t ion  of P e r c e n t a g e  of Grav i ty -Se t t l ed  ]~oots W i t h  
Percentage  of C e n t r i f u g a l  Foots  

Average  Ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Low V a l u e  Ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H i g h  V a l u e  Ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A v e r a g e  D e v i a t i o n  Ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N u m b e r  of Compar i sons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N u m b e r  Oils  Compared  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R a t i o  of Grav i ty -Se t t l ed  
to C e n t r i f u g a l  Foots 

Hea t ed  Tes t  Chil led Tes t  

( H ~ated  ( Ghil~eg~ 
R a t i o  G / C )  R a t i o  G / G )  

2.82  6 .78  
2 .25  3.28  
3 .67  9.6 

~ 0 . 2 6  + 1 . 2 9  
21 16 
13 14 

Table I I  also shows the degree of correlation of the 
chilled grav i ty  test  with the chilled centr i fugal  test. 
The ratio chilled gravi ty-set t led foots to chilled cen- 
t r i fugal  loots (Chilled Ratio G /C)  is quite close to 
7 as an  average and varies through a wide range. The 
obvious explanation is tha t  the loots layer  read in the 
chilled gravi ty  test  is an indefinite and voluminous 
emulsion of acetone-oil and acid-calcium chloride solu- 
tion with the actual  footy and waxy material .  This 
undoubtedly  accounts for  the lack of precision in the 
gravi ty  test, as s tr ikingly i l lustrated by  the poor 
concordance of results on check samples given in 
Table IV. 

If ,  as supposed, the chilled test is a measure of the 
quant i ty  of sa tura ted  tr iglycerides and waxy mate- 

T A B L E  I I I  

Effect  of T e m p e r a t u r e  P r e v a i l i n g  D u r i n g  Se t t l ing  
on the Chil led G r a v i t y  Foots  Tes t  

Sample  

U a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
pa  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Se t t l i ng  T e m p e r a t u r e  
in  ~ 

20 -23  ~ 27 ~ 

4 .3  4.1 
2.9 2.2 
5.2 3.6 
4 .0  3.8 
7 .4  7.8 
4 .8  " 4 .4  " 
0 .3  0 .4  
2 .7  3.3 
4 .8  3.9 
2.4 2.1 

Di f fe rence  
2 7 ~  as 

B a s e  

+ 0 . 2  
t 0 . 7  
+ 1 . 6  
+0.2 
- - 0 . 4  
+o.4 
- - 0 . 1  
- - 0 . 6  
+0.9 
+o.a 

s Va lues  s h o w n  are averages  of two dup l i ca tes  check ing  w i t h i n  0 . 2 % .  

rials in the oil a Consideration of the ratio for  the 
single scalped raw sample on which a chilled test was 
obtained is of interest. The Chilled Ratio G/C for 
this oil averaged 3.64, f a r  lower than  the values ob- 
tained for  refiltered raw oils. I t  is thought  tha t  the 
presence of the larger  quant i ty  of acetone-insoluble 
mater ial  in scalped oil either acts to compact the 
loots layer  separated (say, as a binder)  or inhibits 
crystallization of the sa tura ted  components, i.e., the 
chilled gravi ty  test for  this oil should be much higher, 
giving a more normal  ~ / C  ratio, if  it is a t rue  com- 
parat ive  measure of sa tura ted  fats  and waxes. This 
effect is being studied fu r the r  and will be repor ted 
separately.  

Table I I I  presents data obtained in a s tudy made 
of the effect of t empera ture  prevai l ing dur ing the 
settling period on the chilled gravi ty  loots test. The 
effect of reagent  t empera ture  was also studied and 
seems to be small when it falls in the official range, 
but  the effect of the t empera ture  of settling is not 
negligible on some oils. Tempera tures  outside of the 
official range may  conceivably occur when the tubes 
are placed next to a window or to heating equipment  
in winter. Though the effect of t empera ture  has not 
been specifically studied in its relation to the heated 
gravi ty  test, it i s  not thought  to be a large factor  in 
low loots oil bu t  may  conceivably affect the results 
when the foots run  around 3 to 4%, well outside 
the commercially significan t range. In  any  event the 
effect of t empera ture  may  be ruled out of the cen- 
t r i fugal  test a s  the time required to make the test 
is so short  that  the t empera ture  may be controlled 
even by  crude methods. 

The effect of handling the tubes on the results of 
the grav i ty  test is of interest. In  a test made o f  this 
effect two oils tested 2.3% and 1.2% foots before 
handl ing whereas, a f te r  twir l ing the tubes between 
thumb and forefinger and settling an addit ional  10 
minutes, the same tests were read as 1.6% and 0.9%, 
respectively. No amount  of rough handling can de- 
crease the centr i fugal  test result  as the forces which 
have  acted on the foots layer  are greater  than any 
which could be applied by  the s t rength of man. 

Table I V  presents results on a series of check sam- 
ples sent out to six different laboratories.  All labora- 
tories were known to be using the official A.S.T.M. 
Method D555-41. Clearly, the results show lack of 
agreement,  especially on the chill test, but  presum- 
ably represent  the normal  var ia t ion to be expected 

T A B L E  I V  

Compar i son  of Chil led and  H e a t e d  Grav i ty -Se t t l ed  Foots  T e s t  Resu l t s  as 
D e t e r m i n e d  in  D i f f e r en t  L a b o r a t o r i e s  Repor t ed  to  be 

U s i n g  the  Official Methods  

Chil led Foots,  % 

L a b o r a t o r y  Sample  No. 

3 4 5 6 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .8  4 .0  1.7 4 .2 t 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .2  7.0 a .... 2 .2  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .3  3 .5  3.2 3 .7 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.2 2.0 0.7 8.2 
5 d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .12 2.0 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .4  3.2 1.6 8.2 

H e a t e d  G r a v i t y  Foots,  % 

Sample  No. 

1 6 c 2 3 4 5 

0 .8 0.7 0.6 0.8 0.5 0 .65  
0.6 0 .75  0.6 0.9 0.8 
0.750.6 0.750.5 0.5 i:~ 
0.8 0.6 0.6 0 .4  0 .4  0.6 
1.2 1.4 0.8 . . . . . . . .  0 .4  
0 .6  0 .6  0 .4  0.8 0.5 0.5 

a Th i s  l abo ra to ry  r epo r t ed  a b r e a k d o w n  of hea t i ng  p l a n t  d u r i n g  cold 
w e a t h e r  w h e n  th i s  tes t  w a s  made,  so room t e m p e r a t u r e  was  p robab ly  
well  below the  official m i n i m u m .  

~ A v e r a g e  of ten tests .  
c Same  as Sample  No. 1 bu t  sent  t h r e e  mon ths  l a t e r .  
d T h i s  is t he  only l a b o r a t o r y  in  the  g r o u p  w h i c h  does not  r u n  loots  

tests  rou t ine ly .  
NOTE: On chil led loots Sample  No. 3, t h r e e  buye r s '  l abo ra to r i e s  ob- 

t a i ned  va lues  of 2.0,  2 .0 ,  a n d  2 . 4 %  a n d  on Sample  No. 4 a commerc ia l  
l abo ra to ry  ob ta ined  a v a l u e  of 2 . 8 % .  



5 5 0  T H E  J O U R N A L  OP T H E  A M E R I C A N  0 I L  C H E M I S T S '  S O C I E T Y ,  D E C E M B E R ,  1 9 5 0  

TABLE V 

Comparison of Results  of the Hea ted  Centr i fugal  Test and  the Heated  
Gravi ty  Test on Two Samples of R a w  Linseed oil, 

by Different Analysts 

Analyst  No. 

Refiltered Q 

Average 

Scalped 8 

Averago 

% Foots by 
Centr i fugal  Test 

1 I 2 3 1 4 
i 

o.~ I o.~ 0.4 I 1.o 0.8 
0.4 I 0.4 0.4 [ 1.1 0.8 
0.4 I 0.4 0.45 I 1.2 1.2 
0.4 I 0.4 0.4 ] 0.9 0.8 
o.28 r 0 . 4  o.4 1.2 0.8 

o381 o4 p o4 I l O S  

0 . 8 4 1  0.90 I 0.68 I 2.4 
0.80 ] 0,90 [ 0.84 I 2.0 

] 0.88 ] 0.92 I 0.80 I 2.2 
L- -I 1 1 1  o8o _ _  
I 0.86 [ 0.95 [ o . so  I 2.3 

% Foots by 
Gravi ty  Test 

0.88 

1.8 
2.0 
2.0 
1.8 
1.8 

1.9 

when different laboratories run the test, even with 
careful attention to detail. 

Table V presents the results of the analysis by 
the centrifugal method and by the gravi ty method 
of a series of unknown samples by  different analysts 
in our laboratory. Average differences between ana- 
lysts using the centrifugal test method when multi- 
plied by the Heated Ratio G/C are as good or better 
than the average differences between analysts using 
the gravity method. 

While the reproducibili ty of results by the cen- 
tr ifugal  method is somewhat disappointing when 
magnified several-fold through multiplying by the 
G/C ratio or when the precision is expressed as a 
percentage deviation from the test result, yet when 
the absolute magnitude of the deviations in terms of 
differences is the main consideration, the centrifugal 
method is obviously superior to the gravity separa- 
tion loots method. A collaborative testing program 
involving several laboratories would be required to 
establish conclusively whether the centrifugal method 
really does represent a significant gain in reproduci- 
bility in practical commercial oil grading. Moreover 
it must not be overlooked that a new variable has 
been introduced, centrifugal force, which is not en- 
countered in the gravi ty method. 

In  this connection a tachometer affording direct 
and easy reading of the speed was installed on our 
centrifuge only after completion of the experimental 

w o r k .  Subsequent checks of the speed made while 
routine tests were being run indicated that for a 
given rheostat setting the speed could vary  from 
1850 to 2100 RPM, probably as a result of line 
voltage variations. I t  is now believed that this un- 
controlled speed variation may account for some (if 
not most) of the occasional puzzling discrepancies 

noted_: and it seems reasonable to suppose that  by  
controlling the RPM within • 50 the concordance of 
results could be significantly improved over those re- 
ported here. This probably would require voltage 
control for certain motors. 

Nevertheless as it stands, the centrifugal method 
does possess certain inherent advantages which would 
seem to just i fy its meriting serious consideration. 
These are : 

a )  T h e  r e s u l t s  a r e  a v a i l a b l e  i n  less  t h a n  o n e  h o u r  w h e r e a s  
m o r e  t h a n  24  h o u r s  m u s t  e l a p s e  b e f o r e  k n o w i n g  t h e  re-  
s u l t s  of the gravity-settled test. 

b) The magnitude of deviations or discrepancies, expressed 
as differences, is smaller. 

c) The magnitude of the test results is such that it has real 
practical significance since it corresponds closely to the 
processing loss that would obtain in treating the oil to 
remove the corresponding quantity of gums, either by 
refining, washing, or filtering. 

d) The test is independent of some of the variable condi- 
tions known to affect the results obtained by the gravity 
method. 

e) The interfaces of the loots layer with the two liquid 
phases are sharp and parallel, affording accurate read- 
ings of the loots volume--a condition frequently not 
obtained in the gravity test. 

S u m m a r y  

A rapid method, requiring less than one hour to 
apply, has been developed for determining the ace- 
tone foots content of linseed oils using centrifugal 
force to compact the foots layer instead of the force 
of gravity. Application of the method requires the 
use of a centrifuge tube of novel design. Conditions 
known to affect the results obtained by  the A.S.T.M. 
gravity test have been investigated as they apply to 
the centrifuge test and found to have little or no 
effect on the results of the latter test. Correlation 
of the percentage of centrifugal foots under stated 
conditions with percentage of foots by the gravi ty 
method has been determined for both the heated 
and chilled tests. Under  the conditions chosen for 
the centrifugal test the magnitude of the heated test 
result is about the same as the processing shrink 
sustained when these foots are removed in practice. 

The reproducibili ty of the method, based on this 
work, is equal to or better than the gravi ty test now 
in use for t rading linseed oil. 
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