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O IL technolegists and refiners recognize that  one 
of the most baffling problems which has con- 
fronted the trade and which is hardly closer to 

a conlpletely sat isfactory sohltion today than it was 
20 years ago, is the accurate e v a l u a t i o n  by usual 
labora tory  methods of a tank ear load of (,rude vege- 
table oil on the tracks at dest inat iolr--before unload- 
ing. While admit tedly  many  of 1he testing mctho l s  
still in use lack the degree of precision which mi,,dlt 
be desired in some cases, the real hub of the problem 
is in taking a t ru ly  representat ive sample f rom the 
tankcar  when it contains foots or settlings. ( In  in- 
stances where the buyer  is going to unload the car 
regardless of its analysis, accurate sampling becomes 
much simplified, as in the ease of taking the loading 
sample, where suitable bleeder and cup composite 
methods apply . )  

In  the special but  impor tan t  case of drawing sam- 
ples from loaded tank ears containing foots, large 
sampling errors  may result  f rom the use of methods 
which, while intended to provide a roughly prt)por- 
tional composite of the various depth sections cross- 
ing the vertical diameter  of the car, are nevertheless 
stated in such terms that  the inclusion of the precise 
amount  of loots in the sample, proport ional  to the 
amount  in the ear, does not result except by accident. 
F u r t l l e r m o r e ,  considerable errors may (/ccur when 
dependence is placed upon the well known method of 
taking a core along the tank ear ' s  vertical diameter  
to the bottom. This has been called the geometric 
error,  and it follows mathemat ica l ly  from the dif- 
ference in the relationship between small fractions of 
the diameter  to the total d iameter  on the one hand, 
( represent ing foots '  depth and hence amount  in a 
vertical core sample) ,  and the corresponding relation- 
ship between the actual weight or volume of foots to 
the total weight or volume of the tank ear ' s  eontents. 
This is indicated by  the data in Table I. 

1Presen ted  at 22nd annna l  fall  meeting,  American Oil Chemists '  
Society, Nov. 15-17, 1948, New York City. 

It  is the purpose of this paper  to show why all of 
the published methods give erroneous samples in the 
special ease under  consideration, to show the magni- 
tude of errors and the degrees of misrepresentat ion 
of oil quali ty in test results run  on such incorrect 
samples, and then to present ill detail  a method which 
overcomes the diff• and provides, when proper ly  
applied, samples which afford correct evahlation of 
oil quali ty within the usual limits of error inherent 
in the testing methods generally applied. 

TABI,F, I 

Depth  % of Bot tom 
(of Fools  Correspond- S t r a tum Rat io  : % of E q u i v a l e n t  
S t r a t u m )  ing  u  Taken in Foots  in Core Inches Depth 

as % of as % of Total  Fu l l  Core S a m p l e / T r u e  in 84" Diam. 
Diameter  Volume Sample (4) % Foots Tankca r  

0.3 
0.5 
1 
2 
5 

10 
30 
50 

0.031 
0.06 
0.18 
0.48 
1.9 
5.2 

25 
50 

0.30 
0.5 
1.0 
2.0 
5.0 

10.0 
30 
50 

10.0 
8.3 
5.6 
4.2 
2.6 
1.9 
1.2 
1.0 

0.25 
0.42 
0.84 
1.68 
4.2 
8.4 

25 
42 

Cognizance is taken of this problem by  some trade 
associations by  designating that  tile loading sample 
shall be official when drawn under  certain specified 
conditions. I t  is conceded that  even a core sample 
tak(m prompt ly  a f te r  loading a tank car is substan- 
t ially representative,  except perhaps  in the mmsual  
ease when the oil may  contain an appreciable amount  
of coarse meal which may settle very rapidly, be- 
lieved to be a rare occurrence nowadays. 

I t  has been observed that  among some people who 
do not understand this tank car destination sampling 
problem it is considered adequate coverage of the 
ca r ' s  content to draw " t a k e s "  f rom the top, middle, 
and bottom of the tank car, then mix these three por- 
tions for the sample. To show the fallaciousness and 
danger  of this procedure the following figures are 
given for some tests on tank cars of raw linseed oil 

T A B L E  I I  

ASSUMPTIONS : 
Foots Condit ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 A I B i 

( I ) - - D e p t h  of Foots  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 1 "  - - - ' 7 - -  6 "  
( I I ) - - T r u e  per  cent  of foots in bottom s t ra tum,  by volume (for  84" diam. t a n k c a r )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0.23 1 . 1 3  3.17 

( I I I ) - - - A . S . T . M .  loots  test on leery bottom strat .um: (Based on actual  tests)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 30.0 30.0 20.0 
( I V ) - - P e r  cent A.S.T.M. foots test on oil eve , l y ing  the bottom s t ra tum,  per cent 

(A represen ta t ive  va lue)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.6 0 6 0.6 

Na tu re  of Sample 

(I) Test result on a true sample ................................................................................................. 
(2) Composite of equal portions---top, middle, and bottom ....................................................... 
(3a) These would conform to A.S.T.M. method for tung oil ....................................................... 
(3b)  Di t to  ................................................................................................................................ 
(4a)  These would conform to method given in Fed. Spec. TT-0-369,  but  method would 

be correctly appl ied r in cases indica ted  wifll  * symbol ............................................... 
(4b)  Ditto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
(40) Di t to  .................................................................................................................................. 
(4d)  Dit to .................................................................................................................................. 

P oport ion of Foot.s I 
S t r a tum in Sample 

Rat io  I Percentage 

Tru-----:--L see 
1 : 2 �9 or I 33.3 
1 : 7 I 12.5 
2 : 6  [ 25.0 

1 : 39 I 2.5 
2 : 38 ] 5.0 
3 : 37 7.5 
4 : 3 6  10.0 

A.S.T.M. Fools Testsh 

_ _  A .  I j  B _ _  

I'X:  [ ,X::W~ 
4.3* ' 4.3* i 
. . . . . . . . . . . .  I 

1 .36*  1 .36  
2.07 2.07* 

2.8 

1.2% 
7.1 
3.0* 
5.5 

1.08 
1 .57  
2.05* 
2.54 

* These are the values,  for  a g iven  method. 3 or 4, tha t  would resul t  if the " t akes"  from the t ank  car were equal ly  spaced u p  the vert ical  diam- 
eter  s t a r t i n g  on the very  boltom. The other  values  shown are wha t  migh t  obtain if  the sampler  should make an uneven  d i s t r ibu t ion  of his " t akes"  
ge t t ing  more or less than  the " theore t ica l"  n u m b e r  for a g iven  method fr(,m the bottom s t ra tum.  

�9 Pa r t s  foots s t r a tum to par t s  upper  oil. 
b Ind ica ted  A.S.T.M. fools test in per  cent, based on l ines I I I  and IV above, on composite samples con ta in ing  amoun t s  of foots s t r a tum com- 

ponent  in rat ios and percentages  s h o w n  in the two columns at left, i.e., on samples  as they would be taken by the methods indicated.  

4O8 
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c o n t a i n i n g  various amounts of toots, these being 
given in terms of A.S.T.M.  heated acetone toots test, 
a highly empirical  one giving the volume per cent of 
" t o o t s "  which separate under  certain conditions in 
the presence of acetone and aqueous a c i d - c a l c i u m  
chloride. 

Moreover, since much of the moisture in a raw oil 
is associated with the mucilaginous mat te r  compris- 
ing the toots (and indeed may be largely responsible 
for the precipitat ion of the toots),  it is appa ren t  that  
the moisture content of the false sample would also 
be great ly  exaggerated. I t  is little wonder in view of 
the relatiouships brought  out in Table I I  tha t  proc- 
essors and other shippers of crude vegetable oils are 
leery of test results made on tank car samples at 
destination before unloading. 

I t  is possible, however, by  taking into full  account 
the pr incipal  factor  involved in the problem, to draw 
samples which are t ru ly  representat ive for  all prac- 
tical purposes f rom footy oil in tank cars. Before in- 
troducing the proposed method, it is appropr ia te  to 
discuss briefly some general principles concerned and 
to give the significant features  of several other com- 
monly-used methods, and note ~heir shortcomings. 

Clear--or Foots-Free Oil. When a tank ea r ' s  con- 
tent is free f rom foots and it may be assumed that  
the oil in tbc car was drawn f rom a large storage 
tank, it really does not make much difference what  
method of sampling is used since, as a result  of the 
mixing which occurs on filling the car and in transit ,  
the oil in every par t  of the car must  be substant ia l ly  
the same as the oil in every other part .  This, of 
eourse, covers the case of refined oil samples, and a 
core sample takcu through the center to the bot tom 
may be considered entirely satisfactory. 

I t  may also be considered for pract ical  purposes 
that  when toots are present,  all of the oil above and 
outside of the area where the toots occur is reason- 
ably uni form and that  part ,  at least, may  be consid- 
ered as in the same category as the above, i.e., the 
problem of gett ing the toots blended back with the 
main body of oil in the correct propor t ion is so much 
more important ,  that  minor  v a r i a t i o n s  within the 
main body of the top oil itself shrink into near  insig- 
nificance by comparison. 

I t  is per t inent  to consider the manner  in which 
toots accumulate at the bottom of tank cars, espe- 
cially with reference to composition variations,  verti- 
cally, within the toots s t ra tum. While data are not 
available on this, general experience and observation 
enable one to classify crude vegetable oil toots some- 
what as follows: 1. Mealy toots, may result  f rom 
inadequate settling or filtration. I f  these are accom- 
panied by  the usual gum-type of toots ( largely phos- 
phatides) ,  then the over-all toots s t ra tum will itself 
be stratified, with the meal on the bottom. For tu-  
nately, the presence of appreciable  meal is rare in 
crude vegetable oil shiDmeuts, though former ly  this 
was not the case. 2. Except  when accompanied by  
severe chilling, raw linseed oil deposits e x t r e m e l y  
" s o f t "  toots which readily flow with the associated 
oil. The toots s t r a tvm in this case usually has a sharp 
interface with the toots-free oil above it. The char- 
acter of the toots which may be deposited in crude 
soybean oil depends upon a number  of factors, prin-  
cipally the type of oil. 'l. Disregarding the possible 
occurrence of meal. expeller oil commonly deposits 
what the t rade calls " s l u d g e "  ( " t h e  solid residue 

which cannot be pumped  and squeegeed f rom the 
car . . . " )  (0) when any toots a t  all are formed. I t  
is pract ical ly certain that  sludge is overlaid by  soft 
toots except a f te r  a long sett lcmcnt period. The case 
of sludge is t rea ted  fu r the r  below. 4. Non-degummed 
cruae extracted soybean oil u n i f o r m l y  deposits a 
s t ra tum of soft  toots. E x c e p t  d u r i n g  very cold 
weather  or a f te r  a very  long scttling period (much 
longer than encountered dur ing delivery of a tank 
car) ,  these toots readily flow out of the car with the 
main load of oil and of course are embodied in the 
loading sample. 

I t  may  be stated at this point that  the metho:t 
proposed here was intended to apply  specifically to 
linseed oil, and it is only o,1 such that  it has been 
appl ied so fa r  by  this writer.  The sampling of erude 
soybean oil shipments  is adequately  covered in t rad-  
ing rules where the loading sample is declarcd official 
when such is provided by  the shipper. The same is 
t rue in the case of crude cottonseed and peanut  oils 
under  the N .C .P .A .  rules. Depending upon whether 
it can be established that  a detectable interface or 
boundary  occurs between toots and toots-free oil, the 
proposed method will be applicable to other type~. 
IIowever,  as an industrial  oil, linseed oil is usuaUy 
traded under  A.S.T.M. S tandard  Specifications, or in 
accordance with agreements  between individual buy- 
ers and sellers, or without reference to any rules or 
ag reements - - in  which case disputes when they occur 
are settled by  negotiation between buyer  and seller. 
There thus occur many  occasions where the buye r  of 
such oil may desire to obtain a true sample f rom a 
tank  car on his tracks before unloading. Let  us, now, 
examine the various methods which are available to 
him and which are used no doubt with many  varia-  
tions. These are to be considered from the s tandpoint  
of raw linseed oil, which becoming chilled in t ransi t  
dur ing the winter,  can be expected to deposit some 
toots at times regardless of how well it m~y have 
been processed. These toots may  deposit when the 
oil is of such qual i ty  as to be well within all of the 
accepted specifications governing the type. 

American Society for Testing Materials 
The author  has been unable to find any me~hod in 

the A.S.T.M.  S tandard  Specifications for samplin~ 
of linseed oil, which is ra ther  surprising,  in view of 
the importance of this oil and considering the facts  
about  it just  mentioned. 

For Tung Oil (1). " T h e  total sample shall be not 
less than one gallon per  tank car, and shall be a com- 
posite of numerous  small samples of not more than 
one pint  each, taken f rom the top, bottom, and inter- 
mediate points by  means of a glass or metal container 
with removable s topper  or t o p . "  There is thus per- 
mitred a min imum of eight portions. 

Federal Specifications TT-O-369 (2, 3) 
This method is word for  word exactly the same as 

the A.S.T.M.  method for  tung  oil with this impor- 
t an t  difference: that  it specifies a min imum sample 
size of five gallons. Thus, with the maximum size 
port ion compris ing each " t a k e "  again given as one 
pint, this fixes a min imum of 40 portions to be with- 
drawn. While it would appear  that  too much leeway 
is left  deciding the distr ibution of the points where 
the various " t a k e s "  arc made, there seems no ques- 
tion but  that  if evenly dis t r ibuted over the (;ross- 
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section of the tank ear according to the intent of tlle 
Incthod, (t)ut an occurrence which in practiee would 
be quite unlikely), the amount of fools in the sample 
would approximate in a general way the amomlt in 
the entire load. Assuming a uniform foots stratum, 
if t w o . " t a k e s "  were composed of loots and 40 I)or- 
lions were taken altogether, then the sample would 
contain 5% of the bottom portion, by volume. If  
only one " t a k e "  comprised all loots, they would be 
21/2~ ,. I t  is at)parent that the amount of foots in 
the sample will depend upon the number of portions 
drawn at or near the bottom, and the nlethod is thus 
woefully vague in not specifying the use of some 
part icular  kind of bomb sampler which affords con- 
trol over the depth at which it opens, i.e., within 
narrow l imits- -and also in not fur ther  specifying 
some particular spacing as to the distribution of the 
sampling points, at least near the bottom where the 
fools oeeur. R e f e r e n c e  is made again to Table I I  
showing how samples taken by this method compare 
on analysis with the corresponding true samples. 

Discussion of Table I I  
Sample c o n d i t i o n  (2) shows how grossly a mild 

fools condition is exaggerated by a sample composed 
of equal parts of top, middle, and bottom portions. 
IIowever, tile A.S.T.M. method wherein one of eight 
" t a k e s "  is from the foots stratum also badly down- 
grades the oil. In the ease where only for ty  equal 
portions arc drawn, (Fed .  Spec.  TT-O-369) ,  even 
when only one of these is from the bottom stratum. 
we find that even the best samt)le, in the eas~a~f 
conditions A and B, still downgrades the oil some- 
what, tllrowing the heated acetone fools value well 
over the 1.0% A.S.T.M. speeification maximum, an(t 
if 2 portions are drawn from or near the bottom, as 
might easily occur in B or C, the oil beeomes seriously 
downgraded. 

I t  i.4 apparent  that  this method was intended to be 
a proportional method, in effect, and that it assumes 
that tile sampler has no knowledge of conditions in 
the bottom of the tank ear. C l e a r l y ,  h o w e v e r ,  it 
would not be possible to get a representative sample 
by the Federal Method unless the loots depth were 
known and unless that knowledge were used in a 
precise manner in drawing the various portions. Also 
it would not be possible to get a representative sam- 
ple in any of the eases cited if as few as forty equal 
portions were drawn, even though only one of these 
was drawn from the fools stratum. It is apparent  
that to be accurately applied, a series of portions 
should be drawn at equal small intervals from the" 
bottom upwards, at least in the loots s t ra tum-- then  
on the basis of the findings revealed by these, the 
total mm~t)er of portions to t)e drawn from upper oil 
could then be determined. Yet the method does not 
specify the use of any appara tus  affording tile deter- 
ruination of such spacing; and stated as it is, it be- 
conies a matter  of accident whenever a sample drawn 
contains precisely the correct amount of loots. Given 
a knowledge of tile foots depth, this method could be 
restated to specify tile number of " t a k e s "  to draw 
for any part icular  depth of foots; and it was just 
this eonsideration which led to the development of 
the proportional loots method presented here. 

h i  view of this eritieism of the Federal Specifica- 
tions method, consider with how much more force it 
also applies to the A.S.T.M. tung oil method; for 

under tile latter, assuming that the sampler follows 
the minimum (easiest, less time-consunfing!) condi- 
tion, a sample containing one bottom " t a k e "  would 
then contain 121//,% of loots whereas if the loots layer 
were no more than three inches deep, it would be 
present in the entire tankcar (84" diam.) only to the 
extent of a maximum of 1.15~ of loots. In an in- 
stance where a foots layer may be 10 inches deep, 
the corresponding p e r c e n t a g e  would still be only 
6.8%. Yet, if two " t a k e s "  out of the eight minimum 
required under the A.S.T.M. method haI)pened to 
be drawn from the loots layer, the foots wouht then 
occur in the sample to the extent of 25~  ,, thus badly 
down-grading that  oil. 

American Oil Chemists' Society M~thod C 1-41 (4) 
The guiding principle which forms the basis of the 

present paper is mentioned as follows: 

"3. Settled material in which the water and solid impurities 
are likely to be coneenlrnted at the bottom is difficult to 
sample and reconstitute in proportional quantities. The 
contour of the tank must be taken into account. If the 
bottom of the tank is smaller than the middle or top, 
or vice versa, a ('ore sample is n o t  adequate. To over- 
come this, the number of portions from each section (e.g. 
each 1-foot level) should be regulated in reverse order to 
the cul)ieal capacity of each section. For example, if the 
1)ottom ]-foot section is one fourth of the middle l-foot 
section, then one 1-foot sectional saulple should be drawn 
from the bottom level and four 1-foot sectional samples 
from the middle section. These portions are then com- 
posited into one sample and mixed." 

Note, however, t ha t  while this covers the principle 
of proportional compositing in a general way, it does 
not develop the idea with respect to locating precisely 
the depth of a foots lewq. then calculating precisely 
the amount of foots to be incorporated in the final 
composite sample. M o r e o v e r ,  although this intpor- 
tant principle is emphasized, it is not applied in any 
specific method for obtaining tankear saniplcs. Only 
one of the three methods (4) given is applicable to 
the important ease of sampling tank ears at destina- 
tion before unloading. Two of these methods, which 
are in common use for taking loading samples, arc 
also applicable at destination for sampling during 
unloading. These are a) Petcoek or Bleeder Method 
and b) the Multiple (h'ab eomposite, sometimes calh~d 
the D i p p e r  M e t h o d .  The method given for loaded 
tankears e) is well known in the edible oil trade and 
needs no description t)eyond staling that it takes a 
Vertical core thrm~.gh the eenter of the tankcar to 
within 1/t in. of the bottom and hence results in down- 
grading the oil heing sampled insofar as its grade is 
affccted by the eontent of foots, which is practically 
always the ease when they are present (see Table i) .  
As already mentioned, this objection is overcome in 
practice by designating the loading samlflC as official; 
and this method is rightly ~.onsidered satisfactory for 
loading sanlples. 

Proportional Core Samplers. One or more devices 
analogous to the A.O.C.S. core sampler have been pro- 
posed whereby in one operation a core could be drawn 
from a t a n k c a r  so that the portions which entered 
the sampler at the various levels were in the correct 
proportions. One such, known as the G n a e d i n g e r  
Sampler, is described in reference 4. Apparent ly this 
device was s u c c e s s f u l  although, as well as can be 
judged by its picture, it WOllld not afford a close 
enough " re so lu t ion"  of the foots stratum wizen any 
depth less than two or three inches was present. I t  
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s e e m s  to h a v e  b e e n  d e s i g n e d  l a r g e l y  f o r  u s e  o n  r e f i n e d  
oi ls  or  r e l a t i v e l y  n o n - f o o t y  o i l s - - a t  l e a s t  n o t  spec i f i -  
c a l l y  to  i n c l u d e  t I r e c i s e l y  t h e  e o r r e c t  a m o u n t  of  f o o t s  
i n  t h e  s a m p l e  w h e n  t h e  v o h l m e  p r e s e n t  m i g h t  b e  r e l a -  
t i v e l y  sma l l .  

A s a m p l e r  o p e r a t i n g  /m e x a c t l y  t h e  s a m e  p r i n c i p l e  
was  d e s i g n e d  a n d  b u i l t  a t  R a l s t o l l - P n r i n a  C o m p a n y  
s l ime y e a r s  ago,  b u t  d u e  to i t s  w e i g h t  a n d  c e r t a i n  me-  
e h a n i e a l  d i f f i cu l t i e s  i t s  d e v e l o p m e n t  w a s  a h a n d o n e d .  

T h e  P r o p o r t i o n a l  Foo t s  M e t h o d  .... P r o p o s e d .  T h e  
m e t h o d  g i v e n  b e l o w  s u d d e n l y  g r e w  o u t  of  t h e  i!om- 
i n e r t i a l  n e c e s s i t y  d u r i n g  t h e  w a r  to  e v a h m t e  some  
d o z e n s  of  r a w  l i n s e e d  oil s h i p m e n t s  f r o m  C a n a d a .  
M o s t  of  t h e s e  t a n k  c a r s  c o n t a i n e d  l o o t s  s t r a t a  r a n g -  
i n g  to  10 in .  o r  m o r e  i n  d e p t h ,  a n d  a c c o r d i n g l y  we  
h a d  a b s o l u t e l y  no  eo]]f i( lenee in t h e  r e s u l t s  o h t a i n e d  
b y  a n y  of  t h e  a v a i l a b l e  official m e t h o d s - - w i t h o u t  
u n l o a d i n g  t h e  t a n k  ears ,  a n  a c t i o n  w h i c h  w a s  m a d e  
c o n t i n g e n t  u I /on  t h e  c o n t e n t s  m e e t i n g  s p e c i f i c a t i o n s .  
l ,~sing t h e  p r o p o r t i o n a l  f o o t s  I n e t h o d ,  s a n l p h ,  s w e r e  
o b t a i n e d  w h i c h  s a t i s f i e d  u s  as  to  t h e  o i l ' s  q u a l i t y ,  
a n d  t h e s e  w e r e  s u b s e q u e n t l y  c o n f i r m e d  a f t e r  u n l o a d -  
i n g  t h e  oil. U n f o r t u n a t e l y ,  c a r e f u l  r e c o r d s  w e r e  n o t  
k e p t  to  a f f o r d  e x p e r i n w n t a l  p r o o f  of  t h e  v a l i d i t y  of  
t h e  m e t h o d  a n d  of  t h e  i n w l l i d i t y  of  t h e  p u b l i s h e d  
m e t h o d s  i n  t h i s  t } a r t i e u l a r  c i r c u m s t a n c e ,  l I o w e v e r ,  
T a b l e  i i  p r o v i d e s  a m a t h e m a t i c a l  d e m o n s t r a t i o n  of  
t h e  l a t t e r .  I n  t h i s  a c t u a l  e x p e r i e n c e  j u s t  c i t ed ,  t h e  
p r o p o r t i o n a l  l o o t s  m e t h o d  a c t u a l l y  w o r k e d  a n d  a f -  
f o r d e d  a s m o o t h  t r a n s a c t i o n  of  t h e  b u s i n e s s  ; w h e r e a s  
n e i t h e r  t h e  a u t h o r ,  n o r  h i s  b u s i n e s s  a s s o c i a t e s  ou t -  
s ide  (if t h e  l a b o r a t o r y ,  n o r  t h e  c o m m e r c i a l  c h e m i s t  
r e t a i n e d  to  d r a w  t h e  s a m p l e s ,  w e r e  w i l l i n g  to  b a s e  
t h e  e v a l u a t i o l ]  of  t h i s  o i l ' s  q u a l i t y  on  s a m p l e s  d r a w n  
b y  t h e  p u b l i s h e d  m e t h o d s .  

T h e  b a s i s  of  t h e  t a b l e  g i v e n  in  t h e  m e t h o d  w a s  a 
c o m b i n a t i o n  of  t h r e e  d i f f e r e n t  s o u r c e s  ( t e a l i n g  w i t h  
t h e  s a m e  l} r inc ip l e ,  in  ef fec t  s h o w i n g  p e r c e n t a g e  of  
v o l u m e  i n  t e r m s  of  p e r c e n t a g e  o f  d i a m e t e r  f o r  h o r i -  
z o n t a l  c y l i n d r i c a l  t a n k s .  O n e  of  t h e s e  w a s  a f o r m u l a  
g i v e n  i,1 " I I a n d b o o k  of  C h e m i s t r y  a n d  P h y s i c s " - ,  
a n o t h e r ,  a c h a r t  s h o w n  in  " C h e m i c a l  E~nglneer ing"  " 
N o m o g r a p h s "  b y  D a v i s ,  p. 2 1 9 ;  a n d  t h e  t h i r d ,  t a b l e s  
i n  " C h e m i c a l  E n g i n e e r s '  H a n d b o o k "  b y  P e r r y .  

P r o p o r t i o n a l  F o o t s  M e t h o d  

Scope: Applicable to linseed oil when the foots are not firm 
or frozen, and to other oils in which the settlings are not 
too firm to flow. 

A. Apparatus 
1. A weighted container of about one gallon capacity (such 

as a dairy cream pail or oil can) which may be lowered 
through the oil and allowed to fill at  any depth not 
nearer than one foot from the bottom. The handle should 
be fitted with a chain or stout cord and an opening in 
the cover must be sufficiently small to prevent intake of 
more than  about  one-sixth of the capacity before the 
container a t ta ins  the desired depth. A 1~/:2-in. diameter 
hole is about right.  

2. Bacon bomb sampler with extension pin, or equivalent 
spacing rods- -ha l f  pint  size pre fe r red- -or  Krouse oil 
thief. 

3. 5-gallon pail for top and middle oil composite portion. 
4. 8-oz. wide mouth bottles, one or more for each portion 

drawn from different levels within the foots layer. 
5. A 500 ml. graduated cylinder, or 16-oz. graduate. 
6. A 100-ml. graduate  cylinder, or 4-oz. graduate. 

B. Other Requirements. The sampler should supply the fol- 
lowing infornmtion and sample components. 
1. Size of the tank car in gallons capacity, alternately,  the 

diameter. 

2. Depth of tile foots layer in inches. 
3. A 3-g:dlon composite of oil drawn from the upper and 

rot(idle parts  of the tank car. 
4. One or more separate portions drawn from within the 

foots layer, depending upon the depth of the layer, in 
accordance with case 3 below. 

C. Procedure 
Establish the depth of the loots either by using a Bacon 
bomb sampler, taking successive portions at  depths varying 
by one-inch intervals, or by using a glass core sampler 
(Krouse oil theif, or equivalent) taking a core of the bot- 
tom ]2" or 24". (7are should be used in lowering the sampler 
into the tank car bottom not to spring the closure by con- 
tact  with a coil pipe several inches above the bottom. This 
can be avoided by locating an exact spot Oil the rim of the 
dome opening by a few trial soundings (with the sampler 
locked shut)  until  a point is found where i t  is known tha t  
the sampler wilt not lie tripped by contact with a coil pipe 
on being lowered from tha t  point. After  determining the 
condition of the bottom portion of the ca r ' s  content, draw 
a proportional composite by tile method below which is 
most appropriate.  

Case 1. No Foots Present 
(a)  Combine equal par ts  of extreme top and bottom por- 
tions and then mix one par t  of this blend with six parts  
of a center composite made as follows: With the large 
sampler, take a portion from within the center section, 
allowing the sampler to fill while being raised and low- 
ered, but without h:lving the opening remain nearer thau 
one foot from the bottom, or from the top surface, (ex- 
cept during the init ial  immersion in the la t ter  case). 
(b)  Alternately,  any equivalent method, such as with a 
core trier, which takes some oil from different depths, 
as in ( a ) .  

Case 2. Uniform Foots Stratum (as when it may be largely 
water)  
i f  an examination of the bottom core sample (by means 
appropriate  for  establishing this information)  indicates 
the loots s t ratum to be practically of uniform composi- 
tion from the very bottom upward, the bomb sampler is 
set to take a portion at  its center point, or directly off 
the bottom if the foots depth is no greater than 2". 
Take 3 gallons of oil from various depths (except near 
the bottom) and mostly from tile middle, as in case 1 (a) .  
Composite with the appropriate  amount  of loots as found 
in the following table. (See l) below.) 

Tank car capacity, 
gallons ................................ 4,000 

Inside diameter, inches ........... 59 
6,000 8,000 10,000 12,000 
72 long 77 86 96 
77 short 

Foots  Depth 
% of I ) i a m e t e r  

ml. 

0 .5  7 
1.0 21 
1.5 37 
2 .0  55 
2.5 78 

�9 3 . 0  1 0 3  

3.5 127  
4 .0  156  
4.5 185  
5.0 220 
5.5 2 5 0  
6.0 2 3 6  
6.5 322  
7.0 3 6 4  
7.5 4 0 0  
8.0 
8.5 
9.0 
9.5 

10.0  
10.5  
11 .0  
11 .5  
12.0  

Foots to Add lo 3 
Gal. Upper Oil 

437 
486 
530 
574 
625 
676 
727 
792 
856 

% Foots in Car 
by Volume 

o r  [ l .  o z .  

lh 

2~ 
3 ~/~ 
4�88 
5 ~  
6 ~  
7V~ 
8~A 

11 
12V4 
131~ 
14% 
161~ 
18 
19'~ 
21 
22~ 
241~ 
26~ 
29 

0.06 
0.18 
0.32 
0.48 
0.68 
0.90 
1 .lO 
1.35 
1.60 
1.90 
2.15 
2.45 
2.75 
3.10 
3.40 
3.70 
4.10 
4.45 
4.80 
5.20 
5.60 
6.00 
6.50 
7.00 

Case 3. Non-Uniform Foots (also to bc used when uniform- 
ity is in doubt) 
Make co,npositc of portions taken from within the loots 
s t ra tum itself according to the following scheme, then 
mix this loots composite wi th  the main non-footy upper 
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oil according to the indicated proportion given u n d e r  
Case 2. (See D below.) 

If  total fools Take from within Composite in 
deI)th is : foot layer @ proportions : 

More than 8" .Near top, at cen- 
ter and bottom 

4 to 8" Near top and 
near bottom 

2 to 4" Center 

2 p a r t s  t o p  
2 p a r t s  c e n t e r  
1 p a r t  b o t t o m  

2 parts top 
1 part bottom 

Then follow 
case  2 

Less than 2" Bottom Then follow 
c a s e  2 

Left : Bacon Boml) ,~ampler with graduated series of sl)accr 
rods for tilling Samlfler at. various l)recisely-(lctcrmim'd d:s- 
lan(:es above bottom of tank. 

Right: Kr(mse Oil Thief containing core of bottom foots 
stratum and of uon-footy overlaying oil. Bottom-closiug trig- 
get rod is extendable to close sampler at various pre-set levels 
for eases when loots slratum may exceed depth of cylinder. 
Bottom may be closed at any depth by pulling auxiliary line 
attached to trigger rod. Note provision for lowering sampler 
on end of long wooden stick, to be clamped in socket at upper 
left. As shown, sampler contains core indicating top of loots 
stratum at 6:)i" depth. 

l). ('ompositing the Final Sample. The determination of the 
correct proportion in which to blend the leery oil with the 
ul)per oil should be done in the laboratory or under the 
direct supervision of the laboratory, as follows: 
1. Referring to the table, find the diameter of the tank ear 

opposite its capacity in gallons (to the nearest thousand). 
2. T'(ke the depth of the loots layer reported and figure 

this, to the nearest quarter per cent, as a per cent of 
the total diameter. 

3. Referring to table (interpolating if necessary) find the 
equivalent perceutage of foots in the tank car by volume 
t~nd the correct proportion in which to combine the sam- 
pie drawn from the loots layer with the upper-middle oil 

composite. This applies to any composite of two (or 
three) separate portions drawn from within lhe fools 
layer at different depths therein. 

4. The composite foots portion is measured in the gradu- 
ated cylinder and after emptying into the larger portion 
of upper oil the remaining fools adhering to the walls of 
the cylinder are then rinsed from same with a suitable 
quantity of the uI)per oil, but without changing the 
proportion. 

5. After combining the fools portion and the malta oil, the 
sample is thoroughly stirred until the foots have been 
uniformly distributed. It is then subdivided into several 
identical portions (usually three, of about :)~ gal. each) 
in appropriate containers "rod marked as may be desig- 
n'~ted by trading rules or regulations governing the 
transaction represented. 

Applicatio~l to Soybean  Oil. I t  m igh t  be, ment ioned  
that  this me thod  should  be appl icable  to crude soy- 
bean oil even when a t ankca r  of same may  contain 
several  inches of stiff s ludge on tile bo t t om;  for  in 
this case this s ludge will not flow into the bomb or 
core types  of samplers ,  j u s t  as it wil l  not  flow into 
the out le t  p ipe  when the tank  cal' is unloaded.  Thus, 
iu this ease, the sample  does reasonably  well repre-  
sent the oil tha t  can be unloaded,  and the m a t t e r  of 
.s.ludge is covered  i n d e p e n d e n t l y  by a t r ad ing  rule 
not concerned  with  the sample.  A l though  a stiff phos- 
pba t ide  or mealy  deposi t  would  not  flow into e i ther  
tile Krouse  or the Bacon b(lmb samplers ,  it is con- 
s idered t h a t  this m a t e r i a l  migh t  seal off the opening  
in the Bacon sampler ,  p r e v e n t i n g  the inflow of b o f  
t(m~ oi l ;  and it is p r o b a b l y  not sufficiently res is tant  
lo sp r ing  the closing cap on the Krouse  sampler .  
P, oth of these difficulties can be overconIe by d r i l l ing  
and t a p p i n g  the ends of the release pins  on both 
samplers  so tha t  a flat p la te  about  3 in. across could 
be fas tened hor izon ta l ly  on the ends of these pins 
with thumbscrews ,  a f fo rd ing  a sort  of snowshoe effect 
r lhe shidge,  thus caus ing  the samplers  to operate  
on contact  wi th  the s ludge sur face  as though  the lat- 
ter  were the tank ear  bot tom.  This  p la te  should be 
ori(mted on the Krouse  sample r  so as not to impede 
tile free flow of oil in to  the cyl inder .  

Notes on Bo~nb and Glass (!ore Sa.mplcrs. The Ba- 
con bomb sampler ,  made  in 4-, 8-, and 16-oz. sizes, is 
ava i lab le  in a model h a v i n g  an ex tendab le  pin, g radu-  
ated in inches, which may  be set to t r i p  the sampler  
at any  depth  f rom :~/s" of the bottonl  up to about  12" 
or more. The  r egu la r  model,  w i thou t  this  fea ture ,  can 
easily be adap t ed  to do this, as fo l lows:  Dri l l  and 
tap  into the end of the open ing  pin on the bottonl  a 
hole into which may  be screwed var i (ms lengths  of 
nletal  rods (1/1 or aN', diam. are su i t ab le ) .  F r o m  a 
piece of such rod, shor t  lengths  are cut so that  when 
th readed  fo r  about  ~,(~" on one end and screwed into 
the end of the t r i p p i n g  pin,  the sample r  can be ma<le 
to open ( b y  contact  of the pin agains t  the bo t tom)  
at any des i red  dep th  above  the bot tom, up  i<> two or 
more feet  i f  necessary.  Genera l ly  a ki t  con ta in ing  
rods a f ford ing  sample  " t a k e s "  at one-inch in te rva l s  
tTp to about  10 inches is adequate .  (See photo.)  

Loca t ing  the top of the foots s t ra tum,  however,  is 
f a r  more easi ly done, i.e., may  be accompl ished in one 
operat ion,  by us ing a glass bot tom-core  sampler ,  of 
which a su i tab le  e>:amI)le is known as the Krouse Oil 
Thief .  ~ This  device cuts off wi th in  one inch of the 
bot tom, m a y  be set to close on contac t  at any dis- 
tahoe up to several  inches off the b o t t o m :  or it may  
be closed by  pu l l ing  an a u x i l i a r y  cord. The depth  

* Obtainable from ~V. II. CurLin Company, Houston, Texas. N'os. 
16740A and 16740B in one-foot and twn foot sizes. 
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of the foots s t ratunl  may be plainly scen through the 
glass wall and read on the engraved scale thereon, 
as shown in the photograph.  

�88247 

Substrata Thickness Total Poots Depth Volume Rat ios  
t-=b=c~ laob,r " @/a b/. ~/. 

2" 6" 2.3 1.8 1 
S 9 2.S 1.8 1 
4 12 2.2 1.8 1 
6 18 2.2 1.8 1 

Cross Section of the Lower Part of Tanlc Car Containing 
Foots. Geometri(.al basis for the proport ions specified in Case 
3 of the proport ional  foots method. Thus, within the ra ther  
extreme limits indicated, (which should cover all cases encoun- 
tered in pract ice) ,  and for  all practical purposes,  the ratio of 
the volumes of the top third, based on depth, and of the middle 
third of any foots s t ra tum,  to the volume of the bot tom third, 
is substant ial ly two-to-one. 

Technique. If the I)roI)ortional foots method ap- 
pears to be ra ther  complicated, it is really simple and 
logical to a technically-trained person though it may 
seen1 diffieult to tile average workman. Tankcar  sam- 
pling, h o w e v e r ,  shouhl ahvays be under  tlle close 
supervision of the laboratory,  when price settlements 
or claims are concerned; and where there is indi- 
cated a melhod of sampling which nlay require mm-  
sual care in apt)licatior~ as compared with the usual 
ones, if it cmmot be applied untler the direct super- 
vision of a laboratory nlan or sonaeone thoroughly 
famil iar  with the principle invoh'ed, then the work- 

man who does use it unobserved should be qualified 
by  thorough instruction. 

On the other hand, what  this method may  lose in 
l)eing somewhat conlplieated in p r i net  pl e, f rom the 
workman ' s  point of view, it more than makes up by 
being less t ime-consuming;  and once the idea of the 
r ight  proport ion has been mastered it should be more 
easily applied, especially when we consider that  it 
reqmres (trawing only a few portions from the tank- 
car, as compared with the federal  specifications meth- 
od 's  nlilfimum of 40 withdrawals.  

Summary 
The general problem of taking a r e p r e s e n t a t i v e  

sample from a tank ear containing foots is (liscussed, 
and the shortcomings of various methods in wide use 
are noted. A new method based upon a clear recog- 
nition of the difficulties involved and the application 
of simple geometry to the problem has been proposed. 

Acknowledgment 
The author  expresses grateful  acknowledgment to 

A. L. I Ia l l  of the Buffalo Testing Laborator ies  and 
to Victor B. Shelburne,  for  aiding and supervising 
the first trials of tile proport ional  foots lncthod, as 
described. 

t ie  is gra teful  also to (!harles V. Baeon, inventor 
of the Bacon Bomb Sampler ,  for corroborat ing the 
basic points made in this paper  when it was preseuted 
at the 1948 Fall Meeting of the Society in New York. 
Since Dr. Bacon has applied these principles (and 
probab ly  others also have) ,  no claim of originali ty 
for  the basic concept is made. 

R E P E R E N C E S  

0. Y e a r  Book and  T r a d i n g  :Rules 1948-49.  Na t iona l  Soybean  Proc-  
essors  Associa t ion,  puhl i shed  by the Associa t ion .  

1. 1946 A.S.T.M.  S t anda" ds ,  P a r t  I I ,  I )12-41.  
2. P r i o r  to J a n u a r y  28, 1948, th is  w a s  J J J - O - 3 3 6 .  
3. I~oproduced in Phys ica l  and  Chemical  E x a m i n a t i o n  of Pa in t s ,  

V a r n i s h e s ,  Lacquer s ,  and  Colors. H e n r y  A. G a r d n e r ,  Ninth  Edit ion ,  
October,  1940, Second P r i n t i n g ,  p. 284.  

4. Official and  T e n t a t i v e  Methods  of the  A m e r i c a n  Oil Chemis t s '  Soei- 
ety, C 1-41. 
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Double-Degumming. II. The Effect of Unsaponifiable Matter 
W. G. TAYLOR, Research Department, Lever Brothers Company, Cambridge, Massachusetts 

T I I E  results of research work in this fiehl fall into 
two general groups with respect to the cause of 
flavor reversion. One group considers materials  

other than pure  tr iglycerides to he the offending fac- 
tors whereas the other places the responsibil i ty on the 
triglyeerides proper.  This apparen t  contradiction is 
largely due to the ambiguous use of the te rm "soy-  
bean oil flavor revers ion"  and par t icular ly  to the 
failure to make proper  distinction between the flavor 
found in soybean oils hehl at moderate tempera tures  
(20-60~ and the entirely different flavor and odor 
developed by heating hydrogenated soybean oils to 
the elevated tempera tures  required for cul inary 
purposes. 

The different methods used to develop the two 

* P r e s e n t e d  a t  22nd  annua l  fall meet ing ,  A m e r i c a n  Oil Chemists '  
Society, Nov. 15-17, 1948, New Y o r k  City. 

types of reversion as well as the lack of un i formi ty  
ill panel evaluations add to the confusion and have 
made it v i r tual ly  impossible to compare the results 
of various workers. As has been pointed out repeat- 
edly in the l i terature  (1, 2, 13, 14), the use of tile 
term " f l avor  r evers ion"  is unfor tuna te  since these 
flavors are not the same as the original ones. Thi.~ 
is par t icu lar ly  t rue of the heated flavor of soybean 
oils hydrogenated to shortening consistency since this 
s trong-peculiar- last ing taste is in no way reminiscent 
of na tura l  soybean oil. 

Soybean oil reversion is usually referred to in 
terms of flavor. We have found, however, that  tile 
flavor developed in hydrogenated  soybean oils at ele- 
vated tempera tures  is characterized by  a similar dis- 
tinct odor;  and in the panel evahlatious to be dis- 
cussed later  par t ic ipants  have used the flavor and /o r  


