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The Spontaneous Heating of Oils 
Describing a New Modification 
of the Mackey Testing Machine 

BY NORMAN g.  THOMPSON 

A P R E L I M I N A R Y  considera- 
tion of this  subject  sug- 
gested the use of rapid 

chemical methods for  determining 
the tendency of oils to oxidize at 
normal temperatures.  I t  was real- 
ized that  the iodine number does 
not indicate the extent or the rate  
of oxidation, except in a general 
way. Raw linseed oil, for  example, 
has a higher  number than boiled 

Apparatus for Testing Heating of 
Oils on Cotton 

linseed oil; the lat ter ,  however, has 
a much grea ter  tendency to oxidize 
under ordinary  conditions. Fur-  
thermore, neat 's-foot oil (Iodine 
Number 77), lard oil (Iodine Num- 
ber 95), and olive oil (Iodine Num- 
ber 91), will all show very much 

* Presented at second Fall Meeting, American 
011 Chemists Society, 

t Factory Mutual Laboratories, Boston, Mass, 

grea ter  heating tendencies than 
castor oil or sperm oil whose iodine 
numbers are approximately 88. I t  
has been thought  in the past  that  
an oil having an iodine number less 
than 100 was free from spontaneous 
heating. However, olive o i l / w i t h  
oxidation once begun, and showing 
a low iodine number (80 to 85), 
will have much grea te r  tendency to 
heat  spontaneously than would a 
pure corn oil (Iodine Number 125). 

I t  was thought  that  an ideal way 
of indicat ing the spontaneous heat- 
ing of oils would be to measure 
directly the oxygen absorbed dur- 
ing the heating, since the la t ter  
is essentially an oxidation reaction. 
Consequently, a bottle made of 
brass was designed to be used im- 
mersed in a bath of boiling water  
during tests. The bottle was closed 
by a rubber stopper in which were 
inserted sensitive thermometers  
and suitable connections for  the de- 
terminat ion of oxygen absorption 
by decrease in pressure.  The ap- 
para tus  was so designed that  ei ther 
a i r  or oxygen could be admitted. 
When samples such as cottonseed 
oil, or oils of even grea ter  heating 
tendencies were tested in this  ap- 
paratus,  it  was found tha t  the oxy- 
gen absorbed in a definite length 
of t ime was closely proport ional  to 
the heating rates as determined 
in other ways. However, when 
test ing oils such as castor oil and 
mixtures  of cottonseed and mineral  
oil, it was found that  instead of a 
gas absorption there was an in- 
crease in pressure.  This increase 
is due to the vapor pressure of the 
oil or its products of oxidation, and 
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Fig. 1 

is g r e a t  e n o u g h  a t  t e m p e r a t u r e s  
above  2 0 0 ~  to m a k e  unre l i ab le  
any  f igures  ob ta ined .  S ince  we  a r e  
m o s t  i n t e r e s t e d  in t he  oils whose  
h e a t i n g  t e n d e n c i e s  l ie  b e t w e e n  t h a t  
o f  c a s t o r  oil  and  such  oi ls  as  cot-  
tonseed ,  t h i s  o x y g e n  a b s o r p t i o n  
m e t h o d  p r o v e d  to  be qu i t e  d i sap-  
p o i n t i n g .  

O t h e r  C h e m i c a l  M e t h o d s  

A n o t h e r  chemica l  m e t h o d  w h i c h  
was  t r i e d  m a d e  use  of  c h r o m i c  ac id  
as  t h e  ox idan t .  T h i s  ac id  was  t r i e d  
in a q u e o u s  so lu t ion  a lone  and also 
w i t h  t h e  a d d i t i o n  o f  a smal l  a m o u n t  
of  c h l o r o f o r m ,  p l a c i n g  t h e  c h r o m i c  
ac id  so lu t ion  in  a sha l low dish  of  
l a r g e  d i a m e t e r ,  such  as a c ry s t a l -  
l i z ing  dish,  and  t h e n  c a r e f u l l y  p o u r -  
i n g  t h e  oil  to be t e s t e d  ove r  t h e  
a q u e o u s  so lu t ion .  I t  was  t h o u g h t  
t h a t  w i t h  t h i s  a r r a n g e m e n t  w h e r e  
t he  s u r f a c e s  in c o n t a c t  wou ld  be al- 
w a y s  t h e  s a m e  and  w h e r e  t e m p e r a -  
t u r e  c o n d i t i o n s  could  be  c a r e f u l l y  
r e g u l a t e d ,  v e r y  c o n s i s t e n t  r e su l t s  
could  be ob ta ined .  W i t h o u t  t h e  

c h l o r o f o r m ,  h o w e v e r ,  t he  ac t i on  of  
t he  c h r o m i c  ac id  w a s  v e r y  s low un-  
less  t he  so lu t ion  was  m a d e  qu i t e  
hot ,  w h i c h  r e s u l t e d  in cons ide rab l e  
m o v e m e n t  of  t he  s u r f a c e s  and  con- 
s e q u e n t  i n c o n s i s t e n t  r e s u l t s ;  and  
w i t h  c h l o r o f o r m  added,  t h e  l a t t e r  
was  ox id i zed  to  some e x t e n t  as  
wel l  as t he  oil b e i n g  t e s t ed  so t h a t  
u n r e l i a b l e  f igu res  w e r e  a g a i n  ob- 
t a ined .  

N o t  b e i n g  m u c h  e n c o u r a g e d  by  
a n y  chemica l  p rocedure ,  a t t e n t i o n  
was  g i v e n  to  m e t h o d s  of t e s t i n g  by  
ac tua l  m e a s u r e m e n t  of  t e m p e r a t u r e  
p roduced .  T h e  a p p a r a t u s  known  as 
t h e  " O r d w a y "  cons i s t s  e n t i r e l y  o f  
a l i g h t  s teel  t u b e  abou t  4 in. in dia-  
m e t e r  in w h i c h  w e r e  placed t w o  50- 
g r a m  balls  of  cot ton ,  one b e i n g  oi led 
w i t h  an  equal  w e i g h t  of  t he  oil 
u n d e r  tes t ,  and  t h e  o the r  b e i n g  l e f t  
uno i l ed  as  a b lank.  The  two  bal ls  
of  co t ton  w e r e  p laced  a p p r o x i m a t -  
ly 12 in. a p a r t  and  hea ted  by  an  
e x t e r n a l  a i r  b a t h  s u r r o u n d i n g  t h e  
4 in. tube .  Smal l  holes  in t he  ends  
o f  t h e  a i r  b a t h  a l lowed a supply  
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of fresh a i r  to reach the sample. 
Wi th  the hea t ing  medium so ar-  
ranged  as to heat  the balls of cot- 
ton equally, the blank was brought  
up to 212~ and held there  
th roughout  the test. I t  has been 
cus tomary  to consider tha t  a sam- 
ple which heated to 300~ wi th in  
two or three hours would be dan- 
gerous under  favorable conditions.  
l t  was extremely difficult to dupli- 
cate resul ts  with this  appara tus  
and  the operator  mus t  use more 
than  ord inary  care to prevent  over- 
hea t ing  the test  sample. 

The  Mackey A p p a r a t u s  

The appara tus  which is in most  
general  use today was devised by 
Wil l iam Mackey, and is manufac-  
tu red  by Reynolds and Branson,  
Ltd., Leeds, England.  This  appara-  
tus  is essential ly a jacketed cyli n- 
der 4 in. in  diameter  and 7 in. in 
height ,  closed at the top by a cover 
with a center  hole to accommodate 
a thermometer ,  and having  two 
d ra f t  tubes, each approximately 6 

in. in length and 1/2 in. in diameter .  
One of these draf t  tubes  extends 
down into the cylinder,  and the 
other extends upwards f rom the 
cover. The procedure or ig inal ly  
recommended for the Mackey ap- 
para tus  calls for  a sample consist-  
ing of seven grams of absorbent  
cotton ca r ry ing  four teen  g rams  of 
the oil to be tested. The sample is 
placed in a wire gauze cyl inder  
about  13~ in. in d iameter  and 6 in. 
long, the cyl inder being held con- 
centr ical ly in the appara tus  by 
project ion on the inside of the  
jacketed vessel. The cus tomary  
procedure is to b r i ng  the water  
bath to boiling, inser t  the sample 
into the apparatus,  and then take 
readings  of the thermometer  at  fre- 
quent  intervals .  I f  the tempera-  
tu re  does not exceed 100~ wi th in  
an hour, or 200~ wi th in  two 
hours, the oil is considered safe as 
far  as its tendency for spontaneous 
hea t ing  is concerned. 

Several tests were made wi th  the 
Mackey appara tus  according to di- 
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rections. I t  was found  tha t  oils 
such as linseed, cottonseed, and the 
fish oils would heat, bu t  ' other oils 
also known to be dangerous such as 
corn, oil, soya bean oil, dena tured  
olive oil, red oil, and pure lard oil 
did not  exceed 100~ wi th in  two 
hours. Samples of these same oils 
tested under  favorable condit ions 
were found to heat  quite readily. 
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t h i r t y  grams of clean cotton 
waste, into which had been worked 
an equal weight  of oil under  test. 
By increas ing  the sample size, the 
heat  loss to the su r round ings  is not 
appreciably changed, but  the heat 
available for  ra i s ing  the tempera-  
ture  of the sample i tself  is con- 
s iderably increased. Of course, 
with a la rger  sample a longer t ime 
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Fig. 3 

A few test  resul ts  obtained by the 
original  Mackey method are shown 
in Fig.  1. I t  will be noted tha t  ac- 
cording to this  method there  ap- 
pears to be li t t le difference in the 
hea t ing  of l inseed and cottonseed 
oil;  also tha t  cottonseed oil is 
widely separated from denatured  
olive oil and pure lard oil. No such 
character is t ics  as these a re  evi- 
denced by pract ical  experience. 
Therefore,  an a t t empt  was made to 
modify this  method so as to dupli- 
cate in grea ter  measure  condit ions 
which migh t  exist  in pract ice where 
i t  is usual ly necessary to consider  
the  hea t - insu la t ing  effect of a large 
mass of mater ia l .  Consequently,  a 
l a rger  sample was chosen, us ing  

is required to heat it artificially to 
the test  t empera tu re ;  and also it re- 
quires a l i t t le more t ime for oxygen 
te  pene t ra te  into the center  of the 
sample. The curves in Fig.  2 show 
some resul ts  obtained by this  modi- 
fied Mackey method. I t  will be 
noted that  cottonseed oil, denatured 
olive oil, and pure lard oil are now 
grouped closely together,  bu t  tha t  
these three  oils are all widely sep- 
ara ted f rom raw linseed oil. An- 
other point  of in teres t  is the fact  
tha t  pure lard oil evidences a great-  
er hea t ing  tendency than  cotton- 
seed, a l though in the or ig inal  
Mackey method these resul ts  were 
reversed. A theoretical  explanat ion 
for this  peculiar  reversal of results  
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is tha t  la rd  oil has  a g r e a t e r  in i t ia l  
r a t e  of oxidat ion ,  bu t  the  oxida t ion  
of cot tonseed oil is increased  more  
on account cf  the  ca ta ly t i c  act ion 
of  the products  of i ts  oxidat ion .  

Mod i f i ca t ion  of the  Tes t e r  

In  an endeavor  to s t imu la t e  as  
closely as possible  p rac t ica l  condi- 
Lions where  la rge  quan t i t i e s  of ma-  

holes. In  th is  appa ra tus ,  by  the  
use of the  oil bath ,  a lmost  any  
des i red  t e m p e r a t u r e  can be main-  
ra ined qui te  eas i ly  by the use of a 
Bunsen flame. F u r t h e r m o r e ,  the  
a i r  supply  is en t i r e ly  adequa te  for  
any  oxida t ion  r equ i r emen t s  of a 
sample  of oiled cot ton up to  t h i r t y  
g rams .  The method  followed in 
us ing th is  appa ra tu s  was to hea t  

Fig. 4 

te r ia l  may  be s tored,  an a p p a r a t u s  
was des igned so t h a t  the  su r round-  
ings  of the  sample  under  t es t  could 
be made  to follow i t  in t e m p e r a t u r e  
by any des i red  lag. This  a p p a r a t u s  
consis ted  of a steel  tube 21/2 inches 
ins ide  d i ame te r  and  12 inches in 
length,  the  tube  be ing  j acke ted  by  
an  oil bath ,  except  for  an inch on 
e i t he r  end. The  a p p a r a t u s  was  de- 
s igned so t ha t  the  tube could be 
placed hor izonta l ly  and caps w e r e  
provided  for  each end of t h e  tube,  
in which were dr i l led  nine 3/16 in. 

the  oil ba th  to the  t e s t  t e mpe ra tu r e ,  
then inse r t  the  sample  in the  cen te r  
of the  steel  tube,  a l lowing the sam-  
ple to come up r ap id ly  to  the  tem-  
p e r a t u r e  of  the  bath.  A the rmom-  
e ter  was, of  course,  placed in the  
cen te r  of  the  sample. In  g iv ing  
resul ts ,  t ime  was reckoned f rom the  
moment  the  sample  reached the t es t  
t empe ra tu r e .  

Tes t ing  P r o c e d u r e  

F o r  most  work,  the  t es t  tem- 
p e r a t u r e  chosen was 220~ I t  
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was t hough t  t h a t  the  a p p a r a t u s  
m i g h t  l a t e r  be used in genera l  tes t  
work  and, as samples  m i g h t  some- 
t imes  conta in  water ,  i t  was des i red  
to have re la t ive  figures fo r  com- 
pa r i son  at  ba th  t e m p e r a t u r e s  which 
would allow r a p i d  evapora t ion  of 
mois ture .  In  ope ra t ing  the  appa ra -  
tus,  a sample  was placed in the  tube  
a f t e r  the  ba th  had  reached the  t es t  
t em pe ra tu r e ,  th i s  bath  t e m p e r a t u r e  
then  being m a i n t a i n e d  cons tan t  un- 
t i l  the t e m p e r a t u r e  of the  sample  
exceeded i t  by  3~  F r o m  th i s  t ime  
on, the  ba th  t e m p e r a t u r e  was kep t  
3~  below tha t  of the  sample  unt i l  
the  l a t t e r  began  to hea t  much more  
rap id ly ,  when th i s  difference could 
be increased  g radua l ly  to a max i -  
m u m  of abou t  12~ fo r  a hea t i ng  
r a t e  a p p r o x i m a t i n g  5~  per  min-  
ute.  

F ig .  3 shows tes t  resu l t s  of sev- 
era l  commercia l  oils of h igh  p u r i t y  
when tes ted  according  to th i s  ex- 
pe r imen ta l  method.  I t  will  be 
noted on cons idera t ion  of the  curves  

t ha t  pu re  la rd  oil and dena tu red  
olive oil both  heat  more  rap id ly  
than  cot tonseed oil. I t  is also in- 
t e r e s t i n g  to note t ha t  pu re  cas to r  
oil wil l  hea t  spontaneous ly  in th is  
appa ra tu s ,  a l though the re  is no evi- 
dence of any  increase  in i ts  r a te  of 
ox ida t ion  d u r i n g  the t e s t  perio, 
shown. 

Us ing  the new tes t  method based 
on the  cons tan t  t e m p e r a t u r e  dif-  
f e rence  between the  sample  and i ts  
su r round ings ,  a ser ies  of t es t s  were  
made  to de te rmine  the effects of 
f ac to rs  which a re  ap t  to v a r y  con- 
s ide rab ly  in pract ice ,  such as oil 
p ropor t ion ,  mois tu re  content ,  tem- 
pe ra tu re ,  age or  condi t ion  of the  
oil, presence  of metal l ic  oxides, di- 
lu t ion by mine ra l  oils, and the ad-  
d i t ion of negat ive  ca ta lys t s .  

The nex t  f igure (No. 4) shows 
wha t  happened  when the  r a t i o  of 
we igh t  of oil to we igh t  of cotton 
was var ied .  In  these  tes ts ,  the  
hea t ing  r a t e  increased  up to 25% 
of oil and then decreased up to 
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Fig. 6 

50%.  As  the pe rcen tage  of oil is 
inc reased  the  balance  of hea t  losses 
by  conduct ion and convect ion is 
changed  and an i nc r ea s ing  quan t i t y  
of  the  hea t  evolved is r equ i r ed  to 
b r i n g  about  a g iven  t e m p e r a t u r e  
r i se  in the  sample  i tself .  F u r t h e r -  
more ,  we found a t  ve ry  low oil per-  
cen tages  uneven d i s t r i bu t i on  of the  
oil on the  fibre wi th  m a n y  individ-  
ual  fibres or sect ions  the reof  which 
were  not  en t i r e ly  covered by an oil 
f i l m , - - a n d  at  h igh  oil pe rcen tages  
oil films were  fo rmed  so heavy t ha t  
the  r a t io  of su r face  exposed to 
we igh t  of oil was less than  the  pro-  
po r t ion  most  f avorab le  for  oxida-  
t ion.  F r o m  the  d a t a  obta ined,  i t  
seems reasonable  to assume t h a t  the  
mos t  r a p i d  hea t i ng  will  be secured 
when the  fibres a re  coated by  the 
t h i n n e s t  film of oil which  can com- 
p le te ly  cover all t h e i r  surface .  

Tes ts  (see F ig .  5) were made  on 
four  30-gram samples  of cot ton 
waste ,  each c a r r y i n g  an equal 
we igh t  of l inseed o i l : - - o n e  was 
t ho rough ly  d r i ed  in the  electr ic  
oven;  ano the r  ca r r i ed  6.7% w a t e r ;  
ano the r  10% w a t e r ;  and the fou r th  
one 17% of water .  When  t es ted  a t  
200~ the  t ime  in hours  to  reach  
225~ were  respec t ive ly , - -1 .13 ,  
0.97, 0.66, and  0.65, The conclu- 
sion f rom these  tes t s  is t ha t  spon- 
taneous  hea t i ng  is f avored  by  in- 
c r eas ing  the h u m i d i t y  up to the  
po in t  where  the  cot ton is c a r r y i n g  
a p p r o x i m a t e l y  10% wate r .  The 
tes t s  conducted on the  oven-dr ied  
sample of cot ton cannot  be assumed  
to have run  under  condi t ions  of ab- 
solute  d ryness  because  the  a i r  sup- 
ply  to the  t e s t i ng  a p p a r a t u s  was of  
a tmospher i c  h u m i d i t y  (a round  50% 
re l a t ive ) .  W h a t  would have hap-  
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pened  i f  the  t e s t  had  been run  in 
the  absence of  any  mo i s tu re  wha t -  
ever  is not ind ica ted  by these  re-  
su l t s  and could not  be de t e rmined  
w i t hou t  a change  in the  appa ra tu s .  

The  next  f igure  (No. 6) shows 
the  effect of  t e m p e r a t u r e  on sam-  
ples of cotton we igh ing  t h i r t y  
g r a m s ,  each oiled wi th  an equal 
we igh t  of r aw l inseed oil. These  
samples  were  tes ted  a t  160, 180, 
200, and 220~ The hea t ing  r a t e s  

al lowed to r ema in  a t  room t empera -  
t u r e  over  n ight .  In  the  m o r n i n g  
th i s  sample  was tes ted  a t  180~ 
showing a much g r e a t e r  in i t i a l  
hea t ing  r a t e  than  a f r e s h  sample  
would have a t  th i s  same t empera -  
ture .  The ra t e s  in degrees  p e r  
hour  f rom 180 to 185~ fo r  the  
prev ious ly  hea ted  and f r e s h  sam-  
ples were  50.0 and 2.8, respect ive ly .  
In  a second set  of tes ts ,  one sample  
was held a t  about  140~ f o r  f o r t y -  
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in  degrees  F a h r e n h e i t  pe r  hour  fo r  
the  f irst  5~  r i s e  were  respec t ive ly  
1.0, 2.8, 16.7 and  125. The  resu l t s  
a r e  expressed  in th i s  w a y  because  
the  tendency  of any  m a t e r i a l  to 
hea t  spontaneous ly  a t  a g iven tem-  
p e r a t u r e  is cons idered  to be p ropor -  
t ional  to the  ra te  of h e a t i n g  a t  or  
n e a r  the  t e m p e r a t u r e  in quest ion.  

P rogress ive  H e a t i n g  

I t  was observed t h a t  samples  
showed a g r e a t e r  hea t  evolut ion the  
longer  they  were  m a i n t a i n e d  a t  or  
nea r  any  defini te  t e m p e r a t u r e  (see 
F ig .  7) .  Accord ing ly ,  a sample  of  
oiled cot ton was  held a t  160~ fo r  
seven hours ,  t han  cooled off and  

e igh t  hours  and ano the r  a t  approx i -  
ma te ly  the  same  t e m p e r a t u r e  fo r  
e igh teen  hours .  When  these  were  
tes ted  in compar i son  w i th  a f r e sh  
sample  a t  16~ the  r a t e s  observed  
fo r  the  f i rs t  5~  r i se  were  as fol-  
lows : - -  

48 hrs .  a t  140~ Sample  
R a t e - - 1 0 . 0 ~  per  hour  

18 hrs .  a t  140~ S a m p l e - -  
R a t e - - 3 . 1 ~  pe r  hour  

F r e s h  Sample  
R a t e - - l . 0 ~  per  hour  
In  o rde r  to  find out  w he the r  any  
of  th is  difference was  due to a 
more  complete  abso rp t ion  of oil by  
the  ind iv idua l  fibres, a sample  of 
cot ton was oiled and al lowed to re-  
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ma in  a t  room t e m p e r a t u r e  in an 
a i r - t i g h t  con ta ine r  for  two weeks. 
When  tes ted,  however,  i t  behaved 
l ike a f r e sh  sample.  The forego-  
ing shows in a s t r i k ing  m a n n e r  how 
spontaneous  hea t ing  is acce le ra ted  
by the  produc ts  fo rmed  d u r i n g  the 
oxidat ion .  

The next  f igure (No. 8) shows 
the  effect of the  presence  of oxides,  
such as  o r d i n a r y  i ron rus t .  T h r e e  
samples  were  p repared ,  all of t h i r t y  
g r a m s  of r a w  l inseed oil on the  
same weigh t  of cotton waste .  One 
g r a m  of  powdered  rouge was  thor -  
oughly  worked  into one of the  sam-  
ples. To ano the r  sample was added  
one g r a m  of  oxide a r t i f ic ia l ly  pre-  
pa red  by solut ion of a small  piece 
of steel  in d i lu te  n i t r i c  acid  wi th  
subsequent  p rec ip i t a t ion  and dry-  
ing. The  t h i r d  sample was  un- 
t rea ted .  Tes ts  were all made  at  
180~ The in i t ia l  hea t i ng  r a t e s  
were,  for  oil and cotton only, 3~  
per  hour ;  w i th  rouge added,  5~  
per  hour ;  and  wi th  the  oxide pre-  
pa red  f rom steel  added, 6~  per  
hour.  These  resu l t s  c lear ly  show 
the increase  in fire haza rd  when 
oily was te  is used fo r  w ip ing  of 
r u s t y  mach ine ry  or tools, or  when 
allowed to come in contact  w i th  
r u s t y  s team pipes.  

The next  and las t  f igure (No. 
9) shows the effect of d i lu t ion  of 
vege tab le  oil by  the  more  ine r t  min-  
era l  oil, and also the  effect of  an 
an t i - ca ta lys t .  

The  curves  show tha t  when cot- 
tonseed oil is d i lu ted  by  an equal  
amoun t  of the  minera l  oil, t h e r e  is 
p r ac t i ca l ly  no oxida t ion  evidenced 
for  th ree  or fou r  hours ,  bu t  t h a t  
a f t e r  th is  t ime  the r a t e  is a lmost  
as  g r e a t  as  the  s t r a i g h t  co t tonsed  
oil. Resul ts  somewhat  s imi l a r  a re  
ob ta ined  by  the  addi t ion  of one- 
ha l f  of one per  cent  of hydroqu i -  
none. This  add i t ion  serves  mere ly  
to pos tpone  the hea t ing .  A t  ord i -  

n a r y  a tmospher ic  t empera tu re ,  
however,  e i ther  one of these  addi -  
t ions  m i g h t  serve to slow down the 
ox ida t ion  of cot tonseed oil so t h a t  
no hea t i ng  would ever  be appa ren t .  
I f  we di lu te  cot tonseed oil wi th  an 
equal we igh t  of minera l  oil and  
then  add to the  m i x t u r e  an an t i -  
ca ta lys t ,  no increase  in t empera -  
t u r e  wha teve r  can be observed f rom 
220~ even dur ing  the  t es t  extend- 
ing over  e igh t  hours.  

Conclus ions  D r a w n  
Going back aga in  to the  cons ider -  

a t ion  of wha t  r ep resen t s  the  most  
des i rab le  t e s t ing  equipment ,  i t  is  
fel t  t h a t  the  method which gives 
the  most  s igni f icant  resul t s  is the  
one involving the ma in tenance  of  
the  small  t e m p e r a t u r e  difference 
between the sample  and i ts  sur -  
roundings .  However ,  i t  is expen-  
sive to m a i n t a i n  th is  difference au- 
t oma t i ca l ly ;  and i f  the r egu la t ion  
is secured manual ly ,  the  method 
is somewha t  laborious.  The o r ig i -  
hal Mackey method is not  sui table  
for  indica t ion ,  except  to  show the  
hazard  of very  dangerous  oils. By 
inc reas ing  the  size of the sample to 
t h i r t y  g rams ,  us ing  clean cot ton 
waste  c a r r y i n g  an equal we igh t  of 
oil, we were  able to obta in  more 
s igni f icant  resul ts  wi th  no more  a t -  
tent ion,  even though the t e s t  t ime  
m a y  be longer .  

When  t e s t i ng  oils for  t he i r  t e n -  
dency to hea t  spontaneously ,  i t  is 
necessa ry  in every  case to take  
into account  the  prac t ica l  condi t ions  
under  which  the oil may  be used. 
Even a pure  cas tor  oil wil l  hea t  
spontaneous ly  to ign i t ion  t empera -  
tu res  under  favorab le  condit ions.  
When  t e s t i ng  unknown samples,  the  
spontaneous  hea t ing  tes t  should al- 
ways  be made  in conjunc t ion  wi th  
a chemical  ana lys is  to de te rmine  the 
presence of  agents  which serve  only 
to delay oxida t ion  bu t  which  may  
not  affect the  final resul t .  


