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the  Mois tu re  Commi t tee  of 
the  A m e r i c a n  Oil Chemis t s  

Socie ty  compar ing  the loss of 
we igh t  and d i s t i l l a t ion  methods  for  
mo i s tu re  in cot tonseed meal  have 
aga in  b rough t  the  technique  of th i s  
i m p o r t a n t  d e t e r m i n a t i o n  under  a 
va r i e t y  of c r i t i c i sms .  The a t t i t u d e  
of the  Commit tee  is ind ica ted  by 
i ts  r e p o r t  publ i shed  in OIL & FAT 
INDUSTRIES, June,  1926, as  fo l lows:  

"Your  commit tee  knows of no 
o the r  ana ly t ica l  process  in which  
we a re  concerned t ha t  needs g r e a t e r  
special  a t t en t ion  t han  moi s tu re  de- 
t e rmina t ion ,  as shown by our  
mo i s tu re  resu l t s  on cb ck meal  work  
and on our  pas t  y e a r ' s  work  us ing  
the  B idwel l -S te r l ing  me thod ;  and  
these  resu l t s  also show conclusive- 
ly t ha t  many  of our  l abo ra to r i e s  a re  
not  equipped wi th  a un i fo rm and 
cons tan t  t e m p e r a t u r e  oven." 

Vacuum oven d r y i n g  as the  
official or  publ i shed  r e f e ree ' s  
method,  da tes  back to the  Ten ta -  
t ive S t a n d a r d  Methods  publ i shed  
in Sep tember ,  1916 by the Com- 
mi t t ee  on the  Ana lys i s  of  Com- 
merc ia l  F a t s  and  Oils, Div is ion  of 
I ndus t r i a l  Chemis t s  and E n g i n e e r s  
of the  A m e r i c a n  Chemical  Socie ty  
(Journal of Industrial and En- 
gineering Chemistry, Vol. 9, No. 
11).  A t  t h a t  t ime  an a l t e r n a t i v e  
rou t ine  p rocedure  us ing  a i r  ovens 
was also outl ined.  In  the  r e p o r t  
of the  Commit tee ' s  adopt ions ,  as 
d rawn  up by  W. D. Richardson ,  i t  
is s ta ted ,  "The  Commi t tee  has  
also cons idered  the  va r ious  d is t i l l a -  
t ion methods  fo r  the  d e t e r m i n a t i o n  
of mo i s tu re  in f a t s  and oils, bu t  

i nves t iga t ions  by . . . .  i t  was decided t h a t  the  
most  des i rab le  method was the  
vacuum oven method  as  descr ibed ."  

Tha t  Commit tee  also s u b m i t t e d  
the  des ign  for  a so-called s t a n d a r d  
vacuum oven which i t  was  hoped 
would be capable  of the  r equ i r ed  de- 
g ree  of control.  Th is  oven, how- 
ever, has  not  al lowed a sufficiently 
r eady  ma in tenance  and dupl ica t ion  
of condi t ions  as shown by the 
inev i tab le  small  bu t  s igni f icant  dis-  
c repancies  be tween r epo r t s  of d i f -  
f e r e n t  co l l abora to r s  on t e s t  samples  
a t  va r ious  t imes .  A number  of 
o ther  commerc ia l  vacuum ovens 
subsequent ly  produced  have led to 
no reduct ion  of th i s  work ing  
var iable .  A t  the  same t ime  the  a i r  
d r y i n g  ovens used by control  l abora-  
to r ies  fol lowing the  a l t e r n a t i v e  
recommended  method  have  shown 
ve ry  poor t e m p e r a t u r e  control  and 
u n i f o r m i t y  and caused occasional  
g ross  e r ro r s  in mo i s tu re  r epo r t s  
cover ing  raw m a t e r i a l s  in t r a n s i t  
or s torage.  

Out of th is  gene ra l  s i t ua t ion  has  
a r i sen  the  p resen t  i n t e r e s t  in 
app ly ing  to cot tonseed  meal  the  
d i s t i l l a t ion  method  recommended  
by Bidwell  and  S te r l i ng  for  a 
v a r i e t y  of r aw  ma te r i a l s .  This  
pr inc ip le  has  been employed to 
some ex ten t  for  the  las t  twen ty  
yea r s  in methods  appl ied  to g r a i n  
by  Brown and Duvel, to c rude  
fibre by  Schwalbe,  to  l ea the r  by 
Rogers ,  and to pe t ro l eum produc t s  
by  Dean and S ta rck .  

The  p r e sen t  me thod  as developed 
by Bidwell  & S te r l i ng  has  some 
theore t i ca l  supe r io r i t i e s  over  any  
loss of we igh t  method  as pointed 
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out by Mr. Bidwell  (Journal of 
Industrial & Engineering Chemis- 
try, Vol. 17, No. 2, namely,  (1) i t  
is f ree  f rom effects of va r i ab le  

h u m i d i t y ;  (2) possible  losses in 
we igh t  f rom s l igh t  ox ida t ion  of 
the  sample  a re  avoided;  and (3) 
i t  proposes  to measu re  ac tual  w a t e r  
r a t h e r  than  w a t e r  and volat i le  ma t -  
ter .  The  l a s t  conten t ion  is, of  
course,  not  s t r i c t l y  t rue ,  s ince the  
d i s t i l l a t e  in the  B idwel l -S te r l ing  
method  is l iable to conta in  some 
volat i le  m a t t e r  misc ib le  wi th  w a t e r  
which  could in t roduce  a pos i t ive  
e r ro r  in the  volume read ing .  I f  the  
q u a n t i t y  of volat i le  was te  included 
in the  resu l t s  secured by  the  d r y i n g  
method were  apprec iab ly  g r e a t e r  
t han  the  s imi la r  e r ro r  by the  dis- 
t i l la t ion  method,  the  f o r m e r  would 
be expected to yie ld  a h ighe r  mois-  
t u r e  figure.  Actua l ly ,  however ,  
oven d r y i n g  repor t s  a re  cons is ten t -  
ly lower than  d i s t i l l a t ion  r epor t s  
on the  same samples  by  an amount  
in the  v ic in i ty  of 0.3 per  cent  of 
d ry  sample  weight .  This  a lmost  
cons tan t  difference m u s t  be a t t r i b -  
u ted  e i the r  to a more  extens ive  
inclusion of subs tances  o ther  t han  
w a t e r  by the d i s t i l l a t ion  me thod  or  
to the  r e t en t ion  of some mechani -  
cally held mo i s tu re  by  a d r i ed  
sample  even a f t e r  i t  has reached  
a p p a r e n t  cons tan t  we igh t  under  the  
specified condi t ions .  

In  e i the r  case, a m a j o r  cons idera -  
t ion in e s t ab l i sh ing  the  more  prac-  
t ica l  method  in the  hands  of  
l a b o r a t o r y  chemis ts  would seem to 
be a decis ion as to  which p e r m i t s  
the  closest  poss ib le  dupl ica t ion  of  
resu l t s  when used by  d i f fe ren t  
ope ra to r s  in va r ious  l abora to r i e s .  
In  th i s  connect ion d a t a  pub l i shed  
in the  r epo r t  of the  Mois tu re  Com- 
mi t tee ,  t h i s  Jou rna l  for  June,  1926, 
appea r s  to be somewhat  in f a v o r  of 
the  oven method.  D u r i n g  the  y e a r  
1925, s ix  samples  of co t tonseed  

meal  were  submi t t ed  to a la rge  
number  of co l labora tors  for  mois-  
t u re  r e p o r t s  by  the  Bidwel l -S te r -  
l ing and the  oven d r y i n g  methods .  
Successive samples  were  sent  to the  
same chemis t s  wi th  the  resu l t  t ha t  
any  unaccus tomed to the  Bidwell-  
S t e r l i ng  method should  have become 
f a m i l i a r  wi th  i ts  man ipu la t i on  by 
the  t ime  the  l a t e r  samples  of the  
ser ies  were sent  out. F o r  the 
purpose  of e s t ima t i ng  the  un i fo rm-  
i ty  of resu l t s  by  e i the r  method  in 
the  hands  of numerous  opera tors ,  
the  most  s igni f icant  f igure which 
can be secured f rom th is  collection 
of resu l t s  is the  mean  devia t ion  
f rom the  mean.  In  o ther  words ,  
hav ing  de t e rmined  the  ave rage  
value for  mo i s tu re  pe rcen tage  
f rom collected r epor t s  on a g iven  
sample,  each ind iv idua l  va r i a t i on  
f rom th i s  ave rage  is computed  and 
the  ave rage  of  all these  dev ia t ions  
is a f igure  i nd i ca t i ng  the probable  
dupl ica t ion  of resu l t s  on a g iven 
sample  by  d i f ferent  opera tors .  The 
accuracy  of th is  f igure  is, of course,  
a func t ion  of the  to ta l  number  of 
d e t e r m i n a t i o n s  f rom which i t  is 
calculated.  These  mean  devia t ions  
f rom the  means  as  computed  f rom 
the  th i rd ,  four th ,  fifth, and  s ix th  
samples  of the  Commi t t ee ' s  ser ies  
a re  as fo l lows:  

Mean deviation from 
the mean in % of 

dry weight. 
No. of Bidwell- Oven 

Sample reports Sterl ing Drying 
3 25 0.47 O.28 
4 17 0.48 0.24 
5 14 0.37 0.23 
6 13 0.26 0.24 

In  compar ing  these  f igures i t  
should be remembered ,  of course,  
t h a t  the  B idwe l l -S te r l ing  method  
was compara t i ve ly  new in t he  hands  
of some opera tors .  

V a r i a t i o n s  in the  oven method  
a re  accounted fo r  to  a l a rge  ex ten t  
by the  lack of  t e m p e r a t u r e  control  
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and u n i f o r m i t y  which cha rac te r i zes  
a l a rge  number  of the  a i r  d r y i n g  
and vacuum ovens in use in control  
l abora to r ies .  Re fe ree ' s  r esu l t s  on 
mo i s tu re  in flour ind ica te  t ha t  
t e m p e r a t u r e  va r i a t ions  in oven 
d r y i n g  begin  to  affect mo i s tu re  re-  
sul ts  when such va r i a t i ons  approach  
a m a g n i t u d e  of 5 ~ C (Journal of 
the Association of Official Agricul- 
tural Chemists, Vol. 9, No. 4, page  
404).  Mois tu re  resu l t s  on cot ton-  
seed meal a re  p robab ly  affected to 
a s imi la r  extent .  The ac tua l  
m a g n i t u d e  of local t e m p e r a t u r e  di f -  
fe rences  in m a n y  wel l -known and 
widely  used a i r  d r y i n g  ovens which 
employ p r i m a r i l y  a d i rec t  r a d i a t i o n  
sys tem of ten  reaches  30~ be tween 
the top and bo t tom shelves, or 
15~ on one shelf  and  a s imi l a r l y  
l a rge  var iab le  is found  in d i rec t  or 
a i r  hea ted  vacuum ovens. In  the  
field of oven design,  work  of  the  
pas t  five or s ix years ,  c a r r i ed  on 
by  the  Cent ra l  Scientif ic Company 
of Chicago,  and d i rec ted  upon the  
problems of hea t  c o n t r o l  and  dis-  
~ribution in closed chambers  is of 
p a r t i c u l a r  impor tance ,  inasmuch  as 
i t  has  produced  an oven of each 
type,  a i r  d r y i n g  and vacuum,  whose 
wor k i ng  va r i a t i ons  in t e m p e r a t u r e  
and p re s su re  a r e  well w i th in  the  
a p p a r e n t  s igni f icant  l imi t s  fo r  th i s  
de t e rmina t ion .  These  a r e  the  
DeKho t in sky  a i r  d r y i n g  oven and 
the  new Cenco vacuum oven. 

D i s t r i b u t i o n  of hea t  in the  
DeKho t in sky  ovens is secured  by 
p rope r ly  ba lanc ing  the  effects of 
d i rec t  r a d i a t i o n  and convection.  
These  two  e lements  a r e  the  impor -  
t a n t  f ac to r s  in the  t he rma l  charac-  
t e r i s t i c s  of any  oven. The  f o r m e r  
es tab l i shes  a t e m p e r a t u r e  g r a d i e n t  
w i th  i ts  h igh  a t  the  bo t tom and i ts  
low a t  t h e  top  of t he  oven chamber .  
Convection c u r r e n t s  tend  to es tab-  
l ish a reverse  g r a d i e n t  wi th  w a r m e r  
a i r  above be ing  replaced  by cool 

a i r  below. By effect ively inc reas -  
ing  and d i s t r i b u t i n g  the  convec- 
t ion fac tor ,  the  DeKho t in sky  oven 
balances  these  two g r a d i e n t s  and  
at  the  same t ime  m a i n t a i n s  an 
equal ly effective l a t e ra l  c i rcula t ion .  
E x h a u s t i v e  me a su re me n t s  of hea t  
d i s t r i bu t i on  have  been c a r r i e d  out 
by loading  the ovens wi th  sample 
d ishes  of oil meal,  each d i sh  con- 
t a i n i n g  i ts  own thermo-e lement .  
All  these  m e a s u r e m e n t s  show a 
probable  m a x i m u m  t e m p e r a t u r e  
difference be tween any two po in t s  
in the  oven of 3~ I t  is h igh ly  
improbab le  t h a t  th i s  v a r i a t i o n  
could ever  appea r  in any m o i s t u r e  
de t e rmina t i ons  r epo r t ed  in the  
usual  way  to 0.01 per  cent  of d r y  
weight .  Unde r  these  condi t ions  
rou t ine  tes t s  may  be conducted  in  
l a rge  numbers  s imu l t aneous ly  by  
loading  the oven to  a reasonable  
capaci ty ,  which is obviously  one of  
the  s t rong  appeals  of the  a i r  d r y -  
ing  method  to the  control  chemis t .  

Exper ience  w i th  a v a r i e t y  of  
f o r m e r  vacuum ovens has  shown 
tha t  the  necessa ry  t e m p e r a t u r e  
control  and u n i f o r m i t y  cannot  be 
ob ta ined  by the  d i r ec t  app l i ca t ion  
of i n t e r m i t t e n t  h e a t i n g  to t he  
chamber  proper .  Severa l  manu-  
f a c t u r e r s  have used a t h e r m o s t a t i c  
a i r  ba th  as  the  hea t  t r a n s m i t t i n g  
medium,  bu t  th i s  method,  up to t he  
p r e sen t  t ime,  has  not  p roduced  a 
r easonab ly  close control  in t h e  d ry -  
ing  chamber .  The  t h i r d  logical  
p lan has  been employed wi th  ex- 
cellent resu l t s  in the  new Cenco 
vacuum oven, namely,  i m m e r s i o n  
of  the  vacuum c ha mbe r  in a c i r -  
cu la t ing  oil t he rmos t a t .  

The  oil ba th  i t se l f  is cont ro l led  
to va r i a t i ons  less t han  ~ 0 . 5 ~  by  
means  of  the  wel l -known DeKhot in -  
sky  b i -meta l l ic  t he rmo- r e gu l a to r ,  
Bu reau  of S t a n d a r d s  f o r m  Kni fe  
Type  hea te rs ,  and  motor  d r iven  
s t i r r e r .  The  d r y i n g  chamber  
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proper is cylindrical  in form, 9" in 
diameter ,  and 14" long, al lowing 
the use of three  shelves. The door 
consists  of a circular  bronze cas t ing  
with a pane of heavy Pyrex  glass 
and fits into a tapered brass  seat. 
An effective seal is achieved by 
properly g r ind ing  the door into its 
seat. The accompanying  diagrams,  
i l lus t ra te  the cons t ruct ion  in detail.  

A grea t  n u m b e r  of exhaust ive 
tests have been made on these 
vacuum ovens to establish the exact 
per formance  that  may be expected 
from them. U n i f o r m i t y  of d i s t r ibu-  
t ion has been repeatedly measured  
by placing sample dishes of sand 
at the extreme ends and sides of the 
three shelves, each con ta in ing  its 
own thermo-element ,  and each com- 
pared with a central  dish at  the 
thermometer  bulb as reference 
s tandard.  In  none of these tests  
has the average total  difference 

between two widely separated 
samples been more than  1~ and 
the largest  total  var ia t ion  on record 
is 1.4~ It is undoubtedly  safe to 
assume a general  working l imi t  of 
un i fo rmi ty  to be +- 0.5~ F igur2  
3 is a three-hour  section f rom a 
character is t ic  test  curve, showinq 
s imul taneous  t empera tu res  in  the 
oil ba th  and in the oven chamber  at 
its axis. With  reasonably cons tan t  
room tempera ture ,  the oven tern- 
perature ,  as read f rom the 
thermometer ,  seldom varies  as 
much as 0.5~ T h i s  curve was 
taken when the chamber  was at  a 
pressure  of 3 mm. of mercury .  

The use of ovens, e i ther  a i r  or 
vacuum, for the de te rmina t ion  of 
mois ture  in cottonseed meal has 
its greates t  value in the convenient  
handl ing  of a considerable number  
of samples with the least demand 
on the a t t en t ion  and t ime of the 

HEATING UNIT 

Another Cross Section View of this Vacz~um Oven 

110 



.2~oomTemperature 2 5 - 2 6 ~  P r e s s u r e  L~ GhamJber 5 r a m  .]'t~ 
10~C 

. . . . ra f r"~ . . r  , _ . f "  , .  ,., 
lO0~ 

9:OOAtt 10:00 11:00 ]Z:O0 

Cor:ec[eJ~mferMuze L~ OiI Thermornete: in ChamSer o~ 
Fig. 3. A three-hour section from a characteristic test curve, showing simul- 

taneous temperatures in the oil bath and in the oven chamber at its axis. 

chemist .  W h e r e v e r  th is  method  is sure  of mo i s tu re  in rou t ine  control  
employed i t  appea r s  h igh ly  possible,  in which probab le  va r i a t i ons  among 
by  the  use of  ovens s imi la r  to those  d i f fe ren t  l abo ra to r i e s  should be re-  
t h a t  were  descr ibed  above, to duced to a q u a n t i t y  of no commer-  
achieve a gene ra l ly  u n i f o r m  mea-  cial s ignif icance whatever .  

E x a m i n a t i o n  o f  M i x t u r e s  

(Continued from page 105) 

m i x t u r e  of oils has  been deduced a 
new m i x t u r e  should be made  hav- 
ing th is  composi t ion,  and the  values  
ob ta ined  t h e r e f r o m  compared  wi th  
those of the  or ig ina l .  In  th is  way 
a very  near  a p p r o x i m a t i o n  to the  
t r u t h  m a y  be obta ined.  

The  detec t ion  of small  amounts  
of b u t t e r  in m a r g a r i n e s ,  which is 
somet imes  requi red ,  may  be ca r r i ed  
out  by th is  method  supp lemented  
by the  m e t h o d  of Gi lmour  
(Ana lys t ,  1920, 45, 2;  1925, 50, 

272).  E x p e r i m e n t s  a long these  
l ines have been ca r r i ed  out, and  i t  
is hoped to publ ish  the  resu l t s  
obta ined.  

I t  may  not  be out  of place at  th i s  
s tage  to r emind  worke r s  t ha t  p rac-  
t ica l ly  the  whole of our  knowledge  
of the examination of margarine is 
due to the pioneering work of 
Cribb and Richards and Bolton, and 
of Revis and Richmond. The 
present authors are glad to 
acknowledge their indebtedness to 
these workers, and to state that, at 
best, they can only claim to have 

confirmed and poss ibly  somewhat  
ex tended  the ea r l i e r  work. 

A l k a l i  A b s o r p t i o n  i n  C r u d e  0 i l  

R e f i n i n g  
(Continued from page 102) 

ind ica ted  by analys is .  Th is  would 
ind ica te  t h a t  the  globules  of 
caust ic  solut ion do not  come in 
such contact  wi th  the  oil t ha t  all 
the  caust ic  is t aken  up t i l l  a f t e r  
a long t ime  of s t i r r i ng .  I t  also 
ind ica tes  the  effect of excess caust ic  
in p roduc ing  excess saponif icat ion.  

A d a m  H i l g a r ,  L t d . ,  P u b l i s h e s  

B u l l e t i n  
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32-page bul le t in  cover ing  the  work  
of t h e i r  research  and sales depa r t -  
men t s  fo r  the  yea r  ending  Decem- 
ber  31, 1926. The bul le t in  des- 
cr ibes  new i n s t r u m e n t s  as  well as 
changes  and improvemen t s  in the  
s t a n d a r d  H i l g a r  line. 
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