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O NE of the impor tan t  var iables  in the storage and 
processing of oil seeds and re la ted  mater ia ls  is 
moisture. A rapid,  accurate moisture determi- 

nat ion is required for  the segregatioll of tha t  port ion 
of high moisture seed receipts which experience has 
shown cannot  be s tored without  qual i ty  losses unless 
they be dr ied before storage. Oil extract ion efficiency 
is d i rec t ly  re la ted  to moisture content of the p repa red  
meats ;  and  finally the control of moisture in meal or 
feed to an established un i form level is requi red  for  
product  quali ty.  

A complete definition of the requirements  for  mois- 
ture  determinat ions  may be s tated as follows: 

1. Rapid Method. On-the-job analyses should require a total 
elapsed time of approximately 2-3 minutes. 

2. Accurate Within Practical Limits. This will vary in dif- 
ferent cases from • 0.1% to -- 0.5%. 

3. Simple. The method should be such that a non-technical 
operator can satisfactorily obtain reproducible results 
with the desired degree of accuracy. 

4. Inexpensive. a) The method should be inexpensive to op- 
crate to the extent that the trend will be for more fre- 
quent moisture determinations instead of reduction in 
number to reduce costs, b) The initial cost and mainte- 
nance costs should be low to make practical the use of 
several meters throughout a plant at the sample station 
locations. 

E a r l y  W o r k .  The above l isted requirements  are not 
new. They have been recognized for  many  years.  
Wi th  the advance in ins t rumenta t ion  in indus t ry  it 
was only na tu ra l  t ha t  tbe answer would be sought in 
the form of a meter  or ins t rument  i , t o  which a sam- 
ple could be inser ted;  and ins tantaneously  the mt)is- 
ture  would be indicated.  Twenty- three years  have 
been spent within our company in research and in 
development of a meter  which will  meet these re- 
quirements.  

The ear ly  tests were successful;  and  within a short  
per iod of t ime the meters were placed in general  use. 
These meters have been used within the company for 
17 years. 

Reason f o r  Pub l i sh ing  W o r k .  The Buckeye Cotton 
Oil Company has, through work covering 23 years,  
developed a moisture  meter  which provides  the means 
for  a r ap id  and accurate moisture determinat ion  on 
oi l-bearing materials .  In  addit ion,  the meter  is sim- 
ple to operate and maintain.  This, with a low ini t ia l  
cost, has led to its general  " o n - t h e - j o b "  employment  
for  process control, storage control, and produc t  qual- 
i ty control. 

This meter  has proved to be very  valuable  in the 
processing of oi l-bearing materials .  In te res t  has been 
displayed by  nmnerous other companies in the vege- 
table oil i ndus t ry  as well as in the mil l ing indust ry .  
Because experience has shown this ins t rument  to be 
adequate to meet the needs of our indust ry ,  i t  is our 
desire to make avai lable the complete in format ion  on 
the development and final specifications for  this mois- 
ture meter  to all members of indus t ry  to whom such 
a meter  might  be of value. 

In  the remainder  of this repor t  references to sam- 
ples and mater ia l  upon which moisture determina-  
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tions are made refer  specifically to oi l-bearing 
mater ia ls  of a g ranu la r  na ture  such as soybeans, cot- 
tonseed, cracked soybeans, soybean meal, and copra  
meal. 

Theoret ical  Considerat ions  

In  order  to design a moisture meter,  it was neces- 
sary  first to establish some character is t ic  of the mate- 
r ials  to be analyzed which will  va ry  with the moisture 
content  and which can be measured with a consistent 
degree of accuracy. I t  is essential tha t  the chosen 
character is t ic  be p r imar i l y  or grossly dependent  upon 
the moisture content and tha t  other influencing fac- 
tors can be compensated for, or tha t  the other influ- 
encing factors  are of such lesser degree of magni tude  
tha t  thei r  total  effect on the var ia t ion  due to the mois- 
ture  content wil l  be negligible.  

In  ear ly  work there were four  possible measure- 
ments which appeared  to sa t i s fy  these requi rements :  

1. Dielectric constant of the materials 
2. D.C. resistance of the materials 
3. Loss in weight of a sample after drying 
4. Relative humidity of a gas surrounding a sample at the 

moisture equilibrium point. 

Of these four  methods the last two were not consid- 
ered to be r ap id  enough for  use with a re la t ively  large 
sample, which was necessary in order  to el iminate the 
sampling errors. 

Some p re l imina ry  work done in 1929 and rechecked 
in 1933 indicated tha t  the measurement  of the dielec- 
t r ic  constant  was more re l i ab le  than the measurement  
of d.c. resistance. F rom then on the entire efforts 
were concentrated on the dielectr ic- type meter. 

Recently there has been some considerat ion of a 
s tudy  of the method involving gamma ray  or 1 em. 
radio  wave pene t ra t ion  of a sample. However,  inas- 
much as this is a re la t ive ly  new field, i t  was not de- 
s i red to under take  the extensive research requi red  at  
this time. 

As soon as the dielectr ic- type meter  had  been se- 
lected, the theoret ical  effect of t empera ture  upon the 
dielectric constant  became a mat te r  for  consideration. 
There appeared  to be three methods of compensation 
for  the t empera ture  effects: 

1. Fully automatic compensation within the circuit 
2. Semi-automatic compensation with the correction set into 

the circuit manually after the temperature of the sample 
has been determined 

3. Correction of meter reading by use of graphs or charts 
giving calibration over normal range of sample temper- 
atures. 

These methods will be described fu r the r  in the dis- 
cussion of the circuit .  However the choice was made 
to el iminate automatic  or semi-automatic t empera tu re  
compensation in the interest  of keeping the c i rcui t  as 
simple and t rouble-free  as possible. The advantage  of 
the automatic  compensation is t h a t  it  el iminates hu- 
man error.  However this would be of value only i~ a 
completely rel iable compensator  could be bui l t  into 
the circui t  wh ich :would  accura te ly  compensate for  
wide var ia t ions in t empera tu re  for  a number  of dif- 
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ferent  materials.  Automatic  compensation is not of 
value if a meter  is used on a mater ial  which does not 
va ry  in t empera ture  more than  about  • 5~ I n  ac- 
tual  practice a large percentage of the applicat ions 
were such that  t empera ture  conlpensation was not re- 
quired because the samples were consistently un i fo rm 
with respect to temperature .  

Investigation of Various Circuits 
When any insulat ing material ,  other than  a vac- 

uum, is placed between the plates of a condenser, the 
capaci ty of the condenser is changed with respect to 
the capacity in the absence of the mater ial  by  a factor  
re fer red  to as the dielectric constant. The dielectric 
constant of a mater ial  such as an o i l  seed meal was 
found to be constant, for pract ical  consideration, at a 
given t empera tu re  when the mater ia l  was bone-dry,  
Addit ion of moisture changed the dielectric constant 
by  a measurable  degree. Therefore  it became evident 
that  construction of a moisture meter  required that  
an accurate method of measuring the dielectric con- 
stant  of the mater ia l  be developed. 

The first meter  bui l t  in the course of this develop- 
ment  work which was successful in use to detect mois- 
ture changes in a sample was a simple regenerat ive 
circuit which was designed based upon a circuit pub- 
lished by  Bur ton  and P i t t  in 1929 (1). The circuit 
adopted for  the first meter  was different f rom this cir- 
cuit in that  a gr id leak, gr id condenser, and a by-pass 
condenser were added, improved regenerat ion control 
was accomplished through a controlled cathode bias, 
and  a power pack was added for  A.C. operation in 
place of batteries.  

Whereas this meter  was termed a dielectric type,  
this is not s tr ict ly t rue in tha t  the coil sample holder 
is affected not only by  the dielectric loss bu t  also by  
the change in the mutua l  inductance of the coils. The 
effect of insert ing a dielectric in the field of the coil 
sample holder is to increase the dis t r ibuted capaci ty 
of the coil. As the dis t r ibuted capaci ty  increases, the 
losses increase. These losses are the same as a resist- 
ance placed in series with the coil. 

Dur ing  the years  following the construction of the 
first meter  there were numerous changes made to im- 
prove the circuit. The first series of changes were in- 
corporated in a meter  circuit shown in F igure  1. In  
the original meter  the bias resistor was critical, con- 
troll ing the regenerat ion and the bias. This was 
changed (Figure  1) by  placing the bias resistor at  R~ 
and bypass ing it with condenser Ca. This gNes a fixed 
bias control independent  of regeneration. Regenera- 
tion control was obtained by  using a var iable  resistor 
R4 in series with condenser C4. This a r rangement  also 
eliminated the problem of having the R F  choke in a 
critical position. I n  this improved meter  the sensitive 
range was var ied by  the regenerat ion control R 4 

In  addition to these basic changes other improve- 
ments were:  the conversion of the meter  to ba t t e ry  
operation, except for  the filament t ransformer ,  to 
eliminate undesirable effects of large line voltage 
changes;  and the inclusion in the circuit of built-in 
standards.  The built-in s tandards  consisted of a 
short  circuited coil ir~ductively coupled to the regen- 
erative circuit. By  controlling the resistance of the 
short circuited coil, it was possible to control the en- 
ergy loss of the coil to values approximate ly  those ob- 
tained when samples with various moisture contents 

T A B L E  I 

Comparison of Oven and Meter Moisture Dete rmina t ion  
Soybean Receipts 

No. Fre igh t -Cars  % H~O Oven % I t20  Meter 

21 ....................................................... 
44 ....................................................... 

2 ....................................................... 
]01  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1,400 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

64 ....................................................... 
7 ....................................................... 

52 ....................................................... 
30 ....................................................... 
3~ ....................................................... 
74 ....................................................... 
10 ...................................................... 

3 ....................................................... 
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 ....................................................... 
1 ,849"  

12.2 
12.5 
12.6 
12.6 
12.8 
12.8 
13.0 
13.1 
13.1 
13.1 
13.3 
13.3 
13.4 
13.5 
14.6 
13.1~ 

12.3 
12.4 
12.5 
12.7 
12.8 
12.9 
13.0 
13.1 
13.1 
13.1 
13.4 
13.3 
13.6 
13.5 
14.2 
13.1r 

* Total. 
t Average.  

were placed in the test cell. These s tandards  are 
shown in F igure  1 by  L,, R, and S. 

I t  was evident that  a more sensitive circuit was re- 
quired to respond to small changes in moisture and to 
samples with low moisture content. A por t ion of the 
work dealt  with the fu r the r  improvement  of the me- 
ter  shown in F igure  1. I t  was possible, with the me- 
ters available, to determine with a relative degree of 
accuracy the moisture content of the var ious oil seed 
fractions. I n  the course of the work the Crosley Ra- 
dio Corporat ion was contacted to bui ld meters  in 
larger  quantit ies to supply  the company ' s  needs. 
Working f rom the meter  design shown in F ignre  1, 
the decision was made to substi tute a voltage regu- 
lated power pack for  the " B "  batteries. When this 
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Ct - 200 MMFO CONDENSER 
C 2 - 2 5 0  MMFD CONDENSER 
C 5 - 0 .5  MFD CONDENSER 
C4 " 2 0 0 0  MFO CONDENSER 
RFG- RADtO FREQUENCY OHOKE ( C H ~ 8 ) 
T - FIL,  TRANS. 2 . 5  VOLTS 
S, - SINGLE GANG .5 PT, SWITCH 
$2 - TOGGLE SWITCH 
V T -  C-56  VACUUM TUBE 
Lr162 TICKLER COIL ~ 3 / 4 "  OIA. 65 TURNS <r 22  OCG 
L2 r  COIL 314"  DIA. 52  T U R N S ' ~ 2 Z  DCC 316 
L 3 - - 1 3  TURNS J I / 2 "  DIA.  SPACED 31/2 TURNS PER INCH 
L 4 -  38  TURNS WOUND AT TOP END OF LtC 
MA'-  M I L L I A M E T E R  
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was done, t oge the r  wi th  a c c o m p a n y i n g  r e q u i r e d  cir-  
cu i t  changes,  the  m e t e r  w o u l d  no t  oscil late.  Cros ley  
R a d i o  C o r p o r a t i o n  eng ineers  t h o u g h t  the  c i r cu i t  s ta-  
b i l i t y  could  be improved ,  a n d  work  was u n d e r t a k e n  ~ "x 
to des ign  a new ci rcui t .  

The f i n a l  des ign  of the  me te r  deve loped  wi th  Cros- 
ley  Rad io  C o r p o r a t i o n  eng ineers  had  severa l  m a j o r  
changes .  The  c i r cu i t  is shown in F i g u r e  2. The p r i n -  
c ipa l  changes  w e r e :  l 

Early Meter 
I ]~igure 1 

*1. Power supply ................. I "B"  batteries 
*2. Oscillating circuit .......... IModified tuned plate 
*3. Sample holder ................. /Conduc~ance coils 
*4. Method of changing / 

sensitivity ....................... |Change in frequency 
�9 5. Stability . . . . . . . . . . . . . . . . . . . . . . . . .  /Variabte circuit " 

Redesigned Meter 
Figure 2 

Power Pack 
Modified Hart lev 
Condenser plates 
System of shunts 
around milliammeter 

P Constant circuit 

The most  i m p o r t a n t  changes  are  i n d i c a t e d  b y  as ter -  
isks. The a d v a n t a g e s  of these changes  a r e :  

1. Power Supptg. The power pack will give a cheaper source 
of current than the " B "  batteries and eliminate the 
problem of battery replacement. 

2. I t  was decided that the modified Hartley oscillating cir- 
cuit was more stable than the modified tuned plate circu!t. 

3. Sample Holder. The use of condenser plates for a sample 
holder is superior to the use of the two coils because a 
sample within the plates of a condenser affects the circuit 
by its dielectric loss. The coil sample is affected by di- 
electric loss and the change in mutual inductance of the 
coils. Further, changing the dielectric between the con- 
denser plates will not greatly affect the frequency of oscil- 
lation, but a similar change between the coils makes a 
great change in frequency. For the most stable operation 
the frequency of oscillation should be constant. 

4. Cha~ging Sensitivity. The redesigned meter employed a 
system of shunting various amounts of the total current 
around the milliammeter in order to change the range of 
sensitivity of the meter. This was possible because, as 
described in " 3 "  above, the frequency of oscillation was 
constant. In the earlier meters the range of sensitivity 
was changed by changing the frequency and violence of 
oscillations. This change served to eliminate three adjust- 
meats which simplified the operation of the meter. 

5. Stability. The redesigned meter was superior to the early 
model because of its greater stability. 

The r edes igned  m e t e r  was s a t i s f ac to ry  fo r  use on 
a l l  of the  va r i ous  oil seed f rac t ions ,  w i th  the  except ion  
of those  wi th  v e r y  h igh  moi s tu re  con ten t  (17% a n d  
above ) .  The d e v e l o p m e n t  work  con t inued  on th is  cir-  
cu i t  h o w e v e r ;  a n d  over  a p e r i o d  f rom 1935 to the  
p r e s en t  t ime  severa l  changes  were i nco rpo ra t ed .  These 
g e n e r a l l y  were  made  as smal l  i m p r o v e m e n t s ;  a n d  
t he r e fo re  to t r ace  each one w o u l d  not  be  p rac t i ca l .  
R e s u l t i n g  f r o m  th is  work,  which  invo lved  coopera t ive  
work  wi th  severa l  companies  engaged  in the  cons t ruc-  
t ion  of e lec t ronic  equ ipmen t ,  a c i r cu i t  has  been  devel-  
oped  which  was a d o p t e d  as a s t a n d a r d  me te r  fo r  the  
Buckeye  Cot ton  Oil  Company .  As  wou ld  be expec ted ,  
the  sugges t ions  fo r  changes  in  the  c i r cu i t  came f rom 
m a n y  sources  w i th in  and  outs ide  of the  company .  
Severa l  of  these were  made  b y  companies  which con- 
s t r u c t e d  mete r s  fo r  the  Buckeye  Cot ton  Oil Company .  

The f inal  c i r cu i t  which  has  been  a d o p t e d  as a bas ic  
s t a n d a r d  fo r  the  Buckeye  Mete r  is shown in F i g u r e  3, 
t oge the r  w i t h  a comple te  p a r t s  l ist .  

Analys i s  of Circuit.  The bas ic  c i r cu i t  used  is t h a t  
of  a modi f ied  H a r t l e y  osc i l l a to r  in which  the  tes t  cell 
serves  as the  capac i t ive  b r a n c h  of the  p a r a l l e l  reso- 
n a n t  ne twork .  Because  the  m a t e r i a l s  to be t e s ted  (oil  
seed f r ac t i ons )  a re  in the  n a t u r e  of poor  die lect r ics ,  
the  cell  behaves  as an  i m p e r f e c t  condense r  hav ing  arl 
equ iva l en t  c i r cu i t  cons i s t ing  of a ser ies  or  p a r a l l e l  

I l l l ~  FCI  - -  

GI -- MOISTURE IND. GAPAGITOR~.OOS " BRASS SHIM STOCK 5/B" WIDE, 4 7/8"" LONG. 
LI - OSGILLATING COIL. 
D E -  .02  MFD, ZOO V. GONDENSER. 
(i 3 - .0001 MFD GONDENSER. 
D 4 "  0,1  MFO C O N D E N S E R .  
G 5 - B . B . I S  M F D  GONOE'NSER.  
CG - B.B.B MFO DO%I~HSER. 
RI - - 5 0 0 0 0 0  .~'I- R E S P $ T ~ ) R  , 2 W . 

RZ - 5 0 0  J ~  I /E  W ,  R E S I S T O R .  
R 3 - 5 0 0  ~ I/?. W, RESISTOR. 
R4 - E 7 5  J1.'1/2 W,RESISTOR. 
R S - 2 7 5  ~)- ]/E W, RESISTOR. 
R6 - 30000  2 W RESISTOR . 
R 7 - POTENTIOMETER ")00 .~-, 
R 8 " 2 2 0  J~. I/E W, RESISTOR, 
S 9  - 4 4 0 0  Jl .  RESISTOR. 
R 1 0 - 2 6 0 0  .r RESISTOR. 
RFGI-RF GHOKE 2 .5  MH. 
FDI -  FILTER GHOKE. 
T I  - NO. 7B TUBE. 
T E - NO. BO TUBE. 
T 3 - NO. R74 TUBE 8 SODKET 
TFI - POWER TRANSFORMER �9 6. S VOLTS 
SI - A  81 SWITCH 
S? - LINE SWITGH 
MAI-PLATE METER. 0-1 MA 

Fro. 2 

c o m b i n a t i o n  of p u r e  c a p a c i t y  a n d  p u r e  res is tance ,  in  
which bo th  qua n t i t i e s  a re  n o n - l i n e a r  f u n c t i o n s  of the  
mois tu re  conten t  a n d  t e m p e r a t u r e  of the  m a t e r i a l  to 
be tes ted.  The res i s tance  r e p re se n t s  the  m a g n i t u d e  of 
the  d ie lec t r i c  losses. 

C i r c u i t  ana lyses  m a y  be s impl i f ied  b y  cons ide ra t ion  
of on ly  the  m a j o r  effects of v a r i a t i o n  in the  magn i -  
tudes  of  the  p a r e l l e l  res i s tance ,  i nduc tance ,  and  ca- 
p a c i t y  ne twork .  I n  add i t ion ,  i t  m a y  be a s sumed  tha t  
the d ie lec t r ic  cons t an t  a n d  the d ie lec t r i c  losses a re  
e s sen t i a l l y  i n d e p e n d e n t  of the  f r e q u e n c y  w i t h i n  rea-  
sonable  l imits .  On th is  bas is  i t  m a y  be s t a t e d  t h a t  the  
r e l a t ive  m a g n i t u d e s  of the  reac t ive  e lements  (capac-  
i t y  a n d  i n d u c t a n c e )  serve  p r i m a r i l y  to de te r in ine  the  
r e sonan t  f r e q u e n c y  of the ne tw ork  whereas  the  mag-  
n i t u d e  of the  losses ( res i s t ance  c ompone n t )  governs  
the  r e l a t ive  response  in  the  v i c i n i t y  of resonance.  
W h e n  such a n e t w o r k  i s  i n c o r p o r a t e d  in  a v a c u u m  
tube  c i rcui t ,  i t  is the  reac t ive  componen t s  t h a t  d i c t a t e  
the  f r e q u e n c y  of osci l la t ion.  The res i s tance  compo- 
nen t  exercises  an effect on the  a m p l i t u d e  of  oscil la-  
t ion.  The  u l t i m a t e  effect of u n d u l y  l a rge  losses in the  
r e sonan t  n e t w o r k  is the  cessa t ion  of osci l la t ion.  

I n  the  c i r cu i t  a d.c. m i l l i a m m e t e r  is u sed  as a de- 
t e c to r  a n d  ind i ca to r .  This  m i l l i a m m e t e r  detects  va r i -  
a t ions  in ti le a m p l i t u d e  of the  osc i l la t ions  b y  measur -  
i n g  the  ave rage  d.c. c u r r e n t  f lowing in the  ca thode  
c i reu i t  of the  v a c u u m  tube .  This  me thod  of de tec t ion  
places, no a d d i t i o n a l  l oa d ing  on the  r e sonan t  ne twork  
a n d  the re fo re  does not  act  to i m p a i r  p e r f o r m a n c e .  I t  
is poss ib le  to uu l l  the  m e t e r  fo r  such d.c. c u r r e n t  as 
flows u n d e r  those condi t ions  chosen as r e fe rence  
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GI - MOISTURE GAPASITOR..O05 ~ BRASS SHIM STOCK "5/8" WIDTH, 47/6 h LENGTH. 
LI "OSCILLATING COIL BUILT ON 3/4 u FORM WITH VARIABLE SLUG. 
62- '01MFID; 200 VOLT 60NOER.~;ER. 
G 3 -  I00 UU FD e GONOENSER. 
64-0 .1  MFO GONDENSER. 
G S - I O  MFO GONDENSER. 
6 s ' l O  MFO CONDENSER. 
R I - 470  M ~ RESISTOR ~ I /2  W 
R Z . 5 0 0  JI. ~ I/2 W RESISTOR. 
R3-SOOOJ l -  , IW RESISTOR. 
R4-6OOO- t~ . ,  IW RESISTOR. 
R S - 6 0 0 0 - n - i  IW RESISTOR. 
R 6 - 3 0 0 0 0  -")- , 2 W RESISTOR. 
R 7 - 1 0 0 0  -'1- , S W VARIABLE RESISTOR. 
P 1 - 2 0 0  -~- , 2 W POTENTIOMETER. 
MAI -O- I  M AMPERES, P(.AT'E METER. 
T I - S J 5  TUBE. 
T Z - V R -  105 TUBE. 
FGl-8 MH 
RFO~- RF CHOKE. E. 5 MH 
RGrHALF WAVE RECTIFIER 
TFI-FILAMENT TRANSFORMER 6 .5  VOLTS. 
S I - A -B t  SWITCH. 
$ 2 -  LINE SWlTGH. 
F I - A G  3 BUSS FUSE 
COAXIAL CABLE ~ TYPE R 6 5 9  U 
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t h r o u g h  the  p o t e n t i o m e t r i c  a r r a n g e m e n t  be twee n  the  
d.c. vo l t age  s u p p l y  a n d  the  ca thode  c i r cu i t  of the  
tube .  A c t i o n  of t he  c i r cu i t  is such t ha t  a n y  increase  
in  losses in  the  r e sonan t  n e t w o r k  p r o d u c e s  a corre-  
s p o n d i n g  increase  in  the  ave rage  d.c. p l a t e  or  ca thode  
cu r ren t .  A gaseous  vo l tage  r e g u l a t i n g  t ube  is u sed  t o  
m a i n t a i n  the  r e fe rence  vo l tage  fo r  the  de t ec to r  cir-  
cu i t  a n d  the p l a t e  vo l tage  fo r  the  v a c u u m  t u b e  oscil- 
l a to r  r e a s o n a b l y  s tab le  wi th  no rnml  l ine f luc tuat ions .  

A s  is c u s t o m a r y  in power  osci l la tors ,  the  necessa ry  
b i a s ing  is o b t a i n e d  b y  the  g r i d - l e a k  method .  This  
me thod  is a d v a n t a g e o u s  fo r  use i n  a mo i s tu re  m e t e r  
c i rcu i t  as t he re  is no sh i f t  in the  o p e r a t i n g  p o i n t  of 
the  v a c u u m  tube  which  changes  the  ave rage  p l a t e  or  
ca thode  d.c. cu r r en t .  The g r id  r e t u r n  is  made  d i r e c t l y  
to the ca thode  r a t h e r  t h a n  t h r o u g h  the  res i s tance  net-  
work  in  the  ca thode  c i rcui t .  

Effect of  Variables 

I n  o p e r a t i o n  of the  me te r  t he re  a re  c e r t a i n  var i -  
ab les  o the r  t h a n  the moi s tu re  con ten t  of the  s amp le  
which  wi l l  affect the  c i rcui t .  These a re  t e m p e r a t u r e  
of  the  sample ,  d e n s i t y  of the  sample ,  a n d  pa r t i c l e  
size, and ,  of course,  the  c leanl iness  of the  m e t e r  a n d  
sample  tubes .  

The t e m p e r a t u r e  effect is non- l inear .  The effect is 
as follows. F o r  a n y  sample  of m a t e r i a l  a t  a cons t an t  
mo i s tu re  content ,  the  losses in  the  r e sonan t  c i r cu i t  
wi l l  increase  wi th  i nc rea s ing  t e m p e r a t u r e s .  F u r t h e r  
these losses due  to t e m p e r a t u r e  increase  a r e  no t  con- 
s t a n t  b u t  v a r y  in  m a g n i t u d e  w i t h  v a r i a t i o n s  in  the  
mois tu re  conten t  of the  ma te r i a l .  The re fo re  a n y  

me thod  of c o m p e n s a t i n g  for  the  t e m p e r a t u r e  effect 
wou ld  have to accompl i sh  a p p r o p r i a t e  m o d u l a t i o n  of 
the  s igna l  ampl i f i ca t ion  or  de tec to r  s ens i t i v i t y  or  in- 
t r oduc e  sonic c ompe nsa t i ng  res i s t ive  e l emen t  in the  
r e sonan t  c i rcui t .  The p r i m a r y  diff icul ty  is the  devis-  
ing  of a c i r cu i t  to p r o v i d e  a m o d u l a t i n g  s igna l  t h a t  is 
a non - l i nea r  f u n c t i o n  of bo th  p e r c e n t a g e  mo i s tu re  
a n d  t e m p e r a t u r e .  Poss ib le  c i rcu i t s  or  componen t s  
which  m i g h t  affect the  des i r ed  m o d u l a t i o n  a r e :  

1. Non-linear resistors of negative temperature co-efficient 
2. Operation of vacuum tubes on the parabolic portions of 

their characteristics with special consideration given to 
variable m/z tubes. 

3. Special vacuum tube circuits exhibiting negative resist- 
ance characteristics 

4. Reactance tube circuits. Actually no work has been done 
on these circuits. An attempt was made to employ a vari- 
able condenser in the circuit to compensate for tempera- 
ture effect. For one type of material a condenser can be 
hand-trimmed and calibrated so that the major portion of 
the temperature effect can be compensated for by manual 
control. This proved to be satisfactory for normal ranges 
of moisture and temperature. However the use of manu- 
ual compensation does not eliminate personnel errors and 
could introduce added errors by improper use or by intro- 
ducing additional components which are subject to func- 
tional irregularities. For the standard Buckeye Meter the 
temperature compensation is accomplished through the use 
of gx'aphs with the moisture v s .  meter reading curves 
plotted for each 10~ over the normal range of temper- 
ature for the materials tested. Figure 4 shows this tem- 
perature effect on the curves for soybeans. 

D e n s i t y  of the  m a t e r i a l  to be  t e s ted  is a no th e r  va r i -  
ab le  which  affects the  m e t e r  r ead ings .  F o r  a g iven  
m a t e r i a l  the  losses  in  the  r e sonan t  c i r cu i t  inc rease  as 
the  de ns i t y  increases .  This  means  t h a t  the  l oad ing  of  
the  tes t  cell is an  i m p o r t a n t  o p e r a t i o n  a n d  shou ld  be 
c a r r i e d  out  in  such a w a y  as to in su re  u n i f o r m  dens i t y  
fo r  each sample .  I n  a c t u a l  p r ac t i ce  the  l o a d i n g  of the  
tes t  cell  is no t  compl ica ted .  A P rocedu re  such as t ap -  
p i n g  the cell  g e n t l y  t h ree  t imes  on a r u b b e r  m a t  is 
g e n e r a l l y  a d e q u a t e  to give u n i f o r m  d e n s i t y  to each 
sample .  The  de ns i t y  is also affected b y  the p a r t i c l e  
size of the  m a t e r i a l  to be tes ted .  I t  is necessa ry  to 
have c a l i b r a t i o n  curves  fo r  each f o r m  of the  mate-  
r i a l s  tes ted .  F o r  example ,  whole  soybeans  a n d  g r o u n d  
r aw  soybeans  wi l l  have s l i gh t ly  d i f fe ren t  curves.  Ex-  
per ience  has  shown tha t ,  in genera l  p r ac t i ce  in p roc-  
ess control ,  the  p a r t i c l e  size of a f r a c t i o n  does not  
v a r y  enough t o  r equ i r e  more  than  one c a l i b r a t i o n  
curve.  

Cleanl iness  of the  m e t e r  a n d  sample  t u b e s  is im- 
p o r t a n t .  I n  a n y  e lec t r i ca l  c i r cu i t  the  va lues  of cer- 
t a i n  of the  c o m p o n e n t  p a r t s  m a y  be affected b y  the  
a c c u m u l a t m n  of d i r t ,  mois tu re ,  or dust .  The  tes t  cells 
also wi l l  change  in  d ie lec t r i c  va lue  i f  t h e y  become 
d i r t y  or  p i ck  u p  mois ture .  

Operation of Mete r  

F o l l o w i n g  the in i t i a l  w a r m - u p  p e r i o d  r e q u i r e d  fo r  
a l l  v a c u u m  tube  c i rcui ts ,  the  me te r  in  p l a n t  use is 
n o r m a l l y  l e f t  t u r n e d  on c on t i nuous ly  t h r o u g h o u t  pe-  
r iods  when  samples  a re  to be run .  This  m a y  be  a ma t -  
t e r  of hours ,  days ,  or  weeks. W h e n  a sample  is to be 
run ,  the  fo l lowing  p r o c e d u r e  is fo l l owed :  

1. The meter is zeroed with a clean, dry, empty sample tube 
in place in the test cell, 

2. The sample tube is removed from the test cell, the sample 
is poured into the tube, and the tube is tapped gently 
three times on a rubber mat or stopper to compact uni- 
formly the material in the tube. The tube is then re- 
inserted into the test cell. 



446 T~IE JOURNAL OF THE AMER,ICAN OIL CHEMISTS' SOC1ETY, NOVEMBER, 1953 

16- 

1 4 - - -  

h. 
v= 
5 1 a - -  
l- 
z 
~ , o - - -  

8-  

GALIBRATION CURVES FOR SOYBEANS 

6 
5 

/S 
[ 
~0 

J 

5 0 '  F 

15 20 Z5 30 55  40 45 5 0  
METER READING MILLIAMPERES 

FI~. 4 

50- 

40  l 
z 
8~ 

~30. 

~}2o- 

IO- 

CALIBRATION CURVES FOR COTTONSEED 

f 

I0 I~ 

J 

/ 

12 13 14 15 

P E R C E N T  M O I S T U R E  

Fro. 5 

I00~ 

16 I7 I8 

3. The meter deflection is noted and recorded. 
~. Temperature of the sample is noted and recorded. This 

m~y be obtained by one of several methods. One of the 
most common is the insertion of a quick response ther- 
mometer into the test cell immediately after filling, noting 
the maximum temperature, and removing thermometer be- 
fore the tube is placed in the test cell. 

5. Moisture content of the sample is read from the graph or 
tables, using the proper graph or table for the tempera- 
ture of the sample. 

The technique of operation of the meter varies 
considerably with different operators. The pr imary  
concern is that  the operator or operators using a sin- 
gle meter follow standard procedure which will per- 
mit reproduction of their results. In  other words, the 
basic accuracy of the meter is fixed; but the operator 
technique can affect the overall accuracy of the meter 

t e s t s  just as poor technique can affect the moisture 
determination by the oven method. 

Calibration of Meter. The normal procedure for 
calibration of the meter is to set up a series of sam- 
ples of the desired material with moisture eoutent 
varying in 2% steps over the range normally en- 
countered. These samples are read on the meter at 
different temperatures in 10~ intervals. Each time 
a sample is read on the meter, a sample is withdrawn 
for  check oven moisture. A series of three or four 
readings for each moisture content at each tempera- 
ture is sufficient to give data to prepare graphs for 
use with the meter. 

A continuous calibration is run on all meters sim- 
ply by having one sample checked per day by the 
oven moisture method. These check analyses serve to 
provide additional calibration data and also serve to 
detect when the meter is in need of repair. 

Results 
The Buckeye Meter has been successfully used over 

a period of several years on whole soybeans, cracked 
soybeans, soybean meal, cottonseed, cottonseed meats, 
cottonseed meal, sesame seed, sesame meal, and copra 
meal. 

Typical response curves are shown in Figure 4 for 
soybeans and Figure  5 for cottonseed. These curves 
are generally the same for all meters of the same cir- 
cuit design; however, in practice, each meter is 
checked for calibration prior to its use. 

The basic accuracy of the circuit should be in the 
range of -+- .1% moisture when the meter is proper ly  
constructed and operated. In  actual use the accuracy 

may be in the range of __+ 0.25%. This appears to be 
a rather large deviation, but  it is actually very close 
to the s tandard deviation of a single moisture deter- 
ruination run in an oven (1 hr.). Reasons for the 
deviations are, of course, the technique of the oper- 
ator, accuracy with which the temperature is read, 
uniformity of packing of sample, and cleanliness of 
the sample tube. With care in operation and by 
reading a sample three times and using the average 
of the three readings, the accuracy of the determi- 
nations can be improved. In  practice, the required 
accuracy dictates the precautions to be taken in the 
operation of the meter. 

Table I is a consolidation of the results of checking 
samples from 1,845 freight cars of soybeans by oven 
and by Buckeye Meter. The greatest difference re- 
corded was 0.4% HfO between the two methods. Re- 
liability of the meter moisture as referred to the oven 
moisture is demonstrated by the weighted average of 
all results, there being .01% difference between the 
two, as well as the averages of the various groups rep- 
resenting shipments, which checked to within 0.1% 
in all but  one ca~e. These data are furnished in sub- 
stantiation of the earlier statement that the Buckeye 
Meter has an accuracy roughly equivalent to the 
s tandard deviation of single determinations run by 
the one-hour oven method. 

Summary 
The development of the Buckeye Moisture Meter 

has covered a period of 23 years during which time 
considerable work has been done within the company 
on this meter. I n  addition, there have been numer- 
ous contacts outside of the company who have con- 
tr ibuted to the development of these meters. These 
have been companies or individuals who were re- 
tained to construct or analyze the meter. Among 
these outside contacts are the Crosley Radio Corpora- 
tion, which built  some of the earlier models; A. D. 
Little Inc., who, in a consulting capacity, analyzed 
the circuits of some of the meters; and two compan- 
ies who have in recent years constructed these meters 
for the Buckeye Cotton Oil Company. These com- 
panies are:  Industr ial  Engineering Company, Louis- 
ville, Ky., and Moisture Register Company, Alham- 
bra, Calif. 

The meter, which has been adopted as a standard 
within the Buckeye Cotton Oil Company, has proved 
to be highly satisfactory for process control work. 
The accuracy of the meter in plant use has been 
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found to be roughly equivalent to the s tandard  devi- 
ation of single oven determinations. Certain vari-  
ables must  be compensated for  either by  method or 
technique of operat ion;  namely, t empera ture  of sam- 
ple and density of mater ial  in sample tube. The pre- 
cautions required are determined by  the accuracy 
desired. 

The meter  has been found to fill a very  necessary 
funct ion in the process control in the milling of oil- 

bear ing materials.  The initial cost has been kept at  a 
min imum by  designing the  meter  for  specific applica- 
tion, and fu r the r  the operat ing and maintenance costs 
are extremely small. Because of the success we have 
had with this meter  and because experience has shown 
it to be a valuable process tool, it has been made 
available to indus t ry  for  use in whatever  applicat ion 
it may be found to serve a useful  function. 

[ R e c e i v e d  O c t o b e r  27,  1 9 5 2 ]  

Sesamolin Adsorption by Bleaching Agents 
LAL BAHADUR MATHUR and K. S. TILARA, Amrit Banaspati-Company Ltd., Ghaziabad, India 

T H E  Indian  oil technologists engaged in the manu- 
facture  of Banaspat i  (edible hydrogenated  oil) 
have to face the problem that  certain bleaching 

earths, al though effective in reducing the color of the 
oil, decompose sesamolin. Most of the bleaching earths 
produced by  manufac ture rs  in sterling areas are of 
this type, and this has presented a new problem to the 
industry.  A bleaching earth which causes a loss of 
only a small amount  of sesamolin is acceptable, but  
if it removes the sesamolin completely, either by  ad- 
sorption or splitting, it should not be used. 

With  the introduction of the Baudouin test in In-  
dia as a measure of the sesame oil present  in Banas- 
pati ,  the effect of the bleaching earths and carbons 
used in processing on the values obtained in the test  
are of fundamenta l  importance.  The character is t ic  
Baudouin test is caused by  sesamol (CTH6Q),  a com- 
ponent  of sesamolin (C2oHls07), one of the unsa- 
ponifiable components present  in sesame oil bu t  not 
present  in other na tura l  oils (1). 

Honig (3) showed that  acid bleaching earths can 
lead to the format ion of free sesamol. Budowski et al. 
(2) showed that  neut ra l  clay and act ivated carbon, as 
well as acid clay, can produce free sesamol f rom ses- 
amolin and can reduce the total of the free and com- 
bined sesamol of sesame oil. They also found tha t  
near ly  all the free sesamol is lost dur ing deodoriza- 
tion of the oil. 

This investigation was under taken  to provide ad- 
ditional information concerning the effect of various 
bleaching clays on the sesamol content of oils for  the 
benefit of manufac tu re r s  of hydrogenated  oil. 

Experimental 
1. William Garrigue Plant. Twenty-f ive  tons of 

crude ground-nut  oil mixed with 7-10% sesame oil 
were refined with caustic soda at 60~ in a steam- 
jacketed neutral izer  equipped with a mechanical agi- 
tator.  Af te r  refining, the oil was settled for  8 hours  
and siphoned off to a wash tank where it was given 
several washes with hot water  to remove soaps. The 
amount  of sesame oil added to different batches was 
varied, and  the Baudouin tests were conducted on both 
the crude and refined oils of each batch. The washed 
oil was bleached in a 12-ton soft bleacher for  1 hour  
at 90~ under  27.5 in. vacuum. The effect of dif- 
ferent  earths in various proport ions was noted. The 
bleached, filtered oil was hardened t o  a melt ing point 
of 37~ in a 9-ton autoclave. One pound of act ivated 
carbon per  ton of oil charged was added with the 

TABLE I 

Effec~ of Refining Sesame Oil and  Bleaching With  0 .5% Cla:~ on 
Color and  Baudou in  Test Readings  

Bleach- I  I 
ing r 

ear~'h, ] C~176 I 

1. Crud . . . . . .  e oil (F.F.A. 2 .0%)  ...... ~ 4 ~ R  " - -  
2. Oil a f te r  neutra l iz ing ........................ I ...... [ ........ [ 
3. Bleached oil a)  Fulmond-525 C ........ [ 0.5 I 2.0Y-0.2R 
4. Bleached oil b) B.C. clay .................. I 0.5 I 2 .0u  [ 

Baudou in  
test  

color 

12.5R-1.0Y 
11.6R-0.9Y 

9.5R-0.9Y 
10.6R-0.9Y 

catalyst. The cooled, filtered, hardened oil was given 
a light alkali wash and several hot water  washes. 
The oil was then t reated with different quantities of 
bleaching earths, and the decrease in Baudouin test  
color was noted. The bleaching conditions were simi- 
lar to those used in the soft oil bleacher. The oil was 
deodorized in a 9-ton deodorizer for  4 hours  at 150 
to 160~ under  29.5 in. of vacuum. 

2. Laboratory Experiment. Sesame oil and different 
sesame oil mixtures  were bleached in the labora tory  
in l-lb. batches at 90~ for  20 minutes, using me- 
chanical agitat ion and the Baudouin test  color noted. 

FOllowing the procedure of the Baudouin test, ses- 
ame oil is mixed with liquid paraffin as a diluent in 
the ratio 1:80. Five ml. of this mixture  is slightly 
warmed in a test tube. To this is added 5 ml. con- 
centrated HC1 (Sp. Gr. 1.19) and 8 drops of a 2% 
solution of f reshly distilled fu r fu r a l  in neutra l  alco- 
hol. The test tube is shaken for  2 minutes, and the 
p ink  acid layer  is allowed to settle for  8 minutes. 
The acid l ayer  is filtered through a Wha tma n  filter 
paper,  and the filtrate is collected in a 1-cm. cell o f  
a Lovibond Tintometer  (Bri t ish Drughouses Pat tern ,  
made in England,  Pa ten t  No. 299194). 

The experimental  results obtained are tabula ted  in 
Tables I to IV. 

In  the case of pure  sesame oil the dilution in the 
Baudouin test  was 20 times greater  than  that  used 
for  the processed oil. 

Discussion of Results 
Examinat ion  of the data for  the plant  scale experi- 

ment  using Fu lmond  earth in Table I I I  shows tha t  
at the end of the processing the sesamotine was vir- 
tual ly  completely removed. The data indicate tha t  
the Fu lmond  ea r th  used in the soft oil bleacher split  
some of the sesamoline into sesamol, which was par-  
t ial ly destroyed in the hydrogenator ,  and  the Fulton)rid 
earth used in the hard  oil bleacher sp l i t  still more of 
the sesamoline into sesamol, which was lost during 
the deodorization. Thus the double bleaching with 


