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cooperative panel  could be set up and a large number  
of samples could be studied statistically, the carbonyl  
index may  help to establish a s tandardized sca le  for 
evaluating the reverted and rancid odor  of edible oils. 

Summary 
The amount  of volatile carbonyl compounds dif- 

fused f rom 100 g. of an oil into a s t ream of ni t rogen 
bubbled through the oil under  specified conditions was 
determined by convert ing the ca rbony l  c o m p o u n d s  
into their  2,4-dinitrophenylhydrazones and then meas- 
ur ing the absorption of the wine-red color of the 
quinoidal ions at 480 mt~. F rom the absorbance thus 
obtained, a carbonyl  index was calculated and assigned 
to the oil. 

The carbonyl  indices of a number  of edible oils, 
such as soybean, cottonseed, and hydrogenated vege- 
table, were found to correlate with the degree of 
reversion and rancidi ty  of the oils as determined by 

organoleptic means. The reproducibi l i ty  of the car- 
bonyl index determinat ion was 3%. This accuracy 
corresponded to approximate ly  _+ 0.1 point in an 
organoleptic test ing panel in which 1 point repre- 
sented a very unacceptable oil and 10 points a very  
good oil. The earbonyl  index method may  also be 
used as a means of evaluating the flavor stabili ty of 
edible oils. The carbonyl  index gave a good indica- 
tion of the flavor stabil i ty af ter  aging at 60~ for 
the less stable and ]00~ for the more stable oils 
and fats. 

R E F E R E N C E S  

1. Kilgorc, L. B., Oil and  Soap, 9, 269 (1932) .  
2. Lappin,  G. R., and  Clark, L. C., Anal. Chem., "23, 541 (1951) .  
3. Moser, H .  A., Jaeger ,  C. M., Cowan~ J.  C., and Dunon,  t i .  J., 

J .  Am. Oil Chemists' Soc., 24, 291 (1947) .  
4. Handschumaker ,  E., J .  Am. Oil Chemists' Soc., 'Z5, 54 (1948) .  
5. Foster, D., Food Teeh., 8, 304 (1954) .  

[ R e c e i v e d  O c t o b e r  21, 1 9 5 4 ]  

Development of Buckeye Continuous Moisture Meter for 
Oil-Bearing Materials 1 
D. F. MASKEY, D. M. LEDBETTER, and H. L. CRAIG, Buckeye Cotton Oil Company, 
Cincinnati, Ohio 

T 
HE NEED for rapid accurate nloisture determina-  
tions in the oil milling indus t ry  has long been 
recognized. This has been par t ia l ly  met  by elec- 

tric moisture meters which indicate the nloisture con- 
tent on single samples. Their  speed and simplicity 
permit  plant  operators  to make frequent  tests and to 
Improve moisture control. However  certain disadvan- 
tages remain. Mill operators are not always sufficiently 
careful to take representat ive samples, operate the in- 
s t rument  carefully, and determine tempera ture  and 
readings accurately.  Obvious  a d v a n t a g e s  would be 
obtained by a meter  ins ta l la t ion which would auto- 
matically and continuously sample the mater ial  and 
determine and record the moisture content. A contin- 
uous record which shows t rends is great ly  superior  to 
single tests at intervals. 

The development of a continuous moisture recorder 
has paralleled that  of the batch type in the Buckeye 
Cotton Oil Company.  Six years were required to car ry  
theory into design and to field-test the instruments  un- 
til a successful model was evolved. As it is an asset in 
the processing of oil seeds, the Buckeye Cotton Oil 
Company wishes to make the meter  available to the 
industry.  

Theoretical Considerations 
A. Moisture Detection and Recording 

A continuous recording moisture meter  consists 
of three par ts :  
1. The deteetion circuit which measures a change in a 

characteristic of the material which is dependent upon 
i t s  moisture content. 

2. The test cell through which a stream of the material 
flows. 

3. The recorder which translates the signal from the detec- 
tion circuit to a chart or graphic record. 

~This paper  cove*~s work car r ied  out  by the A. D. Little Company 
under  cont rac t  C-57803 in 1947 and  1948 with The Buckeye Cotton 
Oil Company. I t  also covers Buckeye investigations carr ied out since 
1930. The paper  was  presented at  the fall meeting of the American 
Oil Cbemist,~' Society, Cincinnati ,  O., in October, 1952. 

B. 

Detection Circuit. In  developing the batch type 
meter  it was found that  the dielectric constant of 
vegetable oil materials  varied with the moisture 
content, also that  it was possible to compensate for 
other influencing variables as their  effects upon the 
dielectric constant are consistent and measurable. 

As the basic considerations in the measurement  
of the dielectric constant have been discussed in 
a preceding paper ,  "Deve lopment  of the Buckeye 
Moisture Meter for  Use ou Oil-Bearing Mater ia ls ,"  
they will not be repeated. 

Test Cell. The p r imary  problem in developing 
a cont inuous  meter  was the design of a test cell 
through which the sample flows. A cy l ind r i ca l  
cell was chosen as it would be self-cleaning and 
more uni formly  filled by a flowing sample. Also 
the test cell must  be a precision electrical con- 
denser;  cylindrical  design tends to eliminate edge 
effects. Three types were considered: a) coaxial 
design consisting of two cylindrical electrodes of 
different d iameter ;  b) single tube split length- 
wise, the two halves forming the two electrodes, 
being mounted on a non-conducting tube;  c) a 
non-conducting cylinder wrapped spiral ly with two 
str ips of metal  spaced equidistant  at all points. 

The dimensions of the test cell were calculated 
for  coaxial design and determined experimental ly 
for the other types.  

Recording Instrument .  The recording instru- 
ment  must t ranslate  the signal f rom the detection 
circuit to a graphic  record indicating percentage 
of moisture. There are a number  of manufac tur -  
ers of suitable recorders. The choice depends upon 
the type and magni tude of the signal, the range, 
and required speed of response to signal changes. 

Compensation for Variables Other Than Moisture. 
Tempera ture  compensation must  be built into 

the circuit of a continuous meter.  I t  was neces- 
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sary to determine if automatic  compensation is 
practicable and reliable. 

Densi ty  also requires compensation. As this is 
not conveniently measured, it was necessary to 
mainta in  constant density in loading the test cell. 

D e v e l o p m e n t  W o r k  

Development of the continuous moisture meter  was 
conducted in two phases. Ar t hu r  D. Lit t le Inc. was 
retained to work with the Buckeye Technical Division 
on the design, construction, and test ing of a continu- 
ous meter. Independent ly  the Buckeye Cotton Oil 
Company was adapt ing  the Buckeye batch type meter  
to use as a continuous meter. 

A. Work  with A r t h u r  D. Lit t le Inc. 

After  an extensive l i terature survey (1-39) the 
dielectric constant was chosen as the measurable 
characterist ic va ry ing  with the moisture content. 
I t s  use had been confirmed by  results obtained 
over a number  of years with the Buckeye batch 
dielectric type  meter. 

The ins t rument  for measuring and recording 
changes in the dielectric constant was developed 
and built b y  the Foxboro Company. With infor- 
mation on the sensing cell furnished by Ar t h u r  D. 
Lit t le Inc. the Foxboro Company designed a ca- 
paci ty-operated Dynalog recorder as pa r t  of the 
complete continuous moisture meter. 

The test ceil was designed as a precision con- 
denser t h rough  which the mater ial  to be tested 
flows. The Capacitance of this cell, or condenser, 
changes with the change in the dielectric constant 
of the material .  The final cell design consisted of 
two concentric cylinders acting as the two elec- 
trodes of the condenser. The coaxial design is su- 
per ior  electrically because it p resen t s  a more uni- 
form flux pa t t e rn  with min imum edge effect. The 
basic capacitance of this type cell is calculated 
f rom the formula:  

C ~ (2.83) (K)  (l) 

l n ( b / a )  

C ~ capacitance in mic ro  farads  
1 ~ length in inches 

K ~ dielectric constant for medium between 
electrodes (1.0 for air)  

b ~ radius  of outer electrode 
a ~ radius  of inner electrode 

The dimensions of t h e  test cell were governed 
by  the requirements  of the Foxboro Dynalog re- 
corder. I t  was necessary for the sensing unit  to 
have an output  of at least 5 m.m.f, to the recorder  
for full scale deflection. The final test cell design 
is shown schematically in F igure  1. The dimen- 
sions were: 

L e n g t h - - ] 3  inches 
Outer  t ube - -3  in. O.D., ~ 6  in. wall thickness 
Inner  t ube - -1  in. O.D., .032 in. wall thickness 

A u t o m a t i c  c o m p e n s a t i o n  fo r  t e m p e r a t u r e  
change was developed next. The effect of temper-  
a ture  range on the dielectric Constant and loss was 
determined on soybean meal and pr0tein, and on 
cottonseed meats and flakes. F igure  2 shows test  
cell capacitance changes due to moisture and t em-  
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pera ture  var ia t ion in a sample of extracted soy- 
bean meal. A r t h u r  D. Lit t le furnished this g raph  
to the Foxboro Company.  Foxboro developed a 
device which compensates for  t empera tu re  change 
over the normal  range of moisture and tempera-  
ture. For  soybean meal 80~176 with moisture 
10-13% was considered adequate. 

The t empera tu re  compensation device developed 
by Foxboro consists of two par ts :  
1. The series capacitor (padding condenser) is placed~ in 

the test cell between the center electrode and the hot 
r.f .  lead. This condenser serves to compensate for the 
essentially linear variation of the reactive component of 
the capacitive impedance and serves to make the slope 
of the curves of the reactive component vs .  moisture the 
same at all temperatures. 

2. With the compensation accomplished, the temperature 
effect then becomes merely a shifting of the curve up 
and down the reactive component axis an amount di- 
rectly proportional to the change in temperature .  This 
displacement is compensated for by the use of an air 
condenser which is placed in parallel with the test  cell. 
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CAPACITANCE OF SENSING CELL 
.FIG. 2.  :Effect of temperature and moisture on capacitance 

o f  3" din. x 13" condenser with 75 mmfs p ad d i n g  ~ondenser 
when filled With extracted soybean meal. 
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This condenser is positioned by means of a liquid-filled 
thermal expansion system, the sensing bulb o~ which is 
a length of JA6 in. O,D. copper tubing which is wrapped 
around the outer electrode. 
The remaining problem was to obtain a un i fo rm 

flow of the mater ia l  through the test cell so tha t  
density would be pract ical ly cons tan t .  Field tests 
showed that  a short free fall  of the mater ial  into 
the test cell, in amount  slightly excessive to keep 
the cell full, gave adequate density control. 

I t  was also necessary to keep the mater ial  flow- 
ing through the cell at a un i form rate to overcome 
pulsat ing response. The method developed is 
shown in F igure  3, which provides a rapid  flow 
through the test cell, prcvent ing bridging or 
clogging. 

SAMPL ING 
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FIG. 3. Schematic illustration of installation of test cell for 
continuous moisture meter. 

B. Buckeye Meter Adapted to Continuous Service 
Independent ly  of the above work with A r t h u r  

D. Lit t le Inc., effort was made to adapt  the  Buck- 
eye batch type meter  to continuous use. 

Split cylinder and concentric types of cells were  
unsatisfactory.  A spiral wound cylinder was suc- 
cessful. This is a 2-in. I.D. Bakelite cylinder 10 in. 
long spiral ly wound with 3~-in. wide copper rib- 
bon. Ribbons are spaced 3 A in., extend around 6 
in. on the cylinder length, and are held in place 
with electrical Scotch Tape. The cell was mounted 
with a 2-in. double flight screw conveyor, 10 
r.p.m., at the bottom to discharge the cell. 

The detection circuit is essentially that  of the 
batch meter  except that  t empera ture  compensa- 
tion was added. The circuit is shown in F igure  5. 
Tempera ture  compensation is by  manual  adjust-  
ment. A 50 m.m.f, variable condenser between the 
" h o t "  cell lead and chassis ground permits  ad- 
jus tment  of the capacitance effect of the cell. Tem- 
pera ture  change effect is greater  at  higher levels; 
this is overcome by hand t r imming  the condenser 
so it can be calibrated direct ly in terms of sample 
temperature .  

The 01-~/[A indicator of the batch meter  was re- 
placed with an 01-MA recording type. A Leeds 
and  Nor th rup  was found satisfactory.  

Installation and Operation of Meters 

The two continuous meters were tested under  simi- 
lar conditions. F igure  3 shows the typical  installa- 
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tion. The test cell is placed in a dust- t ight  box. The 
sample flows in through a 2-in. pipe, adjusted to over- 
flow the cell. Detection and recording equipment was 
installed close by. Tempera ture  is obtained by a ther- 
mometer  in the stream. 

The unit  developed with Ar thu r  D. Litt le Inc. re- 
quired no at tention except to s tar t  sample flow and 
conveyor, and tu rn  on 115 R.A.C. power to the Fox- 
boro recorder. However  inspection is made for the 
possibility of clogging. 

For  the converted Buckeye batch meter, installa- 
tion and operation a r e  the same except that  tempera-  
ture is read at intervals and the tempera ture  corn- 

Gt " MOISTURE CAPACITOR,.O05" BRASS SHIM STOCK 518" WIDTH, 4"/'/8" LENGTH. 
LI-OSCILLATING CO]L BUILT ON 3/4" FORM WITH VARIABLE SLUG. 
C2-.01MFD, 200 VOLT CONDENSER. 
G 3 -  I00 UU FD, CONDENSER, 
C4-0,1 MFD CONDENSER. 
Cs- IO MFD CONDENSER. 
CB-tO MPD CONDENSER. 
R I - 4 7 0  M A RESISTOR, I/2 W 
R2-500 Jl. ~ I/2 W RESISTOR. 
R3-6000J I -  , IW RESISTOR, 
R 4-  6000 ~ �9 | W RESISTOR. 
RB.SO00 J 1 .  IW RESISTOR. 
RE-BOOO0 ~ �9 2 W RESISTOR. 
R7-IO00 ~ , 2 W VARIABLE RESISTOR. 
P1-200  Jl. , 2 W POTENTIOMETER. 
MAi'O-i M AMPERES, PLATE METER~ 
T i - B J S  TUBE. 
TE-VR"  i05 TUBE. 
FCl-B MH 
RFG C RF CHOKE t 2.5 MH 
RCI-HALF WAVE RECTIFIER. 
TFI-FILAMENT TRANSFORMER 6.3 VOLTS, 
S I -  A-81 SWITCH. 
S 2 -  LINE SWITCH. 
F I - A B  3 BUSS FUSE 
COAXIAL CABLE" TYPE RG 59  U 
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Moisture Content S/B Meal 

Below 10% .................................................... 
10,1-10.5 ...................................................... 
10.6-11.0 ...................................................... 
11.1-11.5 ...................................................... 
11.6-12.0 ..................................................... 
12,1-12.5 ...................................................... 
Over 12.5% .................................................. 

Total No. Cars ............................................... 
Cars Within Standards 

Cars 11.5 + 0.5% ..................................... 
Aver. % HeO in Meal .................................... 

After Meter Installed 

No. Cars % of Cars 

14 2.3 
24 3 . 9  

142 23,2 
212 34.4 
191 31.0 

32 5.2 
0 0 

615 

491 80% 
11.4 

pensator is adjusted. As the material temperature 
changes infrequently, this is not burdensome. 

Results 
The completed meter was installed in a soybean 

mill where irregular meal production caused wide 
moisture variation up to 4% in 20 rain. Before in- 
stalling the meter, 41% of meal shipments were out- 
side the desired moisture limits despite supervision 
effort. With the continuous meter the number outside 
of limits was reduced to 20%, as shown in the follow- 
ing table. A typical response curve on solvent soy- 
bean meal is shown in Figure 4. 

Continuous recording meters have been installed 
in a number of soybean plants, effecting a 33% re- 
duction in standard deviation of moisture content. 
The meter also reduces the work of the operators and 
gives supervisors helpful record for reference. Fur- 
ther tests indicate that the meter may be successfully 
used on all materials which will flow uniformly 
through the test cell and have a moisture range be- 
tween 8 and 16%. 

Summary 
A continuous recording moisture meter was needed 

in processing oil-bearing seed materials. Two success- 
ful meters, similar in principle but different in de- 
sign, have been developed. 

Theoretical considerations involved in designing 
such a meter are presented, with circuit diagrams and 
descriptions of test cells. The work with Arthur D. 
Little Inc. is reviewed, also the independent develop- 
ment by the Buckeye Cotton Oil Company. 

Continuous moisture meters are valuable aids in 
plant operation greatly improving moisture control 
in soybean meal and saving operator time. Their 
value is in the plant; they do not have the accuracy 
of a laboratory instrument. 

The continuous moisture meters described are pre- 
sented to the: industry for their demonstrated value 
and superiority over batch-type meters. 
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