
tea. /37
cop .

5L G

Magnetic
Separation
of Seeds

Technical Bulletin 137

AGRICULTURAL
EXPERIMENT
STATION

Oregon State
University
Corvallis, Oregon

May 1977

— J

C"



29

Department of Agriculture, in cooperation
Oregon State University.

Mention of a trademark, code name,
purposes and does not constitute a guarani
Department of Agriculture, and does not i
products that may also be suitable.

r_.

CONTENTS

Introduction 1

5

5

7

9

9

11

30

AUTHOR: N. Robert Brandenburg is a Research Agricultural Engineer, Western
Region, Agricultural Research Service, U. S. Department of Agriculture; and Depart-
ment of Agricultural Engineering, Oregon State University, Corvallis, Oregon 97331.

ACKNOWLEDGMENT: Contribution of the Agricultural Research Service, U. S.
with the Agricultural Experiment Station,

or proprietary product is for identification
:ee or warranty of the product by the U. S.
mply its approval to the exclusion of other

Phase 1

Materials and methods ----------------------------------------------------------------------------------------

Results and discussion -------------------------------------------------------------------------------------

Phase 2 ---------------------- ------------- ------------------------------------------------------------- - -----------------

Materials and methods ---------------------------------------------------------------------------------------

Results and discussion ___________________ _________________ __

Conclusions and Recommendations _________________________________________________________________________

Summary ------------------------------------- --------------------------------------------------------------------------------



Seed processors now use magnetic cleaning to remove noxious weed
seeds and other contaminants from smooth crop seeds like those of
alfalfa. In the present practice, the contaminant allowances permitted for
certified seeds are frequently exceeded, or high crop losses are sustained
in meeting the standard. The importance of iron powder fineness, moisture
level, and technique was determined and used to specify materials and
procedures that improve efficiency in magnetic separation of seeds.

Seed mixtures are processed by many methods to remove contain=
rants from the desired crop seed. One method is the magnetic process
that separates components of a mixture according to their surface tex-
tares. Rough or sticky contaminants can be removed from smooth crop
seeds in this manner.

ing it over a magnetic drum (Figure 1). Pretreating consists of spraying
moisture on the lot, adding a small amount of fine iron powder, and mixing
well. Weed seeds and other components that are rough textured or sticky
tend to pick up powder, but smooth components do not. When the pre-
treated lot is passed over a magnetic drum, the iron-coated items are at-
tracted to the drum and withdrawn from the remaining smooth, uncoated
seeds.

Although magnetic seed separation is an important conventional
practice in this and other countries, little research dealing with the mag-
netic process as applied to seeds has been reported. The limited informa-
tion available stems mainly from manufacturers' literature, the experience
of seed processors, and several general interest articles. These sources
suggest that magnetic separation is influenced by the lot processed, pre-
treating materials and techniques, and machines used.

A research study of the magnetic separation of seeds was undertaken
to learn how certain factors influence separating efficiency. Factors investi-
gated were amount and type of moisture used in mixing, characteristics
of iron powder used, salvage and reuse of powder, response of different

Magnetic Separation of Seeds
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INTRODUCTION

Magnetic separation is carried out by pretreating a seed lot and pass-
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Figure 1. Schematic diagram of magnetic separator.

crops and contaminants, and operation of machines. A better understand-
ing of this separation process can contribute basic information to a rela-
tively unexplored field and provide valuable help to the seed-processing
industry. The investigation was conducted by agricultural engineers of
the Agricultural Research Service, USDA, in cooperation with the Oregon
Agricultural Experiment Station, Corvallis, Oregon.

Seed lots typically processed
Some crop seeds cleaned magnetically are alfalfa, clover, lespedeza,

trefoil, timothy, flax, and onion. Contaminants that can be removed are
dodder, buckhorn plantain, sorrel, skinned dock, wild geranium, knap-
weed, mallow, watergrass, whitetop, morning glory, and hulled johnson-
grass seeds, broken seeds, dirt clods, trash, and other undesirable compo-
nents. Of these, the most common separations in the United States are
dodder and buckhorn plantain from alfalfa and the various clovers (11)x.°

* Italic numbers in parentheses refer to Literature Cited.
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horn plantain seeds are sticky, especially when moistened.
The amount of material removed in magnetic cleaning varies, but

many operations show figures of only 1 to 3 percent for otherwise clean
seed. Rejected material tends to increase if the seed lot contains much
broken, cracked, or scarified seed. Crop loss also may increase when much
inert material like stems, chaff, or dirt is present. Such items increase the
amounts of moisture and powder needed for magnetic cleaning, and
greater availability of moisture and/or powder increases the chance that
some crop seeds will pick up enough powder to be attracted to the drum
and removed with contaminants. For best results, the seed lot should

Proper pretreating depends largely on the amount of moisture and
iron powder used and on the mixing operation. Moisture and powder re-
quirements depend on the amount of contaminants to be removed, the
roughness and water-absorbing characteristics of the contaminants, and
the surface texture of desirable crop seeds. Too little moisture or powder
prevents proper coating of the contaminant. Too much moisture causes
clustering of seeds, discoloration, and excessive crop loss. Use of more
powder than needed is wasteful, if not reclaimed, and can encourage crop
loss. Crop seeds with hard, smooth coats like alfalfa tend to take less pow-
der than seeds with rougher coats, like sweet clover (14).

Various iron powders now are used in magnetic separation. These
powders are manufactured primarily for industrial use in powder metal-
lurgy, pharmaceuticals, and abrasives. All contain a high percentage of
pure iron, but they differ in particle size and shape, apparent density, and
presence of other elements. Some processing plants salvage and reuse
powder, but others use the powder only once.

Screw conveyors and batch mixers are commonly used to mix mois-
ture and powder with the seed lot. Length of mixing time is important.
Too little time prevents uniform distribution of moisture and powder, but
too much time may let water evaporate and adhered powder come loose.
Ideal pretreating requires that all of the contaminants and none of the

These two contaminants, dodder and buckhorn plantain, are prohibited
or restricted in most states. Dodder seeds are rough textured, and buck-

first be well cleaned with other basic separators. The magnetic separator
can then best perform its primary function as a finishing machine.

Pretreating

crop seeds be coated with powder.

Machines
Two major types of magnetic separating systems are used in seed

processing. One type has magnetic drums over which the seed mixture
passes. In the other, variations of conveyor belts transport the mixture



through magnetic fields. The magnetic drum system is the more common
of the two and is the arrangement discussed throughout this bulletin.
The drums may have permanent magnets that provide fields of fixed
strength, or they may be electromagnetic with field strength varied by
regulation of the energizing current. Regardless of magnet type, most
separators have two or more energized drums in series so that the cleaned
fraction from the first drum passes over the next, where any missed con-
taminants may be removed. This multiple arrangement allows capacity to
be increased without necessarily lowering purity. Depending on machine
size and the lot being cleaned, capacities of commercial machines range
from 200 to 2,000 pounds of cleaned seed per hour.

After pretreatment, only limited machine adjustments are possible in
the magnetic process. Feed rate can be controlled, position of splitting di-
viders can be changed, and field strength of the electromagnetic separator
can be varied. Ideally, feed rate should be regulated to produce a one-
seed-thick layer on the drum to insure that every coated item has a chance
to contact the drum. Dividers may be positioned to direct all uncoated
seeds into the clean seed fraction. The adjustable field strength in the elec-
tromagnetic unit adds flexibility in varying the amount of material re-
moved from the seed lot at a fixed divider setting, but electromagnetic
units increase power requirements by about 23i kilowatts per drum (8).

red clover. These trials (3), using a permanent magnet separator, were
preliminary in nature and served to pinpoint areas for more detailed study.
The second phase consisted of a critical look at the influence of size and
shape characteristics of iron powder particles, salvage and reuse of
powder, different crop seeds and contaminants, and operating variables
of permanent magnet and electromagnetic separators. This phase in-
cluded many alfalfa and red clover lots that contained known amounts
of dodder, buckhorn plantain, mallow, whitetop, and knapweed seeds.
Less comprehensive trials were carried out with arrowleaf clover seeds
and cottonseed. Results from the second phase have been reported in

Scope of this investigation
The research was carried out in two phases. The first phase served

to. examine the roles played by water amounts, water additives, and iron
powder in the magnetic removal of dodder and buckborn plantain from

abbreviated form (4, 5).
Separation results from both phases of this study were analyzed to

determine effectiveness of contaminant removal and amount of crop loss
associated with given test conditions. This information was then used to
specify moisture levels, iron powder characteristics, and operating tech-
niques for efficient magnetic separation.



The powder amount used for all trials was fixed at the rate of 1 gram
per 50 grams of seed. This dosage was greater than that suggested by some
manufacturers' literature but was used to insure that adequate powder
was available for coating in all trials. The powder rate used was the same
as that reported for some Russian practice (10). Moisture added was of
three types: water, water with soluble oil, and water with a wetting agent.
Moisture levels in most cases were 0.3, 0.6, 0.9, and 1.2 grams per 50 grams
of seed. In addition, moisture levels of 0 and 0.15 grams were explored in
some trials. This range covered moisture conditions from too dry to too
wet. Moisture was spraved on the seed lot with a small atomizer. Soluble
oil, typically used as a coolant in machining operations, was added to
water at a concentration of 1 part to 10 parts, by volume. The use of oil as
an aid to powder pickup has been described in a U. S. patent issued to a

PHASE 1
Materials and methods

Test material consisted of 50-gram lots of red clover seed that con-
tained 111 dodder and 444 buckhorn plantain seeds. These lots provided
working samples of the following purity:

Percent of total Number of contaminants
Component (by wt.) per pound of test lot

Red clover 98.89
Dodder 0.18 1,000 seeds
Buckhorn plantain 0.93 4,000 seeds

Small test lots were employed so that analyses of cleaned product
would be based on entire lots rather than on subsamples of larger test
quantities. The use of this procedure eliminated sampling error. Five lots
of iron powder were used in the tests. These powders, which are presently
used in magnetic separation, are supplied by three companies. They are
similar in iron content (96-98%), but they differ in fineness as shown by
the following screen results:

Powder number
Amount passing through

325-mesh sieve (% by wt.)'

1 55.9
2 89.9
3 20.7
4 74.4
6 97.3

1 Determined by standard sieving techniques specified in ASTM (1).
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drum fall free when they encounter
small version of a commercially avai
ical test fraction of seeds removed by
inants that have picked up powder
seeds, and broken crop seeds. The fr
analyzed to determine purity and vie
then were related to the powder tot
tore used in a particular test.

6

manufacturer of magnetic seed separators in Germany (7). The wetting
agent was a type commonly used in agricultural spray programs, and the
concentration was 500 parts per million, by volume.

Moisture and powder were mixed with seed lots in a batch tumbler
for 8 minutes, and two replications were carried out for each test condi-
tion. The testing order for particular combinations of powders, moisture
types, moisture amounts, and seed lots was arranged randomly to mini-
mize effects of humidity change in the laboratory, variations among an-
alysts, and other factors that might vary over an extended test period.
About 150 trials were conducted.

Each test lot was passed over a laboratory magnetic separator (sin-
gle drum, permanent magnet) that operated with a divider-to-drum
clearance of one-eighth inch. The splitting edge of the divider is located at
the horizontal centerline of the drum. Fixed magnets are located in an
upper quadrant of this drum, and iron-coated components attracted to the

an unmagnetized area. This unit is a
table machine. Figure 2 shows a typ-
the magnetic drum. Visible contam-

are buckhorn plantain seeds, dodder
action not attracted to the drum was
Id of final cleaned seed. These values
and to the type and amount of mois-

Figure 2. Typical seed fraction removed by magnetic separation.



Seed yields and remaining contaminants in final cleaned fractions
were determined, recorded, and analyzed for the various powder-moisture
trials. These values showed generally similar patterns for all tests. Table 1
presents typical data for two selected conditions: powder 6 with water
and powder 4 with water and soluble oil. The results indicated that mois-
ture level had a large influence on contaminant removal, seed yield, and
powder consumed in the magnetic separation process. These measures,
when plotted for all trials, showed the trends illustrated in Figure 3.
Up to a certain amount, increased moisture appeared to improve the
removal of both contaminants. Beyond this amount, additional moisture
tended to reduce the efficiency of dodder removal but had relatively little
effect on the removal of buckhorn plantain. The importance of moisture
level is shown dramatically by the nearly vertical slopes of the contami-
nant curves at low moisture levels, where even a small change in moisture
caused a very large variation in contaminant removal. In most of the trials
at moisture levels over 0.30 gram, the dodder curves showed a tendency to
peak at 0.90 gram (Figure 3). At this moisture level, the buckhorn plan-
tain curves also tended to rise slightly with increasing moistures. The rea-
son for these curve shapes is not known, but high moisture levels caused

100

0

Dodder

7

Results and discussion

Red clover-Powder I

Yield 90

1600 80

1400 70

120
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1000 50
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Figure 3. Contaminant removal and yield of cleaned seed as influenced by

moisture amount.
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undesirable clustering of seeds and powder, thus preventing the oppor-
tunity for individual seed response. The minimum moisture level at which
essentially complete removal of both contaminants was accomplished in
these trials was 0.30 gram of moisture per 50 grams of seed. This amount
of moisture is about two-thirds cup per bushel of clover seed.

Another typical trend evident in Figure 3 is that seed yields de-
creased steadily as moisture levels were increased. This result was reason-
able since increased moisture levels encourage a greater quantity of seed
in a test lot to pick up powder and therefore be removed by the magnetic
drum. More powder was picked up (amount of free powder was less) at
the higher moisture levels than at the lower moisture levels (Table 1).
Most of the seed yields in these trials were about 98 percent at the opti-
mum moisture level for contaminant removal in a given test, but yields de-
creased at varying rates with increased moistures. In some cases, yields
dropped sharply to 60 percent or less (Figure 3).

Separation results in trials with water were much the same as those in
which water with a wetting agent was used. In general, results with both
of these water conditions appeared only slightly better than results with

Powders 4 and 6 were best in removing contaminants and maintain-
ing high seed yields. Powder 2 was also effective in removal of contami-
nants, but its use resulted in large decreases in seed yield. As shown
earlier, powders 2, 4, and 6 were the finest powders determined in a

water and soluble oil.

standard sieving procedure,
Results of the Phase 1 trials can be summarized as follows:
1. The amount of moisture used in pretreating the seed lot was criti-

cal, especially for dodder removal, and an optimum amount was about
two-thirds cup per bushel of red clover seed.

2. Type of moisture was relatively unimportant; water produced
about the same results as water that contained additives of soluble oil or
wetting agent.

3. Fineness of iron powder appeared very important. Contaminants
were removed best by powders of smallest particle size.

4. Seed yields of cleaned fractions were high (about 98%) at opti-
mum moisture levels for contaminant removal.

PHASE 2

Materials and methods
Test material consisted of 50-gram lots of the following crop seeds

and contaminants:



teni fining particle size distributions by use 'of ASTM standard sieving
-techniques and supplemental air-assisted sieving with small micron sieves.
The standard sieving technique is appropriate and commonly used for
particle diameters larger than about 50 microns (13). Standard sieve sizes
used were 100, 150, 200, 270, and 325 mesh. The supplemental sieving was.
carried out with a sifting device that screens particles of subsieve size
(through 325-mesh sieve) by use of a pulsed air column and a mechanical
pulse to minimize the agglomeration of particles and the blinding of
screens (Sonic Sifter, Model L3P, Allen-Bradley Co., Milwaukee, \'is:).
Sieve sizes used were% 50, 30; 20,. 15, 10,; and 5 microns. The two sieving

Crop seed Contaminant

Alfalfa 1,000 dodder and 4,000 buckhorn plan-
tain seeds per pound

Red clover 1,000 dodder and 4,000 buckhorn plan-
tain seeds per pound

Alfalfa 90 seeds per pound each of dodder,
buckhom plantain, mallow, whitetop,
and knapweed

Arrowleaf clover 3,000 dodder seeds per pound
Cottonseed (acid delinted) Damaged cottonseed

Ten lots of iron powder, including the five of Phase 1, were used.
Three of the additional lots were commercially produced powders having
a pure iron content of 96 percent or more. The other two lots were finely
ground magnetite from Oregon beach sand. Magnetite (magnetic iron
ore) typically has a much lower iron content-about 62 to 72 percent (2).
Variations in powder fineness are indicated in the following chart:

Powder no.
Amount passing through

325-mesh sieve (% by wt.) 1

1 55.9
2 89.9
3 20.7
4 74.4
5 33.7
6 97.3
7 30.0
8 16.2
9 14.5

10 99.8

1 Determined by standard sieving techniques specified in ASTM (1).

Powder fineness of the lots was evaluated more completely by de-



grams of seed. Pretreated lots were
.se 1, again with two replications of
ots were investigated at all moisture

selected for sizing, shape grading,

techniques resulted in an essentially complete gradation of particles into
different size fractions.

The mdisture used was water, with no additives. More water levels
were examined than in Phase 1. The levels were 0, 0.15, 0.30, 0.45, 0.60,
0.90, and 1.20 grams of water per 5o
mixed and trials were run as in Pha
each test condition. Not all powder I
levels, and only certain powders wer(
reusing, and machine comparing. About 160 processing trials were con-
ducted.

Comparative performances of the various original powders and their
fractions in removing contaminants were determined with the permanent
magnet separator described earlier.

The influence of powder particle size was explored by size grading
some powder lots with standard small-mesh sieves to produce closely
sized fractions. Some of these sized fractions were then shape graded with
a vibrator separator (9) to provide fractions composed of flat particles
and others composed of blocky particles.

The practice of salvaging and reusing powder was examined by using
one lot of powder five times, measuring its performance in dodder removal
each time, and sampling the powder after each use for particle size de-
termination. A 40-micron sieve was used to determine the amount of
"fines" remaining in the powder fraction after each use.

The importance of machine settings in the magnetic separator and a
comparison of permanent magnet and electromagnetic units were studied
in a trial using laboratory units of both magnet types. The electromagnetic
separator is a single-drum machine in which the entire surface of the drum
is magnetized by use of an energizing electric current. Powder-coated
items attracted to this drum are removed mechanically with a small rotat-
ing brush at the bottom of the drum (Figure 1). This unit is a small ver-
sion of a commercially available machine.

In all trials of Phase 2, fractions not attracted to the drum were an-
alyzed to determine purity and yield of the final, cleaned seed lot. These
values then were related to the powder fraction, amount of water, and
separator type or setting used in a particular test.

Results and discussion
Seed yields and remaining contaminants in final, cleaned fractions

were determined and recorded for the various powder-water trials. As in
Phase 1, these performance measures were then related to the powder and
water used in a given test, usually by plotting seed purity and yield
against water amounts for that powder.



000

1. Amount of water. This factor again proved very important in all
tests conducted. Figure 4, for powder 5, illustrates the typical general
trend observed earlier-increased water levels, up to a certain amount,
were beneficial in removing dodder. Beyond a water amount of 0.60 gram,
however, efficiency of dodder removal decreased. More water levels were
examined than in Phase 1 to provide better definition of plotted curves.
Seed yields remained relatively high with powder 5 at all water levels, but
some powders showed sharply lower seed yields at increased water levels.
Since yields tend to drop with increased water levels, the optimum water
level is the least amount that adequately removes contaminants. For pow-
der 5, the optimum was 0.60 gram per 50 grams of seed (1 1/3 cups of
water per bushel of alfalfa seed). At this water level, processed seed does
not require drying before storing. Yield of cleaned seed at this level was
98 percent. Aside from reduced yield, other possible disadvantages associ-
ated with excessive water are seed discoloration, mold formation, and
germination loss.

The performance of powder 5 in removing buckhorn plantain from
alfalfa is shown in Figure 5. Another characteristic trend illustrated here
is that removal of buckhorn plantain, like the removal of dodder, was im-
proved with added moisture. However, higher moisture levels did not

Alfalfa - Powder 5
al 100

d Yield
z 900 90
c

800 80 3
700 70

600 60 "
o v

500 50 N
c v

400 40 c

1300
o

30
%

200

. 100 10 r
v
0

00 0.3 0.6 0.9 1.2

Water ( grams per 50 grams of seed

Figure 4. Dodder removal and yield of cleaned seed as influenced by water amount.
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A

1.2

hinder removal of buckhorn plantain and swing the curve upward as they
did with the removal of dodder. The optimum water level for buckhorn
plantain removal was 0.90 per 50 grams of seed, and the yield at this level
was 97 percent (Figure 4). Since both dodder and buckhorn plantain

4000

3500
0z

`0 3000
V
0
U.

2500
C

C 2000
0C

C.0
1500

E

c
1000

V

Alfalfa-Powder 5

0L

0 0.3 0.6 0.9
Water (grams per 50 grams of seed

Figure 5. Removal of buckhorn plantain as influenced by water amount.

were present in this seed mixture, the best water level to use would be
0.60 gram in an attempt to remove all of the dodder, which is more objec-
tionable than buckhorn plantain.

Optimum water levels and associated seed yields for the 10 iron pow-
ders are shown in Table 2. In 8 of 10 cases, optimum water levels were
less for removal of dodder than for buckhorn plantain. Optimums for dod-



Dodder

y with the powders tested. The low
figure of 0.15 gram is for powder 2, one of the finest powders determined
in a standard sieving procedure. The high figure of 0.90 gram is for pow-
der 7, a relatively coarse powder. Optimums for buckhorn plantain re-
moval varied only slightly for the different powders (0.60 or 0.90 gram in
9 of 10 cases). Seed yields were generally high, about 94 to 99 percent, at

Table 2. Optimum water levels and seed yields for magnetic removal of dodder
and buckhom plantain seeds from alfalfa seeds'

Optimum water level
(g water/50 g seed)

Yield of cleaned seed (% by wt.)
at optimum water level

Powder no. Dodder Buckhorn plantain Buckhorn plantain

1 0.45 0.60 97.5 97.0

2 0.15 0.60 99.0 95.0
3 0.452 0.90 98.5 96.0
4 0.30 0.602 99.0 95.0
5 0.60 0.90 98.0 97.0

6 0.45 0.60 98.0 96.5
7 0.90 0.90 94.0 94.0
8 0.602 0.60 98.0 98.0
9 0.602 1.202 97.5 94.0

10 0.602 0.902 98.0 92.5

1 Each test lot was 50 grams and contained 1,000 dodder and 4,000 buckhorn
plantain seeds per pound of test lot; averages of two replicated trials.

2 Incomplete removal of contaminant.

der removal also varied substantial!

the optimum water levels for removal of both contaminants. Yowcters J
and 10 (magnetite from beach sand) were greatly inferior to other pow-
ders and complete removal of either contaminant at any water level was
never achieved when these powders were used. Such poor performance
was likely due to the extremely low iron content of these lots. No further
examinations were made with powders 9 and 10.

The importance of correct water amounts was emphasized in tests
with the finer powders. For example, a water level of 0.90 gram reduced
seed yields to 88 percent with powder 6 and to 54 percent with powder 2.

2. Iron powder. The aspects of iron powder investigated in this phase
of the study were particle size, particle shape, and reuse as related to per-
formance of the powder in removing contaminants from crop seed.

PARTICLE SIZE. Since powder "fineness" appeared important in mag-
netic separation, this characteristic was studied in more detail than in
Phase 1. As in most particulate materials, each powder lot contained a
range of particle sizes and varying amounts of each size. A "particle size
distribution" is a quantitative method of .portraying this relationshp and
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can be represented by a plot of either weight percentages or number of
particles versus particle size. Initial particle size distributions were de-
termined for each powder lot by use of the conventional small-mesh
screens and the standard sieving method described earlier. The curves
derived provided good information for larger particle sizes, but they did
not show actual distributions of the finest particles in the lots. Supple-
mental air-assisted sieving was then carried out with small micron sieves,
as described earlier. These micromesh sieves are manufactured by photo-
engraving and electroplating techniques and have been recommended as
a primary standard for testing size distributions because of their precise
openings (6). Sieve analysis data from both procedures were used to de-
velop the distribution curves (Figure 6), which present a complete com-
parison of different powders with particle sizes above 5 microns. These
curves indicate clearly that powders 6, 2, and 4 contain relatively high
proportions of fine particles. In contrast, powders 3 and 8 contain low pro-
portions of fine particles and therefore can be classed as "coarse" in this
comparison. The plotted data are useful in ranking powders according to
fineness based on amounts that pass through a given sieve.

The Phase 1 results demonstrated a relationship between fineness of
powder and a powder's performance in removing contaminants, so this
correlation was explored further. Powders were ranked according to fine-
ness and performance (Table 3). The resulting correlation showed excel-
lent agreement between fineness and performance of the powders, tend-

100

NOTES:

I. Tyler standard sieves.
2.0-Sonic sifter sieves.
3. All sieves are square hole.

OL
0 60 140

Sieve Opening (microns)
Figure 6. Particle size distribution curves for eight iron powder lots.



ing to verify that finer powders do the best job of removing dodder. The
ranking technique used here was arbitrary-different fineness ranks can be
obtained if based on amounts of powder that pass through other sieve
sizes. Also, different performance ranks will result if dodder removal is
considered at other water levels. However, use of the ranking methods
shown in Table 3 is justified. If finer particles do better than coarser ones in
entering crevices and adhering to the surface of rough-textured dodder
seeds, then a meaningful ranking of the fineness of powders should be
influenced strongly by the fine particles in the lot. Basing the fineness rank
on material that passes through a 20-micron sieve produces a sensible
ranking for fineness. Performance rank in this phase of the study was
based on dodder removal at 0.45 gram of water, an average of the opti-
mum water levels (Table 2) at which dodder removal was complete.

The relationship between powder fineness and removal of buckhorn
plantain was examined by similar ranking methods, but no good correla-
tion was found. This result suggests that powder fineness is relatively un-
important in the removal of buckhorn plantain. The surface coating of
buckhorn plantain seeds characteristically contains much seed mucilage
that is hydrophilic (12). When moistened, this coating becomes very
sticky, and coarse iron particles probably adhere to the surface as readily
as fine particles.

For further study of the fineness-performance correlation for both
buckhorn plantain and dodder, comparative tests were made with powder
fractions of different particle sizes from one powder lot. Figure 7 shows
dodder removal and seed yields when three closely sized fractions of pow-
der 8 were used. The coarsest fraction (+150) passed through a 100-mesh
screen but was held on a 150-mesh screen. An intermediate fraction

Table 3. A correlation of fineness rank and performance rank of iron powders used
in magnetic separation

Fineness rank'
(based on percentages that passed

through a 20-micron sieve)

Powder 4 (finest)
6
2
5

Performance rank2
(based on dodder seed removal at

0.45 g water/50 g seed)

Powder 4 (best)
6
2
5
1

7
3
8 (worst)

1 Finest to coarsest.
2 Best to worst.
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(+270) passed through a 200-mesh screen but was held on a 270-mesh
screen. The finest fraction (-400) passed through a 400-mesh screen,
which has openings 37 microns wide. The plotted results of Figure 7 show
that the finest fraction did the best job of removing dodder at all water
levels, and the coarsest fraction did the poorest job. The yields followed
a trend seen in earlier work in which fine powders produced a lower yield
than did coarse powders, particularly at greater water levels. However, at
reasonable water levels, like 0.45 or 0.60 gram, yield differences were not

0

great.
Powder 8 was chosen for this trial to determine the performance of a

fine fraction extracted from a coarse powder. As shown, the -400 portion
removed all of the dodder at a water level of 0.60 gram and gave a 96 per-
cent yield of clean seed. It outperformed the original powder 8, which
never removed dodder completely. The performance plot for original pow-
der 8 is not shown here, but it closely paralleled that of the +270 fraction.
Figure 7 also shows that the optimum water level was lowest with the
finest fraction, a trend indicated earlier in the discussion of Table 2.

Similar tests conducted with screened fractions of powder 5 also
showed that the fine fraction performed much better than the coarse frac-
tion in removing dodder. Results with the fine fraction approximated the
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Figure 7. Dodder removal and yield of cleaned seed as influenced by particle size

of iron powder.
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excellent performance of original powder 5 (Figure 4). These results with
sized fractions suggest that the fine particles of a given powder are the
effective agents in removing dodder, but their beneficial action may be
obscured by the presence of coarser particles in the lot.

Alfalfa-Powder 8
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Water (grams per 50 grams of seed)
Figure S. Buckhorn plantain removal as influenced by particle size of iron powder.



The same three sized fractions (+150, ±270, -400) of powder 8
were examined for their effectiveness in removing buckhorn plantain, and
the results obtained are shown in Figure 8. Here, the influence of particle
size was slight. Of the two contaminants discussed so far, dodder appeared
much more sensitive than buckhorn plantain to fineness of iron powder.

PARTICLE SHAPE. Shapes of powder particles vary considerably, so
tests were conducted to learn whether particle shape was related to per-
formance in the removal of contaminants. To minimize the effect of varia-
tions of particle size in these trials, a single screen-sized fraction was
graded into two shape classifications. The +270 fraction of powder 8 de-
scribed earlier was processed with a single-deck vibrator separator (9).
After the powder was demagnetized to eliminate agglomeration, the sep-
arator effectively carried flat, sliver-shaped particles uphill and tumbled
blocky particles downhill.

Flat and blocky shapes were compared in further trials aimed at re-
moving dodder and buckhorn plantain from alfalfa. Results are shown in
Figures 9 and 10. Figure 9, for dodder, indicates that flat particles per-
formed better than blocky ones and that yields dropped sooner with flat
particles. Again, the better performing powder fraction was associated with
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Figure 9. Dodder removal and yield of cleaned seed as influenced by particle shape

of iron powder.
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somewhat reduced yields, as shown in tests of particle sizes. If Figures 7
and 9 were superimposed, the performance curves for blocky and flat
particles would nicely "bracket" the curve for the +270 fraction from
which the shape fractions came. The flat fraction outperformed the +270

Alfalfa -Powder 8 (+270)
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Figure 10. Buckhorn plaintain removal as influenced by particle shape of

iron powder.
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exhibit greater surface contact area
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(Figure 10) also is better with flat

isonable water levels of 0.45 and 0.60

ssing plants salvage and reuse the
.ot adhere to seeds in the magnetic
never, other processors use a powder
iinly because of rust problems. Since
to be the effective agents in remov-

ie of powder would deplete available
to powder.
ied in a controlled study by using one
its performance in dodder removal

determining changes in particle size
each use. These size determinations

performance and particle size took
e 11). The amount of fine particles,
passed a 40-micron sieve, decreased
powder effectively removed dodder,
r remaining in the clean fraction in-
Fines were selectively removed as

material of powder 8, but did not perform as well as the -400 fraction. The
better results produced with flat parti
flat, sliver shapes probably enter aj
rough-textured dodder seeds more se
iition, flat particles characteristically
than blocky particles and therefore

Removal of buckhorn plantain
particles than with blocky ones at re,
grain.

REUSE OF POWDER. Some proc(
portion of iron powder that does n
treating and cleaning operation. Ho)
Lot only once and then discard it, in.
fine particles of a powder appeared
ing dodder, it seemed likely that reu:
fines and lower the performance of ti

The reuse of powder was examii
lot of powder five times, measuring
each time with a new seed lot, and
of the powder that took place with
were made by screening the salvage fractions with the micromesh sieves
(5 to 50 microns).

Progressive changes in powder
place as powder was reused (Figur
defined here as the percentage that
steadily with reuse. The first use of
but thereafter the amount of dodde
creased with each successive use.
powder was reused, and this removal tended to produce a powder with
an increasing percentage of coarse particles. Use of this coarser powder
resulted in unsatisfactory removal of dodder.

It was observed microscopically that particle shape tended to change
as powder was reused. Many original particles had a dendritic or tree-like
shape, which is typical in iron powders (13). After several uses, particle:
appeared more "rounded," without pronounced branches or arms. It
seems reasonable that the rounded particles could not adhere to the seed
coat as well as the original, jagged shapes.

The disappearance of fines in the selective manner described is likely
the result of fine particles entering readily into pits or crevices of rough-
textured dodder and being removed from the powder lot. In addition
fine particles may consolidate with reuse into coarser units through the
agglomerating effects of moisture, rust, or magnetic attraction. In any
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case, the end result is the same-fines are effectively depleted and there-
fore not available for subsequent use, so powder performance suffers.

Fines do not necessarily become insufficient in all reuse practices. If
enough powder circulates in the system, the level of fines may be suffi-
cient for good results. Also, the regular addition of a small amount of new
powder tends to maintain an adequate level of fines. However, Figure 11
shows clearly what can happen. In general, it is wise to use powder only

CRops. Many trials were made using red clover that contained dodder
and buckhorn plantain. In all cases, separating trends were the same as
with alfalfa. The similarity in separating trends is reasonable since the two
crop seeds are much alike in texture and shape and show similar abilities
to retain powder.
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Figure 11. Dodder removal and fines reduction as iron powder is reused (Powder 5,

0.45 gram water, 0.7 gram powder, alfalfa).

once as a precaution against undue fines removal, rusting, or magnetic
consolidation.

3. Crops and contaminants. Phase 2 results reported so far were ob-
tained with alfalfa lots that contained dodder and buckhorn plantain.
Other crop and contaminant seeds also were investigated to learn their
response to magnetic separation.



problem because some of the clover responds like dodder in texture-sensi-
tive separations. Many magnetic trials using different powder lots and
powder fractions were made with this mixture. Results showed that dod-
der seeds could not be removed completely without prohibitively large
losses of clover. Best results were found with extremely fine-screened
fractions of powder that passed through the 30-micron sieve or the 400-
mesh sieve. Working with a seed lot that contained 3,000 dodder seeds
per pound and using fine-screened fractions from powders 4 and 5, it was
possible to salvage about 68 percent of the clover and to reduce the num-
ber of dodder seeds to an average of 17 per pound.

Cottonseed separations also were studied. Some cottonseed lots suf-
fer significant mechanical damage in the ginning process. Such damage
is visually evident after the seed lot is acid-delinted to improve its planta-
bility. Damaged seed must be removed before planting to increase the
germination potential of the seed lot. Since this separation cannot be made
adequately by conventional cleaning techniques, magnetic separation was
attempted. Results showed, generally, that many of the damaged seeds
picked up powder and were removed, thereby increasing the germina-
tion percentage of the remaining seeds. Tests were made with powder 6
and cottonseed having an original germination of 83 percent. The best
results of six trials showed germinations of 91 percent for the cleaned
fraction and 68 percent for the rejected fraction.

CONTAMINANTS. Removal of various weed seeds that frequently con-

Whitetop and mallow required relatively high water levels and, as in
earlier work, seed yields decreased when water levels were increased.

Such difficulty in removing mallow also has been reported by seed
processors who operate magnetic separators. Because of the special chal-

Another crop seed examined was arrowleaf clover, which characteris-
tically exhibits a semi-rough texture that approaches the texture of dod-
der. Removal of dodder from arrowleaf clover poses a special processing

taminate alfalfa was investigated in trials employing relatively low con-
centration of contaminants. Test lots contained 90 seeds of each weed per
pound of mixture. With powder 1, the lowest water levels that achieved
complete removal were as follows:

Contaminant
Water level

(g water/50 g seed)
Yield of cleaned seed

(% by wt.) 1

Dodder 0.30 98.8
Knapweed 0.45 98.2
Buckhom plantain 0.60 95.4
Whitetop 0.90 77.0
Mallow 1.20 63.6

'Averages of two replicated trials.



lenge presented by mallow, which is a restricted, noxious weed in Oregon,
California, and Arizona, additional separating trials were conducted. Test
lots consisted of alfalfa that contained 900 mallow seeds per pound, and
the moistening liquids were water and a water-oil mixture in the concen-
tration of five parts water to one part oil, by volume. Powder 5 was used in
the forms of original material, coarse fraction (+100), intermediate frac-
tion (+270), and fine fraction (-400). Summarized results indicated that:

Water was as effective as the water-oil mixture, and an opti-
mum level was 13/4 cups per bushel of seed.
The fine powder fraction (-400) removed mallow much
more effectively than did the other powders.
The fine powder tended to darken the alfalfa more than the
original powder did.
Mallow was removed completely, and seed yield was 92 per-
cent when using 1 3/4 cups of water per bushel of alfalfa and
a fine powder fraction from powder 5 that passed a 400-mesh

sieve.

CONTAMINANT TEXTURE. Since seed texture is an influential factor
in the magnetic separation process, this characteristic was examined in
some detail for dodder seed. General properties of texture were evaluated
by two methods. In the first, three lots of dodder were passed over a vel-
vet-roll separator, a texture-sensitive machine commonly used to remove
rough contaminants from smooth seed (9). The machine settings of roll
speed, shield clearance, roll angle, and feed rate were fixed. The visual
appearance of seed texture before the separations, the history of the three
lots, and the percentages of seeds removed by the machine are:

Dodder
lot

Texture
appearance

(visual) Lot history

Amount
removed
(% by wt.) 1

1 Typical Much preliminary
processing

63.9

2 Typical Little preliminary
processing

80.1

3 Rougher than typical No preliminary
processing
(hand threshed)

71.5

1 Averages of two replicated trials.

The percentage of dodder seeds removed from Lot 1 was less than
from the other lots. Thus, the dodder seeds in Lot 1 were apparently
smoother than those in the other lots and were not acted on as well by



ghest dodder seeds (Lot 3) were the
nilling may smoothen dodder seeds,
ming of seed mixtures in the cleaning
3ration. This precaution will improve

the velvet rolls. Differences in texture have been observed by some proc-
essors, who report that dodder seeds become smoother as they are milled
and become increasingly difficult to remove on a texture basis.

A second examination of texture differences was made by observing
how well the same three lots of dodder were removed magnetically from
alfalfa at various water levels. Powder 8 was used in these trials, and the
test samples contained 1,000 dodder seeds per pound of alfalfa. Results,
plotted in Figure 12, showed that the dodder seeds from Lot 1 were the
most difficult to remove and dodder seeds from Lot 3 were the easiest to
remove. This result can be reasonably attributed to the influence of tex-
ture differences of the dodder seeds on their abilities to retain iron powder.

Trials with powder 4, which is finer than powder 8, and the same
three lots of dodder (1,000 dodder seeds per pound of alfalfa) produced
the following results at a water level of 0.3 gram per 50 grams of seed:

Dodder lot Lot history

Dodder seeds remaining
in cleaned fraction

(number per pound)

1 Much preliminary processing 27
2 Little preliminary processing 5
3 No preliminary processing

(hand threshed)
0

As indicated, results of dodder removal with fine powder 4 showed
a great improvement over results obtained with coarse powder (Figure
12). However, the texture of dodder seeds again showed the same rela-
tive, influence. That is, the smoothest dodder seeds (Lot 1) were still the
most difficult to remove, and the rou
easiest to remove. Since excessive i
processors should minimize the rerun
process preliminary to magnetic sep
chances for powder retention and effective removal of dodder.

4. Operating variables of separators. The performance characteris-
tics of laboratory models of permanent magnet and electromagnetic sep-
arators were compared in trials that evaluated the effects of different ma-
chine adjustments. Powder 6 was used with test lots of red clover that
contained dodder and buckhorn plantain.

With the permanent magnet unit, divider position and drum speed
were varied independently in an attempt to obtain the maximum yield of
contaminant-free seed. With drum speed constant, successive reductions
in divider-to-drum clearance continuously produced large increases in
yield of cleaned crop seed (Figure 13).



seed as its variable is changed (first, clearance was reduced at a fixed
drum speed; then, drum speed was increased at a fixed clearance). The
optimum settings for these trial conditions were a clearance of 1/16 inch
and a drum speed of 57 rpm, which produced a 99.7 percent yield of
contaminant-free crop seed.

With the electromagnetic unit, the magnetic field strength was varied
by regulating the amount of energizing or magnetizing current. This tech-
nique of varying the magnetic force influenced the seed action in much
the same way as did varying the drum speed in the permanent magnet
separator. Results from this trial, plotted in Figure 14, show that succes-
sive reductions in the amount of magnetizing current produced large in-
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Figure 12. Dodder removal as influenced by texture of dodder.

No clearance less than 1/16 inch was used because the contaminants
that passed between divider and drum were about this size. So, with clear-
ance constant at the limiting condition of 1/16 inch, drum speeds were
then increased, again producing increases in yield of cleaned seed. These
two curves are plotted together (Figure 13) since they are interrelated and
continuous in the sense that each shows an increase in yield of cleaned



seed of dodder and buckhorn plantain.
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Figure 13. The influence of divider position and drum speed on cleaned seed yield
(permanent magnet separator).

creases in yield of cleaned seed (divider clearance and drum speed were
held constant). The current flow for optimum performance in this trial
was 0.09 ampere, which provided a 99.5 percent yield of crop seed that
was essentially free of contaminants.
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So, under comparable test conditions, the electromagnetic and per-
manent magnet machines showed nearly identical capabilities in the re-
moval of dodder and buckhorn plantain from red clover. At optimum ma-
chine settings, all or nearly all of the contaminants were removed and not
more than 0.5 percent of the crop seed was lost.



In a further evaluation of the two types of separators, magnetic field
strengths were measured by gaussmeter and compared. Field strengths
of the two units were generally similar, but characteristics of the two
fields were different. The magnetic field strength of the permanent mag-
netic separator tended to be relatively uniform in any one horizontal trav-
erse of the drum face, but nonuniform in vertical traverses. The field
strength of the electromagnetic separator tended to be nonuniform hori-
zontally but uniform vertically. The range of flux density measured
throughout the field of the permanent magnet unit (125-700 gauss) about
equaled the range observed for the electromagnetic unit at maximum cur-
rent setting (175-750 gauss).

On the basis of tests and comparisons reported here, the electromag-
netic separator and the permanent magnet separator were judged to be
equal in performance.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
Based on both phases of this investigation, the following conclusions

may be drawn with respect to factors that influenced magnetic separation
of seeds:

Fineness of iron powder lots was very important. Rough-textured
contaminants in alfalfa or red clover were removed best by fine powders
in which 70 percent or more of the particles passed a 325-mesh sieve.
Screened powder fractions showed that fine iron particles from a given
commercial lot removed textured seeds like dodder and mallow more ef-
fectively than did coarser iron particles from the same lot.

Powder fineness had little influence in removing sticky seeds like
buckhorn plantain from alfalfa or red clover.

Fine powders lowered yields of cleaned seed more than coarse
powders, but the difference was not great except at high moisture levels.

Shape of powder particles was influential. Within a powder frac-
tion of particles of similar size, flat shapes were more effective than blocky
ones in removing dodder and buckhorn plantain.

Salvage and reuse of iron powder was found to be a poor practice.
Fine particles were removed selectively in repeated usage of powder,
leaving a progressively coarser powder that did not adequately remove
dodder.

Amount of moisture used in pretreating seed lots strongly influ-
enced removal of contaminants and yields of cleaned seed.



Optimum moisture levels varied according to the iron powder used
and the contaminants being removed. Fine powders showed generally
lower moisture requirements than coarse powders, and dodder was re-
moved at lower moisture levels than those required for buckhorn plantain.

An electromagnetic separator and a permanent magnet separator
showed nearly identical separating capabilities. At optimum settings for
both machines, dodder and buckhorn plantain were effectively removed
from red clover with crop shrinkages of 1 percent or less.

Some seed lots are cleaned magnetically if the contaminants are dif-
ferent from the crop seeds in texture. When such lots are pretreated by the
addition of iron powder and moisture, rough or sticky contaminants pick
up the powder and smooth crop seeds do not. A separation then can be

Moisture levels from 2/3 to 1 1/3 cups per bushel of crop seed pro-
duced essentially complete removal of dodder and buckhorn plantain with
low crop loss (1 to 4 percent).

Type of moisture was relatively unimportant-water produced
about the same results as water containing additives of soluble oil or
wetting agent.

Some lots of dodder seed were removed more easily than others,
depending on their previous milling and texture.

Recommendations

Based on results reported here, the following recommendations are
made for effective magnetic separation:

1. Iron powder should be fine enough that at least 70 percent of the
particles will pass through a 325-mesh sieve. For difficult separations, a
finer powder, such as a screened fraction that passes through a 400-mesh
sieve, should be tried.

2. Iron powder should be used only once to insure best performance
in removing contaminants. However, if powder is salvaged and reused,
ample new powder should be added to the system regularly to maintain an
adequate level of the fine particles that are needed for proper coating of
contaminants.

3. Moisture levels should be restricted to the minimum necessary for
adequate moistening of seed lots. A range that will satisfy many separa-
tion requirements is 2/3 to 1 1/3 cups of water per bushel of crop seed.

4. Seed mixtures that contain dodder seeds should not be milled ex-
cessively before magnetic separation, since this practice may smoothen
dodder seeds and interfere with powder retention.

SUMMARY



made by passing the treated lot over a magnetic drum that attracts the
iron-coated items away from the uncoated crop seeds.

The most common application of magnetic seed separation in the
United States is the removal of dodder and buckhom plantain seeds from
alfalfa seeds or the various clover seeds. Although magnetic separation is
a conventional and important process in seed cleaning, little pertinent
research has been reported.

To learn more about magnetic seed separation, a study was con-
ducted that might contribute new information to a relatively unexplored
field and assist the seed-processing industry by specifying materials and
procedures to improve efficiency in magnetic separation. Factors investi-
gated were the amount and type of moisture used in pretreating, charac-
teristics of iron powder, salvage and reuse of powder, response of different
crops and contaminants, and performance of magnetic separators.

The amount of added moisture proved critical in the separation proc-
ess. Up to a certain amount, additional moisture improved removal of con-
taminants. Beyond this amount, efficiency usually decreased for dodder
seed removal but remained about the same for removal of buckhorn plan-
tain seed. Excessive moisture also increased the loss of good seeds. For
these trials, an optimum range of moisture levels was 2/3 to 1 1/3 cups per
bushel of crop seeds. This range produced clean seed yields of 96 to 99
percent. Type of moisture was relatively unimportant-water performed
as well as water with additives of soluble oil or wetting agent.

Characteristics of iron powder strongly influenced the efficiency of
contaminant removal. Particle size distributions and performances of com-
mercial iron powder lots showed a definite relationship between a pow-
der's fineness and its effectiveness in removing dodder seeds. Best results
were obtained with fine powders in which 70 percent or more of the parti-
cles passed through a 325-mesh sieve. Results of tests with screened pow-
der fractions from given lots showed that fine iron particles performed
better than coarse particles from the same lot in removing textured seeds
like dodder and mallow. However, coarse powder did about as well as
fine powder in removing sticky seeds like buckhorn plantain.

In an examination of the importance of particle shape, one closely
sized powder fraction was graded into flat and blocky shape classifications.
When these powders were compared in trials aimed at removing dodder
and buckhorn plantain seeds, flat particles performed better than blocky

Some processors salvage and reuse iron powder that does not adhere to
seeds in the magnetic separation process. This practice was examined by
using one lot of powder five times, measuring its performance in dodder
seed removal each time, and determining changes in size of powder parti-

ones.
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In separating trials with different crop seeds and contaminants, al-
falfa and red clover seeds responded much alike, but both were different
from arrowleaf clover seeds, which exhibit a rougher surface texture. The
contaminants of dodder, buckhorn plantain, and knapweed seeds were
removed readily from alfalfa or red clover seeds, but removal of whitetop
and mallow seeds was difficult. Results of additional trials showed that

netic separators were compared in trials that determined effects of various
machine adjustments. Although the two machines displayed differences in
magnetic field characteristics, they could be regulated to show similar,
excellent performance. At optimum settings, both separators effectively
removed dodder and buckhorn plantain seeds with crop seed losses of
only 1 percent or less.

cles that took place with each reuse. Results showed that fine iron particles
were selectively removed in repeated usage of powder, leaving a progres-
sively coarser powder that did an increasingly poorer job of removing
dodder seeds.

mallow seeds coud be removed effectively by use of a special powder frac-
tion composed of fine iron particles screened from a coarse powder. The
texture of dodder seeds, as changed by excessive milling, was found to in-
fluence the removal of dodder seeds. Smooth dodder seeds from lots that
had received much preliminary milling were more difficult to remove than
rough dodder seeds.

Performance characteristics of permanent magnet and electromag-
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