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EXECUTIVE SUMMARY 

A series of t e s t s  were conducted t o  study t h e  e f f ec t iveness  of water ,  

deodorized soybean o i l ,  and mineral o i l  as dust  c o n t r o l l i n g  add i t ives  i n  large 

scale g ra in  handling operat ions of corn,  wheat, and soybeans. Au a d d i t i v e s  

were sprayed on g r a i n  a s  it was t r ans fe r r ed  from one s t o r a g e  bin t o  another .  

The flow r a t e s  of t h e  add i t ives  were regula ted  through a con t ro l  va lve  by com- 

pressed ni t rogen.  

t inuous ly  spraying both t h e  top  and the underside of t h e ' g r a i n  stream, a t  t h e  

f i r s t  b e l t  t r a n s f e r  point  a f t e r  t h e  g r a i n  l e f t  t h e  s t o r a g e  bin.  In extremely 

cold weather, i t  w a s  necessary t o  heat  t h e  add i t ives  t o  achieve  e f f i c i e n t  

spraying. 

It w a s  found t h a t  the add i t ives  were b e s t  appl ied by con- 

Between 0.03 and 0.10% by weight of soybean o i l  appl ied  t o  a l l  t h r e e  

g r a i n s  and 0.02 and 0.08% by weight of mineral  o i l  appl ied  t o  corn were ef fec-  

t ive i n  reducing dus t  emissions. 

in  corn w a s  no t  reduced a f t e r  a th ree  months' s to rage  of t h e  t r ea t ed  gra in .  

The amount of o i l  needed f o r  optimum e f fec t iveness  ranged from 0.02 t o  0.05X. 

Adding 0.17 t o  0.30% water by weighr t o  corn w a s  temporar i ly  effective i n  

c o n t r o l l i n g  dus t  emissions. 

t o  d u s t  d i spe r s ion  was approximately 0.14Z each time a g r a i n  was handled. 

When an a d d i t i v e  was present ,  t h i s  loss w a s  reduced t o  0.035% o r  less. 

app l i ca t ion  level of  0.3% water t o  corn reduced t h e  g a l l e r y  f l o o r  dust  concen- 

t r a t i o n  by a t  l e a s t  80%, and an app l i ca t ion  r a t e  of 0.03% soybean o r  mineral 

o i l  a t  t h e  same l oca t ion  reduced t h e  d u s t  concentrat ion by more than 90%. 

Minimum modif icat ions of t h e  e x i s t i n g  f a c i l i t i e s  were needed t o  under- 

The a b i l i t y  of mineral  o i l  t o  con t ro l  dus t  

The average weight loss of t h e  g ra in  stream due 

An 

t ake  these  trials, and under normal condi t ions  t h e  opera t ion  of an a d d i t i v e  

spraying u n i t  should be  e n t i r e l y  automatic and r equ i r e  only  per iodic  inspec- 

t i o n  t o  ensure proper mechanical funct ioning and flow r a t e s .  
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I. INTRODUCTION 

Whenever g r a i n  is handled o r  processed, dus t  is generated.  This s i t u -  

a t i o n  produces the  p o t e n t i a l  fo r  a dus t  explosion (Aldis and hi, 1979) and 

causes the  d e t e r i o r a t i o n  of a i r  q u a l i t y  in and near handling and processing 

faci l i t ies  (Rankin e t  a l . ,  1979). These hazards and t h e  r e s u l t i n g  f i n a n c i a l  

l o s s e s  are of major concern t o  the  g ra in  industry.  

Dust c o l l e c t i o n  is a means of checking gra in  d u s t  emission by control-  

l i n g  t h e  v e n t i l a t i o n  in a s p e c i f i c a l l y  confined space wherever g r a i n  is 

handled. 

unloaded in a confined o r  cont ro l led  space. 

c o n t r o l  may sometimes allow explosible  mixtures t o  occur under adverse con- 

d i t i o n s  (Bartknecht,  1981). I n  addi t ion ,  t he  energy requi red  t o  employ 

v e n t i l a t i o n  con t ro l s  may exceed the  energy required t o  move t h e  gra in .  

However, in many ex i s t ing  g r a i n  e l e v a t o r s  g r a i n  is  not loaded o r  

Furthermore, v e n t i l a t i o n  dus t  

Although separa t ing  dus t  from v e n t i l a t e d  dust-laden air by bag f i l t e r s ,  

e l e c t r o n i c  p r e c i p i t a t o r s ,  and cyclone col lectors  has been proven e f f e c t i v e  

(Browa and Reed, 1926; Martin and Stephens, 1977), t h e  c o s t s  of ins ta l la t ion ,  

opera t ion ,  and maintenance of v e n t i l a t i o n  equipment are high. Capi ta l  c o s t s  

f o r  i n s t a l l a t i o n  have been estimated a t  between $3 and $5 pe r  cubic f e e t  per  

minute (cfm) of des i r ed  a i r  cont ro l ,  which amounts t o  between $250,000 and 

$1,000,000, depending on t he  s ize  of t he  g r a i n  e leva tor .  Annual operat ing 

c o s t s  add a n  a d d i t i o n a l  202 t o  the  c a p i t a l  investment c o s t  (Maness, 1978). 

Thus, t h i s  method of dus t  con t ro l  is extremely cos t ly .  

The idea  of applying l i qu id  sprays over g ra in  t o  c o n t r o l  dus t  genera- 

t i o n  is not  new. As e a r l y  as 1908, water and o i l  were used to  suppress the  

formation of dus t  on highways (Hubbard, 1908). Moen and Dalquis t  (1952) were 

granted a pa ten t  f o r  t h e  batch process of applying an oi l -water  emulsion of 

0.02-0.08% t o  g ra in ,  and ag i t a t ing  t h e  g r a i n  a s  i t  w a s  appl ied .  

(1978) appl ied  mineral  o i l  t o  wheat g ra in  i n  a small batch  r o t a t i n g  cy l inder  

Cocke e t  a l .  
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and found t h a t  the a p p l i c a t i o n  of a s  l i t t l e  a s  0.07% o i l  reduced dust  l e v e l s  

by more than 92%. 

soybeans. 

The a d d i t i v e s  a l so  reduced dus t  l e v e l s  i n  she l led  corn  and 

P i l o t - s c a l e  s t u d i e s  conducted a t  the  U.S. Grain Marketing Research 

Laboratory (hi, e t  a l . ,  1979; L a i  e t  a l . ,  1981) a l s o  t e s t e d  the e f fec t iveness  

of l i q u i d  a d d i t i v e s  in c o n t r o l l i n g  grain dust .  

and wheat were t r e a t e d  w i t h  0.02 and 0.06% soybean o r  mineral o i l ,  t h e  dus t  

emit ted during handling w a s  d r a s t i c a l l y  reduced. Laboratory analyses  of the 

t r e a t e d  wheat revealed no adverse e f f e c t  on milling o r  baking qua l i ty  of t he  

f l o u r  caused by t h e  a p p l i c a t i o n  of oil. 

Results showed t h a t  when corn 

This study sought t o  determine those app l i ca t ion  l e v e l s  a t  which oil 

and w a t e r  were e f f e c t i v e  in con t ro l l i ng  a i rborne  dus t  in an  operat ing 

g r a i n  e l e v a t o r .  

w e r e  app l i ed  t o  corn,  wheat, and soybeans during co&entional handling Fn 

a commercial g r a i n  e l eva to r  (The Ohio Farmers' Grain and Supply Assoc., P. 0. 

Drawer M., Fos to r i a ,  OH 44830). 

Edible o i l  (deodorized soybean oil), mineral  oil, and water 

11. MATERIALS AND METRODS 

A. T e s t  Facil i t ies 

1. Grain Handling System 

Figure 1 is a diagram of t h e  g r a i n  handling system a t  The Ohio Farmers' 

Grain Eleva tor  i n  Fos tor ia ,  Ohio, where the tests were conducted. Grain w a s  

moved from a s to rage  b in  on a 36-inch wide enclosed conveyor b e l t  running a t  

400 f t lmin .  A t  s i t e  A t h e  f i r s t  b e l t  t r ans fe r r ed  g ra in  onto a second s i m i l a r  

b e l t  (A, F ig .  1). From s i t e  A t he  g ra in  w a s  moved LOO f e e t  t o  s i t e  B, t h e  end 

of t h e  second b e l t  (B, Fig .  1). Grain was discharged from the b e l t  i n t o  25 

f e e t  of spouting where it f e l l  by gravi ty  and entered t h e  boot on the  descen- 

ding s i d e  of the bucket e l e v a t o r .  It w a s  then elevated 240 f e e t  a t  a f l o w  
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rate of 10,000 bu/hr and discharged i n t o  spouting. 

t he  spout ing i n t o  a 2500-bushel garner  and then i n t o  a 2500-bushel sca le .  

From t h e  scale, t h e  g r a i n  entered a d i s t r i b u t o r  t h a t  d i r e c t e d  the flow t o  

si te C. t h e  beginning of t h e  g a l l e r y  b e l t  (C, Fig. 1). 

of t h e  f a l l  of g r a i n  from t h e  head of t he  l e g  t o  t h e  g a l l e r y  b e l t  w a s  100 

The g r a i n  f e l l  through 

The vertical d i s t a n c e  

feet .  Grain w a s  then  moved 85 feet from si te C t o  si te D,  t h e  loca t ion  of 

t h e  f i r s t  t r i p p e r ,  where i t  w a s  t r ans fe r r ed  t o  the  house b e l t  (D, Fig. 1). 

The time requi red  f o r  g r a i n  t o  move from s i t e  A t o  si tes B,  C ,  and D w a s  15. 40. 

and 50 sec., r e spec t ive ly .  Grain w a s  continuously moved on the  house b e l t  t o  

s i t e  E, t h e  l o c a t i o n  of t h e  second t r i p p e r .  The second t r i p p e r  w a s  s t a t ioned  

a t  the ent rance  t o  one of three similar test bins (E, Fig.  1). Each tes t  b i n  

w a s  114  f e e t  deep and had a capac i ty  of 9,000 bushels.  Distances from s i t e  D 

t o  the t h r e e  b i n  si tes were 25. 310, and 320 feet. To ta l  lapsed times f o r  

g r a i n  t o  move from s i t e  A t o  each of t h e  th ree  b in  sites were 40, 70, and 71  

seconds, r e spec t ive ly .  

. 

2 .  In  House Dust Control  Systems 

The g r a i n  e l e v a t o r  w a s  equipped with several dus t  c o n t r o l  systems 

employing bag house f i l t e r s  t o  sepa ra t e  dus t  from air .  

separa ted  from t h e  a i r ,  i t  w a s  discharged through ducts  i n t o  a dus t  bin.  The 

lower system c o l l e c t e d  d u s t  through ducts  loca ted  a t  the  end of t h e  second 

enclosed b e l t  and i n  t h e  boot of t h e  bucket e leva tor  (B,  F ig .  1). The upper 

system c o l l e c t e d  d u s t  from t h e  head of t h e  bucket e l eva to r  and the  gamer 

(C, Fig.  1). The d u s t  c o n t r o l  system f o r  t h e  gallery c o l l e c t e d  dus t  from 

hoods over t h e  beginning of t h e  g a l l e r y  b e l t  and t h e  f i r s t  t r i p p e r  (C & D, 

Fig.  1). The system i n  t h e  headhouse co l l ec t ed  dus t  from t h e  hoods over t h e  

beginning of t h e  house b e l t  and second t r i p p e r  (D & E,  F ig .  1). 

After the dus t  w a s  



5 

3. Additive Spraying S y s t e m  

Liquid w a s  appl ied by nozzles  from a pressur ized ,  heated 60-gallon tank; 

i t s  flow r a t e  was cont ro l led  by a pressure  regulator (Fig.  2 ) .  Nozzles were 

s e l e c t e d  from a set of f lood je t  t i p s  Nos. TK 1.5,  TK 2 ,  TK 2 . 5 ,  TK 3, TK 5. 

TK 7.5, TK 10, TK 15, and TK 20 (Spray Sys tem Co., Wheaton, IL 60187) ranging 

i n  d e l i v e r y  capac i ty  from 0.15 t o  4.0 gal/&. 

used t o  accommodate t h e  wide range i n  app l i ca t ion  rate of add i t ives .  

TK 2 w a s  s e l ec t ed  s p e c i f i c a l l y  because i t  produced a uniform coverage a t  low 

spraying he ights  and pressures ,  and i t  provided an ad jus t ab le  spray angle.  A 

c y l i n d e r  of compressed ni t rogen served as a pressure  source in order  t o  avoid 

t h e  p o s s i b l e  oxidat ion of soybean o i l  by compressed a i r .  However, compressed 

a i r  would have been adequate f o r  p r a c t i c a l  purposes s i n c e  t h e  app l i ca t ion  time 

w a s  kept  r e l a t i v e l y  shor t .  The pressur ized  tank was  wrapped i n  i n s u l a t i o n  and 

provided with an e l e c t r i c  immersion h e a t e r  (0.5 kW) in  order  t o  preserve the  

f l u i d i t y  of t h e  o i l  in t h e  f reez ing  temperatures a n t i c i p a t e d  during t h e  winter 

experiment. 

A l l  plumbing i n  t h e  spraying system w a s  !pinch in diameter.  

The d i f f e r e n t  s i z e  t i p s  were 

The nozz le  

A thermometer w a s  i n s t a l l e d  in  t h e  l ine  leading  t o  t h e  nozzles .  

4.  Test S i t e s  

a. Dust c o l l e c t i o n  sites 

The dus t  discharge duct a t  each of t he  s i tes  a t  B. C,  between C and D,  

and between D and E (Fig. 1) w a s  bypassed so t h a t  t h e  d u s t  could be  co l l ec t ed  

i n  bags. 

b. Additive app l i ca t ion  si te 

A t  s i t e  A (Fig. 1) panels were removed from the  conveyor enclosures  so 

t h a t  two wide angle  f l a t  spray nozzles (TK 2) could be  i n s t a l l e d  t o  spray 

l i q u i d  on t h e  moving grain.  One nozzle  sprayed t h e  top su r face  of g r a i n  near  

t he  end of t h e  f i r s t  b e l t ;  t he  second swayed the  oppos i te  surfacu of g r a i n  

f a l l i n g  v e r t i c a l l y  from the  f i r s t  b e l t  t o  the second b e l t  (A, F i g .  1). 
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c. F i r s t  g ra in  and dust  sampling s i t e  

A t  s i t e  B (Fig. 1) the re  was an inspect ion door about 10 f e e t  from t h e  

end of t h e  enclosed b e l t  through which samples could be scooped from t h e  

moving gra in .  

12-inch square  inspec t ion  hole  t h a t  provided an access f o r  monitoring d u s t  

emissions.  

sucked air from t h e  inspec t ion  opening. 

inch  type A f i b e r g l a s s  f i l t e r  mounted f ace  down d i r e c t l y  wer t h e  opening. ,The  

HI-Vol air sampler a t  s i t e  B sampled dus t  concentrat ions i n s i d e  the  enclosed 

Nidway between t h e  doorway and the end of t h e  b e l t  t he re  w a s  a 

Airborne dus t  samples were co l l ec t ed  by a Hi-Vol air sampler that 

Dust w a s  co l l ec t ed  on an  8- by 10- 

b e l t  housing. 

t h e  g r a i n  su r face  w a s  about 18 inches below t h e  opening. 

There w a s  a dus t  c o n t r o l  duct about 4 f e e t  from t h e  opening and 

d. Second g ra in  and dust  sampling s i t e  

S i t e  C (Fig. 1) provided a second loca t ion  t o  scoop samples from t h e  

moving gra in .  

placed near t h e  t r o l l e y  b e l t  to  monitor dus t  emissions. This sampler w a s  

mounted t h r e e  feet  above the  f l o o r  on a stand with t h e  8- by 10-inch f i l t e r  

fac ing  up. 

in t h e  open area about 3 f e e t  from t h e  b e l t  and about 6 f e e t  from the  po in t  

where g r a i n  w a s  received onto the  b e l t .  

In add i t ion  t o  g ra in  sampling, a second EL-Vol a i r  sampler w a s  

In c o n t r a s t  t o  t he  l o c a t i o n  of measurements a t  s i t e  B,  s i te  C w a s  

e. T e s t  b i n  sites 

Each test  b in ,  s i t e  E (Fig. l), had two bin openings. One opening w a s  

The second opening provided 

A HI- 

used by the  t r i p p e r  t o  de l ive r  g r a i n  t o  the bin. 

access  f o r  t h e  equipment monitoring the  dus t  emissions i n s i d e  the bin.  

Vol a i r  sampler w a s  used to  c o l l e c t  a i rborne  dus t  samples from ins ide  a test  

b i n  18 inches from the  top of t he  bin.  The f i l t e r  holder i n s i d e  the b in  w a s  

connected t o  t h e  Hi-Vol motor ou t s ide  the  b i n  by a 10-foot long, 2-inch diameter 

Pipe. 

o r i f i c e s  on t h e  end of t he  extension pipe. 

The a i r f l o w  gauge was ca l ib ra t ed  i n  the  laboratory wi th  t h e  c a l i b r a t i o n  
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Dust cloud opac i ty  i n s i d e  the bin w a s  measured with a light-beam system 

developed a t  t h e  U.S. Grain Xarketing Research Laboratory (Lee e t  a l . ,  1981). 

Two light-beams were suspended by a i r c r a f t  cables a t  d i s t ances  of 5 and 15 

f e e t  from t h e  roof of t he  bin.  

neath the  Hi-Vol sampler. 

The top l ightbeam was  about 1.5 f e e t  under- 

B. T e s t  Procedures 

A test sequence included two c o n t r o l  l o t s  of g r a i n  without a d d i t i v e s ,  one 

w i t h  t h e  dus t  c o n t r o l  system on, and one with t h e  dust  c o n t r o l  system o f f .  

High, medium, and l o w  l e v e l s  of a d d i t i v e s  

system o f f .  

system on t o  ob ta in  da t a  on t h e  d i f f e rence  i n  amount of d u s t  co l lec ted  by t h e  

in-house dus t  c o n t r o l  system. 

were t e s t ed  w i t h  t he  dust  c o n t r o l  

A t  l e a s t  one t e s t  with each a d d i t i v e  was run with the dus t  c o n t r o l  

1. Grain Lots 

Corn, wheat ,  and soybeans t h a t  had been received i n t o  s torage  in t h e  

sunrmer and f a l l  of 1980 were se l ec t ed  f o r  t he  s tudy.  The yellow dent corn 

w a s  from the  1980 f a l l  harvest in Ohio. It had a moisture  content  ranging 

between 14.5 and 15.5% and a B C M  content ranging between 1 and llZ. 

content  ranged between 11.4 and 12.6% f o r  wheat and between 11.1 and 11.77. 

f o r  soybeans. 

Moisture 

2. Additives 

Water, deodorized soybean o i l ,  and mineral  o i l  were se lec ted  as d u s t  

c o n t r o l  a d d i t i v e s .  Carnation mineral  o i l ,  which is not sub jec t  t o  e i t h e r  

hydro ly t ic  or ox ida t ive  r a n c i d i t y ,  was obtained from Witco Chemical Corp. 

( P e t r o l i a ,  PA) .  Deodorized soybean oil w a s  obtained from Archer Daniels 

Midland (ADM) (Decatur, IL). A l l  th ree  a d d i t i v e s  were appl ied  to  corn. Only 

soybean o i l  was appl ied t o  soybeans and wheat. 
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3. Applicat ion Techniques 

I n  e x i s t i n g  g r a i n  e l e v a t o r s ,  the dus t  con t ro l  zones a r e  located a t  

t r a n s f e r  po in t s .  

bucket e l eva to r  boots,  e t c .  

when g r a i n  passes through, air movements cause p a r t i c u l a t e  mat te r  t o  s epa ra t e  

from t h e  bulk ma te r i a l .  

t r a n s f e r .  

o r  a t  the  o r i g i n  of g r a i n  movement. 

po in t  e f f e c t i v e l y  mixes the g r a i n  and the  add i t ive ,  a process  which cont inues 

through each t r a n s f e r .  

w a s  s e l ec t ed  t o  provide the  ease of access  and t o  vary t h e  d i s t a n c e  between 

g r a i n  b in  exits. 

s to rage  b ins ,  a po in t  which made seve ra l  g r a i n  t e s t  l o t s  a v a i l a b l e  f o r  t r e a t -  

ment. 

f i n a l  d i s t a n c e  t o  rece iv ing  b ins .  

Typical l o c a t i o n s  a r e  b i n  exits, be l t - to-be l t  t r a n s f e r s ,  

These t r a n s f e r  po in t s  a r e  dus ty  pr imari ly  because 

More f i n e  particles a r e  re leased  a t  each subsequent 

For t h i s  reason, i t  is important t o  introduce t h e  a d d i t i v e  c l o s e  t o  

Moreover, a g i t a t i o n  of g r a i n  a t  a t r a n s f e r  

In the  experimental  arrangement, a s i n g l e  spray s i t e  

Nozzles were loca ted  a t  the end of t h e  b e l t  coming from 

Af ter  treatment each g r a i n  w a s  handled almost i d e n t i c a l l y  except f o r  t he  

A t  a f low r a t e  of 10,000 bu/hr ,  t he  depth of t he  g r a i n  on a 36-inch 

wide b e l t  w a s  about 6 inches at  t h e  cen te r  of the b e l t .  One nozzle sprayed 

a d d i t i v e  on t h e  top su r face  of t he  g r a i n  (Fig.  3 ) .  Four f e e t  downstream, the  

g r a i n  dropped t o  another  t r a n s f e r  b e l t  and a second nozzle  sprayed the  underside 

of t h e  g r a i n  stream as i t  f e l l .  

top and bottom. 

Stream dropped onto the  second b e l t .  

bounce off t h e  g r a i n  stream and adhere t o  t h e  b e l t ,  w e  d i d  not observe any 

accumulation of o i l  on t h e  enclosed conveyor system. 

C.  Sample Analys is  Procedure 

Thus, t he  g r a i n  stream w a s  sprayed from both 

Some immediate a g i t a t i o n  and mixing occurred when the g r a i n  

Although o i l  d r o p l e t s  were seen t o  

1. Grain Samples 

A quar t  g r a i n  sample was co l l ec t ed  near the end of a t e s t  a t  s i t e  9 

(Fig. 1). These samples were placed i n  quar t  g l a s s  canning j a r s  f o r  a n a l v s i s  



' I  

9 

I 
I 

I 

I 

I 

i 

\ 

! 

~ 

I 

a t  t h e  U.S. Grain Marketing Research Laboratory a f t e r  each test. 

l abora to ry ,  t h e  f i n e  ma te r i a l  content  of these samples were measured a f t e r  

s i ev ing  f o r  30 s t rokes  on a Dean Gamet shaker. 

w a s  used f o r  corn and soybeans and a 0.064 x 318-inch oblong hole  s i eve  w a s  

used f o r  vheat .  These samples were then shipped to  a U.S. Board of A p p e a l s  

o f f i c e  f o r  determinat ion of t h e  grade. 

A t  t h e  

A 12/64-inch round hole  s i e v e  

Approximately 2 p i n t s  of g ra in  sample were scooped from the b e l t  a t  

t h e  beginuing, middle and end of g r a i n  flow a t  s i t e  C (Fig.  1). Immediately 

a f t e r  each sample w a s  co l l ec t ed ,  the moisture content  w a s  measured with a 

Motomco moisture  meter. Additional 2 cubic inch (33 ml) samples were co l lec-  

ted at si te C f o r  an  immediate drop test dus t iness  a n a l y s i s  using a HIAC 

p a r t i c l e  counter  (High Accuracy P a r t i c l e  Counter Co., Menlo Park, CA). 

The HIAC drop t e s t  a n a l y s i s  involved the  c rea t ion  of a dus t  

cloud by causing dusty material t o  f a l l  through a i r - a n d  h i t  a surface.  

two m a t e r i a l s  which d i f f e r  i n  dus t ines s  a r e  handled in an i d e n t i c a l  manner, 

t h e  two r e s u l t i n g  dus t  clouds will d i f f e r  with respect  t o  number and size of 

p a r t i c l e s .  Should there  b e  no d i f f e rence  i n  number o r  s i z e  of p a r t i c l e s  i n  

the  d u s t  cloud, t he  two materials a r e  considered equal ly  dusty.  

test, a 2 cubic  inch volume (33 ml) of g r a i n  was dropped 20 inches (50 cm) 

and reached a v e l o c i t y  of 600 f t lmin  (304 cm/sec) at  the  po in t  of impact. 

d u s t  cloud w a s  confined i n s i d e  a 1.6-inch (4.1 cm) diameter column where i t  

w a s  sampled. 

f e l l  wi th in  a c a l i b r a t e d  s i z e  range, and from the  number and s i z e  of dus t  

p a r t i c l e s  measured, the p a r t i c l e  s i z e  d i s t r i b u t i o n  and concentrat ion a r e  

ca l cu la t ed .  

If 

In the drop 

The 

The HIAC p a r t i c l e  counter computed the number of p a r t i c l e s  t h a t  

The sampling f o r  the drop t e s t  s t a r t e d  a t  the beginning of g ra in  flow 

and proceeded a t  2-minute i n t e r v a l s .  Dust concentrat ions from t h e  7 o r  8 

drop t e s t  measurements were averaged to  obta in  a s i n g l e  va lue  for  each t e s t .  
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The drop t e s t  provided a measurement of dus t iness  dependent only on 

For example. i f  t he  g r a i n  and independent of the g ra in ,hand l ing  f a c i l i t y .  

f u g i t i v e  dus t  from g r a i n  handled outs ide  a given t e s t  environment w a s  i n t ro -  

duced i n t o  a test environment, t h e  test monitoring s i t e s  would measure t h e  

f u g i t i v e  d u s t  plus the  dus t  generated during t h e  t e s t .  

o r i g i n a t i n g  from grain samples was de tec ted  by the drop t e s t ,  and f u g i t i v e  . 

d u s t  from g r a i n  handled outs ide  the t e s t  environment w a s  prevented from 

i n t e r f e r i n g  i n  the  t o t a l  counts. 

Only the dust  

2. Dust Samples 

a. Ta i l ing  dust  

For tests i n  which t h e  dust  con t ro l  system w a s  on, dus t  w a s  co l l ec t ed  

in t h e  basement, g a l l e r y ,  garner ,  and D house dust  c o n t r o l  system o u t l e t s ,  

put i n t o  50-pound bags,and weighed. The weight of t h e  d u s t  co l lec ted  from 

those l o c a t i o n s  w a s  a measure of t he  dus t ines s  of t he  g r a i n  during handling. 

Approximately 7 ounces (200 gms) of the dus t  from each dus t  cont ro l  system 

w a s  placed i n  a p l a s t i c  bag fo r  l a t e r  a n a l y s i s  of p a r t i c l e  s i z e  d i s t r i b u t i o n  

a t  t h e  l abora to ry .  

10 minutes of  s iev ing  on a Fisher-Wheeler s i e v e  shaker, using a set of U.S. 

s tandard No. 18-, 35-, 60-, and 120-mesh s i eves .  The dus t  tha t  passed through 

t h e  120-mesh s i e v e  was f u r t h e r  s ized  using a sedimentation method with MSA 

equipment (Mine Safety Appliance, P i t t sburgh ,  PA 15208). 

The coarse p a r t i c l e  s i z e  a n a l y s i s  w a s  determined a f t e r  

b. Hi-Vol sampler dus t  

Whenever the  quant i ty  of dus t  on an.8- by 10-inch Eli-Vol f i l t e r  

exceeded 10  grams, the  dus t  l ayer  was removed fo r  p a r t i a l  s i z e  ana lys i s  

using a sedimentation method w i t h  MSA equipment. 

expressed r e s u l t s  i n  terms of the geometric median p a r t i c l e  s i z e  and the  

geometric s tandard devia t ion ,  t h e  two parameters of t h e  log-normal d i s t r i -  

but ion func t ion  (see e.g. Stockham, 1977) .  The c o e f f i c i e n t  of determination, 

The sedimentation analyses  
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2 r , represented t h e  degree of log-normality of t h e  p a r t i c l e  s i z e  d i s t r i b u -  

t i o n  and a va lue  of 1.0 f o r  r 2 represented a p e r f e c t  log-normal d i s t r i b u t i o n .  

3. Ca l ib ra t ion  of Instruments 

a. Drop tes t  HIAC p a r t i c l e  counter  

A i r  w a s  drawn from the  dus t  cloud i n t o  a HIAC model D-5-150 sensor  a t  

78 mllmin and p a r t i c l e s  were counted and s i z e d  as they cast a shadow on the.  

photodetector  (Fig. 4) .  Constant a i r f low w a s  maintained by a gear d r i v e n  

sy r inge  pump operated by a syncronized motor. 

nozzle ,  a col l imated l i g h t  source w a s  d i r e c t e d  through a window on one s i d e  

onto a photodetector  behind a window on t h e  oppos i te  s ide .  The area of  the 

p a r t i c l e  divided by t h e  area of t h e  window w a s  p ropor t iona l  t o  the  l i g h t  

t h a t  w a s  blocked out.  A s  t h e  par t ic les .  passed through. a momentary change 

in s i g n a l  from t he  photodetector occurred which equal led 

A t  the  vena cont rac tor  o f . t h e  

A 

E p w  = ? %  
where 

E 

% = base  output  from photodetector  

A = projec ted  area of t h e  p a r t i c l e  

A, = area of t h e  window 

= pu l se  amplitude from photodetector 
P 

P 

For a s p h e r i c a l  p a r t i c l e ,  t h e  above equat ion became 

Eb 
0. 7854dL E =  

P S 2  

where 

S = s i d e  of square window 

d = diameter of t h e  s p h e r i c a l  p a r t i c l e  

b. Hi-Vol sampler 

Before the  a d d i t i v e  t e s t s  began, each a i r  sampler c a l i b r a t i o n  w a s  
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checked i n  the  U S " R L  laboratory.  

c a l i b r a t i o n  assembly and a d i f f e r e n t i a l  manometer, the pressure-type a i r f l o w  

gauge w a s  s e t  t o  read 29.0 cubic f e e t  pe r  min a t  a manometer reading of 2.90 

inches of water.  

by the  manufacturer. 

speed. 

wi th  a 5-hole o r i f i c e  p l a t e  t o  s imulate  a d i r t y  f i l t e r ,  and the o ther  w a s  

wi thout  an  o r i f i c e  p l a t e  t o  s imulate  a c l ean  f i l t e r .  After t e s t s  i n  Ohio 

were completed, t he  a i r  samplers were rechecked and i t  w a s  confirmed t h a t  

t h e i r  c a l i b r a t i o n s  had not changed. 

Using a Bendix 3-1155-21 o r i f i ce - type  

This s e t t i n g  was taken from t h e  c a l i b r a t i o n  data  suppl ied 

A Variac transformer w a s  used to  con t ro l  t he  motor 

The c a l i b r a t i o n  s e t t i n g  w a s  confirmed a t  two motor speeds: one w a s .  

c. LED-PT probe 

The LED-PT probe w a s  ca l ib ra t ed  with neut ra l -dens i ty  f i l t e r s  i n s e r t e d  

This method of c a l i b r a t i o n  made concentrat ion measure- i n t o  the  l i g h t  beam. 

ments r e l a t i v e l y  independent of t h e  p a r t i c u l a r  LED-PT p a i r  chosen. 

l i g h t  t ransmi t ted  by t h e  neu t r a l  dens i ty  f i l t e r s  had been previously emitted 

by t h e  LED. 

The 

It w a s  found t h a t  the  v a r i a t i o n  of l i g h t  transmission w a s  a 

l i n e a r  func t ion  of vo l tage  drop across  the  PT (r' = 0.96 with 5 degrees of 

freedom). Thus, t he  vol tage  measurements could be used d i r e c t l y  t o  ob ta in  

the r a t i o  of l i g h t  a t t enua t ion  a t  any given time t o  l i g h t  a t t enua t ion  a t  the  

beginning of s e t t l i n g .  

d .  Additive spray nozzles 

Ca l ib ra t ion  of t he  amount of o i l  and water added t o  the g r a i n  w a s  con- 

ducted before  each test. Two nozzles were.removed from the i n s t a l l a t i o n  and 

placed i n  a conta iner  t o  c o l l e c t  the l i q u i d .  A t  a p rese t  l i qu id  pressure ,  

t he  l i q u i d  was allowed to  flow f o r  one minute. The pressure and the amount 

of l i q u i d  co l l ec t ed  were recorded and checked w i t h  readings from the volu- 

met r ic  flow recorder .  The l i q u i d  pressures  measured were 10 ,  20. 30, and 

40 p s i .  A l l  t e s t s  were conducted i n  dupl ica te .  The following c o r r e l a t i o n  
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( 3 )  

equat ion w a s  assumed: 

b p = aw 

where 

p = l i q u i d  pressure  

w 

a.b= cons tan ts  c o r r e l a t i o n  

= l i q u i d  capac i ty  i n  galfmin 

The c o r r e l a t i o n  c o e f f i c i e n t  w a s  s i g n i f i c a n t  a t  0.99. 

mined percentage of treatment, x, t h e  amount of l i q u i d  needed w a s  determined 

Given t h e  prede ter -  

by 

w = G*56*x/60 ( 4 )  

where 

G = gra in  flow rate i n  bu/hr 

x = app l i ca t ion  rate 

w = l i q u i d  flow rate in lb/min 

Consequently, by en ter ing  w from Eqn ( 4 )  i n t o  Eqn ( 3 ) ,  w e  were a b l e  t o  

determine the l i q u i d  pressure  s e t t i n g .  

t o  t h e  predetermined treatment dosage. 

This p res su re  s e t t i n g  corresponded 

4. Dust Emission Measurement 

When g ra in  w a s  flowing, dus t  emissions were monitored by Bendix 

model 550, Hi-Vol, high volume a i r  samplers (Bendix Environmental 6 Process 

Instrument Div.) a t  sites B. C ,  and E (Fig. 1). When t h e  g ra in  flow began, 

samplers were s t a r t e d  and the  clock time was recorded. When t h e  g ra in  flow 

ended t h e  samplers were stopped and the  clock time w a s  aga in  recorded. 

a i r f l o w  w a s  held constant  a t  28 cubic f e e t  per  minute by an operator  who 

monitored t h e  a i r f low gauge and adjusted a Variac t ransformer connected t o  

t h e  Hi-Vol motor. The opera tor  was a l s o  in s t ruc t ed  t o  s t o p  Hi-Vol sampling 

and record t h e  time i n  t h e  event t h a t  t he  f i l t e r  became loaded with dus t  t o  

t h e  poin t  t h a t  gauge flow r a t e  could not b e  maintained a t  the  designated 

The 

.. 
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va lue  of 28 cfm. 

weighed j u s t  before  t h e  s tar t  of a t e s t  and again a t  t h e  end. 

Type A f i b e r g l a s s  f i l ters  used i n  t h e  samples were 

The dus t  cloud concentrat ion i n s i d e  the  t e s t  b ins ,  s i t e  E (Fig. 11, 

Since one of t h e  most se r ious  were a l s o  measured by a Hi-Vol a i r  sampler. 

shortcomings of t he  da t a  taken f rom Hi-Vol air samplers is t h e i r  lack of 

information on t h e  temporal and s p a t i a l  c h a r a c t e r i s t i c s  of t he  dust  d i spe r s ion ,  

w e  added an a r r a y  of two light-emitt ing-diode, pho to t r ans i s to r  (LED-PT) p a i r s  

t o  g ive  more information on t h e  d u s t  d i s t r i b u t i o n  (Martin e t  al., 1980). 

Dust concentrat ion was monitored by the  a t tenuat ion  of l i g h t  emitted from 

t h e  l ight-emitt ing-diode (LED). The l i g h t  was de tec ted  by a pho to t r ans i s to r  

(PT) matched t o  t h e  s p e c t r a l  output  of t h e  LED (peak wavelength = 930 am). 

This procedure was used by Liebman e t  a l .  (1977) t o  monitor dust  concentra- 

t i o n  during t h e  propagation of c o a l  dus t  f i r e s  and explosions.  However, ou r  

probe d i f f e r e d  from the  one descr ibed by Liebman e t  a l .  (1977) by being 

windowless and w a s  designed t o  opera te  with a longer l i g h t  path t o  inc rease  

s e n s i t i v i t y .  

Figure 5 is a sketch of t h e  probe mounted on aluminum p la t e s  which i n  

t u r n  are mounted on four  aluminum rods 0.5 inch (1.26 cm) in  diameter. We 

chose a high-power LED t h a t  de l ivered  6 mW a t  a 10' beam angle and an appro- 

p r i a t e  d e t e c t o r  (Texas Instruments TIL 31  and TIL-81, respec t ive ly) .  The 

d i s t ance  between t h e  LED and PT w a s  1.00 m. Dust was prevented from co l l ec -  

t i n g  on t h e  o p t i c a l  sur faces  of t h e  LED and PT by a stream of a i r  through t h e  

co l l imator  from t h e  compressed a i r  supply, which d id  no t  a f f e c t  t h e  dus t  

d i s t r i b u t i o n  s i g n i f i c a n t l y ,  because of its l o w  flow rate. The a i r f low w a s  

adjusted so t h a t  a pressure equi l ibr ium w a s  reached between the  co l l imator  

and t h e  monitoring space whenever dus t  was dispersed.  

systems were checked a t  least twice each day during t h e  t e s t  t o  make s u r e  

t h a t  t he  airsweeps were e f f e c t i v e  i n  preventing dus t  buildup. 

The a i r  stream 



15 

I 
'- 

The LED and PT were both powered by a 5V d.c. power supply. The 

electrical  c i r c u i t  is shown schematical ly  i n  F i g .  6 .  The r e s i s t o r  R was 

chosen t o  g ive  a l i g h t  i n t e n s i t y  t h a t  allowed the  PT t o  ope ra t e  i n  a l i n e a r  

range.  L inea r i ty  of t h e  response w a s  t e s t e d  and confirmed with a series of 

neut ra l -dens i ty  f i l t e r s  i n se r t ed  i n t o  the  l i g h t  beam. 

t o r ,  %, w a s  chosen t o  g ive  m a x i m u m  s e n s i t i v i t y  and t o  a l low i s o l a t i o n  i f  

m u l t i p l e  PT c i r c u i t s  were powered from t h e  same power supply.  

of R reduced t h e  response time of t h e  c i r c u i t s  t o  approximately 5 m s ,  an 

adequate  t ime f o r  most explosion tests. I f  f a s t e r  time response had been 

needed, a lower va lue  of R may have been used, a t  t he  expense of s e n s i t i v i t y .  

The 10 mil load resis- 

- 

The l a r g e  va lue  

2 

2 

111. RESULTS AND DISCUSSION 

A. Ambient Conditions 

T e s t s  were conducted a t  Fos to r i a ,  Ohio, between December 7 and 12,  1980. 

Snow had f a l l e n  t h e  week before .  Daytime temperatures were in  the  middle 40's 

and n igh t  time temperatures i n  the  upper 2 0 ' s .  Temperature in  t h e  basement of 

t h e  g r a i n  e l e v a t o r  where t h e  oil was appl ied was 30' F. 

B. Time Sequence of Tests 

Thir ty-eight  tests were conducted with corn,  wheat, and soybeans using 

water, soybean o i l ,  and mineral o i l  as test  addi t ives .  The time sequence of 

t h e  tests i s  given i n  Table 1 and i n  Figs.  7(1)-7(38). The dus t  concentrat ion 

as measured by two LED-PT p a i r s  are given in  Figs. 7(1) through 7(38) f o r  

a l l  38 tests. The d a t a  show t h a t  adding soybean o r  mineral o i l  reduced dus t  

emission a t  t h e  bin overspace,  an observat ion cons is ten t  with our f ind ings  

from t h e  high-volume a i r  samplers. 

In each of t he  first four  runs, 5000-bushel l o t s  were used. 

It w a s  assumed i n i t i a l l y  t h a t  a i rbo rne  dus t  i n s ide  t h e  test bin would take 

t h e  longes t  time t o  reach equi l ibr ium and remain suspended longer a f t e r  g ra in  
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s topped flowing t h a n  t h a t  of t he  dus t  a t  sample si tes B and C. 

vented through a d u s t  con t ro l  duct whereas t h e  b i n  was no t  vented. 

w a s  an open a r e a  where windows and o the r  i n f i l t r a t i o n  sources  caused n a t u r a l  

v e n t i l a t i o n .  

a cons i s t an t  and r ap id  dus t  cloud build-up r a t e  during t h e  f i r s t  minute of 

g r a i n  flow followed by a f l u c t u a t i n g  but  r e l a t i v e  constant  dus t  cloud (Fig. 

7(1)-7(4). When g r a i n  flow stopped. t h e  rate of dus t  cloud d i s s i p a t i o n  vas 

much slower than t h e  rate of accumulation. It w a s  a l s o  observed t h a t  even 

though t h e  d u s t  cloud concentrat ion did not r e t u r n  t o  background OK pretest  

l e v e l  between success ive  r ep l i ca t ed  t e s t s ,  t h e  next  test  produced the  same 

a t t e n u a t i o n  p a t t e r n  and was e s sen tua l ly  an extension of t h e  f i r s t  pa t te rn .  

In  o t h e r  words, tests could be run back t o  back without introducing e r r o r s  

due t o  carry-over. Consequently, a f t e r  t h e  f i r s t  four  runs 2500-bushel l o t s  

were used t o  produce a g r a i n  flow rate of 10,000 bushe ls /hr  a t  a ruaaiag time 

of about 15 minutes.  

S i t e  B w a s  

S i t e  C 

The l i g h t  a t t enua t ion  da ta  from the  four in i t ia l  tests showed 

Because w e  were l imi t ed  by a t i g h t  schedule ,  w e  conducted tests con- 

t i n u a l l y .  W e  r e a l i z e d  t h a t  with t h i s  procedure some f i n e  d u s t  from a 

previous run w a s  probably hanging i n  t h e  a i r  when t h e  next  test was s t a r t e d ,  

and the re fo re ,  d u s t  w a s  ca r r i ed  from one tes t  t o  t h e  next .  It would have been 

b e n e f i c i a l  t o  have conducted an i d e n t i c a l  test on t h e  g r a i n  handling system 

wi th  no g r a i n  present ,  i n  order  t o  have made an estimate of t he  background 

dus t  concent ra t ion  and accumulation in  t h e  system. 

C. Grain Samples 

The mois ture  content and broken corn and fo re ign  ma te r i a l  content of 

Al1,moisture  contents  were under 15.52, corn samples a r e  given i n  Table 2. 

t h e  l i m i t  f o r  No. 2 corn,  and ranged between 14.3 and 15.5%. The 5000-bushel 

test l o t s  f o r  t e s t s  1-4 had over 3.0% broken corn and fo re ign  mater ia l  which 

would make these  l o t s  grade l e s s  than No. 2 c o r n .  Most 2500-bushel corn test 
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l o t s  had less t h a n  3.0% BCFM. Test No. 37 had the  h ighes t  B C M  with 4.12, 

but  t h e  sample sent t o  the  BAR (Board of Appeals and Review) had only 3.0% 

and w a s  graded No. 2 corn. The appl ica t ion  of up t o  0.33% water d id  not 

increase t h e  moisture  conten ts  above t h e  levels measured i n  t h e  con t ro l s .  

After t h e  tests, samples of both the  cont ro l  corn and t r e a t e d  corn  

were sent in p l a s t i c  bags t o  t h e  Board of Appeals and Rev iew f o r  grading. - 

The r e s u l t s  are given in Table 3. For test No. 1, con t ro l  test ,  t h e  odor 

w a s  r a t e d  COFO (commercially objec t ionable  foreign odor).  Test  No. 37 odor  

was graded musty and test No. 36 odor w a s  graded COFO. even though both were 

t r e a t e d  with mineral  o i l .  

d e s p i t e  t h e  fact  t h a t  they were t r e a t e d  with vegetable  o i l .  

odor, samples from tests Nos. 36 and 37 were graded a s  sample grade yellow 

corn. 

The o the r  t h ree  samples were graded No. 2 corn  

Because of t h e  

T e s t  No. 1 w a s  graded sample grade'because of h igh  BCFM (>7%). 

The moisture  and f i n e  material content of wheat are given i n  Table 4. 

The mois ture  content  ranged between 11.5 and 12.2%. and t h e  f i n e  m a t e r i a l  

content  ranged from 0.26% t o  1.58%. 

samples are given i n  T a b l e  5. 

vege tab le  o i l  was graded as COFO. 

Board of Appeal grad ings  of t hose  

Only the  0.06% l e v e l  sample t r e a t e d  with 

The moisture  content and f i n e  mater ia l  content of soybeans a r e  given 

in  Table 6 .  The moisture  content  ranged from 11.2% t o  11.7%. T e s t  No. 31 

had t h e  h ighes t  f i n e  material content  (9.01%). 

a r e  given in T a b l e  7. 

were graded as No. 1 yellow soybeans. 

BAR gradings of t h e  samples 

No objec t ionable  odor w a s  de tec ted  and a l l  the samples 

D. Dust Emission 

1. Corn 

a. Dust concentrat ions 

Table 8 presents the  concentrat ions in s ide  the enclosed t r a n s f e r  b e l t  

before  en te r ing  t h e  boot,  a t  t h e  open ga l l e ry ,  and i n s i d e  t h e  bin overspace 
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where t h e  b i n  was being f i l l e d ,  as  well a s  t he  dus t ines s  of each cont ro l  g r a i n  

sample measured by t h e  drop t e s t .  For comparison, da t a  were recorded when 

t h e  dus t  c o n t r o l  system of the  e leva tor  was turned on and when i t  was o f f .  

The Hi-Vol sampler a t  t he  g a l l e r y  (C, Fig. 1) w a s  operated a t  28 cfm during 

t h e  f irst  4 tes ts ,  and from t e s t  No. 5 on, was operated a t  60 cfm ( f u l l  

vo l t age ) .  However, the Hi-Vol sampler i n s t a l l e d  a t  the enclosed b e l t  

(B, Fig. 1). had no Variac transformer ava i l ab le  to  con t ro l  motor speed 

( a i r f low r a t e ) .  The d a t a  i n  Tables 8 and 9 show t h a t  higher  dust  concentra- 

t i o n s  were measured a t  28 c f m  than were measured a t  60 cfm. In other words, 

a 60 cfm a i r f l o w  r a t e  i n  the open area  removed dus t  p a r t i c l e s  f a s t e r  than 

t h a t  of 2 8  cfm a i r f low rates. 

Water w a s  appl ied a t  l eve l s  of 0.174, 0.30%. and 0.33% (Table 9) .  When 

t h e  dus t  c o n t r o l  system was o f f ,  t he  dust  concentrat ion i n s i d e  equipment a t  
3 3 the pre-leg averaged 0.860 gm/m and was reduced t o  0.459 gm/m 

system was on. 

and 52.1% f o r  0.30% added water (Table 10). This reduct ion  indicates  t h a t  

t h e  e f f e c t  is evident  15 seconds a f t e r  appl ica t ion  ( i t  took 15 seconds f o r  

t h e  g ra in  t o  travel from t h e  point of appl ica t ion  t o  t h e  point  of dust  

measurement) and t h a t  it has  taken e f f e c t  before  the  g r a i n  entered t h e  boot of 

t h e  l e g  when t h e  dus t  cont ro l  system is o f f .  

w a s  on, a n  a p p l i c a t i o n  of 0.18% water reduced t h e  dus t  concentration a t  t h e  

g a l l e r y  from 0.008 gm/m and app l i ca t ion  of 0.30% reduced i t  

3 f u r t h e r  t o  0.0017 gm/m . This reduction corresponds t o  20.0% f o r  0.18% 

added water and 77.3% f o r  0.30% added water. Grain dus t iness  w a s  decreased 

s u b s t a n t i a l l y  by a t  l e a s t  one order  of magnitude. 

when the  

The percentage of reduction was 41.2% f o r  0.18% added water 

When the d u s t  cont ro l  system 

3 3 t o  0.006 g d m  

When t h e  dus t  cont ro l  system was o f f ,  concentrat ion of dust  a t  t h e  

ere-leg was s u b s t a n t i a l l y  increased, but t h e  concentrat ion in the  bin over- 

space remained the  same. This observation is  expected because there was no 
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c o n t r o l  system i n s i d e  the g ra in  bin. 

were not  measurably a f f ec t ed  by turning of f  the dust c o n t r o l  system. 

observat ion is cons i s t en t  with the  f a c t  t h a t  t he  dust  c o n t r o l  system w a s  not  

intended t o  remove any dust  from t h e  grain.  

The drop t e s t s  f o r  g r a i n  dus t ines s  

This  

The r e s u l t s  found w i t h  o i l  add i t ives  a r e  s i m i l a r  t o  those found f o r  

0.3X water.  

soybean o i l  a r e  descr ibed  in Table 11. 

Concentration of dust  i n  experimental l o t s  of corn t r e a t e d . w i t h  

Three l e v e l s  of o i l  were used, 0.03, 

0.06. and 0.10%. The dus t  concentrat ion a t  the pre-leg w a s  not a f f ec t ed  much 

by t h e  a p p l i c a t i o n  r a t e ,  which might have been due t o  inadequate  mixing. 

After  en te r ing  t h e  boot ,  t h e  dus t  concentrat ion a t  t he  g a l l e r y  was reduced by 

h a l f ,  and a t  t he  b i n  overspace it was reduced by one o rde r  of magnitude. 

S i g n i f i c a n t l y ,  t h e  dus t ines s  of t h e  g r a i n  i t s e l f  was reduced by at  l e a s t  two 

orders  of magnitude. Again the  dus t  concentrat ion in t h e  b i n  overspace d i d  

not i nc rease  when t h e  dus t  con t ro l  system w a s  turned o f f .  

When t h e  dus t  con t ro l  system w a s  on, an app l i ca t ion  r a t e  of 0.03% 

soybean o i l  reduced the  dus t  concentrat ion a t  pre-leg by 17 .2% (Table 12) .  

The percentage of reduct ion increased t o  46.7% when t h e  concent ra t ion  w a s  

measured a t  t h e  g a l l e r y .  The most dramatic reduct ion w a s  shown by the  drop 

t e s t  (97.42). The reduct ion of dust  i n the  bin overspace w a s  70.9%. When the  

dus t  c o n t r o l  system w a s  on, t h e  reduct ion i n  dust  concent ra t ion  a t  g a l l e r y ,  

drop t e s t ,  and b in  overspace remained t h e  same. However, t h e  reduct ion i n '  

pre-leg dust  concent ra t ion  w a s  by 42X. This observat ion is i d e n t i c a l  t o  t h a t  

seen when water w a s  added. 

The d u s t i n e s s  of experimental l o t s  of corn t r e a t e d  with mineral  o i l  

a r e  descr ibed i n  Table 13; percentage reduct ions a r e  given i n  Table 1 4 .  We 

observed t h e  same reduct ions i n  dust emission when t h e  corn was t r e a t e d  with 

soybean o i l .  



b. p a r t i c l e  s i ze  ana lys i s  

The a i r  ve loc i ty  a t  t h e  sur face  of t h e  Hi-Vol f i l t e r s  a t  t h e  desig- 

na ted  sampling r a t e  was 25.6 cmisec (28 cfm x 12 x 12 x 254)/(8 x 10 x 60). 

t h e  terminal ve loc i ty  of an 8511 diameter p a r t i c l e ,  t he  downward s e t t l i n g  

v e l o c i t y  of che p a r t i c l e s ,  due t o  g rav i ty ,  being g r e a t e r  than  t h e  upward 

capture  a i r  ve loc i ty .  A l l  t h e  p a r t i c l e  s i z e  analyses  of t h e  dus t  co l lec ted-  

by Hi-Vol a i r  samplers showed t h a t  less than 1% of t h e  p a r t i c l e s  were larger 

than 8% diameter.  A l l  t h e  p a r t i c l e  s i z e  ana lyses  of the t a i l i n g  dust col-  

l e c t e d  showed t h a t  t h e  t o t a l  weight of p a r t i c l e s  g r e a t e r  than 125u diameter 

exceeded 6.52. 

Hi-Vol samples and t a i l i n g  dus t  samples p o i n t s  out  one d i f f i c u l t y  i n  obta in ing  

r ep resen ta t ive  sampling i n s i d e  enclosed equipment with Hi-Vol a i r  samplers. 

The dus t  c o l l e c t i n g  system, with its l a r g e  a i r f l o w  rates and high air  

v e l o c i t i e s ,  w a s  designed t o  con t ro l  and c o l l e c t  much l a r g e r  dus t  particles 

than a Hi-Vol a i r  sampler w a s  designed t o  sample. 

The d i f f e rence  i n  quant i ty  of l a r g e  dus t  p a r t i c l e s  between 

Representat ive r e s u l t s  of t h e  p a r t i c l e  s i z e  ana lys i s  of Hi-Vol dus t  

samples from corn i n  t h e  enclosed b e l t  a r e  given i n  Table 15. When the  dus t  

c o n t r o l  system was on, t he  diameter of dus t  p a r t i c l e  co l l ec t ed  by the Hi-Vol 

f i l t e r  a t  t h e  enclosed b e l t  averaged 8 . 2 ~  compared t o  12u f o r  s imi l a r  tests 

wi th  t h e  dus t  con t ro l  system o f f .  W e  conclude from t h e  d a t a  t h a t  t h e  dus t  

concent ra t ion  measured by t h e  Hi-Vol samplers in  t h e  enclosed b e l t  were lower 

than the concentrat ion would have been i f  h igher  a i r f low rates were maintained 

during t h e  sampling. However, i n  most t e s t s  with t h e  dus t  con t ro l  system o f f ,  

t h e  Hi-Vol f i l t e r  i n  t h e  enclosed b e l t  became loaded with dus t  before the  

test w a s  completed. Those dust concentrat ions were r ep resen ta t ive  of t h e  

f i r s t  one-third t o  two-thirds of t he  test. 

Resul ts  from the  labora tory  and p i l o t  t e s t s  conducted a t  USGXRL showed 

t h a t  add i t ives  reduced s i g n i f i c a n t l y  the  amount of dus t  par t ic les  with 
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diameters  less than 125u in diameter (hi e t  a l . ,  1981). There was a similar 

reduct ion  i n  f i n e  dus t  emissions i n  these tes ts .  

bu t ion  of dus t  c o l l e c t e d  a t  t h e  enclosed b e l t  s i t e  ( s i t e  B. F i g .  1) with  t h e  

dus t  c o n t r o l  system o f f  a r e  given in Table 16. 

f i n e  dus t  emission occurred i n  corn t r ea t ed  with mineral o i l  a f t e r  3 months 

of s torage .  

extra handling of t h e  g ra in  from t h e  s to rage  bin through the  bucket e l e v a t o r  

and r e t u r n  t o  t h e  b in .  

reducing f i n e  dus t  15 seconds a f t e r  appl ica t ion  than d id  t h e  appl ica t ion  of 

e i t h e r  o i l  a t  any level  t e s t ed .  The treatment with vegetable  o i l  appeared t o  

have very l i t t l e  e f f e c t  on any of t he  th ree  g r a i n s  a t  t h e  enclosed b e l t  site. 

The p a r t i c l e  s i ze  d i s t r i -  

The l a r g e s t  reduction of 

The reducrion may be  due t o  t h e  a d d i t i o n a l  mixing as a result of 

The 0.30% water treatment had a g r e a t e r  e f f e c t  i n  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  f o r  t h e  dus t  co l l ec t ed  from the open 

b e l t  s i te  ( s i t e  C,  Fig.  1) wi th  t h e  dust  con t ro l  system o f f  is given i n  Fig. 

17. The a p p l i c a t i o n  of 0.30% water a l s o  s i g n i f i c a n t l y  reduced the  amount of 

f i n e  dus t  co l l ec t ed .  The a d d i t i o n a l  mixing and tempering allowed both o i l  

t rea tments  t o  increase in bene f i t  and equal t h a t  of water treatment a t  t h e  

open b e l t  s i t e .  

The p a r t i c l e  s ize  d i s t r i b u t i o n  f o r  dus t  co l l ec t ed  i n s i d e  the test  b i n  

( s i t e  E, Fig.  1) with  dus t  c o n t r o l  system off is given i n  Table 18. Every 

o i l  treatment a t  t h i s  s i t e  w a s  more e f f e c t i v e  than a t  s i t e s  B and C as 

evidenced by t h e  reduct ion  i n  f i n e  p a r t i c l e  emission. In T a b l e  16,  t h e  d a t a  

show t h a t  corn  t r e a t e d  with mineral  o i l  continued t o  diminish in f i n e  par- 

t i c l e  emission dur ing  the  3-monrh i n t e r v a l ,  but a t  s i t e  C (Table 17) and 

s i t e  E (Table 18) t h e  improvement appeared t o  decrease during the  second 

handling. Apparently the  f a c t o r s  of aging and absorpt ion had reduced t h e  

a b i l i t y  of  mineral o i l  t o  conta in  f i n e  dust .  



2.  Wheat 

Dustiness of con t ro l  l o t s  of wheat without addi t ives  are s m a r i z e d  i n  

The dus t  con t ro l  system of  the  f a c i l i t y  s i g n i f i c a n t l y  a f fec ted  t h e  Table 19. 

d u s t  concentrat ion a t  t h e  pre-leg b e l t  and ga l l e ry  be l t .  

t h e  g ra in  a s  measured by the  drop test a l s o  appeared to  be a f fec ted  s i g n i f i -  

can t ly  by t h e  d u s t  con t ro l  system and indica tes  t ha t  t h e  dus t  cont ro l  system 

removed s u b s t a n t i a l  amounts of dus t  and f i n e  material from t h e  wheat, al though 

t h e  d i f f e rence  could a l s o  have been caused by va r i a t ions  i n  dust iness  of 

d i f f e r e n t  l o t s  of gra in .  

t i o n  i n  d u s t  concentrat ion w a s  s imi l a r  t o  tha t  of corn (Table 20) .  The 

d i f f e rences  in reduct ion due to  varying o i l  concentrations (0.03 or  0.06%) 

were i n s i g n i f i c a n t .  

be less e f f e c t i v e  on wheat than on e i t h e r  soybeans o r  corn. 

t h a t  the  use  of 0.03% o i l  s i g n i f i c a n t l y  and cons is ten t ly  reduced dust  emission. 

However, when w e  t e s t ed  gra in  dus t iness ,  t h e  grain samples t r ea t ed  with 0.06% 

o i l  were less dusty than those t r ea t ed  with 0.03% o i l .  

The dust iness  of 

When soybean o i l  was applied t o  wheat, the reduc- 

Any add i t iona l  mixing of the  o i l  and wheat appeared t o  

Yet, w e  found 

Three levels of soybean o i l  were added to  wheat. They were 0.02,  0.03, 

The percentage reduct ion in  dus t  concentration a t  the  pre-leg and 0.06%. 

ranged from 21.3% t o  63.3% (Table 2 1 ) .  The percentage reduct ion a t  t h e  gal-  

l e r y  ranged from 28.6% t o  75.0%. The drop test cons i s t en t ly  showed a 95.9% 

reduct ion of dus t .  A s i g n i f i c a n t  reduction of f i n e  p a r t i c l e  emission occurred 

at  t h e  test b i n  ( S i t e  E, F i g .  l), but took longer than e i t h e r  soybean o r  corn. 

This comparative delay f o r  wheat compared t o  corn o r  soybeans could be 

related to  t h e  l a r g e r  sur face  a rea  fo r  wheat. The reduct ion i n  bin overspace 

dus t ines s  w a s  89.3% a t  0.06% soybean o i l  when t h e  dus t  con t ro l  system w a s  

turned o f f .  These percentages of reduction c l ea r ly  ind ica t e  the  value of 

o i l  treatments i n  reducing the  concentration of dust  t h a t  a cont ro l  system 

must handle. 
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3. Soybeans 

Gust iness  of con t ro l  l o t s  of soybeans without a d d i t i v e s  a r e  recorded 

The dus t  concent ra t ion  i n  t h e  bin overspace s i g n i f i c a n t l y  in- in T a b l e  22. 

creased whether t h e  dus t  c o n t r o l  system w a s  turned on o r  o f f .  

tests showed t h a t  when t h e  dus t  c o n t r o l  system was of f  t h e  dus t iness  of t h e  

g ra in  w a s  lower than when t h e  system w a s  on. The discrepancy may b e  due to 

t he  v a r i a t i o n  in dus t ines s  between l o t s  of soybeans o r  t o  t h e  segregat ion of 

f i n e  material i n t o  one l o t .  

from t h e  app l i ca t ion  of soybean o i l  t o  soybeans. 

those observed f o r  wheat t r e a t e d  with soybean o i l .  

However, drop 

Table 23 gives t h e  reduct ion  in dus t  emission 

The r e s u l t s  a r e  s i m i l a r  t o  

The percentage of reduct ion  i n  dust  concentrat ion from t h e  app l i ca t ion  

! 

of soybean o i l  t o  soybean is given i n  Table 24. 

dus t ines s  may expla in  t h e  dus t  reduct ion  of only 1.8% when 0.03% soybean o i l  

w a s  employed. The percentage of dus t  reduction a t  g a l l e r y  and bin overspace 

loca t ions  appeared t o  be c o n s i s t e n t  with those f o r  corn and wheat. 

Var ia t ions  i n  g ra in  l o t  

E. Collected Ta i l ing  Dust 

The amount of dus t  c o l l e c t e d  a t  four  loca t ions  (work f l o o r ,  garner, 

g a l l e r y  f l o o r ,  and D house) i n s i d e  t h e  f a c i l i t i e s  a r e  summarized i n  Table 25. 

The dus t  saved ( lb .  dus t  from con t ro l  l o t  minus l b .  d u s t  from t r ea t ed  l o t )  i s  

a l so  given. Without an a d d i t i v e ,  t h e  dus t  co l lec ted  by the dus t  con t ro l  sys- 

ten was on t h e  order  of 400/5000/56 = 0.14%. In o the r  words, t h e  l o s s  through 

t h e  dus t  c o n t r o l  system w a s  approximately 0.14% each time gra in  was handled. 

When.an a d d i t i v e  w a s  used, t h e  loss was reduced t o  0.035% o r  l e s s .  This ob- 

s e rva t ion  means only one-fourth of t h e  dust  component of g ra in  was d ispersed  

when o i l s  o r  water were added. 

The e f f e c t  of d i f f e r e n t  add i t ives  and d i f f e r e n t  l e v e l s  of treatment 

on c o n t r o l l i n g  t h e  t a i l i n g  dus t  co l l ec t ed  by the  dus t  c o n t r o l  system a t  t h e  

work f l o o r  is given i n  Fig. 8. Apparently soybeans t r e a t e d  with vegetable  
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o i l  were hardly affected.  

a t  e a r l y  mixing. 

garner ,  and gra in  bin a r e  given i n  Figs. 9, 10,  and 11, respec t ive ly .  

t o t a l  dus t  co l l ec t ed  is given i n  Fig. 12. 

Corn t r ea t ed  with soybean o i l  showed some e f f e c t  

S i m i l a r  p l o t s  fo r  the  dus t  co l l ec t ed  a t  t h e  ga l l e ry  f l o o r ,  

The 

The p a r t i c l e  s i ze  d i s t r i b u t i o n  of g ra in  dus t  co l l ec t ed  a t  the work 

f l o o r  af ter  2500 bushels of gra in  had been handled is given in Table 26. 

t o t a l  weight of dus t  co l lec ted  from gra in  t r ea t ed  with water was g rea t e r  than t h e  

weight of t h e  dus t  co l lec ted  without an add i t ive ,  inferr ' ing t h a t  a substan- 

t i a l  amount of water w a s  probably i n  t h e  dust .  

The 

In our  previous p i l o t  test  

(Lai e t  a l .  1979), the  moisture content of dus t  t r e a t e d  with 0.5% water was 

found t o  range between 40 and 50%. 

garner  per 2500 bushels of gra in  handled is given in Table 27. There w a s  a 

s u b s t a n t i a l  reduction in t h e  f i n e  dust  col lected.  The d a t a  were cons i s t en t  

with t h e  f a c t  t h a t  during t h e  test t h e  observer w a s  a b l e  t o  see 

t h e  g r a i n  flowing f o r  those cases when g ra in  w a s  t r e a t e d  with addi t ives .  

p a r t i c l e  d i s t r i b u t i o n  of g ra in  dust  co l lec ted  a t  g a l l e r y  f o r  handling 2500 

bushels of gra in  is given i n  Table 28. 

enclosed b i n  space is given i n  T a b l e  2 9 .  

a t  work f l o o r .  

S imi la r ly ,  t h e  dus t  co l l ec t ed  a t  t h e  

The 

Simi la r ly ,  t h e  d u s t  co l lec ted  i n  t h e  

The t rend is cons is ten t  with those 

There were large d i f fe rences  in t h e  t o t a l  amount of t a i l i n g  dus t  col-  

l e c t e d  on t h e  f i r s t  t e s t  and col lected a f t e r  t h e  g ra in  had been s tored  f o r  

3 months both f o r  t h e  t e s t  l o t s  and con t ro l  l o t s  (Table 25). The t o t a l  weight 

of dus t  co l l ec t ed  always increased according to  t h e  amount of water added 

during t reatment ,  obviously due to  high moisture content .  

s to rage ,  no dust  w a s  co l lec ted  by the  work f l o o r  dus t  con t ro l  system. The 

o i l - t r e a t e d  corn was handled f i r s t  followed by t h e  con t ro l  t e s t  (without 

a d d i t i v e ) .  

e r r o r ,  any r e s u l t s  derived from data  on t h e  amount of t a i l i n g  dus t  co l l ec t ed  

After 3 months of 

Because both of these  f ac to r s  produce a s i g n i f i c a n t  margin of 
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by t h e  dus t  con t ro l  system should be in te rpre ted  w i t h  caut ion.  

the errors due t o  i n e f f i c i e n t  by-pass a l t e r a t i o n  of t h e  dus t  con t ro l  system 

introduced during t h e  c o l l e c t i o n  of ind iv idua l  samples a r e  d i f f i c u l t  to  

a s ses s .  

S imi l a r ly ,  

F. Effec t  of Additive Treatment 

W e  evaluated the e f f e c t s  of water and o i l  treatment s epa ra t e ly ,  Sitice 

In the  a p p l i c a t i o n  levels f o r  t h e  two add i t ives  were qu i t e  d i f f e r e n t .  

genera l ,  t h e  treatment with water required an amount one order  of magnitude 

g r e a t e r  than treatment with e i t h e r  mineral  o r  deodorized soybean o i l .  

1. Water 

Water e f f e c t i v e l y  reduced dust  emission a t  t h e  pre-leg b e l t ,  espec- 

i a l l y  when the  l e v e l  of treatment w a s  0.3% (Fig. 13). 

dust  emission a l s o  w a s  reduced s i g n i f i c a n t l y  (Fig. 14).  However, when t h e  

dust  con t ro l  system was o f f ,  t h e  dus t  emission w a s  l e s s  pred ic tab le .  

dust  concent ra t ion  i n  the bin overspace w a s  affected l e s s  s i g n i f i c a n t l y  by 

t h e  l e v e l  of t reatment ,  e i t h e r  with the  dust  cont ro l  system on o r  of f  (Fig. 

1 5 ) .  This observation w a s  cons i s t en t  with t h e  readings from the  drop  tests 

(Fig. 1 6 ) ,  which is p red ic t ab le  

concentrat ion in t he  bin overspace is a large-scale drop t e s t .  

c o r r e l a t i o n  equation (Fig. 1 6 ) .  t h e  e f f e c t i v e  l e v e l  of water a s  an a d d i t i v e  

should be  around 0.5%. 

predic t ion .  Moreover, t h e  e f f e c t  of t h i s  l e v e l  of treatment on t h e  mold 

groveh and in sec t  i n f e s t a t i o n  has not  y e t  been studied. 

t h i s  experiment, i t  is s a f e  t o  s t a t e  tha t  the appl ica t ion  of 0.3% water 

would e f f e c t i v e l y  reduce dust  concentrat ions.  

A t  t he  ga l l e ry  f l o o r ,  

The 

s i n c e  i n  essence the measurement of dus t  

Based on t h e  

Eowever, no data  were ava i l ab le  t o  v e r i f y  t h i s  

Based on t h e  d a t a  of 

2 .  O i l  

Treatment w i t h  mineral  o i l  o r  deodorized soybean o i l  had l i t t l e  

e f f e c t  on reduct ion of dust emission a t  the enclosed b e l t  s i t e  (Figs .  17-23).  
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A t  t h e  pre-leg b e l t ,  e i t h e r  with t h e  dus t  con t ro l  system on or of f ,  the  l e v e l  

of o i l  t reatment  d id  not a f f e c t  the  dus t  concentrat ion (Figs.  17 and 18), bu t  

af ter  t h e  g r a i n  en te red ' t he  boot and passed through t h e  bucket e leva tor ,  t h e  

r e s u l t a n t  mixing produced a s i g n i f i c a n t  reduct ion i n  gallery dus t  concentra- 

t i on .  From t h e  da t a  i n  Figs .  19  and 20, we conclude t h a t  the  most e f f e c t i v e  

level of o i l  treatment is approximately 0.03%. The da ta  from bin  overspace. 

(Figs.  2 1  and 22) and drop tests (Fig. 23) support t h a t  conclusion. 

G. E f f e c t s  of 3 Months' Storage of Corn After Treatment with Mineral O i l  

We combined l o t s  of corn t r ea t ed  with 0.02 and 0.06% mineral  o i l  i n t o  

a s i n g l e  l o t  and s to red  t h e  combined corn l o t s  f o r  3 months. 

concent ra t ion  w a s  0.04% s i n c e  no add i t iona l  o i l  w a s  added after 3 months of 

s torage .  We a l s o  s tored  t h e  con t ro l  l o t  f o r  3 months and then made a t o t a l  

of 3 t e s t s  f o r  the  con t ro l  l o t  and 4 tests f o r  t h e  corn t r ea t ed  with mineral  

o i l  (Table 21) .  Because t h e  drop test instrument malfunctioned a f t e r  4 tests, 

we were not  a b l e  t o  ob ta in  da t a  f o r  the  l a s t  3 runs with the  dus t  con t ro l  

system o f f .  The-da ta  shown i n  Table 30 c l e a r l y  i n d i c a t e  t h a t  the  e f f e c t  of 

s to rage  i n  diminishing dus t  con t ro l  w a s  i n s ign i f i can t .  I n  f a c t ,  because of 

t h e  extra mixing a c t i o n  of handling, t h e  dus t  emission w a s  much lower after 

s torage .  But, i n  t h i s  case  as i n  a l l  the  tests, i t  is d i f f i c u l t  t o  access 

j u s t  how much of t h e  d i f fe rences  observed i n  t h e  r e s u l t s  are due to  v a r i a t i o n s  

i n  equipment, ind iv idua l  operators ,  and g r a i n  l o t s .  

The average o i l  



27 

N. CONCLUSIONS 

1. Water appl ied a t  a l e v e l  of 0.3% t o  corn reduced the  dus t  concen- 

t r a t i o n  by a t  least 80% on t h e  g a l l e r y  f l o o r .  

o i l  o r  minera l  o i l  appl ied a t  a l e v e l  of 0.052 reduced dus t  by more than 90%. 

A t  the same l o c a t i o n  soybean 

2. Water had the most e f f e c t  a t  t h e  pre-leg s i te  s h o r t l y  a f t e r  

app l i ca t ion  bu t  was less e f f e c t i v e  a t  t h e  g a l l e r y  and bin overspace. 

s i t u a t i o n  w a s  reversed f o r  o i l  t reatments .  

The 

3 .  The e f fec t iveness  of mineral  oil a s  a dust  c o n t r o l l i n g  a d d i t i v e  

was not  reduced a f t e r  g r a i n  had been s to red  fo r  3 months. 

4 .  Thorough mixing of t h e  g r a i n  following t h e  a p p l i c a t i o n  of an 

a d d i t i v e  is one of t h e  most c r i t i c a l  elements in the  success  of c o n t r o l l i n g  

dus t .  The t reatment  should be appl ied a t  an  e a r l y  s t age  of g ra in  flow from 

a bin.  The modif icat ions requi red  f o r  e f f e c t i v e  a p p l i c a t i o n  i n  e x i s t i n g  

i n s t a l l a t i o n s  a r e  minimal. 

5 .  L i t t l e  oil accumulated on t h e  equipment o r  the w a l l s .  This w a s  

due t o  proper mixing and t o  the  low treatment l e v e l  (~0.06%). 

6 .  Board of Appeals d id  not  c o n s i s t e n t l y  d e t e c t  t he  presence of 

soybean o i l  o r  mineral  oil on corn o r  wheat. 

7 .  The dus t iness  index developed in t h i s  work t o  measure the  d u s t i -  

ness of g r a i n  cons i s t en t ly  co r re l a t ed  w i t h  o ther  methods of dus t  measurement. 

8. 

tests, and thus  no conclusions can be  made concerning the  amount of mixing 

necessary t o  achieve optimal r e s u l t s .  

There were no v a r i a t i o n s  made i n  the degree of mixing i n  t h e  



RECOMMENDATIONS 

1 .  Additional research focusing on the f e a s i b i l i t y  of an oil-water 

additive treatment w o u l d b e  beneficial  (e .g .  9OX water and 10% o i l  a t  a 

treatment level of 0 . 3 X ) .  

2.  The dust col lected from grain treated with an additive contains 

some of the additive.  The explos ib i l i ty  characteristics of such dust 

should b e  determined. 
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Table 1. Time sequence of tests’ 
34 

Clock time h g r a i n  
Date T e s t  flow a t  e a l h r y  Grain Additive L m e l  Dust Test 

S t a r t  s t o p  % cont ro l  b i n  

Dec. 9 ,  1980 1 14:09 14:34 corn none none O n  360 
2 l5:02 15:30 corn none none on 371 
3 15:54 16:17 corn water .17 011 370 
4 16:51 17:16 corn water .17 O n  360 

Dec. 10, 1980 5 9:45 1o:oo corn water .30 On 360 
6 10:18 10:33 corn water .30 of f  360 
7 11:02 11:18 corn water .18 on 370 
8 11:33 11:48 corn water .18 off  370 

371 9 12:06 12:21 corn none none 011 
10 12:36 12:51 corn none none of f  371 

llb 14:46 14:51 corn water .33 of f  371 
1 2  15:05 15:20 corn none none 011 371 
13 16:15 16.30 corn veg. o i l  . l o  off 371 
14  16:38 16:53 corn veg. o i l  .10 O n  371 

Dec. 11, 1980 15 9:20 9:33 c o r n  veg. o i l  .06 off 371 

16‘ 9:47 10:02 corn veg. o i l  .06 offd  371 
1 7  10:17 10:32 corn veg. o i l  .06 on 371 
18 10:52 11:07 corn veg. o i l  .03 On 360 
19 U:16 11:31 corn veg. o i l  .03 of f  360 

20 13 : 1 9  13:34 w h e a t  none none off 360 
21 13:39 13.54 w h e a t  none none on 360 
22 14:04 14:19 w h e a t  veg. o i l  .06 off  371 
23 14:28 14:43 wheat veg. o i l  .03 off 371 
24 14:59 15:14 wheat veg. o i l  .03 on 370 
25 15:23 15:36 wheat veg. oil .02 of f  370 

26 16:OO 16:15 soybeans none none of f  360 
27 16:22 16:37 soybeans none none O n  360 

Dec. 12 ,  1980 28 8:45 9:oo soybeans veg. o i l  .06 off 370 
29 9:12 9:27 soybeans veg. o i l  .03 on 370 
30 9:42 9:57 soybeans veg. o i l  .03 off 370 
31  10:21 10:36 soybeans veg. o i l  .03 off 360 

32 10:53 11:08 wheat , veg. o i l  .08 off 371 
33 l l : 2 3  11:38 wheat veg. o i l  .04 off 371 
34 11:52 12:07 wheat  veg. o i l  .02 off 371 

35 14:19 14:34 corn min. o i l  .02 on 360 
36 1 4 : 4 4  14:59 corn min. o i l  .08 off  360 
37 15:07 15:22 corn nin.  o i l  .04 off  371 
38 15:34 1 5 : U  corn min .  o i l  .02 off 360 

No. 

%ot s i z e  f o r  Tests Sos. 1-4 is 5,000 bushels;  tests Nos. 5-38, 2,500 bushels. 

b W e t  corn  plugged spout a f t e r  5-6 n i n .  
‘jpray on top of g r a i n  stream only.  

dDust c o n t r o l  system on a t  work l e v e l .  
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Table 2. Moisture contents  and BCFM of corn samples 

Noisture content  B C M  Mo is t u r e  
Test 
No. Level Additive F i r s t a  ?-fiddleb LastC Average US- BAR BAR 

x z z % x x % 

Id  

Zd 
3d 
qd 

5 
6 
7 
8 
9 
10 

11 
12 
13 

14 

15 

16 

17 

18 

19 

35 
36 
37 
38 

Ag 
Bg 
Cg 
Dg 
Eg 
Fg 
Gg 

0.0 

0.0 
0.17 
0.17 
0.3 
0.3 
0.18 
0.18 
0.0 
0.0 

0.33 
0.0 
0.1 

0.1 

0.06 

I 

-- 
water 

water 

water 
water 
water 
water -- -- 
water 

vege tab le  

vege tab le  

vege tab le  

I 

0 il 

o i l  

o i l  
0.06 vegetab le  

0. 06 vegetab le  
o i l  

o i l  
0.03 vegetab le  

0 il 
0.03 vegetab le  

0 il 

15.19 
14.75 
14.85 
15.01 
14.81 
15.25 

15.20 
15.45 
14.99 

14.55 

14.81 

15.20 

14.81 

14.95 

14.71 

0.02 
0.08 
0.04 
0.02 

0.04; 
0. 04f 

0.04 
0.0 
0.0 
0.0 

0. 04f 

mineral  o i l  14.97 
mineral  o i l  15.01 
mineral  o i l  15.36 
mineral  oil 14.91 

mineral  o i l  15.62 
mineral  oil15.03 
mineral  o i l  15.44 
mineral  o i l  15.24 -- 14.65 - 14.05 -- 14.46 

15.09 
14.50 
14.61 
14.71 
15.20 
15.06 

15.06 
15.14 
14.50 

14.75 

15.40 

14.95 

14.95 

15.01 

14.71 

14.63 
15.20 
14.95 
14.82 

15.03 
15.64 
15.44 
14.85 
14.16 
14.36 
14.25 

15.29 
14.55 
14.22 
14.81 
15.06 
15.01 

15.29 
15.34 
14.55 

14.95 

15.40 

15.14 

15.01 

14.91 

14.71 

15.02 
14.88 
14.91 
15.22 

14.92 
15.51 
15.24 
14.85 
14.44 
14.75 
14.26 

15.2 
14.6 
14.8 
14.9 
15.0 
15.1 

15.2 
15.3 
14.7 

14.8 

15.2 

15.1 

14.9 

15.0 

14.7 

14.9 
15.1 
15.1 
15.0 

15.2 
15.4 
15.4 
15.0 
14.4 
14.4 
14.3 

10.5 
5.3 
7.2 
6.5 

3.3 

2.2 

1.9 

1.1 

1.4 

1.5 

2.4 
2.7 
4.1 
2.5 

2.7 
3.0 
2.6 
2.8 
2.3 
3.7 
2.6 

11.3 

2.3 

1.4 

1.4 

2.4 
1.3 
3.0 

14.8 

15.0 

14.8 

14.5 

14.5 
14.6 
14.6 

%om t e s t  NO. 37. 
fAverage of t e s t  Nos. 35, 36, 36. 
'After 3 months' s to rage .  

a 

bSamples c o l l e c t e d  a t  the middle of the t e s t .  

dSamples were nor co l l ec t ed .  

Samples c o l l e c t e d  a t  the beginning of  the t e s t .  

Samples  c o l l e c t e d  a t  the end of the  t e s t .  C 
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T a b l e  4. Moisture and f i n e  material contents of  wheat samples 

T e s t  
No. L e v e l  Addit ive F i r s t a  Middleb LastC Average materials 

Fine Moisture content 

% x % x % x 

20 0.0 
21 0.0 
22 0.06 
23 0.03 
24 0.03 
25 0.02 
32 0.06 

33 0.03 
34 0.02 

veg. o i l  

veg. o i l  

veg. oil 
veg. o i l  

veg. oil 
veg. oil 
veg. o i l  

11.71 
12.38 
12.09 
11.61 
11.61 
11.75 
11.55 
11.56 

11.69 

ll.85 
12.22 
12.36 
11.84 
11.36 
12.09 

. 11.41 
12.03 

11.98 

12-38 
12.13 
11.99 
11.65 
11.51 
12.27 
11.41 
11.70 
12.63 

12.0 
12.2 
12.1 
11.7 
11.5 
12.0 
11.5 
11.8 
12.1 

0.26 
0.34 
0.36 
0.38 
0.49 
0.31 
0.39 
0.53 
1.58 

~ 

Samules co l l ec t ed  a t  t h e  beginning of t h e  t e s t .  a 

bSamples c o l l e c t e d  a t  the  middle of t he  test. 
‘Samples c o l l e c t e d  a t  the  end of t h e  test. 
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Table  6. Moisture and f ine  material contents of soybean samples 

T e s t  
NO. Level Additive F i r s t a  Middleb LastC Average materials 

Fine Moisture content 

% 4 % % x % 

26 0.0 - 11.13 11.24 11.15 11.2 2.36 
27 0.0 -- ll.41 11.15 ll.07 11.2 1.49 
28 0.06 veg. o i l  11.18 11.29 11.69 11.4 1.68 

29 0.03 veg. o i l  11.29 11.28 11.32 11.3 2.34 

30 0.03 veg. o i l  11.31 11.19 11.14 11.2 1.91 
31 0.03 veg. o i l  11.60 11.64 11.73 11.7 9.01 

Samples co l l ec ted  at the beginning of the test. a 

bSamples co l lected  at  the middle of the test. 
C Samples co l lected  at the end of the test. 
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Table 8. Control  l o t s  of corn  without a d d i t i v e s  

Pre-leg Gallery 
Dust c o n t r o l  enclosed open Drop test Bin overspace 

system b e l t  dus t  b e l t  dus t  dus t  enclosed d u s t  
concent ra t ion  concentrat ion concentrat ion concentrat ion . 

- i m 3  - 1 ~ 3  g m ~ m 3  g m ~ m 3  

0.013 0.334 . 2.77 on 

0.012 0.347 2.55 on 

0. 007d 0.310 3.08 on 

on 0.860 0. OOad 0.227 3.63 

o f f  17.01' 1. 317d 0.406 3.17 

b 

b 

b 

-- a 

a -- 
-- 

5,000-bushe l ' t es t  l o t .  a 

bData no t  ava i l ab le .  

' F i l t e r  became loaded and sampling was stopped before end of test. 

dHi-Vol sampling rate a t  60 cfm. 
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T a b l e  9. Experimental l o t s  of corn t r e a t e d  with water as an a d d i t i v e  

Pre-leg Gal lery 
Level of Dust c o n t r o l  enclosed open Drop test Bin overspace 
a d d i t i v e  system b e l t  dus t  b e l t  dus t  d u s t  enclosed dus t  

concent ra t ion  concent ra t ion  concent ra t ion  concentrat ion 
m ~ m 3  mtm3 g m ~ m 3  m ~ m 3 .  

0. 17a on 0.010 0.217 1.98 b 

b 

- 
0.17a on 0.011 0.168 2.00 - 
0.18 on 0.506 0.006 0.109 2.69 

0.30 On 0.412 0.017 0.150 2.35 

d 

d 

0.18 off 13.50' 0. 214d 0.177 1.90 

0.30 off 3.38 0.26Sd 0.133 1.92 

0.33 off 6-50' 0. 117d 0.090 1.98 

a5,000-bushel t e s t  l o t s .  

bData not  a v a i l a b l e .  

F i l t e r  became loaded and sampling was stopped before  end of tes t .  C 

%i-Vol sampling rate a t  60 cfm. 
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Table 10. Percentage reduct ions i n  dus t  concentrat ion f o r  experimental  l o t s  of corn 
t r e a t e d  w i t h  water a s  an  a d d i t i v e  

Pre-leg Gallery 
open Drop t e s t  Bin overspace 

b e l t  d u s t  b e l t  dus t  dust  enclosed dus t  
concent ra t ion  concentrat ion concent ra t ion  concent ra t ion  

Level of Dust c o n t r o l  enclosed 
a d d i t i v e  system 

x z x z x 

0. 17a on 20.0  3 6 . 4  25 .6  

0 .  17a On 12.0 SO,. 7 24 .8  

b 

b 

- 
I 

0 .18  On 41 .2  20 .0  59.5 1 9 . 8  

0 . 3 0  on 52.1 7 7 . 3  4 4 . 2  3 0 . 0  

0 . 1 8  off 23.3  83 .8  5 6 . 4  4 0 . 1  

0 . 3 0  off 8 0 . 1  79 .9  6 7 . 2  3 9 . 4  

0 . 3 3  off 61.8 91.1 7 7 . 8  3 7 . 5  

5,000-bushel test l o t s  a 

% a t a  no t  a v a i l a b l e  
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T a b l e  11. Experimental l o t s  of corn treated with soybean o i l  as an a d d i t i v e  

Pre-leg Gallery 
Level of Dust c o n t r o l  enclosed open Drop tes t  Bin overspace 
a d d i t i v e  system b e l t  dus t  b e l t  d u s t  d u s t  enclosed d u s t  

concentrat ion concentration concentrat ion concentrat ion 
x mim3 gmim3 pmim3 g m ~ m 3  

0.03 on 0.712 0. 004d 0.007 0.975 

0.06 on 0.662 0.006d 0.004 0.585 

0.10 on 0.746 0. 003d 0.003 0.921 

0.03 off 9. 87c 0.082 0.008 0.711 

0.06 of f  12.06' 0.060 0.007 0.585 

0.10 of f  10. 12c 0.075d 0.003 0.835 

0. 06a o f f b  0.919 0.099 0.003 0.717 

d 

d 

d 

a 

bDust c o n t r o l  system on a t  pre-leg b e l t  only. 

Top sprayer  on only. 

C F i l t e r  became loaded and sampling was  stopped before end of test.' 

%i-Vol sampling rate a t  60 cfm. 
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T a b l e  12. Percentage reduct ion in dus t  concentrat ion f o r  experimental  l o t s  of corn  
t r e a t e d  wi th  soybean oil a s  an  a d d i t i v e  

Pre-leg Gal lery 
Bin overspace Level of Dust c o n t r o l  enclosed open Drop test 

a d d i t i v e  system b e l t  d u s t  b e l t  dus t  d u s t  enclosed dus t  
concentrat ion concentrat ion concent ra t ion  concent ra t ion  

9. x x 9: x 
0 . 0 3  on 1 7 . 2  46.7 9 7 . 4  7 0 . 9  

0 . 0 6  on 23.0 20.0 9 8 . 5  8 2 . 6  

0.10 on 13.3  6 0 . 0  9 8 . 9  7 2 . 5  

0 . 0 3  off  42.0  9 3 . 8  98 .0  7 7 . 6  

0 . 0 6  off  29 .1  9 5 . 4  9 8 . 3  8 1 . 5  

0.10 of f  40.5  9 4 . 3  9 9 . 3  73 .7  

0. 06a o f f b  94.6 92 .5  9 9 . 3  7 7 . 4  

a 

bDust c o n t r o l  system on a t  pre-leg b e l t  only. 

Top sprayer  on only.  
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! Table 13. Experimental l o t s  of corn t reated with mineral  o i l  as an add i t ive  

Pre-leg Gal lery 
Level of Dust c o n t r o l  enclosed open Drop test  Bin overspace 

be l t  dus t  b e l t  dus t  dus t  enclosed dus t  a d d i t i v e  system 
concentrat ion concentration concentration concent ra t ion  

I 

I 

x g m ~ m 3  R m ~ m 3  g m ~ m 3  R m ~ m 3  

0.02 off 7.52a 0. 043b 0.01 0.981 

0.02 on 0.593 0.002 0.011 0.684 b 

0.04 off 6.43a 0.056b 0.005 0.432 

I 0.08 off 7.31a 0. 024b 0.01 0.391 

- 

dFilter became loaded and sampling w a s  stopped before  end of test. 

bHi-Vol sampling rate a t  60 cfm. 

1 

! .. 



47 

Table 14. Percentage reduction in dust concentration for experimental lots of corn 
treated with mineral oil as an additive 

Pre-leg Gallery 
Level of Dust control enclosed open Drop test Bin overspace 
additive system belt dust belt dust dust enclosed dust 

concentration concentration concentration concentration 
x 4 4 4 4 

0.02 O n  31.0 73.3 95.9 79.6 

0.02 off 55.8 96.7 97.5 69.1 

0.04 off 62.2 95.7 98.8 86.4 

0.08 off 56.7 98.2 97.5 87.7 



! 

Table 15. Log-normal particle size distribution parameters of Hi-Vol dust 
! samples from corn at the enclosed belt site 
1 

Dust control off Dust control on 
Test 

C x No. r2a ab s.d. No. rZa ab s.d. 

0.0 -- G 0.992 10.4 1.66 E 0.996 8.5 1.64 

C 
Level Additive Test 

! 

0.0 -- 10 0.994 11.9 1.71 9 0.971 8.2 . 1.61 

0.03 veg. oil 19 0.981 10.9 1.68 18 0.968 8.4 1.54 

0.06 veg. oil 15 0.993 12.3 .1.66 17 0.965 7.9 1.55 

0.10 veg. oil 13 0.903 12.1 1.57 14 0.987 8.6 1.56 

0.04 min. oil 37 0.991 12.3 1.70 37a 0.996 8.4 1.68 

0.30 water 6 0.990 13.8 1.59 5 0.986 7.7 1.53 

I 

I 

coefficient of determination. a 

bgeometric median diameter in micrometers. 

! 

!. C geometric standard deviation. 

dafter 3 months of storage. 
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Table  19. Control l o t s  of wheat without additives 

Pre-leg Gallery 
Dust control enclosed open Drop t e s t  Bin overspace 

system b e l t  dust b e l t  dust dust enclosed dust 
concentration concentrationa concentration concentration . 

p / m 3  -im3 m ~ m 3  gm/m3 

on 0.367 0.007 0.104 , 2.22 

off 5.  480b 0.100 0.073 1 . 7 6  

%-Vol sample rate was 60 cfm. 

bFilter became loaded and sampling was stopped before end of test. 
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T a b l e  20. Experimental l o t s  of wheat t r ea t ed  w i t h  soybean o i l  as an add i t ive  

Pre-leg Gallery 
i 
~ 

Level of Dust con t ro l  enclosed open Drop test Bin overspace 
a d d i t i v e  system b e l t  dus t  b e l t  dus t  d u s t  enclosed d u s t  

concentrat ion concentrationa concentrat ion concentrat ion 
x -im3 gm/m3 m ~ m 3  m ~ m 3  

0.02 off  2.01 0.023 0.003 0.515 

0.02 off  14. 04b 0.704 0.794 1.074 

0.03 on 0.289 0.005 0.006 1.09 

0.03 off  3. 07b 0.025 0.003 0.261 

1 0.03 off 3.42b 0.040 0.007 0.304 

0.06 off  3. 12b 0.029 0.003 0.262 
I 

0.06 off  2.46b 0.036 0.003 0.189 

%i-Vol sample rate w a s  60 cfm. 

b F i l t e r  became loaded and sampling w a s  stopped before end of test. 



54 

! Table 21. Percentage reduction i n  dust concentration for experimental l o t s  of wheat 
treated with soybean o i l  as an additive 

Pre-leg Gallery 
Bin overspace Level of Dust cont ro l  enclosed open Drop t e s t  

additive system b e l t  dust b e l t  dust dust enclosed dust 
concentration concentration concentration concentration 

I 

x z x z % 

0.02 off 63.3 77.0 95.9 70.7 

0.02 off -156.2 -604.0 -987.7 6.5 

I 0.03 on 21.3 28.6 94.2 50.9 

0.03 off 44.0 75.0 95.9 35.2 
1 

0.03 off  37.6 60.0 90.4 82.7 

0.06 off 43.1 71.0 95.9 85.1 

0.06 off 55.1 64.0 95.9 89.3 

! 

- 
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Table 22. Control l o t s  of soybeans without additive 
~~ ~ ~ 

Pre-leg Gallery 
Dust control enclosed open Drop test Bin overspace 

system b e l t  dust b e l t  dust a dust enclosed dust 
concentration concentration concentration concentration 

mIm3 g l m 3  gmIrn3 g l m 3  

off 7.aab 1.07 0.074 ' 4.336 

on 1.12 0.017 0.147 5.60 - 
I 

k - V o l  sample rate was  60 cfm. 

bFi l ter  became loaded and sampling was stopped before end of test. 
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Table 23. Experimental l o t s  of soybeans t rea ted  with soybean o i l  as an a d d i t i v e  

Pre-leg Gal lery 
enclosed open Drop test  Bin overspace L e v e l  of Dust c o n t r o l  

a d d i t i v e  system b e l t  dus t  b e l t  d u s t  d u s t  enclosed' d u s t  
concentration concentrationa concentrat ion concentrat ion 

x Rm1m3 gmIm3 gm1m3 Rm1m3 

0.03 on 0.266 0.005 0.002 0.662 

0.03 of f  2.71 0.030 0.002 0.456 

0.03 of f  7.  74b 0.093 0.011 1.440 

0.06 o f f  5.abb 0.079 0.002 0.466 

b 

~~ 

%i-vol sample rate w a s  60 cfm. 

b F i l t e r  became loaded and sampling w a s  stopped before  end of test .  
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Table 24. Percentage reduction in dust concentration for experimental lots of 
soybeans treated with  soybean o i l  as an additive 

Pre-leg Gallery 
Level of Dust control enclosed open Drop test Bin overspace 
additive system belt dust belt dust dust enclosed.dust 

concentration concentration concentration concentration 
% x % % % 

0.03 on 76.3 70.6 98.6 88.2 

0.03 off 65.6 97.2 97.3 89.5 

0.03 off 1.8 91.3 85.1 66.7 

0.06 off 25.6 92.6 97.3 89.2 



sa 
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Table 26. P a r t i c l e  d i s t r ibu t ion  of grain dust collected pe r  2500-bushel test l o t  
a t  work f loo r  

Test To t a l  
No. Grain Level Additive >1.h > O . h  >0.25mm >0.125amr 4 . 1 2 5 m m  dust 

x l b s  l b s  l b s  lbs l b s  . lbs 

9 corn 

1 2  corn 

7 corn 

5 Corn 

18 Corn 

17 Corn 

14 Corn 

35 Corn 

B Corn 

E corn 

F corn 

21  W h e a t  

24 meat 

27 Soybeans 

29 Soybeans 

0 .0  

0 . 0  

0 . 1 8  

0.30 

0.03 

0.06 

0.10 

0.02 

0 . 0 4  

0 . 0  

0 . 0  

0 .0  

0.03 

0.0 

0.03 

- 
-- 
Water 

Water 

Veg. o i l  

Veg. o i l  

Veg. oil 

Min. oil 

xin.  oil 

- 
- 
I 

Veg. o i l  

- 
Veg. o i l  

0 . 9  

1.2 

1.2 

0.3 

1.4 

1.7 

0.9 

1.2 

7.6 

3.0 

0.0 

0 . 4  

0 . 4  

1.1 

0.5 

1.1 

1.0 

1.0 

0 . 4  

1 .4  

3.3 

0 . 8  

2.0 

12.7 

2.1 

0.0 

0.2 

0.3 

0.9 

0.3 

1.3 3.0 

1.0 1.1 

1 . 2  1 . 8  

0.5 1.0 

2.2 7 . 8  

8.3 0 . 4  

8 . 9  0 . 8  

35.5 11 .2  

25.3 1.0 - 
4 . 5  4 . 4  

0 . 0  0 . 0  

0.3 0.1 

0 . 4  0.5 

1.0 0.9 

0.5 0 . 4  

16.5  

19.7. '' 

27.1 

3 0 . 4  

2 .4  

1.1 

2.0 

5.3 

1.0 

1.0 

0 . 0  

0 . 2  

0 . 2  

2.5 

0.2 

22.8  

24 .0  

32.3 

32.5 

15.3 

1 4 . 8  

13.5 

'55.3 

4 7 . 5  

15.0 

0 . 0  

1 . 2  

1 . 8  

6.5 

2 .0  
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: Table 27. Particle d i s t r i b u t i o n  of g ra in  dus t  co l l ec t ed  per 2500-bushel test l o t  
a t  garner  

f Te s t  To ta l  
No. Grain Level Additive >l.Omm >0.5mm >0.25mm >0.125mm cO.125m dus t  
~~ 

I l b  s l b  s l b s  lbs l b s  l b s  
i 
I 9 Corn 0.0 - 18.5 12.8 10.1 10.5 124.2 . 176.0 

1 2  Corn 0.0 - 20.0 11.9 9.2 7.6 110.0 159.0 

7 Corn 0.18 Water 36.7 18.4 13.8 10.7 73.4 153.0 

5 Corn 0.30 Water 30.0 29.9 47.7 59.3 112.6 279.5 

18 Corn 0.03 Veg. o i l  13.2 11.5 42.9 1.0 2.9 71.5 

I 17 Corn 0.06 Veg. oil 16.2 17.4 28.6 1.0 5.0 68.5 

14  Corn 0.10 Veg. o i l  17.1 9.7 10 .1  29.5 10.6 77 .O 

35 Corn 0.02 Ifin. o i l  13.4 11.5 28.6 13.8 5.7 73.0 

B Corn 0.04 Min. o i l  1.1 1.9 8.8 0.8 0.4 13.0 

E Corn 0.0 -- 1.8 1.6 2.2 7.2 4.3 17.0 

F Corn 0.0 - 3.0 2.3 3.3 9.5 6.0 24.0 

2 1  ZJheat 0.0 - 9.2 5.2 5.9 16.9 22.7 60.0 

24 wheat 0.03 Veg. o i l  5.4 2.8 3.0 5.4 4.4 21.5 

27 Soybeans 0.0 - 15.7 4 . 1  4.0 4.7 29.5 58.0 

29 Soybeans 0.03 Veg. o i l  16.2 3.3 2.6 5.8 3.0 31.0 

I 

I 

I 
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T a b l e  28. Particle distribution of grain dust col lected per 2500-bushel test l o t  
a t  gal lery 

Test To tal 
No. Grain Level Additive >l.b > 0 . 5 m  >0.25nrm >0.125mm <0.125mm dust 

z lbs l b s  lbs l b s  l b s  . l b s  

9 

12 

7 

5 

18 

17 

14 

35 

B 

E 

F 

21 

24 

27 

29 

corn 0.0 

corn 0.0 

Corn 0.16 

Corn 0.30 

Corn 0.03 

Corn 0 .06  

corn 0.10 

Corn 0.02 

corn 0.04 

Corn 0.0 

Corn 0.0 

Wheat 0.0 

Wheat 0.03 

Soybeans 0.0 

Soybeans 0.03 

I 

- 
Na t er 

Water 

Veg. o i l  

Veg. o i l  

Veg. o i l  

Min. o i l  

Nin. o i l  

- 
- 
- 
Veg. o i l  

- 
Veg. o i l  

3.6 4.2 6.4 8.1 

4.5 4.5 6.2 6.8 

4.5 4.8 6.1 6.4 

4.0 4.6 6.2 9 . 1  

3.4 4.7 u . 7  0.9 

3.1 5.4 u . 3  0.7 

5.4 4.7 8.1 0.4 

4.1 5.3 7.9 10.1 

1.8 2.6 5.5 1.1 

5.3 5.2 6.1 12.0 

3.2 3.2 4.2 8.6 

1 .6  2.5 5.9 4.7 

1.5 2.0 4.6 3.5 

4.9 4.9 5.5 5.4 

5.0 5 . 5  7.0 4.1 

49.7 

41.6. 

33.2 

41.7 

1.3 

1.0 

0.9 

2.5 

0.5 

10.4 

10.8 

4.3 

1.9 

10.4 

3.0 

72.0 

63.5 

55 .0  

65.5 

24.0 

21.5 

19.5 

30.0 

11.5 

39.0 

30.0 

19.0 

13.5 

31.0 

24.5 
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Table 30. E f f e c t  of 3 months' s torage  on dus t ines s  of corn t rea ted  w i t h  
minera l  oil 

Dust c o n t r o l  enclosed open Drop t e s t  Bin overspace 
system b e l t  dus t  b e l t  dust  dus t  enclosed d u s t  

concent ra t ion  concentrat ion concent ra t ion  concent ra t ion  
mim3 mim3 m/m3 gmm/m3 

Control  

o f f  25.74 a 0.547 1.076 4.29 

on 0.518 0.009 1.534 1.76 

on 1.252 0.006 1.454 1.97 
b 

0.533 of f  1.591 0.024 -- 
0.664 off  1.986 0.022 -- 
0.750 of f  1.098 0.021 

On 0.036 0.003 0.106 0.428 

Mineral o i l  t rea tment  (0.042) 
C 

C 

C -- 

?Filter became loaded and s a p l i n g  was stopped before  end of t e s t .  

bAverage of t h e  g r a i n  l o t  treatment,  no add i t iona l  o i l  added. 

%ata no t  available. 
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Figure 

1 

2 

3 

4 

5 

6 

LIST OF FIGURES 

T e s t  f a c i l i t i e s  of g ra in  handling systems f o r  a d d i t i v e  study. 

Liquid add i t ive  spraying system. 

Additive spraying si te.  

Apparatus f o r  measuring dus t ines s  of  small samples. 

Mounting brackets  f o r  f i e l d  measurements. 
can be va r i ed  by changing the  length  of t h e  aluminum rods.  

Schematic of t he  PT c i r c u i t .  
t o  power mul t ip l e  probes. 

T e s t  No. 1. Corn without a d d i t i v e  with dus t  c o n t r o l  systern on. 

T e s t  No. 2. Corn without a d d i t i v e  with dus t  c o n t r o l  system on. 

T e s t  No. 3. Corn with 0.17% water dus t  c o n t r o l  system on. 

Test No. 4 .  Corn with 0.17% water dus t  c o n t r o l  system on. 

T e s t  No. 5. Corn with 0.30% water dus t  c o n t r o l  system on. 

Test No. 6 .  

T e s t  No. 7 .  Corn with 0.18% water dus t  c o n t r o l  system on. 

T e s t  No. 8. 

T e s t  No. 9 .  Corn without a d d i t i v e  dus t  c o n t r o l  system on. 

Test No. 10. Corn without a d d i t i v e  dus t  c o n t r o l  system o f f .  

T e s t  No. 11. Corn without 0.33% water dus t  c o n t r o l  system o f f .  

T e s t  No. 12. Corn without a d d i t i v e  dus t  c o n t r o l  system on. 

T e s t  No. 13. Corn with 0.10% soybean o i l  dus t  c o n t r o l  system o f f .  

T e s t  No. 14. Corn with 0.10% soybean o i l  d u s t  c o n t r o l  system on. 

T e s t  No. 15. Corn with 0.06% soybean o i l  dus t  c o n t r o l  system o f f .  

T e s t  No. 16. Corn with 0.06% soybean o i l  dus t  c o n t r o l  system o f f .  

T e s t  No. 17. Corn w i t h  0.062 soybean oil dus t  c o n t r o l  systen on. 

The l i g h t  pach 

The same power supply i s  used 

Corn with 0.30% water dus t  c o n t r o l  system o f f .  

Corn w i t h  0.18% water dus t  c o n t r o l  system o f f .  
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i 

i 

I 

Test No. 18. 

Test No. 19. 

T e s t  No. 20. 

T e s t  No. 2 l .  

T e s t  No. 22. 

T e s t  No. 23. 

Test No. 24. 

T e s t  No. 25. 

T e s t  No. 26. 

T e s t  No. 27. 

T e s t  No. 28. 

T e s t  No. 29. 

T e s t  No. 30. 

T e s t  No. 31. 

T e s t  No. 32. 

T e s t  No. 33. 

Test  No. 34. 

Test No. 35. 

T e s t  No. 36. 

T e s t  No. 37. 

T e s t  No. 38. 

Corn with 0.03% soybean o i l  dus t  con t ro l  system on. 

Corn with 0.03% soybean oil dus t  con t ro l  system off. 

W h e a t  with no addi t ive  dus t  con t ro l  system off. 

Wheat with no addi t ives  dus t  con t ro l  system on. 

Wheat with 0.06% soybean o i l  dus t  c o n t r o l  system off.. 

Wheat with 0.03% soybean o i l  dus t  c o n t r o l  system off. 

Wheat v i t h  0.03% soybean o i l  dus t  c o n t r o l  system on. 

N h e a t  with 0.02% soybean o i l  dus t  con t ro l  system o f f .  

Soybeans with no addi t ives  dus t  c o n t r o l  system on. 

Soybeans with no addi t ives  dus t  c o n t r o l  system on. 

Soybeans with 0.06% soybean oil d u s t  con t ro l  s y s t a  off. 

Soybeans with 0.03% soybean o i l  d u s t  con t ro l  system on. 

Soybeans with 0.03% soybean o i l  d u s t  c o n t r o l  system o f f .  

Soybeans with 0.03% soybean o i l  d u s t  con t ro l  system off. 

Wheat with 0.06% soybean o i l  dus t  c o n t r o l  system off. 

Wheat with 0.03% soybean o i l  dus t  c o n t r o l  system off. 

Wheat with 0.02% soybean o i l  d u s t  c o n t r o l  system off. 

Corn w i t h  0.02% mineral o i l  dus t  c o n t r o l  system on. 

Corn w i t h  0.08% mineral  o i l  dus t  c o n t r o l  system off. 

Corn with 0.04% mineral o i l  dus t  c o n t r o l  system on. 

Corn with 0.02% mineral oil dus t  c o n t r o l  system on. 

Work f l o o r  dus t  co l lec ted  per  2500 bu. of corn handled, l b s .  

Open g a l l e r y  f l o o r  dus t  co l lec ted  p e r  2500 bu. of corn handled, lbs. 

Garner dus t  co l l ec t ed  p e r  2500 bu. of corn handled, lbs. 

D house dus t  co l lec ted  p e r  2500 bu. of corn handled, l b s .  

To ta l  dus t  co l l ec t ed  p e r  2500 bu. of corn handled, l b s .  
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Figure 
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3 Enclosed belt dust concentration. g/m . 
Open gallery dust concentration, g/m . 
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'Drop test dust concentration, g/m . 

3 Enclosed belt dust concentration. g/m . 
3 Enclosed belt dust concentration, g/m . 
3 Open gallery dust concentration, g/m . 
3 Open gallery dust concentration, g/m . 

Enclosed bin overspace dust concentration, g/m . 
Enclosed bin overspace dust concentrbtion, g/m . 
Drop test dust concentration, g/m . 
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Table 29. P a r t i c l e  d i s t r i b u t i o n  of g r a i n  dus t  co l lec ted  pe r  2500-bushel t e s t  l o t  
i n  enclosed b i n  overspace 

Test  To tal  
No. Grain Level Additive > l .h  >0.5nrm > 0 . 2 5 m  >0.125nrm < 0 . 1 2 5 ~ ~ ~  dus t  

z l b s  l b s  l b s  lbs l b s  l b s  

9 

1 2  

7 

5 

1s 

17 

14 

35 

B 

E 

F 

21 

24 

27 

29 

Corn 

Corn 

Corn 

Corn 

Corn 

Corn 

Corn 

Corn 

corn 

Corn 

Corn 

Wheat 

W h e a t  

Soybeans 

Soybeans 

0.0 - 
0.0 - 
0.18 Nater 

0.30 Water 

0.03 Veg. o i l  

0.06 Veg. oil 

0.10 Veg. o i l  

0.02 Mn.  o i l  

0.04 Min. o i l  

0.0 - 
0.0 -- 
0.0 - 
0.03 Veg. o i l  

0.0 -- 
0.3 Veg. oil 

3.6 

4.5 

4.5 

4.0 

3.4 

3.1 

5.4 

4.1 

1.8 

5.3 

3.2 

1.6 

1.5 

4.9 

5.0 

4.2 

4.5 

4.8 

4.6 

4.7 

5.4 

4.7 

5.3 

2.6 

5.3 

3.2 

2.5 

2.0 

4.9 

5.5 

6.4 

6.2 

6.1 

6.2 

13.7 

11.3 

8.1 

7.9 

5.5 

6 . 1  

4.2 

5.9 

4.6 

5.5 

7.0 

8.1 49.7 

6.8 41.6 

6.4 33.2.  

9.1 41.7 

0.9 1.3 

0.7 1.0 

0.4 0.9 

10.1 2.5 

1.1 0.5 

12.0 10.4 

8.6 10.8 

4.7 4.3 

3.5 1.9 

5.4 10.4 

4.1 3.0 

72.0 

63.5 

55.0 

65.5 

24.0 

21.5 

19.5 

30.0 

11.5 

39.0 

30.0 

19.0 

13.5 

31.0 

24.5 
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