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1s2 Chapter 11 

Dust Control for Grain Dryers 
By James M. Appold 

Manager, Technical Services, The Andersons, Maumee, Ohio 

James M. Appold is manager of technical ser- 
vices f o r  The Andersons of Maumee, Ohio. He 
joined the firm in 1975, and is responsible for 
its engineering, steel fabrication, environmen- 
tal protection, material purchasing, and con- 
struction management operations. Mr. Appold 
worked in engineering management capacities 
with other firms prior to joining The Andersons. 
He received his M.S. and M.B.A. degrees from 
the University o f  Toledo. Mr. Appold is a mem- 
ber o f  numerous professional societies. He is 
a member of the National Grain and Feed Asso- 
ciation's Energy Committee, and serves as 
chairman of the Environmental Committee for 
the Grain Elevator and Processing Society. He 
also is a member of the American Society o f  Ag- 
ricultural Engineer's Air Pollution Committee, 
and the Air Pollution Control Association. 

ABSTRACT 

The author discusses dust control from the perspective of grain 
dryers. He describes the evolution o f  grain dryers and details 
the principles under which today's dryers operate, illustrating 
the various configurations available. He reviews the sections o f  
federal air pollution control regulations that pertain to emis- 
sions from grain dryers. He analyzes the type and quantities of 
particulate emissions from grain dryers and the factors that af- 
fect emission Levels. 

Mr. Appold presents descriptions of the major types of grain 
dryers currently available, focusing primarily on the modifica- 
tions and design innovations made by dryer manufacturers to com- 
ply with air pollution control requirements. The author describes 
the design principles under which dryers operate and the unique 
characteristics of each. He also discusses several major types 
of  grain dryer dust control devices, most of which operate on the 
principle that allows emitted air f r o m  the dryer to pass through 
a filter media before entering the atmosphere. He reviews the 
effect of filtering upon various dryer parameters, such as the ef- 
fect on airflow rates, dust plugging, grain dust recirculation, 
energy consumption and power requirements, insulation properties, 
grain quality and precleaning to limit foreign material. 
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Dust Control for Grain Dryers 
By James M. Appold 

Manager, Technical Services, The Andersons, Maumee, Ohio 

Public in te res t  in environmental p l l u t i o n  problems resulted i n  major 
p l i t i ca l  pressures across the muntry during the ear ly  1970's. It becm 
very apparent, then, tha t  i n  order for  grain f a c i l i t i e s  to operate their 
drying equipnent, mdi f ica t ions  or new equipnent designed to met the 
established n e w  air p l l u t i o n  regulations wuld have to be installed.  

Increased r e s t r i c t ive  standards set up to control various air 
p l l u t a n t s  necessitated r e t ro f i t t i ng  and replacement. 

Over the last few years, the grain industry has been able to 
acmnplish this task. In mst cases ws sa t i s fy  any s t a t e  requirements. 
Haever, there still existed a major pcoblem on many of the old open type 
dryers i n  which mers had a mnsiderable investment. In attempting to 
make t h i s  equipnent usable, a rurmber of different  methods =re t r i ed ,  each 
of which contributed sxnething toward the solution of this problem. 

Grain dryers present a different  problem for  p l l u t i o n  con t ro l  because 
of the large volumes of air exhausted f r a n  the dryer, large cross-sectional 
area of the exhaust, lm specif ic  gravity of the eni t ted dust and the high 
moisture mntent  of the exhaust. Materials emitted f ran  the dryers, 
although re la t ive ly  large or very l i gh t  and d i f f i c u l t  to wllect, and the 
r a t e  of emission are primarily dependent u p n  the type of grain, foreign 
material i n  the grain and the dryer configuration. 

The following information presented i n  this rep12 will deal mainly 
with grain dryer problems: 

11. Grain Dryer Evolution 
111. 
N. Part iculate  and Emission Analysis 
V. 

VI. 

History of Laws Regulating Dryer Controls 

Control Devices f o r  Existing Dryers 
Control Devices for New Dryers 

A. Airflcw Rates 
B. 
C. Filter Media 
D. Recirculation 
E. Energy 
F. Insulation 
G. Grain Quality 
H. Pre-Cleaning 
Factors to wnsider when r e t ro f i t t i ng  old equipnent and 
selecting new 

VII. Effects of Fi l ter ing 

Dust Plug and Excess Cake 

VIII. 

I X .  Conclusions 

11. Grain Dryer Evolution 

A basic knowledge of the w s e  and functioning of drying grain is 
essent ia l  to a thorough understandinq of the application of d e r n  gra in  
dryers i n  drying and processing d i f fe ren t  var ie t ies  and types of grain. 
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Grain drying is as old as grain itself-except that in the beginning time 
was not as much a factor,  and labor was very inexpensive. lherefore, it 
w a s  econcanically sound to let any type of grain dry i n  the f ie ld .  This 
drying was fac i l i t a t ed  by cutting and stacking the stalks in the f i e ld  when 
the crop was f a i r l y  close to the misture desired. Then, i f  weather 
conditions =re ideal, a w p l e  of heek.5 wuld suff ice  to prepare to thresh 
wheat or harvest mrn and plt it into storage. mt,  many times the weather 
conditions wuld  necessitate leaving the stalks in  the f i e ld  as long as  
three mnths. Often the crop muld be a total loss. The hazards of t h i s  
method frequently mant a axplete loss of all p t e n t i a l  p ro f i t  for the 
farmer. There is IID dryer made today that w i l l  dry any bet ter  than nature 
dried under ideal conditions. Unfortunately, the conditions which nature 
offered a t  best were unpredictable. Even though the misture was reduced, 
t h e  loss i n  the f i e lds  fran birds, d e n t s  and handling ran as high as 10% 
to 154. 

As the cost of labor went up, farmers found it mch cheaper to use 
automated machinery such as a canbine and a corn-picker. lhe nature of 
t h i s  machinery is such that the grain mst be harvested at a high misture 
to prevent loss i n  the mnbining operation or the pickinq operation. Thus, 
it becomes essential to have s c m  k i d  of an a r t i f i c i a l  dryer. 

All  dryers prduced today for  the pur~ose of drying grain operate on 
basically the same principle: heat to vapxize  the misture and a i r  to 
remove it. Also, the air is a to reduce the humidity so t h a t e a c h  
cubic foot of a i r  can pick up more misture. Actually, it muld be feas- 
i b l e  to dry w i t h  air at the same tenprature as the outside air if it here 
dehumidified. The least expensive m W  of dehumidifying air is to raise 
the a i r  temperature. 

The f i r s t  ammrcial dryer was manufactured around 1898 and used steam 
as its source of heat. The f i r s t  d i r ec t  heat dryer was manufactured by the 
O.W. Randolph Company around 1915. Although not the mntrolled piece of 
equiprent that is manufactured today, the system used mal and had very few 
means of controlling the temperature. Yet it was still one of the f i r s t  
and mst successful types of camrercial dryers. Many of these dryers here 
manufactured i n  the 1920s and operated successfully for  some time. 

New designs and ideas allowed other manufacturers to ame out w i t h  new 
prcducts and equiprent with which to oxnpete i n  the grain drying kusiness 
sa t i s fac tor i ly .  For e x m l e ,  many attempts have been made to speed up 
grain drying processes. In other experiments, grain dryer capacity can be 
increased by using hiqher drying air temperatures, but the qual i ty  of the 
dried grain is generally 1-r. Of the several factors  hprtant i n  drying 
design, the f i r s t  and  prima^-^ one is the design of the grain wlumn. mere 
are many d i f fe ren t  types of grain m l m s  w i t h  various methds for 
introducing the air. Other mncerns must be for structural strength, for 
uniform flow of grain and air, and of murse, for  cost. 

Of the many sizes, shapes and configurations of dryers, there are only 
three basic continusus flow types: cross-flow, concurrent flow, and 
counter-flow. In a cross-flow dryer, the drying air flow is prpendicular 
to  the flow of grain: i n  a concurrent flow dryer, the air flow is in  the 
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smne direct ion as the grain; i n  a counter-flow dryer, the a+ flow is in 
the  oppsite direct ion to the mxrement of the grain as shown m Figure 1. 

The majority of grain dryers used today are of the cross-flow type. 
There are tm basic designs ut i l ized in the cross-flow dryer. lbe first is 
rack configuration, and the secod is column amfiguration. Ekamples of 
each of these are shown i n  Figure 2. Figures 3 and 4 show actual dryers 
depicting rack and colm design. 

Vkt grain is introduced a t  the top of this type of dryer, flaws 
downward i n  a continllous stream, and exits at the bot-. Hot air b l m  
through the grain bed evaqrates the excess misture. Grain up to 22% 
moisture can be reduced to 14% or 15% i n  one pass through the dryer. 
Grains are sometimes received with up to 385 to  40% misture. Floisture 
content t h i s  hiqh requires a very slow grain nwement through this system. 

During the drying process, l i g h t  dust  and chaff can becane carried 
fran the dryer with the exhausted air. The p t en t i a l  quantity of dust 
depends largely on the type and -el of dryer along with grain conditions. 
In  a column dryer, where the grain flaws i n  a column between two perforated 
metal sheets fran the top to the bttan, most of the dust is trapped in  the 
grain and never reaches the outside of the dryer. Figure 5 shows a section 
of a colm dryer. 

A rack dryer contains ducts or racks around which grain and bt air 
m u s t  flow. It also has large openings to the amsphere .  In  s ~ m e  cases, 
an opening as much as 16 square inches allaws easy passage of beeswing and 
hul ls ,  a major p r t i o n  of dryer p l l u t i n g  emissions, to escape. These 
large m i s s i o n  areas are eliminated i n  a column dryer by the  camrpn 
perforated openings. The rack dryer is much mre open because the air does 
not pass through these perforated mtal sheets. Figure 6 shows an inside 
cut-away view of a typical rack dryer, with grain i n  column and air duct 
opn ings  tha t  allow air flow. Because of th i s ,  a rack dryer can have up to 
as much as ten times more emissions than a column dryer, drying under the 
same mnditions. Approximate air flow.requirements for  grain dryers are as 
follows: 

1. Column dryer-100 ch/bushel/hour 
2. Rack dryer - 70 cfm/bushel/hour 

The m u n t  of dust qenerated i n  gra in  drying is dependent p n  the 

1. Type of dryer 
2. H e 1  of dryer 
3. 
4. 

Although other sources such as mal, e lec t r i c i ty ,  stem, biomass and 
"Bunker C" fue l  o i l  have been used in  the past, cmmvn sources of fuels  

following : 

Type of grain being dried 
b u n t  of e n t r a m ' f o r e i g n  material i n  the g r a i n  
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F i g u r e  3 
T y p i c a l  Rack Dryer 

,Outside View I n s i d e  Cutaway 

F igure  4 
T y p i c a l  Column Dryer . 

Outs ide  View I n s i d e  Cutaway 




