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should also be demonstrated.  This includes the use 
of first-aid equipment.  

There is an old saying " f a m i l i a r i t y  breeds con- 
t e m p t . "  We mus t  be constantly alert  to see that  this 
does not app ly  to us as solvent-plant  operators. 
Where  operat ion proceeds smoothly over a period of 
time, there is the  daa~ger that  carelessness may  creep 
in and disregard for  hazards  may  develop. I t  is up  
to supervisory personnel to see tha t  this does not 
occur. 

Safe ty  inspections and cheeks of safe ty  equipment 
should take place at specified intervals.  This is done 
p re fe rab ly  by  the safety  director or some other per- 
son who is not a member  of the operat ing depart-  
ment.  Such a person is more likely to recognize po- 
tential  sources of t rouble than are those who  live with 
the operat ion day  by  day. 

Unscheduled shut-downs of a solvent p lant  are ex- 
pensive, and f requent ly  t empora ry  repairs  will be 

made to prevent  a shut-down. Such t empora ry  meas- 
ures should not compromise safety and should not 
involve undue hazards. Decisions in these mat ters  
require an accurate appra isa l  of conditions and the 
exercise of sound judgment .  The expense of a shut- 
down is preferable  to continued operation under  haz- 
ardous conditions. 

A review of the safety  records of solvent plants  
will reveal  tha t  most of the serious accidents can be 
t raced to carelessness, disregard for  hazards, and fail- 
ure to observe established safety  measures. Realiza- 
tion of the ease with which some of these accidents 
could have been prevented is indeed distressing when 
one considers the cost in suffering, human  lives, and 
destruction of proper ty .  Each member  of the oper- 
a t ing team should resolve to be ever aler t  so tha t  he 
does not endanger himself, his fellow workers, or the 
p roper ty  of his employer. 

Special Equipment and Operating Features Which Contribute 
To :Safety in Extraction-Plant Operations 
N. H. WlTTE and P. KANE, Central Soya Company Inc., Decatur, Indiana 

I 
T IS, OF COURSE, difficult to over-emphasize the im- 

portance of safe ty  in our extract ion plants  be- 
cause a safe operat ion has t remendous bearing 

not only on our personal  safety but  on our jobs as 
well. There are v e r y  few minor fires in extraction 
p lants ;  any  fire at  all is likely to be a major  one, 
result ing in serious loss of proper ty ,  personal in jury,  
and extended loss of production. 

I t  is our intention to discuss certain special equip- 
ment  and operat ing features  which can be built into 
the extract ion phase of an oilseed processing opera- 
tion to improve the safe ty  rating. These remarks  will 
be l imited to the hazards  peculiar  to hexane solvent- 
extraction plants  and more par t icu lar ly  to the fire 
and explosion hazards inherent  in such an operation. 
Such special fea tures  will be discussed f rom an engi- 
neering point  of view as they affect the safety  which 
we all want  to have in our operations ra ther  than  
f rom the point  of view of the p lant -safe ty  supervisor 
or the insurance man. I n  some cases, of course, these 
three viewpoints, engineering, safety, and insurance, 
are identical;  other cases arise however where good 
engineering judgment  indicates a l imit  to the safety 
equipment  which should be installed in a plant .  This 
does not mean a de-emphasis of sa fe ty  but  ra ther  a 
need for  more emphasis on the personnel  and oper- 
a t ing phases of safety. I t  is probably  impossible to 
build a solvent-extraction p lant  which cannot be 
blown up by  poor operat ion or careless personnel. 

Before discussing specific safe ty  items, it would be 
welI to review the physical  proper t ies  of hexane, the 
most commonly used solvent, which make it  a hazard- 
ous liquid. Hexane  is a relat ively low-boiling solvent, 
which means that it has  a relat ively high vapo r  pres- 
sure at  any  given tempera ture  and that,  at  any  place 
where there is hexane liquid, we are likely to en- 
counter  a ra ther  h igh  concentration of vapors.  Fi res  
and explosions, of course, do not take place in the 
liquid as such but  only in the vapor  phase and spe- 
cifically only when the vapors  are mixed with a 

proper  amount  of air  or oxygen. When expressed as 
percentage by volume, the explosive limits of hexane 
in air are 1.2% foe the lower explosive limit and 
6.9% for the upper  explosive limit. Another  way of 
looking at this would be to determine by calculation 

a t  what  tempera tures  of the liquid we will have a 
vapor  over the liquid in the proper  propor t ion  with 
air  to form an explosive mixture.  By  calculation, we 
find tha t  the lower explosive tempera ture ,  if  we can 
coin a phrase, is - -5  degrees F., which corresponds 
closely to the closed cup flash point. The uppe r  ex- 
plosive t empera tu re  is found  to be approximate ly  
q-35 degrees F. Hexane  liquid and vapors,  which 
are at equil ibrium with a i r  in a confined space above 
this upper  explosive t empera tu re  cannot be ignited 
and are therefore  relat ively safe;  it should be noted 
however that  equil ibrium conditions are at tained 
ra ther  slowly because of the wide specific gravi ty  dif- 
ference between air  and hexane vapors.  

Normal  extract ion operat ions in which hexane is 
present  are carried out in the range of 120 ~ to 155 ~ 
F. so that  as long as there is liquid hexane present  in 
these operations and the system is confined, the va- 
pors over the hexane will be above the uppe r  explo- 
sive limit and do not represent  a hazard. The ma jo r  
hazards in extract ion operations therefore arise f rom 
two causes: one, when the liquid is not confined to a 
closed space; and two, dur ing  s tar t -up and shut- 
down periods when the equipment  is cold an d /o r  
equil ibrium conditions are not present. 

The seven basic rules for the safe handl ing of 
flammable liquids in general  are to (1) isolate the 
hazard, confine the liquid, ventilate to prevent  ex- 
plosive mixtures,  instal  explosion vents, where needed, 
eliminate ignition sources, educate employees on haz- 
ards and safeguards,  and provide adequate fire 
protection. 

With  this outline in mind a number  of safe ty  fea- 
tures which can be built  into an extraction p lant  to 
improve the safety ra t ing  of the operat ion will be 



114 THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY VOL. 34 

discussed. I t  is not intended to cover all of the safe ty  
precautions,  equipment  or otherwise, which are nec- 
essary for  a safe operation but  ra ther  to describe 
only eertain special features which may  be of un- 
usual interest.  

Inert-Gas Purging of Extractor. The greatest  pe- 
riod of hazard in the extraction building probably  
occurs when the extraction equipment  is shut down 
either for regular  cleaning and maintenance or be- 
cause of a mechanical  failure. As the extractor  cools, 
the hexane vapors  inside the extractor  condense and 
create a par t ia l  vacuum within the unit. I f  no spe- 
cial precautions were taken, air  would be drawn into 
the extractor  dur ing the cooling period and, at some 
locations within the extractor,  the vapor  concentra- 
tion would be within the explosive range. The same 
situation would, of course, occur if  instead of lett ing 
the extractor  cool with the vapors  still inside it, the 
vapors  were to be swept f rom the extractor  by a 
s t ream of air. To prevent  an explosive mixture  f rom 
forming at this time, some of the vapors  can be swept 
out of the extractor  by  a s t ream of inert  gas. One 
method of providing such an inert  gas is by means of 
an inert  gas generator.  The general practice in using 
this type of machine is to ventilate the extractor  with 
three volumes of inert  gas over a period of 2 to 4 hrs. 
The mixture  of iner t  gas and hexane vapors  leaving 
the extractor  is taken through the normal  vent-cool- 
ing system to recover the major i ty  of the hexane, and 
the inert  gas is then vented to the atmosphere. I n  the 
case of a mechanical  f a i l u r e  when the extractor  still 
contains flakes, the flow of inert  gas is continued for  
a much longer period, probably  10 to 20 hrs. dur ing 
the period tha t  the flakes are draining. In  either 
case, af ter  the inert  gas purg ing  has been completed, 
the extractor  is opened and the inert  gas vapors  
swept out by means of a positive flow of air. 

This flow of air  can be provided by  means of port-  
able blowers, but  a bet ter  method is to have a perma-  
nemly-instal led fan adjacent  to the extractor  which 
can be connected to the extractor  dur ing  the shut- 
down to provide a higher volume flow of air. A fan 
sized to give a complete air  change every two to four  
minutes  will not only make it possible to enter  the 
extractor  sooner af ter  the inert  gas purg ing  is com- 
pleted but will also mainta in  more pleasant  working 
conditions within the extractor  dur ing  the shut-down. 

Dur ing  the s tar t -up operations the inert-gas purg-  
ing procedure should be again repeated so that  the 
oxygen content within the extractor  will be reduced 
to a level such that  an explosive mixture  will not be 
formed when hexane is int roduced into the extractor.  

Building Design and Ventilation. The extraction 
building should be separated by at least 50 ft. f rom 
the milling building and pre fe rab ly  100 ft. f rom 
other structures.  I t  should be constructed entirely 
above grade with no connecting tunnels  or pits. Be- 
low grade areas fo rm na tu ra l  collecting pits for  sol- 
vent vapors. Tunnels  are especially hazardous;  even 
tunnels which connect only with the milling building 
should receive special a t tent ion to insure that  ade- 
quate venti lat ion is provided. 

Par t icu la r  care should be taken that  solvent vapors  
cannot reach the area adjacent  to the boiler house. 
I f  adequate separat ion is not feasible, re ta ining walls 
should be constructed between the boiler house and 
the extraction building. 

In  the best of solvent p lants  there will still be acci- 

dental  leaks and spills, during which t ime the basic 
rule of "conf ining the l iqu id"  will be violated. In  
order to prevent  format ion  of an explosive mixture  
within the building at such times, i t  is necessary to  
mainta in  adequate venti lat ion so tha t  sufficient air  
will be available to mainta in  the concentration of the 
vapors  below the lower explosive limit. Since hexane 
vapors  are almost three times as heavy  as air, a closed 
building should be venti lated by  fans  which take 
suction near  the bot tom floor level and any other 
solid floor levels and  discharge out of doors. These 
fans should have a capaci ty of 5-10 CFM for  each 
square foot of solid floor area in the solvent extrac- 
tion area, hexane p u m p  rooms, etc. I n  the case of 
plants  having a l imited area of land around the ex- 
t ract ion building, i t  is necessary to give consideration 
to the places where these fans exhaust  so as not to 
expose the extract ion plant  or sur rounding  areas to 
an unusual  hazard.  I n  such cases it may  be desirable 
to have an exhaust  duct  for  the fan  along the outside 
of the building to raise the exhaust  10 or 15 ft. so 
tha t  addit ional diffusion of the solvent vapors  will be 
obtained as they again  settle to the ground. The other 
approach to proper  building venti lat ion is, of course, 
to have no building at all or a building with no en- 
closing walls. An  example of such a building is 
shown later. An addit ional  advantage  of such con- 
struct ion is tha t  i t  provides good explosion venting, 
minimizing damage in the event of an explosion, 

Combustible Gas Alarms. Combustible gas alarms 
which are set to give an audible warn ing  signal when 
the concentration of solvent vapors  at the sampling 
point  reaches 20% or 40% of the lower explosive 
limit are a valuable aid in main ta in ing  plant  safety. 
The generally recommended sampling points are the 
following: the flake conveyor br inging flakes f rom 
the milling operat ion to the ext rac tor ;  a point in the 
extracted meal s t ream on the way  back to the meal- 
gr inding operat ion;  points on the lower floor of the 
extract ion building at  which solvent vapors  are likely 
to accumulate follo~ving a solvent spill; a finished oil- 
sampling location to give an a la rm in case the oil has 
a low flash-point; the control room or switchboard 
room; and the main  sewer drain  f rom the plant.  

Such alarms in addit ion to being valuable safety 
measures also help to control and improve plant  op- 
erations by making  the operators  aware of minor sol- 
vent  losses which, while not par t i cu la r ly  dangerous, 
are nevertheless costly. 

Fire Protection. Some form of automat ic  fire pro- 
tection is universal ly  recommended. This is general ly 
either the use of automatic  sprinklers  which are indi- 
v idual ly  thermostat ical ly  controlled or the use of the 
automatic  deluge system. In  the case of automatic  
sprinklers  the intent ion is not necessarily to extin- 
guish a flammable liquid fire but  ra ther  to cool the 
s t ructure  and equipment  to minimize damage. The 
thinking here is tha t  i t  may  not be desirable or prac- 
tical to extinguish a large fire because of the possi- 
bili ty of explosive mixtures  fo rming  immediately 
a f te r  the fire goes out. The automat ic  sprinklers  in 
an extract ion building are general ly set up on an 
extra  hazardous spacing, and par t icu la r  care is taken 
to be sure tha t  the intermediate  building spaces 
under  solid floors and  large pieces of equipment are 
well sprinkled. 

The deluge system uses open-head sprinklers  con- 
trolled by one automat ic  valve in the main spr inkler  
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supply line so that,  in case of fire, the entire building 
is sprinkled immediately. 

Ei ther  system requires an adequate and immedi- 
ately available supply of water. This generally means 
a water high tank and an automatic gasoline and 
electrically-driven fire pump to maintain the water 
pressure in the system dur ing and af ter  the high 
tank has emptied. 

Electrical Installation. All of the electrical switch 
gear, motor, etc., within the extraction area should 
be of the explosion-proof type  designed as Under- 
wri ter ' s  Class 1, Group D Rating. Such equipment 
is not necessarily vapor-t ight so that solvent vapors 
cannot get into the equipment, but  ra ther  the equip- 
ment enclosures are designed so that  they will con- 
ta in  an explosion of solvent vapor without rup tur ing  
and without permit t ing the flame to get out of the 
enclosure. Switchboard rooms and control rooms 
which contain electrical equipment not of the ex- 
plosion-proof type  must be adequately venti lated or 
pressurized to prevent  solvent vapors f rom getting 
into the enclosure. I t  is also desirable to elevate such 
rooms above the ground level and, if possible, to sep- 
arate them by some distance from the extraction 
building in order to minimize the possibility of sol- 
vent  vapors getting in. A modern elevated control 
room adjacent  to the extraction equipment is shown 
in Figure  1. This room while adjacent to the extrac- 

than packed stuffing boxes. The developments made 
in such seals over the past 10 years have given us 
seals which are practically 100% leak-proof and 
which have a very  good service life. Such seals also 
deserve consideration for use on extracted flake con- 
veyors and other conveyors handling hexane-solid 
mixtures. 

Overflow Tank or Dump Tank. I t  is good practice 
to provide a buried hexane overflow tank or dump 
tank adjacent to the plant ;  an overflow line from the 
hexane work tank or the extractor  conveys the excess 
hexane or miscella which accumulates in these loca- 
tions, dur ing an emergency shutdown, safely out to 
the overflow tank. I f  this were not done, the excess 
solvent could find its way to the conservation vents 
on these devices and then spill out on the ground ad- 
jacent to the building. This tank should be checked 
daily, and pumped, if necessary, so that  it is empty 
at all times. 

Explosion-Proof Inter-Communication System. A 
number  of plants have installed inter-communication 
systems to provide easier and better  coordination be- 
tween the operators throughout  the plant. Explosion- 
proof t ransmit ters  and receivers arc available for  
such systems; these are a valuable aid in maintaining 
safe operations. 

Use of Meal Drier Following Meal Desolventizers. 
The use of a steam tube meal drier, following the 
meal desolventizing equipment, provides additional 
protection to insure that  solvent vapors will not flow 
with the meal to the meal-grinding building. A re- 
cent installation is shown in F igure  2. Here  the drier 

FIG. 1. Extraction building, showing enclosed elevated con- 
trol room in right-hand front corner of building. 

tion equipment to permit  easy operations is con- 
structed at the second floor level and is pressurized 
by a fan which takes its suction from above the roof 
Ievel. The placing of all of the starters, push-bottons, 
and other electrical controls in such a room not only 
appreciably reduces the initial electrical investment 
within the plant  but  also permits easier electrical 
trouble-shooting later on. 

All conveying and processing equipment which 
handles the flow of solids through the extraction 
building should be electrically interlocked so that  a 
plug-up in one place of equipment does not  plug up  
all of the preceding equipment. This is not only a 
good operational feature but  also a good safety fea- 
ture  since it means that  only one piece of equip- 
ment ra ther  than several must be opened up for 
unplugging. 

Mechanical Seals on Pumps. To minimize solvent 
leakage and loss, all pumps handling hexane or mis- 
cella should be equipped with mechanical seals ra ther  

FIG. 2. 
toaster. 

Steam-tube meal-drier, following a desolventizer- 

also serves as the meal conveyor to bring the meal 
f rom the extraction building back to the meal build- 
ing. I t  is heavily aspirated at the feed end so that  

a n y  solvent vapor which should get out of the desol- 
ventizer during periods of poor operation is removed 
f rom the meal before it gets to the meal screens. 

Improved Flake Seal to Extractor, The point at 
which the prepared bean flakes enter the extractor  
bears close watching. Under certain operating condi- 
tions a slight pressure can be developed within the 
extractor  which will have a tendency to force hexane 
vapors back through the flake-conveying system to 
the milling building. The use of the inclined wet- 
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FIG. 3. Inclined wet-loading conveyor preceded by plug seal 
conveyor - -an  improved method of sealing the flake inlet to 
the extractor.  

loading conveyor has made possible a major improve- 
ment in sealing the extractor at this point. Such an 
installation is shown in Figure 3. Additional safety 
features include a dry plug seal conveyor for the 
flakes ahead of the inclined seal conveyor and ade- 
quate aspiration on the head end of the flake elevator 
coming from the milling building. It  is at this point 
that the previous mentioned sample for the combus- 
tible gas analyzer is taken. The safety of the older 
style, gate-loading device used on many basket ex- 
tractors can be improved by providing ventilation to 
the outside for the upper loading device. A vertical 
stack through the roof will provide a good draft and 
normally will help to prevent any large amount of 
hexane vapor from seeping back to the milling 
building. 

Maintenance Procedures. Dur ing  maintenance  
shutdowns, safety rules must be enforced with special 
care. The large number of people in the plant, their 
relative unfamiliarity with the operation, and the 
fact that equipment containing solvent vapors may 
be open increase the chances for an accident and 
make careful education in, and strict enforcement of 
safety mandatory. 

Purging and ventilating procedures for the ex- 
tractor were mentioned previously. Building venti- 
lation must be maintained at normal efficiency. It  is 
also advisable to run aspiration fans, the vent fan, 

and any other similar equipment during the shut- 
down to provide additional ventilation. 

Welding or flame-cutting operations should never 
be permitted within the extraction building or the 
surrounding area. Strict enforcement of this rule 
from top management on down not only eliminates a 
very potent hazard but also adds important emphasis 
to the whole safety program. 

Processing Equipment Improvement. Mention 
should also be made of a significant number of proc- 
ess-equipment improvements which have been made 
during the past 10 years and which have contributed 
greatly toward safer operations. Among them are 
the following: 

improved evaporators of the vertical rising-film 
type which have greatly reduced the quantity of 
miscella in process in the distillation system; 
the use of bubble cap or disc and donut oil-strip- 
ping columns which are not likely to plug and 
therefore mean less danger of producing a low 
flash point oil; 
the desolventizer-toaster which has greatly im- 
proved the meal-desolventizing operation; 
mechanical and process improvements to extrac- 
tors which have increased the operating relia- 
bility ; and 
simplification of the over-all plant design by im- 
proved layout and the use of fewer pieces of 
equipment to do a given job. 

These remarks have been limited to hazards within 
the extraction building. Of course, safety is not con- 
fined to this building alone, but considerations in- 
volving the hazards of flammable liquids extend also 
to the milling building, boiler house, the solvent un- 
loading station, the oil-loading station, and other fa- 
cilities which may be adjacent to the extraction 
building. In addition, of course, each of these facili- 
ties has its own specific safety problems. 

Personnel training for safe and efficient operation 
is another very important factor. As mentioned pre- 
viously, there is no plant built which cannot be made 
unsafe by poor operating procedures. Personnel 
training, as well as engineering for safety, is a con- 
tinuous job which deserves attention and supervision 
from each individual concerned with the operation 
of an extraction plant. The m o t t o "  Safety F i r s t "  is 
not good enough in an extraction plant; rather it 
should be "Safety Must Be Fi rs t . "  
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Safety Permeates All Manufacturing Operations 
A. ERNEST MacGEE, Skelly Oil Company, Kansas City, Missouri 

j UST AS IN TUE CASE of the Ten Commandments, 
plant design and operating procedures that are 
safe, from both a personnel and property stand- 

point, are ideals to which practically all can sub- 
scribe. Likewise most engineers or others concerned 
with plant design and operations find that it is much 
easier to subscribe to an ideal than to follow safe 
practices in the every-day conduct of the business. 
This is true for a number of reasons, not the least of 
which is the fact that safety permeates all manufac- 

turing operations, whether it be the design of a soap 
kettle, the running of a solvent extractor, the han- 
dling of a truck, the layout of a milling room, the 
generation of hydrogen, the lighting in grain eleva- 
tors, the removal of fumes from the laboratory, the 
power plant mMntenance schedule, the wiring of of- 
rice equipment, or the piping of the refrigeration 
unit. Although the unknown or the unexpected are 
lurking about all plants to a greater or lesser extent, 
One cannot gainsay the thesis that accidents don't  


