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NFPA 36 

S t a n d a r d  for 

Solvent Extraction Plants 

1993 Edition 

T h i s  edition o f  NFPA 36. Shnrinrd/or Soluml Exfration Plan& was prepated by the 
Technical Committee on Solvent Extraction Plants, released by the Correlating Commit- 
tee o n  Flammable Liquids. and acted o n  by the National Firc Protection Association. Inc. 
at i ts  Fall Meeting held November 16-18. 1992. in Dallas, Texas. It was issued by the 
Standards Council o n  January 15. 1993. with an effective date of  February 12. 1993. and 
supcrscdes al l  previous editions. 

T h e  1993 edition of this document has been approved by the American National 
Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the margin o f  the pages 
on which they appear. These lines are included as an aid to the uscr in identifying 
changes from the previous edition. 

Origin a n d  Development of NFPA 36 

This-standard was developed at the request o f  the solvent extraction industry in an 
elTort to achieve greater uniformity in fire protection practices for extraction plants. T h e  
purpose of this standard i s  to provide reasonable standards for the design and operation 
o f  solvent extraction processes and extraction plants. 

NFPA 36 was tentatively adopted at the 1957 Annual Meeting o f  the Association. A 
revision o f  this tentative edition was adopted at the 1958 Annual Meeting. NFPA 36 was 
officially adopted by the Association at i t s  1959 Annual Meeting. Amendments were 
adopted in 1962. 1964. 1967. 1972. 1973. 1974. 1978. 1983, 1985. and 1988. 

T h i s  1993 edition of NFPA 36 incorporates the following amendmcnts to the previous 
edition: 

A complete rewrite o f  the Sco e o f  the document to eliminate inconsistencies and 

Addition o f  appropriate statements to Chapter I .  Gcncral. to address cquivalcncy and 

A complete editorial rewrite o f  Chapter I to comply with NFPA’s Manual o f  Stylc. 
A complete revision of  Subsection 3-12, Bulk Solvent Storage Tanks, to address the 
need for more explicit requirements for aboveground storage tanks. 
An amendment to Paragraxh 5-2.7.1 to achieve greater flexibility in siting o f  cooling 
towers having fill of limite combustible materials. 
Amendments to Paragraphs 5-8.2.3 and 5-8.2.4 to clarify the purpose o f  the vapor: seal 
on the extractor and to recognize that a single seal i s  adequate in most cases. 
A complctc rewrite o f  Appendix 6. General Description of Solvcnt Extraction Process. 
to reflect current practices and technology in the industry. 
A complete rewrite o f  Appendix C. 0 erational Practices. to reflect current industry 
practices and certain rules of the U.S. gccupational Safety and Health Administration. 

potential misapplication o f  the s ocument to alcohol-based extraction processes. 

retroactivity. 
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A p p e n d i x  B Genera l  D e s c r i p t i o n  of Solvent  
E x t r a c t i o n  Process 

'Ut i ,  Appmdm h irnl ,I p a i l  of Ut, r + w w n L ~  of I l i b  NFPA t/w,z- 

'tlC111. /,.I n ;,,d,,,/d /;,v ;,,/;,,,I,, I;",, /,,,I/,".'t.\ ,,,,/J. 

General. I'hc rcniwal of  vegetable oils from oil-bearing 
materials by solvent extraction involves almost exclusively 
the use of soIvents. N i e  preparation processes that are 
m p l o y e d  depriid iin the o i l  content of the seed, the phys- 
ical characteristics of the seed, the type of  extraction system 
used, and the desired end products. 

Extractio? Solvents and Their Properties. The pr imary 
iolvent used for the extraction of vegetable oils is the 
petroleum hydrocarbon fraction sold commercially as 
'hexane." This is because of hexane's low cost. stability. 
:xcellent thermal characteristics. and selectivity for oils and 
Bu. Other solvents. sucli as pentane, heptane. and trichlo- 
roethylene. have been tried. but have not been widely 
ired. Table B- I shows hexane's physical properties. Table 
8-2 shows a typical distillation analysis for hexane. 

Table B-I Physical Propn ier  of Hexane 

qammablc limits (percent by "01.) ........................... 1.2-6.9 

.___._..... 4.762 

Table B.2 Distillation Analysis of Hexane CF) 

Percenl Distilled 

Inhial Roiling Point 146 
S 148 

I O  148 
'LO 149 
30 149 
4 0  149 
50 149 
(in I50 
711 I50 
no I S 1  
!IO I 52 
!I5 153 

I h y  C l l t l  IJOillI 156 

~ I ~ w ~  of' IWXXIK~'S itiore iinportant properties are also 
sale~y concerus: i t s  Il;tsli point and i t s  v;lpor density. As 
s h o w n  in ~l'idilc I \ -  I, the lliisli point i s  - 15°F (-26°C) and 
the lmiling point i s  I 5 W F  (69Y:). making hexane a Class I B  
I:l:iitiin:ible I.iqtnid. I ' h e  vapors of hexane are about three 
tiiiies inore deiisc t l u i i  iiir, which accounts for their ten- 
dency t o  llow across ii surhce and to collect in low spots 
i ~ i id  coii l i i ied ;~rr;ts, 

Preparation and Pre-Treatment. Oilseeds that have a 
high oil content. such as sunflower seed, rapeseed (canola). 
peanut. and corngerm. are difficult to prepare and do not 
iil low economical direct extraction. Experience has shown 
that  i t  i s  less costly to remove some of the oil by f i rst  prcss- 
ing the seeds prior to solvent extraction. Th is  is called 
"prepressing" and i s  done in screw presses. T h e  oil f rom 
this prepressing i s  screened to remove fine material called 
"foots" and  i s  then filtered or centrifuged 10 produce a 
clear oil. The foots are returned to the inlet of the screw 
press. Before pressing, the oilseeds are sometimes cracked. 
then flaked. Generally. the seeds must be cooked before 
pressing. T h i s  cooking step varies widely. depending o n  
the variety of seed and the type of press. Some screw 
presses are able to handle whole, uncooked seeds. In any 
case. the cake produced b y  the prepressing is the raw 
material for the solvent extraction process. This  cake may 
be granulated prior to the extraction step. 

There are many ways to prepare soybeans for solvent 
extraction. although certain operations are common to al l  
preparation processes. Soybeans generally bypass the prc- 
pressing step. T h e  four major steps in prepar ing soybeans 
for solvent extraction invariably follow a sequence of clean- 
ing. cracking, heating. and flaking. The demand for high 
protein soybean meal for poul t ry feed has led some extrac- 
tion plants to  add a process to remove the hulls from the 
cracked beans, using air  separation. Sometimes the soy- 
beans are dr ied to a relatively low moisture level and then 
dchulled before any heating takes place. Another method 
processes the beans at their normal moisture content. prc- 
heats them quickly in a fluidized bed drier. then cracks and 
dehulls the beans while they are s t i l l  hot. T h e  resulting 
meats are then conditioned in a second fluidized bed drier. 
prior to flaking. 

Some processors. whether they dehul l  the beans or not. 
add an additional step that uses an extrusion device called 
a n  expander to produce pellets from the flakes. This pro- 
cess i s  said to improve the extractability of the flakes and to 
reduce the amount of hexane holdup in the flakes that 
leave the extractor. 

Cottonseed and other sofi seeds are prepared both with 
and without preprcssing. Some processors consider the pre- 
pressing step to be essential. while others consider i t  costly 
and unnecessary. The  preparation ofcottonseed by the direct 
extraction method. Le.. without prepressing. consisu ofclean- 
ing. delinting. cooking. and flaking. T h e  last two steps may bc 
adjusted 10 optimize the efficiency of the extraction step and 
to overcome the toxic elrects of a pigment gland, called gos. 
sypol. that  is ust~nlly present in the seed. Prepressing of cot- 
tLinsred produces Iliglier-than-normal leniperatures becnuse 
~ d ' t h e  cooking step prinr 10 the prepressing and the frictional 
hciit developed in tlie press. As with other soft reeds. mnis .  
ttlrr itdjiistnic~it :ind granthtiolt. flaking. or both. of' [ l ie 
plcss c: ,k usu:111y l < * I l ~ W S .  



Extraction. Modern systems for the extl.iiciion 01' vegctit- 
ble oils and kits by solvents appear rather ccr~npler. ' l ' l i i s  
complexity. however, is largely due to the systeiiis lilr C O I I -  

trol. safety. aiitoniiitioii. and  energy recovery. The Iii isic 
extractioii prmess is,l.iitlier simple. as sliowii i t i  I;igure 1%- I. 

n P,rp.r.tion 

r"l Exiristor I 

Figure B-I Row D i m p m  of Exlnrtion Pracs i .  

Despite the seemingly complicated array of equipment. 
the process consists of just four major functions: extrac- 
tion. desolventizing. distillation. and  solvent recovery. 

In the extraction step. the oil i s  removed from the oil- 
bearing material. The extraction of the oil or fat leaves the 
oil-bearing material saturated with solvent. Th is  solvent i s  
removed in the derolventirer: which drives off the solvent 
by direct and indirect steam heating. T h e  miscclla. or oil- 
bearing solvent. goes to the evaporation or distillation sys- 
tem. where the solvent i s  removed from the oil by means of  
heat. direct steam. and vacuum. T h e  evaporation of the 
solvent from the m ixe l l a  is not d imcul t  because the solvent 
has the reladvely low boiling point of about 156'F (69'C). 
compared to the boiling point of the oils, which can usually 
withstand temperatures as high as 250'F (121'C) without 
discoloration or polymerization. Thus, a wide temperature 
differential between the solvent and the oil. plus the use of 
str ipping steam and vacuum in the final stage. facilitates 
desolventiring of the oil. T h e  solvent recovered in this pro- 
cess i s  reused. 

T h e  functions of various components o f  t l ie extraction 
process are described in the sections that follow. 

Basket-Type Extractors. Basket extractors come in  three 
varieties: vertical. rectangular. and horizontal, The iiiiute- 
rial, to be extracted is carried through die cxtr i ictor in 
iiidividiially-siispellded. per l i x i t ed  or screcii-l)~,ttiiiiied 

P"mp' n.ii Full 
Miicdli M i i C I l l l  

Figure 8.2 Vcltical Bask1 Emractor. 

T h e  baskets are guided by pins at the end ofeach basket 
that slide in a track fastened to the inside of the extractor. 
The track and pin arrangement prevents the basket f rom 
tipping until i t  reaches a point over a discharge hopper, 
where a mechanism inverts the basket and discharges the 
extracted material. As the basket passes the discharge posi- 
tion. it i s  r ighted a n d  inimediately recharged with oil- 
bearing material. 

.The number of  baskets in the extractor depends on the 
through-put, the extraction time. and the design balance: 
24 to 36 baskets would be normal. T h e  most common type 
of charging system is a continuous screw conveyor that 
feeds a mixture of oil-bearing material and half-miscella to 
the baskets. The extracted ma te r id  i s  removed from the 
discharge hopper by a paddle conveyor o r  a mass-flow type 
ofconveyor that is set in the bottom o f the  hopper. 

Vertical and  rectangular basket extriictorr have both 
ascending and descending baskets traveling through it 

shower of solvent ii i id miscella. A concurrent phase takes 
place froin the time die. baskets iire filled until they reiicli 
the bottom nl' the extractor 011 the  downw:trd leg. HiiIf. 
miscella froin tlie bottom 01' the iIscending side 01' lhe 
extcictor i s  p i in iped t o  ii 11;isket iieiir the top o f  tlie 
descendiiig side iiiid ~ic.rcoI:~tcs (II)WII t i iroi i~l i  the I m k c i s  
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1 0  t h e  liill.misccll:i diii it i l~~r it1 tlw I ~ ~ ~ t ~ ~ i i .  Kaw stheiii is 
spr;iyed a i t i ~ o  O I I V  OI '  IIIOIC (#I' I Iw Ixtskets neitr the tup 01' 
the asccwliiig s i c k  :id IIOIYS ci,iicurrently througl~ ihe Iias- 
kets IO IIIC I w l l ~ i i i i s w l h  cliilmhcr at  ilie 1101to~n of  ihe 
asceticling si&. , 

Keci;iiigiil:n. :ti id Iiorit.~mtiil I i~isket-type extuctors  are 
quite similar to  the veriic;il type, with the exception ilia1 a 
series olpiiinps cii i i t i tnwurly piiii ip iiiiscella to spray pipes 
above the Ii:iskeis. 

Rotary Extractors. ( S r t  /:;gum B - 3 . )  A rotary extractor 
consists of ii series of cwlcenlricdlly arranged cells sup -  
ported froin ii wrt ic id  slialt. Extraction is elTectcd in a 
manner similar to l i o r i z o ~ ~ t a l  hasket extractors. where the 
baskets pass beneath fixed ~iozzles fed from stage pumps 
recirculating ~ a r i o i i s  concentrations of miscella. as shown 
in Figure 8-4. A pr in iary difference is that the bed ofmate- 
r ial  i s  much deeper in the rotary extractor; hence, the term 
"deep bed extractor" is  sometimes applied tn this type. 
Each cell has a n  open top and a hinged. perforated bottom 
door. As the cells travel around the track and  pass beneath 
the feeding device. a slurry of oil-bearing material and  
half-miscella fills each cell. The rotation speed of the cells 
is variable to ensure that a continuous flow of slurry f i l l s  
each cell to the desired level. While the cells are complet- 
ing a revolution of the extractor. increasingly stronger con- 
centrations of miscella. which is collected from the drain 
compartments that form the bottom of the extractor. are 
sprayed back onto the top of the cells. At approximately 
:wo-thirds o f t h e  distance around from the slurry inlet. raw 
solvent i s  sprayed onto the top o f the  cells. and the cells are 
allowed to drain free of excess solvent. After the drainage 
iection. the cells pass over a discharge hopper. When each 
:ell is directly over the hopper, a cut-out section of the 
.rack permits the cell bottom to be released, and  the spent 
material drops in to the hopper. Immediately after passing 
:his position. the cell bot tom is mechanically raised back to 
.he closed posilioii and is  ready to be recharged. T h e  spent 
naterial is  contiii i iously conveyed from the discharge hop- 
i e r  to the desolventizer at  a uniform rate. Th is  rate is reg- 
Jlated so that the discharge hopper i s  ncarly empty when 
.he next cell disch;irges. 

Stationary-bottom and sliding-plate extractors (Figure 
8-5)  are variations or the deep bed rotary extractor. These 
extractors have concentric cells affixed to a central axis that 
is powered by a variable speed drive. The cells slide over a 
self-cleaning slotted bottom plate. Because of this feature. 
no doors are required to support the flakes. The cells are 
uniformly filled to a desired level. Several stage pumps arc 
provided to recycle the solvent and  gradient miscellas 
countercurrent to the mass as i t  i s  extracted. A drainage 
section i s  provided after the fresh solvent i s  added. and the 
extracted material drops into a discharge hopper. where i t  
i s  conveyed to the desolventizer. 

T h e  stationary cell extractor i s  another type of rotary 
extractor. This type provides countercurrent exiraction with- 
out moving the cells. Instead. the fill spout. spray nozzles, 
bottom screens. and miscella co l le t ion compartmenu rotate 
on a central shaft. T h e  thrust load is carried on a circular 
track mounted on the bottom o f the  extractor shell. T h e  oil- 
bearing material remains in the stationary basket until 
drained. As the bottom screen rotates under the basket. the 
material dischdrges into the internal discharge hopper from 
which i t  i s  conveyed from the extractor. 

Perforated Belt Extractor. (Scc Figure 8-6.) Another type 
of extractor i s  the horizontal perforated belt extractor i n  
which the flakes are fed in  a uniform depth onto one end 
o r a  slowly moving perforated belt. As the oil-bearing mate- 
rial. which i s  not as deep as in the rotary-type extnctor.  
travels the length of die extractor. gradient miscellas ai-e 
sprayed over the moving bed Tr~m stage pumps. in much 
the siinie I;isliioii ;IS the I i i i r izontal  basket a n d  rotary 
extractiirs. The belt is  comprised o f a  pair  of endless chains 
running 0 1 1  ii sei of large spr iKkeu at each side of ihe  
extl'iicior. Atiiiclicd iicross the chains mid for in ing i! It;!! 
surliice xre :I series of ~ierlor;itrd pliites iir screens. C h a w  
Iicrs or piins ;ire arl'itnsed Iiezieii~h the belt lor the cniirc 
lengtli of the CXII:IC~OI' liw collection of vi i r io i is  C O I I C ~ I I I I F I -  

t i ( i i is  ' $ 1  tuiscelhs. .I'hc spent tiiiwriiil i s  conti i i tmtsly d i s -  
clurscd li.i)iii i l ic UINI ' I I I I I C  Iidi iiiio :I hopper. lrcrw whic l~ 
i t  i s  uiiivrycd IO IIIC <lcs<dvcttui~cr. 
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Figure 0.5 Sutiona.~Bouom or SlidinpPIaLc Exlmctor. 

Another type of perforated belt extractor. the sliding cell' 
x t rac to r  (Figure 8-7). provides two extraction surfaces 
uhere the flakes are separated by rectangular compartments. 
vhilc traveling along the moving slotted screens o r  stationary 
ree-bar screen plates. This unit achieves countercurrent 

cxtl.iictioii by ci i iployi i ig st;igr p i i n i p s  iiiid ii series ol' 
collecting pnns to direct tlir Ilow 111 t he  var ious iiiiscella 
c w c r i i t r a i i o i i s .  Uccaiise i l icre i s  mi upper and ii l o w e r  
scrccii Ibelt or plate. tlir filling device can be locxted over. 
1 h t  r c p i n t e d  lrom. the disclwrge Iiopper. When iIic 
pxrtially extracted mater id  reaches the end of the top belt. 
i t  lalls froni the upper cell into a similar compartmeoi 
oii the lower belt. The  niass co~it inues to be sprayed with 
miscella f rom the stage pumps uniil i t  reaches the fresh 
solvent wash pr ior  to draining and feeding into the dis- 
charge hopper. 

Rectangular Loop Extractor. (Sce Figure 8-8.) The  same 
basic principles are used in the rectangular loop extractor as 
in the sliding cell extractor. However. the overall shape ofthis 
extractor utilizes an "en m a d *  type conveyor instead ofindi- .- 
vidual barkers. The bottom pan of the conveyor uses rtation- 
ary, linear vce-bar screens. Flakes enter near the top of the 
extractor at  the inlet hopper. A conveyor chain carries the 
flakes away from this hopper and down the f i rst  leg of the 
loop. where the flakes receive their first wash. In the bottom 
hor i zond  run of the loop. the flakes are washed with pro. 
gressivcly weaker concentrations of mixellas. h the flakes 
travel up the vcnical p a n  of the loop. they are further 
extracted by a countercurrent wash of  mixel la flowing down 
the loop. On the sloping top run of the extractor. they receive 
a fresh solvent wash, are allowed to drain. and are discharged 
continuously from the unit. 

The  extractor conveying chain i s  open at the top. bot- 
tom. and rides. T h i s  allows easy loading and emptying of 
the material and for passage of the solvent through the 
flake bed as it i s  turned during i ts  extraction wash cycle. 
T h e  speed of the chain i s  automatically controlled by the 
level o f  flakes in the inlet hopper. A sensor in the feed 
hopper measures the level of flakes in the hopper and 
sends a signal to the extractor's variable speed drive. 

. .  . 
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Other Types of Extractors. There  a re  other types of 
:xtracton for extracting oil from oil-bearing materials. but 
:hey are not in general use. These other types include ver- 
!ical immersion. filtration. and batch extractors. Some are 
used only for special applications. 

Distillation. T h e  distillation system of an extraction plant 
provides the means for evaporating and stripping the 
solvent from the oil. There are numerous methods 
Tor accomplishing this. from the early pot-type batch stills 
and pan-type evaporators to the currently popular long. 
tube rising film evaporators. followed by high vacuum 
stripping. Few ol‘ the pot stills or  pan-type evaporators are 
itill in use. 

At this time. nearly all extraction plants use two long-tube 
rising film evnporators. with or  witliout recirculation. The  
first evaporator itsitally oper;itcs tinder vaciiiim. while the 
second operates either tinder vaciiiim or  at  atmospheric 
pressure. Heat from the desolventizer vapor i s  recovered and 
used t o  supply Iie;it to the lirst eva1nmtor. while indirect 
steam slipplies lieat for the second ewpcrrator. llic choice or 
the type oloi l  stripper used clepends (in i t  number ol‘hctors. 
including the design ;and siic or  the other components in the 
systciii iiiid the in;itcri;d I x i n K  pwccssed. 

Stripping columns commonly used are either the packed 
column type or the disk-and-doughnut type. The stripping 
column distributes the oil into a very thin film on a large 
surface area with a relatively high velocity of dry steam 
passing over and through the film. A countercurrent flow 
is established by introducing the oil at the top of the col- 
umn and allowing i t  to pass downward through the tower 
against the flow of the steam. which is introduced at the 
bottom of the tower. The  tower must be operated under a 
vacuum of 22 to 28 in Hg (559 to 71 I nim Hg) to achieve 
highest efficiency. T h e  mixture of steam and solvent vapor 
passes from the top of the tower to a condenser irom which 
the condensate is pumped to a solventlwatcr separator. 
The  solvent flows from the separator to a work tank. Water 
flows from the separator to the waste water evaporator. 
Finished oil is usually pumped from the stripping column 
by a rotary positive displacement pump. 

Desolventiring and Toasting. Desolventizing of the spent 
material is accomplished in several ways. In one of these. 
spent material is dcsnlvcntized by pmsing through a series 
or steam-j;icketed rotary conveyors commonly called 
“sclineckens.” .Iliesc conveyors itre iis~i:illy stacked one 
Above tlie otlicr. :ind tlie miiteri;tl t o  he desolveniixd 
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drops by gravity from one to the next. T h e  last conveyor 
often has a direct flow of steam to remove the final traces 
of solvent. Vapors are piped to a scrubbing and condcns- 
ing system. T h e  dcsolvcntized material i s  discharged from 
the bottom conveyor through a vapor seal. 

Another type of desolventizer is the recycled vapor type. 
which consists of a single cylindrical vessel with a rotating 
clement that tumbles the spent material from the inlet to 
the discharge end. T h e  vessel is itcam-jacketed. and part  of 
the solvent vapor that i s  dr iven oIT is superheated and  
passed dirccdy back to the verrel. T h e  superheated solvent 
vapor provides the energy to desolventize the material. 
T h i s  type ofdesolvcntizer i s  usually followed by some type 
of stripper. often using heat. vacuum, and direct steam to 
remove the final traces of solvent. T h e  dcsolventized mate'. 
r ial  is then discharged through a vapor seal. 

Many extracted o i l xed  products require toasting or cook- 
ing in order to deactivate enzymes and otherconstituenu and 
yield a nutritional product. T h e  moisture and heat of the 
toasting process also agglomerates the fine particles of nical 
into a more granular form. This helps to reduce the dust 
problcni in subsequent cooling and milling steps. Toasting 
can be c;trried OUI as a separate stage of the process. T h e  
incal i s  conveyed from the desolventizer to the toaster. which 
ni;iy be a vertical stacked cooker or a jacketed stationary 
drum-type unit wi th  a i i  internal agimtor. The toasting section 
of the combination desolvciidrer-toaster. often called ii "D- 
T." i s  esscnti;illy ii stacked cooker. l l ic  functioai o fa l l  to;isters 
i s  twretai~a tIw spent niaterial for a sulliciem time at ii win. 

pcrature above 212'F (IOO'C) and at a specific moisture con- 
tent. T h e  length of time that the meal i s  held at the= condi. 
lions determines the degyee of cooking or toasting. 

From 3 fire protection standpoint. the development of the 
dcsolventircr.toaster. wi th  the elimination of rhe intermediate 
vapor seals. conveyors, ctc.. represents a significant advance. 
The D - T  is  now used in most large capacity solvent extraction 
systems and accomplishes two important processing steps 
with a minimum ofmoving machinery and maximum safety 
against exape of solvent vapors. The D-T consists of individ- 
ual kettles or trays placed one above the other. each kettle 
conlaining a layer o f  spent material to a depth of I 10 4 ft (0.3 
to 1.2 m). The  feeding of material from one kettle to the next 
lower one i s  accomplished by an automatic gate mechanism 
or spout. T h e  trays that form the floor of each kettle are 
steam-jacketed and direct steam is spargcd into the material 
in the top kettle or kettles. Some of this steam condenses as i t  
evaporates the solvent. raising the temperature and the mois- 
ture or the material to the levels required for toasting in the 
lower kettles. The top kettle i s  provided with a large pipe t o  
conduct hot vapors through a scrubber to the condensing 
systcni. 111 normal operation. at least halfof t l ie kettles ( tnys) 
of ~lir  0-7' arc filled with dcwlveiitizcd materiiil. providing 

changes iii plant perforiiimcc. 
More vccenily. tlir l i i l ly coui i t r r f low U.'r has bccil i i i t i g , .  

duccd. III h i s  uiiii. tlic trays ba\c ii relniivcly ~ I I I ; ~ G , ~ I I ~  p i .  
t cru  ( $ 1 '  pel IiDriliions i l i a t  i a l l < i w  the pasr;ugc ( 8 1  %IC.UI I~  

t l l loq l l  C . . I C ~  L I I I I I C ( I  1ev1.I t n x y  il i ld bed d n i . ~ i ~ ~ ~ ; t I .  Malsi 0 1  
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a11 01 i l iv  i l ircct stciiiii i s  iiitrnduced at the hittot i i  01 the 
0.3' and I l c ~ w r  up t lwiugl i  tlre beds iii counterllcrw 11, tlic 
d o w ~ ~ w i ~ ~ l  l low '31 i i ~ ~ ~ t e r i a l .  ' l ' l i is  method desolventizer i ta id  
t o i s t s  elkctivuly. rcduces the  danger of snlvent escaping 
froni the. Ooitom c,l  lie I1.T. and i s  more eiiergy e l l i c i ce~.  

Condensing System. Condensing of sulvent vapors iind 
stcani i s  ~isu;illy accomplished by [lie use of sliell-and.tubc 
condensers. Tlic tubes are normally made of stainless steel. 
Water I lows througl i  the tubes. and the solvent vapor and 
s t e m  cuiideiise on the outer surfaces of the tubes. -nir 
cold water used in the condensers may be supplied 1rom 
deep wcIIs. cooling towers. spray ponds. or some oi l ier  
source that can supply water cool enough to operate the 
condensers efficiently and clean enough to prevent fouling 
of the tubes. Solvent vapor from the desolventizer is usu- 
ally passed th rough  a scrubber 10 remove any solids 
entrained in the vapor stream. T h e  vapors are normally 
washed wi th  liquid solvent. a n d  this scrubbing liquid. along 
with the removed fines. is returned to the desolvcntizer. 
Water has also been used as a scrubbing liquid. 

Vent Vapor Recovery System. It  is srandard practice in 
extraction plants to vent each piece of processing equipment 
to a common vent header. T h i s  header contains hexane 
vapor. water vapor, and  air, which flow to the final solvcni 
recovery system. At a minimum, the solvent recovery system 
consists of a water-cooled shell-and-tube condenwr and a 
mineral oil absorption recovery system. T h e  noncondensible 
components are scrubbed in a mineral oil absorption column 
and are discharged through a flame arrester 10 atmosphere 
by a vent fan. The  mineral oil is heated. stripped of its hex- 
ane, cooled. and returned io the absorption column. The 
recovered vapors are c o n d e n d  and returned to the solvent 
separator. By today's s t a d a r d s  of efficiency. the solvent 
losses in a large. welldesigned. and wel l - run plant will not 

processed. I n  a soybean processing plant, this is equivalent to 
a solvent loss of 0.14 percent b y  weight. baxd on the weight 
of the soybeans processed. Many plants have solvent losses 
that are considerably lower than this. 

Waste Water Evaporator. Water is continuously produced 
in the extraction process from the condensation of direct 
sparge steam that i s  used in many d o n s  of the plant. This 
water i s  continuously removed from h e  solvent-water sepa- 
rator and sei11 10 a vessel called the waste water evaporator. 
where direct stram is introduced to nix the temperature to 
at least 185'F (85°C). Often. the dirm steam is provided by 
the final stripper vacuum ejector (and possibly other ejectors 
in the process). The purpose of this waste water evaporator i s  
to heat tl ie waste water well above the boiling point of the 
rolvcnt. thus cvapirating any remaining solvent in the waste 
water sircam. T h i s  waste water Rows to a large outdour r e p  
aratinti sinnip tl i i i t  i s  also connected to the floor drains o f t l i e  
ex i r x t i o i i  Iiuilding. This sump serves two purposes: i t  pro- 
vides ;ill i l t l t l i t i i i t i i i l  level of safety by separating any remain- 
jng oils. solvents. iind ni ixcl la from the waste water prior to 
11s tliscli;irsc: ii :also provides ciinlainmcnt Ibr a n y  spills. 

exceed one-half gallon (1.9 L) of solvent per ton of materia J 




