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N O T I C E  

All questions or other communica t ions  relat ing to this document  should be sent only to NFPA Head-  
quarters,  addressed to the at tent ion of the Commi t t ee  responsible fi)r the document .  

For in tormat inn on the procedures for request ing Technical Commit tees  to issue Formal Interpretat ions,  
proposing Tentative Inter im Amendments ,  proposing amendments  tor Commit tee  consideration, and appeals 
on matters  relat ing to the (nntent  nf the document ,  write to the Secretary; Standards  (-iouncil, National  Fire 
Protection Asso<iation, 1 Bat tervmarch Park, RO. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Commi t t ee  Projects shall not be considered the official position of NFPA or any of its Commit tees  and 
shall not be consittered to be, nor be relied upon as, a Formal Interpretat i tm.  

Users of this document  should consult  applicable Federal, State and hwal laws and regulations. NFPA 
does not, by t h e  publicat ion of this document ,  intend to urge action which is not in compliance with appli- 
cable laws and this document  may not be construed as doing so. 

Policy Adopted  by N F P A  Board of  Directors  on D e c e m b e r  3, 1982 

The Board of 1)ireetors reaffirms that the National  Fire Protection Association recognizes that the tox- 
icity of the products of combust ion is an impor tan t  factor in the loss of litl, from fire. NFPA has dealt with 
that subject m its technical commit tee  documents  for man}" years. 

There  is a cnneern that the growing use of synthetic mater ia ls  may pruduce more or addi t ional  toxic 
products of combust ion in a fire environment ,  The  Board has, theretore, asked all NFPA technical commit-  
tees to review the documents  for which they are responsible to be sure that the documents  respond to this 
current  concern, rib assist the commit tees  in meet ing  this request, the Board has appointed an advisory com- 
mittee to provide specific guidance to the technical commit tees  on questions relat ing to assessing the hazards 
of the products  of combustion.  

L i c e n s i n g  Prov i s ion  - -  This  document  is copyrighted by the National  Fir{" Protection Association 
(NFPA). 

1. Adopt ion  by Reference - -  Public authori t ies  and others are urged to reference this document  in 
laws, ordinances, re~flations, administrative orders or similar instruments. Any deletions, additions and changes 
desired by the adopt ing  author i ty  must  be noted separately. Those using this method are requested to notify 
the NFPA (Attention: Secretary; Standards (]ouneil) in wri t ing of such use. The  term "adopt ion  by' ret~wence" 
means the ci t ing of title and publ ishing informat ion only. 

2. A d o p t i o n  by Transcr ipt ion  - -  A. Public authori t ies  with l awmaking  or ru le -making  powers only, 
upon wri t ten notice to the NFPA (Attention: Secretary, S tandards  Council) ,  will be granted  a royalty-free 
license to print and republish this document  in whole or in part,  with changes and additions,  if any, noted 
separately, m laws, ordinances,  regulations,  adminis t ra t ive  orders or s imilar  ins t ruments  having the three of 
law, provided that: (1) due notice of NFPA's copyright  is contained in each law and in each copy thereof; 
and. (2) that such print ing and republication is l imited to nmnbers  sufficient to satisfy the jurisdiction's  lawmak- 
ing or ru lemaking  process. B. Once  this NFPA Code or Standard  has been adopted into law, all pr int ings 
of this document  by' tmblic authori t ies  with l awmaking  or ru lemaking  powers or any other persons desir ing 
to reproduce this document  or its contents as adopted by the jur isdic t ion in whole or in part,  in any lbrm, 
upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license 
to print,  republish, and vend this document  in whole or in part,  with changes and addit ions,  if any, noted 
separately provided that due notice of NFPA's copyright is contained in each copy. Such license shall be granted 
only upon agreement  to pay NFPA a royalty. This  royalty is required to provide funds tor the research and 
development  necessary to cont inue the work of NFPA and its volunteers in cont inual ly  upda t ing  and revising 
NFPA standards. Uncier certain eircumstances, public authorit ies with lawmaking  or ru lemaking  powers may 
apply for and may receive a special royalty when the public interest will be served thereby. 

3. Scope of L icense  G r a n t  - -  The  terms and condit ions set tbrth above do not extend to the index 
to this document .  

(Fur further explanat ion,  see the Policy Concern ing  the Adoption, Pr in t ing  and Publicat ion of NFPA 
Documents  which is available upon request from the NFPA.) 

Statement  on  NFPA Procedures  

This  material  has been developed under  the published procedures of the National Fire Protection Associa- 
tion, which are designed to assure the appoin tment  of technically competent  Cmnmit tees  having balanced 
representation.  Whi le  these procedures assure the highest degree of care, nei ther  the National  Fire Protection 
Asso~mtion, its members ,  nor those par t ic ipat ing in its activities accepts any liability result ing from com- 
pliance or noncompl iance  with the provisions g~ven herein, for any restrictions imposed on mater ia ls  or pro- 
cesses, or tot the completeness of the text. 

NFPA has no power or author i ty  to police or enforce compliance with the contents of this document  
and any cert if icatmn of products s tat ing compliance with requi rements  of this document  is made  at the peril 
of the certifier. 

St: F,M -~11 
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NFPA 36 

Standard for 

S o l v e n t  E x t r a c t i o n  P l a n t s  

1988 E d i t i o n  

This  edition of N F P A  36, Standard for Solvent Extraction Plants, was prepared  by the 
Technical  Commi t tee  on Solvent Extract ion Plants, released by the Corre la t ing  Com-  
mit tee on F lammable  Liquids,  and acted on by the Nat ional  Fire Protect ion Associa- 
tion, Inc. at its Annual  Meet ing  held M a y  16-18, 1988, in Los Angeles,  California.  
It was issued by the Standards  Counci l  on June  8, 1988 with an effective date of June  
28, 1988, and supersedes all previous editions. 

The  1988 edition of this s tandard has been approved by the American National  Stan- 
dards  Insti tute.  

Changes  other than editorial  are indicated by a vertical rule in the margin  of the 
pages on which they appear .  These  lines are included as an aid to the user in identify- 
ing changes from the previous edition. 

Origin and Development of NFPA 36 

This s tandard  was developed at the request of individuals  in the solvent extract ion 
industry  who felt that there was a need for greater  uniformity on fire protect ion for 
solvent extract ion plants. The  purpose of this s tandard  is to provide reasonable stan- 
dards  for the design and opera t ion  of solvent extract ion plants. 

This  s tandard  was adopted tentat ively at the 1957 Annua l  Mee t ing  of the Associa- 
tion and a revised edit ion was adopted as a cont inued tentat ive s tandard  at the 1958 
Annua l  Meet ing.  At the 1959 Annua l  Mee t ing  this s tandard  was officially adopted and 
then revised in 1962, 1964, 1967, 1972, 1973, 1974, 1978, 1983, and 1985. 

This 1988 revision incorporates a complete rewrite of Section 1-3, covering applicabil- 
ity of N F P A  36 to existing plants. It also incorporates  minor  revisions to subsections 
5-1.6, 5-4.2, 5-8.8.2, 5-9.2, and Tables  A-1 and A-2. 
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36-4  S()I.VENT EXTRACTI()N PI.ANTS 

Foreword 
In the preparation of this standard the members of the 

Committee recognized some fundamental  differences be- 
tween the operation of solvent extraction plants and the 
processing of t lammable liquids in large-scale estab- 
lishments. 

bdanv solvcnt cxtraction plants arc relatively small units 
in isolated locations operated without the benefit nfoverall  
fire protection measures such as usually are customary in 
large flammable liquids processing installations. 

The opcrattn of a solvent extraction plant must establish 
and maintain fircsafety es)Orl! g, coz/).r among a small mmabcr 
of employees as opposed to relying on established customs 
in large-scale ~q)crations. 

There are certain inherent hazards in the combining and 
separating of solids and flammable liquids which are 
peculiar to this industry. Also scrving as a contplicating 
problem is the potential dust explosion hazard in some 
areas of a typical plant. Thcrctorc,  it was Mt desirable to 
give consideration to practiccs which would be applicable 
to either potential dust- laden or f lammable vapor 
at mospheres. 

NFPA 36 

Standard for 

S o l v e n t  E x t r a c t i o n  P l a n t s  

1988 Edition 

Chapter 1 Introduction 

N O T I (  :E l t+tlwmat.m on l'cti'tcnccd pul>hcatt,m:, t an bc Ibund 
m Chapter  6 ,rod Apl~cndix C 

1-1 Purpose.  
1-1.1 This standard is intended to: 

1-1.1.1 Prescribe rcasonabh' requirements tot safety to 
lit\' and property from explosion and the in the design, con- 
struction and operation of solvent extraction processes in- 
volving the use of flammable solvents. 

1-1.1.2 Provide a means bv which fire protection direc- 
tors and supervisory process pc,sonncl may evaluate the 
operations under  their authority. 

1-1.1.3 P r o v i d e a g u i d e b v w h i c h i n s p e c t o r s m a v r e a c l -  
ilv and impartiadly determine whether or not an existing 
installation is being operated in accordance with good 
pr,tctice. 

1-1,1.4 Provide a workable set of standards lor the use 
of design engineers, architects and others in p lanning anti 
designing new installations. 

1-1.2 This standard shall not bc construed as l imiting 
new ideas of equipment  design to lhc prcsent state of the 
art but rather shall be considered as a base from which 
higher standards of loss pl'cvciltion and fire protection may 
bc achieved. 

1-1.3 Uni ts .  Metric units of mcasurcmcnt  in this stan- 
dard a,c in accordam:c with the modernized metric svstcm 
known as the International System ot Units (SI). Two units 
(kilogram and square centimeters), outside of but recog- 
nized t~y SI. ;u'c commcmly used in international  fire pro- 
tection. If a value tbr measuremcnt  as given in this stan- 
~{a,d is f~llowc~l by an equivalent v;tlue in other units, the 
first stated is to be regarded as the requirement.  A given 
equivalent value may be approxinmtc. Thc conversion pro- 
ccdurc for the SI units hits been to muhiply the quant i ty  
by the conversion factor and then round the result to the 
aH~,opviate number  ()f significant ciigits. 

1-2 Scope. 
1-2.1 This standard applies to the conuncrcial  scale sol- 
vent extraction processing of animal and vegetable oils and 
fats by the use of flainmablc solvents except extraction pro- 
tosses employing liquefied t)etroleum gases. 

I -2.2 This standard shall apply to all equipment  and 
buildings within I00 ft (30.5 m) of the extraction process 
except as provided in 1-2.3, 1-2.4 and 1-2.5. 

1-2.3 This standard also shall apply to the unloading and 
storage of solvent regardless of distance from the solvent 
e x t r a c l i ( k n  p r o c e s s .  

1-2.4 Where the preparation process is housed separately 
and located a clear distance of 100 ft (30.5 m) or mnre tiom 
the extraction process, this standard shall begin with and 
incluclc the means of conveying material from the prepara- 
lion dcpartnmnt  to Ihc cxtraction process. 

1-2.5 This standard shall includc the means of convcv- 
ing cxlracted dcsolventized solids or oil from tile extrac- 
tion plant to the vessels anct bins storing such material. 

1-2.6 This standard does not include raw stock storage. 
\Vhere grains or seeds are used, reference may be made 
to NFPA 61 B, ,~landardjbr the Prevention (!/ Fires'and Explo- 
,sions in Grain Elevators and Facilities Handh'ng Bulk Raw 
A~,ricu#ural Commodities. 

1-2.7 Processes employing oxygen active compounds,  
such as organic peroxides, which are heat or shock sen- 
sitive are prohibited v,,ithin the area described in 1-2.2. 

1-3 Application to Existing Plants.  
1-3.1 The provisions of tllis standard shall apply to all 
solvent extraction plants. Fxisting plants that conforin to 
the NFPA standards in effect at the time of constructit)n 1 
nkav bc considered to be in compliance wilh this standard 
provided that they clo not constitute a recognized hazard 
to life or adjacent property as determined I)y the authority 
having jurisdicl ion. 

'Re fe r  m 6-1.1 hw a hsl of NI :PA s tandards ,  in addlti~m m N F P A  36, 
~h ich  ma~, apply 

1988 Edition 



1 N ' I ' R O D U C T I O N  

1-3.2 Modif icat ions shall comply with the s tandard  in 
effect at the t ime of the changes. When  mndit icat inns 
adversely afl'ect the intended function or the adcquacy of 
other systems of the existing plant,  those affected systems 
shall bc upgraded  consistent with good engineer ing prac- 
tices and the provisions of tiffs s tandard.  

1-3.3 Modif icat ions shall not bc prohibi ted because of 
space l imitat ions,  provided the modifications comply with 
the provisions of 5-1.6. 

1-4 Enforcement .  

1-4.1 The  author i ty  having. jur isdict ion shall follow na- 
t ionally recognized s tandards  for fire prevention and fire 
protect ion which have been prepared in such a way that 
they may be taken to represent the best informed judgment  
available on the subject and which are in such published 
form as to be avai lable tb,  reference. 

1-4.2 Where  these s tandards  require the author i ty  hav- 
ing jurisdiction to approve process or protective equipment,  
he may  require the appl icant  tor such approval  to submit  
in tormat ion necessary to proper ly  judge  the suitabil i ty of 
the equipment  for its intended purpose. In performing this 
function the author i ty  having. jur isdict ion may  require  ex- 
aminat ion  and tests to furnish such informal:on or he may 
accept listings or approvals  of equipment  by laborator ies  
or testing agencies which have an established procedure,  
the necessary facilities, and qualified personnel for ex- 
aminat ions  and tests appropr ia te  for the par t icular  equip- 
inent.  In the absence of such established examinat ion  anti 
test procedure for any item on which approval  is necessary, 
the author i ty  having jur isdic t ion may specify what ex- 
amina t ions  and tests shall be made.  

Process and protective equipment  for meet ing the re- 
qui rements  of these s tandards  are examined  and tested by 
Underwri te rs  Labora tor ies  Inc. ,  333 Pfingsten Street,  
Northbrook, IL 60062; Factory Mutual  Research Corpora-  
lion, 1151 Boston-Providence Turnpike,  Norwood, Massa- 
chusetts 02062; and Underwri ters  Laboratories  of Canada ,  
7 Grouse Road,  Scarborough, Ontario.  These testing agen- 
cies have s tandards  and procedures  which apply to the ex- 
aminat ions  and tests they make,  and the results are pub- 
lished in listings or approvals .  Var ious  provisions of these 
s tandards  on solvent extract ion are drawn so that, when 
appl ied to process and protective equipment  meet ing the 
terms of such listings and approvals ,  the desired results in 
satiety from explosion and tire are obtained. Other  approwd 
cri teria may be employed,  but in such cases the author i ty  
having jur isdic t ion shall de termine  that equivalent  results 
are assured. 

1-5 D e f i n i t i o n s .  

A p p r o v e d .  Acceptabh: to the " 'authori ty  having 
ju r i sd i c t ion . "  

Nt)TI:,. The Nadonal l"irt' l'i',,u'cl,on ..ks,ormr]tin d.vs n.t ap- 
provt:, respect (,  certify any installations, proccdurt's, txluipmcm, 
Ill" l l lalcI ' i tds []or dot ' s  it Ltppl ' I)Vt '  Of  Cx,lhhllt '  t c s t m g  lal)Ol',lttwit's 
In d e t e r m i n i n g  the a c c e p t a b i l i t y  o f  i n s t a l l a t i ons  o r  p r o c e d u r e s ,  
c q u i p m c n t  o r  nut tc r ia l s ,  the a u t h o r i t y  h a v i n g , j u r i s d i c t i o n  m a y  bast '  
a t c t ' i ) t a n c c  o n  c o n l p l i a n c c  wi th  N F P A  o r  Ol[l( ' i-  a p p r o p r i a t e  s i a l>  
d a r d s .  Ira the  a b s c n c t '  o f  such  S t a l l d a l d s ,  ~,;lid a u t h o r i l x  ma~ rc-  
(lUUv t'videncc (,t proper ms,allatitm. [)I 'Ot 'cduFc (11" list'. "['ht" 
aulhorlty having,lunndicfion may also rvfi'r to the lisungs or ]abv]u]g 
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])l'aCticcs o f  t i l l  O l ' g i l l l l Z , l l l I H l  C O l l ( ' e l n c ( t  wi th  pr l ld t lc l  c v a h l a t i o n s  
w h i c h  is in a pos i t i on  to d e t e r m i n e  c o m p l i a n c e  wi th  a p p r o p r i a t e  
n l a n d a r d s  for  tilt' c u r r t ' n t  p r o d u c t i o n  o f  l is ted ill 'hiS. 

Author i ty  H a v i n g  Ju r i sd i c t i on .  The "author i ty  hav- 
ing ju r i sd ic t ion"  is the organizat ion,  office or individual  
responsible fi)r " a p p r o v i n g "  equipment ,  an installation or 
a procedure.  

NOTE: lhc  phrasc"amhority having.lur~s&~non" ~s used m 
NFPA do~ulncnt~ m a br.ad manner since jurisdictions and "ap- 
proval" agvncivs xarv,l> do their rcsponsibihtivs \Vlwrc public 
' ,at~'ly i~ p r i m a r y ,  d w  " ' , l u l h o r i t y  h a v l n g , l u r l s t l i c l i o n "  m a y  I)¢ a 
fixlcral,  slaW, local o r  o f lwr  r eg iomd  d e p a r t m e n t  o r  i nd iv idua l  such  
a> a fire olin'f,  l irc i na r sha l ,  ch ie f  of  a fire p r e v e n t i o n  I )urcau ,  l a b o r  
d c p a r m m n t ,  }wahh d c p a r m l e n t ,  b u i l d i n g  official ,  vh 'c t r ica l  inspcc-  
loi ' .  o r  OthCl'S h;tVillg sl;lnl[Oi'~,, a u t h o r i t y .  F o r  iiiSlll'anct." ptll-pos(}s, 
a n  i n s u r a n (  c i n s p c c U o n  dC l ) a r t n l cn t ,  r a t i n g  }J t l l ' ( ' a t l ,  Of  o thCl"  Jl]-  

s u r a n c c  c t m l p , m v  r v p r c s c n t a t i v ¢  i n a v  be  the  " a m h o r i t y  h a v i n g  
.jllllsth('tlOll "' Ill III~III'V ('ll'Ctllll',tall(CS the  pFo[)Cl'ty (1~,'~11C1" O1" }Its 
d e s i g n a t e d  ~lg('lll ;l>,StllllC~, [tIC role of  the " ' a u t h o r u y  h a v i n g  ju r i sd ic -  
t i o n " :  at g, ox c r m n c n t  i n s t a l l a t i ons ,  the  COltllll~tll(hllg oft'it t'l" o r  
d c p a r t m c n t . d  olficial  m a y  bc  the " ' a u t h o r i t y  h a v u l g  l u r l s d w t l o n .  ' '  

Condensa te .  Any liquid that has been condensed from 
the vapor  to the liquid state. 

C o n d e n s e r .  A heat exchanger  that lowers the 
temperature  o f  a condensable vapor  to the point where the 
vapor  changes to the liquid state. 

Cont ro l led  Area.  The area between 50 fl (15.3 m) and 
100 ft (30.5 m) of the extract ion process measured  
horizontally.  

C o n v e y o r .  Equipment  that t ransports  material  other 
than liquid from one point to another  bv means such as 
a moving belt, chain,  air, buckets,  flights or combinat ions  
of the above. 

Desolvent ized  Mater ia l .  Extracted material rendered 
solvent-fiee by the process. 

Deso lven t i ze r .  F, quipment  capable of removing the 
solvent from the mater ial  in process. 

E v a p o r a t o r .  Equipment  that will wtporize the solvent 
from the oi l -bearing miscella. 

E x t r a c t e d  M a t e r i a l .  (See defbdtion d SPent Material.) 

E x t r a c t i o n  Process.  The  operat ions involving the ex- 
tractor  together with its per t inent  equipment  such as heat 
exchangers, evaporators and strippers which are contained 
in an enclosed bui lding or in an open structure.  

E x t r a c to r .  Equit)ment which has as its function the 
rcmoval  of oil from the oi l -bear ing mater ial  by the use of 
a suitable solvent. 

Fa i l  Safe. Any equipment  or operat ion which upon 
failure to function becomes less hazardous  or remains  no 
more hazardous  than when in operat ion.  

Flakes .  Material  prepared tbr extraction, such as soy- 
bean flakes. 
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36-6 SOLVENT EXTRACTION PI .ANIS 

Flaking  Mill .  A crushing roll-type device used fi)r the 
preparation of material tot the solvent extraction process. 

F lame Arrester .  Any approved device which ettec- 
tively prevents ignition of flammable vapors on one side 
of the arrester when the other side of the arrester is ex- 
posed to a source of ignition. 

Hea t  Exchanger .  A shell and tube bundle designed 
to transfer heat t'rom one vapor or liquid to another vapor 
or liquid. 

Solvent.  Anv tlammable liquid, such as pentane, hex- 
ane, and heptane, with suitable characteristics tor the ex- 
traction of animal and vegetable oils and fats. 

Spent  Mater ia l .  The material after the oil or fat has 
been extracted and betbre it is further treated or processed. 

Stripper.  The bubble cap, sieve plate, disc, and donut 
or porcelain ring packed column or tower, usually operated 
under  vacuuna, designed to remove residual solvent from 
the oil. 

Inert Gas. Any gas which is nonflammable,  chemi- 
cally inactive, and noncontamina t ing  for the use intended 
and oxygen deticient to the extent required. 

Toasters. Equipment capable of producing the desired 
cooking, toasting and modification of protein bv means of 
heat and inoisture. 

I n e r t i n g .  The use of an inert gas to render the at- 
mosphere of an enclosure substantially oxygen-free or to 
reduce the oxygen content to a point at which combustion 
cannot take place. 

Labeled.  Equipment  or materials to which has been 
attached a label, symbol or other identifying mark of an 
organization acceptable to the "author i ty  having jurisdic- 
t ion"  and concerned with product evaluation, that main-  
tains periodic inspection of production of labeled equip- 
ment or materials and bv whose labeling the manufacturer  
indicates compliance w:lth appropriate standards or per- 
formance in a specified manner .  

Listed.  Equipment  or materials included in a list 
published by an organization acceptable to the " 'author- 
ity having jur i sd ic t ion"  and concerned with product 
evaluation, that maintains  periodic inspection of produc- 
tion of listed equipment  or materials and whose listing 
states either that the equipment  or material meets ap- 
propriate standards or has been tested and tound suitable 
for use in a specified manner .  

N O T E :  T h e  means  tot  l d e n t i f y m g l i s t e d  equ ipmen t  m a y  vary  
for each  o rgan i za t i on  conce rned  with p roduc t  eva lua t ion ,  some 
of  which  do not recognize e q u i p m e n t  as listed unh 'ss  it is also la- 
beled. The " 'author i ty  h a v m g j u r i s d i c t u m "  should ufihze the system 
employed  by the listing o rgan iza t ion  to identify a hsted p roduc t .  

Miscella.  A mixture in any proportion of extracted 
oil and the extracting solvent. 

Vapor Recovery. The process of condensing, absorb- 
ing or adsorbing solvent vapors. 

Vapor Scrubber. A tower or column capable of 
washing the dust from vapor by the use of hot liquid sprays. 

Vapor Seal. Any equipment  or material which 
prevents the escape of t lammable vapors from a tank or 
container.  

Chapter 2 Basic Rules 

2-1 General Requirements. 
2-1.1 Safe operating practices, including but not limited 
to start-up and shut-down procedures, shall be the respon- 
sibility of management  operating the solvent extraction 
plant. 

2-1.2 Operat ing and maintenance employees shall be in- 
structed in plant operations in general. 

2-1.3 Applicable plant regulations shall apply to all 
visitors and others who may enter the plant, both dur ing 
operat ing periods and dur ing  shut-down periods. Further 
information on the control of visitors may be tound in Ap- 
pendix B. 

Preparation Process. The operations involving the 
equipment  used tot the preparation of the utaterial for sol- 
vent extraction. 

Pu rg ing .  The process of displacing the t lamtnable 
vapors from an enclosure. 

Restricted Area. The area within 50 fi ( 15.3 Ill) of the 
extraction process measured horizontally. 

2-1.4 When necessary to make repairs to the plant, the 
work shall be authorized by the individual in responsible 
charge of the plant before the work is started. (See Appen- 
dix B Jbr a suggested sqfety work permit ) 

2-1.5 Sources of Ignition. 
2-1.5.1 Electrical installations shall conform to the re- 
quirements  of NFPA 70, National Elecmcal Code ® , as 
hereinafter specified. 

Seal, Product or Mechanical. A device designed to 
prevent the transmission of liquid or vapor from one por- 
tion of the extraction process to another.  

2-1.5 .2  Provisions shall be made for prt)tection against 
static elect,icitv and lightning as required in other chapters 
of this standard. 

Separation Sump.  An open pit used tot the separa- 
tion of mixtures of solvent and water based on the princi- 
ple of the immiscibility and the differences in the spccitic 
gravity between the solvent and water. 

2-1.5 .3  There shall be no smoking or other sources of 
ignition within the restricted and controlled areas. Lighters 
and matches shall not be carried into the extraction pro- 
cess restricted or controlled areas. 
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2-1.5 .4  Powered vehicles, unless approved tor such loca- 
tions, shall be prohibi ted within the controlled or restricted 
area except by special permission of the individual  in 
responsible charge of the plant.  

2-1 .6  Housekeeping. 
2-1 .6 .1  F l ammab le  liquids not contained in process 
equipment  shall not be stored in the extraction process area 
except small quanti t ies  which shall be stored in approved  
safety cans. 

2-1.6.2 Waste  mater ia ls  such as oily rags, other wastes, 
and absorbents  used to wipe up solvent, paints,  and oils, 
shall be deposi ted in approved waste cans and removed 
from the premises not less than once each day.  

2-1 .6 .3  Dust orginat ing  from material  in process shall 
be kept to a min imum.  

2-1 .6 .4  Except as provided in 5-2.7.2, the space within 
the restricted and controlled areas shall be kept completely 
free of dry grass, weeds, trash, and all combust ible  
materials .  An',' spills of oil, solvent or deposits  of solvent- 
bear ing  mater ial  shall be cleaned up immedia te ly  and 
removed to a safe place. The  discharge or removal  of 
solvent-bear ing mater ia l  shall be recognized as a severe 
hazard and opera t ing  procedures  established to minimize  
such occurrences.  

2-2 Emergency Procedures. 
2-2.1 All employees shall be trained in the necessary ac- 
tion to be taken in time of emergency including emergency 
shut-down procedures.  

2-2.2 Personnel shall be thoroughly indoctr inated as to 
the location of exits. 

2-2.3 All personnel shall be throughly trained in the use 
of and l imitat ions of each type of fire fighting equipment  
on the premises including control valves tbr the water spray 
systems. 

2-2.4 A tire br igade,  if established, shall be coinposed 
of selected personnel on each shift and shall be t rained as 
a unit with each person assigned definite responsibili t ies 
in case of an emergency.  

2-2.5 Periodic drills shall be held in order that employees 
will carry out the above procedures.  

2-2.6 Emergency safety devices or systems provided in 
the plant shall be periodically tested in accordance with 
established procedures  and a record made thereof. 

2-3 Repairs in Restricted and Controlled Areas When 
Plant Is in Operation or Unpurged. 
2-3.1 P o w e r  Tools .  Main tenance  operat ions involving 
the use of power tools which may produce sources of igni- 
tion shall be prohibi ted.  

2-3.2 E lec t r i ca l  E q u i p m e n t .  Repairs  on live electrical 
wir ing or equipment  shall be prohibi ted.  If necessary to 
replace or repair  electrical wiring or equipment ,  the power 
shall be completely disconnected and the switch locked in 
an open position. 
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2-3.3 Welding and Cutting Operations. Welding and 
cutt ing,  including brazing and soldering operat ions ,  shall 
be prohibi ted.  

2-4 Repairs in Restricted and Controlled Areas When 
Plant Is Shut Down and Purged. 
2-4.1 Repairs  or al terations to equipment  or bui ldings 
which may produce ignition sources shall be per tormed 
only when the plant has been shut down and completely 
purged,  and declared safe by the individual  in responsible 
charge. (See Appendix B for a suggested work permit form.) 

2-4.2 Prior  to initiating purging the following steps shall 
be taken. 

2-4 .2 .1  Empty  the tanks, vessels, piping,  and traps of 
all materials.  All such mater ia l  shall be removed to a safe 
location. 

2-4.2.2 I)isconncct, plug or blank off all piping and other 
connections to storage facilities. 

2-4.3 Purging  shall be accomplished by one or a com- 
binat ion of the tollowing methods.  

2-4 .3 .1  The  vapor  freeing may  be accomplished by the 
introduction of steam into the equipment .  The  equipment  
shall be adequate ly  vented to prevent  damage  from ex- 
cessive pressure or vacuum. Steam supply lines shall be 
bonded  to the equipment .  The  rate of supply of steam has 
to be sufficient to exceed the rate of condensat ion so that 
the equipment  is heated close to the boiling point of water.  
The  equipment  shall be s teamed long enough to vaporize 
the residues from all portions. After the steaming, the pro- 
cedures outlined in 2-4.3.2 shall be tbllowed when hot work 
is to be performed.  

2-4.3.2 Vapor  freeing may be accomplished by purging 
with air  and a safe a tmosphere  may be sustained by con- 
tinued ventilating. When fixed ventilating equipment is not 
provided,  air  movers mav be at tached so that air  is drawn 
in and discharged through the air  mover  or air may be in- 
t roduced through the air  mover  and discharged through 
another  opening.  Discharge shall be to a safe location. Air  
movers shall be approved for such locations. In air  purg-  
ing the concentration of vapor in air usually will go through 
the f lammable range before a safe a tmosphere is obtained;  
therefore, precaut ions shall be taken to ensure that the air  
mover  is bonded to the equipment  in order  to minimize  
the hazard  of ignition by static electricity. 

2-4 .3 .3  Vapor  freeing may  be accomplished by purging 
with inert gas and then venti lat ing with air  which 
minimizes  the hazards  inherent  to passing through the 
f lammable  range. 

2-4.4 To ensure a safe condit ion,  tests tor f lammable  
vapors with a combust ible  gas indicator  shall be made:  (1) 
before commenc ing  al terat ions or repairs,  including 
welding, cut t ing or heat ing operat ions;  (2) immedia te ly  
al ter  s tar t ing any welding, cutt ing,  or heat ing operat ions;  
and (3) frequently during the course of such work. All such 
work shall be stopped immedia te ly  when the presence of 
solvent vapor  is indicated.  The  source of the vapor  release 
shall be located and removed and the procedure  outl ined 
above shall be followed before such work is recommenced.  
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2-4.5 Upon completion of repairs or alterations the plant 
shall be checked by the individual  in responsible charge 
to sec that operat ions may be resumed safely. (Sec 2-,5.1. ) 

2-5 E x t r a c t o r  S ta r t -up .  Procedures tot extractor  start- 
up shall be established to minimize  the hazard incident to 
passing through the t lammable  range. This  may bc ac- 
complished bv inert ing to reduce the oxygen c ( ) n l c n t .  

2-6 Solvent Transfer Equipment. 
2-6.1 Pumps. 
2-6.1 .1  Pumps shall bc designed for the solvent, the 
working pressures and the structural stresses to which they 
will be subjected. 

2 -6 .1 .2  The  u s e o t a i r  pressure as the solvent transfer- 
r ing mediurn shall be prohibi ted.  

2-6.1.3 Where prztcticable all pumps handling tlalnlnable 
liquids in the processing equipment  shall be located on the 
first tloor level. 

2 -6 .1 .4  Punap houses, if used, shall bc of nonc(m)busti- 
b i t  construct ion anti ventilated.  

2-7 P i p i n g ,  Valves  and  F i t t i ngs .  

2-7.1 Gene ra l .  All piping,  valves and tittings shall t)e 
designed for the working pressures and structu, 'al stresses 
to which t h e v m a y  be subjected. They, shall be ()t' steel or 
other  material  approved for the service intended.  

2-7.2 Pipe Systems. Pipe svstems shall bc substantialh '  
suppor ted  and protected against  physical damage  caused 
by expansion,  contract ion and vibrat ion.  

2-7.3 Process  Piping. 
2-7.3.1 Piping shall be pitched to dra in  to avoid trap- 
ped liquids or suitable drains  shall be provided.  Armored  
hose may be used where vii)ration exists or where frequent 
movement  is necessary. 

2-7 .3 .2  Abovcgrounct t lammablc  liquid pipe scctiuns 2 
in. (50 mm) in size or over shall be welded and fiarlged. 
Weld ing  shall conform to good welding practice. 

2-7.4 D r a i n  Valves.  Drain valves shall be provided with 
plugs to prevent leakage. 

2-7.5 P i p e  C o n n e c t i o n s .  Pipe c o n n e c t i o n s ,  2 it1. (5() 

ram) and over, to all tanks and vessels shall be bolted 
tlanges that can be opened and blanked off. 

2-7.6 Tes t ing .  After installation and betore covering or 
paint ing,  all p ip ing systems, including suction lines, shall 
be pressure tested to not l e s s than  1½ times the working 
pressure but not less than 5 psi (0.4 kg/cm 2) at the highest 
point in the system. Tests shall continue for nut less than 
30 minutes  without noticeable drop in pressure.  

Exception. Vapor lines @crating at less than 20 in. (,50 cm) o/ 
treater colulnn. 

2-8 Controls. 
2-8.1 Unh'ss solvent tanks are equipped with adequate  
overtlow return lines, solvent tlow from bulk sturagc to the 
work tank or from the work tank to the bulk storage shall 
be remotely control led by momen ta ry  switches or other 
devices which provide tor " d e a d  m a n "  controls to prevent 
overfi l l ing of tanks. 

2-8.2 Positive (tist)lacement pumps shall be provided 
with bypasses with pressure relief valves discharging back 
to the tailk or tu the pu 'np  suction. 

2-9 Exi ts .  An extraction building or open procc'ss struc- 
ture over two st~ries in height shall bc provided with at 
least two remot, ' lv located means of egress ti~ml each floor, 
one of which shall bc enclosed or separated t}om the pro- 
cess by ,i wall which is blank except fin" doors.  The  
enclosure ~n separat ing wall shall bc of masonry or other 
noncombustil~h' c~mstruction. Se l f  closing noncombustible 
doors,  no,mallv, kept closed, shall be provided toe access 
to the p,o~ccle~/ slairwav. 

2-10 Fire Protection. 
2-10.1 An approved w'ater spray,  deluge or foam-veater 
system, or a combinat ion  of these types of fixed protec- 
tion systems, shall be provided to protect tile extract ion 
process cctuipmcnt and structure.  (See NI"PA 13, Standard 

for the Installation of Sprinkler Systems, NFPA 1.5, Standard for 
Water Sprr{v Fzxed ,}'vstems for Fire Protection, and NFPA 16, 
Standard on Ddu2e l'bam- Water Sprinkler and Foam- l'Vater Spray 
Systems. ) 

2-10.2 An approved system of automatic  sprinklers shall 
be provided in the prepara t ion  bui ld ing when within 100 
ft (30.5 m) of extraction process. (See NFPA 15', Standard 

for the Installation qf Sprinkler Systems. ) 

2-10.3 A svsten|, of yard hydrants  shall be provided in 
accordance with accepted good practice. (So' NFPA 24, 
Standard for the Installation of Private Fire Service ,,I,lains and Thezr 
Appurtenance,s. ) 

2-10.4  Approved  portable fire ext inguishers  of ap- 
propr ia te  size and type shall be provided.  (See NFPA 10, 
Standard Joe Portable Fire Extinguishers ) 

2-10.5 Where  standpipe and hose protectum is installed, 
combina t ion  water  ti~g and straight steam nozzles shall be 
provided.  (Sec NFI{.I 14, Standard for the' Installation of Stand- 
pipe and Ho.~c ,~'>tems. ) 

2-10.6 Whe,'e cxph~sion prevention sx'stems are installed 
the'," shall be installed in accordance with the provisions 
of N F P A  69, 5"tandard on Explosion Prevention @'stems. 

2-10.7  Fire alavnl signals shall be relayed or sent to a 
constant ly supervised point on or off the premises. 

2-10.8 Where  service is available a public fire alarnl box 
shal l  be loca ted  nearbv. 

2-7.7 I d e n t i f i c a t i o n  of Piping and Equipment. All 
p iping and equipment  shall be coded for identification. 
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Chapter 3 Bulk Solvent Unloading and Storage tank cars ()r tank trtlcks, and unloading structures shall 
bc effectively bonded. 

3-1 Location. 
3-1.1 U n l o a d i n g  Site. These sites shall bc located s() 
thal ignition sources prcscnted by. locomotives or tank 
vehicles arc at least 100 fl (30.5 m) from the extraction pro- 
ccss and shall be a t  lcnsl 95 1"1 (7.6 m) from a building or 
the line of a@fining  property which may bc buih upon. 
The fill (:onnccti(m tu t}/(: storage tank shall t)e at least 25 
ti (7.6 m) from (he ('xtra('tion pr¢)ccss. 

3-1.2 Storage Tanks. 
3-1.2.1 Bulk storage tanks shall be outside of anv 
building. Underground  lanks shall be located a m i n i m u m  
of 1 fl (30.5 cm) from existing building foundations and 
suppo,'ts an(t al h'asl 3 I'1 (9.2 cm) froin the nearest line 
of actjoining p,'ot)erty thai may be buih upon. The loads 
carried by the bui lding toundations and supports shall not 
be transmitlcd to the rook. When aboveground installa- 
tions are m,ulc, lhe lanks shall be located within the 
restricted area ()f the extraction process or in a remote 
ti'nccd area an(t in both cases at least 25 ft (7.6 m) from 
any importanl I)uihling (), line of a([juining property which 
mav be buih upon. 

3-2 Design and Construction. 
3-2.1 Unloading Stations. 
3-2.1.1 Unloading smJctures and plattorms shall be con- 
su'uctcd of I~Oncombustil)lc material and shall be designcd 
and installed in accordance with acceptecl practice. 

3-2.2 Storage Tanks. 
3-2.2.1 Genera l .  Storage tanks shall be designed, con- 
strutted,  installed and tested in accordance veith accepted 
g()od practice. 

For in tbrmauon on lank design and construction, vent- 
ing, tbundatiuns and supports, installation of underground 
tanks, anchorage, spacing, dikes and walls tbr aboveground 
tanks, and testing of tanks sec NFPA 30, Flammable' and 
Combuslihlc Liqui& Code. 

3-3 Sources of Ignition. 
3-3.1 Electrical Equipment.  All electrical equipment  
and its installation shall contbrm to Class I Group C or 
1) (depending on solvent used). 

3-3.1.1 Where enclosures arc provided which house sol- 
vent handl ing equit)ment such as solvent pumps or valves 
or in which solvems a,c transferred to individual con- 
tainers, thcsc enclosures shall be considered to be Division 
I locations. 

3-3.1 .2  In outdoor locations, areas adjacent to loading 
racks or plmtbrnls, o,  to aboveg,ound tanks shall be con- 
sidcrcd to be l)ivision I I locations. Such areas shall be con- 
sidcred to cxmnd 25 fl (7.6 m) horizontally from such racks 
or tanks, and upward from adjacent ground level to a 
height of 15 fl (4.6 m). (&'e NFPA 70, National Electrical 
Code. ) 

3-3.2 Static and Stray Currents. 
3-3.2.1 All storage tzmks, solvellt transfc,- equipment ,  

3-3.2.2 Transfer or storage tanks, unloading structures, 
rank cars, and tank trucks shall be electrically intercon- 
nected with supply piping or containers during {he transt;er 
of liquicls. 

3-3.2.3 Stalic protection shall be installed in accordance 
wilh acceptccl good practice. (See NFPA 77, Recommended 
Practice o n  Stalic Electrici(v.) 

3-3.3 Sm(,king and open tlamcs shall be prohibited and 
appropriate " N o  Smoking" and "Keep  Fire Away" signs 
shall be posted in conspicuous locations. 

3-4 Fire Protection Equipment.  
3-4.1 Approved portable fire extinguishers of appropriate 
size and t vpc shall be provided. (Sec NFPA 10, Standard Joe 
Portable Fhc l£rtingui,~kers. ) 

3-4.2 Additional fire protection for the unloading struc- 
ture and bulk storagc ranks shall be provided where an ex- 
posure hazard exists. 

3-5 Unloading Procedures. 
3-5.1 Adequate precautions shall be taken to relieve ex- 
cessive pressure in cargo tanks betore unloading.  

3-5.2 Tank  cars shall be unloaded in accordance with 
accepted go()d practice. 

3-5.3 Tank  vehicles toe t lammable liquids shall be 
unloaded in accordance with accepted good practice. (See 
NI"PA 385. Standard,fi~r Tank Vehicles for Flammable and Com- 
bustible Liqui&. ) 

Chapter 4 Preparation Process 

4-1 Application. 
4-1.1 The provisions of this chapter shall apply to 
preparation processes located within 100 ft (30.5 m) of the 
e x t r a c t i o n  p r c ) c e s s .  

4-1.2 Where the processing operations do not involve the 
generation of combt, stible dusts, 4-2.2 through 4-4.5 do 
not apply. 

4-2 Construction of Building. 
4-2.1 q'he bui lding shall be of fire-resistive or noncom- 
bustible construction and shall be without basement or pits 
below grade. 

4-2.2 The bui lding shall be designed to provide explo- 
sion relief of at least 1 sq ft (.1 m ~) for each 50 cu ft (15 
,n:') of volume. 

4-2.3 q'hc roof and exterior wall construction shall pro- 
vide explosion relief by one or more of the following 
methods: 
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(a) Open air construction with a n f in imum area 
enclosed. 

(t)) Light n()nc+)ml)ustible walls and roof lightly attachcd 
t() s t e e l  f r a l n c .  

(c) Light noncombust ible  wall panels and roof hatches. 

(d) Top hinged windows with explosion relief hatches. 

SOLVENT F.XTRACTI()N t'I+.\N I'S 

Chap te r  5 Ex t rac t ion  Process  

NOTE+ R c h ' r c m , ' m a v  b c t n a d c t < ) N F P A 6 8 .  (;uldctbr Ventul(, 
q~ lJc/lagmtw~> 

4-2.4 Sl)mU heating, if require(l, shall be provided l)v 
indirect means, q 'emperatures (m heated surfaces shall bc 
limited to 250°F (121 °C). 

4-3 Elec tr ic i ty .  

4-3.1 In areas where cumbustihlc (lust presents a haza,d, 
all clect,'ical wiring and cquipmcnt  shall contorm to the 
requirements  tiw Class II, Group (; ,  Division 1 locations. 
(See NFPA 70, National Electrical Code. ) 

4-3.2 Static l)r()tcction shall be provided in equipment  
located in areas where combustibh: dust presents a hazard. 
(Scc NFPA 77, Rccmmmwdcd Practio' on Static Electricity. ) 

4-4 Dust  Removal .  

4-4.1 A dust collecting system shall be provided w h o e  
necessarv. (Scc NFPA 91, Standard./br the Installation of Blower 
and E.vhaus! ,~'t',~1['11l,~" /or ./)~,~'1, SlO(k. and Vapor Removal or 
C+m+,,'_vm,v. ) 

4-4.2 I)ust c()llectors of the all-metal type shall be located 
outside of buiklings or shall be equipped with exhaust stacks 
or ducts leading to the outside. 

4-4.3 When tabric fihers are used tbr the collection of 
dust, they shall bc located either outside of thc building,  
or in a fire-resistive room along an outside wall inside the 
building. The inside room shall bc explosion-resistant and 
the outside wails or ru(,f shall have explosion relief in the 
ratio of 1 sq ft of relief area tbr each 30 to 50 cuf t  (. 1 nC 
of relief area tl)r each 9 to 15 m :+) of room volume. (See 
NFPA 61C, SlamIard,/br the Pret,cntiol~ (tf Fire and Dust Expb-  
swn.~ in Fccd Mills. ) 

4-4.3.1 Automatic sprinklers shall be installed within 
tid)ric-typc dust c()llect()r housings. 

4-4.4 Dust accumulations on floors, ledges, structural 
steel members,  machinery,  spouting, and other surfaces 
shall be removed concurrently with operations. This shall 
be done by vacuunl  cleaning or bv other means which will 
not suspend dust in the air. 

4-4.5 T h c u s c o f c o m p r e s s e d a i r ( ) t o t h e r m c a n s t o b l o w  
(lust from ledges, walls, and other areas shall not be per- 
mitted unless all nmchinerv in the area has been shut down 
and all sources of ignition have been removed. 

5-1 Loca t ion  of Ex t rac t ion  Process .  

5-1.1 Tim s(d\ent extraction process equipment shall be 
hwatcd in thc ~q)en or in a building suitable for the purpose. 

5-1.2 An industrial-type t~:nce shall bc placed at a 
min imun l  ()t" 5() ft (15.3 m) from the extraction process. 
A controlh:d area shall extend from 50 ti (15.3 m) t()at 
least 100 fl (30.5 m) from the extraction process. The 
restricted and eontrolle.d areas shall be posted with signs 
a tound  tim t)crimetcr warning  of the possible t lammablc 
vap()r hazard. All entrances and exits into the fenced ,m:a 
shall be secured t() prohibit unauthorized entrance and pro- 
vision shall I)c made tot emergency ingress and egress. 

5-1.3 Basements, tunnels,  pipe trenches, and pits, ex- 
cept separation sumps, shall bc prohibited within 100 ft 
(?;0.5 m) ()f the extraction process. 

5-1.4 Except as permitted in 5-1.5, the extraction pro- 
cess shall bc at least 100 t't (30.5 m) from an)' public 
th()roughfarc, any building or line of adjoining property 
that may be buih upon. The slope of the terrain and the 
prevailing winds shall bc given consideration in locating 
Ill(: cxtracti()n process. 

5-1.5 Structures and equipment  essential to the opera- 
tion of the extraction process, other than boilers and other 
open tlamc ()l)erations, may be located less than 100 ft (30.5 
m) I)ut m()rc than 5() ft ( li5.3 m) fr()m the extraction l)r(~- 
tess, provi(h:d a vap()r I)arrier erected in acco,'dance with 
the tollowing requirements is provided. 

5-1.5.1 The barrier shall beh )ca tedbe twcen thecx t rac -  
ti()n process and the possible source of vapor ignition and 
at h'ast 50 ['t (15.3 m ) f r o m  the extraction process. 

5-1.5 .2  The barrier shall be of noncombust ible  rapt)r- 
tight construction with()ut gates or other openings. The 
barrier shall bc at least 4 ft (1.3 m) in height and designed 
so that there is at least 100 ft (30.5 m) of vapor travel 
around its on(Is to p()ssiblc sources of ignition. 

5-1.6 Wherc the circumstances or conditions ofany  par- 
ticular installation arc unusual  and such as to render the 
strict application of distances specified in this standard im- 
practical, the authority having jurisdiction may permit such 
deviation as will provide an equivalent degree of safety and 
be consistent with good engineering practice. Factors hav- 
ing a bearing on this deviation could be topographical con- 
dith)ns, nature of occupancy and proximity to buildings 
on adjoining property, character of construction of such 
buildings, and adequacy of public fire protection facilities. 

5-2 Cons truc t ion  of Extrac t ion  Process .  

5-2.1 The bui lding or structure shall be of fire-resistive 
or noncombustil)le construction with the first floor at or 
above grade. All solid sections of upper floors of the ex- 
traction process and concrete pads under  the entire extrac- 
tion p,+ocess shall be curbed and sloped to dram and direct 
connected to an outside separation sump. Drainage lines 
under  the ground floor slab of the extraction process arc 
prohibited. 
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ADJOINING PROPERTY OR PUBLIC THOROUGHFARE (~) VENT f _ !  8,,,,..., 
¢ONTBO  ED AREA S0 1 ', I ELEVA"ON " 

( lS25m)  I 

® FENCE I ® A I ELEVATED 
t I / , 1oOf tmm I ELECTRIC [ 

x - - x - - x - - x ~ x - - x I x - - ~ , - - x - - x - - a , ~ x  d (30 S m) ROOM . EXTRACT J 

.E:g CTEO ,, , 1;:. 17:  AREA , ,7  

I / ~ I I ±~1 I - - ~ 2 - j  L _ e _ .  I . . . . .  I 
I " I su.P I /  II I I r - -~- - - - - -~LEGS ~d r - q  

I 5 O r  ~ CURB ~ r " ~  ~ ~ ,  . . . . .  - - ~ 3 5  ,t 4 ~ 4 ~ VAPOR FIN 
I ~  -- " I " I . ~'I I n ,  n ~  I I I I t lb.Zb m l  ( 1 0 7 m ) /  / / / GRADE I ® I I I V ® ~ 1 ~ 1  I I ,~,, ,s,, BARR,ER 
l I1L"r - ~ 1  I % I 14.6 m) (4.6 m) 

No. _ _  ,o,, I'pXfZ4C:l ,o,, , , o , , .  \ . . 
~ (  15 25 m).i..l~,,.i.( 15.25 m)~ . l  ~ N ~..,~, I ~ I (  15.25 m ) ~ (  15 25 m)~.l ~ .  

® T ® I I ® ~ I ® /BO'LEROR 
~' I I ~1 } I IGNITION 

. . . . . . . . .  - - , , . ,~ ~ I 125fI176m)l I] (305m Ul~lUW: H taHuu~u ~ I I i [ I I  " I 

• SOLVENT STORAGE - r ~ l  ( ~ ( ~  S0ft ~ I ® I 
% TANK x J ~ E ~ [ - - - ~  115.26m) ~J j i 

[ I CON~£\,O, ~ ® I I o2:~ 

ABOVE GROUND / I ~ I I 
SOLVENT STORAGE TANK j 4 ' , ' .2~ '" 'GHVAPOR I I I 

BA.,ER ® I 
I ,s2s~ ,  I ~ .F ' i .  I 

I T ~ ~ - 7 ~  - - - f - * ' 4  - / 
I 25 f l  (7.6 m) 2Sfl (76m)1 BLOG -t--* 

L _ _ t _ J ®  I~_L___ I 
| BLOG I ABOVE GROUND 

PLAN SOLVENT STORAGE TANK 

Index 
1. 5-1.2, 5-1.4 3. 3-1.2 5. 5-2.4.1 
2. 3-1.1 4. 5-1.5, 5-1.5.1, 5-1.5.2, 5-4.1 6. 5-5 

Figure 1 A Typical Distance Diagram. 

5-2.2 Explosion relief of at least 1 sq ft for each 50 cu 
ft (. 1 m ~ tot each 15 ng) of volume shall be provided by 
one or more of the following methods: 

(a) Open  air construction with a m i n i n m m  area 
enclosed. 

(b) Light noncombustible walls and roof lightly attached 
to steel frame. 

(c) Light noncombust ible  wall panels and roof hatches. 

(d) Top hinged windows with explosion relief latches. 

N O T t "  Rc tb rcnc¢  m a y  be made  to N F P A  68, (;utdeTr l"enting 
o[ Deflagrations. 

5-2.3 Provisions shall be made for the safe discharge of 
liquids from the process area to guard against the introduc- 
tion of flammable liquids into sewer systems. 

5-2.4 A sump shall bc provided to effect separation of 
water from oils, solvents or miscella. ~ 

5-2.4.1 The separation sump shall be located within the 
restricted area but not closer than 25 ft (7.6 m) to the fence 
sur rounding  the restricted area. 

1hi I}lt' t:v('Ill ()f l](~w of [irc lm)tc~ dim water, complete scp,u-,ltion ()t water from 
qn[s, solvcllt, or llllS('cl]a in,iv i1oi ()((lll-, 

5-2.4 .2  The sump shall be concrete or equivalent non- 
combustible construction and influent and ettluent lines 
shall be trapped. 

5-2.4 .3  The sump shall consist of two or more sections, 
the largest of which shall be sized to retain all solvent, 
miscella and oil which could be released by a single break 
in a vessel or piping, plus an additional 50 percent of this 
amount .  

5-2 .4 .4  An emergency means shall be provided to pre- 
vent the outflow of solvents, miscella or oil from the sump 
to the sewer system. 

5-2.4.5  A pump shall be provided to recover oils, 
solvents, or miscella collected in the sumps. 

5-2 .4 .6  Approved fixed automatic fire protection shall 
be provided above the separation sump. 

5-2.5 Conveyors and spouts from or to other buildings 
shall be located and protected to prevent passage of sol- 
vent vapors to other areas. This may be accomplished by 
one or a combinat ion of the following methods: 

(a) For other than pneumatic  conveyors: by providing 
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36 -12  S{)I+\rFNT EXTRACTI(>N I}I.,.\N'I'S 

( m t h { '  c x t r ; l ( ' t i ( } n  c l ] { t .  ( : ( }n t i nn ( )us  a i r  <lsl}iration t(} the Out -  
Riot<" ; i n d  w i t h  ,t \ ' i s t i ; ] l  ,:lIl{I a u ( h l ) ] c  i n ( : l i ca t i (m  i } f  I ~ h } w c r  
(}pcrati{m ; l l ] { I  l ) l t l u r c .  

(t)) Fc}r tl~t: I'HW tlakc convcy in  7 SVSlCil i :  bv p r { } v id ing  
;l t )rcak in lh{' lHW t]-]kc convcv{}r  system at a p l l in t  in opcr i  
a i r  in a d d h i ( m  t(> ( ' ( ) i~ l int l ( ) t lS a i r  asp i r ; i t ion  as o t t t l i ncd  in 
{st). 

{{ ' )  F ( } r  i } nc l l n t ; t t i { "  {Ol~VCy()rs:  t)\ '  I iwa t i ng  the ; t i t  in take 
in a \< tp( } r - t ] ' { ' t '  ; l l '{ '; i { l u t s i d c  t h e  CXt l"aCl i { }n t}i'(}(:t;ss ; in { l  a 
i n i n i n i u l n  { l l  8 ft (2.5 in]  abnvc the ~ra{h' h:vcl. 

5-2 .6  ({](In\'('v(}rs anc[ s[)OllTS I11;1',.' })c c.ncl{}sc{t in ach'- 
quatc ly  SUl}t}((rtc{l, nonc{m]hllst ihlc I)tiltge SII']ICtLII'CS 
<,qu~pt)c(l w i t t l  (>1},,i] Vrat{' t],)(}1- .~<'cthms t<1I V { ' l H i l ; i t i ( m .  

5-2 .7  A (.(><}lin~ t , )wcr,  i f  pr<,vi(h'(l, shzlll I)c 1+>( ;t tcd bas- 
ed {m its { '(mstl"u{'t i( in ant i  t]r{: l ) r ( ) lc { t i (m.  (.,S)/c/V/"]{4 214, 
5"tam/ard +m ll'Tetc>(.',rdm.# 7bwc~.s. ) 

5 - 2 . 7 . 1  I f  tit{' t ( iv ,cr  is n l ln{ /> l ] l l ius t i l ) lc  t h r (mgho t l t ,  it 
I l l { I \  bC hl{ ;u{ ,d l i t  the i-(:stri{:tc{] ,ll't'L]. 

5 - 2 . 7 . 2  I f  tit{' i ( }w{ 'r  is ( i t  n{mc( i tn t }us t ib lc  cx tc r i l ) r  c{}n- 
s t r u { ' t i o n  ; i l ] { l  i l r { } i c { i c d  ]+v ; t t i t ( I t l l : t t i ( '  s p r i t i k l c r s  p e r  N F I ' A  
214. £tamDe~d m~ I I ?#,'>(/ooli~{' 7b.,c~.  it shall ] ] l ) l  t}C hic;.ilc{] 
i l l  the ic 'st l ict( ' ( l  ; i r { ' ; t  i}Lil i l l ; IV  IJ(' h}c<ttc{t in thc {(mtr{} l lc.d 
, l l 'CJ. 

5 - 2 . 7 . 3  I1 tiw t(iwcr is (:(}n]bustit}lc ;in{I protected by in- 
ICl'l(il+ Lind t :xI{ : I l ( ) l - ; t l l t ( ) IHat ic  dc lu ,g t '  lit't" p r (> l cc l i (m  svs tCl l lS ,  
pcr N F P A  91-1. A'tandard .~ l'l'retcr C../im., 77m,v'rr, it shall 
n{}t lot l{}{; i lc{[ lit the rcs t r i { tc ( I  ; l I( ' ; i  I)ut tit,it;" bc  ](}catc(l 
I l l  the c{>ntr(}lh:{I ;ii'Cil+ 

5 - 2 . 7 . 4  I f  Ill{. t ( }wcr is { : (m]bust i l ) lc  and unprl)tCClCd, it 
stroll not I)<: l {watc{ l  in the rcstrh: tc{1 or ¢(inlr<}l lcd ;irt:;i. 

A'.wcptwlt Pr0c,'.~ h:m/n'rat.rcs mq)' c.vcced tt.,~ D'vel. prnvzrD'd 
t/u: temperature ir r,'d.crd t. 250°F  (12J °C) rl.ri m, ,J~ut-dow~ 
periods. 

5-4 .4  l}ll',+,'{'i" lr;tnsi]lissi{m Ijchs shall not I}c usc{] wi thin  
Class I. Gr(}up ( :  (11 1) h}('clti(ins, z:ts ctct]nc{t in Sc{:ti.n 5-5. 

5 - 4 . 5  Pr{}{'css vent [2iris, t )urgc fans. an(I I } ] l ih l in~ vcn- 
tilali(m t2lI]S sh+tl] lw (if Sll;irkpro()f dcsi,.1,tl. 

5-5 El,_:ctricity. 

5-5 .1  t:2lc¢tri(/]l wir in~ at](I clc{tric;ll {'clUilmwnt nf the 
{'Xtl":Wti(,n i)1+(. {'+~>. <~utw;H'(l 15 tt (4.6 Ill)iili<} Ill{' rcstrh'tc{] 
/,FC;I ;in(I ' . ' ( ' r t ic; l l lv :t l  h';tst 5 ft ( 1 . 3  m); l l }< ,v{ '  the highest 
\ ' { ' i l l ,  vessel, o r  C(t l_ i ip l l i t : i i l  c ( m l a i n i n e  solvcnt sh~tll t)c in- 
st; l lh 'd in ;icC(}l{l~]ilcc w i th  the r c ( l u i r P I ] l C I ] l s  t7}i" ( : lass I, 
( ;r{nip C {}r I). l)ivisi(u] 1 ](}c;][i()ns. (57v' ]"&mtc 2 ) 

5-5 .2  Elcctric:ll wivin~ and  clcctricnl cquipnwlat  wi thin  
the rcstrictc(I a tca  })cv{m(l thc I5 ft (4.fi m) {Iist~]n{'c and  
I(> a height (}1' P, l~ {2.5 m)ab<}\'c the ,.-xtracti(m t)r(}(,:ss grade 
level shall bc installc{I it] ;tc{:{}l+c]aIl.CC with the rc{Itlircmcnts 
{ltCI;tss I. C;r(}up (: (}r 1). l)ivisi{m :2 h}{atilmS. (A)'c P'&,.r¢ 
2.) 

5 -5 .3  Elcctric,d wiring and electrical cquilm]Cm within  
the c{mtrollcd tuc;t and within  4 ft (1.3 in)1,1" tht: cxtrtic- 
don pn}ccss gra&, level, except the preparation pr(wcss (src 
5-1.51. sh;lll Iw inst;llh'd in a c c o r d a m c  wiih the rc- 
qu i rcn icn t s  o tC la s s  1, {;rollp {7: or D, l)ivisi{m 2 h~cations. 
(A'cc l,'llgur; 2 ) 

5-5 .4  P c r m a m ' n t  lights shall be installed when.  ncc&'d.  
Flashlights  appruvcd  t~w Class I. G r o u p  C or I) locat ions 
shzlll bc tm}vidc(I. 

5-3 V e n t i l a t i o n  of  E x t r a c t i o n  B u i l d i n g s .  

5-3.1  Enclosed plants shall h:lvc sufficient vent i la t ion  t(} 
change  the v{>lumc of air  at least six t imes per hour .  This  
shall bc acc<miplishcd by exhaust  Ians, prct~.:rably taking 
suct ion at t1<~(. h:vcls, and  dischaugin< to a safe locat ion 
outs ide the bu i ld ing .  Thc  LlrrangCll]Cn[ shall bc such that 
all portionR of R()li(l tloor areas will I>c Rut)jetted m con- 
t i tKtOtlS p{isittvc tlt{)VClllCIl{ o f  Z]it'. 

5-3 .2  gcn i i l a t i ( ,n  fans in tended  t(, handle  solvcnl vap{}rs 
shall be dcsie;m:d wiih the increased horsepower necessary 
t{~ handle higher densi ty  vapors. 

KVENT 

i .... ,T . . . . . . . .  
1 
I - -  
1 

r - - r - - - - -  , L >co-~ ' 
RESTRICTED AREa 

CONTPOLLED AaED ~ 

1 4 6 ~ )  

I-CD-1 CLASS I, GROUP C OR D, DIVISION 1 
I - C O - 2  CLASS I, GROUP C OR D, DIVISION 2 

5-4 I g n i t i o n  Sources  a n d  H e a t i n g .  

5-4 .1  Except ;is provided in 2-1 3.4 and  3-1.5, no igni- 
lion sl)l_u{ cs shall I}c used within thc bu i ld ing  or within 1()0 
ft (30.5 m) t}t thc process unless thu uni t  and  bu i l d ing  arc 
purged.  

5 -4 .2  SpztCC hcal lnq ,  if rcquin-d .  5hall bc provided I}v 
indirect mc;ins. "l'cnipcralurcs . t l  hearted surtaccs shall not 
cxcccd 250%" 1121%:).  

5 - 4 . 3  If s t eam u a c i n g  or .jacketing is p r o v i d e d ,  
temperatures  {m bodi  internal and external heated surtaccs 
shall not exceed 25()°F 1121°C) .  

Figure  '2 T y p e  and  Ex ten t  of H a z a r d o u s  Areas .  

5-6  Sta t i c  E l e c t r i c i t y .  

5-6 .1  All tanks, vessels, m l m . s ,  pipes, condui t ,  ,<rating, 
and  bu i ld ing  tl'atllCS within the process shall bc electrically 
b o n d e d  tog cdlcr.  

5 -6 .2  Buihl in~ fraincs and  metal  s t ructures  shall I)c 
g n ) u n d c d  and  tcsR'd pcri(,dically to dc tc r ln inu  uh:ctrical 
con t in u it v. (5'o: NI:t(+I 70, National Electrical Cod& and NFI°A 
77, Recommemh'd Practice on Statu Ek'ctricity. ) 
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5-6 .3  AIi ho,,,c t:xtt:tJt that us{:{I in watt: l  st:x\'ict' sh:lll I)t: 
t: lccll ' ic:div tJ(}nclt:(t t{} the s u p p l y  l i ne  &tiitl t11 I l l { '  t<iiak {}r 
\'t:Sst:l Vv'lit'i't: clisci~argc takes place. 

5 -6 .4  G r t > u n d i r i g  w i , c s  or  b o n d i n g  coi~i i t : t ; l i {ms shal l  be 
t) l { iv i { ic.d } )c twcc i l  &lilv d is t } t :ns ing ~.tlld Lil ly l c t x ' i v i n g  vt:sscl 
ust:{l I t } l  tl~t: t l-<inslt: l-{}f s{}h't:l~i- {}r l l l ixtul£{.s {}t s{}lvt: i l t  &lnd 
{}il w l i t ; l c  i~onci ing is n{}l a t :h i t : red t h i { l u g h  l ]xc t l  t : { l i i i l { 'c-  
t i t) i ts. T h i s  shal l  i nc lu t t c  al i  s;` l I l l t ) l ing cocks. 

5-6 .5  I f  s team l )U ig l I l g ,  c lc< l i i ing ,  or  stJ;`tlging is I_iscd, 
;i l l  pil}t:s {}i nuzz les  t t i r { }ugh w t i i ch  s[t:.:.ll]] is disch<lrgt:{ l  shal l  
I}t, I}{}il{{t:.{:I t{} th{' t : { lU i t ) l i i c i i l  I } c ing  pu tgo( t ,  t : ]c; int:d. {}r 
Sl},lI~t:{i. {}I" tile' {}t)i{>{'is shall bt: conn{:ctt:d t11 ~l'{)uiltl.  (<S'~'t' 
/VH&I 77, 17ccomH~c~{Ut'U l"ract/cc on .~tat/c £/,'ct~/ci(y. ) 

5-7 L i g h t n i n g  P r o t e c t i o n .  \ 'Vhcre nt:t:dc17i, appvo\ccl  
i i ~ l i t l i i u g  t) l l } t t :ct i />II  sh:di l)t: p rov id t :d  It}l" t l ic  t :× t ra { t i { }n  
[}i{}t'{ms. (,$'C<" ~VH°A 7<+¢, [.~vD/~Hn~, ]Jtr~te'('tl~Jzl (,'~r/r.) 

5-8 P roces s  E q u i p m e n t .  

5 - 8 . 1  V e n t i n g .  

5 -8 .1 ,1  Prot:css cquii}llit:ni shall t)c :l chls{-d svstcm alid 
vt :n i t : t l  111 tht: i , t i ts ic ic i t l i t l {}sl) i l t - i ' t :  th roug la  ;tt} lJl{}vt:d l'l;`tillc 
~ir r t :s lc ' i -s  inst<iii~'d in &itt:l}Id~illc{' wid~ d]t: { : {u] t l i l i { }ns {}f &tp- 
t } l { J \~ t ] .  "Hat: i l lzmifo117ti i lg-{}t v { ' n t s  i_ltJs/I 't:&tl l l  1)1 l i l t :  l]&ll l l t '  
: i iT{ :Sl t : l "  iS pc ' l + l i ) i t t cd .  X " t ' n t s  s h a l l  i . t : r i l i i i i i i t t :  ~il lt'.~t.~f, ]2(} ft 
({5. 1 i n )  {t})ox.-t ' {11c f i t { t r i l l ( {  ; t n d  b c  so loc<ttcd l J l { i [  V;`tpOl'S 
~ i l l  1111[ l t£ - t2 I l t { ' l  i.111' IJuilding. tSht I l l t :  &tl'l'CS[t:l'S s h n l l  St:  } ) r o -  

lt:ctt:¢l ~tg&tii~.st flcczin,c4 :u]d sh<lll I)t' eas i ly  at'ct'.~sil)lc f{}," in-  
spc'Cll{)i l fi l let rc'p;.l i i , t : la i l i c  ~tlTcslt'l'S st ial l  i i l l l  I)c l t )ca lcd 
w i l h i i i  ;`l bu i l c i i i i g  tlil]{.'ss tJt : i - l i i i t icd bv  i}i{' c { l l l d i i i ( m s  o f  

al}t)l'()val. 

5 - 8 . 1 . 2  Vessels o ,  tanks col~i:lining l]:ilIllll:ll}lt: s{}l\'{.'i]ts 
shall t)c pro tec ted  wiih ciii t :r~¢ncy vui]tilig It} tt:licvc cx- 
{t:s>ivc internal  pi{'ssutc in tilt: t:vcnl {}1 Ill{:. Thi,,, appli~'s 
t{} such vessels as eXtl-&lct{ll+s, s{11\t:nl ,,,,t}lk l~iliks, lnisct:lla 
lanks and so lvent -water  st:paratiFlg tanks. If Ill,.' calculated 
rt. '¢tuirt:d emt : rg t : i l cy  \ t : n l  ¢ 'n l}aci ty is less I l l t t i l  t i l t: I~{}l 'mal 
x't: l l l  r t : q u i r e i n e n [ ,  n{} a ( l { l i t i t l na i  Clllt:I<12,t:llCy v { ' n t i n g  is 
II t :C{'~S<II 'V.  

5 - 8 . 1 . 3  The  total  Cal):tcity {}f lo{ith n{Jrnial  and t:iiit:l-~,t.'n¢.v 
\ 't:ntillg lot" \-t-'~cls and t&tnks in the cxtrtici, i{Jn t}r{iccss wtiich 
<llc l)rt}tcctect in accordance  with 2-10.1 sh,lll not bc less 
than that de r ived  troin Tat ) I t  5-1 or Tal)lt: 5- l (a) .  (,S'ee Ap- 
p¢'nr/Lv A oj'/\;FP,4 JO. Flammable and C'omb~tit~A' [,~q~UU, r (/ode, 
./}~r ba, k~,~l,und iz~/ormalio~ ) 

5-8 .1 .4  A l l  C l l l e i gC l l t y  re l ie f  vents shal l  l t ' i - l i i in ; l l t :  Sit least 
2(I ti (6.1 m) above tht: git}und ~tnd t)c so l{}cale(I iha{ vapors  
will not  re -en te r  tht' t}uilding or  c ,ca tc  a hazard  from 
hicalizcd o v e r h e a t i n g  i1t ;.lily p&tl+t {1t" zt l;tllk {}r structtAre. 

5 - 8 . 1 . 5  Shutof f  valve's shall n{lI be installc{l in n{}ln]al 
{ } I  t : i l l t : l t 2 , c n c y  v e n t  lines. 

5 -8 .1 .6  Flares or burilcrs h{}in process vents sh<lll t)c pro- 
tilt)ileal wi th in  the restr ic ted and control led  ;`trollS. Flares 
()r t}ui-llCrS, if instal led t}utsidc these arc,is, shall be 
t:171uiptJcd w i t h  alJtJl'{}v{'(l c lcv iccs to p reven t  t]<tshl}acks in  
Ih{: V t ' l i i  p i p i n g .  

36-13  

5-8 .2  C o n v e y i n g  S y s t e m s  for  Sol ids .  

5 -8 .2 .1  l'It:l}}lt: t ' l l t t : r in~  tilt: pl{)ouss, all solid in;l icrial  
shal l  f}~lss {}vt:r (} l  th roug la  <t st:pzlrctl{}r t{}r the rc i i l { i v : t l  11t' 
t l '~ti l l i} i l ici;` l l .  

Table ,5-1 

Total Min imum Emergency Vent Capacity in Cubic Feet Free 
A i r / H o u r  (1.t.7 Psia and 60°1 ') with Approved Automatic 

Water Spray, Deluge S~,stem, or Equivalent 

Exlx)sed Cul}ic Exposed  C u b i c  Exposed  ( : u b i c  
S u r f a c e  A r e a *  Feet S u r f a c e  A r e a *  Feet S u r f a c e  A r e a *  Fcct 

S q u a r e  Feet  l I o u r  S q u a r e  Feet  f l o u r  S q u a r e  Feet  I l o u r  

'.20 {}.",DO 200 ti?;.:;{ItJ 1.0i}t} I "17 .<-q}l) 
'~t) 9, t8i} 2-}0 71 700 1 2 0 0  167. l(}O 
tU 12 {;]~t} ]~(}(} 7 t} :}(it) 1,41)11 17t}, t{1(} 

50 l 5 sl{} 350 St}..10{} 1 t}{}(J I S, t  200 
60 l 8 9i}{J ,t(}0 D'5.6{JI} 1,800 191,700 
7{1 ~2, [ It} 50t) 1017 ~(HI 2 tl00 l{lS,i}00 
St) 25,<.I'6{} 60l) 117A)i)0 <->,-triO 2111 2(}{} 
{it} 28, t.tl} 7IH) 128,.tt)0 2 ,800  222 ,()l}0 

10{} 31,5(}{} 81){} 1 ?;8, h(}(} and  \iX t'I 
12{} 37,800 900 1,t 7, t#l){} 
I I I }  I .t,  l{i0 
1{~{} -~{I, II}{} 
180 "~7.00{} 

Table 5-1{a) 

Total Min imu m Emergency Vent Capacity in Cubic Meters }:'roe 
A i r / l l o u r  (1 Kg/em ~ and 15.So'C) with Approved Automatic 

Water Spray, Deluge S',stem or Equivalent 

Expo~d Cubic Exposed Cubic Exposed Cubic 
S u r f a c e  A r e a *  Mete r s  S u r f a c e  A r e a *  Me t e r s  S u r f a c e  A r e a *  Me te r s  
S q u a r e  Mete r s  H o u r  S q u a r e  Mete r s  H o u r  S q u a r e  Me t e r s  H o u r  

'2 2OO L'0 1870 90 .t 38O 
3 3O0 21 2O7O t 00 .t970 
-t It}I) 28 221}{1 120 .t850 
3 50[) 32 24,t0 l,iO ", 1 '.20 
(; 5q{} %6 2(> 10 160 5:t5() 
7 {Itlll 'It) ~780 180 ,"} 5 (} ( ) 
S 780 311 ~, 1,10 200 "} 7 (iO 
9 STt) 60 3.t80 230 607O 

10 qTO 70 :¢82/I 260 6BO(} 
12 11{}0 St} , t100 and  ox{,r 
1-I 17;5(i 
16 1%.t{} 
18 1730 

N(}'I ' I '~,  [ l t l t ' r l ) ( l l : l t~ '  It)i" l l { t t ' r l i l t ' d l , l t t '  x a l u c s  I f t : m k  {}l x t's~t'l i> 

pl{}tt '( ' l t 'd [Jr +t[)[)lOVCtI IllVtl[iltllltl II1 a{l( l t t i (m to \x,ttet" >l)I'tl~, . d<'l t tgt '  

~\~,t{'tll tit t ' { ] l l l \ , t l t ' I l t  pt-tltccti<}l{ ~l~, t}t4~\ttlc{l Ill Q-I()  1. tilt:  1111~.% 

c,i]},ll l i l t  '~, lllitV [){' i { ' d u c t ' d  }}\ ~-}() pClq'Clll 

*l'~Xp~)St'{] Stll'J;t{'{" ~IIetI IIICtlllb IHe e x t e r i o r  51.llt~{ce oi  ~1 \ c s s t ' [  {it t ,{nk 
l{'ss t]]tt[ [ l ( l l t l i l l ]  lt'Stlllk~ ()11 ti s{)lltl ¢'~tllh { ) r  {'tlll( 'rctL' t)tl(l 

5 - 8 . 2 . 2  l 'nt:unaatic systems for hand l ing  solids \nay t>c 
used ,,vt/t:n nl:ltt:rial anti air t ieing handlccl arc st)lvt:nt-/l'cc. 

5 - 8 . 2 . 3  S{::ils des igned to prevent  the escape tlf s{>lvcnt 
or  sol\ 'cnt Vail}ors shall be p rov ided  at the point  wht:rc the 
solids cntt:r the s\'ste2ln. 

5 - 8 . 2 . 4  :\{It:tlUatC sc'als shall }}c used on tilt: l]n:ll 
171ischatgu of mater ia l  from the c×trat:t iun svstcm. 

5 - 8 . 2 . 5  Gaskets ,  if fiscal in thcsc svs tcms shall I)t: of  a 
tnatc t ia l  that will not decomptlSC (}r soften in the pvcscnt:c 
of  oils, sl}l\t:nt {>r stt:&tm. 
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3 6 - 1 4  M)I.VFNI EXTRACTION PI+AN I S 

5-8 .3  Extractors,  Deso lvent izers ,  Toasters,  Driers and 
Spent  Flake Conveyors .  Extractors, desol\'entizers, 
toasters, driers, and spent tlake conveyors shall bc of a 
design which minimizes the possibility of ignit ion of prod- 
uct deposits. Such equipment  shall bc protected by ex- 
t inguishing systems using inert gas, steanl o1 ;t combina- 
tion ~lt" thc two. contr,>lied from a sat{' rt'lil(HC h~cati~ln. (5"a' 
> a  <)4) 

5-8.4 Gr inde r s .  

5-8.4.1 Finished meal gr inding after lhc drying cooling 
~+pctatinn shall not be locatect in the restricted ;.iica. Such 
l l ] )c ra t i<ms III;AV, I)t' l ) c r l n i t t c d  ill the c ( m i l o l h ' ( [  i l l 'e l l  o n l y  
when con[ornlin K tl +) the provisions of 5-I .5. 

5-8.4.2 Finished nical g r ind ing  of nl<ilcrials <is dis- 
charged f rc lnl  tilt_' desolvent izcr shall I1()1 lit' l )crmit icd.  

5-8.9 Process Controls .  

5-8.9.1 Provision shall be made for emergency shutoff 
of steam, other titan s,nothcring steam, and shutdown of 
process equil)inent other than cooling water to condensers, 
exhaust t]ins, and lights. Th is  shall be acconipl ishcd 
through n l a n u a ]  o p e r a t i o n  both nei l r  tile p r o c e s s  c q u i p n l c n t  
a n d  at a sa fe  r c n l o t c  l o c a t i o n .  

5-8.9.2  t:+xccpt where hazardous conditions woulcl bc 
created I)y stopping princess cquilmlcnt,  all motor t:<mtr~ds 
on such cctuipmmlt shall I)c intcrh>ckcd so that the st~>p- 
page of any piece of solids-handling equipment  will stop 
supplying nl<itcrial to tile stopped cquipmerit altd so lhiit 
all equilmlCnt c(m\c.ving inatcr ial  away from the slopl)cd 
unit will continue to operate. This interlock syslenl shall 
be dcsigm'<t t<~ l'cquiru tin" pr~,pcr start-up scqucncc and 
shut-do\vi i  pr<)lc'ch.l res. 

5-8.5 Miscella Filters. ()ill\" tottdlv cnch,scd tihcrs shall 
be used. V e n t i l a t i o n  shall be provided t<~ remove residual 
s o l v e n t  v a p o r s  ; v h c n  f i h e r s  a r e  o p e n .  

5-8 .6  Waste Water Evaporat ion .  Process wastc water 
shall pass through an evaporator before cntcring separa- 
tion sump. (5}'c ,5-8.9.4 ) 

5-8 .7  Pressure  Vessels and  Tanks .  

5-8.7.1 Untired pressure vessels such as dcsohentizers  
and evaporators shall be constructed in accordance with 
the P, oder and Pressure I+ssel Code of the American Society 
~lt' Mechanical Engineers. 

5-8.7 .2  All hu'ge vessels shall bc cquipl3cd with I)ultcd 
and gasketcd platcs for inspection or tel)airs. 

5-8.7.3 Where sight glasses are installed tilt:\, shall be 
of the high pressure type protected against breakage and 
loss of product. Hydraulic transmission or hydrostatic 
gages shall bc used t{~r remote observation ofli~l(lid levels. 

5-8.7 .4  Tanks shall bc equipped with manual  shutoff 
v a l v e s  at  t he  b o t t o n l .  

5-8.7.5  Armored-type liquid level gages shall bc used. 

5-8.8 Heat  Exchangers ,  Condensers  and  Flash Drums.  

5-8.8.1 The water side of condensers and heat ex- 
changers shall bc kept at a greater pressure than tile tlanl- 
mable liquid or vapor side. 

5-8.8.2 Provision shall be made to ensure sail' shutdown 
in the event of loss of pr imary cooling water .  This shall 
bc accomplished by one or more of the following mcthocls: 

Ca) An automatic emergency gravity watt,  + supl)ly tank 
of sufl]cient capacity. 

(b) A connection to an equally" reliable water supply. 

(c) A provision to automatically shut off steam othc,+ 
than smothering steam, to immediately reduce stcam- 
heated ,jacket pressure to atmospheric pi'cssurc and to stop 
the tlow of nliscclla to the distillation system. 

5 - 8 .8 .3  All steam condensate from the extraction pro- 
ccss that is to be returned to the boiler shall bc reduced 
to practically atlnosphcric pressure in a vessel where any 
untrained solvent will be tlashed off'. 

5-8.9.3 Audible or visual alarms or both centrally located 
shall be provided tu indicmc almormal and hazardous con- 
ditions such as loss of steam, h)ss of cooling water pressure, 
litilurc (d process tmtnps and aspirating and ventilating 
f a n s ,  t i re  a l a r m s ,  a n d  s t o p l ) c d  nl(+tors.  

5-8.9.4 Temperature sensing devices arranged to actuate 
audible and visual alarms shall bc installed in the dcsolvcnt- 
izer and tile water outlet f ron l  wastc water evaporator to 
indicate v,'hcri the tenlperaturc drops to a point where sol- 
\'cnt c a r r y o v e r  coulcl create a hazard. 

5-8.9 .5  Automatic s,vstcms shall be provided to slop the 
discha,ge of meal or water at temperatures t)elow which 
there would be a significant hazard. 

5-8.9.6 Pncuntatic or hydraulic controls and insmmmms 
may be used in place of electrical controls. 

5-9 F l a m m a b l e  Vapor  Detect ion.  

5-9.1 Approved portable comlmstible gas indicauws shall 
be provided and mainta ined in good working order. 

5-9.2 Provisions shall bc made for moni tor ing tim at- 
mosphere in areas \ v h c r c  ] ] i l innl i lbIc  vapors Ilia,,, prcscn! 
a hazard. This may bc accunlplishcd by installit:lg an ap- 
proved combustible gas detection system with audible and 
visual alarms. Where such a system is used, it shall be 
tested and maintained in good working order in accu,dancc 
with tilt: manufac turer ' s  instructions. 

Arcas where routine sampling has been found desirable 
include: raw material convcyor, dcsolventized material 
conveyor, tinishcd oil ~ fat containers,  waste w;m:r 
discharge, and solvcm and miscella pumps. 

Chapter  6 Referenced Publ i ca t ions  

6-1 The tbllowing docunmnts  or portions thereof arc 
referenced within this standard and shall be considered [);art 
of the rcqtlircmcnts of this doctunent. The edition indicated 
lot each ,+ct'ercnce is the current edition as of the dale of 
the NFPA issuance of this document .  
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6-1 .1  N F P A  Publ ica t ions .  National Fire Protection 
Association, Battervmarch Park, Quincy,  M A  02269. 

NFPA 1()-1988, 5'tazMard fi)r Portable Fire Extinguishers 
N FPA 13-1987, Standard.li)r the Installation of Sprinkler 

S1;stezn~ 

N F PA 15-1985, Standard for Water Spray Fixed Systems for 
Fire Protection 

N F P A  16-1986, Slandard on Delu#c Foam- Water Sprinkler 
<S'ystems and Foam-l,l'Tm,r ,S~;ray SF.~tems 

NFPA 24-1987, Standard.for the Installation of Private Fzre 
Service Mains and Thezr Appurtenances 

NFPA 30-1987, Flammable and Combustible Liquids Code 
N FPA 69-1986, Standard on Explosion Prevention Systems 
NFPA 70-1987, National E&clrical Code 
N F P A  78-1986, L&,Dtning Protection Code 
N FPA 91-1983, Standard/Dr the Installation of Blower and 

Exhausl S~stems for Dust, Stock, and Vapor Removal or Conveying 
N F P A  214-1988, ,S?andard on Water-Cooling Towers 
N F P A  385-1985, Standard fi~r Tank Vekieles for Flammable 

and Combustible Liqui& 

6 - 1 . 2  O t h e r  P u b l i c a t i o n .  A m e r i c a n  Soc ie ty  of  
Mechanical  Engineers,  345 East 47th Street, New "York, 
NY 1111117. 

ASMI';  Boiler and Pressure Vessel Code,  1980 

A p p e n d i x  A General  Descr ip t ion  of Solvent  Process  

77u~ ,,Ippcndr~ 1~ not a part ql thr rcqum'mcnts 7ltkt~ Nt:PA document, Dut 
~, ltiHud:d.i~,r iz{/ormaO.n purpo.~,', on(r 

Phys ica l  Constants  of Extrac t ion  Solvents .  

The hydrocarbon tiactions or petroleum naphthas 
known as normal hexanc and heptane have become the 
predoniinent solvents li)r extraction of vegetable and animal 
oils and lets, because of their low cost, stability, excellent 
thermal qualities, and selectivity for oils and fats. Tables 
A-1 and A- l (a )  show the physical properties of n-pentane, 
n-hexane,  and n-heptane. Tables A-2 and A-2(a) show 
distillation analyses of petroleum naphthas of the 
n-pentane, n-hexane, and n-heptane types. 

One of the most important physical properties of pen- 
tane, hexane and heptanc fractions, insofar as safety work 
is concerned,  is the high density of the vapors. As shown 
in Table  A - l ,  the vap(}r of hexane is 2.975 times as heavy 
as air and this accounts tor the tendency of the vapors to 
tlow across a surface and into low spots and confined areas. 

Preparat ion  and Pre -Cook ing .  
The preparation of oil-bearing materials or solvent ex- 

traction varies as to o,iginal oil or fat content, physical 
characteristics of the material, type of extraction system 
and end products desired. The preparation of dead animal 
carcasses calls for dill}trent preparation techniques than cot- 
ion seed, 1lax secd or soybeans. 

Probably the simplest of the preparation techniques 
woukt be that of prepar ing (lead animals for fat extraction. 

APPENDIX A 36-15  

T a b l e  A-  1 

P h y s i c a l  P r o p e r t i e s  o f  U n i t s  n - P e n t a n e ,  n - H e x a n e  a n d  n - H e p t a n e  

U S  C u s t o m a r y  U n i t s  

- -  : - : . z 

| ; I .unl i l< l l )h.  h u n i ,  ( i w l (  cn l  b y  \,)1 ) 
I~ I I l t l i ) t l  I I ' l l I p l ' l . l t l l l l '  °F  
l:l<l~h Po ln l  "1" ( 2h)wd ( h ip  
M(>lc{ u] . l i  WCl~}li 
X | l ' h i n g  ] } lnn l  
(hJv t t i (  iCll l (Jl ( ' \ l ) . i l iM i )n  
B i i l i l l i g  t i i i i l i l  .11 1"t 7 [}M.i 
Slit'( ili( I~l<lVll\ '  ,ll 61 } 'T  
A P ] ~ l 'a \ ' l lV  AI ()(}'T" 
Pound~  i)ci g . l l hm <li 6 f ) " l :  
V<i l } ln  dl 'n~. i l \  { . lu  c i iu . l is  1) 
( ] u l i u '  ic(' l  \ ' ; i ])t) l t}cl R: i l lon ] l l lu i { [ .  (;1)' I". 

1't 7 l l 'q.i 
Va ] } { ) l  WCll2]il l iVl { u  II {11} .il {)O'q") 
\ :<i ] }ol  WCll4hi. ( u  II p i ' r  11} al f}( i~l ' 
IA i l cn l  ]l¢'<il i)l ; . l ] ) ( l l l / . l l lO l l  <11 7t}(} I i i i i i  

B l u / i b  
t h ' a l  o l  { i ) i l l l } l iM i , l i i .  B l u / I b  (gl~,~>) 
BItL tIt ' I i l l  11 \<11)oi { !41{)~) 
BIU In ' l  l ) {n ind  (n t ' l )  
\ " . t l i i i i  t i i c~Ml i t '  .tl I01}01 :, I}M.t 
St}c{ i f ic hc.t l  l i q u i d  .ii 6 i ) ° l :  
~1}('{ it11 [it'<tl \<ip{,t  dl {}(}ul" 
S(,htlnhl':. ' i l l ~.'..111'1 . l l l {) lc ~, p¢'l h iv l  dl 6 O q "  

n-Pcntane n-Hexane  N-Heptane  
i 't 7 8 1 2-6  9 1 ()-t} 1) 
5OO 437 '199 

.1(i 15 25 
72 1 80 2 IHO 2 

- 2 0 6 e F  137 T 13()°F 
0 t}(1154 0 (H1135 () ()0122 
<}() !)°l :  IDt~ 1 ~F 208 ( ) ° l :  
(} 6:/1 (1 064 0 688  

92 7 81 {) 74 .2  
5 261 5 "536 5 736 
2 '1 ~) 2 {}75 3 459 

27 5 23 .5  2() 8 
{i l ! i l  0 217 0 270 

5 23 "t 61 3 63 

153.{} 143 23 136 // 
21.12()  2{}.970 2(I,86() 
.t .(}16 4 .762  5 ,308  

I11,-)411 19 ,420  1 9 / / / 0  
15 5 5 0 1 6 
11 541} 0 531 (} 53o 
0 . 4 0 9  (} 339 0 335 
l) 005 0.0{116 0 I){l()"-) 

T a b l e  A-  l ( a )  

P h y s i c a l  P r o p e r t i e s  o f  n - P e n t a n e ,  n - H e x a n c  a n d  n - H c p t a n c  

I n t e r n a t i o n a l  S y s t e m  o f  U n i t s  (Set 1 1 .7 ) 

n-Pentane n-Hexane  N-Heptane  
I " l ,mm l ,d } l v  h tml~  t l }cH cn l  I } )  \ 'ol ) 
Igl/llH}ll I( ' l l lp¢'l , l l l l l( '  ~( ] 
l : l .~h P<,mt "( : { ',h,~.d { :up  
M o h . (  tlLdr ~( ' ] g l n  
Mcl t iHg  point  

C{)+.'I]]( icnt {11 CX]}dnMoII 

I~;,)dmg I)o]nl ,~l I K g / ( m  ~ ABS 
Spc{'llic gl;I\'LIV d{ I rL.'}°{[ 
A P I g : : B . y  at 15 5~(:  . 
K g  pct ]itct ill 15 5~( '. 

V. lp { ) l  d ( 'n~ l t y  (au  I'{lu<ll~ 11 
[ . i l l ' i  "~ val l l ) i "  1}el l i lc i  l i q u i d  .il I rl r) <.( ] and  

I K g A  ii i  ~ A B S  
V. l l } ln '  v~t ' l i lhl  I)('l I i l c r .  g i l l  al 1~) ~)"(] 
\'~llIl)l '+'+{'l~hl, ]lit'i" t)t'r k~lll ,it 15 5~{1 

l . . i l vn l  h l 'a l  oJ VAI}iiHZ;III(}n ;It 760 I l l l l I  K g  
a l / K g  

t l t ' . l l  I)[ ( (> I I I I )uMI t ) I I .  K g  ( ' . l l /Kg  (g i os '  9 
K I  4 ( , i l  l)t'I {uh i t  i l i( ' l( ' l  v,tl)in" {gi{ l+~)  

KI4 (a l  l}(' l K g  (nc t )  
\ " . t i i l i i  t}l( '~.Mli(' ;il 3 7 . 8 c C .  i n ln  H g  A B S  
St}cel t ic  t i l ' ; l l  h q u l d  at 15 5 ° C  
Slw{  i t i {  hc. l l  \ al}{n <il 1~ 5 ~(~ 
S i ) lu l } l i l lV  in ~Adlt ' l . n i l i les pe r  l m ' r  ill 
15 5~{: 

I 4-7 8 I '2-6 9 1 {)-() () 
26o 223 2o4 
- 4o 2o - 4 

72 I )36.2 10() 2 
- 1 3 2 ° C  93 8 90  

() {1112772 o.I111243 0 {1o21!}6 

3 6 ° C  68 9 ° C  97 8 ° ( :  
0 631 0 . 0 6 4  (1.688 

92 ,7  81 6 74 2 
0 63 {}.6{i3 {} {}87 
2 4!) 2 975  3. . t59 

205 19o 156 
3 o6 3 48 4 .42  

o .327  11 287 (}.22{} 

1';5 79 0 76 

11 ,734 11.651 11 .590  
3 5 , 7 3 8  42 .377  49.0111 
10 .856  I11,7911 111,745 

8111 238 82 7 

0 54() 1) 531 0 530 
t) 41/9 111.339 11 3'35 

(} (}05 0.1t016 0 i}()(}5 

This can be accomplished by grinding the entire carcass 
in large grinders which shred the meat and reduce the 
bones to a consistency that may be handled in the cooker- 
extractor. After the cooker-extractor is charged with a load 
of meat,  the cooking process is begun and the charge is 
cooked several hours or until the protein and other 
coagulable material is set and the moisture content is re- 
duced to a point low enough to allow solvent penetration. 
After cooking is completc the free grease is usually drained 
off, the charge is cooled to the proper temperature after 
which the vessel is charged with the extracting solvent and 
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ti()n llr{ic{'ss is ac{:{),nt}lishc{I in :i separate i)ui{{ l ing. 

T a b l e  A-2 

A S r M  Dis t i l la t ion  Analys i s  of  C o m m e r c i a l  P e t r o l e u m  N a p h t h a s  of 
the+Pentane ,  H e x a n e  and  H e p t a n e  Types  

Percent  Dist i l led P e n t a n e  H e x a n e  H e p t a n e  

ltmtal l~,c}ilii'~g P,}int SS°F 146°F 191)¢F 
b 8.{.t 148 19-t 

It} ,q<} 148 195 
20 89 1,19 196 
31) {t{I 11t9 197 
t{} ',}{I 149 197 
5(} 9{} 1.t9 198 
60 !t I 150 199 
70 91 150 199 
80 {}2 [ 51 2{}0 
90 93 152 202 
9-} 9 t [ .5 '5 21}3 

I } tv  end point  97 15h 2{}S 

T a b l e  A-2(al  

A S T M  l ) i s t i l la t ion  Analys i s  of C o m m e r c i a l  P e t r o l e u m  N a p h t h a s  
of  the P e n t a n e ,  H e x a n e  and  H e p t a n e  Types  

Percent  Dist i l led P e n t a n e  H e x a n e  H e p t a n e  

l m u a l  Boi l i ng  t't>mt ',31 I°C 6 3 . 3 a C  87 7 ° C  
-> 31 7 64 .4  9O 
l 0  31 7 6-t t t t0 .6  
2// 31 7 6."> 91 1 
3(I 32 2 65 91 7 
I0 '$2 2 6:? 91 7 
5O 32 2 t55 92 2 
60 :32 S 65.5 92.S 
70 32,8 65.5 99.8 
80 :3'3, ',3 66.1 93 3 
90 33 9 66,7 94 -t 
95 13LI "t 67,2 95 

I)tv tJn{t p{}mt 3fi 1 68 9 97 8 

T h c  cml l/rt+ducts ~)1' Ihis I vtic ot' p roccss  w~luhl bc in- 
cdi l /h '  this fi)r s<)ap stock, I]lttv aci{ls, e tc . ,  a n d  t a n k a g e  li/r 
anim;t l  lccll n l ix turcs .  W h c r c  IJulchcr shop  me:it  scrap a n d  
<lthcr siinil<lr niat{:rizll is i/roct:sscd, t]iert' m;_iv I)c St)IllC 
\a r i< t t ions  in t c c h n i q u c  (it g r in \ l i ng ,  p r e p r c s s i n g  ~ll" cook- 
ing but  gt :ncral ly  the  process  is the  same .  

In the  <tlItl\c p r c p a t a t i o n  prt>ccss the i nca t  a f te r  t in ,k-  
ing tn;Lv bc p rcp rc s scd  in SClt:',.x prt:sscs p r io r  to solvent  \:x- 
t r a c t i o n  in which  case the re  would  b c a  s e c o n d a r y  p h a s e  
of  p r e p a r a t i o n  t() rcdt.it't: tim press  cake  to a colasistt :ncv 
sttil,tl)lc t in  so lvent  cx t r ac l i on .  

T h e  p r c l / a r a t i o n  tit' s t lvt)cans fin so lven t  e x t r a c t i o n  has ,  
through ;l iiroccss td tr ia l  Hi l t [  Cl ' l ' ( i i ' ,  become the lilt)st stitn- 
dardizcd l/rct)<uation SVSICIll ()t" :ill of the oi l -bear ing st:cds. 
Wi th  \ar ia t ion o n h  in {tit: : i i ral l~Ci l lcnt ofcomponei: ts and 
inc'ltlOd td inalc'rlal trai lsport,  all soybean prcparaii~m 
t c chn i t l uc s  ;il'U ident ica l .  T h e  }it::lns f rom s to rage  or  chtv 
rLll l  bin  :ii't_' c l eaned ,  crackccl,  t c n i p c r e d  a n d  l lakcd.  S O l l i C  

slighl \':~rimi~m froll/ i / lanl 1o t)]<tlll I11;iV exist as t~l whc lhcr  
the t)t:ai~s ar t :  i t i t : lc ' rcc l  It) the process b \ ;  In,ear ls  ofa \arial)h. 
tccdcr i n  whether tt:cv ai'{; li 'd t~ th'c process through a 
dump scale or througi i  both. ~oi i ic plants may dchul l  clur- 
ing picpar: i i i~ln; die b e : i n s  i l i ; . lv  b c  c r a c k e d  in anv type 
cracking tnil l  that wi l l  ;u.;colnplis}l the proper rc{[uc{i(m in 

p<ut .h+ size. l h c  { rackc<l t)cam, m a y  bc tcn:p, . ' rcd ill any  
~d thc  \ ml~>u~, I c n q ) c r i n g  d n c r s  a n d  t i ierc are  s e \ c r a l  lypcs 
and  niakc~ ~1t t laking mills. Ncvcrdmh ' s s ,  the lour  p r inMt /a l  
SlCpS hi thc p r c p a r a l i o n  ~lt thc so\bc;xn> for e x t r a c t i o n  in- 
\ a r i a l / l v  h)lh)w the st:qucr~cc of  ch:aifing, c rack ing ,  tcmf/cr-  
inq ;u/~t t ] : lk i i i g .  

" l h c r c  1~, :.till ~nnc ( l i lh ' r cncc  ,,1 ~lpinion as to the tm~,t 
cfl]t it:hi nlcItU>tl , f f p r c p a r i n g  c~ l ton  sccd a n d  l]ax sct:d fin 
C X t l : l C l i ( ) I I .  N O l l i c  pt+(~tcssors c la i tn  tha t  cft]clCttt cxtracl i~m 
Ill t i l t \ t i l l  > c e i l  <It + l i l t \  5cud c a n n o t  [Jc acc{nnpl i shcd  ,.vitht)ut 
prcprcs..lng, ;t-, a >top in p r c p ; u , t t u m ,  whi le  oth~:rs h~>hl th;lt 
p lc l?rcss i t lg  is unlR'Ccss:uv a n d  (:osth,. N0 d o u b t  this  dif- 
l;.'rcm c o t  t,]fini~m ,.',ill bc ' rcso l \<d  as t ime  gu t s  on but  t~)i 
the  m{nncn l  I)tnh mc tho t l s  ,,\ill I._, o l n s i d e r e d .  

T h e  prcli;U;tti~,n Ill cot t lm sccli l~u e x t r a c t i o n  u n d e r  tilt: 
direct  nmthot l ,  that is ,,xithtlut i)rcltrcssing, consists  o l c l c a n -  
ing,  th : l in l inq ,  ch'hullinM, r t4 l ing  and  cooking .  Var ia t i tm, ,  
in thc ;llj{wc st ' t t t l t ' tRc ill nlllin~ :itld cooking have lit'till 
H | l t l  , l l't'  ~,tLll U l l t l t ' l  t ' X p C l i l l l t : l l t  It) c l t : t c r m i l q c  t i l t :  (AIITt+(.t 

ct , t l l l ) ina l . , t l  <d ll:ll ticlc six\ +, o ) , N i n  K tune .  t cmt?cr : t tu rc .  
I l l t ) i S l l i i ' c  ( l l l l [ C l l t ,  t ' lC .  T h e  IOXI( ' I tV Ill co t ton  scc(t I l l t ' , i tS  

\ h i t '  I l l  \ h i ' I t  g~s~,yl/<)l t ' l ) i l t C l l l  iS ;I " d e t e r m i n i n g  l'actt)r i , l -  

s:d'ar ;i~ the ex ten t  and l l lacc in s t :qucncc  of  tht: c~l<&ing 
st:tgt '~ll thc p t u t c s s  +l'hc p r c p r c s s i n g  by  the  use t,l sclcxx 
l / rcsscs as ;i >taMe {it" the  l)rt-p:lrsltion scctucnce is in itsclt 
a h igh  t v n q l c r a t u r c  o p e r a t i o n  duc  IO the  , .ooking prii~r to 
l?rcprt:sMng a n d  die lricti{mal hcat  g e n e r a t e d  int,. .rn:tl]\.  
M o i s t u r i z i n g .  g r : u m l a t i o n  a n d k , r  t l ak ing  u s u a l h  h)ll,,x~ 
p r c p r c s s i n u .  

"I ' l l \ '  I + l t ' l ) , l l a l i { l l i  Ill t]: lX St?t'{l hit" slll\-cnt cxtr:lcti<)n 
gene ra l l y  h4h,,.xs that  tiu- o>t1~m swcd. O i l - b e a r u l g  st.'cds 
s u c h  i ts  t ' H S U I l  t / t q l l i S ,  sunt ]ox\cr ,  s;dth>wer, rnilo, p , U a i l l i t S ,  

c{qn'a, l ung  nuts ,  ct{., will tall widi in  one  or  the o the r  above  
nlcll.M~,. 

Ex t rac t i on .  

The cxlr,lclx~ul id an ln la ]  a n d  \ c g c t a b l c  fats b \  the usc 
{ifhvdr~w;trt)t)n sol\cnts as practiced today appears rather 
c:onq)h:x. This,  ht~wcvcr, is a ll l;t i l i lcsl:lt iop, of control, salt:- 
IV a n t i  ; l t i l l l i i U i I l ( i n  I ' : l [ h c F  l h ; i l i  t h c  I/asic p r i nc ip l e  i,f t h c  

cxtrm:ti~ln itself which is rc lat ivc lv simt/lc. Figure A - I  is 
a ucncralizc<l Ih,w diagr:un <if the  s~ll\cnt c×tracti{m 
pi ' t )CCSS.  

Desp i t e  tht: s c c m i n g l  F c t n n p l i c a t c d  a r r a y  ol c q u i p l n c n t  
t he re  arc  jus l  t l l rcc basic  f u n c t i o n s  of  an  e x t r a c t i o n  plan1, 
i.c . c×tracl i{m,  d c s o l v c n t i z i n g  a n d  d i s t i l l a t ion .  

Ill 1hc cx t r ac t i ,m  stage thc  till is r c n i o v c d  frt)m d:c ~il- 
b c a r i n g  m:m ' r i :d  I/ut a l i c r  rt:m~wal {it the oil i n  Rtl the 
m m c r i a l  re in ; t ins  s a t u r a t e d  wi th  s t / h c n t .  T h i s  is r c m o v c d  
by the  d t : so lvcn t izc r  which  d r ives  of f the so lvent  by  the ac- 
ti~ln of  hem from bt ld:  d i rec t  a n d  ind i rec t  s t eam.  

T h e  misct:lla,  as o i l - b e a r i n g  st)lvcnt is t e r m e d ,  goes t~, 
t h C  Ck';iI/()i~it{lI" lit" dis t i l l a t ion  S k S t C i l l ,  ~tS it is S u l i l C l i l l l C : ,  

t a i led,  whc rc  the st>l\rt:nt is d n \ ' c n  off the  oil by the  ttC[l, ,li 
of  h e m .  dire\it s w a m  a n d  V:ICULIlii. 

T im  CValnl r , t t .m ,if solvci: t  f rom \ c g c t a h l e  or  a n i m a l  oil 
poses litlh: d i l ' t ]cuhv in as m u c h  :is the  so lvent  has  a lt:la- 
dvc lv  hlw b{filing r ange ,  appr{ /x inmtc ly  146°F to 15601: 
(6?; o(, t~> 691'C) a n d  m{~st oils can  w i t h s t a n d  t e m p e r a t u r e s  
up  tl> 25 ( ) °11(121°C)  filr shor t  t /cr iods w i t h o u t  undcrg~l-  
ing discohwati~)ll or  p o l y m e r i z a t i o n .  T h u s ,  a wide  
t cnapc ra tu rc  (liftL.rcntial plu.., the use of s t r i p p i n g  stCZllii Ztlld 
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device  is a c~)ntinuous screw type which fi 'eds a m ix tu r e  
of the o i l -bea , 'mg mater ia l  and half  miscel la  (F igure  A-B). 
T h e  ext rac ted  mater ia l  f rom the d i scharge  hopper  is rc- 
I l loved  bv  l()[;Ar~, paddle conveyors  ()r a mass t]()~x-type con- 
\ ' e v ( ) r  set in tile bolt()m ()f the hol)per.  

~'OAST[R 

,1 
COOL£R 

,1 
#At//v~//v# 
#ACKI/V¢; 

OIL 
STRIPER 

I $~LV£AO" I 

• r~IPP[.R J 
~ o  

SO 
STq 

Figure A-1 Generalized Flow Diagram. 

high v a c u u m  in the final stage thcililates deso lvcn t iz ing  of  
the oil. 

T h e  turn'finn of  var ious  C(3IllpOllClltS O1' tilt' cxtracti()I1 
process is exp la ined  in detai l  unde r  tile specitic headings  
tha! folh)w. 

IISCELLA 
rER 

MP 

PUMPS HALF FULL 
MISCELLA MISCELLA 

B a s k e t - t y p e  E x t r a c t o r s .  

T h e r e  are several va , i a t ions  of  the basket extracttJr nuch 
its ver t ical ,  r ec t angu la r  and hor izonta l .  In this type of  ex- 
tr;_tctor the mater ia l  is carr ied  th rough  the cxtr,lcttlr  ill in- 
d iv idua l ly  h u n g  per fora ted  o r  screen bo t tom baskets.  T h e  
baskets arc pivoted on a longi tudinal  shaft located near  tile 
cen ter  ot gravi ty  of  the baskct.  T h e  ends  ot these are af- 
fixed in bear ings  which are part  of endless chains.  These  
endless  chains  run on sprockets  at the top and bo t tom of 
ver t ical  ex t rac tors  and at each end of  a hor izonta l  ext rac-  
tor (F igure  A-2).  T i p p i n g  of  the baskets is p , 'cvented by 
a svs tcm of r(dlers levered to the ends of  the basket  shafts 
an~l r u n n i n g  or  s l iding in guide  tracks fastened {o tile in- 
8icle of  the ex t rac tor .  At one  locat ion d u r i n g  the circui t  the 
baskets are inver ted  over  a d ischarge  hopper  where  the ex- 
t racted mater ia l  tails f rom the basket.  As the basket passes 
/he dischm,~e position it is righted and immedia te ly  charged 
with (fi l-becuing tnaterial .  T h e  n u m b e r  of  baskets in the 
ex t r ac to r  is d e t e r m i n e d  by dcsi rcd th roughpu t  and design 
10alance: 2:') to 30 baskets would  be usual.  T h e r e  alC [~,vo 
s t andard  me thods  of  f i 'eding inater ia l  to these ext rac tors .  
O n e  type is a double  gate vo lumet r i c  feeder  which is t i thed 
to the ex t rac tor  and d u m p s  an even basket load of  mater ia l  
as succeeding  baskets are posi t ioned under  it (F igure  A-2). 
"l'he gates of  this /.vpc feeder  may  be e i ther  mechan ica l ly  
or  hydrau l ica l ly  opera ted .  T h e  o ther  type of  cha rg ing  

Figure A-2 Vertical Basket Extractor. 

Since vmtica l  and r ec t angu la r  basket  ex t rac tors  have 
both descend ing  and ascend ing  baskets and the ex t r ac t ing  
solvent  anti miscel la  is all ctescending,  these ex t rac tors  are 
k n o \ v n  as c o n c u r r e n t  cou l l t e r cu rFeDt .  T h e  c o n c u r r e n t  p h a s e  
takes place from the t ime the baskets are ci largcd until thev 
, each  the bo t tom of the ex t rac tor .  D u r i n g  this phase haif  
miscel la  from the bo t tom of the ascend ing  side of  tile ex- 
t ractor  is p u m p e d  to a surge tank above the ext rac tor  ['tom 
whence  it tlows to a basket  near  tile top of  the descend ing  
side and percolates  down th rough  thc baskets to the lull 
miscel la  c h a m b e r  at thc bo t tom of the descend ing  side 
(F igure  A-2). R a w  solvent  is sprayed to one  or  more  of  
the baskets near  the top of  the ascend ing  side and in l rue  
coun te r  flow percolates  down  th rough  the baskets to tim 
half  miscel la  c h a m b e r  at the bo t tom of  the a scend ing  side; 
thus, the cycle of  solvent and mater ia l  is comple ted .  

R e c t a n g u l a r  and hor izonta l  baske t - type  ex t rac tors  are  
in pr inciple  qui te  s imi lar  to the vert ical  type with the ex- 
cept ion  /hat .  where  baskets are  r u n n i n g  hor izonta l ly ,  a 
series of  stage p u m p s  are used to con t inuous ly  p u m p  the 
g rad ien t  concen t r a t ed  miscel la  to spray pipes al)ove the 
baskets.  
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for another charge of material. The spent malerial is con- 
t inuouslv convc;'ed trom the discharge hoppe,  at a rate so 
regulated that a! the time the hopper is empty another 
charge of spent material ch'ops ira. 

J I 
! :~ , 

I 

~ / I  , I , I I  , 

4 ~J "±U.L"'._ 

[ - - [ ,  

'1 

IS - "  

-j  I, 

I[ .1. 

/ 

. . . .  =: 

D1 ] 

I 

Figure A-4 Rotary System. 

Figure A-3 Feeder and Discharge of Basket E x t r a c t o r .  

Rotary Extractor. 

In principle of Ol)eralion a ro tar ;  type of extractor is 
quite similar to a horizontal basket-type cxti'actor. Ira con- 
struction, however, it is quite different. As Figures A-4 and 
A-5 show, ttlc rotating element consists of a series of con- 
centrically arranged cells with a hinged perlorated h o t t o l n  
in each cell. As each cell successively passes uncler itac in- 
take tceding device, a slurry of oil-bearing material and 
half miscclla fills each cell. The speed of rotation of the 
cell clement and lhe cont inuous feed of inaterial are so 
regulated that each cell is filled to the desired depth dur- 
in K its passage trader the feeding device. While itac r o t a t i n g  
element is completing a revolution, several s/age l)umps 
pick up the gradient concentrated miscella from scveral 
chambers of drain pans under  the cells and spray iI back 
onto the top of t h e  cells. At approximately t,,vo-dfirds of 
the distarice around from the intake, raw solvent is sprayed 
to tile top of the cells after v.,hich tile cells are alh>wed t~, 
drain free ot excess solvent. After the dra in ing slage the 
cells pass o v e r  a discharge hopper anti as each cell is direcdv 
over die hopper, the cell bottom is trippeci mechanicalh. 
and the charge of spent material drops into the hopper. 
hnmedia te lv  after passing this position the cell b o t t o m  is 
raised back "into closed position mechanically and is ready 
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Figure A-5 Rotary E x t r a c t o r .  

- - ~  ~ ,  ,, . . . , . ,  

Perforated Belt Extractor. 
A variation of the horizontal and rotary extractor is a 

horizontal pertbrated beh extraclor in which the raw 
material is tbd in a unitorm depth onto one end of the slowly 
moving perforated beh and dur ing  its travel the length of 
tile extractor, gradient misce!la is pu,nped stagewise in v e r y  
much the same fasMon as the horizontal basket and rotary. 
Mechanically this extractor is perhaps the simplest of tile 
horizontal types. What has beer| refl'rred to as a pertbrated 
beh is in reality two endless chains runn ing  on sprockets 
at each end of the extractor, and attached to the chains 
and torming a fiat surface ~tI'e a series of pcrtorated plates. 
Suitable chambers or pans are arranged the length of the 
extractor for collection of miscella stagewise. The spent 
m a t e r i a l  is continuously discharged off the end of the bch 
lo a hopper, thcilCe, contiiluouslv convcvcd froln the 
e x t r a c t o r .  
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APPENDIX A 3 6 - 1 9  

Vertical Total Immersion-type Extractor. 
This type of extractor has as its basic principle the total 

immersion of the material in the extracting solvent dur ing  
the entire extraction phase of the process. In the original 
U-tube type, total immersion was accomplished by in- 
t roducing the oil-t)earing material into the top of one leg 
of the U-tube whcreiia it descended against a counter flow 
of miscella, passed through the horizontal section at the 
bottom of the U-tube,  thence up the other leg and out the 
top. The oil-bearing inaterial was conveyed down, across 
and up by the use of large perfbrated flight screw con- 
vevors. The raw soh'ent ,,','as introduced at the spent 
material end of the U-tube and the concentrated miscella 
was removed through an annula r  screen near the point 
where the oil-bearing material was introduced. 

In the single tube-type total immersion extractor (Figure 
A-6), the oil-bearing material is introducted at the top of 
the extractor a short distance below the level of miscella 
after which it dcsccnds by gravity through a series of 
equally spaced plates with pic cut openings staggered in 
such fashion that the material cannot fall directly through 
the extractor but is retained tbr a short time on each plate. 
A slowly rotating sv,,eep on each plate and attached to a 
central shaft rnaintains a constant rate of material feed 
down through the extractor. There are two types of spent 
material discharge devices in use. In one type the spent 
material enters heavy screw conveyors which push the 
material through a short tube and compact it against 
pressure loaded cones. As material is continuously forced 
against the plug it continuously, feeds past the pressure 
loaded cone in like amount .  In this way a solvent imper- 
vious plug is mainta ined at the base of the extractor. Raw 
solvent is pumped to the bottom of the extractor and tlov,'s 
upward in counter  flow relation to the descending oil- 
bearing material. The concentrated miscella continuously 
overflows f,om a settling chamber at the top of the 
extl actor. 

The other type of material discharge consists of a liquid- 
tight inclincd conveyor that picks up the spent material at 
the base of the extractor and elevates it to a point above 
the equalized level of liquid in the extractor. A drain screen 
as part of the inclined elevator drains the excess solvent 
from thc spent materi~fl prior to discharge. As in the tormer 
type, raw solvent is introduced at the bottom of the ex- 
tractor and concentrated miscella is removed at the top. 

Filtration-type Extractor. 
Another  method is the extraction of specially prepared 

high or low oil content materials by complete immersion 
in solvent tbllowed bv vacuum fihration (Figure A-7). The 
extractor is a horizontal, cylindrical vessel, in which a rib- 
bon conveyor slo',vh', rotates. Half  miscella and prepared 
material arc continuously fed into the extractor and the 
ribbon conveyor provides the necessary agitation and con- 
veying to move the slurry through the extractor for con- 
t inuous discharge to the vacuum filter. Hold-up time in 
the extractor is sufficient for oil to go into solution with 
the halt miscella. The vacuum fiher consists of a slowly 
rotating, horizontal, pertorated and screened disc upon 
which the slurry is charged. An internal valving arrange- 
ment allows complete separation of the several countercur- 
rent wash miscellas employed to remove entrained miscella 
from the filter cake. The slight vacuum mainta ined at the 

Flake Inlet 

Miscella Out;et 

Settling Chamber 

Extelnally Adlustahle 
Plates 

Rotating] Sweeps 

Solvent Inlet 

Extracted Flake Outlet 

Figurc A-6 Vertical Total  Immersion Extractor.  

underside of the disc increases wash liquid throughput, and 
after the tinal oil-free solvent wash, the solvent content of 
the extracted material is reduced to about one-half that 
possible with gravity drainage alone. The layer of extracted 
material is removed continuously from the top surface of 
the disc by a screw-type conveyor. 

Batch-type Extractors. 

Generally,  batch extractors arc confined to the process- 
ing of animal fats. Due to the characteristics of the raw 
material and the necessity for rather prolonged cooking, 
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F i g u r e  A-7  F i l{ l r a t ion- iype  E x t r a c t o r .  

t i l i~ l y p c  L,I \ t'ssul I t :nt is i lsc l t  c l i i , ' ic 'n{ l l \ '  as <l c~, l idJ inat i~m 
c u l l k t ' r  ;_ll i t i  t 'Xl laCtl>l ' .  \ \ s l l e rc  CXlJt' l ler i`ak, '  is c x l r i m t u ( l  
b a t c i i w i s c ,  l t i i '  l i l i l t t ' r i ; . i l  is i w l d  t ip  111 t)l l iS a i i cad  i l l  d ie  cx-  
tr~it_tion in .~ut] ic icnt { l l l l ( l l l l l {S i l l  Wll l i i l J , ' l l~ , { l l t '  l ~ I  tilL' i n tu r -  
l l i i t t C l l t  + h i l l ' ~ i n ~  i`li lh t :  t :X{ l i tc { l l ) r .  •l ' t i i~ type. ~lt t.Xll~i`t t i l l  
l l i d v  bu l l l i l l ' t  + h~tza i t l / J t l~  I h a l l  t l i l l t l l l t l , l t l S  t 'Xl l -<t t ' l l l lS duc '  
t,/ tilt* L'),X ] l l l ~  , i l i t l  t l i u  ~ l ' t ' ; l l l ' l "  c l i i ln< <" i l l  s i J i \ t ' l i /  \ , l i l l l r  hms 
u n d u r  carL ' i t '~s t i a l i d i i i l ~ .  

P ro l J~ i t j l v  l l l lC i l l '  t he  c ( i n / r i t / u l i l l < 4  l i i t . l l> ls  r c ~ a r d i n < ~  t he  
Cinlll~;.ll ';I.tivc" h;_lzi. l ld ( i t 'Sl~l l l ( '  t ) ; l l t  h t 'X { l l ' { Iw l ( l l 'S  i l~ i l l l lS{ l  ii{lt].t:l" 
t y p ~  has b¢:t.n i i w  I l l t i t { l i eu  ,It nisi<i lhn<t4 t i n s  t ' t lU l i J l i ]C IH In 
tou c'lost' t ) I l IX l l l l l t ) , "  I l l  o t h c ' r  i`>[)t:r i l / l<l l lS. \ 'Vhi l , .  {lhis {lypc i , f  
t>X[l'itCltH" iS qui{ lc s ln i t ) lc  I11 C, H i S l r t l i ` l l l l i l .  ~ll l l l l iCS i ` ( l l l -  
sidt'r<dJlt' d i t t i cuhty  Is cxl)t_'l'lCIIWt:([ w i l h  ( h { l l l l  SLI'L't'I/>,, I't,{l{tl'V 
p l p r  jo { l i i t .~ .  (iO~ll" ~,l:~kt~lS. : ' It ' . A~, i l l  l } le ca~c o f  ~lii typus 
o l 'ex t i -ac to rs ,  il is th_ l r i l i~  l i l i i t ' s  i)t ,~tJt ' i 'a{l lng d i i i i t  uhi~:s :hall 
{h~.' ~Ft'Ctlt'S{l h;.iz;_lr(t CXlS[S. 

R e c t a n g u l a r  L o o p  E x t r a c t o r .  

T h e  S~ill lt ' baSiC t ' X { l l ; i t l l l / l i  l J r in i ` i l ) l t "  is ciscll in lilO:-;I 
I1]odt:l-n s o i \ u n t  i 'X{ l l ' { ic{ l l l rs.  T h e  r t : c l~ l l l~ t i i a l "  l,,<,ll t.. ' ,:trac- 
till" is. [ l o \ \ u \ c ' r .  dif t{ ' rc 'n{l  f r o i l l  tilL' ,>f l ier clcsiuns in i , \ ' c ra l l  
shape,  i l l  l hc  t isc ~>1 ~lil " C l l - l i i ~ i S S t " "  l y t ) t ; - t ;O i iVL ' . v I ) r  i ns l t ' ad  
o i ' i n d i \ i d u a l  baskL'ts, in thu list: i~l a ~ la l i~ l { la r \ .  l in t :a t ,  vet)- 
i x : l  SWIt'L'I]. c i i id  in  lh t .  list_, , ) i l l  l i t l u i l l  C \ ' d l , l i c  t u i l  i l l i s c c i l ; t  
c l a r i i L ' r  i;.l[ht_'r the{ill ~l l ) ;u lk  o f  i]l lc'i '~ o r  c lass i f ie r  SCI'CCI]S. 

In  -I t y p i r a l  o i l  scc'd C X a l i l t ) l u .  I ] ; lkcs i`.li{lcr i l t . i t r  : t ic  l o p  

l ' l lJN l ' l  \Nl~,  

, l l l h t .  r t : ( t i l l i ~ i l i , i i  l l , l ~ l / t ' / . l l ; l l  i l J l  ;11 l l iC i l l iC i  i l l~[ l i) t ' . l .  / \  t i`Jll- 
\ L . \ o l  c t l ; l l n  i 'c ir l i , '~, I Iw  t ]<lkt 's ;p.\'<iv I t , l i l t  l l l i s  } i l~[Sll t ' r  ; i l i l l  
<il>~\n i i w  ihs l  i , '7 ~,t l i l t "  ll~lq) Wtit ' i 'C I hu  il<,k~:.~ ; l i u  l ] i s l  
~<l~ t l¢ ' t l  w i t h  l i ; l l f  l i l i ~ l c l i ; I .  In l t ic  h lw iz l>n/ ; i l  i l l , I l l , i n  r u l i  
o f  t i i c  L ' \ I r l i ( l l J r  l l . l p ,  l i i c  t]; ikl,>> ; l i t  + ~ ; l s i i c d  ~ i l l i  IJi'~)- 
~rt '~si\<' l  b i, s~ t ( ) i l l  u l i l l 'mt ' i ` i  l i i i~ i `u l i . l~ : \~  Ih l - \ '  I r ; l v c l  t ip  l i l t :  
\ u r t i c a l  t ) { l l l  i l l  l i i c  i , ,,,p, i tw \ "  ; i lU s l i t J lU l i , ' ( l  I l l  ;i t 'u lh '  
ì  (/ l i l i lc ' l ' i `  t l l i t ' l i l  ~\;ISil i l l  ii i i~i` u l l ; i  i l l l i i i l i ~  i i l / \ \ ' I I  Ihc l,J~lll ( ) I t  
t l ic  q / I p i l i k  {t/i,, l l l l i  t~l l i lu  +.'"-;ll;ii` i ~ r .  I i i m  ; i i c  x~,i~iit ' l l  w i l } l  
i rcs} l  ~ i \ i `  IH. ~ill,,~.<'i`i i,> l i i ;~ in .  ; i l i l l  , l r l '  i l l~uii;ll,t4c~l , i J l l -  
l i n / l l > t i s l \  i l l > l i t  l i i u  i iK i l l i  i i , ' , l l  I l i u  i~>ll ~,[ i l l < - i l l < lo l l i ng ' .  T h r  
, h c l ] l l  i/l~>,t'~'~l~ i~  lii~.' l i i i t ' l  i l lJt l tJl I \ \ i i , ' l ¢ "  il is l , l i l l c , I .  

1 lit.  , l l < l i i i  i,, ~t>t ll <it I i . '  i t , i / ,  l >~> i i~ * l l i .  ,~l~/t .l~I~ ~ ,~ll~i i~ 
t/zir{l l \ i>ttl.li , i i l l l / ~  Ih, '  i i lw  ,~t l l ; l \ 'u l .  [ i l i~ , l t i , , , ,s h'uu l l , ; ldl i{ l~ 
<uld t ' l i i } J l )  l i t  ~ i~i i i i , l i u l i , l l .  <l l id i hu  i l < c  I> .~. t )4 , '  ~1 ~ d \ , ' i i l  
li~l'<~cigil {ltw l i i t l t L ' i l ; l i  ;i~ il i~ l u r i i ,  ,1 ~ \ t - r  ~UVUl';li l i l i i t '~,  i lU l ' -  
i i l ~  i ts \ \ a . q l  c\ 'clc" T h t "  t ]< lk, 'd l i i i , t u r l ; i i  is i l l  s l M i n ~  IAI l i -  
, lOll ~\- i l i ]  l h t  s t L i { l l l J l l < i l \  t Jill" ~ , t ' l ' , ' t ' l l$ ,  lll~J\i(iiil!4 71 ( I J l l l i l i t l l l t lS  
c l c~ l l i i l ]  ~" dCl i ld~.  

T t i c  ct~ain ~pL'c'ti is ,tt l{ l i`,II lallC~lii\ '  t , , l l l r l > i i cd  I Jr fill<' l<.xc:l 
l l t ' l ] a k c s  in  t l l u  i n l c l  h,~l l lJc ' l ;  I b i s  al'l~,w~ / t i t :  l i l i l ,  l i i i w  I<J d l ) -  
s~)l-i) i i l ] v  r L ' i t ~ i i ; l i l i C  '4111~t'S i l l l l i l  l l i c  iJ iu iJ ; l i ' ; l / i ,~ l l  ; i r c , l .  I~ 
u ia i i~ { l a i i ]  <l t l l l l lO l  n l i v  f i l M l  i t~;l in, a n d  I~ i i i a h i l ; i i i ]  f i l l  , ' l -  

tcc l i \ ' t "  I )~ l l ' l l t : l  a<t4;llllSl h t 'x ; l lv . '  \ '; l lJ, Jl' ,'hi ;ltJl.' i l l  l iW inlet ' l 'hc  
l c \ d  , , f  i ]akvs i l l  / i w  t l~@l/cr is i l i u i l ~u rcd  i J\ ;i l i t iwl , : ; i r  ~l 'n- 
Stll" w h i c h  tl>i/{l l<lis l i l t :  i n l i n i l r l \ '  \'<li i i t l J lc -s i lc i 'd  <h'i\<'. 

" l ' l~: fu i l  ni isc'c' i ia is p<u'l ly d a r i t h : t l  i l f  I ] lwS i i t lr i l l)2> i ls i;l~l 
rucvc lc  l } ] lOt lg l~ {lilt: l ] akc - I )c l i .  ] ' } i c  las{l [l-{icl's i1t" I ] ; Ikcx ,>l" 
J]ncs ill'(.' r c i n l ) v c d  cL.n{ l r i fugal iy  in l i l t '  l i q u i d  I ' \ C i l l l i t ' ;  l h ,  
t in t 's  ;.iFc l u t i i s l r i l ) u t c d  u \ t n i v  i~ll l i l t '  s t l r l ; l c r  lit ' i t w  ll l ik<' 
I )c t l  I x ' l o w  l } l c  cvc I l> i i c ,  i l l l l l  i ' l l , '  r i : l r i l ] c l l  u i i ~cc i i ; l  i~ r , ' ; l l l \ '  
l i)l" u \ ' i i p l / r a l i i `  in 

D i s t i l l a t i o n .  

Tht*  di~,t l l lal iola ~,\'swln ,,i zl ~,.i,,c,~kt ,. '×{lr;Icl i*. l  p lan l  r d t ' r s  
U,I I}]C l i l t ' t i l lS (If i ` ' \~ lp l l l i l { l l l~  ;il l(i  511l]) tJ l l l~ I h l '  s l~ lv i ' n l  ti '(Jlll 
lilt' I,il. T h e ' i t  iilX' IiHIII, 'IXIHS ( i c \ ' i l ' , ' S  , l l l(t  I l i t ' l h I K l s  Jill" , l l ' -  
c . n l p l i s i l i n g  this  ir~,m Ihc t:zlrlv p~t-lypi`'  slliis to tilt: iAir- 
r c n l l v  pc,puiii`r i`,llISlZll]{l ]C\'Ci I't'l-il'e-tli;l{ll~lll l~ ' i )~,  IJ l i l l i , l l~"  
c'x;qJoralii`,n wi th  higi i  \ a c u u l n  t]nal s t r i p p i n g  s{lagc. A fl'w 
iJt t t w  tJlJt- a i l ( i  [3;tll-{l}'t)c" c ' v i t t l l l l a l l ~ r~  i l l ' t '  st i l l  i i i  t i l t :  I ) t i l  
I )v  l ; l i  the' IJuik i l l" l h c  t 'u r l t_ ' iH iJt , l l  ,:~,:-;liig[ I~ ] ) ( ' i i i ~  d /m~ '  h i  
{liic' n c \ ~ ' l - t y i l c  ins t< l i lZ l l l ,mS.  .%lll i i t '  l i t  l i w  iJ< l i l - tv i ) t '  
t>\';lt),lrali`~Fs \~c i t "  ; l l - l -ml~t 'd  ;1~ ii :-;t'lw~, i l l  ~;ili<~c~. l} lc ln i~cci i ; l  
t lowin~< b>' ~l{ l \ i { l .V : t r o n i  , l l l , ]  S l , l~u {ill {lilt ' l i t ' x (  l ' [mt i  ~,lii~t3 
; l cc l>n ip i i~hcd a l u r l h u r  L'V,tt)i`lI';i{lli`ln I l l  st l iv t .n l  and  i l i~hi`.r  
Cl>l i t t>i i { l ia! i l ln t~ t~ l i i ,  l : r l l i i l  l i l t  i;i.~{l :-;l<ll2,t' I~l t i l is  t ) l lC ~ , \ x l c i l i  

d~t: i`,il w i f l l  ~l ~ll.<4hi ; t l i l l l t l l l l  I l l  ~ l d \ r n i  l t ' t l  in \ \ i t s  IJtl l i i lJ, 'tt 
~l" i ` t r ; iwn  t,~ l i l t  x l r i t l i J i l i  ~ ,<~ i t i n in  w i i i c h  i l l < i \  h< i \ u  IJ, ' , ' l i  
l i t  {lhc' bu l>b lc  : ; i t ) .  ~,l t ' \ t '  p la te  i~i" I la i `kud I l l \ ' , t : l"  t ype .  
o!)i`,ri l{lt, d , .vl th I l l  with~Ju{l \ { IL t l t l l l l  

.~OI11(' plants  use tilL' ](Hl~-{{lt.{ltJt' I IMI I~ l i i i n  L ' \ ; l l ) ( l l i l l ,~ r  wi l t l  
~ll" w i t h t l u t  r u c i r c u i ; t l i o n .  T i l t '  r c c i r t u i m i n , f f - l y l J t :  c\ , i ` t l ,  l l d l l l r  
,,.i{t~ t'(lllS{l;.ill{l lc,-cl con t ro l  and ~ll_l l lJl l l , l l i l '  IC l l l [ J t ' l ; l [ / l lC  C~lll- 
t ro l  p r l l \ i t i c '~  >;llliiL' Ii~CIt';I~,C'Cl S;ilt'lV.. " l ' t ic t i l t , i ce  <It , i l l  ~ l r ip -  
pu t  is d c { l r r l i i l n c d  IJv. & ' s i g n  i)ai<uict '  w i l h  l i l t ;  ~ i i i c r  W~>lii- 
p o n t ' i H s  i l l  th t '  c l i s l i i l a t i o n  SySl t ' l l l ,  dcs i r tx t  l h r o u g i l l ) U l  I ; i l~ ' .  
In i i { l t ' i ' i a l  t)t ' i l i<~ lJrtltc'>,>.t'(t, t ' l t .  

~ l l l l l t '  ,iJ l hu  { l ) t i t ' s  i n  list`' i l l l .  ' t),li` k c d  l l> \ \ t ' r~ .  IJulJt)l<' ì  : i l l ,  
sic\ 'c  p i m c  a n d  disc ; t l l ( I  d l l l l t l l  {lo',\'t'l'S. T i m  i,<lckcd i l l lCi 
butJb lc  cap  I t l \ \ t ' l ' s  }l<lvc ~l d i sac t \< in lagu  1II Ih~ll I l l , ' \  l l iAV 
f l) t l l  up  witt~ ct 'r{ l i l i l~,  t ; l l l l i i ) o I / c i ~ l s  a u t l  t ' l l l l l a l l i i l i ; i l l l S  in ihc  
o i l  d u c  i l l  thc h i gh  lC{l l l t )Cl 'al . l - i I 'C all i b is  i)hil.~c o f  Ihc i ) r l l  - 
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Figure A-8 Rectangular Loop Extractor. 

tess. It is generally thought that this carbonized material 
which builds up on the fihn surtaces of the stripper is caused 
partially by phosphatides and a trace of meal fines in the 
oil. The sieve plate and disc and donut towers are the least 
subject to the above tbuling. Any of the above tyt)cs must 
for highest efficiency be operated under  it vacuun~ of 22 
to 28 in. (570 to 71"0 mm) of mercury. 

The function of all stripping columns is contingent on 
spreading the oil to be stripped in a very thin film over 
a large surtace area with a relatively higt~ velocity of dry 
steam passing over the film. A countcrtlow relation of the 
above is established bv introducing the oil at the top of the 
column and allowing it to pass downward through the 
tower against the flow of stripping steam which is intro- 
duced at the bottom. Thc mixture of stealn and solvent 
vapor passes from the top of the tower to the strippcr con- 
denser from whence the condensate is pumped to the sol- 
vent water separator. Solvent flows from the separator to 
the work tank and water tlows from the separator to the 
waste water evaporator. The tinished oil is usually putnped 
away from the vacuum stripping column by a rotary-type 
positive displacement pump. 

Desolventizing. 
The dcsolvcntizing of extracted material,  or spent 

material as it is usually referred to, is accomplished in 
sevcral ways. In the batch-type extractors the single vessel 
may serve as pre-cooking, extraction and desolventizing. 
Alter the last wash of solvent is drained from the batch ex- 
tractor the jacket steam is turned on and by the action of 
indirect and direct steam plus the tumbl ing  action of the 

material in the vessel, the solvent is driven from the 
material to a suitable condenser. 

Where desolventizing takes place in other than the ex- 
tracting vessel, the spent material may be desolventized 
by passing it through st series of jacketed tubes with a 
longitudinal rotating member  inside consisting of a shaft 
with attached paddles or r ibbon flights for both lifting and 
progression of the spent material. These tubes are usually 
stacked onc above the other and thc material after passing 
through a tube drops by gravity to the next lower tube. 
Vapor ducts attached to the ends of the tubes conduct the 
solvent vapor to a suitable vapor scrubbing and condenser 
system. The desolventized material is discharged from the 
bottom tube through a wq)or seal such as a rotary- or plug- 
l.vpe seal. 

Another type of desolventizer is the recycled vapor-type 
which consists of a single vessel of cvlindrical shape with 
a rotating element which tumbles and progesses the spent 
material ti'om the intake end to the discharge end. The 
vessel is stealn jacketed and part of the solvent vapor that 
is driven off the material is superheated and passed directly 
back to the vessel. Since the evaporation of solvent tends 
to depress the temperature of the material being desolvent- 
ized, or in other words has a refrigerating effect, the 
superheated vapors returned to the desolventizer aid in 
overcoming the above effect and allow a considerably 
higher desolventizing efficiency. 

The adwmce in desolventizers, and certainly significant 
from a fire protection standpoint, is the use of a single vessel 
for desolventizing and toasting with the complete elimina- 
tion of intermediate wtpor seals, conveyors, etc. This 
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desolventizer-toaster, or simply D-T as it is usually referred 
to, permits these two important  steps in processing to be 
accomplished by a m i n i m u m  of moving machinery and 
max imum safety against loss of vapors since at least halt 
of the kettles of the D-T are loaded with desolventized 
material, at all times offering a very. effective seal against 
fluctuating vapor pressures or any other sudden change 
in plant pertbrmancc. The D-T consists of individual kettles 
stacked one above the other, the intermediate joints being 
gasketed vaportight. There is a series of kettles making up 
the combination desolventizer and toaster. Each kettle con- 
tains a layer of spent material from i to 2 ft (30 to 60 cm) 
in depth and the fi:eding of material from one kettle to the 
next lower is accomplished bv an automatic gate 
mechanism or by spout. The kettles are steam jacketed and 
in operation steam is also spargc'd directly to the mate,ial .  
The top kettle is ducked to a suitable vapo,  scrubber and 
condenser. 

Condensing Systems. 
The condensing of solvent vapors and steam in ext,ac- 

tion plants is accomplished by the use of more or less 
standardized-type condensers. These are usually of shell- 
and tube-type construction consisting of an outer shell with 
an internal  tube bundle.  The tubes are usually of brass, 
bronze or stainless steel and in most plants the water is 
passed through the tubes and the solvent vat)or and steam 
to be condensed around the tubes and within the shell. 
There has been a tendency in recent years to do the con- 
densing for the entire plant in one or two large condensers 
rather than placing a condenser at each stage requiring one. 
This is accomplished by regrouping the principal com- 
ponents of the plant into an arrangement  that permits very 
short vapor ducts and a min imum of piping. The cold water 
for condensing may be from deep wells, cooling towers, 
spray ponds or any source where the water is cool enough 
to operate the condensers efficiently and clean enough to 
prevent fouling of the condenser tubes. Solvent vapor from 
the spent material desolventizer is usually passed though 
a vapor scrubber to prevent fouling of the condenser. The 
vapors may be scrubbed with either hot water or solvent. 
The recent trend has been to solvent scrubbing since by 
this method the lines scrubbed from the vapor are passed 
back to the desolventizer, whereas with a hot water scrub- 
bing system the waste water containing the fines must be 
disposed of, which presents a problem in certain localities. 

oil absorption system or an activated carbon recovery 
system. By to(lav's standards of efficiency the solvent losses 
in a well-designed extraction plant will not exceed one-half 
of one percent and may average considerably less than that. 
This is the total solvent loss in weight against the total 
weight of raw material processed. Twenty  pounds (10 kg) 
of solvent used per ton (metric ton) of material processed 
would be reti~rred to as one percent solvent loss. 

Waste Water Evaporator. 
"vVaste water that is continuously removed from the 

solvent-water separator passes to a vessel where steam is 
introduced to raise the water temperature to at least 185°F 
(g.5°C). Often thc steam from the vacuum ejector of the 
final still is used tot this purpose. 

In plants where hot water is used tot vapor scrubbing,  
the heated waste water is usually used. The solvent stripped 
waste water is c(mtinuously c]ecanted from the stripper 
vessel and tlows to the outdoor separation sump. 

Toasting. 
Many  extracted oil seed products require toasting or 

cooking in order to modity the protein and other consti- 
tuents for nutr i t ion purposes. The action of moisture and 
heat in the toaster also agglomerates the very fine particles 
of material into a more or less granular  form, thus reduc- 
ing the dust problem in subsequent stages of cooling and 
milling. 

Previous  to the incep t ion  of the c o m b i n a t i o n  
desoh, entizer-toaster, the toasting was carried out as a 
separate stage of the process. Often the material was con- 
veyed from the dcsolventizer in the extraction bui lding to 
the toaster outside of the extracton plant or in another 
building.  Several of this type are in operation today. 
Toasters currently in use are the rotating drum-type,  ver- 
tical stacked cookers, jacketed stationary drum-type with 
internal  agitator with or without internal pressure and the 
toasting section of the combinat ion desolventizer-toaster 
which is essentially a stacked cooker. The function of all 
toasters is contingent  on holding the material for a length 
of time at a temperature of 225 °F (107 °C) and moisture 
at approximately 20 percent and under continual agitation. 
The length of time the material is held under  the above 
conditions determines the degree of cooking or toasting. 
An approximate figure would be 45 minutes to one hour. 

Vent Vapor Recovery Systems. 
It is standard practice in solvent extraction plants to vent 

each piece of processing equipment to a common vent line. 
Then from this common vent pipe the vent gases are passed 
through any one of several types of recovery systems. Some 
of the smaller plants simply run the vent gases through a 
condenser,  thence to atmosphere. ~vVhere the extraction 
plant is running well within its rated capacity and with ade- 
quate cold water for condensing, the vapor pressure of the 
vent will be practically zero and the vent losses would be 
negligible. Where there is a slight vent pressure and the 
vent gas temperature is somewhat higher than the at- 
mospheric temperature,  considerable loss of solvent will 
occur and even in the case of using a simple condenser in 
the vent system, some loss will still be sustained. All of the 
modern extraction plants use, in conjunction with the vent 
condenser,  a refrigerated final vent condenser,  a mineral  

Appendix B Operational Practices 

7hr~ Appcndzx z.~ not a part ~!f the ~cqum'ment~ q/'thi~ NI"[:4 dmumcnt,  but 
*~ m, hah'd.fi, r tr!/brmahon purpose.~ on!V 

Reports. 
The foreinan on each shift should keep a log of opera- 

tions and abnormal  conditions. 

Visitors. 
Since visitors are not always familiar with the hazards 

inherent  to the operation of a solvent extraction phmt, it 
is most important  that they be properly informed of the 
safety regulations in force. Only  those visitors approved 
by an individual in responsible charge should be permitted 
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t o  e n t e l  t h c  plant operating a r e a .  

All visitors should al)ply at the designated place for per- 
mission to enter, at which tilne they Inust leave all lighters, 
matches and smoking materials outside the fenced area. 
Visitors should be conducted bv a plant employee. Visitors 
should not bc permitlc(/ in tile plant at any time when 
dangerous ctmccntrations of vapors are present, and should 
a dangerous conccntrat ion occur during the time of the 
visit, guides should escort visitors as soon as possible to 
a safe location. A written record should be kept of all 
visitors enter ing the plant. 

Safety Work  Permi t .  

Where repair work is required in a restricted area bv 
plant or outside t)ersonncl, a work permit authorized by 
the individual in responsible charge should be issued alter 
inspection is made to assure safe procedures for the work 
specified. This pc,mit  should be restricted as to date and 
tinie for each specified.inb with additional copies as needed. 

P r e v e n t i v e  M a i n t e n a n c e .  

In most phmts a plan of regular scheduled shutdowns 
is followed. I )ur ing these periods the repair work which 
cannot be done safely or effectively while the plant is 
operating anti unpurgcd is undertaken. This aflbrds an ex- 
cellent opportunity tot detailed inspection of the equipment 
in t)rdcr to detect and correct conclitions which may be the 
cause of unnecessary hazards developing and untimely and 
costly interrupt ions in plant operation. 

WORK PERMIT 

T o :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D e p a r t m e n t  . . . . . . . . . . . . . . . .  
For:  (a) All  r e p a i r  work  d o n e  by ou t s ide  d e p a r t m e n t s .  

(b) H o t  W o r k - W e l d i n g  (gas or  e l ec t r i c ) ,  b u r n i n g  or  a n y  work  
r e q u i r i n g  hea t ,  f l ame ,  or  e l e c t r i c  c u r r e n t .  

(c) E n t e r i n g  a vessel. 

A . M .  
Good  For:  D a t e  . . . . . . . . . . . . . . . . . . . .  T i m e  . . . . . . . . .  P . M .  

A . M .  
T o  D a t e  . . . . . . . . . . . . . . . . . . . . . . . .  T i m e  . . . . . .  P . M .  

A r e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D esc r i be  work  to be d o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No I E Write in v~ tbr no l[ question d~s not appl~, chetk it t)ft indicating that it has 
been ~nven ton~tderatlon 

1. H a v e  c o n n e c t i o n s  been  b l i n d e d  off?  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. H a v e  valves  been  t a g g e d  a n d / o r  locked  c losed? . . . . . . . . . . . . . . . . . . . .  
3. H a v e  swi tches  been  t a g g e d  o p e n ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~hafet~ I~k~ on puqh hutt(m~ not lu[tl¢lent) 
4. H a s  e q u i p m e n t  a n d  a l l  a t t a c h e d  p i p i n g  been  c l e a n e d ?  . . . . . . . . . . . . . . . .  

W i t h :  W a t e r  . . . . . . .  S t eam . . . . . . . . .  I n e r t  Gas  . . . . . . . . . . . . . . . .  
5. H a s  e q u i p m e n t  been  v e n t i l a t e d ?  . . . . . . . . . . . . . . . . . . . . . . . . . .  
6. H a v e  t r e n c h e s  a n d  sewer  o p e n i n g s  been  covered  a n d  s t eam t u r n e d  

on?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7. Has gas test been made? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. Is adjacent equipment safe? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9. C a n  spa rks  i g n i t e  m a t e r i a l  in  v i c i n i t y  o r  on  lower  f loors  or  levels? . . . . .  

10. H a v e  a l l  process m a t e r i a l s  (solids, l i qu ids ,  gases) been  r emoved  
f rom the  e q u i p m e n t ?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

11. C a n  th i s  work  be d o n e  o t h e r  t h a n  by t h e  use of  f l a m e ?  . . . . . . . . . . . . . . . .  
12. C a n  t h e  e q u i p m e n t  be r emoved  f r o m  the  b u i l d i n g ?  . . . . . . . . . . . . . . . . .  

NOIE Equtpmenl t~r material to be removed for repair or dlsp~M must be pa~d by 
Department ~upervl~)r a~ free from dangerous material. 

A r e  t h e r e  a n y  spec ia l  p r e c a u t i o n s  to be obse rved?  

O P E R A T I N G  S U P E R I N T E N D E N T  S A F E T Y  F I R E  I N S P E C T O R  

M A I N T E N A N C E  F O R E M A N  

Appendix C Referenced Publications 
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C-1 The following documents  or portions thereof arc 
referenced within this standard for informational purposes 
only and thus are not considered part of the ,equiremcnts  
of this document.  The edition indicated for each reference 
is the current edition as of the date t)f the NFPA issuance 
of this document.  

C - I . 1  N F P A  Pub l i ca t ions .  National Fire Protection 
Association, Battervmarch Park, Quincy,  MA 02269. 

NFPA 11-1988, Standard for Low Expansion fbam and Com- 
bined Agent Systems 

NFPA 14-1986, Standard for the Installation qf Standpipe and 
Hose Systems 

NFPA 61 B- 1980, Standard for the Prevention ¢t/ lh'res and Ex- 
plosions in Grain Elevators and Facilities Handling, Bulk Raw 
Agr#ultural Commodities 

NFPA 61 C- 1984, Standard ~r the Prevention of I ire and Dust 
Explosions in Feed Mills 

NFPA 68-1988, Guide Jbr Ventir(6, of Deflagratwns 
NFPA 77-1988, Recommended Practice on Static Electricity 
NFPA 101 ® -1988, L{fe Sqfety Code ® 
NFPA 327-1987, +\tandard Procedures ./br Cleanir~g or 

Safeguarding Small Tanks and Containers 
NFPA 704-1985, Standard System for the Identification of the 

Fire Hazards of Materials 

C-1.2 Other  Pub l i ca t ions .  American National Stan- 
dards Institute, 1430 Broadway, New York, NY 10018. 

ANSI A13.1-1975, &heine for the Identification of Pz[aing 
Systems 

ANSI B36.10-1979, Welded and Seamless Wrought Steel Pipe 

T o  W o r k e r  
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