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ABSTRACT

Industrial f a t t y acids and t h e i r derivatives are
generally m a n u f a c t u r e d u n d e r strict qual i ty control
and sold u n d e r r igid specif icat ions. The purchase
specif icat ions are normally prescribed by a series of
tradit ional " w e t " analytical m e t h o d s . T h e s e m e t h o d s
include acid v a l u e , saponif icat ion v a l u e , iodine value,
h y d r o x y l value, w a t e r c o n t e n t , and others . Occasion-
a l l y , o t h e r information is specified; t h i s m a y include
for ta l l oil f a t t y acids , rosin c o n t e n t , and free glycerol
in monoglycerides, d i e n e value for d r y i n g f a t t y acids ,
and conjugated f a t t y acids for specialized f a t t y acids .
The mos t c o m m o n f a t t y acid derivatives of the indus-
trial f a t t y a c i d s are anionic and n o n i o n i c surfactants
and the nitrogen derivatives such as amines and
q u a t e r n a r y a m m o n i u m sa l t s . R i g i d q u a l i t y control is
also applied to t h e s e c o m p o u n d s . The a m i n e v a l u e
and the determinat ion of p r i m a r y , s e c o n d a r y , and
tertiary amines are the key analytical m e t h o d s ap-
p l i e d to a m i n e derivat ives. Q u a t e r n a r y a m m o n i u m
c o m p o u n d s p r e s e n t u n i q u e problems; t h e s e are in a
p r e s e n t s t a t e of m e t h o d s improvement . Physical
p r o p e r t y tes t m e t h o d s are o f t e n used to characterize
f a t t y acids . T h o u g h s imp le in c o n c e p t , they are o f t e n
the mos t diff icul t to meet in p u r c h a s e specif icat ions.
Examples of t h e s e tes ts are v iscos i ty , t i ter , c o l o r ,
c o l o r s tab i l i ty , f l a s h and fire p o i n t .

INTRODUCTION
All commercial f a t t y acids and t h e i r derivatives such as

f a t t y a m i n e s and r e l a t e d nitrogen c o m p o u n d s are sold
u n d e r r igid specif icat ions. As i s generMly true of all indus-
trial chemicals of c o m m e r c e , the m a n u f a c t u r e r and the
b u y e r have a m u t u a l interest in the tes t ing of t h e s e p r o d -
u c t s . T h e s e tes ts mus t give a rel iable indicat ion as to
w h e t h e r the p r o d u c t s meet the specification ranges a g r e e d
on by the b u y e r and the seller.

T h e r e are essent ial ly four t y p e s of tes ts that can be
p e r f o r m e d on the f a t t y acids and t h e i r derivatives to
d e t e r m i n e t h e i r qual i ty and composi t ion: wet chemical
tes t s , physical p r o p e r t y tes t s , applicat ion or use tes ts and
instrumental m e t h o d s including chromatography.

In th i s discuss ion we will s p e n d mos t of the t i m e on the
wet chemical tes t s . We will briefly describe the physical

TABLE 1

Approved Wet Chemical Methods for Fat ty Acids

tes ts and m e n t i o n only a few of the use applicat ion tes t s .
The instrumental m e t h o d s will be t r e a t e d at length in the
lecture on r e c e n t and a d v a n c e d m e t h o d s o f analysis of f a t t y
acids and derivat ives.

T h e r e are two organizations w h i c h are very active in the
development and improvement of analytical and tes t ing
m e t h o d s for f a t t y a c i d s and t h e i r derivat ives. T h e s e are the
American Oi l Chemis t s ' Society ( A O C S ) and the A m e r i c a n
Society for Test ing Materials (ASTM).

Our main discuss ion c o n c e r n s i t se l f wi th official
m e t h o d s developed and r e c o m m e n d e d by t h e s e organiza-
t ions ( 1 , 2 ) . Many of the m e t h o d s r e c o m m e n d e d by both
organizations are identical b e c a u s e they were developed by
jo in t task f o r c e commit tees . This c o o p e r a t i o n b e t w e e n the
two g r o u p s i s mos t valuable to the indus t ry . It prevents a
r e d u n d a n c y of research e f f o r t and also prevents poss ib le
confl ict ing "official" m e t h o d s .

Wet Chemical Test Methods for Fatty Acids

Table I gives a listing o f the approved test methods that
are recognized by both the AOCS and A S T M . One c h a r a c -
te r i s t ic of al l t h e s e m e t h o d s i s that they are relat ively
s imp le to p e r f o r m . The e q u i p m e n t and reagents required
are c o m m o n l y f o u n d in even the mos t rudimentary c h e m i -
cal laboratories. This i s in c o n t r a s t to ins t rumentat ion
m e t h o d s that o f t e n r e q u i r e very expensive e q u i p m e n t
w h i c h may not be avai lable to the smaller u s e r s of f a t t y
acids . In the fol lowing sect ion the mos t c o m m o n l y used
m e t h o d s for characterizing f a t t y acids and derivatives will
be d e a l t wi th in some deta i l .

Acid Value
Acid v a l u e is the mos t frequently used m e t h o d for

characterizing f a t t y acids . This s imp le t i t ra t ion p r o c e d u r e i s
d e f i n e d as the mil l igrams of K O H r e q u i r e d to neutralize the
c a r b o x y l g r o u p s in one gram o f sample. In t h e AOCS
m e t h o d Te 1A and ASTM M e t h o d D 1980 a f a t t y acid
s a m p l e i s dissolved in alcohol and ti t rated wi th s t a n d a r d
alcohol ic KOII to a phenolphalein end p o i n t .

This one u s e f u l m e t h o d gives al l k i n d s of informat ion.
E x a m p l e s of the various calcualt ions are:

N.X mL X 56.1
Acid value = _

wt (grams)

N X mL X 28.2
Free Fat ty Acid ( F F A ) -

(as o l e i c acid) wt (grams)

Method AOCS ASTM

Acid value Te la D 1980
Iodine Value, Wijs m e t h o d Tg ia D 1 9 5 9
Saponification value T1 la D 1962
Unsaponifiable matter Tk la D 1965
Ash Tm l a D 1951
Hydroxyl value Cd 13 D 1951
Oxirane oxygen Cd a D 1652
Peroxide value Cd 8
Thiocyanogen value Cd 2
Rosin acids in f a t t y acid Ts Is D 1240
Moisture, Karl ~F'tscherm e t h o d Tb-2 E 2 0 3

Sample wt. gram X 1000
Neutralization equivalent =

N × ml.

The l a t t e r , o f t e n abbreviated as N . E . , i s also the a p p a r e n t
m o l e c u l a r w e i g h t or reacting weight . Variat ions o n t h e s e
calculat ions can give useful interchangeable informat ion.

Acid value = 1.986 X F F A

N . E . = 5 6 1 0 0 / A . V .
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S o m e typical a c i d v a l u e s f o r c o m m o n c o m m e r c i a l f a t t y
a c i d s are s h o w n in T a b l e II.

Iodine Value
P r o b a b l y the s e c o n d most i m p o r t a n t analytical pro-

c e d u r e u s e d for fat ty a c i d s is the Wijs p r o c e d u r e for the
m e a s u r e m e n t o f u n s a t u r a t i o n . This i s the official A O C S
m e t h o d a n d i s d e s i g n a t e d T g l a ; the ASTM d e s i g n a t i o n i s
M e t h o d D 1959. The i o d i n e v a l u e o r r e s u l t from the Wijs
m e t h o d i s e x p r e s s e d in t e r m s o f Centigrams o fIodine taken
up per gram o f sample. The analytical p r o c e d u r e m e a s u r e s
the a b s o r p t i o n o f i o d i n e m o n o c h l o r i d e by the s a m p l e . It
is u s e f u l for m e a s u r i n g most o f the d o u b l e b o n d t y p e s
e n c o u n t e r e d in fat ty a c i d s a n d t h e i r derivatives. H o w e v e r ,
the m e t h o d is n o t a p p l i c a b l e t o c o n j u g a t e d o r h i n d e r e d
d o u b l e b o n d s .

The i o d i n e v a l u e i s run by w e i g h i n g a s a m p l e (the s a m p l e
size d e p e n d s o n the a m o u n t o f u n s a t u r a t i o n e x p e c t e d ) , a n d
dissolving it in c a r b o n tetrachloride. A n e x c e s s o f i o d i n e
m o n o c h l o r i d e r e a g e n t i s a d d e d . The s a m p l e a n d a r e a g e n t
b l a n k are p l a c e d in the dark for 1 hr. The u n a b s o r b e d
i o d i n e i s then t i t r a t e d w i t h s o d i u m thiosulfate. It i s p o s s i b l e
to l o w e r the r e a c t i o n t ime by u s i n g m e r c u r i c a c e t a t e a s a
catalyst. H o w e v e r , care m u s t then be t a k e n in d i s p o s i n g o f
the s a m p l e s so that t h e m e r c u r y catalyst d o e s n o t b e c o m e
an environment p r o b l e m . It i s p o s s i b l e in some s t a t e s to
c a u s e the w a s t e w a t e r in a p l a n t to go o u t o f c o m p l i a n c e
w i t h respect to m e r c u r y by t h r o w i n g the r e a g e n t from
i o d i n e v a l u e determinations that u se m e r c u r i c acetate
catalyst down the s e w e r .

The I o d i n e Value ( IV) i s c a l c u l a t e d as f o l l o w s :

IV= ( B - S N X 12.69)
Sample Wt. G.

Typical I o d i n e Va lues for s o m e commercial fat ty a c i d s
are s h o w n in T a b l e II.

C a l c u l a t i o n o f a theoretical I V f o r a f a t t y acid can be
m a d e by u s i n g the f o l l o w i n g e q u a t i o n .

253.8 x 100 x No. of Double Bonds
Theoretical IV =

M . W .

Saponification Value
Saponification v a l u e i s d e f i n e d as the milligrams o f

K O H r e q u i r e d t o r e a c t w i t h all reactive g r o u p s in one gram
o f s a m p l e . This analysis i s p e r f o r m e d by r e f l u x i n g alcoholic
K O H w i t h the s a m p l e f o r 3 0 - 6 0 min. A r e a g e n t b l a n k m u s t
also be run a t the s a m e t i m e . A t t h e e n d o f r e a c t i o n any
u n r e a c t e d K O H is t i t r a t e d w i t h s t a n d a r d a c i d . All the e s t e r
a n d c a r b o x y l i c a c i d g r o u p s will r e a c t w i t h the b a s e .

I f the a c i d i s free o f e s t e r , the saponification v a l u e wi l l
be i d e n t i c a l to the acid v a l u e . The d i f f e r e n c e b e t w e e n the
" S a p v a l u e " a n d t h e acid v a l u e is a m e a s u r e o f any e s t e r
present. This difference is s o m e t i m e s c a l l e d the e s t e r v a l u e .

Calculation: Saponification Value = B - S X 56.1 X N

wt. G.

w h e r e B is the titration o f the b l a n k a n d S is the titration o f
s a m p l e .

The use o f t h e s e m e t h o d s d e s c r i b e d g i v e s a s u r p r i s i n g
a m o u n t o f i n f o r m a t i o n a b o u t a g i v e n f a t t y a c i d o r fat .
S o m e typical v a l u e s for a n u m b e r o f f a t t y a c i d s are e s s e n -
tially the s a m e a s t h o s e for a c i d v a l u e s s h o w n in T a b l e II.

O t h e r i m p o r t a n t c h e m i c a l t e s t s c o m m o n l y u s e d for f a t t y
a c i d specifications c a n o n l y be b r i e f l y m e n t i o n e d . H y d o x y l
v a l u e i s a m e a s u r e o f h y d r o x y l g r o u p s in fat ty a c i d s a n d i s
p e r f o r m e d by a c e t y l a t i n g the h y d r o x y l g r o u p . The c o n -

TABLE II

Typical Acid Values and Iodine Values Obtained with Some
Common Commercial Fat ty Acids

Acid Acid value Iodine value

Caprylic 390 0.7
Capric 325 0,5
Laurie 280 0.5
Myristie 240 0.5
Palmitic 218 0.5
Stearie 198 1.0
Hydrogenated tal low 205 4.0
Coco 270 90
Tallow 204 12
Oleie 202 45
Soya 195 130
Corn 193 115

TABLE III

Approved Physical Test Methods for Fatty Acids

Designation

Methods AOCS ASTM

Titer test T r l a D 1982
Viscosity tq .la D 1545
Flash and fire point "In l a D 92
Specific gravity T o l a D 1963
Color Gardner T d l a D 1544
C o l o r platinum-cobalt T d lb D 1204
Photometric index T d 2a D 1469
Moisture and volatile
matter, hot plate m e t h o d T b l a - -

s u m p t i o n o f acetylating r e a g e n t i s m e a s u r e d to o b t a i n the
d e s i r e d information. O x i r a n e o x y g e n is a m e a s u r e o f e p o x y
g r o u p s in f a t t y a c i d s . This is o b t a i n e d by m e a s u r i n g the
a d d i t i o n o f h y d r o g e n b r o m i d e to the o x i r a n e r i n g .

The p e r o x i d e v a l u e is a m e a s u r e o f p e r o x i d e c o n t e n t in
f a t t y a c i d s . This i s d e f i n e d as the milliequivalent o f per-
o x i d e p e r 1000 g o f s a m p l e that o x i d i z e K I u n d e r the
c o n d i t i o n s o f the t e s t . Free i o d i n e u n d e r a c i d i c c o n d i t i o n s
i s r e l e a s e d a n d t i t r a t e d w i t h s t a n d a r d thiosulfate s o l u t i o n .

R o s i n a c i d s in f a t t y a c i d s are usua l ly d e t e r m i n e d by
e s t e r i f y i n g the f a t t y a c i d s w h i c h r e a d i l y form m e t h y l esters.
The u n e s t e r i f i e d r o s i n a c i d s are then t i t r a t e d w i t h s t a n d a r d
b a s e .

Physical Property Tests for Fatty Acids
A la rge variety o f p h y s i c a l p r o p e r t y t e s t s have b e e n

d e v e l o p e d t o characterize f a t t y a c i d s . T h e s e t e s t s also give
v a l u a b l e i n f o r m a t i o n o n use p e r f o r m a n c e a n d use applica-
tion f o r given f a t t y a c i d s . The a p p r o v e d test m e t h o d s are
s h o w n in T a b l e III w i t h t h e i r A O C S a n d ASTM d e s i g n a -
t i o n s . V e r y o f t e n t h e s e t e s t s are u s e d in c u s t o m e r specifica-
t i o n s . Most o f the t e s t s are p r e t t y m u c h s e l f explanatory.
H o w e v e r , t h e c o n d i t i o n s u n d e r w h i c h they are p e r f o r m e d
are very strictly c o n t r o l l e d so that r e p r o d u c i b l e r e s u l t s are
p o s s i b l e . T ime d o e s n o t p e r m i t a d e s c r i p t i o n o r e m p h a s i s o f
t h e s e p h y s i c a l test m e t h o d s . This d o e s n o t m e a n they are
l e s s i m p o r t a n t than t h e c h e m i c a l m e t h o d s s i n c e m a n y o f
t h e m have a l o n g e r h i s t o r y t h a n m a n y o f the we t analytical
m e t h o d s .

Nitrogen Derivatives of Fatty Acids
Many derivatives o f f a t t y a c i d s have b e e n m a d e . The

g r e a t e s t c o m m e r c i a l i m p a c t o f derivatives o f f a t t y a c i d s h a s
b e e n m a d e by the f a t t y n i t r o g e n c o m p o u n d s . In the s a m e
w a y as the f a t t y a c i d s , the f a t t y n i t r o g e n derivatives are
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TABLE IV

Approved Wet Chemical Test Methods for
Fat ty Nitrogen Compounds

Designation

Method AOCS ASTM

Total amine value of f a t t y amines:
Potentiometric m e t h o d Tf l a D 2 0 7 3
Indicator m e t h o d Tf l b D 2 0 7 4

Primary, secondary, and tertiary
amines values of fatty amines:
Potentiometric m e t h o d Tf 2 a - 6 4 D 2 0 7 3
Indicator m e t h o d Tf 2b-64 D 2 0 7 4

Percent, primary, secondary and
tertiary amines in f a t t y amines Tf 3 0 - 6 4 D 2 0 8 3

Iodine V a l u e of Fat ty amines,~
modified Wijs m e t h o d Tg 2 A D 2 0 7 5

Iodine Value of f a t t y quaternary
ammonium chlorides modified Wijs
m e t h o d ' Tg 3a D 2 0 7 8

Average molecular weight of fatty
quaternary chloride "Iv l a D 2 0 8 0

TABLE V

Data Calculated from a Single Titration of an Amine

A m i n e value -
ml x N x 56.1

wt. grams

N x m lm e q / g =
w t . g

N.E. or apparent tool. wt. =
W t . g x 1000

N. ml.

% Amine = ml x N. x Mol. W t .
wt. gx 10

m a n u f a c t u r e d a n d s o l d on r ig id specifications. The nitrogen
c o m p o u n d s d i f f e r from the f a t t y a c i d s in that they are n o t
s i n g l e functional g r o u p c o m p o u n d s s u c h as a s i m p l e
c a r b o x y l i c a c i d . They m a y be nitriles, a m i d e s , p r i m a r y ,
s e c o n d a r y , tertiary a m i n e s , d i a m i n e s , q u a t e r n a r y am-
m o n i u m c o m p o u n d s o r a m i d o a m i n e s . As w i t h fat ty a c i d s ,
the test m e t h o d s u s e d can be d i v i d e d in the we t chemical
m e t h o d s a n d the physical test m e t h o d s . T a b l e I V l i s t s the
we t c h e m i c a l m e t h o d s u s e d to characterize the v a r i o u s
f a t t y n i t r o g e n c o m p o u n d s . Many o f t h e s e m e t h o d s w e r e
d e v e l o p e d by task f o r c e c o m m i t t e e s o f the A O C S a n d
A S T M . E m p h a s i s will be m a d e on t h e s e we t m e t h o d s in this
d i s c u s s i o n . S o m e o f the analytical chemistry involved is
m u c h m o r e e l e g a n t a n d c o m p l e x than that a s s o c i a t e d w i t h
the p a r e n t f a t t y a c i d s .

T h e A m i n e V a l u e

The a m i n e v a l u e i s t o f a t t y a m i n e s w h a t t h e a c i d v a l u e is
t o f a t t y a c i d s . It i s by f a r t h e m o s t f u n d a m e n t a l analytical
m e t h o d for p r i m a r y , s e c o n d a r y , a n d tertiary a m i n e s , a n d
the d i a m i n e s . The f a t t y a m i n e s are c h e m i c a l s w i t h relatively
h i g h b a s e strength that a r e e a s i l y t i t r a t e d u s i n g acid titrants.
The f a t t y a m i n e s are best t i t r a t e d in n o n a q u e o u s solvents
s u c h as i s o p r o p y l a l c o h o l w i t h s t a n d a r d h y d r o c h l o r i c a c i d .
A p o t e n t i o m e t r i c o r i n d i c a t o r e n d p o i n t can be used . In the
official A O C S p r o c e d u r e s , m e t h o d s u s i n g b o t h i n d i c a t o r
a n d potentiometric e n d p o i n t s are a p p r o v e d . The d e f i n i t i o n

TABLE Vl

Calculations for Determining Meq./g.Df Primary,
Secondary and Tertiary A m i n e Using Differential Titrations

1.

2 .

3 .

mew/g total tit. = 1 ° + 2 ° + 3° = ml x N
w t . g

m e q / g tit. S = 2° + 3° = ml x N
w t . g .

meq/g tit. T = 3° = ml x N
w t . g .

m e q / g Primary amine = Total -S

m e q / g Sec. amine = S-T
m e q / g Tertiary amine = T

of t h e a m i n e v a l u e i s the n u m b e r o f m i l l i g r a m s o f K O H
e q u i v a l e n t t o t h e basicity in o n e gram o f s a m p l e . This
definition h a s i t s r o o t s in fat a n d oil analytical chemistry.
The fact that t h e r e are b o t h a potentiometric m e t h o d a n d
an i n d i c a t o r m e t h o d a p p r o v e d by A O C S was a concession
to l a b o r a t o r i e s that p r e f e r r e d the more r a p i d i n d i c a t o r
m e t h o d o r t o s m a l l c o m p a n i e s that d id n o t have the p r o p e r
e q u i p m e n t . This s i m p l e a c i d titration g i v e s not only t h e
a m i n e v a l u e but also milliequivalents per g r a m , neutraliza-
tion e q u i v a l e n t , o r a p p a r e n t m o l e c u l a r w e i g h t , a n d per-
c e n t a g e o f a m i n e i f the m o l e c u l a r w e i g h t i s k n o w n .

All o f t h e s e can be c a l c u l a t e d from one titration. T a b l e
V s h o w s t h e v a r i o u s v a l u e s that can be o b t a i n e d from
one titration.

P r i m a r y , S e c o n d a r y , and T e r t i a r y A m i n e A n a l y s i s

The f a t t y p r i m a r y a m i n e s that are commercially avail-
able usua l ly contain s m a l l a m o u n t s o f s e c o n d a r y a n d
tertiary a m i n e s . The c o m m e r c i a l s e c o n d a r y a m i n e s c o n t a i n
s m a l l a m o u n t s o f p r i m a r y a n d teytiary a m i n e s . L i k e w i s e ,
the tertiary a m i n e s will c o n t a i n s o m e p r i m a r y a n d s e c o n d -
ary a m i n e s . It is i m p o r t a n t to k n o w the a m o u n t s of each
type o f a m i n e p r e s e n t d u r i n g a m i n e m a n u f a c t u r e a n d also
in t h e i r commercial applications. This information is
o b t a i n e d by d o i n g a s e r i e s o f differential a c i d titrations.

A g a i n the A O C S h a s t w o official m e t h o d s , one p o t e n -
tiometric, the o t h e r a n i n d i c a t o r m e t h o d . I n each case a
to ta l a m i n e titration i s p e r f o r m e d . This titration i n c l u d e s
the primary, s e c o n d a r y a n d tertiary a m i n e s present. A
s e c o n d s a m p l e is w e i g h e d a n d this s a m p l e i s r e a c t e d with
salicylaldehyde.

Any p r i m a r y a m i n e p r e s e n t f o r m s a very w e a k l y b a s i c
S c h i f f ' s b a s e . The s a m p l e is t i t r a t e d w i t h s t a n d a r d HC1, a n d
only the s e c o n d a r y a n d tertiary a m i n e s will t i t rate u n d e r
the c o n d i t i o n s o f the analysis. A t h i r d s a m p l e is w e i g h e d ,
a n d in the case o f the potentiometric m e t h o d a c e t i c a n h y -
dr ide is a d d e d . This will r e a c t w i t h the p r i m a r y a n d s e c o n d -
ary a m i n e s p r e s e n t t o form n o n b a s i c a m i d e s . The s a m p l e is
then t i t r a t e d w i t h s t a n d a r d perchloric a c i d , a n d then only
tertiary a m i n e p r e s e n t will titrate. In the case of the i n d i c a -
tor m e t h o d , the t h i r d s a m p l e is w e i g h e d a n d r e a c t e d w i t h
phenylisothiocyanate. Any p r i m a r y a n d s e c o n d a r y a m i n e s
will form a n o n b a s i c s u b s t i t u t e d thioureas. On titration
with HC1 only the tertiary a m i n e will be titrated. T h u s ,
with a s e r i e s o f t h r e e differential titrations, one can c a l c u -
late the a m i n e v a l u e , milliequivalent per g r a m , or p e r c e n t o f
p r i m a r y , s e c o n d a r y , a n d tertiary a m i n e in a given s a m p l e .
T a b l e VI s h o w s the e q u a t i o n s u s e d t o c a l c u l a t e the milli-
e q u i v a l e n t s p e r gram o f e a c h a m i n e present. Once this is
k n o w n , then b o t h a m i n e v a l u e s a n d percentages can be
d e t e r m i n e d by s i m p l e arithmetic.

I o d i n e V a l u e o f F a t t y N i t r o g e n Derivatives

The i o d i n e v a l u e is also u s e d to m e a s u r e the u n s a t u r a t i o n
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o f the fatty n i t r o g e n c o m p o u n d s . H o w e v e r , the Wijs
m e t h o d i s m o d i f i e d s o m e w h a t from that used for fatty
acids . The def ini t ion is the same as b e f o r e and i s e x p r e s s e d
in t e r m s of centigrams o f i o d i n e a b s o r b e d per gram o f
sample. The m e t h o d i s appl icable to f a t t y amines , d iamines ,
amidoamines e x c e p t t h o s e containing conjugated u n s a t u r a -
t i o n . The ~ IV m e t h o d for a m i n e s differs in that glacial
a c e t i c acid is used as a solvent instead of c a r b o n tetrachlo-
r i d e , and m e r c u r i c a c e t a t e i s used as a catalyst . Wijs r e a g e n t
or i o d i n e monochloride i s used as in determining the i o d i n e
v a l u e o f the f a t t y a c i d . S o m e w h a t more care mus t be t a k e n
than when determining the iodine value o f f a t t y acids . The
precision i s not as good as wi th the f a t t y acids . It i s in teres t -
ing to no te that some a m i n e s are so ld wi th IV specificat ions
that are t ighter than the precision o f the m e t h o d i s able to
deliver. H o w e v e r , the m e t h o d i s very useful in helping to
ident i fy a m i n e s and characterize them for c e r t a i n applica-
t ions .

The unsaturat ion of f a t t y q u a t e r n a r y a m m o n i u m com-
p o u n d s i s also m e a s u r e d us ing a m o d i f i e d Wijs m e t h o d .
Chloroform is used as a solvent . S o d i u m 1.auryl sul fa te i s
also a d d e d to p r e v e n t the free iodine from b e i n g held
tenaciously by the n o n a q u e o u s p h a s e . The technical r e a s o n
for th i s i s that s o d i u m l a u r y l sul fa te r e a c t s wi th the
q u a t e r n a r y and p r e v e n t s formation of a q u a t e r n a r y
tr i iodide. Al though th i s l a t t e r c o m p o u n d i s q u i t e so lub le in
c h l o r o f o r m , i t releases the iodine s lowly . The las t wet
m e t h o d s I w o u l d l ike to discuss are t h o s e involv ing the
determinat ion of long c h a i n q u a t e r n a r y a m m o n i u m com-
p o u n d s . This i s one of the mos t interest ing a r e a s in the
analytical chemistry of f a t t y ni trogen derivat ives. T h e r e i s
only o n e official AOCS for q u a t s involv ing t h e i r quant i ta t ive
analys is . This is a m e t h o d for the average molecular w e i g h t
of f a t t y quaternary a m m o n i u m c o m p o u n d s (TV 12-64).
This is r a t h e r misleading b e c a u s e th i s m e t h o d using per-
chlor ic acid as a t i t rant c o m b i n e d with m e r c u r i c a c e t a t e as
an a n i o n t r a n s f e r a g e n t i s really a m e t h o d for halides (3). It
is not appl icable to sul fa te q u a t s . When all the corrections
are made for n o n q u a t e r n a r y c o m p o n e n t s , the molecular
weight can be calculated.

A g r e a t deal of analytical talent and e f f o r t has gone in to
m e t h o d s for determining q u a t e r n a r y a m m o n i u m com-
p o u n d s . The best k n o w n are t h o s e that u se solvent par t i t ion
sys tems in w h i c h a long c h a i n anionic s u r f a c t a n t is used to

t i t ra te a quat in the p r e s e n c e of a n i o n i c dye or i n d i c a t o r
( 3 - 5 ) . The a n i o n i c indicator w h i c h i s normally w a t e r
so lub le c o m p l e x e s wi th the quat to be solubif ized in a w a t e r
immisc ib le solvent such as chloroform. The anionic t i t r a n t
replaces the dye in the q u a t e r n a r y c o m p l e x . When t h e r e i s
no l o n g e r any c o l o r in a w a t e r immisc ib le solvent , the
t i t ra t ion i s c o m p l e t e .

Recently the AOCS has been tes t ing a s y s t e m for t i t ra t -
ing quaternaries that uses s o d i u m tetraphenylboron ( T P B )
as a t i t r a n t (6). T h e t i t ra t ion is p e r f o r m e d in w a t e r in the
p r e s e n c e of dichlorofluorescein indicator. This indicator
n o r m a l l y is y e l l o w in a q u e o u s so lu t ion , but in the p r e s e n c e
of a long c h a i n q u a t e r n a r y a pink c o m p l e x is f o r m e d . As
TPB is a d d e d to the s y s t e m the q u a t e r n a r y precipi tates .
When al l the quat i s precipi tated, the indicator suddenly
changes from pink to y e l l o w . The m e t h o d can be used not
only to d e t e r m i n e the chloride q u a t s but also the q u a t e r -
nary a m m o n i u m sulfa te sa l t s .

T h e r e are AOCS official m e t h o d s for ash , pH, so l ids ,
nonamines , f lash p o i n t , and moisture in the various n i t r o -
gen derivat ives. T h e cri ter ia for t h e s e determinat ions are
se l f evident and w o n ' t be discussed at th i s t i m e .

T h e r e exis ts a g r e a t deal of li terature on the analytical
chemistry of f a t t y a c i d s (7) and t h e i r derivatives for t h o s e
who w o u l d ser iously p u r s u e the s u b j e c t . In th i s s h o r t
presentat ion i t i s poss ib le to discuss only some of the
analytical h ighl igh ts but not go in to the s u b j e c t in g r e a t
d e p t h .
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ABSTRACT

Operations o f the f a t t y acid indust ry c r e a t e w a s t e -
w a t e r s , emiss ions to the air, and so l id wastes w h i c h
have the potential of insu l t ing the qual i ty of the
environment in a n u m b e r of w a y s . S o m e of the
controversy and the p r o b l e m s that are c u r r e n t in the
national environmental e f f o r t are discussed. As to the
f a t t y acid indust ry prospects , some at tent ion may
c o m e to the indust ry i f toxics are f o u n d to be in the
indust ry ' s wastewaters. New ai r emiss ions p e r m i t
will be diff icul t i f not imposs ib le to o b t a i n . Long
delays and expensive data gathering will be involved.
Disposal of sohd w a s t e classif ied as h a z a r d o u s
materials wi l l b e c o m e extremely cost ly and involve
much p a p e r w o r k . Wastewaters can or ig inate from any
o f the process s teps : sp i l l s and tank b o t t o m s from

receiving and storage, r o o t s from alkaline extraction
p r e t r e a t m e n t , condensate from pressure r e d u c t i o n
a f t e r fat sp l i t t i ng , condensing w a t e r and c o n d e n s a t e
from f a t t y acid d i s t i l l a t ion , and condensing w a t e r
from glycerine evaporation and dis t i l l a t ion . The
organic m a t t e r in the wastes i s biological ly degradable
so one pollut ional e f f e c t is r e d u c t i o n o f the o x y g e n
level in receiving streams. Oi l not in so lub le or finely
dispersed s t a t e is object ionable for the additional
r e a s o n that i t f o r m s sl icks or f i lms in the w a t e r
s u r f a c e . F a t t y a c i d s in so lub le f o r m s are t o x i c to f ish
in fairly low concentrations. H e a v y m e t a l catalysts
used for fat sp l i t t ing or hydrogenation such as zinc
are object ionable at t r a c e levels . S o u r c e c o n t r o l
m e t h o d s i n c l u d e good o p e r a t o r at tent ion to minimize
avoidable losses , o p t i m u m recovery of f a t t y acids and
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