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FIG. 5 . C o m p a r i s o n o f t w o a b s o l u t e m e t h o d s f o r r e l a t i n g re-

f l e c t a n c e t o s o i l c o n t e n t o f clay s o i l e d c l o t h .

t iva t ion and gravimetric analysis) fo r relat ing the
percentage of reflectance to the soil content of clay
soiled cloth is given in Figure 5. The soil content
expressed as mg of e lay /g cloth was determined from
act iv i ty ratio data of clay soiled cloths and the known
wt of the cloth disc used in the activation analysis
method. The gravimetric analyses of the soil content

of clay soiled cloths are the data of Martin and Davis
(5).

F a i r l y good agreement is obtained fo r the two
absolute methods a t high reflectanee reading o r low
clay-soil content on the soiled cloth. The discrepancies
noted between the two methods in the range of 50
reflectance uni t s have not been completely resolved.
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Continuous Production of Cycl ic Fatty AcidsI
R. E. BEAL, R. A. E I S E N H A U E R and E. L. GRIFFIN, JR., Northern Regional
Research Laboratory,2 Peoria, Illinois

Abstract
Kinetic studies of a batch t rea tment of linseed

oil to produce cyclic acids indicated tha.t o f a con-
tinuous process conducted in a flow-through reac-
t o r and involving rapid heat-up of reactants, fol-
lowed by a short reaction time, nl ight be feasible.
Tests were conducted in a continuous system to
exanline the effects of flow rate (retention time),
reaction temp, reaction system pressure and rea-
gents on product yields. The reac tan t solution
(linseed oil-ethylene glycol-sodium hydroxide)
was pumped t h r o u g h a n externally heated tube
and discharged t h r o u g h a back-pressure valve.
Maximum cyclic acid yields based on wt of oil
were 37% by the continuous method and 40.4%
by the b a t c h process when the feed was saturated
with nitrogen, and 39.5% and 46.1% for the re-
spective methods when the feed was saturated
with ethylene. These differences may be offset by
the advantages inheren t in a continuous process.

Introduction

T HE CHEI%IISTtgY Of cyclic monomerie fa t ty acids
prepared from linseed oil, and details of their

production in batch reaction using the oil and an
alkali catalyst in a suitable solvent systenl, have been
described in previous papers from the Northern Labo-
ratory (3,4,6,7).

Unsaturated cyclic acids have been given a pre -
z P r e s e n t e d i n par t a t t h e AOCS M e e t i n g . N e w Orleans , 1 9 6 2 .
o A labora tory o f t h e N o . Ut i l i z . R e s . & Dev . D i v . , ARS, U S D A .

liminary evaluation in alkyd resin formulations and
f~und to impart good color stability properties t o the
resin with respect to yellowing tendency (6). The
low-melting po in t of the completely saturated cyclic
fa t ty acids suggests that o t h e r valuable uses also
nlay be developed in the fields of lubricants, plas-
tieizers a n d o t h e r products.

Extensive studies of the relat ion of processing con-
ditions to yield of p roduc t suggested the production
of these cyclic fa t ty acids b y a continuous process.
Details of such a process fo r p rodue ing cyclic fa t ty
acids are described here , and a comparison is made of
some produc t yields obtained b y the batch a n d con-
tinuous methods.

Equipment and Procedure
Figure 1 is a diagram of the continuous apparatus

used. It consists of a supp ly container, positive dis-
placement pump, s t e a m preheater, both a preheater
coil and a reac to r coil immersed in a molten solder
bath, a n aftereooler, a variable back-pressure valve
and a p roduc t collector. The entire flow system is
constructed of 3/s-in. type 316 stainless-steel tubing.
The in terna l volmnes of the bath p rehea t e r coil (28
ml) a n d the reactor coil (136 ml) were determined by
displacement measurements with water . The reactants
consisting of linseed oil, sod ium hydroxide and ethyl-
ene glycol were nlixed a n d h e a t e d in another vessel,
not shown, to effect saponification o f the oil and solu-
tion of the soaps and excess sodium hydroxide in the
solvent. This solution was deaerated u n d e r v a c u u m to
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p r o d u c e c y c l i c f a t t y a c i d s .

remove dissolved oxygen and placed u n d e r nitrogen.
The solution was then transferred t o the feed eon-
t a i n e r at a temp at which it is completely l i q u i d and
homogeneous and which depends on the solvent-to-oil
ratio. When this ratio is 6, the solution is liquid and
homogeneous at ca. 30C, but at lower ratios it must
be maintained at h ighe r temp. Ethylene was used
in place of the nitrogen in ninny of the tests t o ob-
tain h ighe r yields (1). It was dissolved in the de-
aerated feed solution in an autoclave by evacuating
and then pressurizing t o ca. 200 ps i with ethylene gas.
The pressurized solution was pumped directly from
the autoclave t h r o u g h the heated reaction coil.

The feed rate, controlled by adjusting the length
of stroke of the positive displacement pump, was de-
termined by weighing the product flowing from the
reactor at r egu la r time intervals. Molten solder was
selected as the h e a t i n g med ium because it effects a
good heat-transfer rate. By bubbling a slow stream of
nitrogen through the molten solder, temp uniformity
was obtained throughout the bath. The preheat sec-
tion of the coil immersed in the bath was designed t o
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heat the reactants t o reaction temp. In actual tests
the tcmp of the fluid leaving the preheater was only
5-6C below the temp of the bath.

Average retention time of the reactants in the re-
actor section was calculated from the measured inter-
nal displacement volume of the coil, the measured
specific gravity of the reaction m i x t u r e at the reac-
tion temp, and wt rate of flow of the reaction mixture.
Owing to the possible formation of bubbles of gas or
vapor within the reaction coil it is uncertain if the
actual retention time in the reactor was always the
same as the calculated time. The pressure on the sys-
tem was regulated by operating manually the variable
back-pressure valve at tbe discharge end of the reac-
tion system.

In operation the system was held at the desired
conditions for at least 10 rain before 2 or 3 samples
were collected. A f t e r acidification the fat ty acids were
recovered and converted to their methyl esters. These
esters were quantitatively v a c u u m distilled to separate
monomerie from polymeric esters and samples of the
monomeric esters were completely hydrogenated and
analyzed by GLC t o determine the cyclic acid ester
content. Details of the methods used arc described
in earlier publications (2,3). Results obtained with
two samples prepared u n d e r the sanlc conditions were
averaged t o obtain the data used in the subsequent
tables.

R e s u l t s a n d D i s c u s s i o n

In F i g u r e 2 is shown the relation between retention
time of the reactants in the reactor section of the
heated coil and yields of cyclic and polymeric fat ty
acids. The feed solution was saturated with nitrogen

T A B L E I
C o n d z t i o n s f o r a C o n t i n u o u s Cyc l i c Acid Reac t i on

S o l v e n t -
o i l

r a t i o

8

E x c e s s
N a O H

%

2 5
1 0 0
1 0 0

2 5
2 5

Reac t ion
pres-
sure,
psi

2 6 0
5 0 0

5 0
2 7 5
2 7 5

Reac t ion
t e m p ,

C

3 1 0
3 4 0
3 2 0
8 5 8
3 5 1

R e t e n -
t i o n

t i m e ,
ra in

7.2
6 . 4
5 . 8
4 . 0

11.3

Yie ld , g / 1 0 0 g l inseed oil
P o l y - N e u t r a l
m e r l e Cyc l i c e q u i v a l e n t

ac id s o f m o n o -
a c i d s m e r i c a c i d a

I
8.2 2 7 . 8 2 8 6
4 . 6 3 7 . 5 2 8 5

1 2 . 0 3 1 . 1 2 8 8
2 7 . 0 2 0 . 8 3 2 8
4 0 . 5 2 2 . 3 8 8 1
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B a t c h
C o n t i n u o u s

S o l v e n t - o i l
r a t i o

E x c e s s
N a O K

%

3 0
2 5

1 0 0
1 0 0
10O

10O
1 0 0

Reac t ion
p res su re .

p s i

3OO

4 0 0
4 0 0

3O01~
4 0 0

Reac t ion
temD,

C

W i t h Ni t rogen
2 9 5
3 3 5
2 9 5
3O0
3 2 0
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2 9 5
3 2 0
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ra in a

3 0
7.2

3 0
1 2
1 2

3 0
1 5
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Po lymer i c
a c i d s

1 1 . 2
5 1
8 . 3
5 . 0
5.0

8 . 5
7.1

C y e h c
a c i d s

3 5 . 3
2 8 . 8
4 0 . 4
3 6 . 0
3 7 . 0

4 6 . 1
3 9 5

P o l y m e r a n d
cyc l ic a c i d s

4 6 . 5
3 3 . 9
4 8 . 7
4 1 . 0
4 2 . 0

5 4 . 6
4 6 . 6
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b In i t i a l e t h y l e n e p r e s s u r e o n a u t o c l a v e b e f o r e h e a t i n g .

fo r these tests. Wi th a reaction pressure of 400 psi,
the cyclic acid yield a t tamp o f 300C and 320C in-
creased as retention time was increased up to 11 min.
Although it is not evident that m a x i m u m yields were
a t t a ined a t this retention time, data presented in Fig-
ure 3 indicate that a maximum yield is reached be-
tween 10 and 15 rain . As the cyclic acid yield in-
creases with longer reaction time, polymer acid yield
also increases a t about the same rate at both temp.
A pressure o f 50 psi on the system favors the forma-
tion of polymer and yields of cyclic acid reach their
maximum soon, then decrease rapidly . Since both
cyclic acids and polymeric (dimer, trimer and higher)
ac ids formed from conjugated linolenic acid, condi-
tions favor ing high yields o f one obviously cause lower
yields of the other. A t low pressure probably ethylene
glycol becomes vaporized in the heated coil, a condi-
tion apparent ly conducive to polymer formation. The
disappearance o f cyclic acid coupled with the increase
in polymeric acids indicates t h a t polymer formation
may resul t in part from reaction of cyclic acid with
conjugated linolenic o r linoleic acid to form a bicyclic
dimer acid.

In Figure 3, data are presented from tests made a t
320C with ethylene in the feed solution. Comparing
the curves in Figures 2 and 3 fo r tests at 320C and
400 psi indicates t h a t the reaction with ethylene is
initially slower than with n i t rogen ; a t a 7-rain re t en -
tion time cyclic acid yields are about the same; the re -
a f te r h ighe r yields are obtained with ethylene. Higher
yields of polymeric acids arc also obtained with e t h y l
erie. A t retention times above 15 rain cyclic acid
yield declines, whereas the yield of polymer continues
to increase.

A t 50 psi pressure, polymer formation is again
much h ighe r and cyclic acid lower than a t 400 psi.
Also polymeric aeid formation can be increased
sl ightly a t tow pressure by u s i n g ethylene instead
of nitrogen. Fo r maximum cyclic acid yields the
pressure on the reaction apparent ly should exceed
the v a p o r pressure of the solvent at the reaction
temperature, to p reven t vaporization of the solvent.

Severa l tests were made above 350C to determine
the u p p e r l imi t of tempera ture . Results summarized
in Table I show t h a t some decomposition of fa t ty acid
soaps occurred a t 351 and 358C and pressures o f 275
psi. Products o f reactions a t 310C, 260 psi; 320C,
50 psi; and 340C, 500 psi, h a d neu t ra l equivalents
comparable to those of monomeric acids (cyclic plus
s t ra igh t cha in ) prepared a t 250C b y t~e batch method.
However, monomeric acids from tests made a t 351
a n d 358C had high neu t ra l equivalents indicative o f
the presence of unsaponifiable material resu l t ing from
decomposition of fa t ty acid soaps. Also, when the
methyl esters of the c rude fa t ty acids from these tests
were v a c u u m distilled to separate monomeric from

polymeric acids, a n appreciable quan t i t y of material
distilled ca. 50-75C be low the distillation temp of
the methyl esters. This material was evidently pyroly-
tic decomposition products. Possibly there would have
been less decomposition if a h ighe r pressure had
been maintained on the system.

Comparative yields of cyclic fa t ty acids produced
from linseed oil b y tile batch and continuous methods
are summarized in Table II. Yields represent the
maximum obtained a t each operating condition by
conducting reactions fo r opt imum times. In all eases,
the best b a t c h yeilds were h ighe r t h a n the best con-
tinuous yields at comparable solvent-to-oil ratios and
amt o f catalyst. The sum of the yields of polymeric
a n d cyclic fa t ty ac ids from a test is a n indication of
the extent of reaction (the linseed oil used contained
51% linolenic acid, t r iglyceride basis). Yields from
continuous reactions with ethylene probably would
have been h ighe r if the feed solution had been held
u n d e r h ighe r pressure the reby dissolving more ethyl-
ene in the solution, b u t this aspect was not investi-
g a t e d because of equipment limitations. In batch re-
actions with ethylene cyclic acid, yields were increased
b y u s i n g an increased pressure. Ethylene is believed
to form a 1,4-disubstituted eyelohexene b y reaction
with conjugated diane systems (5).

Generally, the advantages of conducting a reaction
process b y a continuous ra the r t h a n b y a batch t rea t -
ment inc lude grea te r ease of control adaptabi l i ty to
automatic handling, b e t t e r uniformity of product a n d
possibly lower labor, equipment a n d utilit ies costs/
unit o f production capacity. In view of these possible
advantages a continuous process may be preferred
even though the m a x i m u m yield of p roduc t is some-
what lower t h a n by the b a t c h method.

The equipment used in these tests is probably the
simplest t h a t could be employed in a continuous sys-
tem. Although h ighe r p roduc t yields might possibly
be obtained if the apparatus were modified somewhat,
the unit demonstrated the effects o f pressure, tempera-
tu re , reaction time a n d amt of reagent on yields of
cyclic and polymeric fa t ty acids by a continuous
process involving the t rea tment of linseed oil with
excess alkali in a glycol solution.
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